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Virani et al� Heart Disease and Stroke Statistics—2020 Update: Summary

BACKGROUND: The American Heart Association, in conjunction with the National Institutes of Health, 
annually reports on the most up-to-date statistics related to heart disease, stroke, and cardiovascular 
risk factors, including core health behaviors (smoking, physical activity, diet, and weight) and health 
factors (cholesterol, blood pressure, and glucose control) that contribute to cardiovascular health. The 
Statistical Update presents the latest data on a range of major clinical heart and circulatory disease 
conditions (including stroke, congenital heart disease, rhythm disorders, subclinical atherosclerosis, 
coronary heart disease, heart failure, valvular disease, venous disease, and peripheral artery disease) and 
the associated outcomes (including quality of care, procedures, and economic costs).

METHODS: The American Heart Association, through its Statistics Committee, continuously monitors 
and evaluates sources of data on heart disease and stroke in the United States to provide the most 
current information available in the annual Statistical Update. The 2020 Statistical Update is the 
product of a full year’s worth of effort by dedicated volunteer clinicians and scientists, committed 
government professionals, and American Heart Association staff members. This year’s edition includes 
data on the monitoring and benefits of cardiovascular health in the population, metrics to assess and 
monitor healthy diets, an enhanced focus on social determinants of health, a focus on the global 
burden of cardiovascular disease, and further evidence-based approaches to changing behaviors, 
implementation strategies, and implications of the American Heart Association’s 2020 Impact Goals.

RESULTS: Each of the 26 chapters in the Statistical Update focuses on a different topic related to heart 
disease and stroke statistics.

CONCLUSIONS: The Statistical Update represents a critical resource for the lay public, policy makers, 
media professionals, clinicians, healthcare administrators, researchers, health advocates, and others 
seeking the best available data on these factors and conditions.
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SUMMARY
Each year, the American Heart Association (AHA), in 
conjunction with the National Institutes of Health and 
other government agencies, brings together in a sin-
gle document the most up-to-date statistics related to 
heart disease, stroke, and the cardiovascular risk fac-
tors in the AHA’s My Life Check − Life’s Simple 7 (Fig-
ure),1 which include core health behaviors (smoking, 
physical activity [PA], diet, and weight) and health fac-
tors (cholesterol, blood pressure [BP], and glucose con-
trol) that contribute to cardiovascular health. The Sta-
tistical Update represents a critical resource for the lay 
public, policy makers, media professionals, clinicians, 
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healthcare administrators, researchers, health advo-
cates, and others seeking the best available data on 
these factors and conditions. Cardiovascular disease 
(CVD) produces immense health and economic bur-
dens in the United States and globally. The Statisti-
cal Update also presents the latest data on a range of 
major clinical heart and circulatory disease conditions 
(including stroke, congenital heart disease, rhythm 
disorders, subclinical atherosclerosis, coronary heart 
disease, heart failure [HF], valvular disease, venous dis-
ease, and peripheral artery disease) and the associated 
outcomes (including quality of care, procedures, and 
economic costs). Since 2007, the annual versions of 
the Statistical Update have been cited >20 000 times 
in the literature.

Each annual version of the Statistical Update un-
dergoes revisions to include the newest nationally 
representative data, add additional relevant published 
scientific findings, remove older information, add new 
sections or chapters, and increase the number of ways 
to access and use the assembled information. This 
year-long process, which begins as soon as the previ-
ous Statistical Update is published, is performed by the 
AHA Statistics Committee faculty volunteers and staff 
and government agency partners. This year’s edition 
includes data on the monitoring and benefits of car-
diovascular health in the population, metrics to assess 

and monitor healthy diets, an enhanced focus on social 
determinants of health, a focus on the global burden 
of CVD, and further evidence-based approaches to 
changing behaviors, implementation strategies, and 
implications of the AHA’s 2020 Impact Goals. Below 
are a few highlights from this year’s Statistical Update. 
Please see each chapter for references and additional 
information.

Cardiovascular Health (Chapter 2)
•	 Between 1999 to 2000 and 2015 to 2016, the 

prevalence of ideal levels for several cardiovascu-
lar health components improved for US children 
(12–19 years of age), including nonsmoking, total 
cholesterol, and BP. Although no notable changes 
were observed in the prevalence of an ideal score 
for the healthy diet score among children across 
this time frame, the prevalence of ideal levels of 
body mass index, PA, and diabetes mellitus (DM) 
declined.

•	 Adults (≥20 years of age) also showed improve-
ment in cardiovascular health components, with 
an increased prevalence of meeting ideal criteria 
for smoking, total cholesterol, BP, and PA. There 
were declines in the prevalence of ideal levels for 
body mass index and DM.

Figure. AHA’s My Life Check – Life’s Simple 7.  
Seven approaches to staying heart healthy: be 
active, keep a healthy weight, learn about choles-
terol, don’t smoke or use smokeless tobacco, eat 
a heart-healthy diet, keep blood pressure healthy, 
and learn about blood sugar and diabetes mel-
litus.1 AHA indicates American Heart Association; 
HDL, high-density lipoprotein cholesterol; and 
LDL, low-density lipoprotein cholesterol. Copy-
right © 2019, American Heart Association, Inc.

This figure 
depicts the 
American Heart 
Association’s 
7 key areas of 
Life’s Simple 7 
that people can 
improve with 
lifestyle changes: 
smoking status, 
physical activ-
ity, weight, diet, 
blood glucose, 
cholesterol, and 
blood pressure.
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•	 At all levels of household income–to–poverty 
ratio between 2003 to 2004 and 2015 to 2016, 
the highest prevalence of meeting ideal criteria 
for ≥5 cardiovascular health components was 
observed in adults with the highest levels of 
education. Recent research expands the general 
health benefits of ideal cardiovascular health 
to include improved psychological and muscle 
strength benefits.

Smoking/Tobacco Use (Chapter 3)
•	 The prevalence of cigarette use in the past 30 days 

among middle and high school students in the 
United States was 1.8% and 8.1%, respectively, in 
2018.

•	 Although there has been a consistent decline 
in adult and youth cigarette use in the 
United States, significant disparities persist. 
Substantially higher tobacco use prevalence 
rates are observed in American Indian/Alaska 
Natives and lesbian, gay, bisexual, and trans-
gender populations, as well as among individu-
als with low socioeconomic status, those with 
mental illness, and individuals with HIV who are 
receiving medical care.

•	 Over the past 7 years, there has been a sharp 
increase in electronic cigarette use among ado-
lescents, from 1.5% to 20.8% between 2011 
and 2018, and electronic cigarettes are now the 
most commonly used tobacco product in this 
demographic.

•	 Tobacco use is the leading cause of disability-
adjusted life-years in the United States. Globally, 
smoking is the second-leading cause of death, 
accounting for 8.1 million deaths worldwide in 
2017.

•	 Policy-level interventions such as Tobacco 21 
Laws are being adopted and have been associ-
ated with reductions in tobacco use incidence and 
prevalence.

Physical Inactivity (Chapter 4)
•	 According to the National Health Interview Survey, 

the prevalence of self-reported physical inactivity 
has declined sharply among adults, from 40.2% 
to 25.9% between 2005 and 2017, decreasing 
below the target for Healthy People 2020, which 
was 32.6%.

•	 The prevalence of high school students meeting 
the aerobic PA recommendations of ≥60 minutes 
of moderate to vigorous PA on all 7 days of the 
week was 26.1% nationwide, reported in the 2017 
Youth Risk Behavior Survey System. Girls were less 
likely than boys to achieve these guidelines (17.5% 

versus 35.3%, respectively). Strikingly, only 14.7% 
of gay, lesbian, and bisexual students compared 
with 28.5% of heterosexual students met aerobic 
PA guidelines.

•	 Evidence has suggested a role for light-intensity 
PA in preventing CVD. In a recent study from the 
Women’s Health Initiative, every hour per day more 
of light-intensity PA was associated with lower cor-
onary heart disease (hazard ratio [HR], 0.86 [95% 
CI, 0.73–1.00]; P=0.05) and lower CVD (HR, 0.92 
[95% CI, 0.85–0.99]; P=0.03).

•	 In the Cancer Prevention Study II, among partici-
pants with the lowest level of PA, replacing 30 
minutes per day of sitting with light-intensity PA 
or moderate to vigorous PA was associated with 
14% (HR, 0.86 [95% CI, 0.81–0.89]) or 45% 
(HR, 0.55 [95% CI, 0.47–0.62]) lower mortality, 
respectively. For the individuals with the highest 
PA levels, substitution (replacing 30 min/day of 
sitting with light-intensity PA or moderate to vig-
orous PA) was not associated with differences in 
mortality risk.

Nutrition (Chapter 5)
•	 The mean AHA healthy diet score improved 

between 2003 to 2004 and 2015 to 2016 in US 
adults, although disparities persisted. The propor-
tion with a poor diet decreased from 64.7% to 
58.3% for non-Hispanic blacks, from 66.0% to 
57.5% for Mexican Americans, and from 54.0% 
to 45.9% for non-Hispanic whites. Improvements 
were largely attributable to increased consumption 
of whole grains, nuts, seeds, and legumes, as well 
as decreased consumption of sugar-sweetened 
beverages.

•	 A 2-by-2 factorial randomized clinical trial of 
25 871 adults (males ≥50 years of age and females 
≥55 years of age) found that neither daily supple-
mentation with 2000 IU of vitamin D nor 1 g of 
marine n-3 fatty acids had an effect on major car-
diovascular events (vitamin D: HR, 0.97 [95% CI, 
0.85–1.12]; marine n-3 fatty acids: HR, 0.92 [95% 
CI, 0.80–1.06]), invasive cancer, or any secondary 
outcomes.

•	 Using a comparative risk assessment approach, 
the Global Burden of Disease 2017 Study esti-
mated that 11 million deaths (95% uncertainty 
interval [UI], 10–12 million; 22% of all deaths) and 
255 million disability-adjusted life-years (95% UI, 
234–274 million; 15% of all disability-adjusted 
life-years) were attributable to 15 dietary risks in 
2017. The leading dietary risk factors were high 
sodium intake (3 million deaths; 95% UI, 1–5 
million deaths), low whole grain intake (3 mil-
lion deaths; 95% UI, 2–4 million deaths), and low 
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fruit intake (2 million deaths; 95% UI, 1–4 million 
deaths). Age-standardized diet-related death rates 
decreased between 1990 and 2017 from 406 
(95% UI, 381–430) to 275 (95% UI, 258–292) 
deaths per 100 000 population, although the pro-
portion of deaths attributable to dietary risks was 
largely stable.

•	 In a pooled analysis of 30 904 participants from 
3 cohort studies, the interactions between a 
genetic risk score composed of 97 body mass 
index–associated variants and 3 diet-quality 
scores were examined. The relationship between 
genetic predisposition for obesity and body 
mass index was attenuated by higher diet qual-
ity. For example, a 10-U increase in the genetic 
risk score was associated with a 0.84-U (95% CI, 
0.72–0.96) increase in body mass index for those 
in the highest tertile of Alternate Healthy Eating 
Index score compared with a 1.14-U (95% CI, 
0.99–1.29) increase in body mass index for those 
in the lowest tertile of Alternate Healthy Eating 
Index score.

Overweight and Obesity (Chapter 6)
•	 According to 2015 to 2016 data from NHANES 

(National Health and Nutrition Examination Survey), 
the overall prevalence of obesity (≥95th percentile) 
among youth was 18.5%. By age group, the preva-
lence of obesity for children 2 to 5 years of age was 
13.9%; for children 6 to 11 years of age, the prev-
alence was 18.4%; and for adolescents 12 to 19 
years of age, the prevalence was 20.6%. According 
to 2013 to 2016 data from NHANES, the preva-
lence of obesity among adults was 38.3% (36.0% 
of males and 40.4% of females), including 7.7% 
with class III obesity or a body mass index ≥40 kg/
m2 (5.5% of males and 9.8% of females).

•	 Long-term follow-up of the Longitudinal 
Assessment of Bariatric Surgery-2 study, a mul-
ticenter observational cohort study of 1300 
participants who underwent bariatric surgery, 
demonstrated that most participants maintained 
the majority of their weight loss. However, at 7 
years after surgery, lower prevalence rates of DM 
and hypertension were achieved only among those 
who underwent Roux-en-Y gastric bypass and not 
among those who underwent laparoscopic gastric 
banding.

•	 In 10 large population cohorts in the United States, 
individual-level data from adults 20 to 79 years of 
age with 3.2 million person-years of follow-up 
(1964–2015) demonstrated that overweight and 
obesity were associated with earlier development 
of CVD and reinforced the greater mortality associ-
ated with obesity.

•	 Among older adults in the Multi-Ethnic Study of 
Atherosclerosis, approximately half of participants 
with metabolically healthy obesity developed met-
abolic syndrome (MetS) and had increased odds 
of CVD compared with those with stable meta-
bolically healthy obesity or healthy normal weight. 
This suggests that metabolically healthy obesity is 
not a low-risk state.

High Blood Cholesterol and Other Lipids 
(Chapter 7)

•	 From 2007 to 2008 to 2015 to 2016, the propor-
tion of US youths 6 to 19 years of age with all ideal 
levels of total cholesterol, high-density lipoprotein 
cholesterol, and non–high-density lipoprotein cho-
lesterol increased significantly, from 42.1% (95% 
CI, 39.6%–44.7%) to 51.4% (95% CI, 48.5%–
54.2%). Conversely, from 2007 to 2010 to 2013 
to 2016, the proportion of youths with at least 1 
of these lipids at adverse levels decreased, from 
23.1% (95% CI, 21.5%–24.7%) to 19.2% (95% 
CI, 17.6%–20.8%).

•	 In a recent meta-analysis in which low-density 
lipoprotein cholesterol levels were lowered from a 
baseline of 63 mg/dL to an end result of 21 mg/dL, 
major vascular events were consistently reduced 
(relative risk per 38.7-mg/dL reduction, 0.79 [95% 
CI, 0.71–0.87]) without adverse effects.

•	 In the Health Survey for England and the Scottish 
Health Survey, a U-shaped association of all-cause 
mortality was seen with the lowest high-density 
lipoprotein cholesterol level (<58 mg/dL; HR, 1.23 
[95% CI, 1.06–1.44]) and the highest high-density 
lipoprotein cholesterol level (≥77 mg/dL; HR, 1.25 
[95% CI, 0.97–1.62]).

High Blood Pressure (Chapter 8)
•	 Data from 13 160 participants in cohorts in the 

Cardiovascular Lifetime Risk Pooling Project (ie, the 
Framingham Offspring Study, the Coronary Artery 
Risk Development in Young Adults study, and 
the ARIC [Atherosclerosis Risk in Communities] 
study) found that the lifetime risk of hypertension 
from 20 to 85 years of age using 2017 American 
College of Cardiology (ACC)/AHA guidelines was 
86.1% (95% CI, 84.1%–88.1%) for black males, 
85.7% (95% CI, 84.0%–87.5%) for black females, 
83.8% (95% CI, 82.5%–85.0%) for white males, 
and 69.3% (95% CI, 67.8%–70.7%) for white 
females.

•	 Among 60 027 participants in the Norwegian 
Mother and Child Cohort Study who were nor-
motensive before pregnancy, the population 
attributable fraction for pharmacologically treated 
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hypertension within 10 years postpartum was 
28.6% (95% CI, 25.5%–30.3%) for complications 
of pregnancy (preeclampsia/eclampsia, gestational 
hypertension, preterm delivery, and pregestational 
or gestational DM).

•	 In the HCHS/SOL (Hispanic Community Health 
Study/Study of Latinos) Sueño Sleep Ancillary 
Study of Hispanics (N=2148), a 10% higher 
sleep fragmentation and frequent napping ver-
sus not napping were associated with a 5.2% 
and 11.6% higher prevalence of hypertension, 
respectively. A 10% higher sleep efficiency was 
associated with a 7.2% lower prevalence of 
hypertension.

Diabetes Mellitus (Chapter 9)
•	 On the basis of data from NHANES 2013 to 2016, 

an estimated 26 million adults (9.8%) have diag-
nosed DM, 9.4 million adults (3.7%) have undiag-
nosed DM, and 91.8 million adults (37.6%) have 
prediabetes.

•	 Among adults without DM in NHANES 2007 to 
2012, 37.8% met the moderate-intensity PA goal 
of 150 min/wk and 58.6% met the weight loss 
or maintenance goal for DM prevention. Adults 
with prediabetes were less likely to meet the PA 
and weight goals than adults with normal glucose 
levels.

•	 On the basis of NHANES 2013 to 2016 data for 
adults with DM, 20.9% had their DM treated 
and controlled, 45.2% had their DM treated but 
uncontrolled, 9.2% were aware they had DM but 
were not treated, and 24.7% were undiagnosed 
and not treated.

•	 Among Medicare Advantage patients with DM 
from 2006 to 2013, use of metformin increased 
from 47.6% to 53.5%, dipeptidyl peptidase 4 
inhibitor use increased from 0.5% to 14.9%, insu-
lin use increased from 17.1% to 23.0%, use of sul-
fonylureas decreased from 38.8% to 30.8%, and 
use of thiazolidinediones decreased from 28.5% 
to 5.6%.

Metabolic Syndrome (Chapter 10)
•	 On the basis of NHANES 1999 to 2014, the 

prevalence of MetS in adolescents 12 to 19 
years of age in the United States varied by geo-
graphic region. MetS prevalence was lower in 
the Northeast (6.25% [95% CI, 4.14%–8.36%]) 
and West (6.31% [95% CI, 4.73%–7.89%]) 
regions and higher in the South (7.57% [95% CI, 
5.80%–9.33%]) and Midwest (11.42% [95% CI, 
8.11%–14.72%]).

•	 On the basis of NHANES 2007 to 2014, the 
overall prevalence of MetS in adults was 34.3% 
and was similar for males (35.3%) and females 
(33.3%). The prevalence of MetS increased with 
age, from 19.3% among people 20 to 39 years 
of age to 37.7% for people 40 to 59 years of 
age and 54.9% among people ≥60 years of 
age.

•	 Secular trends in MetS differ based on the defi-
nition used. Using the harmonized MetS criteria, 
the prevalence of MetS increased from 25.3% in 
NHANES 1988 to 1994 to 34.2% in NHANES 2007 
to 2012. In contrast, using Adult Treatment Panel 
III criteria, the prevalence of MetS was stable over-
all in NHANES 2003 to 2014.

•	 In the ARIC study (1987–1998), the prevalence of 
MetS increased from 33% to 50% over the mean 
10-year follow-up, with differences by age and 
sex. The prevalence of MetS was lower in black 
males than in white males at all time points and for 
all ages across the study. Black females had higher 
prevalence of MetS than white females at baseline 
and subsequent time points for all ages except for 
those >60 years of age.

Kidney Disease (Chapter 11)
•	 Using data from NHANES 2013 to 2016, the 

United States Renal Data System has estimated 
the prevalence of chronic kidney disease by 
estimated glomerular filtration rate and albu-
minuria categories. The overall prevalence of 
chronic kidney disease (estimated glomerular 
filtration rate <60 mL·min−1·1.73 m−2 or albu-
min/creatinine ratio ≥30 mg/g) in 2013 to 2016 
was 14.8%.

•	 Chronic kidney disease is a risk factor for incident 
and recurrent coronary events, stroke, HF, venous 
thromboembolism, and atrial fibrillation (AF). The 
association of reduced estimated glomerular filtra-
tion rate with cardiovascular risk is generally simi-
lar across age, race, and sex subgroups, although 
albuminuria tends to be a stronger risk factor for 
females than for males and for older (>65 years of 
age) versus younger people.

•	 In a nationwide US cohort that included 4726 par-
ticipants with chronic kidney disease, only 2366 
(50%) self-reported taking statins, whereas an 
additional 1984 participants (42%) met recom-
mendations for statin treatment according to the 
2013 ACC/AHA guideline on treatment of blood 
cholesterol but did not report using statins.

•	 In 2015, admissions for CVD accounted for 27% 
of all inpatient spending for patients with end-
stage renal disease.
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Sleep (Chapter 12)
•	 A systematic review estimated the prevalence of 

obstructive sleep apnea in cerebrovascular disease 
in 3242 patients who had either cerebral infarc-
tion, transient ischemic attack, ischemic stroke, 
or hemorrhagic stroke and found that the pooled 
prevalence of obstructive sleep apnea (defined as 
apnea-hypopnea index >10 events/hour) was 62% 
(95% CI, 55%–69%), and the pooled prevalence 
of severe obstructive sleep apnea (apnea-hypop-
nea index >30) was 30% (95% CI, 23%–37%).

•	 The deepest stage of non–rapid eye movement 
sleep, also called slow-wave sleep, is thought to 
be a restorative stage of sleep. In the Sleep Heart 
Health Study, which used in-home polysomnogra-
phy to characterize sleep, it was found that partici-
pants with a lower proportion of slow-wave sleep 
had significantly greater odds of incident hyper-
tension (quartile 1 versus quartile 3: odds ratio 
[OR], 1.69 [95% CI, 1.21–2.36]).

•	 A meta-analysis analyzed data from 9 cohort 
studies with 2755 participants that described the 
association between obstructive sleep apnea and 
major adverse cardiovascular events after percu-
taneous coronary intervention with stenting and 
found that obstructive sleep apnea was associated 
with a significant increased risk of major adverse 
cardiovascular events (pooled relative risk, 1.96; 
95% CI, 1.36–2.81).

•	 Analysis of direct and indirect costs related to 
inadequate sleep in Australia suggested that the 
cost for a population the size of the United States 
would be more than approximately $585 billion 
for 2016 to 2017.

•	 A recent analysis of the global prevalence and 
burden of obstructive sleep apnea estimated that 
936 million (95% CI, 903–970 million) males and 
females 30 to 69 years of age have mild to severe 
obstructive sleep apnea (apnea-hypopnea index 
≥5), and 425 million (95% CI, 399–450 million) 
have moderate to severe obstructive sleep apnea 
(apnea-hypopnea index ≥15) globally. The preva-
lence was highest in China, followed by the United 
States, Brazil, and India.

Total Cardiovascular Diseases  
(Chapter 13)

•	 On the basis of the 2017 National Health Interview 
Survey, the age-adjusted prevalence of all types 
of heart disease was 10.6%; the corresponding 
age-adjusted prevalence of heart disease among 
whites, blacks, Hispanics, and Asians was 11.0%, 
9.7%, 7.4%, and 6.1%, respectively. The age-
adjusted prevalence of heart disease, coronary 

artery disease, hypertension, and stroke was 
higher in males (11.8%, 7.2%, 26.0%, and 3.3%, 
respectively) than females (9.5%, 4.2%, 23.1%, 
and 2.5%, respectively).

•	 A recent study using the Global Burden of Disease 
methodology examined the burden of CVD among 
US states and found that a large proportion of 
CVD is attributable to (in decreasing order of con-
tribution) dietary risks, high systolic BP, high body 
mass index, high total cholesterol level, high fast-
ing plasma glucose level, tobacco smoking, and 
low levels of PA.

•	 In 2017, 2 813 503 resident deaths were registered 
in the United States, which exceeds the 2016 figure 
by 69 255 deaths. Ten leading causes accounted 
for 74.0% of all registered deaths. The 10 leading 
causes of death in 2017 were the same as in 2016; 
these include heart disease (No. 1), cancer (No. 2), 
unintentional injuries (No. 3), chronic lower respi-
ratory diseases (No. 4), stroke (No. 5), Alzheimer 
disease (No. 6), DM (No. 7), influenza and pneu-
monia (No. 8), kidney disease (No. 9), and suicide 
(No. 10). Seven of the 10 leading causes of death 
had an increase in age-adjusted death rates. The 
age-adjusted rate increased 4.2% for uninten-
tional injuries, 2.3% for Alzheimer disease, 3.7 % 
for suicide, 2.4% for DM, 5.9% for influenza and 
pneumonia, 0.7% for chronic lower respiratory 
disease, and 0.8% for stroke. The age-adjusted 
death rates decreased 2.1% for cancer but did 
not change appreciably for heart disease or kidney 
disease.

•	 In 2017, ≈17.8 million (95% CI, 17.5–18.0 mil-
lion) deaths were attributed to CVD globally, 
which amounted to an increase of 21.1% (95% 
CI, 19.7%–22.6%) from 2007. The age-adjusted 
death rate per 100 000 population was 233.1 (95% 
CI, 229.7–236.4), which represents a decrease of 
10.3% (95% CI, −11.4% to −9.3%) from 2007. 
Overall, the crude prevalence of CVD was 485.6 
million cases (95% CI, 468.0–505.0 million) in 
2017, an increase of 28.5% (95% CI, 27.7%–
29.4%) compared with 2007. However, the age-
adjusted prevalence rate was 6081.6 (95% CI, 
5860.8–6320.8) per 100 000, an increase of 0.2% 
(95% CI, −0.4% to 0.80%) from 2007.

Stroke (Cerebrovascular Disease) 
(Chapter 14)

•	 Despite encouraging data about declining stroke 
incidence, on a global level the aging population 
and accumulating risk factors contribute to an 
increasing lifetime risk of stroke. Per the Global 
Burden of Disease 2016 Lifetime Risk of Stroke 
Collaborators, the mean global lifetime risk of 
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stroke increased from 22.8% in 1990 to 24.9% in 
2016, a relative increase of 8.9% (95% CI, 6.2%–
11.5%) after accounting for the competing risk of 
death of any cause other than stroke.

•	 A mendelian randomization study among almost 
500 000 Chinese individuals found that genetic 
markers predictive of low-density lipoprotein 
cholesterol levels were directly associated with 
ischemic stroke and inversely associated with 
intracerebral hemorrhage, thus providing causal 
evidence of opposing effects of low-density lipo-
protein cholesterol levels on the 2 most common 
stroke types.

•	 The largest multiethnic genome-wide association 
study of stroke conducted to date reported 32 
genetic loci, including 22 not previously reported. 
These novel loci point to a major role of cardiac 
mechanisms beyond established sources of car-
dioembolism. Approximately half of the stroke 
genetic loci share genetic associations with other 
vascular traits, most notably BP.

•	 Among 81 714 females in the Women’s Health 
Initiative prospective cohort study, those who con-
sumed ≥2 artificially sweetened beverages daily, on 
average, had an elevated risk of all stroke (adjusted 
HR, 1.23 [95% CI, 1.02–1.47]) and ischemic stroke 
(adjusted HR, 1.31 [95% CI 1.06–1.63]) compared 
with those who consumed <1 artificially sweet-
ened beverage weekly, after adjustment for demo-
graphics, CVD history, risk factors, body mass 
index, health behaviors, and overall diet quality.

•	 As the US population ages, the number of people 
with Alzheimer disease will increase dramatically 
from 2010 to 2050. According to a modeling 
study based on estimates in a population of 10 800 
participants from the Chicago Health and Aging 
Project in the United States, in 2010 there were 
4.7 million individuals ≥65 years of age with 
Alzheimer disease (95% CI, 4.0–5.5 million); by 
2050, the number of people with Alzheimer dis-
ease is projected to be 13.8 million, with 7.0 mil-
lion ≥85 years of age.

Congenital Cardiovascular Defects and 
Kawasaki Disease (Chapter 15)

•	 Increasingly, social determinants are being identi-
fied as playing an important role in outcomes from 
congenital cardiovascular defects. One recent, 
large review of >15 000 infants demonstrated 
improved survival among patients with fathers 
>35 years old (versus younger); survival was also 
impacted by factors such as maternal education, 
race/ethnicity, and marital status.

•	 In 2016, there were 6000 all-listed diagnoses hos-
pital discharges for Kawasaki disease in the United 

States, and in 2017, US mortality attributable to 
Kawasaki disease was 5 patients for underlying 
mortality and 10 patients for all-cause mortality.

Disorders of Heart Rhythm (Chapter 16)
•	 Higher levels of cardiovascular health are associ-

ated with decreased risk of developing AF. An 
analysis of the ARIC study described that individu-
als with average and optimal cardiovascular health 
had a 41% and 62% lower risk of AF, respectively, 
than those with inadequate cardiovascular health.

•	 High atrial rate episodes detected by cardiac 
implantable electronic devices are associated with 
higher risk of clinical AF (OR, 5.7 [95% CI, 4.0–
8.0]) and higher risk of stroke (OR, 2.4 [95% CI, 
1.8–3.3]), according to a meta-analysis.

•	 Racial disparities exist in the treatment of patients 
with AF. In the ORBIT-AF II registry (Outcomes 
Registry for Better Informed Treatment of Atrial 
Fibrillation), black patients were 27% less likely 
than their white counterparts to receive direct oral 
anticoagulants if an anticoagulant was prescribed. 
Black and Hispanic patients were more likely than 
their white counterparts to receive inappropriate 
doses of direct oral anticoagulants.

•	 In a cohort of new patients with AF at the 
University of Pennsylvania who did not have a his-
tory of remote stroke, blacks with new-onset AF 
were more likely to have an ischemic stroke before 
or after the diagnosis of AF. The rate of ischemic 
stroke per year after AF diagnosis was 1.5% in 
whites and 2.5% in blacks.

Sudden Cardiac Arrest, Ventricular 
Arrhythmias, and Inherited 
Channelopathies (Chapter 17)

•	 In 2017, primary-cause sudden cardiac death 
(SCD) mortality was 18 835, and any-mention SCD 
mortality in the United States was 379 133. The 
any-mention age-adjusted annual SCD rate is 97.1 
(95% CI, 96.8–97.4) per 100 000 population.

•	 SCD appeared among the multiple causes of death 
on 13.5% of death certificates in 2017 (379 133 
of 2 813 503), which suggests that 1 of every 7.4 
people in the United States died of SCD.

•	 Incidence of emergency medical services–treated 
out-of-hospital cardiac arrest in people of any age 
is 74.3 individuals per 100 000 population based 
on the 2018 CARES (Cardiac Arrest Registry to 
Enhance Survival), with >2-fold variation between 
states (range, 51.6–128.3 per 100 000 population).

•	 In the National Emergency Department Sample for 
2016, the weighted national estimate of emer-
gency department visits with a principal diagnosis 
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of either cardiac arrest or ventricular fibrillation/
flutter was 183 629 (rate of 56.8 per 100 000 
people). Of these, 15.8% (29 096) were admit-
ted to the same hospital or transferred to another 
hospital.

Subclinical Atherosclerosis (Chapter 18)
•	 The 2018 Cholesterol Clinical Practice Guideline  

and the 2019 CVD Primary Prevention Clinical 
Practice Guideline advise that the use of coronary 
artery calcium is reasonable in intermediate-risk or 
selected borderline-risk adults if the decision about 
statin therapy remains uncertain after calculation 
of the 10-year atherosclerotic cardiovascular dis-
ease risk and after accounting for risk-enhancing 
factors.

•	 Compared with individuals who sleep 7 to 8 
hours per night, and with adjustment for conven-
tional risk factors, people who sleep <6 hours per 
night have a 1.27 greater odds of noncoronary 
atherosclerosis.

•	 Older adult females who consumed ≥3 servings of 
vegetables each day had an ≈5.0% lower amount 
of carotid atherosclerosis than females who con-
sumed <2 servings of vegetables.

Coronary Heart Disease, Acute Coronary 
Syndrome, and Angina Pectoris  
(Chapter 19)

•	 The awareness of 5 common heart attack symp-
toms (jaw, neck, or back discomfort; weakness or 
lightheadedness; chest discomfort; arm or shoul-
der discomfort; and shortness of breath) is higher 
in females than in males (54.4% versus 45.6%) 
and in whites (54.8%) than in blacks (43.1%), 
Asians (33.5%), and Hispanics (38.9%).

•	 Among patients hospitalized for ST-segment–
elevation myocardial infarction, lack of health 
insurance (OR, 1.77 [95% CI, 1.72–1.82]; P<0.001) 
and below-median income (OR, 1.08 [95% CI, 
1.07–1.09]; P<0.001) are independent predictors 
of in-hospital mortality.

•	 Neighborhood socioeconomic status is associated 
with outcomes in patients with acute myocardial 
infarction. Compared with those in the highest 
quintile of neighborhood socioeconomic status, 
those residing in the most disadvantaged quintile 
experience higher rates of in-hospital death (OR, 
1.10 [95% CI, 1.02–1.18]) and major bleeding 
(OR, 1.10 [95% CI, 1.05–1.15]).

•	 Females experience longer door-to-balloon times 
and lower rates of guideline-directed medical ther-
apy than males. In-hospital mortality is higher in 
females than in males with ST-segment–elevation 

myocardial infarction (7.4% versus 4.6%) and 
non–ST-segment–elevation myocardial infarction 
(4.8% versus 3.9%).

Cardiomyopathy and Heart Failure 
(Chapter 20)

•	 The prevalence of HF continues to rise over time, 
with aging of the population. An estimated 6.2 
million American adults ≥20 years of age had HF 
between 2013 and 2016, compared with an esti-
mated 5.7 million between 2009 and 2012.

•	 Of incident hospitalized HF events, approximately 
half are characterized by reduced ejection frac-
tion and the other half by preserved ejection frac-
tion. The prevalence of HF with preserved ejection 
fraction, compared with prevalence of HF with 
reduced ejection fraction, appears to be increasing 
over time along with aging of the population.

•	 The prevalence of HF is highly variable across the 
world, with the lowest in sub-Saharan Africa. 
Prevalence of HF risk factors also varies world-
wide, with hypertension being most common in 
Latin America, the Caribbean, Eastern Europe, and 
sub-Saharan Africa. Ischemic heart disease is most 
prevalent in Europe and North America. Valvular 
heart disease is more common in East Asia and 
Asia-Pacific countries.

Valvular Diseases (Chapter 21)
•	 In high-risk patients with severe aortic stenosis, 

recent studies have shown that transcatheter aor-
tic valve replacement is comparable to surgical 
aortic valve replacement in terms of mortality at 
1 and 5 years. In patients at intermediate surgi-
cal risk, transcatheter aortic valve replacement and 
surgical aortic valve replacement have similar rates 
of death attributable to any cause or debilitating 
stroke at 2 years. In subjects at low surgical risk, 
transcatheter aortic valve replacement has lower 
rates of death, stroke, or rehospitalization at 2 
years than surgical aortic valve replacement.

•	 Percutaneous mitral valve repair techniques for 
primary or degenerative mitral regurgitation have 
become a common treatment option for high-risk 
patients not deemed candidates for surgical repair. 
Data from the Society for Thoracic Surgeons/ACC 
Transcatheter Valve Therapy Registry on patients 
commercially treated with the MitraClip percuta-
neous mitral valve repair device showed reduction 
in the severity of mitral regurgitation and proce-
dural success in >90% of cases, although mitral 
valve dysfunction at 12 months is more common 
with percutaneous mitral valve repair than with 
surgical repair.
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•	 The role of the MitraClip in secondary mitral regur-
gitation was investigated in 2 recently published 
randomized clinical trials with divergent results. 
The MITRA-FR trial (Percutaneous Repair With the 
MitraClip Device for Severe Functional/Secondary 
Mitral Regurgitation) did not show a significant 
difference in the combined end point of death 
or rehospitalization for HF at 1 year between 
the group treated with MitraClip and the group 
treated with optimal medical therapy and cardiac 
resynchronization alone. However, the COAPT 
trial (Cardiovascular Outcomes Assessment of the 
MitraClip Percutaneous Therapy) demonstrated a 
significant reduction in rehospitalization because 
of HF and mortality at 2 years with the MitraClip. 
Such divergent results may be related to differ-
ences in sample characteristics and size, duration 
of follow-up, and primary end point.

Venous Thromboembolism (Deep Vein 
Thrombosis and Pulmonary Embolism), 
Chronic Venous Insufficiency, Pulmonary 
Hypertension (Chapter 22)

•	 In 2016, there were an estimated 1 220 000 cases 
of venous thromboembolism.

•	 According to combined data from the Emerging 
Risk Factors Collaboration and the UK Biobank, 
among traditional atherosclerotic risk factors, age 
and obesity were associated with increased venous 
thromboembolism risk; for hypertension and dys-
lipidemia, there was no association; and for DM, 
the results were inconsistent.

•	 In a meta-analysis of patients with deep vein 
thrombosis who underwent ultrasonography at 
least 6 weeks after their deep vein thrombosis, 
those with residual vein thrombosis had 2-fold 
greater risk of postthrombotic syndrome, whereas 
those with venous reflux at the popliteal level had 
34% greater postthrombotic syndrome risk.

•	 In a cohort of 23 329 patients with first venous 
thromboembolism, cumulative incidence of 
chronic thromboembolic pulmonary hypertension 
was 1.3% and 3.3% at 2 and 10 years after pul-
monary embolism and 0.3% and 1.3% after deep 
vein thrombosis, respectively.

Peripheral Artery Disease and Aortic 
Diseases (Chapter 23)

•	 A recent trial demonstrated that a proprotein con-
vertase subtilisin/kexin type 9 (PCSK9) inhibitor, 
evolocumab, reduced the risk of major adverse 
limb events, including acute limb ischemia, major 
amputation, and urgent revascularization (HR, 

0.58 [95% CI, 0.38–0.88]), among patients with a 
history of myocardial infarction, stroke, or periph-
eral artery disease.

•	 A recent study with ≈28 000 patients with a history 
of CVD demonstrated that patients with symptom-
atic peripheral artery disease but no prior myocar-
dial infarction or stroke had an ≈2 times higher risk 
of CVD events than those with prior myocardial 
infarction or stroke but no symptomatic peripheral 
artery disease.

•	 A recent report from the Nationwide Inpatient 
Sample demonstrated that the rate of nontrau-
matic lower-extremity amputation had increased 
by 50% between 2009 and 2015 in adults with 
DM, despite previously declining trends.

Quality of Care (Chapter 24)
•	 The 30-day postdischarge mortality rate in acute 

myocardial infarction has decreased in recent years 
to ≈12%. The Hospital Readmissions Reduction 
Program did not change this trend, and the rates 
of reduction remained constant when comparing 
time before and after the program’s initiation.

•	 There has been controversy concerning the impact 
of the Hospital Readmissions Reduction Program 
for patients hospitalized with HF. Although some 
studies suggested the program was associated 
with an increase in mortality (HR, 1.10 [95% CI, 
1.06–1.14]), studies using other methods sug-
gested no change in mortality.

•	 For individuals with stroke, admission to insti-
tutions participating in the Get With The 
Guidelines–Stroke program was associated with 
several positive changes in management, includ-
ing higher rates of tissue plasminogen activator 
use, education on risk factors, evaluation for 
swallowing, lipid evaluation, and neurology eval-
uation, as well as more appropriate referral for 
hospice.

Medical Procedures (Chapter 25)
•	 Data from the Society of Thoracic Surgeons 

Congenital Heart Surgery Database indicate that 
a total of 122 459 congenital heart surgeries were 
performed from July 2014 to June 2018.

•	 In 2018, 3408 heart transplantations were per-
formed in the United States, the most ever.

Economic Cost of Cardiovascular Disease 
(Chapter 26)

•	 The average annual direct and indirect cost of CVD 
and stroke in the United States was an estimated 
$351.3 billion in 2014 to 2015.
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•	 The estimated direct costs of CVD in the United 
States increased from $103.5 billion in 1996 to 
1997 to $213.8 billion in 2014 to 2015.

•	 Between 2015 and 2035, the projected total (direct 
and indirect) costs of total CVD are estimated to remain 
relatively stable for 18- to 44-year-olds, increase 
slightly for 45- to 64-year-olds, and increase sharply 
for 65- to 79-year-olds and adults ≥80 years of age.

Conclusions
The AHA, through its Statistics Committee, continu-
ously monitors and evaluates sources of data on heart 
disease and stroke in the United States to provide the 
most current information available in the Statistical Up-
date. The 2020 annual Statistical Update is the product 
of a full year’s worth of effort by dedicated volunteer 
clinicians and scientists, committed government profes-
sionals, and AHA staff members, without whom pub-
lication of this valuable resource would be impossible. 
Their contributions are gratefully acknowledged.
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1. ABOUT THESE STATISTICS

The AHA works with the NHLBI to derive the annual sta-
tistics in this Heart Disease and Stroke Statistics Update. 
This chapter describes the most important sources and 
the types of data used from them. For more details, see 
Chapter 28 of this document, the Glossary.

The surveys and data sources used are the following:
•	 ACC NCDR’s Chest Pain–MI Registry (formerly the 

ACTION Registry)—quality information for AMI
•	 ARIC—CHD and HF incidence rates
•	 BRFSS—ongoing telephone health survey system

•	 GBD—global disease prevalence and mortality
•	 GCNKSS—stroke incidence rates and outcomes 

within a biracial population
•	 GWTG—quality information for resuscitation, HF, 

and stroke
•	 HCUP—hospital inpatient discharges and 

procedures
•	 MEPS—data on specific health services that 

Americans use, how frequently they use them, the 
cost of these services, and how the costs are paid

•	 NAMCS—physician office visits
•	 NHAMCS—hospital outpatient and ED visits
•	 NHANES—disease and risk factor prevalence and 

nutrition statistics
•	 NHIS—disease and risk factor prevalence
•	 NVSS—mortality for United States
•	 USRDS—kidney disease prevalence
•	 WHO—mortality rates by country
•	 YRBSS—health-risk behaviors in youth and young 

adults

Disease Prevalence
Prevalence is an estimate of how many people have a 
condition at a given point or period in time. The CDC/
NCHS conducts health examination and health inter-
view surveys that provide estimates of the prevalence 
of diseases and risk factors. In this Statistical Update, 
the health interview part of the NHANES is used for 
the prevalence of CVDs. NHANES is used more than 
the NHIS because in NHANES, AP is based on the Rose 
Questionnaire; estimates are made regularly for HF; 
hypertension is based on BP measurements and inter-
views; and an estimate can be made for total CVD, 
including MI, AP, HF, stroke, and hypertension.

A major emphasis of this Statistical Update is to pres-
ent the latest estimates of the number of people in the 
United States who have specific conditions to provide a 
realistic estimate of burden. Most estimates based on 
NHANES prevalence rates are based on data collected 
from 2013 to 2016. These are applied to census pop-
ulation estimates for 2016. Differences in population 
estimates cannot be used to evaluate possible trends in 
prevalence because these estimates are based on extrap-
olations of rates beyond the data collection period by 
use of more recent census population estimates. Trends 
can only be evaluated by comparing prevalence rates 
estimated from surveys conducted in different years.

In the 2020 Statistical Update, there is an emphasis 
on social determinants of health that are built across 
the various chapters, and global estimates are provided 
where available.

Risk Factor Prevalence
The NHANES 2013 to 2016 data are used in this 
Statistical Update to present estimates of the percentage 

Abbreviations Used in Chapter 1

ACC American College of Cardiology

ACTION Acute Coronary Treatment and Intervention Outcomes 
Network

AHA American Heart Association

AMI acute myocardial infarction

AP angina pectoris

ARIC Atherosclerosis Risk in Communities Study

BP blood pressure

BRFSS Behavioral Risk Factor Surveillance System

CDC Centers for Disease Control and Prevention

CDC WONDER Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research

CHD coronary heart disease

CHS Cardiovascular Health Study

CVD cardiovascular disease

DM diabetes mellitus

ED emergency department

FHS Framingham Heart Study

GBD Global Burden of Disease study

GCNKSS Greater Cincinnati/Northern Kentucky Stroke Study

GWTG Get With The Guidelines

HBP high blood pressure

HCUP Healthcare Cost and Utilization Project

HF heart failure

ICD International Classification of Diseases

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

ICD-10-CM International Classification of Diseases, 10th Revision, 
Clinical Modification

MEPS Medical Expenditure Panel Survey

MI myocardial infarction

NAMCS National Ambulatory Medical Care Survey

NCDR National Cardiovascular Data Registry

NCHS National Center for Health Statistics

NHAMCS National Hospital Ambulatory Medical Care Survey

NHANES National Health and Nutrition Examination Survey

NHIS National Health Interview Survey

NHLBI National Heart, Lung, and Blood Institute

NINDS National Institute of Neurological Disorders and Stroke

NVSS National Vital Statistics System

USRDS United States Renal Data System

WHO World Health Organization

YRBSS Youth Risk Behavior Surveillance System

Click here to return to the Table of Contents

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e153

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 1

of people with high lipid values, DM, overweight, and 
obesity. NHANES 2015 to 2016 and BRFSS 2017 data 
are used for the prevalence of sleep issues. The NHIS 
2016 data are used for the prevalence of cigarette 
smoking and physical inactivity. Data for students in 
grades 9 through 12 are obtained from the YRBSS.

Incidence and Recurrent Attacks
An incidence rate refers to the number of new cases of 
a disease that develop in a population per unit of time. 
The unit of time for incidence is not necessarily 1 year, 
although incidence is often discussed in terms of 1 year. 
For some statistics, new and recurrent attacks or cases 
are combined. Our national incidence estimates for the 
various types of CVD are extrapolations to the US popu-
lation from the FHS, the ARIC study, and the CHS, all 
conducted by the NHLBI, as well as the GCNKSS, which 
is funded by the NINDS. The rates change only when 
new data are available; they are not computed annu-
ally. Do not compare the incidence or the rates with 
those in past editions of the Heart Disease and Stroke 
Statistics Update (also known as the Heart and Stroke 
Statistical Update for editions before 2005). Doing so 
can lead to serious misinterpretation of time trends.

Mortality
Mortality data are generally presented according to 
the underlying cause of death. “Any-mention” mor-
tality means that the condition was nominally selected 
as the underlying cause or was otherwise mentioned 
on the death certificate. For many deaths classified as 
attributable to CVD, selection of the single most likely 
underlying cause can be difficult when several major 
comorbidities are present, as is often the case in the 
elderly population. It is useful, therefore, to know the 
extent of mortality attributable to a given cause regard-
less of whether it is the underlying cause or a contribut-
ing cause (ie, the “any-mention” status). The number 
of deaths in 2017 with any mention of specific causes 
of death was tabulated by the NHLBI from the NCHS 
public-use electronic files on mortality.

The first set of statistics for each disease in this 
Statistical Update includes the number of deaths for 
which the disease is the underlying cause. Two excep-
tions are Chapter 8 (High Blood Pressure) and Chapter 
20 (Cardiomyopathy and Heart Failure). HBP, or hyper-
tension, increases the mortality risks of CVD and other 
diseases, and HF should be selected as an underlying 
cause only when the true underlying cause is not known. 
In this Statistical Update, hypertension and HF death 
rates are presented in 2 ways: (1) as nominally classified 
as the underlying cause and (2) as any-mention mortality.

National and state mortality data presented according 
to the underlying cause of death were obtained from the 

CDC WONDER website or the CDC NVSS mortality file.1 
Any-mention numbers of deaths were tabulated from 
the CDC WONDER website or CDC NVSS mortality file.2

Population Estimates
In this publication, we have used national population 
estimates from the US Census Bureau for 20163 in the 
computation of morbidity data. CDC/NCHS population 
estimates4 for 2017 were used in the computation of 
death rate data. The Census Bureau website contains 
these data, as well as information on the file layout.

Hospital Discharges and Ambulatory 
Care Visits
Estimates of the numbers of hospital discharges and 
numbers of procedures performed are for inpatients 
discharged from short-stay hospitals. Discharges 
include those discharged alive, dead, or with unknown 
status. Unless otherwise specified, discharges are listed 
according to the principal (first-listed) diagnosis, and 
procedures are listed according to all-listed procedures 
(principal and secondary). These estimates are from the 
2016 HCUP. Ambulatory care visit data include patient 
visits to primary providers’ offices and hospital outpa-
tient departments and EDs. Ambulatory care visit data 
reflect the primary (first-listed) diagnosis. These esti-
mates are from the 2016 NAMCS and 2016 NHAMCS 
of the CDC/NCHS. Data for community health centers 
are included in 2016 NAMCS estimates. Readers com-
paring data across years should note that beginning 
October 1, 2015, a transition was made from ICD-9 to 
ICD-10. This should be kept in mind, because coding 
changes could affect some statistics, especially when 
comparisons are made across these years.

International Classification of Diseases
Morbidity (illness) and mortality (death) data in the 
United States have a standard classification system: 
the ICD. Approximately every 10 to 20 years, the ICD 
codes are revised to reflect changes over time in medi-
cal technology, diagnosis, or terminology. If necessary 
for comparability of mortality trends across the 9th and 
10th ICD revisions, comparability ratios computed by 
the CDC/NCHS are applied as noted.5 Effective with 
mortality data for 1999, ICD-10 is used.6 Beginning in 
2016, ICD-10-CM is used for hospital inpatient stays 
and ambulatory care visit data.7

Age Adjustment
Prevalence and mortality estimates for the United 
States or individual states comparing demographic 
groups or estimates over time are either age specific or 
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age adjusted to the year 2000 standard population by 
the direct method.8 International mortality data are age 
adjusted to the European standard population. Unless 
otherwise stated, all death rates in this publication are 
age adjusted and are deaths per 100 000 population.

Data Years for National Estimates
In this Statistical Update, we estimate the annual number 
of new (incidence) and recurrent cases of a disease in the 
United States by extrapolating to the US population in 
2014 from rates reported in a community- or hospital-
based study or multiple studies. Age-adjusted incidence 
rates by sex and race are also given in this report as 
observed in the study or studies. For US mortality, most 
numbers and rates are for 2017. For disease and risk fac-
tor prevalence, most rates in this report are calculated 
from the 2013 to 2016 NHANES. Because NHANES is 
conducted only in the noninstitutionalized population, 
we extrapolated the rates to the total US resident pop-
ulation on July 1, 2016, recognizing that this probably 
underestimates the total prevalence given the relatively 
high prevalence in the institutionalized population. The 
numbers and rates of hospital inpatient discharges for the 
United States are for 2016. Numbers of visits to primary 
providers’ offices and hospital EDs are for 2016, whereas 
hospital outpatient department visits are for 2011. Except 
as noted, economic cost estimates are for 2014 to 2015.

Cardiovascular Disease
For data on hospitalizations, primary provider office vis-
its, and mortality, total CVD is defined according to ICD 
codes given in Chapter 13 of the present document. 
This definition includes all diseases of the circulatory sys-
tem. Unless otherwise specified, estimates for total CVD 
do not include congenital CVD. Prevalence of total CVD 
includes people with hypertension, CHD, stroke, and HF.

Race/Ethnicity
Data published by governmental agencies for some 
racial groups are considered unreliable because of the 
small sample size in the studies. Because we try to 
provide data for as many racial and ethnic groups as 
possible, we show these data for informational and 
comparative purposes.

Global Burden of Disease
The GBD Study is an ongoing global effort to measure 
death and disability attributable to diseases, injuries, 
and risk factors for all countries, from 1990 to the 
present day. GBD 2017, the most recent iteration of 
the study, was produced by the collective efforts of 
>3600 researchers in >145 countries. Estimates were 

produced for 350 diseases and injuries and 84 risk 
factors. Detailed methods and results can be found 
via the study’s online data visualization tools, as well 
as across a range of peer-reviewed scientific research 
articles, which can be found cited elsewhere in this 
publication.

For GBD 2017, estimates were produced for 1990 
to 2017 for 195 countries and territories, stratified by 
age and sex, with subnational estimates made available 
in an increasing number of countries. Improvements to 
statistical and geospatial modeling methods, as well as 
the addition of new data sources, could lead to changes 
in results across GBD Study cycles for both the most 
recent and earlier years.

For more information about the GBD, and to access 
GBD 2017 resources, data visualizations, and most 
recent publications, please visit the study’s website.9

Contacts
If you have questions about statistics or any points 
made in this Statistical Update, please contact the AHA 
National Center, Office of Science & Medicine. Direct 
all media inquiries to News Media Relations at http://
newsroom.heart.org/connect or 214-706-1173.

The AHA works diligently to ensure that this 
Statistical Update is error free. If we discover errors after 
publication, we will provide corrections at http://www.
heart.org/statistics and in the journal Circulation.
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2. CARDIOVASCULAR HEALTH
See Tables 2-1 and 2-2 and Charts 2-1 through 2-15

In 2010, the AHA created a new set of central Strategic 
Impact Goals to drive organizational priorities for the 
decade to come:

By 2020, to improve the cardiovascular health of all 
Americans by 20%, while reducing deaths from CVDs 
and stroke by 20%.1

This impact goal introduced a new concept of CVH, 
characterized by 7 components (Life’s Simple 7),2 
including 4 health behaviors (diet quality, PA, smok-
ing, BMI) and 3 health factors (blood cholesterol, BP, 
blood glucose). Ideal CVH is defined by the absence 
of clinically manifest CVD together with the simul-
taneous presence of optimal levels of all 7 compo-
nents, including not smoking and having a healthy 

diet pattern, sufficient PA, normal body weight, and 
normal levels of TC, BP, and FPG (in the absence of 
medication treatment for these 3 factors; Table 2-1). 
Because a wide spectrum exists in potential levels of 
CVH, and the ideal CVH profile is known to be rare in 
the US population, the broader spectrum of CVH can 
also be represented using categorical ranges for ideal, 
intermediate, or poor for each of the health behaviors 
and health factors.1 Table 2-1 provides the specific def-
initions for ideal, intermediate, and poor categories 
for each of the 7 components of CVH for both adults 
and children.

This concept of CVH represented a new focus for the 
AHA, with 3 central and novel emphases:

•	 An expanded focus on CVD prevention and pro-
motion of CVH as an active, positive, and achiev-
able pursuit, in addition to the treatment of 
established CVD.

•	 Efforts to promote both healthy behaviors (healthy 
diet pattern, appropriate energy intake, PA, and 
nonsmoking) and healthy levels of health factors 
(optimal blood lipids, BP, glucose levels) through-
out the lifespan.

•	 Population-level health-promotion strategies to 
shift the majority of the public toward greater 
CVH, in addition to targeting those individuals 
at greatest CVD risk, because healthy lifestyles 
in all domains are uncommon throughout the US 
population.

Beginning in 2011, and recognizing the time lag in 
the nationally representative US data sets, this chapter 
in the annual Statistical Update has evaluated and pub-
lished surveillance estimates for the prevalence of CVH 
and information to provide insights into both progress 
toward meeting the 2020 AHA goals and areas that 
require greater attention to meet these goals. The 
AHA has advocated for raising the visibility of patient-
reported CVH status, which includes symptom burden, 
functional status, and health-related quality of life, as an 
indicator of CVH in future organizational goal setting.3

Relevance of Ideal CVH
•	 Since the AHA announced its 2020 Impact Goals, 

multiple independent investigations (summaries of 
which are provided in this chapter) have confirmed 
the importance of having ideal levels of these com-
ponents, along with the overall concept of CVH. 
Findings include strong inverse, stepwise associa-
tions in the United States of the number of CVH 
components at ideal levels with all-cause mortality, 
CVD mortality, and HF; with subclinical measures 
of atherosclerosis such as carotid IMT, arterial stiff-
ness, and CAC prevalence and progression; with 
physical functional impairment and frailty4; and 
with cognitive decline and depression.4,5 Similar 

[AQ: For the bullet point beginning "Trends in prevalence for meeting..." Chart 2-14 seems to show the opposite – higher educational attainment is associated with higher (not lower) preva-
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mellitus." Ok to change this in the Table body and footnote?][AQ: Please review the typeset tables carefully against copies of the originals to verify accuracy of editing and typesetting.]

[AQ: In the first paragraph, should “fasting blood glucose” be “FPG” instead (“fasting plasma glucose”; used elsewhere in the Update)?]

[AQ: CVH was used several times in this chapter, and seemed to stand for “cardiovascular health.” Therefore, other instances of “cardiovascular health” have been changed to “CVH” for con-
sistency trhoughout the Update. If this was incorrect, please provide a definition for CVH (and add to the abbreviations table).]

[AQ: Please turn to page 3 of your proof and review the running head, which will appear in the upper right-hand margins of odd-numbered pages. Running heads must be 50 or fewer 
characters in length, including spaces and punctuation. If your original short title was longer than 50 characters, we may have shortened it. Please modify if necessary (but observe our length 

guidelines).]
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Abbreviations Used in Chapter 2

AF atrial fibrillation

AHA American Heart Association

BMI body mass index

BP blood pressure

CAC coronary artery calcification

CHD coronary heart disease

CI confidence interval

CVD cardiovascular disease

CVH cardiovascular health

DASH Dietary Approaches to Stop Hypertension

DBP diastolic blood pressure

DM diabetes mellitus

ESRD end-stage renal disease

F&V fruits and vegetables

FPG fasting plasma glucose

HbA1c hemoglobin A1c (glycosylated hemoglobin)

HBP high blood pressure

HF heart failure

HR hazard ratio

IHD ischemic heart disease

IMT intima-media thickness

MI myocardial infarction

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

PA physical activity

PAF population attributable fraction

PE pulmonary embolism

REGARDS Reasons for Geographic and Racial Differences in Stroke

RR relative risk

SBP systolic blood pressure

SE standard error

SFat saturated fat

SSB sugar-sweetened beverage

svg servings

TC total cholesterol

VTE venous thromboembolism
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relationships have also been seen in non-US 
populations.4–10

•	 A study in a large Hispanic/Latino cohort study in 
the United States found that associations between 
CVD and status of CVH components compared 
favorably with existing national estimates; how-
ever, some of the associations varied by sex and 
heritage.10

•	 A study in blacks found that risk of incident HF 
was 61% lower among those with ≥4 ideal CVH 
components than among those with 0 to 2 ideal 
components.11

•	 Ideal health behaviors and ideal health factors are 
each independently associated with lower CVD risk 
in a stepwise fashion (Chart 2-1). In other words, 
across any level of health behaviors, health fac-
tors are associated with incident CVD; conversely, 
across any level of health factors, health behaviors 
are still associated with incident CVD.12

•	 Analyses from the US Burden of Disease 
Collaborators demonstrated that poor levels of 
each of the 7 CVH components resulted in substan-
tial mortality and morbidity in the United States in 
2010. The top risk factor related to overall disease 
burden was suboptimal diet, followed by tobacco 
smoking, high BMI, raised BP, high FPG, and physi-
cal inactivity.13

•	 An inverse stepwise association was present 
between the number of ideal CVH components 
and risk of death based on NHANES data from 
1988 to 2006.14 The HRs for people with 6 or 7 
ideal health metrics compared with 0 ideal health 
components were 0.49 (95% CI, 0.33–0.74) for 
all-cause mortality, 0.24 (95% CI, 0.13–0.47) for 
CVD mortality, and 0.30 (95% CI, 0.13–0.68) for 
IHD mortality.14

•	 A recent meta-analysis of 9 prospective cohort 
studies involving 12 878 participants reported that 
having the highest number of ideal CVH com-
ponents was associated with a lower risk of all-
cause mortality (RR, 0.55 [95% CI, 0.37–0.80]), 
cardiovascular mortality (RR, 0.25 [95% CI, 0.10–
0.63]), CVD (RR, 0.20 [95% CI, 0.11–0.37]), and 
stroke (RR, 0.31 [95% CI, 0.25–0.38]) compared 
with individuals with the lowest number of ideal 
components.15

•	 The adjusted PAFs for CVD mortality for individ-
ual components of CVH have been reported as 
follows14:
—	 40.6% (95% CI, 24.5%–54.6%) for HBP
—  13.7% (95% CI, 4.8%–22.3%) for smoking
—  13.2% (95% CI, 3.5%–29.2%) for poor diet
—  11.9% (95% CI, 1.3%–22.3%) for insufficient 

PA
—  8.8% (95% CI, 2.1%–15.4%) for abnormal 

glucose levels

•	 The adjusted PAFs for IHD mortality for individual 
components of CVH were as follows14:
—  34.7% (95% CI, 6.6%–57.7%) for HBP
—  16.7% (95% CI, 6.4%–26.6%) for smoking
—  20.6% (95% CI, 1.2%–38.6%) for poor diet
—  7.8% (95% CI, 0%–22.2%) for insufficient PA
—  7.5% (95% CI, 3.0%–14.7%) for abnormal 

glucose levels
•	 Several studies have been published in which 

investigators have assigned individuals a CVH score 
ranging from 0 to 14 based on the sum of points 
assigned to each component of CVH (poor=0, 
intermediate=1, ideal=2 points). Using this 
approach, data from the REGARDS cohort were 
used to demonstrate an inverse stepwise asso-
ciation between a higher CVH score component 
and lower incidence of stroke. On the basis of this 
score, every unit increase in CVH was associated 
with an 8% lower risk of incident stroke (HR, 0.92 
[95% CI, 0.88–0.95]), with a similar effect size for 
white (HR, 0.91 [95% CI, 0.86–0.96]) and black 
(HR, 0.93 [95% CI, 0.87–0.98]) participants.16

•	 The Cardiovascular Lifetime Risk Pooling Project 
showed that adults with all-optimal risk factor 
levels (similar to having ideal CVH factor levels of 
cholesterol, blood sugar, and BP, as well as not 
smoking) have substantially longer overall and 
CVD-free survival than those who have poor levels 
of ≥1 of these CVH factors. For example, at an 
index age of 45 years, males with optimal risk fac-
tor profiles lived on average 14 years longer free 
of all CVD events and 12 years longer overall than 
people with ≥2 risk factors.17

•	 Better CVH as defined by the AHA is associated 
with lower incidence of HF,18 less subclinical vascu-
lar disease,19,20 better global cognitive performance 
and cognitive function,21,22 lower prevalence23 and 
incidence24 of depressive symptoms, lower loss of 
physical functional status,25 longer leukocyte telo-
mere length,26 less ESRD,27 less pneumonia, less 
chronic obstructive pulmonary disease,28 less VTE/
PE,29 lower prevalence of aortic sclerosis and ste-
nosis,30 lower risk of calcific aortic valve stenosis,31 
better prognosis after MI,32 and lower risk of AF.33 
In addition, a study among a sample of Hispanics/
Latinos residing in the United States reported that 
greater positive psychological functioning (disposi-
tional optimism) was associated with higher CVH 
scores as defined by the AHA.34 A recent study 
in college students found that both handgrip 
strength and muscle mass are positively associated 
with greater numbers of ideal CVH components, 
providing further evidence of the general health 
benefits of ideal CVH.35

•	 On the basis of NHANES 1999 to 2006 data, sev-
eral social risk factors (low family income, low 
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education level, minority race, and single-living 
status) were related to lower likelihood of attaining 
better CVH as measured by Life’s Simple 7 scores.36 
In addition, neighborhood factors and contex-
tual relationships have been found to be related 
to health disparities in CVH, but more research is 
needed to better understand these complex rela-
tionships.37 Having more ideal CVH components in 
middle age is also associated with lower non-CVD 
and CVD healthcare costs in later life.38 An investi-
gation of 4906 participants in the Cooper Center 
Longitudinal Study reported that participants with 
≥5 ideal CVH components exhibited 24.9% (95% 
CI, 11.7%–36.0%) lower median annual non-CVD 
costs and 74.5% (95% CI, 57.5%–84.7%) lower 
median CVD costs than those with ≤2 ideal CVH 
components.38

•	 A more recent report from a large, ethnically diverse 
insured population39 found that people with 6 or 
7 and those with 3 to 5 of the CVH components 
in the ideal category had a $2021 and $940 lower 
annual mean healthcare expenditure, respectively, 
than those with 0 to 2 ideal health components.

CVH: Prevalence (NHANES 2015–2016)
(See Table 2-2 and Charts 2-2 through 2-10)

•	 The most recent national prevalence estimates for 
children (12–19 years of age) and adults (20–49 
years of age and ≥50 years of age) who meet ideal, 
intermediate, and poor levels of each of the 7 CVH 
components are displayed in Charts 2-2 and 2-3, 
respectively.40 The most current estimates at time 
of publication were based on data from NHANES 
2015 to 2016.

•	 For most components of CVH, prevalence of ideal 
levels is higher in US children (12–19 years of age) 
than in US adults (≥20 years of age), except for the 
Healthy Diet Score and PA, for which prevalence of 
ideal levels in children is lower than in adults.

•	 Among US children (12–19 years of age; Chart 
2-2), the unadjusted prevalence of ideal levels of 
CVH components currently varies from <1% for 
the Healthy Diet Score (ie, <1 in 100 US children 
meets at least 4 of the 5 dietary components) 
to >85% for smoking, BP, and DM components 
(unpublished AHA tabulation).

•	 Among US adults (Chart 2-3), the lowest preva-
lence of ideal levels for CVH components is <1% 
for the Healthy Diet Score in adults 20 to 49 years 
of age and ≥50 years of age. The highest preva-
lence of ideal levels for a CVH component is for 
smoking (76.6% of adults 20–49 years of age and 
81.6% of adults ≥50 years of age report never hav-
ing smoked or being a former smoker who has quit 

for >12 months). In 2015 to 2016, 64.6% of adults 
20 to 49 years of age and 27.2% of adults ≥50 
years of age had ideal levels of TC (<200 mg/dL).

•	 Age-standardized and age-specific prevalence esti-
mates for ideal CVH and for ideal levels of individ-
ual CVH components for 2013 to 2014 and 2015 
to 2016 are displayed in Table 2-2.

•	 In 2015 to 2016, the prevalence of ideal lev-
els of ≥5 or ≥6 CVH components among adults 
was highest in the youngest age groups (20–
39 years of age) and was lowest in the oldest 
age group (≥60 years of age). A similar pattern 
occurred for all individual components of CVH 
except the Healthy Diet Score, for which preva-
lence of ideal levels was highest in older adults 
but still <1%.

•	 Chart 2-4 displays the prevalence estimates for 
the population of US children (12–19 years of 
age) meeting ideal criteria for different numbers 
of CVH components, with a range of 0 to 7 ideal 
components.
—	 Few US children 12 to 19 years of age (3.8%) 

meet ideal criteria for 2 or fewer components 
of ideal CVH.

—	 Approximately half of US children (50.4%) 
meet ideal criteria for 3 or 4 components of 
CVH, and 45.0% meet ideal criteria for ≥5 
components of CVH.

—	 <1% of children meet ideal criteria for all 7 
components of CVH.

•	 Charts 2-5 and 2-6 display the age-standardized 
prevalence estimates of US adults meeting ideal 
criteria for different numbers of CVH components 
in 2015 to 2016, overall and stratified by age, sex, 
and race/ethnicity.
—	 2.5% of US adults (≥20 years of age) meet 

ideal criteria for 0 of the 7 components of 
CVH, whereas 15.3% meet only 1 of 7 criteria. 
Having ≤1 ideal CVH component is much less 
common among younger adults (20–39 years 
of age), at 4.5%, compared with older adults 
(≥60 years of age), for whom having ≤1 ideal 
metric is more common (28.6%).

—	 NH Asians have the highest prevalence of 
meeting ideal criteria for ≥5 components 
of CVH compared with other racial/ethnic 
groups.

•	 Chart 2-7 displays the age-standardized and age-
specific prevalence estimates of meeting ideal cri-
teria for ≥5 components of CVH in US adults (≥20 
years of age) and US children (12–19 years of age), 
stratified by race and ethnicity.
—	 In adults, the prevalence of ≥5 metrics at 

ideal levels is highest for NH Asians (26.0%), 
followed by NH whites (19.2%), Hispanics 
(12.4%), and NH blacks (11.8%).
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—	 In children, the differences by race/ethnicity 
are similar to those of adults: prevalence of ≥5 
metrics at ideal levels is highest for NH Asians 
(63.4%), followed by NH whites (48.8%), 
Hispanics (40.6%), and NH blacks (35.2%).

•	 Chart 2-8 displays the age-standardized and age-
specific prevalence of meeting criteria for ideal lev-
els of ≥5 components of CVH in US adults (≥20 
years of age) and US children (12–19 years of age) 
in 2015 to 2016, stratified by race and ethnicity.
—	 In both males and females and in both adults 

and children, higher prevalence of meeting 
ideal criteria for ≥5 components of CVH was 
observed in 2015 to 2016 than in 2007 to 
2008, although differences were not statisti-
cally significant.

•	 Chart 2-9 displays the age-standardized percent-
ages of US adults meeting poor or ideal criteria 
for different numbers of CVH components in 2015 
to 2016. Attaining the AHA 2020 Strategic Impact 
Goal for CVH is predicated on reducing the relative 
prevalence of individuals with poor levels of CVH 
while increasing the relative percentage of those 
with ideal levels for each of the 7 components.
—	 Approximately two-thirds (63.2%) of US 

adults have ≤2 components at poor levels.
—	 Conversely, 40.6% of adults have ≤2 com-

ponents at ideal levels; approximately half 
(45.9%) of US adults have between 2 and 3 
ideal CVH components.

—	 Few US adults (3%) have ≥5 components at 
poor levels.

•	 Chart 2-10 displays the age-standardized percent-
ages of US adults meeting ideal criteria for ≥5 
components of CVH, stratified by both educa-
tional attainment and household income-to-pov-
erty ratio in 2015 to 2016.
—	 The lowest prevalence (5.7%) of meeting 

ideal criteria for ≥5 components of CVH was 
observed in adults with both the lowest level 
of education (<high school) and lowest house-
hold income (<100%).

—	 At all levels of household income-to-poverty 
ratio, the highest prevalence of meeting ideal 
criteria for ≥5 ideal CVH components was 
observed in those with the highest level of 
educational attainment (college graduate; 
24.2%–30.3%).

CVH: Trends Over Time  
(See Charts 2-11 through 2-14)

•	 The trends in prevalence of meeting ideal criteria 
for the individual components of CVH from 1999 
to 2000 to 2015 to 2016 (for diet, trends from 
2003–2004 through 2015–2016) are shown in 

Chart 2-11 for children (12–19 years of age) and 
in Chart 2-12 for adults (≥20 years of age).
—		 Among children from 1999 to 2000 to 2015 to 

2016, the prevalence of meeting ideal criteria 
for smoking and BP have consistently improved. 
For example, the prevalence of nonsmoking 
among children 12 to 19 years of age increased 
from 76.4% to 93.6%. For ideal TC, the 
prevalence increased from 72.0% to 77.7%. 
However, declines in prevalence of ideal levels 
were observed for PA (38.4% to 25.4%), BMI 
(69.8% to 60.1%), and DM (92.4% to 86.2%).

—	 From 1999 to 2000 to 2015 to 2016, the 
prevalence of meeting ideal criteria for smok-
ing, TC, BP, and PA increased among adults. 
For example, the prevalence of being a never-
smoker or having quit ≥1 year prior increased 
from 72.9% to 78.8%. Over the 18-year 
period, the prevalence of meeting criteria for 
ideal TC increased from 45.1% to 49.4%. 
Similar to trends observed in children, declines 
in prevalence of ideal levels were observed for 
BMI (from 36.3% to 28.7%), and DM (from 
69.1% to 58.4%) among adults.

•	 The prevalence trends from 2003 to 2004 to 2015 
to 2016 for meeting ideal criteria for ≥5 components 
of CVH according to categories of household income 
(ie, household income-to-poverty ratio) among 
adults (≥20 years of age) are shown in Chart 2-13.
—	 Across all time points, the highest prevalence 

of meeting ideal criteria for ≥5 components of 
CVH was observed among individuals in the 
highest category of household income-to-pov-
erty ratio (≥500%); higher household income-
to-poverty ratio is consistently associated with 
a higher prevalence of meeting ideal criteria 
for ≥5 components of CVH.

—	 Between 2003 and 2016, little variation was 
observed in prevalence of meeting ideal cri-
teria for ≥5 components of CVH across cat-
egories of household income-to-poverty ratio; 
the greatest increases were observed among 
individuals with 300% to 499% household 
income-to-poverty ratio (15.3% to 20.3%).

•	 The prevalence trends from 2003 to 2004 to 2015 
to 2016 for meeting ideal criteria for ≥5 compo-
nents of CVH according to categories of educa-
tional attainment among adults (≥20 years of age) 
are shown in Chart 2-14.
—	 Trends in prevalence for meeting ideal criteria 

for ≥5 components of CVH according to cat-
egory of educational attainment are similar to 
those observed for household income: higher 
educational attainment is consistently associ-
ated with a higher prevalence of meeting ideal 
criteria for ≥5 components of CVH.
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—	 Across all time points, the highest prevalence 
of meeting ideal criteria for ≥5 components of 
CVH was observed among individuals in the 
highest category of educational attainment 
(college graduate). However, ≤10% of indi-
viduals with educational attainment of high 
school or less exhibit ≥5 ideal CVH compo-
nents over time.

•	 If trends in CVH metrics established on the basis of 
NHANES data from 1988 to 2008 continued for-
ward, the estimated CVH in the United States is 
projected to improve by 6% by 2020, short of the 
AHA’s goal of 20% improvement.41 On the basis 
of these trend estimates among individual metrics, 
anticipated declines in prevalence of smoking, high 
cholesterol, and HBP (in males) would be offset by 
substantial increases in the prevalence of obesity 
and DM and smaller changes in ideal dietary pat-
terns or PA.41

•	 On the basis of these projections for CVH fac-
tors and behaviors, CHD deaths are projected 
to decrease by 30% between 2010 and 2020 
because of projected improvements in TC, SBP, 
smoking, and PA (≈167 000 fewer deaths), off-
set by increases in DM and BMI (≈24 000 more 
deaths).42

Achieving the 2020 Impact Goals  
(See Chart 2-15)
To achieve the AHA’s 2020 Impact Goals of reducing 
deaths attributable to CVD and stroke by 20%,1 con-
tinued emphasis is needed on the treatment of acute 
CVD events and on secondary prevention through 
treatment and control of health behaviors and risk 
factors.

•	 Taken together, the data continue to demonstrate 
the tremendous relevance of the AHA’s 2020 Impact 
Goals both for improved CVH and health in gen-
eral. However, progress in health behavior and risk 
profiles in the United States is needed to more fully 
realize these benefits for all Americans (Chart 2-15).

•	 For each CVH metric, modest shifts in the popu-
lation distribution toward improved health would 
produce appreciable increases in the proportion of 
Americans in both ideal and intermediate catego-
ries. For example, small reductions in population BP 
could result from small health behavior changes at 
a population level, such as increased PA, increased 
fruit and vegetable consumption, decreased 
sodium intake, decreased adiposity, or some com-
bination of these and other lifestyle changes, with 
resulting substantial projected decreases in CVD 
rates in US adults.43–45

•	 A range of complementary strategies and 
approaches can lead to improvements in CVH. 
These include the following:
—	 Individual-focused approaches that target life-

style and treatments at the individual level.
—	 Healthcare systems approaches that encour-

age, facilitate, and reward efforts by provid-
ers to improve health behaviors and health 
factors.

—	 Population approaches that target lifestyle 
and treatments in schools or workplaces, 
local communities, and states, as well as 
throughout the nation.

•	 The metrics with the greatest potential for 
improvement in the United States are health 
behaviors, including diet quality, PA, and body 
weight. However, each of the 7 CVH metrics can 
be improved and deserve major focus.
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Table 2-1.  Definitions of Poor, Intermediate, and Ideal for Each Component of CVH

Level of CVH for Each Metric

Poor Intermediate Ideal

Current smoking

 ��� Adults ≥20 y of age Yes Former ≥12 mo Never or quit >12 mo

 ��� Children 12–19 y of age* Tried during the prior 30 d … Never tried; never smoked whole 
cigarette

BMI†

 ��� Adults ≥20 y of age ≥30 kg/m2 25–29.9 kg/m2 <25 kg/m2

 ��� Children 2–19 y of age >95th percentile 85th–95th percentile <85th percentile

Physical activity

 ��� Adults ≥20 y of age None 1–149 min/wk moderate or

1–74 min/wk vigorous or

1–149 min/wk moderate + 2× vigorous

≥150 min/wk moderate or ≥75 
min/wk vigorous or ≥150 min/wk 

moderate + 2× vigorous

 ��� Children 12–19 y of age None >0 and <60 min of moderate or 
vigorous every day

≥60 min of moderate or vigorous 
every day

Healthy diet score, No. of components‡

 ��� Adults ≥20 y of age <2 (0–39) 2–3 (40–79) 4–5 (80–100)

 ��� Children 5–19 y of age <2 (0–39) 2–3 (40–79) 4–5 (80–100)

TC, mg/dL

 ��� Adults ≥20 y of age ≥240 200–239 or treated to goal <200

 ��� Children 6–19 y of age ≥200 170–199 <170

Blood pressure

 ��� Adults ≥20 y of age SBP ≥140 mm Hg or DBP ≥90 mm Hg SBP 120–139 mm Hg or DBP 80–89 
mm Hg or treated to goal

<120 mm Hg/<80 mm Hg

 ��� Children 8–19 y of age >95th percentile 90th–95th percentile or SBP ≥120 
mm Hg or DBP ≥80 mm Hg

<90th percentile

Diabetes mellitus§

 ��� Adults ≥20 y of age FPG ≥126 mg/dL or HbA1c ≥6.5% FPG 100–125 mg/dL or HbA1c  
5.7%–6.4% or treated to goal

FPG <100 mg/dL or HbA1c <5.7%

 ��� Children 12–19 y of age FPG ≥126 mg/dL or HbA1c ≥6.5% FPG 100–125 mg/dL or HbA1c  
5.7%–6.4% or treated to goal

FPG <100 mg/dL or HbA1c <5.7%

BMI indicates body mass index; CVH, cardiovascular health; DBP, diastolic blood pressure; ellipses (…), data not available; FPG, fasting plasma glucose; HbA1c, 
glycosylated hemoglobin or hemoglobin A1c; SBP, systolic blood pressure; and TC, total cholesterol.

*Age ranges in children for each metric depend on guidelines and data availability.
†Represents appropriate energy balance; that is, appropriate dietary quantity and physical activity to maintain normal body weight.
‡In the context of a healthy dietary pattern that is consistent with a Dietary Approaches to Stop Hypertension (DASH)–type eating pattern, to consume ≥4.5 cups/d 

of fruits and vegetables, ≥2 servings/wk of fish, and ≥3 servings/d of whole grains and no more than 36 oz/wk of sugar-sweetened beverages and 1500 mg/d of 
sodium. The consistency of one’s diet with these dietary targets can also be described using a continuous American Heart Association diet score, scaled from 0 to 
100 (see chapter on Nutrition).

§FPG is solely used to determine poor, intermediate, and ideal status for American Heart Association Strategic Impact Goal monitoring purposes. For population 
surveillance purposes, use of HbA1c was added to define poor, intermediate, and ideal levels of this component, and the name was changed to “Diabetes mellitus” 
to reflect this addition.

Source: Modified from Lloyd-Jones et al.1 Copyright © 2010, American Heart Association, Inc.

This table lists 
definitions of 
poor, intermedi-
ate, and ideal for 
each component 
of cardiovascular 
health including 
current smok-
ing, body mass 
index, physical 
activity, healthy 
diet score, 
total cholesterol, 
blood pressure, 
and diabetes.
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Table 2-2.    Prevalence of Ideal CVH and Its Components in the US Population in Selected Age Strata: NHANES 2013 to 2014 and 2015 to 2016

Age 12–19 y Age ≥20 y* Age 20–39 y Age 40–59 y Age ≥60 y

Ideal CVH profile (7/7) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

 ��� ≥6 Ideal 7.2 (1.1) 5.3 (0.5) 11.0 (1.0) 2.2 (0.6) 0.7 (0.4)

 ��� ≥5 Ideal 45.0 (2.7) 17.4 (0.7) 31.6 (1.3) 10.6 (1.0) 4.1 (0.8)

Ideal health factors (4/4) 54.9 (2.4) 17.0 (0.6) 31.4 (1.3) 10.2 (1.1) 2.5 (0.8)

 ��� TC <200 mg/dL 77.7 (1.3) 49.4 (1.1) 72.9 (1.4) 39.0 (1.7) 25.2 (1.2)

 ��� SBP <120/DBP <80 mm Hg 85.2 (1.0) 41.0 (1.2) 61.7 (1.7) 34.1 (2.0) 15.6 (2.1)

 ��� FPG <100 mg/dL and HbA1c <5.7% 86.2 (1.4) 58.4 (1.4) 79.3 (1.1) 51.2 (2.5) 32.4 (1.6)

Ideal health behaviors (4/4) 0.0 (0.0) 0.1 (0.0) 0.0 (0.0) 0.0 (0.0) 0.2 (0.1)

 ��� PA at goal 25.4 (1.6) 41.5 (1.7) 52.4 (1.7) 37.9 (2.3) 28.2 (1.9)

 ��� Nonsmoker 93.6 (0.9) 78.8 (1.0) 75.0 (1.4) 77.0 (1.5) 86.5 (1.4)

 ��� BMI <25 kg/m2 60.1 (1.9) 28.7 (1.6) 35.2 (1.8) 25.2 (2.1) 24.0 (2.1)

 ��� 4 or 5 Diet goals met† 0.0 (0.0) 0.3 (0.1) 0.1 (0.1) 0.1 (0.1) 0.7 (0.3)

  ���  F&V ≥4.5 C/d 3.7 (0.9) 10.2 (0.6) 7.8 (0.9) 11.1 (1.4) 13.8 (1.1)

  ���  Fish ≥2 svg/wk 7.6 (1.0) 18.0 (1.7) 15.9 (2.5) 19.3 (2.3) 18.7 (1.6)

  ���  Sodium <1500 mg/d 0.6 (0.3) 0.7 (0.2) 0.8 (0.3) 0.9 (0.4) 0.2 (0.1)

  ���  SSB <36 oz/wk 40.4 (2.6) 53.3 (1.7) 47.7 (2.9) 51.6 (2.3) 66.5 (2.7)

  ���  Whole grains ≥3 1-oz/d 6.8 (0.8) 7.1 (0.6) 5.9 (1.2) 6.5 (0.9) 9.5 (1.1)

Secondary diet metrics

 ��� Nuts/legumes/seeds ≥4 svg/wk 36.7 (2.4) 52.4 (1.7) 48.9 (3.0) 54.9 (2.3) 54.1 (1.8)

 ��� Processed meats ≤2 svg/wk 39.2 (2.8) 44.0 (0.9) 45.4 (1.1) 44.0 (1.7) 41.9 (2.6)

 ��� SFat <7% total kcal 4.5 (1.0) 8.4 (0.5) 8.8 (1.1) 8.9 (0.7) 6.8 (0.9)

Values are % (SE). BMI indicates body mass index; CVH, cardiovascular health; DBP, diastolic blood pressure; F&V, fruits and vegetables; FPG, fasting plasma 
glucose; HbA1c, hemoglobin A1c (glycosylated hemoglobin); NHANES, National Health and Nutrition Examination Survey; PA, physical activity; SBP, systolic blood 
pressure; SFat, saturated fat; SSB, sugar-sweetened beverages; svg, servings; and TC, total cholesterol. 

*Standardized to the age distribution of the 2000 US standard population.
†Scaled to 2000 kcal/d and in the context of appropriate energy balance and a DASH (Dietary Approaches to Stop Hypertension)–type eating pattern.
Source: Unpublished American Heart Association tabulation using NHANES 2013 to 2014 and 2015 to 2016.40

This table lists 
the prevalence 
of ideal cardio-
vascular health, 
ideal health 
factors, and ideal 
health behaviors 
in the US popula-
tion in age strata 
from 12 years of 
age to 60 years 
of age and older. 
Information in 
this table details 
where improve-
ments would be 
helpful for differ-
ent age strata.

Chart 2-1. Incidence of cardiovascular disease according to the number of ideal health behaviors and health factors.  
Source: Reprinted from Folsom et al12 with permission from the American College of Cardiology Foundation. Copyright © 2011, the American College of 
Cardiology Foundation.

This chart shows 
that the age, sex, 
and race-adjust-
ed incidence of 
cardiovascular 
disease is lower 
for people with 
more ideal 
health behaviors 
and more ideal 
health factors.  
For people 
with zero ideal 
health behaviors 
and zero ideal 
health factors, 
the incidence is 
greater than 30 
per 1,000 person 
years, whereas 
for individuals 
with 3-4 ideal 
health behaviors 
and 3 ideal 
health factors, 
the incidence is 
less than 5 per 
1,000 person 
years.
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Chart 2-3. Prevalence (unadjusted) estimates of poor, intermediate, and ideal cardiovascular health (CVH) for each component of CVH among US 
adults 20 to 49 years of age and ≥50 years of age, 2015 to 2016. 
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.40

This chart shows 
that in 2015 to 
2016 among 
adults 20-49 
years of age, 
the highest 
prevalence of 
ideal cardio-
vascular health 
occurred in the 
area of smoking 
followed in 
descending order 
of prevalence 
by diabetes, 
total cholesterol, 
blood pressure, 
physical activity, 
body mass index, 
and healthy diet 
score.  For adults 
50 years of age 
and older, the 
highest preva-
lence of ideal 
health was in the 
area of smoking, 
followed in 
descending order 
of prevalence 
by diabetes, 
physical activity, 
total cholesterol, 
body mass index, 
blood pressure, 
and healthy diet 
score.
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Chart 2-2. Prevalence (unadjusted) estimates of poor, intermediate, and ideal cardiovascular health (CVH) for each component of CVH among US 
children 12 to 19 years of age, 2015 to 2016. 
*Categories defined by either fasting plasma glucose or HbA1c based on data availability.  
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.40

This chart shows 
that in 2015 to 
2016 among 
children ages 12 
to 19 years, the 
highest preva-
lence of ideal 
cardiovascular 
health occurred 
in the area of 
smoking, with 
93.6% of youth 
meeting ideal 
levels of health.  
The prevalence 
of ideal health 
followed in 
descending order 
of prevalence by 
diabetes, blood 
pressure, total 
cholesterol, body 
mass index, 
physical activity, 
and healthy diet 
score, with no 
youth meeting 
ideal levels of 
health in healthy 
diet score.
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Chart 2-4. Prevalence (unadjusted) of US children 12 to 19 years of age meeting ideal criteria for different numbers of cardiovascular health compo-
nents, overall and by sex, 2015 to 2016. 
Error bars represent 95% CI.  
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.40

This chart shows 
that in 2015 to 
2016 among 
youth aged 12 
to 19 years, 
more than half 
met 4 or 5 ideal 
criteria out of the 
7 cardiovas-
cular health 
components. 
The percentage 
of ideal criteria 
met are relatively 
similar for males 
and females at 
all levels of ideal 
criteria met.
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Chart 2-5. Age-standardized prevalence estimates of US adults ≥20 years of age meeting ideal criteria for different numbers of cardiovascular 
health components, overall and by sex and age groups, 2015 to 2016. 
Error bars represent 95% CI.  
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.40

This chart shows 
that in 2015 to 
2016 among 
adults 20 years 
of age and over, 
there was a 
bell-shaped curve 
with the fewest 
number of 
people meeting 
0 ideal criteria 
and no people 
meeting 7 ideal 
criteria for the 
7 cardiovascular 
health compo-
nents.  Across all 
people, sexes, 
and most age 
categories, the 
most people met 
3 ideal health 
factors.  Of note, 
for people 60 
years of age and 
older, the peak 
of the bell curve 
was lower, with 
more than half 
meeting only 1 
or 2 ideal cardio-
vascular health 
criteria.
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Chart 2-6. Age-standardized prevalence estimates of US adults ≥20 years of age meeting ideal criteria for different numbers of components of 
cardiovascular health, overall and by race/ethnicity, 2013 to 2014. 
Error bars represent 95% CI.  
NH indicates non-Hispanic.  
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2013 to 2014.40

This chart shows 
that in 2013 to 
2014 among 
adults 20 years 
of age and over, 
there was a 
bell-shaped curve 
with the fewest 
number of 
people meeting 
0 ideal criteria 
and no people 
meeting 7 ideal 
criteria for the 
7 cardiovas-
cular health 
components.  
Across all races, 
the most people 
met 2 or 3 ideal 
health criteria, 
and no people 
met all 7 ideal 
criteria.  Of note, 
non-Hispanic 
Asians had fewer 
people with zero 
ideal criteria met 
and more people 
with 5 or 6 ideal 
criteria met than 
other races.
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Chart 2-7. Prevalence of meeting ≥5 criteria for ideal cardiovascular health among US adults ≥20 years of age (age-standardized) and US children 12 
to 19 years of age by race/ethnicity, 2007 to 2008 and 2015 to 2016. 
Error bars represent 95% CI.  
NH indicates non-Hispanic.  
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2007 to 2008 and 2015 to 2016.40

This chart shows 
that in 2007 to 
2008 and 2015 
to 2016 among 
both adults 20 
years of age and 
older and youth 
12 to 19 years of 
age, the highest 
percentage 
of adults and 
youth meeting 
5 or more ideal 
cardiovascular 
health criteria 
occurred in non-
Hispanic Asians 
and the lowest 
percentage 
occurred in 
non-Hispanic 
blacks.  Note that 
the percentage 
of people meet-
ing 5 or more 
ideal criteria was 
higher across 
all categories of 
race for youth 
compared with 
adults.
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Chart 2-9. Age-standardized prevalence estimates of US adults (≥20 years of age) meeting ideal or poor criteria for different numbers of cardiovas-
cular health components, 2015 to 2016. 
Error bars represent 95% CI.  
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.40

This chart shows 
that in 2015 to 
2016, the high-
est percentage 
of adults were 
in the categories 
of meeting 2 or 
3 ideal criteria 
for cardiovas-
cular health.  
The highest 
percentage of 
adults were also 
in the categories 
of meeting 1 or 
2 poor criteria 
for cardiovas-
cular health.  In 
general, this 
chart shows that 
more people met 
a greater number 
of ideal criteria 
and a lesser 
number of poor 
criteria.
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Chart 2-8. Prevalence of meeting idea criteria for ≥5 components of cardiovascular health among US adults ≥20 years of age (age-standardized) and 
US children 12 to 19 years of age between 2007 to 2008 and 2015 to 2016, overall and by sex. 
Error bars represent 95% CI.  
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2007 to 2008 and 2015 to 2016.40

This chart shows 
that comparing 
data from 2007 
to 2008 to data 
from 2015 to 
2016, both 
adults 20 years 
of age and older 
and youth 12 to 
19 years of age 
improved in the 
percentage of 
people meeting 
5 or more ideal 
health criteria.  
This improve-
ment applies to 
both males and 
females in adults 
and youth.
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Chart 2-11. Trends in prevalence (unadjusted) of meeting ideal criteria for individual components of cardiovascular health (CVH) among US children 
(12–19 years of age), 1999 to 2000 through 2015 to 2016. 
Error bars represent 95% CI. Data for the Healthy Diet Score, based on a 2-day average intake, were only available for the 2003 to 2004, 2005 to 2006, 2007 to 
2008, 2009 to 2010, and 2011 to 2012 NHANES cycles at the time of this analysis.  
BMI indicates body mass index; BP, blood pressure; NHANES, National Health and Nutrition Examination Survey; and PA, physical activity.  
*Because of changes in the physical activity questionnaire between NHANES cycles 1999 to 2006 and 2007 to 2016, prevalence trends over time for this CVH 
component should be interpreted with caution, and statistical comparisons should not be attempted. Trend lines are absent between these time frames as an 
indicator of this issue.  
Source: Unpublished American Heart Association tabulation using NHANES, 1999 to 2000 through 2015 to 2016.40

This chart shows 
trends in the 
prevalence of 
meeting ideal cri-
teria in individual 
components of 
cardiovascular 
health for US 
children 12 to 
19 years of age 
between 1999 
and 2016.  There 
was a slight and 
general decline 
in the percentage 
of children meet-
ing ideal criteria 
for diabetes and 
BMI over time.  
There was a 
slight increase 
in meeting 
ideal criteria for 
blood pressure, 
cholesterol, and 
smoking over 
time.  Meeting 
ideal criteria for 
diet was close to 
zero for all years. 
There was a gen-
eral increase in 
meeting ideal cri-
teria for physical 
activity between 
1999 and 2006, 
but then a large 
decrease that 
stayed consistent 
from 2007 to 
2016.
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Chart 2-10. Age-standardized prevalence of meeting ideal criteria for ≥5 components of cardiovascular health among US adults ≥20 years of age by 
educational attainment and household income-to-poverty ratio, 2015 to 2016. 
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.40

This chart shows 
that in 2015 to 
2016 the preva-
lence of meeting 
ideal criteria 
for 5 or more 
components of 
cardiovascular 
health among 
US adults was 
lowest among 
adults with less 
than a high 
school education 
and less than 
100% income-
to-poverty ratio.  
In general, the 
prevalence of 
meeting ideal cri-
teria in 5 or more 
components 
went up with 
education and a 
higher income-
to-poverty 
ratio, with the 
exception of high 
school graduates 
with no further 
education who 
showed a 
decreasing preva-
lence of meeting 
5 or more ideal 
criteria as in-
come-to-poverty 
ratio increased. 
College gradu-
ates also showed 
varied prevalence 
of meeting 5 or 
more ideal cri-
teria as income-
to-poverty ratio 
increased.
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Chart 2-12. Age-standardized trends in prevalence of meeting ideal criteria for individual components of cardiovascular health (CVH) among US 
adults (≥20 years of age), 1999 to 2000 through 2015 to 2016. 
Error bars represent 95% CI. Data for the Healthy Diet Score, based on a 2-day average intake, were only available for the 2003 to 2004, 2005 to 2006, 2007 to 
2008, 2009 to 2010, and 2011 to 2012 NHANES cycles at the time of this analysis.  
BMI indicates body mass index; BP, blood pressure; NHANES, National Health and Nutrition Examination Survey; and PA, physical activity.  
*Because of changes in the physical activity questionnaire between NHANES cycles 1999 to 2006 and 2007 to 2016, prevalence trends over time for this CVH 
component should be interpreted with caution, and statistical comparisons should not be attempted. Trend lines are absent between these time frames as an 
indicator of this issue.  
Source: Unpublished American Heart Association tabulation using NHANES, 1999 to 2000 through 2015 to 2016.40

This chart shows 
trends in the 
prevalence of 
meeting ideal cri-
teria in individual 
components of 
cardiovascular 
health for US 
adults over 20 
years of age be-
tween 1999 and 
2016.  There was 
a slight decline in 
the percentage 
of adults meeting 
ideal criteria for 
diabetes and BMI 
over time.  There 
was a slight in-
crease in meeting 
ideal criteria for 
blood pressure, 
although in the 
last 2 years of 
this chart, it 
dropped back 
close to the 
percentage 
from 1999 to 
2000, as well as 
cholesterol, and 
smoking. Meet-
ing ideal criteria 
for diet was close 
to zero for all 
years.  There 
was a general in-
crease in meeting 
ideal criteria for 
physical activity 
between 1999 
and 2006, but 
then a large drop 
in 2007 before 
a continued 
increase for 
physical activity 
over time. The 
percent of adults 
meeting physical 
activity criteria 
was fairly similar 
in 1999-2000 as 
it was in 2015-
2016.
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Chart 2-13. Age-standardized trends in prevalence of meeting ideal criteria for ≥5 components of cardiovascular health among US adults (≥20 years 
of age) by household IPR, 2003 to 2004 through 2015 to 2016. 
Error bars represent 95% CI.  
IPR indicates income-to-poverty ratio.  
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2003 to 2004 through 2015 to 2016.40

This chart shows 
that the preva-
lence for meeting 
ideal criteria for 5 
or more compo-
nents of cardio-
vascular health 
among US adults 
20 years of age 
or older between 
2003 and 2016 
was higher at all 
time periods with 
higher income-
to-poverty ratios.  
Between 2003 to 
2004 and 2015 
to 2016, the 
was the largest 
increase in the 
prevalence of 
meeting ideal cri-
teria in 5 or more 
components in 
the 300 to 400 
percent income-
to-poverty ratio 
category followed 
by the 100 to 299 
percent income-
to-poverty ratio 
category.  Al-
though there was 
not any overall 
improvement 
between 2003 to 
2004 and 2015 
to 2016 in the 
greater than 500 
percent income-
to-poverty ratio 
category, those 
individuals had 
the highest preva-
lence of meeting 
ideal criteria for 5 
or more compo-
nents at all time 
points. Individuals 
with less than 
100% income-to-
poverty ratio had 
the lowest preva-
lence of meeting 
5 or more ideal 
criteria  at all time 
points with very 
little change over 
time.
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Chart 2-14. Age-standardized trends in prevalence of meeting ideal criteria for ≥5 components of cardiovascular health among US adults (≥20 years 
of age) by educational attainment, 2003 to 2004 through 2015 to 2016. 
Error bars represent 95% CI.  
Grad indicates graduate.  
Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2003 to 2004 through 2015 to 2016.40

This chart shows 
that the preva-
lence for meeting 
ideal criteria 
for 5 or more 
components of 
cardiovascular 
health among 
US adults 20 
years of age or 
older between 
2003 and 2016 
was higher at all 
time periods with 
more education.  
All categories of 
education had 
increases and 
decreases in the 
prevalence of 
meeting ideal 
criteria over time, 
but only college 
graduates and 
adults with some 
college had an 
increase in preva-
lence between 
2003 and 2016, 
although only 
slightly.

Chart 2-15. Prevalence of ideal, intermediate, and poor cardiovascular health (CVH) metrics in the United States in 2006 (AHA 2020 Strategic Impact 
Goals baseline year) and 2020 projections assuming current trends continue.  
The 2020 targets for each CVH metric assume a 20% relative increase in ideal CVH prevalence metrics and a 20% relative decrease in poor CVH prevalence 
metrics for males and females.  
AHA indicates American Heart Association.  
Source: Reprinted from Huffman et al.41 Copyright © 2012, American Heart Association, Inc.

This chart shows 
that within the 
categories of 
smoking and 
physical activity 
more males and 
females are pro-
jected to meet 
ideal metrics and 
less people to 
meet poor met-
rics in 2020 than 
in 2006. Within 
the categories of 
body mass index, 
diabetes, and 
total cholesterol, 
fewer males 
and females 
are projected 
to meet ideal 
metrics in 2020 
than in 2006.  
For healthy 
diet score, the 
percentages of 
people meeting 
ideal metrics 
were very small 
in both 2006 
and projected in 
2020 for both 
sexes, with only a 
slight increase for 
females projected 
in 2020.  For 
blood pressure, 
the prevalence of 
males meeting 
ideal metrics will 
increase slightly, 
while for females 
it will decrease 
slightly between 
2006 and 2020.
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3. SMOKING/TOBACCO USE
See Table 3-1 and Charts 3-1 through 3-6

Tobacco use is one of the leading preventable causes of 
death in the United States and globally. Tobacco smok-
ing, the most common form of tobacco use, is a major 
risk factor for CVD and stroke.1 The AHA has identified 

never having tried smoking or never having smoked a 
whole cigarette (for children) and never having smoked 
or having quit >12 months ago (for adults) as 1 of the 
7 components of ideal CVH in Life’s Simple 7.2 Unless 
otherwise stated, throughout the rest of the chapter 
we will report tobacco use and smoking estimates from 
the NYTS3 for adolescents and from the NHIS4 for adults 
(≥18 years of age), because these data sources have 
more recent data. As a survey of middle and high school 
students, the NYTS may not be generalizable to youth 
who are not enrolled in school; however, in 2016, 97% 
of youth 10 to 17 years of age were enrolled in school, 
which indicates that the results of the NYTS are likely 
broadly applicable to US youth.3

Other forms of tobacco use are becoming increas-
ingly common. E-cigarette use, which involves inha-
lation of a vaporized liquid that includes nicotine, 
solvents, and flavoring (“vaping”), has risen dramati-
cally, particularly among young people. The variety of 
e-cigarette–related products has increased exponen-
tially, giving rise to the more general term electronic 
nicotine delivery systems.5 A notable evolution in elec-
tronic nicotine delivery systems technology and mar-
keting has occurred recently with the advent of “pod 
mods,” small rechargeable devices that deliver high 
levels of nicotine derived from nicotine salts in loose-
leaf tobacco.6 Use of cigars, cigarillos, filtered cigars, 
and hookah also has become increasingly common in 
recent years. Thus, each section below will address the 
most recent statistical estimates for combustible ciga-
rettes, electronic nicotine delivery systems, and other 
forms of tobacco use if such estimates are available.

Prevalence
(See Charts 3-1 through 3-4)
Youth

•	 Prevalence of cigarette use in the past 30 days for 
middle and high school students by sex and race/
ethnicity in 2018 is shown in Chart 3-1.

•	 In 20183:
—	 27.1% (95% CI, 25.3%–29.0%) of high 

school students (corresponding to 4 040 000 
users) and 7.2% (95% CI, 6.3%–8.1%) of 
middle school students (corresponding to 
840 000 users) used any tobacco products. 
Additionally, 8.1% (95% CI, 7.1%–9.3%) 
of high school students (1 180 000 users) 
and 1.8% (95% CI, 1.4%–2.2%) of middle 
school students (200 000 users) smoked cig-
arettes in the past 30 days.

—	 5.9% (95% CI, 5.0%–7.0%) high school 
students (870 000 users) and 1.8% (95% 
CI, 1.5%–2.3%) of middle school students 
(210 000) used smokeless tobacco in the past 
30 days.

[AQ: Updated URL for reference 55. Okay?]

Click here to return to the Table of Contents

Abbreviations Used in Chapter 3

ACS acute coronary syndrome

AHA American Heart Association

BRFSS Behavioral Risk Factor Surveillance System

CDC Centers for Disease Control and Prevention

CHD coronary heart disease

CI confidence interval

CVH cardiovascular health

CVD cardiovascular disease

DALY disability-adjusted life-year

DM diabetes mellitus

EAGLES Study Evaluating the Safety and Efficacy of Varenicline 
and Bupropion for Smoking Cessation in Subjects 
With and Without a History of Psychiatric Disorders

e-cigarette electronic cigarette

EVITA Evaluation of Varenicline in Smoking Cessation for 
Patients Post-Acute Coronary Syndrome

GBD Global Burden of Disease

HD heart disease

HIV human immunodeficiency virus

HR hazard ratio

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NHIS National Health Interview Survey

NNT number needed to treat

NSDUH National Survey on Drug Use and Health

NYTS National Youth Tobacco Survey

OR odds ratio

PAF population attributable fraction

PAR population attributable risk

PATH Population Assessment of Tobacco and Health

QALY quality-adjusted life-year

RCT randomized controlled trial

RR relative risk

SAH subarachnoid hemorrhage

SBP systolic blood pressure

SE standard error

SHS Strong Heart Study

UI uncertainty interval

WHO World Health Organization
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—	 7.6% (95% CI, 6.7%–8.6%) of high school 
students (1 100 000 users) and 1.6% (95% 
CI, 1.3%–2.1%) of middle school students 
(190 000 users) used cigars in the past 30 
days.

•	 Of youth who smoked cigarettes in the past 30 
days in 2015 to 2017, 19.4% (95% CI, 17.1%–
22.0%) of high school students (corresponding 
to 230 000 users) and 12.8% (95% CI, 10.0%–
16.3%) of middle school students (corresponding 
to 30 000 users) reported smoking cigarettes every 
day in the past 30 days.7

•	 In 2018, tobacco use within the past month for 
high school students varied by race/ethnicity: the 
prevalence of past 30-day cigarette use was 9.9% 
(95% CI, 8.5%–11.6%) in NH white youth com-
pared with 3.2% (95% CI, 2.3%–4.6%) in black 
and 7.2% (95% CI, 5.8%–8.8%) in Hispanic youth. 
For cigars, the respective percentages were 7.8% 
(95% CI, 6.7%–9.1%), 9.2% (6.8%–12.4%), and 
7.3% (95% CI, 5.9%–9.1%).3

•	 The percentage of high school students who used 
e-cigarettes (20.8% or 3 050 000 users) exceeded 
the proportion using cigarettes (8.1% or 1 180 000 
users) in 2018 (Chart 3-2).

Adults
•	 According to the NHIS 2017 data, among adults 

≥18 years of age4:
—	 14.0% (95% CI, 13.4%–14.6%) of adults 

reported cigarette use “every day” or “some 
days.”

—	 15.8% (95% CI, 15.0%–16.7%) of males 
and 12.2% (95% CI, 11.4%–13.0%) of 
females reported cigarette use “every day” 
or “some days.”

—	 10.4% of those 18 to 24 years of age, 16.1% 
of those 25 to 44 years of age, 16.5% of 
those 45 to 64 years of age, and 8.2% of 
those ≥65 years old reported cigarette use 
“every day” or “some days.”

—	 24.0% of NH American Indians or Alaska 
Natives, 14.9% of NH blacks, 7.1% of NH 
Asians, 9.9% of Hispanics, and 15.2% of NH 
whites reported cigarette use “every day” or 
“some days.”

—	 By annual household income, reported ciga-
rette use “every day” or “some days” was 
21.4% of people with <$35 000 income 
compared with 15.3% of those with income 
of $35 000 to $74 999, 11.8% with income 
$75 000 to $99 999, and 7.6% with income 
≥$100 000.

—	 In adults ≥25 years of age, the percentage 
reporting current cigarette use was 23.1% 
for those with <12 years of education and 

36.8% in those with a General Educational 
Development high school equivalency, com-
pared with 4.1% among those with a gradu-
ate degree.

—	 20.3% of lesbian/gay/bisexual individuals are 
current smokers compared with 13.7% of 
heterosexual/straight individuals.

—	 By region, the prevalence of current ciga-
rette smokers was highest in the Midwest 
(16.9%) and South (15.5%) and lowest in 
the Northeast (11.2%) and West (11.0%).4

•	 The 2009 NHIS report estimated that 42.4% of 
adults with HIV receiving medical care were cur-
rent smokers compared with 20.6% of all US 
adults.8

•	 Using data from BRFSS 2017, the state with the 
highest age-adjusted percentage of current ciga-
rette smokers was West Virginia (28.0%). The 
states with the lowest age-adjusted percentage of 
current cigarette smokers were Utah (8.8%) and 
California (11.5%; Chart 3-3).9

•	 In 2017, smoking prevalence was higher among 
adults ≥18 years of age who reported having a dis-
ability or activity limitation (20.7%) than among 
those reporting no disability or limitation (13.3%).4

•	 Among individuals reporting serious psychological 
distress, 35.2% were current smokers compared 
with 13.2% in those without serious psychological 
distress.4

•	 Among females who gave birth in 2016, 7.2% 
smoked cigarettes during pregnancy. Smoking 
prevalence during pregnancy was greatest for 
females 20 to 24 years of age (10.7%), followed 
by females 15 to 19 years of age (8.5%) and 25 
to 29 years of age (8.2%).10 Rates were high-
est among NH American Indian or Alaska Native 
females (16.7%) and lowest in NH Asian females 
(0.6%). With respect to differences by education, 
cigarette smoking prevalence was highest among 
females who completed high school (12.2%), fol-
lowed by females with less than high school edu-
cation (11.7%).

•	 E-cigarette prevalence in 2017 is shown in Chart 
3-4. Comparing e-cigarette prevalence across the 
50 states, the average age-adjusted prevalence 
was 5.3%. The lowest age-adjusted prevalence 
was observed in California (3.2%), and the high-
est prevalence was observed in Oklahoma (7.5%). 
The age-adjusted prevalence was 1.3% in Puerto 
Rico.

Incidence
•	 According to the 2017 NSDUH, ≈1.90 million peo-

ple ≥12 years of age had smoked cigarettes for the 
first time within the past 12 months, compared with 
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1.78 million in 2016 (2017 NSDUH Table 4.2B).11 
Of new smokers in 2017, 604 000 (31.8%) were 
12 to 17 years of age, 817 000 (43.0%) were 18 
to 20 years of age, and 335 000 (17.7%) were 21 
to 25 years of age; only 142 000 (7.5%) were ≥26 
years of age when they first smoked cigarettes.

•	 The number of new smokers 12 to 17 years of age 
in 2017 (604 000) decreased from 2016 (723 000 
million); however, new smokers 18 to 25 years of 
age increased from ≈978 000 million in 2002 to 
1.15 million in 2017 (2017 NSDUH Table 4.2B).11

•	 According to data from the PATH Study between 
2013 and 2016, in youth 12 to 15 years of age, 
use of an e-cigarette was independently associ-
ated with new ever combustible cigarette use 
(OR, 4.09 [95% CI, 2.97–5.63]) and past 30-day 
use (OR, 2.75 [95% CI, 1.60–4.73]) at 2 years of 
follow-up. For youth who tried another non–e-cig-
arette tobacco product, a similar strength of asso-
ciation for cigarette use at 2 years was observed.12 
Approximately 45 000 new current smokers may 
have started smoking cigarettes after initiating 
e-cigarette use over the 2-year period between 
2013 to 2014 and 2015 to 2016.12

Lifetime Risk
Youth

•	 Per NSDUH data for individuals 12 to 17 years of 
age, overall, the lifetime use of tobacco products 
declined from 15.3% to 14.9% between 2016 
and 2017, with lifetime cigarette use declin-
ing from 11.6% to 10.8% during the same time 
period (2017 NSDUH Tables 2.21B and 2.16B).11

—	 The lifetime use of tobacco products among 
adolescents 12 to 17 years old varied by the 
following: 

▪	 Sex: Lifetime use was higher among boys 
(17.0%) than girls (12.7%; 2017 NSDUH 
Table 2.21B).

▪	 Race/ethnicity: Lifetime use was high-
est among American Indians and Alaska 
Natives (26.7%), followed by whites 
(17.9%), Hispanics or Latinos (12.3%), 
blacks (11.0%), and Asians (4.7%; 2017 
NSDUH Table 2.21B).

Adults
•	 According to NSDUH data, the lifetime use of 

tobacco products in individuals ≥18 years of 
age did not decline significantly between 2016 
and 2017, from 67.7% to 67.5%, with lifetime 
cigarette use declining in the same interval from 
62.1% to 61.8% (2017 NSDUH Table 2.6B).11 
Similar to the patterns in youth, lifetime risk of 
tobacco products varied by demographic factors:

—	 Sex: Lifetime use was higher in males (76.2%) 
than females (59.3%).

—	 Race/ethnicity: Lifetime use was highest in 
American Indians or Alaska Natives (81.2%) 
and whites (75.2%), followed by Native 
Hawaiian or Other Pacific Islander (56.4%), 
Hispanics or Latinos (55.3%), blacks (54.8%), 
and Asians (39.1%).

•	 In 2017, the lifetime use of smokeless tobacco for 
adults ≥18 years of age was 17.3%.

Secular Trends
(See Chart 3-5)
Youth
The percentage of adolescents (12–17 years old) who 
reported smoking cigarettes in the past month declined 
from 13% in 2002 to 3.4% in 2016 (Chart 3-5). The 
percentages for daily cigarette use among those with 
past-month cigarette smoking in 12- to 17-year-olds 
were 31.8% in 2002 and 15.0% in 2016.13

Adults
Since the US Surgeon General’s first report on the 
health dangers of smoking, age-adjusted rates of 
smoking among adults have declined, from 51% of 
males smoking in 1965 to 15.8% in 2017 and from 
34% of females in 1965 to 12.2% in 2017, accord-
ing to NHIS data.4 The decline in smoking, along 
with other factors (including improved treatment and 
reductions in the prevalence of risk factors such as 
uncontrolled hypertension and high cholesterol), is 
a contributing factor to secular declines in the HD 
death rate.14

•	 On the basis of weighted NHIS data, the current 
smoking status among 18- to 24-year-old males 
declined 46.5%, from 28.0% in 2005 to 15.0% 
in 2015; for 18- to 24-year-old females, smoking 
declined 47.0%, from 20.7% to 11.0%, over the 
same time period.15 On the basis of age-adjusted 
estimates in 2015, among people ≥65 years of 
age, 9.7% of males and 7.3% of females were 
current smokers.

•	 From 2005 to 2015, adjusted prevalence rates for 
tobacco use in individuals with serious psychologi-
cal distress (according to the Kessler Scale) went 
from 41.9% to 40.6%, which represents a nonsig-
nificant decline; however, rates for people without 
serious psychological stress declined significantly, 
from 20.3% to 14.0%.15

CVH Impact
•	 A 2010 report of the US Surgeon General on how 

tobacco causes disease summarized an extensive 
body of literature on smoking and CVD and the 
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mechanisms through which smoking is thought 
to cause CVD.16 There is a sharp increase in CVD 
risk with low levels of exposure to cigarette smoke, 
including secondhand smoke, and a less rapid fur-
ther increase in risk as the number of cigarettes per 
day increases. Similar health risks for CHD events 
were reported in a systematic review of regular 
cigar smoking.17

•	 Smoking is an independent risk factor for CHD 
and appears to have a multiplicative effect with 
the other major risk factors for CHD: high serum 
levels of lipids, untreated hypertension, and 
DM.16

•	 Cigarette smoking and other traditional CHD risk 
factors might have a synergistic interaction in HIV-
positive individuals.18

•	 A meta-analysis of 75 cohort studies (≈2.4 million 
individuals) demonstrated a 25% greater risk for 
CHD in female smokers than in male smokers (RR, 
1.25 [95% CI, 1.12–1.39]).19

•	 Cigarette smoking is a risk factor for both ischemic 
stroke and SAH in adjusted analyses and has a syn-
ergistic effect on other stroke risk factors such as 
oral contraceptive use.20

•	 A meta-analysis comparing pooled data of ≈3.8 
million smokers and nonsmokers found a similar 
risk of stroke associated with current smoking in 
females and males.21

•	 Current smokers have a 2- to 4-times increased 
risk of stroke compared with nonsmokers or those 
who have quit for >10 years.20,22

•	 Short-term exposure to water pipe smoking is 
associated with a significant increase in SBP and 
heart rate compared with nonsmoking control 
subjects,23 but long-term effects remain unclear. 
Current use of smokeless tobacco was associ-
ated with an adjusted 1.27-fold increased risk 
of CVD events compared with never-users. Per 
1000 person-years, the CVD rate was 11.3 in 
never-users and 21.4 in current users of smoke-
less tobacco.24

•	 The CVD risks associated with e-cigarette use are 
not known.25,26

Family History and Genetics
•	 Genetic factors might contribute to smoking 

behavior; common and rare variants in several loci 
have been found to associate with smoking initia-
tion, number of cigarettes smoked per day, and 
smoking cessation.27,28

•	 Genetics might also modify adverse CVH out-
comes among smokers, with variation in 
ADAMTS7 associated with loss of cardioprotec-
tion in smokers.29

Smoking Prevention
Tobacco 21 laws increase the minimum age of sale for 
tobacco products from 18 to 21 years.

•	 Such legislation would likely reduce the rates of 
smoking during adolescence, a time during which 
the majority of smokers start smoking, by limit-
ing access, because most people who buy ciga-
rettes for adolescents are <21 years of age. For 
instance, investigators compared smoking rates in 
Needham, MA, after introduction of an ordinance 
that raised the minimum purchase age to 21. The 
30-day smoking rate in Needham declined from 
13% to 7% between 2006 and 2010, compared 
with a decline from 15% to 12% (P<0.001) in 16 
surrounding communities.30

•	 In several towns where Tobacco 21 laws have been 
enacted, 47% reductions in smoking prevalence 
among high school students have been reported.31 
Furthermore, the National Academy of Medicine 
estimates that a nationwide Tobacco 21 law would 
result in 249 000 fewer premature deaths, 45 000 
fewer lung cancer deaths, and 4.2 million fewer 
lost life-years among Americans born between 
2010 and 2019.31

•	 As of May 17, 2019, 14 states (Hawaii, California, 
New Jersey, Oregon, Maine, Massachusetts, 
Illinois, Virginia, Delaware, Arkansas, Vermont, 
Maryland, Washington, and Utah) and at least 
470 localities (including New York City, New 
York; Chicago, Illinois; San Antonio, Texas; 
Boston, Massachusetts; Cleveland, Ohio; and 
both Kansas Cities [Kansas and Missouri]), have 
set the minimum age for the purchase of tobacco 
to 21 years.32

Awareness, Treatment, and Control
Smoking Cessation

•	 According to NHIS 2015 data, 59.1% of adult 
ever-smokers had stopped smoking.33

—	 The majority (68.0%) of adult smokers 
wanted to quit smoking; 55.4% had tried 
in the past year, 7.4% had stopped recently, 
and 57.2% had received healthcare provider 
advice to quit.

—	 Receiving advice to quit smoking was lower 
among uninsured smokers (44.1%) than 
among those with health insurance coverage 
through Medicaid or those who were dual 
eligible for coverage (both Medicaid and 
Medicare; 59.5%). Receiving advice to quit 
also varied by race, with a lower prevalence 
in Asian (34.2%), American Indian/Alaska 
Native (38.1%), and Hispanic (42.2%) smok-
ers than in white smokers (60.2%).

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e175

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 3

—	 The period from 2000 to 2015 revealed sig-
nificant increases in the prevalence of smok-
ers who had tried to quit in the past year, had 
stopped recently, had a health professional 
recommend quitting, or had used cessation 
counseling or medication.

—	 In 2015, fewer than one-third of smok-
ers attempting to quit used evidence-based 
therapies: 4.7% used both counseling and 
medication, 6.8% used counseling, and 
29.0% used medication (16.6% nicotine 
patch, 12.5% gum/lozenges, 2.4% nicotine 
spray/inhaler, 2.7% bupropion, and 7.9% 
varenicline).

•	 Smoking cessation reduces the risk of cardiovascu-
lar morbidity and mortality for smokers with and 
without CHD.
—	 In several studies, a dose-response relation-

ship has been seen among current smokers 
between the number of cigarettes smoked 
per day and CVD incidence.34,35

—	 Quitting smoking at any age significantly 
lowers mortality from smoking-related dis-
eases, and the risk declines more the longer 
the time since quitting smoking.1 Cessation 
appears to have both short-term (weeks to 
months) and long-term (years) benefits for 
lowering CVD risk.

—	 Smokers who quit smoking at 25 to 34 years 
of age gained 10 years of life compared with 
those who continued to smoke. Those 35 to 
44 years of age gained 9 years, those 45 to 
54 years of age gained 6 years, and those 55 
to 64 years of age gained 4 years of life, on 
average, compared with those who contin-
ued to smoke.34

•	 Cessation medications (including sustained-release 
bupropion, varenicline, and nicotine gum, lozenge, 
nasal spray, and patch) are effective for helping 
smokers quit.36,37

•	 EVITA was an RCT that examined the efficacy 
of varenicline versus placebo for smoking cessa-
tion among smokers who were hospitalized for 
ACS. At 24 weeks, rates of smoking abstinence 
and reduction were significantly higher among 
patients randomized to varenicline. The absti-
nence rates at 24 weeks were higher in the var-
enicline (47.3%) than the placebo (32.5%) group 
(P=0.012; NNT=6.8). Continuous abstinence 
rates and reduction rates (≥50% of daily cigarette 
consumption) were also higher in the varenicline 
group.38

•	 The EAGLES trial39 demonstrated the efficacy and 
safety of 12 weeks of varenicline, bupropion, 
or nicotine patch in motivated-to-quit smoking 
patients with major depressive disorder, bipolar 

disorder, anxiety disorders, posttraumatic stress 
disorder, obsessive-compulsive disorder, social 
phobia, psychotic disorders including schizophre-
nia and schizoaffective disorders, and borderline 
personality disorder. Of note, these participants 
were all clinically stable from a psychiatric perspec-
tive and were believed not to be at high risk for 
self-injury.39

•	 Extended use of a nicotine patch (24 weeks com-
pared with 8 weeks) has been demonstrated to be 
safe and efficacious in randomized clinical trials.40

•	 An RCT demonstrated the effectiveness of indi-
vidual- and group-oriented financial incentives for 
tobacco abstinence through at least 12 months of 
follow-up.41

•	 In addition to medications, smoke-free poli-
cies, increases in tobacco prices, cessation advice 
from healthcare professionals, and quit-lines and 
other counseling have contributed to smoking 
cessation.33,42

•	 Mass media antismoking campaigns, such as the 
CDC’s Tips campaign (Tips From Former Smokers), 
have been shown to reduce smoking-attributable 
morbidity and mortality and are cost-effective. 
Investigators estimated that the Tips campaign 
cost about $48 million, saved ≈179 099 QALYs, 
and prevented ≈17 000 premature deaths in the 
United States.43

•	 Despite states having collected $25.6 billion in 
2012 from the 1998 Tobacco Master Settlement 
Agreement and tobacco taxes, <2% of those 
funds are spent on tobacco prevention and cessa-
tion programs.44

•	 A randomized trial of e-cigarettes and behavioral 
support versus nicotine-replacement therapy and 
behavioral support in adults attending the United 
Kingdom’s National Health Service stop-smoking 
services found that 1-year cigarette abstinence 
rates were 18% in the e-cigarette group compared 
with 9.9% in the nicotine-replacement therapy 
group (RR, 1.83 [95% CI, 1.30–2.58]; P<0.001). 
However, among participants abstinent at 1 year, 
in the nicotine-replacement therapy group only 
9% were still using nicotine-replacement therapy, 
whereas 80% of those in the e-cigarette group 
were still using e-cigarettes.45

Mortality
•	 Of risk factors evaluated by the US Burden of 

Disease Collaborators, tobacco use was the sec-
ond-leading risk factor for death in the United 
States and the leading cause of DALYs, account-
ing for 11% of DALYs, in 2016.46 Overall mortality 
among US smokers is 3 times higher than that for 
never-smokers.34
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•	 On average, based on 2016 data, male smokers 
die 12 years earlier than male never-smokers, and 
female smokers die 11 years earlier than female 
never-smokers.14,47

•	 Increased CVD mortality risks persist for older 
(≥60 years old) smokers as well. A meta-analysis 
of 25 studies comparing CVD risks in 503 905 
cohort participants ≥60 years of age reported an 
HR for cardiovascular mortality of 2.07 (95% CI, 
1.82–2.36) compared with never-smokers and 
1.37 (95% CI, 1.25–1.49) compared with former 
smokers.48

•	 In a sample of Native Americans (SHS), among 
whom the prevalence of tobacco use is highest in 
the United States, the PAR for total mortality was 
18.4% for males and 10.9% for females.49

•	 Since the first report on the dangers of smoking 
was issued by the US Surgeon General in 1964, 
tobacco control efforts have contributed to a 
reduction of 8 million premature smoking-attribut-
able deaths.50

•	 If current smoking trends continue, 5.6 million US 
children will die of smoking prematurely during 
adulthood.16

Electronic Cigarettes
(See Charts 3-2 and 3-4)

•	 Electronic nicotine delivery systems, more com-
monly called electronic cigarettes or e-cigarettes, 
are battery-operated devices that deliver nicotine, 
flavors, and other chemicals to the user in an aero-
sol. Although e-cigarettes were only introduced 
into the United States around 2007, there are 
currently >450 e-cigarette brands on the market, 
and sales in the United States were projected to 
be $2 billion in 2014. In 2015, Juul came on the 
market and has rapidly become the most popular 
e-cigarette product sold in the United States. The 
popularity of the Juul likely relates to several fac-
tors, including its slim and modern design, appeal-
ing flavors, and the intensity of nicotine delivery, 
which approximates the experience of combus-
tible cigarettes.51

•	 Current e-cigarette user prevalence for 2017 in the 
United States is shown in Chart 3-4.

•	 According to the NYTS, in 2018, e-cigarettes were 
the most commonly used tobacco products in 
youth: in the prior 30 days, 4.9% (570 000) of mid-
dle school and 20.8% (3.05 million) of high school 
students endorsed use (Chart 3-2).3 A significant 
nonlinear increase in current e-cigarette use in 
high school students was observed between 2011 
(1.5%) and 2018 (20.8%). A significant increase 
in current e-cigarette use was also observed for 

middle school students, where the correspond-
ing values were 0.6% and 4.9% in the 2 peri-
ods. Among high school students, rates of use 
were most pronounced in males (22.6%) and NH 
whites (26.8%). In middle school students, slightly 
higher rates were observed in males (5.1%) and in 
Hispanics (6.6%).

•	 Between 2017 and 2018, frequent use of e-cig-
arettes among high school students who were 
current e-cigarette users increased significantly by 
38.5% (from 20.0% to 27.7%). In middle school 
students, the percentage using frequently among 
current e-cigarette users increased by 16.2%.3

•	 In 2016, 20.5 million US middle and high school 
students (80%) were exposed to e-cigarette 
advertising.52

•	 Among US adults, awareness and use of e-ciga-
rettes has increased considerably.53 In 2016, the 
prevalence of current e-cigarette use in adults, 
defined as use every day or on some days, was 
4.5% according to data from the BRFSS. The prev-
alence of current e-cigarette use was highest in 
individuals 18 to 24 years of age (9.2%) and in 
current combustible cigarette users (14.4%).54

•	 According to BRFSS 2016, current use of e-ciga-
rettes in adults ≥18 years of age was higher in sex-
ual and gender minority individuals. With respect 
to sexual orientation, 9.0% of bisexual and 7.0% 
of lesbian/gay individuals were current e-cigarette 
users compared with 4.6% of heterosexual peo-
ple. Individuals who were transgender (8.7%) 
were current e-cigarette users at a higher rate than 
cisgender individuals (4.7%). Across US states, the 
highest prevalence of current e-cigarette use was 
observed in Oklahoma (7.0%) and the lowest in 
South Dakota (3.1%).54

•	 Effective August 8, 2016, the US Food and Drug 
Administration’s Deeming Rule prohibited sale of 
e-cigarettes to individuals <18 years of age.55

Secondhand Smoke
•	 Data from the US Surgeon General on the con-

sequences of secondhand smoke indicate the 
following:
—	 Nonsmokers who are exposed to secondhand 

smoke at home or at work increase their risk 
of developing CHD by 25% to 30%.16

—	 Exposure to secondhand smoke increases 
the risk of stroke by 20% to 30%, and it is 
associated with increased mortality (adjusted 
mortality rate ratio, 2.11) after a stroke.56

•	 A meta-analysis of 23 prospective and 17 case-
control studies of cardiovascular risks associated 
with secondhand smoke exposure demonstrated 
18%, 23%, 23%, and 29% increased risks for 
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total mortality, total CVD, CHD, and stroke, respec-
tively, in those exposed to secondhand smoke.57

•	 A meta-analysis of 24 studies demonstrated that 
secondhand smoke can increase risks for preterm 
birth by 20%.58

•	 As of April 1, 2018, 11 states (California, 
Connecticut, Delaware, Hawaii, Maine, New 
Jersey, New York, North Dakota, Oregon, Utah, and 
Vermont), the District of Columbia, and Puerto Rico 
have passed comprehensive smoke-free indoor air 
laws that include e-cigarettes. These laws prohibit 
smoking and the use of e-cigarettes in indoor areas 
of private work sites, restaurants, and bars.32

•	 Pooled data from 17 studies in North America, 
Europe, and Australia suggest that smoke-free leg-
islation can reduce the incidence of acute coronary 
events by 10% (RR, 0.90 [95% CI, 0.86–0.94]).59

•	 The percentage of the US nonsmoking popula-
tion with serum cotinine ≥0.05 ng/mL (which indi-
cates exposure to secondhand smoke) declined 
from 52.5% in 1999 to 2000 to 25.3% in 2011 
to 2012, with declines occurring for both children 
and adults. During 2011 to 2012, the percentage 
of nonsmokers with detectable serum cotinine was 
40.6% for those 3 to 11 years of age, 33.8% for 
those 12 to 19 years of age, and 21.3% for those 
≥20 years of age. The percentage was higher for 
NH blacks (46.8%) than for NH whites (21.8%) and 
Mexican Americans (23.9%). People living below 
the poverty level (43.2%) and those living in rental 
housing (36.8%) had higher rates of secondhand 
smoke exposure than their counterparts (21.1% of 
those living above the poverty level and 19.0% of 
those who owned their homes; NHANES).60

Cost
•	 According to the Surgeon General’s 50th anniver-

sary report on the health consequences of smok-
ing, the estimated annual cost attributable to 
smoking from 2009 to 2012 was between $289 
and $332.5 billion; direct medical care for adults 
accounted for $132.5 to $175.9 billion, lost pro-
ductivity because of premature death accounted 
for $151 billion (estimated from 2005–2009), 
and lost productivity from secondhand smoke 
accounted for $5.6 billion (in 2006).14

•	 In the United States, cigarette smoking was associ-
ated with 8.7% of annual aggregated healthcare 
spending from 2006 to 2010, which represented 
roughly $170 billion per year, 60% of which 
was paid by public programs (eg, Medicare and 
Medicaid).61

•	 In 2016, $9.5 billion was spent on marketing 
cigarettes and smokeless tobacco in the United 
States.62

•	 249 billion cigarettes were sold in the United 
States in 2017, which is a 3.5% decrease from the 
number sold in 2016.63

•	 Cigarette prices in the United States increased 
steeply between the early 1970s and 2016, in large 
part because of excise taxes on tobacco products. 
Per pack in 1970, the average cost was $0.38, and 
tax was $0.18, whereas in 2016 the average cost 
was $6.43, and average tax $2.85.63

Global Burden of Tobacco Use
(See Table 3-1 and Chart 3-6)

•	 Although tobacco use in the United States has 
been declining, the absolute number of tobacco 
users worldwide has climbed steeply.64

•	 On the basis of the GBD synthesis of >2800 data 
sources, the age-standardized global prevalence 
of daily smoking in 2017 was 8.7% (95% UI, 
7.72%–9.79%) in males and 1.76% (95% UI, 
1.52%–2.02%) in females. The investigators esti-
mate that since 1990, smoking rates have declined 
globally by 23% in males and 42% in females.65

•	 The GBD 2017 study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 
195 countries and territories. East and Southeast 
Asia and Eastern Europe have the highest mortality 
rates attributable to tobacco (Chart 3-6).

•	 In 2015, there were a total of 933.1 million (95% 
UI, 831.3–1054.3 million) smokers globally, of 
whom 82.3% were men. The annualized rate of 
change in smoking prevalence between 1990 to 
2015 was −1.7% in women and −1.3% in men.66

•	 Worldwide, ≈80% of smokers live in low- and 
middle-income countries.67

•	 Tobacco (including smoking, secondhand smoke, 
and chewing tobacco) caused an estimated 8.1 
million deaths globally in 2017 (6.2 million men 
and 1.9 million women; Table 3-1). GBD investiga-
tors estimated that in 2017, smoking tobacco was 
the second-leading risk of mortality (high SBP was 
number 1), and smoking tobacco ranked fourth in 
DALYs globally.64,65

•	 The WHO estimated that the economic cost of 
smoking-attributable diseases accounted for US 
$422 billion in 2012, which represented ≈5.7% of 
global health expenditures.68 The total economic 
costs, including both health expenditures and 
lost productivity, amounted to approximately US 
$1436 billion, which was roughly equal to 1.8% 
of the world’s annual gross domestic product. The 
WHO further estimated that 40% of the expendi-
tures were in developing countries.
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Table 3-1.  Deaths Caused by Tobacco Worldwide, by Sex, 2017

Both Sexes (95% UI) Males (95% UI) Females (95% UI)

Total number (millions) deaths 8.1 (7.8 to 8.4) 6.2 (6.0 to 6.4) 1.9 (1.8 to 2.1)

Percent change in total number, 2007 to 2017 11.3 (9.1 to 13.4) 12.6 (10.1 to 15.1) 7.3 (4.0 to 10.4)

Percent change in total number, 1990 to 2017 20.8 (17.1 to 24.6) 27.9 (23.9 to 31.9) 2.5 (−2.8 to 8.4)

Mortality rate per 100 000 103.2 (99.0 to 107.3) 173.5 (166.9 to 180.1) 44.7 (41.5 to 48.2)

Percent change rate, 2007 to 2017 −15.9 (−17.6 to −14.4) −15.6 (−17.5 to −13.8) −19.1 (−21.5 to −16.8)

Percent change rate, 1990 to 2017 −39.2 (−40.9 to −37.4) −37.5 (−39.4 to −35.7) −47.8 (−50.4 to −44.9)

PAF, % 14.5 (13.9 to 15.0) 20.4 (19.7 to 21.1) 7.5 (6.9 to 8.0)

Percent change in PAF, 2007 to 2017 1.9 (0.3 to 3.5) 3.2 (1.6 to 4.9) −2.0 (−4.5 to 0.4)

Percent change in PAF, 1990 to 2017 0.4 (−2.4 to 3.2) 4.8 (2.1 to 7.5) −13.5 (−17.8 to −8.9)

PAF indicates population attributable fraction; and UI, uncertainty interval.
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.64 Printed with 

permission. Copyright © 2018, University of Washington.

This table lists 
the total number 
of deaths world-
wide, mortality 
rate, and popula-
tion attributable 
fraction percent 
caused by 
tobacco in 2017, 
as well as the 
percent change 
from 2007 and 
1990.  The 8.1 
million deaths 
attributable to 
tobacco in 2017 
represent an 11.3 
percent increase 
from 2007.

•	 To help combat the global problem of tobacco 
exposure, in 2003 the WHO adopted the 
Framework Convention on Tobacco Control 
treaty. From this emerged a set of evidence-
based policies with the goal of reducing the 
demand for tobacco, entitled MPOWER. 
MPOWER policies outline the following strat-
egies for nations to reduce tobacco use: (1) 

monitor tobacco use and prevention policies; 
(2) protect individuals from tobacco smoke; (3) 
offer to help with tobacco cessation; (4) warn 
about tobacco-related dangers; (5) enforce 
bans on tobacco advertising; (6) raise taxes on 
tobacco; and (7) reduce the sale of cigarettes. 
More than half of all nations have implemented 
at least 1 MPOWER policy.‍54,69
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Chart 3-1. Prevalence (%) of cigarette use in the United States in the past 30 days, by product,* school level, sex, and race/ethnicity† (NYTS, 
2011–2018).  
Data in (A) relate to high school students and (B) relate to middle school students. Because of methodological differences among the NSDUH, the Youth Risk 
Behavior Survey, the NYTS, and other surveys, percentages of cigarette smoking measured by these surveys are not directly comparable. Notably, school-based 
surveys might include students who are 18 years old, who are legally permitted to smoke and have higher rates of smoking.  
E-cigarettes indicates electronic cigarettes; NSDUH, National Survey on Drug Use and Health; and NYTS, National Youth Tobacco Survey.  
*Past 30-day use of e-cigarettes was determined by asking, “During the past 30 days, on how many days did you use e-cigarettes?” Past 30-day use of cigarettes 
was determined by asking, “During the past 30 days, on how many days did you smoke cigarettes?” Past 30-day use of cigars was determined by asking, “During 
the past 30 days, on how many days did you smoke cigars, cigarillos, or little cigars?” Past 30-day use of hookah was determined by asking, “During the past 
30 days, on how many days did you smoke tobacco in a hookah or waterpipe?” Smokeless tobacco was defined as use of chewing tobacco, snuff, dip, snus, or 
dissolvable tobacco products. Past 30-day use of smokeless tobacco was determined by asking the following question for use of chewing tobacco, snuff, and dip: 
“During the past 30 days, on how many days did you use chewing tobacco, snuff, or dip?” and the following question for use of snus and dissolvable tobacco 
products: “In the past 30 days, which of the following products did you use on at least one day?” Responses from these questions were combined to derive over-
all smokeless tobacco use. Past 30-day use of pipe tobacco (not hookahs) was determined by asking, “In the past 30 days, which of the following products have 
you used on at least one day?”  
†Blacks, whites, and others are non-Hispanic; Hispanic people could be of any race.  
‡Any tobacco product use was defined as use of any tobacco product (e-cigarettes, cigarettes, cigars, smokeless tobacco, hookahs, pipe tobacco, or bidis) on ≥1 
day in the past 30 days.  
§Any combustible tobacco product use was defined as use of cigarettes, cigars, hookahs, pipe tobacco, or bidis on ≥1 day in the past 30 days.  
‖Use of ≥2 tobacco products was defined as use of ≥2 tobacco products (e-cigarettes, cigarettes, cigars, smokeless tobacco, hookahs, pipe tobacco, or bidis) on ≥1 
day in the past 30 days.  
Source: Data derived from Gentzke et al.3

Chart 3-1A. For 
high schoolers 
between 2011 
and 2018, this 
chart shows the 
prevalence of us-
ing any tobacco 
product in the 
past 30 days, any 
combustible to-
bacco product, 2 
or more tobacco 
products, and 
e-cigarettes is 
highest among 
non-Hispanics 
whites. Cigar use 
in the past 30 
days was highest 
among non-
Hispanic blacks.  
Smokeless 
tobacco and pipe 
tobacco use was 
highest among 
non-Hispanic 
whites.  Hookahs 
and pipe tobacco 
use was highest 
among Hispan-
ics.  Across all 
tobacco products 
except hookahs, 
any use within 
the past 30 
days was higher 
among males 
than females.
Chart 3-1B. For 
middle schoolers 
between 2011 
and 2018, this 
chart shows the 
prevalence of us-
ing any tobacco 
product in the 
past 30 days, any 
combustible to-
bacco product, 2 
or more tobacco 
products, e-ciga-
rettes, cigarettes, 
smokeless to-
bacco, hookahs, 
and pipe tobacco 
was highest 
among Hispanics. 
Cigar use in the 
past 30 days was 
highest among 
non-Hispanic 
blacks. Across all 
tobacco products 
except pipe 
tobacco, use was 
higher among 
males than 
females. For each 
tobacco product, 
the prevalence 
of use in middle 
schoolers was 
lower than for 
high schoolers.
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Chart 3-2. Estimated percentage of US high school students who currently use any tobacco product,* any combustible tobacco product,† ≥2 tobacco 
product types,‡ and selected tobacco products (NYTS, 2011–2018).§‖¶ 
E-cigarettes indicates electronic cigarettes; and NYTS, National Youth Tobacco Survey.  
*Any tobacco product use was defined as use of e-cigarettes, cigarettes, cigars, hookahs, smokeless tobacco, pipe tobacco, or bidis (small brown cigarettes 
wrapped in a leaf) on ≥1 day in the past 30 days.  
†Any combustible tobacco product use was defined as use of cigarettes, cigars, hookahs, pipe tobacco, or bidis on ≥1 day in the past 30 days.  
‡Use of ≥2 tobacco product types was defined as use of ≥2 of the following tobacco products: e-cigarettes, cigarettes, cigars, hookahs, smokeless tobacco, pipe 
tobacco, or bidis on ≥1 day in the past 30 days.  
§During 2017 to 2018, current use of any tobacco product, ≥2 types of tobacco products, and e-cigarettes significantly increased (P<0.05).  
‖During 2011 to 2018, current use of combustible tobacco products, ≥2 types of tobacco products, cigars, smokeless tobacco, and pipe tobacco exhibited linear 
decreases (P<0.05). Current use of cigarettes exhibited a nonlinear decrease (P<0.05). Current use of hookahs exhibited a nonlinear change (P<0.05). Current use 
of e-cigarettes exhibited a nonlinear increase (P<0.05). No significant trend in use of any tobacco product overall was observed.  
¶Beginning in 2015, the definition of smokeless tobacco included chewing tobacco/snuff/dip, snus, and dissolvable tobacco to better reflect this class of tobacco 
products. Thus, estimates for individual smokeless tobacco products (chewing tobacco/snuff/dip, snus, and dissolvable tobacco) are not reported. This definition 
was applied across all years (2011–2018) for comparability purposes.  
Source: Reprinted from Gentzke et al.3

This chart shows 
that the percent-
age of high 
school students 
currently using 
any tobacco 
product declined 
from 2011 to 
2013, rose until 
2015, decreased 
in 2016 and 
2017 and in-
creased in 2018.  
Current use of 
any combus-
tible, cigarettes, 
cigars, smokeless 
tobacco and pipe 
tobacco in high 
schoolers all gen-
erally decreased 
between 2011 
and 2017 each 
year, with an 
increase in 2018.  
E-cigarette 
use generally 
increased over 
these years, with 
a decrease noted 
in 2016, but a 
large increase in 
2018. Hookah 
use increased 
yearly between 
2011 and 2014, 
decreased yearly 
until 2017 and 
then increased 
slightly in 2018 
among high 
schoolers.

Chart 3-3. Age-adjusted prevalence (%) of current cigarette smoking for US adults, by state (BRFSS, 2017).  
White space between the map and legend has been removed. Icons and drop-down menus for interactive tools have been removed.  
BRFSS indicates Behavior Risk Factor Surveillance System.  
Source: BRFSS Prevalence and Trends Data, 2017.9

This chart 
shows that the 
age-adjusted 
prevalence of 
current cigarette 
smoking for 
adults in 2017 
was highest in 
Alaska, Louisi-
ana, Mississippi, 
Alabama, Ten-
nessee, Arkansas, 
Oklahoma, Mis-
souri, Kentucky, 
West Virginia, 
Ohio, Indiana, 
South Dakota, 
and Guam.
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Chart 3-4. Prevalence (age-adjusted) of current e-cigarette use, United States (BRFSS, 2017).  
White space between the map and legend has been removed. Icons and drop-down menus for interactive tools have been removed.  
BRFSS indicates Behavior Risk Factor Surveillance System.  
Source: BRFSS Prevalence and Trends Data, 2017.9

This chart shows 
that the age-
adjusted preva-
lence of current 
e-cigarette 
use in 2017 
was highest in 
Nevada, Arizona, 
Colorado, Wyo-
ming, Oklahoma, 
Arkansas, Mis-
souri, Tennessee, 
Kentucky, West 
Virginia, Ohio, In-
diana, Michigan, 
and Guam.

Chart 3-5. Past month cigarette use among people ≥12 years of age, by age group: percentages, 2002 to 2016 (NHIS, 2002–2016; NSDUH, 2002–
2016).  
NSDUH indicates National Survey on Drug Use and Health; and NHIS, National Health Interview Survey.  
Source: Reprinted from NSDUH.13

This chart shows 
that among the 
age groups of 
12 to 17 years 
of age, 18 to 25 
years of age, and 
26 years of age 
or older, the per-
cent of people 
using cigarettes 
in the past 
month declined 
between 2002 
and 2016.  The 
lowest percent-
age of use at all 
time points was 
seen in those 
12 to 17 years 
of age, and the 
highest percent-
age of use at all 
time points was 
seen in those 26 
years of age and 
older.
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Chart 3-6. Age-standardized global mortality rates attributable to tobacco per 100 000, both sexes, 2017.  
East and Southeast Asia and Eastern Europe have the highest mortality rates attributable to tobacco.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.64 Printed with permission. 
Copyright © 2018, University of Washington.

This 
map 
shows 
that 
East and 
South-
east 
Asia and 
Eastern 
Europe 
had the 
highest 
mortal-
ity rates 
attribut-
able to 
tobacco 
in 2017.
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4. PHYSICAL INACTIVITY
See Charts 4-1 through 4-13

Physical inactivity is a major risk factor for CVD (eg, 
CHD, stroke, PAD, HF).1 Achieving the guideline recom-
mendations for PA is one of the AHA’s 7 components 
of ideal CVH for both children and adults.2 The AHA 
and 2018 federal guidelines for PA recommend that 
children get at least 60 minutes of PA daily (including 
aerobic and muscle- and bone-strengthening activity).3 
In 2017, on the basis of survey interviews,4 only 26.1% 

of high school students reported achieving at least 60 
minutes of daily PA, which is likely an overestimation 
of those actually meeting the guidelines.5,6 The 2018 
federal guidelines3 and the 2019 ACC/AHA Guideline 
on the Primary Prevention of Cardiovascular Disease7 
recommend that adults get at least 150 minutes of 
moderate-intensity or 75 minutes of vigorous-intensity 
aerobic activity (or an equivalent combination) per week 
and perform muscle-strengthening activities at least 2 
days per week. In a nationally representative sample of 
adults, only 24.3% reported participating in adequate 
leisure-time aerobic and muscle-strengthening activity 
to meet these criteria (Chart 4-1),8 but they were not 
asked to report activity accumulated during occupa-
tional, transportation, or domestic duties.

Being physically active is an important aspect of 
overall health. Meeting recommendations for PA not 
only reduces premature mortality but also improves risk 
factors for CVD (such as HBP, type 2 DM, and high cho-
lesterol) and reduces the likelihood of diseases related 
to CVD, including CHD, HF, stroke, and aging-related 
diseases, such as dementia.7,9–11 Benefits from PA are 
seen for all ages and groups, including children and 
older adults, pregnant women, and people with dis-
abilities and chronic conditions. Therefore, the 2018 
federal guidelines recommend being as physically 
active as abilities and conditions allow and that some 
PA is better than none.3 The PA Guidelines Advisory 
Committee published a scientific report providing a 
clearer message for individuals not meeting the 150 
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Abbreviations Used in Chapter 4

ACC American College of Cardiology

AF atrial fibrillation

AHA American Heart Association

AMI acute myocardial infarction

app application

BMI body mass index

BP blood pressure

CAD coronary artery disease

CER cost-effectiveness ratio

CHD coronary heart disease

CI confidence interval

CPS-II Cancer Prevention Study II

CVD cardiovascular disease

CVH cardiovascular health

DBP diastolic blood pressure

DM diabetes mellitus

ED emergency department

EF ejection fraction

FINGER Finnish Geriatric Intervention Study to Prevent 
Cognitive Impairment and Disability

GBD Global Burden of Disease

HBP high blood pressure

HDL-C high-density lipoprotein cholesterol

HF heart failure

HR hazard ratio

LDL-C low-density lipoprotein cholesterol

LIFE Lifestyle Interventions and Independence for Elders

MET metabolic equivalent

MetS metabolic syndrome

MI myocardial infarction

MSA Metropolitan Statistical Area

NAVIGATOR Long-term Study of Nateglinide + Valsartan to Prevent 
or Delay Type II Diabetes Mellitus and Cardiovascular 
Complications

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NHIS National Health Interview Survey

NIH-AARP National Institutes of Health–American Association of 
Retired Persons 

OR odds ratio

PA physical activity

PAD peripheral artery disease

PAF population attributable fraction

QALY quality-adjusted life-year

RCT randomized controlled trial

REGARDS Reasons for Geographic and Racial Differences in 
Stroke

RR relative risk

SBP systolic blood pressure

SES socioeconomic status

VTE venous thromboembolism

WC waist circumference

WHI Women’s Health Initiative

WHO World Health Organization

WHS Women’s Health Study

YRBSS Youth Risk Behavior Surveillance System
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minutes of moderate PA per week guideline, stating 
that even small increases in moderate-intensity PA or 
replacing sedentary time with light-intensity PA could 
provide health benefits.9

Defining and Measuring PA
There are 4 dimensions of PA (mode or type, frequency, 
duration, and intensity) and 4 common domains for 
adults (occupational, domestic, transportation, and lei-
sure time).5 For children, there are additional consid-
erations of structured PA in schools and communities. 
The federal guidelines specify the suggested frequency, 
duration, and intensity of activity. Historically, recom-
mendations on PA for health purposes have focused on 
leisure-time activity. However, because all domains of 
PA could have an impact on health, and because an 
increase in 1 domain can sometimes be compensated 
for by a decrease in another domain, ideally data will be 
collected on all dimensions and domains of PA.5

There are 2 broad categories of methods to assess 
PA: (1) subjective methods that use questionnaires 
and diaries/logs and (2) objective methods that use 
wearable monitors (pedometers, accelerometers, etc). 
Studies that compare the findings between subjective 
and objective methods have found that there is marked 
discordance between self-reported and measured PA, 
with respondents often overstating their PA, especially 
the intensity.5,6,12

Another consideration in the measurement of PA is 
that surveys often ask only about leisure-time PA, which 
represents PA obtained from a single domain. People 
who obtain high PA in other domains might be less 
likely to engage in leisure-time PA. Although they might 
meet the federal PA guidelines, people who spend 
considerable time and physical effort in occupational, 
domestic, or transportation activities/domains might be 
less likely to be identified as meeting the guidelines.

PA and cardiorespiratory fitness provide distinct 
metrics in assessment of CVD risk.13 Poor cardiorespi-
ratory (or aerobic) fitness might be a stronger predic-
tor of adverse cardiovascular outcomes than traditional 
risk factors.14 Although many studies have shown that 
increasing the amount and quality of PA can improve 
cardiorespiratory fitness, other factors can contribute, 
such as a genetic predisposition to perform aerobic 
exercise.15 Because cardiorespiratory fitness is directly 
measured and reflects both participation in PA and the 
state of physiological systems affecting performance, 
the relationship between cardiorespiratory fitness and 
clinical outcomes is stronger than the relationship of PA 
to a series of clinical outcomes.13 Unlike health behav-
iors such as PA and risk factors that are tracked by fed-
erally funded programs (NHIS, NHANES, etc), there are 
no national data on adult cardiorespiratory fitness to-
date, but the WHO has recently created a global action 

plan to approach cardiorespiratory fitness globally with 
a goal to reduce the prevalence of insufficient PA by 
15% by 2030.13,16 Such additional data on the cardiore-
spiratory fitness levels of populations could give a fuller 
and more accurate picture of physical fitness levels.13

Prevalence
Youth
Meeting the Activity Recommendations
(See Charts 4-2 through 4-5)

•	 On the basis of self-reported PA (YRBSS, 2017)4:
—	 The prevalence of high school students who 

met aerobic activity recommendations of 
≥60 minutes of PA on all 7 days of the week 
was 26.1% nationwide and declined from 
9th (30.6%) to 12th (22.9%) grades. At 
each grade level, the prevalence was higher 
in boys than in girls.

—	 Almost double the percentage of high 
school–aged boys (35.3%) than girls (17.5%) 
reported having been physically active ≥60 
min/d on all 7 days (Chart 4-2).

—	 The prevalence of students meeting activ-
ity recommendations on ≥5 days per week 
was higher among NH white boys (59.4%), 
NH black boys (54.5%), and Hispanic boys 
(52.6%) than NH white girls (38.8%), 
NH black girls (29.9%), and Hispanic girls 
(36.9%; Chart 4-2).

—	 15.4% of students reported that they did not 
participate in ≥60 minutes of any kind of PA 
on any 1 of the previous 7 days. Girls were 
more likely than boys to report this level of 
inactivity (19.5% versus 11.0%), with black 
girls reporting the highest rate of inactivity 
(26.6%; Chart 4-3).

—	 In the 2017 YRBSS, 28.5% of heterosexual stu-
dents, 14.7% of gay, lesbian, and bisexual stu-
dents, and 19.0% of students not sure about 
their sexual identity reported being physically 
active for at least 60 min/d on all 7 days. The 
difference between prevalence of being physi-
cally active in heterosexual versus gay, lesbian, 
and bisexual students was larger among male 
students (37.0% versus 15.0%, respectively) 
than among female students (19.0% versus 
14.3%, respectively; Chart 4-4).

•	 With regard to objectively measured moderate 
to vigorous PA (based on age-specific criteria for 
accelerometer cut points; NHANES, 2003–2004)17:
—	 Only 8% of 12- to 19-year-olds accumulated 

≥60 minutes of moderate to vigorous PA on 
≥5 days per week (counting every minute of 
activity), whereas 42% of 6- to 11-year-olds 
achieved similar activity levels.
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—	 More boys than girls met PA recommenda-
tions (≥60 minutes of moderate to vigorous 
activity) on ≥5 days per week.

•	 With regard to objectively measured cardiorespira-
tory fitness (NHANES, 2012)18:
—	 For adolescents 12 to 15 years of age, boys 

in all age groups were more likely to have 
adequate levels of cardiorespiratory fitness 
than girls (Chart 4-5).

•	 With regard to self-reported muscle-strengthening 
activities (YRBSS, 2017)4:
—	 The proportion of high school students 

who participated in muscle-strengthen-
ing activities on ≥3 days of the week was 
51.1% nationwide and declined from 9th 
grade (males 66.4%, females 49.3%) 
to 12th grade (males 56.6%, females 
36.1%).

—	 More high school boys (62.1%) than girls 
(40.8%) reported having participated in 
muscle-strengthening activities on ≥3 days 
of the week.

Structured Activity Participation in Schools and Sports
•	 In 2017, only 29.9% of students attended physical 

education classes in school daily (34.7% of boys 
and 25.3% of girls; YRBSS).4

•	 Daily physical education class participation declined 
from the 9th grade (45.5% for boys, 39.2% for 
girls) through the 12th grade (26.5% for boys, 
15.9% for girls; YRBSS).4

•	 Just over half (54.3%) of high school students 
played on at least 1 school or community sports 
team in the previous year: 49.3% of girls and 
59.7% of boys (YRBSS).4

•	 Data from the 2017 SummerStyles survey dem-
onstrated that only 16.5% of parents (n=1137) 
reported that their child walked to school and 
reported safety concerns and living too far away as 
barriers limiting commuting as a means of engag-
ing in an active lifestyle.19

Television/Video/Computers
(See Chart 4-6)

•	 Research suggests that screen time (watching tele-
vision or using a computer) can lead to less PA 
among children.20 In addition, television viewing 
time is associated with poor nutritional choices, 
overeating, and weight gain (Chapter 5, Nutrition).

•	 In 2017 (YRBSS)4:
—	 Nationwide, 43.0% of high school students 

used a computer, tablet, or smartphone for 
activities other than schoolwork (eg, video-
games, texting, YouTube, or social media) for 
≥3 h/d on an average school day.

—	 The prevalence of using a computer, tablet, or 
smartphone ≥3 h/d (for activities other than 

schoolwork) was highest among NH black 
boys (47.7%), followed by Hispanic girls 
(46.8%), NH black girls (46.7%), Hispanic 
boys (43.9%), NH white boys (41.7%), and 
NH white girls (39.6%; Chart 4-6).

—	 The prevalence of watching television ≥3 h/d 
was highest among NH black boys (37.8%) 
and girls (32.8%), followed by Hispanic boys 
(21.9%) and girls (19.5%) and NH white girls 
(18.4%) and boys (16.9%).

•	 A report from the Kaiser Family Foundation (using 
data from 2009) reported that 8- to 18-year-olds 
spent an average of 33 min/d talking on the phone 
and 49 minutes using their phone to access media 
(music, games, or videos).21 In addition to other 
cell phone use, 7th to 12th graders spent an aver-
age of 95 min/d text messaging. Surveys such as 
YRBSS have not historically asked about cell phone 
use specifically and are thus likely underestimates 
of total screen-time use.

Adults
Meeting the Activity Recommendations
(See Charts 4-1 and 4-7 through 4-12)

•	 With regard to self-reported leisure-time aerobic 
and muscle-strengthening PA (NHIS, 2017):
—	 24.3% of adults met the 2018 federal PA 

guidelines for both aerobic and strength-
ening activity, an important component of 
overall physical fitness, based on only report-
ing leisure-time activity (Chart 4-1).

•	 For self-reported leisure-time aerobic PA (NHIS, 
2017):
—	 The age-adjusted proportion who reported 

meeting the 2018 aerobic PA guidelines for 
Americans (≥150 minutes of moderate PA or 
75 minutes of vigorous PA or an equivalent 
combination each week) through leisure-
time activities was 62.0% and 55.1% for NH 
white males and females, 52.7% and 37.0% 
for NH black males and females, and 49.2% 
and 40.9% for Hispanic males and females, 
respectively. Among both males and females, 
NH whites were more likely to meet the PA aer-
obic guidelines with leisure-time activity than 
NH blacks and Hispanics. For each racial/eth-
nic group, males had higher PA than females 
(Chart 4-7).22

—	 Among adults ≥25 years of age, 32.8% of 
participants with no high school diploma, 
42.7% of those with a high school diploma 
or General Educational Development high 
school equivalency credential, 50.6% of 
those with some college, 54.5% of those 
with an associate’s degree, 64.1% of those 
with a bachelor’s degree, and 69.6% of 
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those with an advanced degree met the 
federal guidelines for aerobic PA through 
leisure-time activities (Chart 4-8).

•	 Adults residing in urban areas (metropolitan sta-
tistical areas) are more likely to meet the federal 
aerobic PA guidelines through leisure-time activi-
ties than those residing in rural areas (55.0% ver-
sus 47.2%; Chart 4-9).

•	 Adults living below 200% of the poverty level 
are less likely to meet the federal PA guidelines 
through leisure-time activities than adults living at 
>200% above the poverty level (Chart 4-10).

•	 In an analysis from the NIH-AARP Diet and Health 
Study, severe neighborhood socioeconomic depri-
vation was prospectively associated with less exer-
cise time (highest quintile versus lowest quintile, 
−0.85 [95% CI, −0.95 to −0.75]) among 136 526 
participants 51 to 70 years of age.23

•	 13.0% of people with disabilities and 27.1% of 
people without disabilities meet both the aero-
bic and muscle-strengthening guidelines (Chart 
4-11).24

•	 In 2017, 25.9% of adults reported that they do 
not engage in leisure-time PA (no sessions of lei-
sure-time PA of ≥10 minutes in duration; Chart 
4-12).

•	 With regard to objectively measured moderate to 
vigorous PA (accelerometer counts/min >2020; 
NHANES, 2003–2004)6:
—	 The number of individuals meeting the fed-

eral PA guidelines, including all moderate to 
vigorous PA as recommended by the 2018 PA 
guidelines, declines from middle age (57% of 
40- to 49-year-olds) to older age (26% of 60- 
to 69-year-olds).6 Previous reports estimated 
that there were lower numbers of adults 
meeting the 2008 PA guidelines, which rec-
ommended only counting moderate to vig-
orous PA accumulated in 10-minute bouts 
(removing up to 75% of moderate activity).25

—	 These accelerometer data also revealed that 
rural US residents performed less moderate 
to vigorous PA than urban residents, but rural 
residents spent more time in lighter-intensity 
PA (accelerometer counts/min, 760–2020) 
than their urban resident counterparts.26

—	 On average, males and females self-report at 
least 5 times more moderate to vigorous PA 
than what is captured objectively when they 
wear an accelerometer using a traditional 
definition (≥2020 accelerometer counts/
min),6 but the magnitude of difference var-
ies widely if using a different accelerometer 
definition of moderate to vigorous PA.12

—	 In contrast to self-reported PA, which sug-
gested that NH whites had higher levels 

of PA,24 data from objectively measured 
PA revealed that Hispanic participants had 
higher total PA and moderate to vigorous 
PA than NH white or black participants (≥20 
years old).6

•	 In a recent study of almost 5000 British males, 
among those with low PA in midlife, retirement 
and the development of cardiovascular-related 
conditions were identified as factors predicting 
a decrease in PA over 20 years of follow-up, but 
for males who were more active in middle age, 
retirement was observed to be a time of increas-
ing PA.27

•	 A Nielsen report using data from 2017 reported 
that adults spent an average of 5 hours 5 minutes 
per day watching television (including live televi-
sion and other television-connected devices such 
as DVDs or playing video games on a console) 
and an hour and a half each day on computers 
or tablets.28 Adult smartphone app/web use was 
reported as 2 hours 28 minutes per day using data 
collected from 12 500 smartphone users in 2017.28 
These technology use behaviors could influence 
time spent in PA and sedentary time.
—	 Of particular concern, black adults spent an 

average of 7 hours 13 minutes per day watch-
ing television. Black and Hispanic adults had 
the highest smartphone use compared with 
other racial/ethnic groups.28

Structured Activity Participation in Leisure-Time, 
Domestic, Occupational, and Transportation Activities 
and Sitting Time

•	 Individuals from urban areas who participated in 
NHANES 2003 to 2006 reported participating in 
more transportation activity, but rural individuals 
reported spending more time in household PA 
and more total PA than urban individuals, possibly 
explaining the higher levels of light activity of rural 
individuals observed by objective methods.26

—	 The prevalence of walking for transporta-
tion also varies by geographic location, rang-
ing from 43.5% of individuals living in New 
England reporting any walking for transpor-
tation compared with 17.8% of individuals 
living in the East South Central region of the 
United States.29

•	 At this time, it is unclear which construct of PA 
(domestic, occupational, or transportation) con-
tributes to the higher objectively measured PA30 
but lower subjectively measured PA24 for Hispanic 
individuals, or whether these differences are 
caused by overreporting or underreporting of lei-
sure-time PA.

•	 A 1-day assessment indicated that the mean 
prevalence of any active transportation was 
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10.3% using 2012 data from the American Time 
Use Study. NH whites reported the lowest active 
transport, only 9.2%, of any racial/ethnic group. 
Roughly 11.0% of Hispanics, 13.4% of NH blacks, 
and 15.0% of other NH individuals reported par-
ticipating in any active transportation on the pre-
vious day.31

•	 Using data from the 2015 to 2016 NHANES, prev-
alence of time spent sitting >8 h/d was reported 
at 25.7% (95% CI, 23.0%–28.5%) and increased 
with increasing age.32

Secular Trends
Youth
In 2017 (YRBSS)4:

•	 Among students nationwide, there was a signifi-
cant increase in the number of individuals report-
ing participation in muscle-strengthening activities 
on ≥3 days per week, from 47.8% in 1991 to 
51.1% in 2017; however, the prevalence did not 
change substantively from 2013 (51.7%) to 2017 
(51.1%).4,33

•	 A significant increase occurred in the number of 
youth reporting having used computers for some-
thing other than schoolwork for ≥3 h/d compared 
with 2003 (22.1% versus 43.0% in 2017). The 
prevalence did not change significantly from 2015 
to 2017 (41.7% versus 43.0%).4

—	 From 2004 to 2009, the Kaiser Family 
Foundation reported that the proportion of 
8- to 18-year-olds who owned their own cell 
phone increased from 39% to 66%,21 which 
could also contribute to higher exposure to 
screen time in children.

•	 Nationwide, the number of high school students 
who reported attending physical education classes 
at least once per week did not change substantively 
between 2013 (48.0%) and 2017 (51.7%).4,33

—	 The number of high school students report-
ing attending daily physical education 
classes changed in nonlinear ways over time. 
Attendance initially decreased from 1991 to 
1995 (from 41.6% to 25.4%) and did not 
substantively change between 1995, 2013, 
and 2017 (25.4%, 29.4%, and 29.9%, 
respectively).

•	 The prevalence of high school students playing 
≥1 team sport in the past year did not substan-
tively change between 1999 (55.1%) and 2017 
(54.3%).4 In 2012, the prevalence of adolescents 
12 to 15 years of age with adequate levels of 
cardiorespiratory fitness (based on age- and sex-
specific standards) was 42.2% (Chart 4-5), down 
from 52.4% in 1999 to 2000.18

Adults
(See Chart 4-12)

•	 The prevalence of physical inactivity among adults 
≥18 years of age, overall and by sex, has decreased 
from 1998 to 2017, with the largest drop occur-
ring in the past decade, from 40.2% to 25.9% 
between 2005 and 2017, respectively (Chart 
4-12).

•	 The prevalence of physical inactivity has surpassed 
the target for Healthy People 2020, which was 
32.6%.34

•	 The age-adjusted percentage of US adults who 
reported meeting both the muscle-strengthening 
and aerobic guidelines increased from 14.4% in 
1998 to 21.4% in 2015 and 24.4% in 2017.24 The 
percentage of US adults who reported meeting 
the aerobic guidelines increased from 40.1% in 
1998 to 49.7% in 2015 and 54.0% in 2017.24,35

•	 The increase in those meeting the aerobic guide-
lines may be explained in part by the increased 
prevalence in self-reported transportation walking 
from 28.4% to 31.7% and leisure walking from 
42.1% to 52.1% (2005 to 2015).36

•	 Although it appears that leisure-time PA has been 
increasing in recent years, trends in technology 
behavior could influence both PA and sedentary 
time. Nielsen reports of adult smartphone app/
web use comparing data collected in 2012 and 
2014 (48 min/d and 1 hour 25 minutes per day, 
respectively)37 to 2017 (2 hours 28 minutes per 
day)28 suggest extreme increases in use over the 
past few years. Although they acknowledge that 
there were inconsistent methods of data collec-
tion among these different reports, the reported 
changes in technology behavior over such a short 
period of time are striking.
—	 During this time period, from 2012 to 2017, 

television viewing decreased from 5 hours 28 
minutes per day to 5 hours 5 minutes per 
day. Time spent on a computer decreased 
from 1 hour 3 minutes to <52 minutes in 
2017. However, in 2017, tablet use was also 
measured and contributed to screen time, at 
34 min/d.

—	 The relationships between changes in tech-
nology habits and sedentary time have not 
been measured systematically.

Promotion of PA
The US Surgeon General has introduced “Step It Up!, 
a Call to Action to Promote Walking and Walkable 
Communities” in recognition of the importance of 
PA.38 There are roles for communities, schools, and 
worksites.
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Communities
•	 Community-level interventions have been shown to 

be effective in promoting increased PA. Communities 
can encourage walking with street design that 
includes sidewalks, improved street lighting, and 
landscaping design that reduces traffic speed to 
improve pedestrian safety. Higher neighborhood 
walkability has been associated with lower preva-
lence of overweight, obesity, and lower incidence 
of DM.39 Moving to a walkable neighborhood was 
associated with a lower risk for incident hyperten-
sion in the Canadian Community Health Survey.40

•	 Community-wide campaigns include a variety 
of strategies such as media coverage, risk factor 
screening and education, community events, and 
policy or environmental changes.

Schools
•	 Schools can provide opportunities for PA through 

physical education, recess, before- and after-
school activity programs, and PA breaks.41

•	 According to the School Health Policies and 
Practices Study, <5% of elementary schools and 
junior and senior high schools required daily physi-
cal education in 2014.34

•	 In 2012, the School Health Policies and Practices 
Study also reported that 58.9% of school districts 
required regular elementary school recess.34

•	 Healthy after-school programs and active school-day 
policies have been shown to be cost-effective solu-
tions to increase PA and prevent childhood obesity.42

Worksites
•	 Worksites can offer access to on-site exercise facili-

ties or employer-subsidized off-site exercise facili-
ties to encourage PA among employees.

•	 Worksite interventions for sedentary occupations, 
such as providing “activity-permissive” worksta-
tions and email contacts that promote breaks, 
have reported increased occupational light activ-
ity, and the more adherent individuals observed 
improvements in cardiometabolic outcomes.43,44

Family History and Genetics
•	 It is clear that environmental factors can play a role in 

PA and sedentary behavior and the context in which 
these behaviors occur. However, PA and sedentary 
behavior can also be determined in part by genetics, 
with heritability estimates of up to 47%, although 
few loci have been identified or replicated.45–47

Mortality
Self-Reported Physical Inactivity and Mortality

•	 In analysis from NHIS with >20 years of follow-up, 
8.7% of all-cause mortality was attributed to a PA 

level of <150 minutes of moderate-intensity equiv-
alent activity per week (N=67 762).48

•	 A meta-analysis of 9 cohort studies, representing 
122 417 patients, found that as little as 15 minutes 
of daily moderate to vigorous PA reduced all-cause 
mortality in adults ≥60 years of age. This protec-
tive effect of PA was dose dependent; the most 
rapid reduction in mortality per minute of added 
PA was for those at the lowest levels of PA. These 
findings suggest that older adults can benefit from 
PA time far below the amount recommended by 
the federal guidelines.49

•	 In a pooled study of >600 000 participants,50 an 
inverse dose-response relationship was observed 
between level of self-reported leisure-time PA (HR, 
0.80 [95% CI, 0.78–0.82] for less than the recom-
mended minimum of the PA guidelines; HR, 0.69 
[95% CI, 0.67–0.70] for 1–2 times the recom-
mended minimum; and HR, 0.63 [95% CI, 0.62–
0.65] for 2–3 times the minimum) and mortality, 
with the upper threshold for mortality benefit 
occurring at 3 to 5 times the PA recommendations 
(HR, 0.61 [95% CI, 0.59–0.62]). Furthermore, 
there was no evidence of harm associated with 
performing ≥10 times the recommended mini-
mum (HR, 0.68 [95% CI, 0.59–0.78]).50

•	 Similarly, a population-based cohort in New South 
Wales, Australia, of 204 542 adults followed up for 
an average of 6.5 years evaluated the relationship 
of PA to mortality risk. It found that compared with 
those who reported no moderate to vigorous PA, 
the adjusted HRs for all-cause mortality were 0.66 
(95% CI, 0.61–0.71) for those reporting 10 to 149 
min/wk, 0.53 (95% CI, 0.48–0.57) for those report-
ing 150 to 299 min/wk, and 0.46 (95% CI, 0.43–
0.49) for those reporting ≥300 min/wk of activity.51

•	 In the WHS (N=28 879; mean age, 62 years), 
females participating in strength training (1–19, 
20–59, and 60–149 min/wk compared with 0 min/
wk) had lower risk of all-cause mortality (HR, 0.73 
[95% CI, 0.65–0.82]; HR, 0.71 [95% CI, 0.62–
0.82]; and HR, 0.81 [95% CI, 0.67–0.97], respec-
tively) but performing ≥150 min/wk strength 
training was not associated with lower risk of all-
cause mortality (HR, 1.10 [95% CI, 0.77–1.56]) 
because of very wide CIs.52

•	 A meta-analysis also revealed an association 
between participating in more transportation-
related PA and lower all-cause mortality risk.53 In 
contrast, higher occupational PA has been asso-
ciated with higher mortality in males but not 
females.54 It is unclear whether confounding fac-
tors such as fitness, SES, or other domains of PA 
might impact this relationship.

•	 In a longitudinal cohort study of 263 540 partici-
pants from the UK Biobank cohort, commuting by 
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bicycle was associated with a lower risk of CVD 
mortality and all-cause mortality (HR, 0.48 and 
0.59, respectively). Commuting by walking was 
associated with a lower risk of CVD mortality (HR, 
0.64) but not all-cause mortality.55

•	 In a meta-analysis of 13 studies, higher sedentary 
time was associated with a 22% higher risk of all-
cause mortality (HR, 1.22 [95% CI, 1.09–1.41]). 
This association was more pronounced at lower 
levels of PA than at higher levels.56

•	 A meta-analysis that included >1 million partici-
pants across 16 studies compared the risk asso-
ciated with sitting time and television viewing in 
physically active and inactive study participants. 
For inactive individuals (defined as the lowest 
quartile of PA), those sitting >8 h/d had a higher 
all-cause mortality risk than those sitting <4 h/d. 
For active individuals (top quartile for PA), sitting 
time was not associated with all-cause mortality, 
but active people who watched television ≥5 h/d 
did have higher mortality risk.57

•	 In a prospective US cohort study (CPS-II), prolonged 
leisure-time sitting (≥6 versus <3 h/d) was associ-
ated with higher risk of mortality from all causes 
and CVD (including CHD and stroke-specific mor-
tality) among 127 554 males and females free of 
chronic disease at baseline.58

•	 Using an isotemporal substitution approach in a 
subsample of the CPS-II, among participants with 
the lowest level of PA, replacing 30 min/d of sit-
ting with light-intensity PA or moderate to vigor-
ous PA was associated with 14% (HR, 0.86 [95% 
CI, 0.81–0.89]) or 45% (HR, 0.55 [95% CI, 0.47–
0.62]) lower mortality, respectively. For the indi-
viduals with the highest PA levels, substitution was 
not associated with differences in mortality risk.59

Objectively Measured Physical Inactivity/
Sedentary Time and Mortality

•	 In a subsample of NHANES 2003 to 2006 (partici-
pants with objectively measured PA and between 
50 and 79 years of age [n=3029]), models that 
replaced sedentary time with 10 min/d of mod-
erate to vigorous PA were associated with lower 
all-cause mortality (HR, 0.70 [95% CI, 0.57–0.85]) 
after 5 to 8 years of follow-up. Even substituting in 
10 minutes of light activity per day was associated 
with lower all-cause mortality (HR, 0.91 [95% CI, 
0.86–0.96]).60

•	 In an analysis from the WHS, objective measures of 
PA and sedentary behavior using an accelerometer 
were associated with all-cause mortality. The high-
est levels of overall PA volume, as measured by the 
accelerometer, were associated with 60% to 70% 
lower risk of all-cause mortality. This inverse asso-
ciation between overall PA and all-cause mortality 

was largely driven by the moderate to vigorous 
PA levels; light PA or sedentary behavior was not 
associated with mortality risk in this cohort after 
accounting for moderate to vigorous PA.61

•	 In the REGARDS cohort study of 7985 middle- and 
older-aged US adults, objectively measured total 
sedentary time was associated with higher risk of 
all-cause mortality, with an HR for highest versus 
lowest quartile of total sedentary time of 2.63 
(95% CI, 1.60–4.30) and longer sedentary bouts 
(HR, 1.96 [95% CI, 1.31–2.93]).62

Cardiorespiratory Fitness and Mortality
•	 The Cooper Center Longitudinal Study, an analy-

sis conducted on 16 533 participants, revealed 
that across all risk factor strata, the presence of 
low cardiorespiratory fitness was associated with a 
greater risk of CVD death over a mean follow-up 
of 28 years.63

•	 In a longitudinal cohort study from the UK Biobank 
data, the association between PA and all-cause 
mortality was strongest among those with lowest 
hand-grip strength and lowest cardiorespiratory 
fitness, which suggests that strength and possibly 
cardiorespiratory fitness could moderate the asso-
ciation between PA and mortality.64

•	 In a retrospective cohort study of 57 085 individu-
als who were clinically referred for stress testing 
(but without established CAD or HF), cardiore-
spiratory fitness–associated “biologic age” was 
a stronger predictor of mortality over 10 years of 
follow-up than chronological age.65

Complications of Physical Inactivity: The 
CVH Impact
Youth

•	 In a study from the NHANES 2003 to 2006 cohort 
of participants 6 to 17 years of age with objective 
measurement of PA levels by accelerometer, those 
with the highest levels of PA had lower SBP, lower 
glucose levels, and lower insulin levels than partici-
pants in the lowest PA group.66

•	 Similarly, a higher amount of objectively measured 
sedentary duration assessed by accelerometer 
among children 0 to 14 years of age is associated 
with greater odds of hypertriglyceridemia and car-
diometabolic risk.67

•	 For elementary school children, engagement in 
organized sports for ≈1 year was associated with 
lower clustered cardiovascular risk.68

•	 In a study of 36 956 Brazilian adolescents, self-
reported higher moderate to vigorous PA levels 
and lower amounts of screen time were associated 
with lower cardiometabolic risk. Furthermore, the 
association of screen time with cardiometabolic 
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risk was modified by BMI. In contrast, the associa-
tion between moderate to vigorous PA and cardio-
metabolic risk was independent of BMI.69

•	 In a prospective study of 700 Norwegian 
10-year-old children with objective measures 
of PA, higher levels of moderate PA at baseline 
were associated with lower triglyceride levels 
and lower insulin resistance at 7-month follow-
up. In contrast, sedentary time duration was not 
associated with cardiometabolic risk factors on 
follow-up.70

Adults
Cardiovascular and Metabolic Risk

•	 In a meta-analysis of 11 studies investigating the 
role of exercise among individuals with MetS, 
aerobic exercise significantly improved DBP (−1.6 
mm Hg, P=0.01), WC (−3.4 cm, P<0.01), fasting 
glucose (−0.15 mmol/L, P=0.03), and HDL-C (0.05 
mmol/L, P=0.02).71

•	 Results from NHANES 2011 to 2014 demon-
strated that the prevalence of low HDL-C was 
higher among adults who reported not meeting 
PA guidelines (21.0%) than among adults meeting 
guidelines (17.7%).72

•	 Engaging in active transport to work has been 
associated with lower cardiovascular risk factors.
—	 In a large Swedish cohort of 23 732 indi-

viduals, bicycling to work at baseline was 
associated with a lower odds of developing 
incident obesity, hypertension, hypertriglyc-
eridemia, and impaired glucose tolerance at 
10 years’ follow-up than among those using 
passive modes of transportation.73

•	 Even lighter-intensity activities, such as yoga, were 
reported to improve BMI, BP, triglycerides, LDL-
C, and HDL-C but not fasting blood glucose in a 
meta-analysis of 32 RCTs comparing yoga to non-
exercise control groups.74

•	 In a dose-response meta-analysis of 29 studies 
with 330 222 participants that evaluated the asso-
ciation between PA levels and risk of hypertension, 
each 10 MET h/wk–higher level of leisure-time PA 
was associated with a 6% lower risk of hyperten-
sion (RR, 0.94 [95% CI, 0.92–0.96]).75

•	 In a meta-analysis including 7 trials with 2517 
pregnant female participants that evaluated the 
effects of exercise during pregnancy, aerobic exer-
cise for ≈30 to 60 minutes 2 to 7 times per week 
during pregnancy was associated with significantly 
lower risk of gestational hypertensive disorders 
(RR, 0.70 [95% CI, 0.53–0.83]).76

•	 In a population-based study of Hispanic/Latino 
adults with objective assessment of sedentary 
time, higher levels of sedentary time were asso-
ciated with lower levels of HDL-C, higher triglyc-
erides, and higher measures of insulin resistance 

after adjustment for PA levels. Furthermore, the 
accrual of prolonged and uninterrupted bouts of 
sedentary time was particularly associated with 
greater abnormalities in measures of glucose 
regulation.77,78

•	 Intermittent breaks of 10 minutes standing or desk 
pedaling during each hour of sitting were insuf-
ficient to prevent endothelial dysfunction that 
developed over a period of 4 hours of sitting.79

Cardiovascular Events
•	 In a dose-response meta-analysis of 9 prospec-

tive cohort studies (N=720 425), higher levels of 
sedentary time were associated with greater risk 
of CVD in a nonlinear relationship (HR for high-
est versus lowest sedentary time, 1.14 [95% CI, 
1.09–1.19]).80

•	 A study of the factors related to declining CVD 
among Norwegian adults ≥25 years of age found 
that increased PA (≥1 hour of strenuous PA per 
week) accounted for 9% of the decline in hospital-
ized and nonhospitalized fatal and nonfatal CHD 
events.81

•	 In a study that followed 1.1 million females in the 
United Kingdom without prior vascular disease for 
an average of 9 years, those who reported moder-
ate activity were found to be at lower risk of CHD, 
a cerebrovascular event, or a thrombotic event. 
However, strenuous PA was not found to be as 
beneficial as moderate PA.82

•	 In a prospective cohort study of 130 843 partici-
pants from 17 countries, compared with low levels 
of self-reported PA (<150 min/wk of moderate-
intensity PA), moderate (150–750 min/wk) and 
high (>750 min/wk) levels of PA were associated 
with a graded lower risk of major cardiovascu-
lar events (HR high versus low, 0.75 [95% CI, 
0.69–0.82]; moderate versus low, 0.86 [95% CI, 
0.78–0.93]; high versus moderate, 0.88 [95% CI, 
0.82–0.94]) over an average 6.9 years of follow-up 
time.83

•	 In the 2-year LIFE study of older adults (mean 
age, 78.9 years), higher levels of PA, measured by 
accelerometer, were associated with lower risk of 
adverse cardiovascular events.84

•	 In a dose-response meta-analysis of 12 prospective 
cohort studies (N=370 460), there was an inverse 
dose-dependent association between PA levels and 
risk of HF. PA levels at the guideline-recommended 
minimum (500 MET min/wk) were associated with 
10% lower risk of HF. PA at twice and 4 times the 
guideline-recommended levels was associated 
with 19% and 35% lower risk of HF, respectively.85

•	 Furthermore, a recent individual-level pooled anal-
ysis of 3 large cohort studies demonstrated that 
the strong, dose-dependent association between 
higher PA levels and lower risk of HF is largely 
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driven by lower risk of HF with preserved EF but 
not HF with reduced EF.86

•	 In a large clinical trial (NAVIGATOR) involving 
9306 people with impaired glucose tolerance, 
ambulatory activity (in steps per day) as assessed 
by pedometer at baseline and 12 months was 
inversely associated with risk of a cardiovascular 
event.87

•	 In the WHI, every hour per day more of light-inten-
sity PA was associated with lower CHD (HR, 0.86 
[95% CI, 0.73–1.00]; P=0.05) and lower CVD (HR, 
0.92 [95% CI, 0.85–0.99]; P=0.03).88

•	 Domains of PA, other than leisure time, are under-
studied and often overlooked. A meta-analysis 
reported a protective relation of transportation 
activity to cardiovascular risk, which was greater 
in females.89 However, higher occupational PA has 
recently been associated with higher MI incidence 
in males 19 to 70 years old.54,90 These relationships 
require further investigation, because a protective 
association of occupational activity with MI has 
been reported in young males (19–44 years).90

•	 A recent analysis from the Rotterdam Study eval-
uated the contribution of specific PA types on 
CVD-free life expectancy. Higher levels of cycling 
were associated with a greater CVD-free life 
span in males (3.1 years) and females (2.4 years). 
Furthermore, high domestic work in females (2.4 
years) and high gardening in males (2 years) were 
also associated with an increased CVD-free life 
span.91

•	 Cardiorespiratory fitness and PA levels are impor-
tant determinants of HF risk in the general popu-
lation. In the Cooper Center Longitudinal Study 
population, higher levels of cardiorespiratory fit-
ness in midlife were associated with lower risk of 
HF, MI, and stroke.92

—	 The inverse association between higher fit-
ness levels and risk of HF (HR per 1-MET 
higher fitness level, 0.79 [95% CI, 0.75–0.83] 
for males) was stronger than observed for 
risk of MI (HR, 0.91 [95% CI, 0.87–0.95]).92

—	 Cardiorespiratory fitness accounted for 47% 
of the HF risk associated with higher BMI 
levels.93

—	 Improvement in cardiorespiratory fitness in 
middle age was also strongly associated with 
lower risk of HF among the Cooper Center 
Longitudinal Study participants (HR per 
1-MET increase in fitness levels, 0.83 [95% 
CI, 0.74–0.93]).94

•	 Lower levels of cardiorespiratory fitness have also 
been associated with higher risk of HF in a recent 
study of 21 080 veterans, with a 91% higher risk 
of HF noted among low-fitness participants (HR, 
1.91 [95% CI, 1.74–2.09]).95

•	 In a Swedish cohort of 773 925 young males with-
out history of VTE, cardiorespiratory fitness was 
associated with a reduced risk of VTE (HR, 0.81 
[95% CI, 0.78–0.85]) at ≥20 years of follow-up.96

•	 In 5962 veterans, lower exercise capacity was 
associated with a higher risk of developing AF. For 
every 1-MET increase in exercise capacity, the risk 
of developing AF was 21% lower (HR, 0.79 [95% 
CI, 0.76–0.82]).97

Secondary Prevention
•	 A Cochrane systematic review of 63 studies con-

cluded that exercise-based cardiac rehabilitation 
programs for CHD patients reduced cardiovascular 
mortality and hospital admissions but not overall 
mortality.98

•	 In a prospective study that monitored 902 HF 
patients (with preserved or reduced EF) for 3 years, 
reporting participation in any PA (≥1 min/wk) was 
associated with a lower risk of cardiac death and 
all-cause death than no PA. Less television screen 
time (<2 versus >4 h/d) was also associated with 
lower all-cause death.99

•	 In a prospective cohort study of 15 486 participants 
with stable CAD from 39 countries, higher levels 
of PA were associated with lower risk of mortality 
such that doubling the exercise volume was asso-
ciated with 10% lower risk of all-cause mortality 
after adjustment for potential confounders.100

—	 Among 1746 CAD patients followed up 
for 2 years, those who remained inactive 
or became inactive had a 4.9- and 2.4-fold 
higher risk of cardiac death, respectively, 
than patients who remained at least irregu-
larly active during the follow-up period.101

—	 In a prospective cohort study of 3307 individ-
uals with CHD, participants who maintained 
high PA levels over longitudinal follow-up 
had a lower risk of mortality than those who 
were inactive over time (HR, 0.64 [95% CI, 
0.50–0.83]).102

•	 In a cohort of patients with HF and preserved EF, 
compared with high levels of self-reported PA, poor 
and intermediate levels were associated with higher 
risk of HF hospitalization (HR, 1.93 [95% CI, 1.16–
3.22] for poor versus high PA and HR, 1.84 [95% 
CI, 1.02–3.31] for intermediate versus high PA) and 
cardiovascular mortality (HR, 4.36 [95% CI, 1.37–
13.83] for poor versus high PA and HR, 4.05 [95% 
CI, 1.17–14.04] for intermediate versus high PA).103

•	 Using data from a registry of stable outpatients 
with symptomatic coronary disease, cerebrovascu-
lar disease, or PAD, the mortality rate of patients 
with a recent MI was significantly lower in patients 
who participated in supervised (n=593) versus 
unsupervised (n=531) exercise programming.104
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•	 Early mortality after a first MI was lower for 
patients who had higher exercise capacity before 
the MI event. Every 1-MET higher exercise capac-
ity before the MI was associated with an 8% to 
10% lower risk of mortality at 28 days, 90 days, 
and 365 days after MI.105 A study of 3572 patients 
with recent MI demonstrated significant sex differ-
ences in PA after AMI. Females were more likely to 
be inactive than males within 12 months after the 
AMI episode (OR, 1.37 [95% CI, 1.21–1.55]).106

•	 A recent study of participants included in the WHI 
observational study who experienced a clinical MI 
during the study demonstrated that compared 
with those who maintained low PA levels after the 
MI event, participants had lower risk of mortality 
with improvement in PA levels (HR, 0.54 [95% CI, 
0.36–0.86]) or with sustained high PA levels (HR, 
0.52 [95% CI, 0.36–0.73]).107

•	 Among 2370 individuals with CVD who responded 
to the Taiwan National Health Interview Survey, 
achieving more total PA, leisure-time PA, and 
domestic and work-related PA was associated with 
lower mortality at 7-year follow-up.108

Brain Health
•	 Growing evidence suggests a link between vascu-

lar risk factors, cardiovascular/cerebrovascular dis-
ease and poor brain health, leading to cognitive 
and motor dysfunction. The AHA has proposed 
to use the Life’s Simple 7 strategy not only to 
decrease cardiovascular risk, but also to maintain 
optimal brain health.10

•	 One of Life’s Simple 7 strategies promotes achieve-
ment of adequate PA. Results from a meta-analysis 
including >33 000 participants suggest that indi-
viduals who self-report high PA levels have a 38% 
lower risk of cognitive decline.109 Results from inter-
vention trials have been more inconsistent.110–113 
However, there have been some promising results, 
including the FINGER study, which observed bet-
ter executive function in those who adhered to 
a multidomain (exercise, cognitive training, and 
Mediterranean diet) intervention for 2 years.110

•	 Evidence from meta-analyses in stroke patients 
suggests that PA rehabilitation may also improve 
cognitive and motor function outcomes. An overall 
positive effect of PA training on cognitive perfor-
mance was observed in stroke patients (Hedges’ g, 
0.30 [95% CI, 0.14–0.47]) in a meta-analysis rep-
resenting data from 736 participants.114 Another 
recent meta-analysis of studies involving stroke 
patients observed that treadmill training improved 
motor function compared with no training (stan-
dard mean difference, 0.60 [95% CI, 0.55–0.66]), 
with similar results in both low- and high-intensity 
and volume rehabilitation programs.115

Costs
•	 The economic consequences of physical inactiv-

ity are substantial. Using data derived primarily 
from WHO publications and data warehouses, one 
study estimated that the economic costs of physi-
cal inactivity account for 1.5% to 3.0% of total 
direct healthcare expenditures in developed coun-
tries such as the United States.116

•	 A global analysis of 142 countries (93.2% of 
the world’s population) concluded that physical 
inactivity cost healthcare systems $53.8 billion 
in 2013, including $9.7 billion paid by individual 
households.117

•	 A study of American adults reported that inad-
equate levels of aerobic PA (after adjustment for 
BMI) were associated with an estimated 11.1% 
of aggregate healthcare expenditures (including 
expenditures for inpatient, outpatient, ED, office-
based, dental, vision, home health, prescription 
drug, and other services).118

•	 An evaluation of healthcare costs based on the car-
diovascular risk factor profile (including ≥30 minutes 
of moderate to vigorous PA ≥5 times per week) 
found that among adults ≥40 years of age with 
CVD, the highest marginal expenditures ($2853 
per person in 2012) were for those not meeting 
the PA guidelines. Healthcare costs included hospi-
talizations, prescribed medications, outpatient visits 
(hospital outpatient visits and office-based visits), ED 
visits, and other expenditures (dental visits, vision aid, 
home health care, and other medical supplies).119

•	 A systematic review of population-based interven-
tions to encourage PA found that improving biking 
trails, distributing pedometers, and school-based 
PA were most cost-effective.120

•	 Interventions and community strategies to increase 
PA have been shown to be cost-effective in terms 
of reducing medical costs121:
—	 Nearly $3 in medical cost savings is realized 

for every $1 invested in building bike and 
walking trails.

—	 The incremental CER ranges from $14 000 to 
$69 000 per QALY gained from interventions 
such as pedometer or walking programs 
compared with no intervention, especially in 
high-risk groups.

Global Burden
(See Chart 4-13)

•	 Prevalence of physical inactivity in 2016 was 
reported to be 27.5% (95% CI, 25.0%–32.2%) 
of the population globally. These rates have not 
changed substantially since 2001, at which time 
prevalence of physical inactivity was 28.5% (95% 
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CI, 23.9%–33.9%). Critically, it appears that the 
number of women reporting insufficient PA is 8% 
higher than men, globally.122

•	 The GBD 2017 Study used statistical models and data 
on incidence, prevalence, case fatality, excess mortal-
ity, and cause-specific mortality to estimate disease 
burden for 359 diseases and injuries in 195 countries 
and territories.123 Mortality rates attributable to low 
PA are highest in North Africa and the Middle East 
and in Central and Eastern Europe (Chart 4-13).

•	 Physical inactivity is among the leading behav-
ioral risk factors for global death, responsible for 
1.3 million deaths annually.124 Other leading risk 
factors include diet, alcohol, tobacco, and child 
and maternal malnutrition. The adjusted PAF for 
achieving <150 minutes of moderate to vigorous 
PA per week was 8.0% for all-cause and 4.6% 
for major CVD in a study of 17 low-, middle-, and 
high-income countries in 130 843 participants 
without preexisting CVD.83
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Chart 4-1. Prevalence of meeting both the aerobic and muscle-strengthening guidelines for the 2018 Physical Activity Guidelines for Americans 
among US adults ≥18 years of age, overall and by sex and race/ethnicity, 2017.  
Data are age adjusted for adults ≥18 years of age.  
NH indicates non-Hispanic. 
Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2017.

This chart shows 
that in 2017, the 
overall preva-
lence of meeting 
both the aerobic 
and muscle-
strengthening 
guidelines for the 
2018 Physical Ac-
tivity Guidelines 
for Americans 
among adults is 
24.3%.  A higher 
number of males 
than females 
meet both guide-
lines.  Broken 
down by race, 
non-Hispanic 
whites have the 
highest preva-
lence of meeting 
both guidelines, 
followed by 
Asians, American 
Indians/Alaska 
Natives, non-
Hispanic blacks, 
and lastly Hispan-
ics/Latinos.
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Chart 4-3. Prevalence of US students in grades 9 to 12 who did not participate in ≥60 minutes of physical activity on any day in the past 7 days by 
race/ethnicity and sex, 2017. 
NH indicates non-Hispanic.  
Source: Data derived from Kann et al4 using Youth Risk Behavior Surveillance System, 2017.

This chart shows 
that in 2017, 
males in grades 
9 through 12 of 
any race (includ-
ing non-Hispanic 
white, non-His-
panic black, and 
Hispanic), had a 
lower prevalence 
of not participat-
ing in 60 minutes 
or more of 
physical activity 
on any day in 
the past 7 days 
than females in 
grades 9 through 
12 of any race.  
Among sex 
categories in 
grades 9 through 
12, non-Hispanic 
white males had 
the lowest preva-
lence (indicating 
highest activity 
levels) at 10.2%, 
followed by 
Hispanic males 
at 12.3%, and 
non-Hispanic 
black males at 
12.7.  Among 
females, non-
Hispanic white 
females had the 
lowest preva-
lence (indicating 
highest activity 
levels) at 16.7%, 
followed by 
Hispanic at 20%, 
and non-Hispanic 
black females at 
26.6%.
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Chart 4-2. Prevalence of US students in grades 9 to 12 who were active at least 60 min/d on all 7 days by race/ethnicity and sex, 2017.  
“Currently recommended levels” was defined as activity that increased their heart rate and made them breathe hard some of the time for a total of ≥60 min/d on 
all 7 days preceding the survey.  
NH indicates non-Hispanic.  
Source: Data derived from Kann et al4 using Youth Risk Behavior Surveillance System, 2017.

This chart shows 
that in 2017, 
across non-
Hispanic white, 
non-Hispanic 
black, and His-
panic high school 
students, males 
had a higher 
prevalence of 
being active at 
least 60 minutes 
per day on all 7 
days a week and 
on more than 
5 days a week 
than females.  
Non-Hispanic 
white males and 
females had a 
higher preva-
lence of being 
active at least 
60 minutes per 
day on all 7 days 
a week and on 
more than 5 days 
a week when 
compared with 
non-Hispanic 
black and His-
panic males and 
females.
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Chart 4-4. Prevalence of US students in grades 9 to 12 who were active at least 60 min/d on all 7 days by sexual identity and sex, 2017.  
“Currently recommended levels” was defined as activity that increased their heart rate and made them breathe hard some of the time for a total of ≥60 min/d on 
all 7 days preceding the survey.  
Source: Data derived from Kann et al4 using Youth Risk Behavior Surveillance System, 2017.

This chart shows 
that in 2017, 
heterosexual 
males had 
the highest 
prevalence of all 
those in grades 
9 through 12 of 
being active at 
least 60 minutes 
per day on all 7 
days a week at 
37%, followed 
by unsure sexual 
identity males, 
heterosexual 
females, unsure 
sexual iden-
tify females, and 
lastly both males 
and females 
identifying as 
gay, lesbian, or 
bisexual (15.0% 
and 14.3%, 
respectively).
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Chart 4-5. Prevalence of US children 12 to 15 years of age who had adequate levels of cardiorespiratory fitness by sex and age, 2012. 
Source: Data derived from Gahche et al18 using National Health and Nutrition Examination Survey, National Youth Fitness Survey, 2012.

This chart shows 
that in 2012, 
the percent 
of youth with 
adequate levels 
of cardiorespira-
tory fitness was 
higher in males 
than in females 
for both youth 
12 to 13 years of 
age and youth 
14 to 15 years of 
age.  Comparing 
the two different 
age groups, 
youth 12 to 13 
years of age had 
a slightly higher 
prevalence of 
adequate levels 
of cardiovascular 
fitness than 
youth 14 to 15 
years of age in 
both males and 
females.
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Chart 4-6. Percentage of US students in grades 9 to 12 who used a computer* for ≥3 hours on an average school day by race/ethnicity and 
sex, 2017. 
NH indicates non-Hispanic.  
*For something other than schoolwork.  
Source: Data derived from Kann et al4 using Youth Risk Behavior Surveillance System, 2017.

This chart shows 
that in 2017, 
the percentage 
of students in 
grades 9 to 12 
who used a 
computer for 3 
or more hours 
on an average 
school day 
was relatively 
similar between 
males and 
females across 
all reported race 
categories.  For 
males, non-
Hispanic whites 
had the lowest 
percentage of 
computer use 
for 3 or more 
hours, followed 
by Hispanics and 
non-Hispanic 
blacks.  For 
females, non-
Hispanic whites 
had the lowest 
percentage of 
use, followed 
by non-Hispanic 
blacks, and 
Hispanics.
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Chart 4-7. Prevalence of meeting the aerobic guidelines of the 2018 Physical Activity Guidelines for Americans among US adults ≥18 years of age by 
race/ethnicity and sex, 2017.  
Percentages are age adjusted. The aerobic guidelines of the 2018 Federal Physical Activity Guidelines for Americans recommend engaging in moderate leisure-time 
physical activity for ≥150 min/wk or vigorous activity ≥75 min/wk or an equivalent combination.  
NH indicates non-Hispanic.  
Source: American Heart Association unpublished tabulation of National Health Interview Survey, 2017.22

This chart shows 
that in 2017, 
the overall 
prevalence for 
adults 18 years 
of age and older 
of meeting the 
aerobic guideline 
for the 2018 
Physical Activity 
Guidelines for 
Americans was 
54.1%.  Broken 
down by race 
and sex, non-
Hispanic white 
males had the 
highest preva-
lence of meeting 
the aerobic 
guideline at 
62.3%, followed 
by non-Hispanic 
white females, 
non-Hispanic 
black males, 
Hispanic males, 
Hispanic females, 
and non-Hispanic 
black females, 
with non-Hispan-
ic black females 
at 37.4%.
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Chart 4-8. Prevalence of meeting the aerobic guidelines of the 2018 Physical Activity Guidelines for Americans among US adults ≥25 years of age by 
educational attainment, 2017. 
Percentages are age adjusted. The aerobic guidelines of the 2018 Federal Physical Activity Guidelines for Americans recommend engaging in moderate leisure-time 
physical activity for ≥150 min/wk or vigorous activity ≥75 min/wk or an equivalent combination.  
Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2017.

This chart shows 
that in 2017, 
with increasing 
education across 
6 levels of educa-
tion, prevalence 
increased for 
meeting the 
aerobic guideline 
of the 2018 
Physical Activity 
Guidelines for 
Americans 
among adults 
25 years of age 
or older. The 
prevalence of 
meeting the 
aerobic guideline 
was lowest for 
less than a high 
school degree 
at 32.8% and 
highest for an 
advanced degree 
at 69.6%.
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Chart 4-9. Prevalence of meeting the aerobic guidelines for the 2018 Physical Activity Guidelines for Americans among US adults ≥18 years of age 
by location of residence, 2017. 
Percentages are age adjusted. The aerobic guidelines of the 2018 Federal Physical Activity Guidelines for Americans recommend engaging in moderate leisure-time 
physical activity for ≥150 min/wk or vigorous activity ≥75 min/wk or an equivalent combination.  
MSA indicates metropolitan statistical area.  
Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2017.

This chart shows 
that in 2017, 
the prevalence 
of meeting the 
aerobic guideline 
for the 2018 
Physical Activity 
Guidelines for 
American among 
adults 18 years 
of age or older 
was higher in 
urban areas at 
55% and lower 
in rural areas at 
47%.
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Chart 4-10. Prevalence of meeting the aerobic and muscle-strengthening guidelines for the 2018 Physical Activity Guidelines for Americans among 
US adults ≥18 years of age by poverty level and type of activity, 2017. 
Percentages of American adults meeting guidelines are presented for (A) adults <100% poverty, (B) adults 100% to <200% poverty, and (C) adults ≥200% 
poverty. Percentages are age adjusted. The aerobic guidelines of the 2018 Federal Physical Activity Guidelines for Americans recommend engaging in moderate 
leisure-time physical activity for ≥150 min/wk or vigorous activity ≥75 min/wk or an equivalent combination and performing muscle-strengthening activities at least 
2 days per week.  
Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2017.

10A-4.10C. (use 
this long-descrip-
tion tag for all 
three images or 
the combined 
image)  Panels 
A-C show that in 
2017, as poverty 
decreased, the 
percentage of 
adults 18 years 
of age and older 
increased for 
meeting both 
full guidelines 
encompassing 
aerobic and 
muscle-
strengthening, 
and increased for 
meeting the full 
aerobic guideline 
only.
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Chart 4-11. Prevalence of meeting both the aerobic and muscle-strengthening guidelines for the 2018 Physical Activity Guidelines for Americans 
among US adults ≥18 years of age by disability status, 2017.  
Percentages are age adjusted. The aerobic guidelines of the 2008 Federal Physical Activity Guidelines for Americans recommend engaging in moderate leisure-time 
physical activity for ≥150 min/wk or vigorous activity ≥75 min/wk or an equivalent combination.  
Source: National Health Interview Survey, 2017.24

This chart shows 
that in 2017, 
adults with 
disabilities had a 
lower prevalence 
of meeting both 
the aerobic 
and muscle-
strengthening 
guidelines than 
people without 
disabilities, with 
prevalence rates 
of 13% and 
27% respectively.
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Chart 4-12. Trends in the prevalence of physical inactivity among US adults ≥18 years of age, overall and by sex, 1998 to 2017. 
Percentages are age adjusted. Physical inactivity is defined as reporting no engagement in leisure-time physical activity in bouts lasting ≥10 minutes.  
Source: Data derived from Healthy People 20208 using National Health Interview Survey, 1998 to 2017.

This chart shows 
that between 
1998 and 2003, 
the prevalence of 
physical inactiv-
ity decreased 
yearly among 
all adults, males 
and females.  
The prevalence 
then increased 
yearly until 2005 
and has mostly 
decreased until 
2017. This trend 
is consistent 
across males and 
females, however 
at all timepoints, 
females are more 
inactive than 
males.
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Chart 4-13. Age-standardized global mortality rates attributable to low physical activity per 100 000, both sexes, 2017.  
Mortality rates attributable to low physical activity are highest in North Africa and the Middle East and in Central and Eastern Europe.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.123 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that mortality 
rates in 2017 
attributable to 
low physical 
activity were 
highest in 
North Africa 
and the Middle 
East, and Cen-
tral and Eastern 
Europe.
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5. NUTRITION
See Tables 5-1 through 5-3 and Charts 5-1 
through 5-6

This chapter of the Update highlights national dietary 
habits, focusing on key foods, nutrients, dietary pat-
terns, and other dietary factors related to cardiometa-
bolic health. It is intended to examine current intakes, 

trends and changes in intakes, and estimated effects 
on disease to support and further stimulate efforts to 
monitor and improve dietary habits in relation to CVH.

Prevalence and Trends in the AHA 2020 
Healthy Diet Metrics
(See Table 5-1 and Charts 5-1 and 5-2)
The AHA’s 2020 Impact Goals prioritize improving 
CVH,1 which includes following a healthy diet pattern 
characterized by 5 primary and 3 secondary metrics 
(Table 5-1) that should be consumed within a context 
that is appropriate in energy balance and consistent 
with a DASH-type eating plan.1

The AHA scoring system for ideal, intermediate, and 
poor diet patterns uses a binary-based scoring system, 
which awards 1 point for meeting the ideal target for 
each metric and 0 points otherwise.2 For better consis-
tency with other dietary pattern scores such as DASH, 
an alternative continuous scoring system has been 
developed to measure small improvements over time 
toward the AHA ideal target levels (Table  5-1). The 
dietary targets remain the same, and progress toward 
each of these targets is assessed by use of a more gran-
ular range of 1 to 10 (rather than 0 to 1).

Using the alternative scoring system, the mean AHA 
healthy diet score improved between 2003 to 2004 and 
2015 to 2016 in the United States for adults. In adults, 
the prevalence of a poor diet improved from 56.0% to 
47.8% for the primary score and 43.7% to 36.4% for 
the secondary score (Table 5-2). Changes in score were 
largely attributable to increased consumption of whole 
grains and nuts, seeds, and legumes and decreased con-
sumption of SSBs. No significant changes were observed 
for consumption of total fruits and vegetables, fish and 
shellfish, sodium, processed meat, and saturated fat.

Similar changes in AHA healthy diet scores between 
2003 to 2004 and 2015 to 2016 were seen in minor-
ity groups and those with lower income or education, 
although significant disparities persisted (Charts 5-1 
and 5-2). The proportion with a poor diet decreased 
from 64.7% to 58.3% for NH blacks, from 66.0% to 
57.5% for Mexican Americans, and from 54.0% to 
45.9% for NH whites (Chart 5-1). The proportion with 
a poor diet (<40% adherence) decreased from 50.7% 
to 38.8% in adults with income-to-poverty ratio ≥3.0, 
but only from 67.7% to 59.7% in adults with income-
to-poverty ratio <1.3 (Chart 5-2).

Dietary Habits in the United States: 
Current Intakes of Foods and Nutrients
Adults 
(See Table 5-3)
The average dietary consumption by US adults of 
selected foods and nutrients related to cardiometabolic 

Click here to return to the Table of Contents

Abbreviations Used in Chapter 5

AHA American Heart Association

AHEI Alternate Healthy Eating Index

ALA α-linoleic acid

ASCVD atherosclerotic cardiovascular disease

BMI body mass index

BP blood pressure

CER cost-effectiveness ratio

CHD coronary heart disease

CI confidence interval

CVD cardiovascular disease

CVH cardiovascular health

DALY disability-adjusted life-year

DASH Dietary Approaches to Stop Hypertension

DBP diastolic blood pressure

DHA docosahexaenoic acid

DM diabetes mellitus

EPA eicosapentaenoic acid

GBD Global Burden of Disease

GRS genetic risk score

HbA1c hemoglobin A1c (glycosylated hemoglobin)

HDL-C high-density lipoprotein cholesterol

HEI Healthy Eating Index

HF heart failure

HR hazard ratio

LDL-C low-density lipoprotein cholesterol

Lp(a) lipoprotein(a)

MI myocardial infarction

MUFA monounsaturated fatty acid

MVMM multivitamin/mineral

NA not available

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

PREDIMED Prevención con Dieta Mediterránea

PUFA polyunsaturated fatty acid

RCT randomized controlled trial

REGARDS Reasons for Geographic and Racial Differences in Stroke

RR relative risk

SBP systolic blood pressure

SCD sudden cardiac death

SD standard deviation

SES socioeconomic status

SFA saturated fatty acid

SNP single-nucleotide polymorphism

SSB sugar-sweetened beverage

TC total cholesterol

TOHP Trials of Hypertension Prevention

UI uncertainty interval

WHI Women’s Health Initiative
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health based on data from 2015 to 2016 NHANES is 
detailed below (Table 5-3):

•	 Consumption of whole grains was 1.1 and 0.9 
servings per day by NH white males and females, 
0.7 and 0.8 servings per day by NH black males 
and females, and 0.6 and 0.7 servings per day by 
Mexican American males and females, respectively. 
For each of these groups, <10% of adults in 2011 
to 2012 met guidelines of ≥3 servings per day.

•	 Whole fruit consumption ranged from 1.0 to 1.6 
servings per day in racial or ethnic subgroups: 
≈10% of NH whites, ≈6% of NH blacks, and ≈9% 
of Mexican Americans met guidelines of ≥2 cups 
per day. When 100% fruit juices were included, the 
number of servings increased and the proportions 
of adults consuming ≥2 cups per day increased 
to ≈13% in NH whites, ≈12% in NH blacks, and 
≈18% in Mexican Americans.

•	 Nonstarchy vegetable consumption ranged from 
1.6 to 2.4 servings per day in these racial or ethnic 
subgroups: ≈8% of NH whites, ≈3% of NH blacks, 
and ≈5% of Mexican Americans met guidelines of 
≥2.5 cups per day.

•	 Consumption of fish and shellfish ranged from 
1.0 to 1.8 servings per week in these racial or 
ethnic subgroups: ≈17% of NH whites, ≈23% of 
NH blacks, and ≈18% of Mexican Americans met 
guidelines of ≥2 servings per week.

•	 Weekly consumption of nuts and seeds was ≈6 
servings among NH whites and ≈3 servings among 
NH blacks and Mexican Americans. Approximately 
1 in 3 whites, 1 in 6 NH blacks, and 1 in 5 Mexican 
Americans met guidelines of ≥4 servings per week.

•	 Consumption of processed meats was lowest 
among Mexican American females (1.0 servings 
per week) and highest among NH white males 
(≈2.5 servings per week). Between 57% (NH white 
males) and 80% (Mexican American females) of 
adults consumed ≤2 servings per week.

•	 Consumption of SSBs ranged from 5.8 servings 
per week among NH white females to 10 serv-
ings per week among NH black males and females 
and Mexican American males. The majority of NH 
whites (≈63%) consumed <36 oz/wk, whereas 
only the minority of NH blacks (37%) and Mexican 
Americans (42%) met this target.

•	 Consumption of sweets and bakery desserts 
ranged from 4.7 servings per week among Mexican 
American females to 3.3 servings per week among 
NH black males. The majority of NH whites, NH 
blacks, and Mexican Americans consumed <2.5 
servings per week.

•	 The proportion of total energy intake from added 
sugars ranged from 10.8% for Mexican American 
males to 22.1% for NH black females. Between 
12% of NH black females and 38.1% of Mexican 

American males consumed ≤6.5% of total energy 
intake from added sugars.

•	 Consumption of eicosapentaenoic acid and 
docosahexaenoic acid ranged from 0.075 to 
0.103 g/d in each sex and racial or ethnic sub-
group. Fewer than ≈9% of NH whites, ≈9% of 
NH blacks, and ≈7% of Mexican Americans con-
sumed ≥0.250 g/d.

•	 One-quarter to two-fifths of adults in each sex 
and racial or ethnic subgroup consumed <10% 
of total calories from saturated fat, and approxi-
mately one-half to two-thirds consumed <300 mg 
of dietary cholesterol per day.

•	 The ratio of (PUFAs+MUFAs)/SFAs ranged from 1.8 
in NH white males and Mexican American males 
to 2.6 in NH black females. The proportion with a 
ratio ≥2.5 ranged from 40% in NH black females 
to 12.6% in NH white males.

•	 Only ≈8% of NH whites, ≈5% of blacks, and 
≈12% of Mexican Americans consumed ≥28 g of 
dietary fiber per day.

•	 Only ≈4% to ≈8% of adults in each racial or eth-
nic subgroup consumed <2.3 g of sodium per 
day. Estimated mean sodium intake in the United 
States by 24-hour urinary excretion was 4205 
mg/d for males and 3039 mg/d for females in 
2013 to 2014. Estimates of sodium intake by race, 
sex, and source are shown in Charts 5-3 and 5-4. 
Sodium added to food outside the home accounts 
for more than two-thirds of total sodium intake 
in the United States (Chart 5-4).3 Top sources of 
sodium intake vary by race/ethnicity, with the larg-
est contributor being yeast breads for NH whites, 
sandwiches for NH blacks, burritos and tacos for 
Hispanics, and soups for NH Asians.4

Children and Teenagers
On the basis of NHANES 2011 to 2012, the average 
dietary consumption by US children and teenagers of 
selected foods and nutrients related to cardiometabolic 
health is detailed below5:

•	 Whole grain consumption was <1 serving per day 
in all age and sex groups, with <5% of all children 
in different age and sex subgroups meeting guide-
lines of ≥3 servings per day.

•	 Fruit consumption was low and decreased with 
age: 1.7 to 1.9 servings per day in younger boys 
and girls (5–9 years of age), 1.4 servings per day in 
adolescent boys and girls (10–14 years of age), and 
0.9 to 1.3 servings per day in teenage boys and 
girls (15–19 years of age). The proportion meeting 
guidelines of ≥2 cups per day was also low and 
decreased with age: ≈8% to 14% in those 5 to 9 
years of age, 3% to 8% in those 10 to 14 years 
of age, and 5% to 6% in those 15 to 19 years 
of age. When 100% fruit juices were included, 
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the number of servings consumed increased by 
≈50%, and proportions consuming ≥2 cups per 
day increased to nearly 25% of those 5 to 9 years 
of age, 20% of those 10 to 14 years of age, and 
15% of those 15 to 19 years of age.

•	 Nonstarchy vegetable consumption was low, rang-
ing from 1.1 to 1.5 servings per day, with <1.5% 
of children in different age and sex subgroups 
meeting guidelines of ≥2.5 cups per day.

•	 Consumption of fish and shellfish was low, rang-
ing between 0.3 and 1.0 servings per week in all 
age and sex groups. Among all ages, only 7% to 
14% of youths consumed ≥2 servings per week.

•	 Consumption of nuts, seeds, and beans ranged 
from 1.1 to 2.7 servings per week among different 
age and sex groups, and generally <15% of chil-
dren in different age and sex subgroups consumed 
≥4 servings per week.

•	 Consumption of unprocessed red meats was 
higher in boys than in girls and increased with 
age, up to 3.6 and 2.5 servings per week in 15- to 
19-year-old boys and girls, respectively.

•	 Consumption of processed meats ranged from 
1.4 to 2.3 servings per week, and the majority of 
children consumed <2 servings per week of pro-
cessed meats.

•	 Consumption of SSBs was higher in boys than in girls 
in the 5- to 9-year-old (7.7 versus 6.0 servings per 
week) and 10- to 14-year-old (11.6 versus 9.7 serv-
ings per week) groups, but it was higher in girls than 
in boys in the 15- to 19-year-old group (14 versus 
12.4 servings per week). Only about half of children 
5 to 9 years of age and one-quarter of boys 15 to 19 
years of age consumed <4.5 servings per week.

•	 Consumption of sweets and bakery desserts was 
higher among 5- to 9-year-old and 10- to 14-year-
old (6.6 to 8.3 servings per week) boys and girls 
and modestly lower (4.7 to 6 servings per week) 
among 15- to 19-year-olds. A minority of children 
in all age and sex subgroups consumed <2.5 serv-
ings per week.

•	 Consumption of eicosapentaenoic acid and doco-
sahexaenoic acid was low, ranging from 0.034 to 
0.065 g/d in boys and girls in all age groups. Fewer 
than 7% of children and teenagers at any age con-
sumed ≥0.250 g/d.

•	 Consumption of SFAs was ≈11% of calories in 
boys and girls in all age groups, and average con-
sumption of dietary cholesterol ranged from ≈210 
to 270 mg/d, increasing with age. Approximately 
25% to 40% of youths consumed <10% energy 
from SFAs, and ≈70% to 80% consumed <300 
mg of dietary cholesterol per day.

•	 Consumption of dietary fiber ranged from ≈14 to 
16 g/d. Fewer than 3% of children in all age and 
sex subgroups consumed ≥28 g/d.

•	 Consumption of sodium ranged from 3.1 to 3.5 
g/d. Only 2% to 11% of children in different age 
and sex subgroups consumed <2.3 g/d.

Secular Trends
In addition to individual foods and nutrients, overall 
dietary patterns can be another useful tool for assessing 
diet quality.6 The 2015 US Dietary Guidelines Advisory 
Committee summarized the evidence for benefits of 
healthful diet patterns on a range of cardiometabolic 
and other disease outcomes.7 They concluded that a 
healthy dietary pattern is higher in vegetables, fruits, 
whole grains, low-fat or nonfat dairy, seafood, legumes, 
and nuts; moderate in alcohol (among adults); lower in 
red and processed meat; and low in sugar-sweetened 
foods and drinks and refined grains. The 2015 US Dietary 
Guidelines also describe a healthy vegetarian dietary pat-
tern, which includes more legumes, soy products, nuts 
and seeds, and whole grains but does not include meats, 
poultry, or seafood. Different dietary patterns have been 
defined, such as HEI-2010, AHEI, Mediterranean, DASH-
type, Western, prudent, and vegetarian patterns.

Between 1999 and 2010, the average AHEI-2010 
score of US adults improved from 39.9 to 46.8.8 This 
was related to reduced intake of trans fat (accounting 
for more than half of the improvement), SSBs, and fruit 
juice, as well as an increased intake of whole fruit, whole 
grains, PUFAs, and nuts and legumes. Adults with greater 
family income and education had higher scores, and the 
gap between low and high SES widened over time, from 
3.9 points in 1999 to 2000 to 7.8 points in 2009 to 2010.

Between 1999 and 2012, the mean HEI-2010 
score in US children and adolescents 2 to 18 years of 
age improved from 42.5 to 50.9.9 One-third of the 
improvement was attributable to reduction in empty 
calorie intake; other HEI categories that improved 
included whole grains, fruit, seafood and plant pro-
teins, greens and beans, and fatty acids. Participants 
in the National School Lunch Program and the School 
Breakfast Program had lower HEI-2010 scores than 
nonparticipants. There was also a trend toward lower 
HEI-2010 scores in Supplemental Nutrition Assistance 
Program participants after the 2003 to 2004 cycle. 
HEI-2010 scores have remained consistently lower in 
NH blacks (1999–2000: 39.6; 2011–2012: 48.4) than 
in NH whites (1999–2000: 42.1; 2011–2012: 50.2) 
and highest in Mexican Americans (1999–2000: 44.1; 
2011–2012: 51.9). In a study that used household store 
purchase data (N=98 256 household-by-quarter obser-
vations), Supplemental Nutrition Assistance Program 
participants purchased more calories from SSBs (15–
20 kcal per person per day), more sodium (174–195 
mg per person per day), and fewer calories from fiber 
(−0.52 kcal per person per day) than income-eligible 
and higher-income nonparticipants.10
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The impact of the October 2009 Special Supplemental 
Nutrition Program for Women, Infants, and Children 
food package revision (more fruits, vegetables, whole 
grains, and lower-fat milk) was examined using 2003 to 
2008 and 2011 to 2012 NHANES data in 2- to 4-year-old 
children from low-income households.11 The Women, 
Infants, and Children food package revisions were asso-
ciated with significant improvements in HEI-2010 score 
(3.7-higher HEI points [95% CI, 0.6–6.9]), with the great-
est improvement coming from a 3.4-fold increase (95% 
CI, 1.3–9.4) in the greens and beans category.

 In a study using data from the Food and Agriculture 
Organization Food Balance Sheets from 1961 to 1965, 
2000 to 2003, and 2004 to 2011 in 41 countries, a 
Mediterranean adequacy index was calculated based 
on available energy intake for food groups consistent 
or inconsistent with the Mediterranean dietary pat-
tern.12 Adherence to the Mediterranean dietary pattern 
decreased from 1961 to 1965 to 2000 to 2003, with 
stabilization overall from 2004 to 2011.

Trends in Dietary Supplement Intake
(See Chart 5-5)
Use of dietary supplements is common in the United 
States among both adults and children despite lack of 
evidence to support the use of most dietary supple-
ments in reducing risks of CVD or death.13 From 1999 
to 2000 to 2011 to 2012, use of multivitamins/multi-
minerals decreased from 37% to 31%, use of omega-3 
fatty acids increased from 1.4% to 11%, and use of 
vitamin D supplements remained stable (34% to 38%; 
Chart 5-5). Fifty-two percent of US adults reported 
using any supplement, including multivitamins/multi-
minerals (31%), vitamin D (38%), and omega-3 fatty 
acids (11%).14 Trends in any supplement use over time 
were increasing in older adults, stable among middle-
aged adults, and decreasing in younger adults.

Social Determinants
•	 Societal and environmental factors independently 

associated with diet quality, adiposity, or weight 
gain include education, income, race/ethnicity, 
and (at least cross-sectionally) neighborhood avail-
ability of supermarkets.15–17

•	 Other local food-environment characteristics, such 
as availability of grocery stores (ie, smaller stores 
than supermarkets), convenience stores, and fast 
food restaurants, are not consistently associated 
with diet quality or adiposity and could be linked 
to social determinants of health for CVD.18

•	 Disparities may be driven in part by overabun-
dance of unhealthy food options. In a study 
of neighborhood-level data from 4 US cit-
ies (Birmingham, Alabama; Chicago, Illinois;  
Minneapolis, Minnesota; and Oakland, California), 

past neighborhood-level income was inversely 
associated with current density of convenience 
stores.19 In low-income neighborhoods, the per-
centage of white population was inversely asso-
ciated with density of fast food restaurants and 
smaller grocery stores.

•	 In a study using NHANES and Nielsen Homescan 
data to examine disparities in calories from store-
bought consumer packaged goods over time, 
calories from store-bought beverages decreased 
between 2003 to 2006 and 2009 to 2012. 
However, the decline in calories from consumer 
packaged goods was slower for NH blacks, Mexican 
Americans, and lowest-income households.20

Genetics/Family History
•	 Genetic factors may contribute to food preferences 

and modulate the association between dietary 
components and adverse CVH outcomes.21–23 
However, there is a paucity of gene-diet interaction 
studies with independent replication to support 
personalizing dietary recommendations according 
to genotype.

•	 In a randomized trial of 609 overweight-obese, 
nondiabetic participants that compared the effects 
of healthy low-fat versus healthy low-carbohydrate 
weight loss diets, neither genotype pattern (3 SNP 
multilocus genotype responsiveness pattern) nor 
insulin secretion (30 minutes after glucose chal-
lenge) modified the effects of diet on weight loss.24

•	 The interactions between a GRS composed of 97 
BMI-associated variants and 3 diet-quality scores 
were examined in a pooled analysis of 30 904 par-
ticipants from the Nurses’ Health Study, the Health 
Professional Follow-up Study, and the Women’s 
Genome Health Study. Higher diet quality was 
found to attenuate the association between GRS 
and BMI (P for interaction terms <0.005 for AHEI-
2010 score, Alternative Mediterranean Diet score, 
and DASH diet score).25 A 10-U increase in the GRS 
was associated with a 0.84-U (95% CI, 0.72–0.96) 
increase in BMI for those in the highest tertile of 
AHEI score, compared with a 1.14-U (95% CI, 
0.99–1.29) increase in BMI in those in the lowest 
tertile of AHEI score.

Impact on US Mortality
Comparable risk assessment methods and nationally 
representative data were used to estimate the impact 
of 10 specific dietary factors on cardiometabolic mortal-
ity in the United States in 2002 and 2012.26 In 2012, 
318 656 (45.4%) of 702 308 cardiometabolic deaths 
were estimated to be attributable to poor dietary habits. 
The largest numbers of deaths attributable to diet were 
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estimated to be from high sodium intake (66 508; 9.5% 
of all cardiometabolic deaths), low consumption of nuts/
seeds (59 374; 8.5%), high consumption of processed 
meats (57 766; 8.2%), low intake of seafood omega-3 
fats (54 626; 7.8%), low consumption of vegetables 
(53 410; 7.6%) and fruits (52 547; 7.5%), and high con-
sumption of SSBs (51 694; 7.4%). Between 2002 and 
2012, population-adjusted US cardiometabolic deaths 
decreased by 26.5%, with declines in estimated diet-
associated cardiometabolic deaths for PUFAs (−20.8%), 
nuts/seeds (−18.0%), and SSBs (−14.5%) and increases 
in diet-associated cardiometabolic deaths for sodium 
(5.8%) and unprocessed red meats (14.4%). Estimated 
cardiometabolic mortality related to whole grains, fruits, 
vegetables, seafood, omega-3 fats, and processed 
meats remained relatively stable.

CVH Impact of Diet
Dietary Patterns

•	 The observational findings for benefits of a healthy 
food–based dietary pattern have been confirmed 
in 2 randomized clinical trials, including a small 
secondary prevention trial in France among 
patients with recent MI27 and a large primary pre-
vention trial in Spain among patients with CVD risk 
factors.28 The latter trial, PREDIMED, demonstrated 
an ≈30% reduction in the risk of stroke, MI, and 
death attributable to cardiovascular causes in 
those patients randomized to Mediterranean-style 
diets supplemented with extra-virgin olive oil or 
mixed nuts.

•	 In a randomized crossover trial of 118 overweight 
omnivores at low-moderate CVD risk, a reduced-
calorie lacto-ovo vegetarian diet was compared 
with a reduced-calorie Mediterranean diet by pro-
viding face-to-face, individual counseling sessions. 
Both diets were equally successfully in reduc-
ing body weight and fat mass. LDL-C, uric acid, 
and vitamin B12 were lower during the vegetar-
ian diet, whereas triglycerides were lower during 
the Mediterranean diet, without substantial dif-
ferences between oxidative stress markers and 
inflammatory cytokines.29

•	 In the PREDIMED RCT, a significantly smaller 
decrease in central adiposity occurred in the 
Mediterranean diet with nuts group (−0.92 
cm [95% CI, −1.6 to −0.2 cm]) but not the 
Mediterranean diet with olive oil group (−0.47 
[95% CI, −1.1 to 0.2 cm]) compared with the 
control group.30 In a subgroup analysis of 3541 
patients in PREDIMED without DM, HRs for inci-
dent DM were 0.60 (95% CI, 0.43–0.85) for the 
Mediterranean diet with olive oil arm and 0.82 
(95% CI, 0.61–1.10) for the Mediterranean diet 
with nuts arm compared with the control arm.

•	 Compared with a usual Western diet, a DASH-type 
dietary pattern with low sodium reduced SBP by 
5.3, 7.5, 9.7, and 20.8 mm Hg in adults with base-
line SBP <130, 130 to 139, 140 to 149, and ≥150 
mm Hg, respectively.31

•	 Compared with a higher-carbohydrate DASH diet, 
a DASH-type diet with higher protein lowered BP by 
1.4 mm Hg, LDL-C by 3.3 mg/dL, and triglycerides 
by 16 mg/dL but also lowered HDL-C by 1.3 mg/
dL. Compared with a higher-carbohydrate DASH 
diet, a DASH-type diet with higher unsaturated fat 
lowered BP by 1.3 mm Hg, increased HDL-C by 1.1 
mg/dL, and lowered triglycerides by 10 mg/dL.32 
The DASH-type diet higher in unsaturated fat also 
improved glucose-insulin homeostasis compared 
with the higher-carbohydrate DASH diet.33

•	 In a systematic review and meta-analysis of con-
trolled clinical trials of dietary pattern interven-
tions, the DASH diet had the largest net effect on 
SBP (−7.6 mm Hg) and DBP (−4.2 mm Hg), whereas 
the Mediterranean diet had an effect on DBP (−1.4 
mm Hg) but not SBP.34

•	 In a meta-analysis of 8 observational studies (3 
Seventh-day Adventist cohorts [N=110 723] and 5 
other cohorts [N=72 598]), vegetarians had a 40% 
lower risk of CHD in the Seventh-day Adventist 
studies (RR, 0.60 [95% CI, 0.43–0.80]) and a 16% 
lower risk of CHD (RR, 0.84 [95% CI, 0.74–0.96]) 
in the other studies.35

•	 In a cohort of 200 272 US males and females, 
greater adherence to a plant-based dietary pat-
tern, defined by higher intake of plant-based 
foods and low intake of animal-based foods, was 
associated with a 20% lower risk of DM (HR, 0.80 
[95% CI, 0.74–0.87]).36

Fats and Carbohydrates
•	 In meta-analyses of RCTs comparing higher ver-

sus lower fiber intake, higher fiber intake low-
ered body weight (−0.37 kg [95% CI, −0.63 to 
−0.11 kg]), TC (−0.15 mmol/L [95% CI, −0.22 
to −0.07 mmol/L]), and SBP (−1.27 mm Hg [95% 
CI, −2.50 to −0.04 mm Hg]) and tended to lower 
HbA1c (−0.54% [95% CI, −1.28% to 0.20%]).37 In 
similar meta-analyses of RCTs for whole grains and 
glycemic index, higher whole grain intake only sig-
nificantly reduced body weight (−0.62 kg [95% CI, 
−1.19 to −0.05 kg]), whereas no consistent health 
effects were found for glycemic index.

•	 In meta-analyses of observational studies, higher 
total dietary fiber intake was associated with a 
lower risk of incident CHD (RR, 0.76 [95% CI, 
0.69–0.83]), CHD mortality (RR, 0.69 [95% CI, 
0.60–0.81]), and incident stroke (RR, 0.78 [95% 
CI, 0.69–0.88]).37 Higher whole grain intake was 
associated with a lower risk of incident CHD (RR, 
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0.80 [95% CI, 0.70–0.91]), CHD mortality (RR, 0.66 
[95% CI, 0.56–0.77]), and stroke death (RR, 0.74 
[95% CI, 0.58–0.94]). Evidence for associations 
between glycemic index, glycemic load, and source 
of dietary fiber and CVD outcomes was less robust.

•	 In a randomized trial of 609 nondiabetic partici-
pants with BMI 28 to 40 kg/m2 that compared 
the effects of healthy low-fat versus healthy low-
carbohydrate weight loss diets, weight loss at 12 
months did not differ between groups.24

•	 In a meta-analysis of RCTs, consumption of 1% of 
calories from trans fat in place of SFAs, MUFAs, 
or PUFAs, respectively, increased the ratio of TC 
to HDL-C by 0.031, 0.054, and 0.67; increased 
apolipoprotein B levels by 3, 10, and 11 mg/L; 
decreased apolipoprotein A-1 levels by 7, 5, and 
3 mg/L; and increased Lp(a) levels by 3.8, 1.4, and 
1.1 mg/L.38

•	 A meta-analysis of 102 randomized controlled 
feeding trials evaluated the effects of exchanging 
different dietary fats and carbohydrates on mark-
ers of glucose-insulin homeostasis.39 Replacing 
5% energy from carbohydrates with SFAs gener-
ally had no significant effects, whereas replacing 
carbohydrates with unsaturated fats lowered both 
HbA1c and insulin. On the basis of “gold standard” 
short-term insulin response in 10 trials, PUFAs 
improved insulin secretion compared with carbo-
hydrates, SFAs, and even MUFAs.

•	 In a randomized crossover trial of 92 adults with 
abdominal obesity, LDL-C was highest after a but-
ter-rich diet, followed by a cheese-rich diet, high-
carbohydrate diet, MUFA-rich diet, and PUFA-rich 
diet. The butter-rich and cheese-rich diets similarly 
increased HDL-C (by 4.7% and 3.8%, respectively) 
compared with the high-carbohydrate diet.40

•	 In a meta-analysis of 61 trials (N=2582), tree nut 
consumption lowered TC by 4.7 mg/dL, LDL-C by 
4.8 mg/dL, apolipoprotein B by 3.7 mg/dL, and tri-
glycerides by 2.2 mg/dL. No heterogeneity by nut 
type was observed.41

•	 In the WHI RCT (N=48 835), reduction of total fat 
consumption from 37.8% energy (baseline) to 
24.3% energy (at 1 year) and 28.8% energy (at 
6 years) had no effect on incidence of CHD (RR, 
0.98 [95% CI, 0.88–1.09]), stroke (RR, 1.02 [95% 
CI, 0.90–1.15]), or total CVD (RR, 0.98 [95% CI, 
0.92–1.05]) over a mean follow-up of 8.1 years.42

•	 In a meta-analysis of RCTs in which increased 
PUFA consumption in place of SFAs reduced CHD 
events, there was 10% lower risk for each 5% 
energy exchange (RR, 0.90 [95% CI, 0.83–0.97]).43

•	 In a meta-analysis of 13 prospective cohort stud-
ies, increased intake of PUFAs was associated with 
lower risk of CHD, whether it replaced SFAs or 
carbohydrates.44

Foods and Beverages
•	 In a systematic review and meta-analysis, RCTs 

in children demonstrated reductions in BMI gain 
when SSBs were replaced with noncaloric bev-
erages, and RCTs in adults showed weight gain 
when SSBs were added.45

•	 In a meta-analysis of 16 prospective cohort stud-
ies, each daily serving of fruits or vegetables was 
associated with a 4% lower risk of cardiovascular 
mortality (RR, 0.96 [95% CI, 0.92–0.99]).46

•	 In a prospective study of 512 891 adults in China 
(only 18% consumed fresh fruit daily), individuals 
who ate fresh fruit daily had 40% lower risk of CVD 
death (RR, 0.60 [95% CI, 0.54–0.67]), 34% lower 
risk of incident CHD (RR, 0.66 [95% CI, 0.58–0.75]), 
25% lower risk of ischemic stroke (RR, 0.75 [95% 
CI, 0.72–0.79]), and 36% lower risk of hemorrhagic 
stroke (RR, 0.64 [95% CI, 0.56–0.74]).47

•	 In a meta-analysis of 45 prospective studies, whole 
grain intake was associated with a lower risk of 
CHD (HR, 0.81 [95% CI, 0.75–0.87]) and CVD 
(HR, 0.78 [95% CI, 0.73–0.85]) but was not sig-
nificantly associated with stroke (HR, 0.88 [95% 
CI, 0.75–1.03]).48

•	 In a meta-analysis of 14 prospective cohort studies, 
every 20 g/d higher intake of fish was associated with 
4% reduced risk of CVD mortality (RR, 0.96 [95% CI, 
0.94–0.98]).49 The association was stronger in Asian 
cohorts than Western cohorts. In the REGARDS study, 
individuals who consumed ≥2 servings of fried fish 
per week had a greater risk of CVD over 5.1 years of 
follow-up than those who consumed <1 serving 
per month (HR, 1.63 [95% CI, 1.11–2.40]).50

•	 In a meta-analysis of prospective cohort and case-
control studies from multiple countries, consump-
tion of unprocessed red meat was not significantly 
associated with incidence of CHD. In contrast, 
each 50-g serving per day of processed meats was 
associated with a higher incidence of CHD (RR, 
1.42 [95% CI, 1.07–1.89]).51

•	 In a study of 169 310 female nurses and 41 526 
male health professionals, consumption of 1 serv-
ing of nuts ≥5 times per week was associated with 
lower risk of CVD (HR, 0.86 [95% CI, 0.79–0.93]) 
and CHD (HR, 0.80 [95% CI, 0.72–0.89]) com-
pared with those who never or almost never con-
sumed nuts. Results were largely consistent for 
peanuts, tree nuts, and walnuts.52

•	 In a meta-analysis of 5 prospective observational 
studies, consumption of legumes (beans) was asso-
ciated with lower incidence of CHD (RR per 4 weekly 
100-g servings, 0.86 [95% CI, 0.78–0.94]).53

•	 Results from a meta-analysis of 17 prospective 
observational studies showed that neither dairy 
consumption nor dairy fat was significantly associ-
ated with higher or lower risk of CHD.54
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Sodium and Potassium
•	 In a meta-analysis of 34 RCTs with modest reduc-

tion of sodium for ≥4 weeks, a 100-mmol/d (2300-
mg/d) reduction in sodium was associated with 
a 5.8-mm Hg lower SBP.55 The effects of sodium 
reduction on BP appear to be stronger in individu-
als who are older, hypertensive, and black.56,57

•	 Nearly all observational studies demonstrate an 
association between higher estimated sodium 
intakes (eg, >4000 mg/d) and a higher risk of CVD 
events, in particular stroke.58–64 Some studies have 
also observed higher CVD risk at estimated low 
intakes (eg, <3000 g/d), which suggests a poten-
tial J-shaped relationship with risk.

•	 An AHA science advisory suggested that variation in 
methodology might account for inconsistencies in 
the relationship between sodium and CVD in obser-
vational studies. Increased risk at low sodium intake 
in some observational studies could be related to 
reverse causation (illness causing low intake) or 
imprecise estimation of sodium intake through a 
single dietary recall or a single urine excretion.62

•	 Post hoc analyses of the TOHP with 10 to 15 years 
of follow-up found that participants randomized 
to sodium reduction had a 25% decrease in CVD 
risk (RR, 0.75 [95% CI, 0.57–0.99]) compared with 
those randomized to control.63

•	 In an observational analysis of TOHP participants not 
assigned to an active sodium reduction interven-
tion, sodium-potassium ratio was linearly associated 
with risk of CVD over 10 to 15 years of follow-up 
(RR, 1.24 per unit [95% CI, 1.05–1.46]; P=0.01).63

•	 In a longer-term (median 24 years) post hoc analy-
sis of the TOHP (median of five 24-hour urine mea-
surements), every 1-U increase in sodium-potassium 
ratio was associated with a 13% higher risk of 
death (HR, 1.13 [95% CI, 1.01–1.27]; P=0.04).64

Dietary Supplements
•	 In an RCT of 15 480 adults with DM and no his-

tory of ASCVD, 1 g of n-3 fatty acids had no effect 
on first serious vascular event (RR, 0.97 [95% CI, 
0.87–1.08]) or a composite outcome of first seri-
ous vascular event or revascularization (RR, 1.00 
[95% CI, 0.91–1.09]) or mortality (RR, 0.95 [95% 
CI, 0.86–1.05]) compared with placebo (1 g of 
olive oil).65

•	 In an RCT of 25 871 adults (males ≥50 years of 
age and females ≥55 years of age), the effects of 
daily supplementation of 2000 IU of vitamin D and 
1 g of marine n-3 fatty acids were examined on 
prevention of cancer and CVD.66 Vitamin D had 
no effect on major cardiovascular events (HR, 0.97 
[95% CI, 0.85–1.12]), cancer (HR, 0.96 [95% CI, 
0.88–1.06]), or any secondary outcomes. Marine 
n-3 fatty acid supplementation had no effect on 

major cardiovascular events (HR, 0.92 [95% CI, 
0.80–1.06]), invasive cancer (HR, 1.03 [95% CI, 
0.93–1.13]), or any secondary outcomes.

•	 A 2017 AHA scientific advisory statement sum-
marized available evidence and suggested fish oil 
supplementation only for secondary prevention of 
CHD and SCD (Class IIa recommendation) and for 
secondary prevention of outcomes in patients with 
HF (Class IIa recommendation).67

•	 A meta-analysis of 77 917 participants in 10 RCTs 
with ≥500 participants treated for ≥1 year found 
that fish oil supplementation (eicosapentaenoic acid 
dose range 226–1800 mg/d; docosahexaenoic acid 
dose range 0–1700 mg/d) had no significant effect 
on CHD death (RR, 0.94 [95% CI, 0.81–1.03]), 
nonfatal MI (RR, 0.97 [95% CI, 0.87–1.08]), or any 
CHD events (RR, 0.97 [95% CI, 0.93–1.01]).68

•	 Meta-analyses of RCTs examining the effects of mul-
tivitamins, vitamin D, calcium, vitamin C, B-complex, 
antioxidants, and vitamin B3 (niacin) have demon-
strated no salutary cardiovascular benefits.69 Meta-
analyses of folic acid RCTs suggested reductions in 
stroke risk (RR, 0.80 [95% CI, 0.69–0.93]) and CVD 
(RR, 0.83 [95% CI, 0.73–0.93]), although the ben-
efit was mainly driven by the China Stroke Primary 
Prevention Trial, a large RCT of 20 702 adults with 
hypertension and no history of stroke or MI.70

Cost
The US Department of Agriculture reported that the 
Consumer Price Index for all food increased by 1.4% 
in 2018.71 Prices for foods eaten at home increased by 
0.4% in 2018, whereas prices for foods eaten away from 
home increased by 2.6%. Using data from Euromonitor 
International, the US Department of Agriculture calcu-
lated the share of consumer expenditures attributed 
to food in multiple countries in 2016. The proportion 
of consumer expenditures spent on food ranged from 
6.3% in the United States to 9.1% in Canada, 23.1% 
in Mexico, and 58.9% in Nigeria.72

Cost of a Healthy Diet
•	 A meta-analysis of price comparisons of healthy 

versus unhealthy diet patterns found that the 
healthiest diet patterns cost, on average, ≈$1.50 
more per person per day to consume.73

•	 In a 1-year (2013–2014) RCT of 30 after-school pro-
grams in South Carolina, site leaders in the inter-
vention group received assistance in establishing 
snack budgets and menus and identifying low-cost 
outlets to purchase snacks that met healthy eat-
ing standards. The intervention was successful in 
increasing the number of days fruits and vegetables 
were served (3.9 versus 0.7 d/wk) and decreasing 
the number of days SSBs (0.1 versus 1.8 d/wk) and 
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sugary foods (0.3 versus 2.7 d/wk) were served.74 
Cost in the intervention group was minimized by 
identifying low-cost grocery outlets or large bulk 
warehouse stores; cost increased by $0.02 per 
snack in the intervention group compared with a 
$0.01 per snack decrease in the control group.

Cost-Effectiveness of Sodium Reduction
•	 A global cost-effectiveness analysis modeled the cost-

effectiveness of a so-called soft regulation national 
policy to reduce sodium intake in countries around 
the world, based on the United Kingdom experience 
(government-supported industry agreements, gov-
ernment monitoring of industry compliance, public 
health campaign).75 Model estimates were based on 
sodium intake, BP, and CVD data from 183 countries. 
Country-specific cost data were used to estimate the 
CER, defined as purchasing power parity–adjusted 
international dollars (I$, equivalent to country-spe-
cific purchasing power of $1 US) per DALY saved 
over 10 years. Globally, the estimated average CER 
was I$204 per DALY (95% CI, I$149–I$322) saved. 
The estimated CER was highly favorable in high-, 
middle-, and low-income countries.

Global Trends in Key Dietary Factors
Analysis of SSB sales data suggests that the regions in 
the world with the highest SSB consumption are North 
America, Latin America, Australasia, and Western 
Europe.76 A number of countries and US cities have 
implemented SSB taxes. In Mexico, a 1 peso per liter 
excise tax was implemented in January 2014. In a 
study using store purchase data from 6645 Mexican 
households, posttax volume of beverages purchased 
decreased by 5.5% in 2014 and by 9.7% in 2015 com-
pared with predicted volume of beverages purchased 
based on pretax trends. Although all socioeconomic 
groups experienced declines in SSB purchases, the low-
est socioeconomic group had the greatest decline in 
SSB purchases (9.0% in 2014 and 14.3% in 2015).77 
In Berkeley, CA, a 1 cent per ounce SSB excise tax was 
implemented in January 2015.78 Using store-level data, 
posttax year 1 SSB sales declined by 9.6% compared 
with predicted SSB sales based on pretax trends. By 
comparison, SSB sales increased by 6.9% in non-Berke-
ley stores in adjacent cities.

In 2010, mean sodium intake among adults world-
wide was 3950 mg/d.79 Across world regions, mean 
sodium intakes were highest in Central Asia (5510 
mg/d) and lowest in eastern sub-Saharan Africa (2180 
mg/d). Across countries, the lowest observed mean 
national intakes were ≈1500 mg/d. Between 1990 and 
2010, global mean sodium intake appeared to remain 
relatively stable, although data on trends in many world 
regions were suboptimal.

In a systematic review of population-level sodium 
initiatives, reduction in mean sodium intake occurred 
in 5 of 10 initiatives.80 Successful population-level 
sodium initiatives tended to use multiple strategies 
and included structural activities, such as food product 
reformulation. For example, the United Kingdom initi-
ated a nationwide salt reduction program in 2003 to 
2004 that included consumer awareness campaigns, 
progressively lower salt targets for various food cat-
egories, clear nutritional labeling, and working with 
industry to reformulate foods. Mean sodium intake in 
the United Kingdom decreased by 15% from 2003 to 
2011,81 along with concurrent decreases in BP (3.0/1.4 
mm Hg) in patients not taking antihypertensive medica-
tion, stroke mortality (42%), and CHD mortality (40%; 
P<0.001 for all comparisons); these findings remained 
statistically significant after adjustment for changes in 
demographics, BMI, and other dietary factors.

Global Burden 
(See Chart 5-6)

•	 The GBD 2017 Study82 used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
countries and territories. The age-standardized 
mortality attributable to dietary risks is highest in 
Oceania and Central Asia (Chart 5-6).

•	 An updated report from the GBD 2017 Study 
estimated the impact of 15 dietary risk factors on 
mortality and DALYs worldwide, using a compara-
tive risk assessment approach.83 In 2017, an esti-
mated 11 million deaths (95% UI, 10–12 million; 
22% of all deaths) and 255 million DALYs (95% UI, 
234–274 million; 15% of all DALYs) were attribut-
able to dietary risks. The leading dietary risk factors 
were high sodium intake (3 million [95% UI, 1–5 
million] deaths), low whole grain intake (3 mil-
lion [95% UI, 2–4 million] deaths), and low fruit 
intake (2 million [95% UI, 1–4 million] deaths). 
Low-middle Socio-demographic Index and high-
middle Socio-demographic Index countries had 
the highest age-standardized rates of diet-related 
deaths (344 [95% UI, 319–369] and 347 [95% 
UI, 324–369] deaths per 100 000 population), 
whereas high Socio-demographic Index countries 
had the lowest age-standardized rates of diet-
related deaths (113 [95% UI, 104–122] deaths 
per 100 000 population). Age-standardized diet-
related death rates decreased between 1990 to 
2017 from 406 (95% UI, 381–430) to 275 (95% 
UI, 258–292) deaths per 100 000 population, 
although the proportion of deaths attributable to 
dietary risks was largely stable.
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Table 5-1.  AHA Dietary Targets and Healthy Diet Score for Defining Cardiovascular Health

AHA Target
Consumption Range for

Alternative Healthy Diet Score*
Alternative Scoring

Range*

Primary dietary metrics†

 ��� Fruits and vegetables ≥4.5 cups/d‡ 0 to ≥4.5 cups/d‡ 0–10

 ��� Fish and shellfish 2 or more 3.5-oz servings/wk
(≥200 g/wk)

0 to ≥7 oz/wk 0–10

 ��� Sodium ≤1500 mg/d ≤1500 to >4500 mg/d 10–0

 ��� SSBs ≤36 fl oz/wk ≤36 to >210 fl oz/wk 10–0

 ��� Whole grains 3 or more 1-oz-equivalent servings/d 0 to ≥3 oz/d 0–10

Secondary dietary metrics†

 ��� Nuts, seeds, and legumes ≥4 servings/wk (nuts/seeds: 1 oz; 
legumes: ½ cup)

0 to ≥4 servings/d 0–10

 ��� Processed meats 2 or fewer 1.75-oz servings/wk (≤100 
g/wk)

≤3.5 to >17.5 oz/wk 10–0

 ��� Saturated fat ≤7% energy ≤7 to >15 (% energy) 10–0

AHA Diet Score (primary) Ideal: 4 or 5 dietary targets (≥80%)

Intermediate: 2 or 3 dietary targets 
(40%–79%)

Poor: <2 dietary targets (<40%)

Sum of scores for primary metrics 0 (worst) to 100 (best)§

Ideal: 80–100

Intermediate: 40–79

Poor: <40

AHA Diet Score (secondary) Ideal: 4 or 5 dietary targets (≥80%)

Intermediate: 2 or 3 dietary targets 
(40%–79%)

Poor: <2 dietary targets (<40%)

Sum of scores for primary and 
secondary metrics

0 (worst) to 100 (best)§

Ideal: 80–100

Intermediate: 40–79

Poor: <40

AHA indicates American Heart Association; and SSBs, sugar-sweetened beverages.
*Consistent with other dietary pattern scores, the highest score (10) was given for meeting or exceeding the AHA target (eg, at least 4.5 cups of fruit and 

vegetables per day; no more than 1500 mg/d of sodium), and the lowest score (0) was given for zero intake (protective factors) or for very high intake (harmful 
factors). The score for each metric was scaled continuously within this range. For harmful factors, the level of high intake that corresponded to a zero score was 
identified as approximately the 90th percentile distribution of US population intake.

†Selected by the AHA based on evidence for likely causal effects on cardiovascular events, diabetes mellitus, or obesity; a general prioritization of food rather 
than nutrient metrics; consistency with US and AHA dietary guidelines; ability to measure and track these metrics in the US population; and parsimony, that is, the 
inclusion of as few components as possible that had minimal overlap with each other while at the same time having some overlap with the many other relevant 
dietary factors that were not included.2 The AHA dietary metrics should be targeted in the context of a healthy diet pattern that is appropriate in energy balance and 
consistent with a DASH (Dietary Approaches to Stop Hypertension)-type eating plan, including but not limited to these metrics.

‡Including up to one 8-oz serving per day of 100% fruit juice and up to 0.42 cups/d (3 cups/wk) of starchy vegetables such as potatoes or corn.
§The natural range of the primary AHA Diet Score is 0 to 50 (5 components), and the natural range of the secondary AHA Diet Score is 0 to 80 (8 components). 

Both scores are then rescaled to a range of 0 to 100 for comparison purposes. The ideal range of the primary AHA Diet Score corresponds to the AHA scoring system 
of meeting at least 4 of 5 binary dietary targets (≥80%), the intermediate range corresponds to meeting 2 or 3 dietary targets (40%–79%), and the poor range 
corresponds to meeting <2 dietary targets (<40%). The same ranges are used for the secondary AHA Diet Score for consistency and comparison.

Sources: AHA’s My Life Check – Life’s Simple 71; Lloyd-Jones et al2; Rehm et al.84

This table shows 
the American 
Heart Asso-
ciation targets, 
consumption 
ranges for the Al-
ternative Healthy 
Diet Score, and 
the Alternative 
Scoring range 
for primary diet 
metrics and 
secondary diet 
metrics.
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Table 5-2.  Trends in Key Dietary Components Among US Adults, NHANES 2003 to 2004 to NHANES 2015 to 2016

AHA Score

Survey-Weighted Mean/Percentages (95% CI)*

2003–2004 2005–2006 2007–2008 2009–2010 2011–2012 2013–2014 2015–2016 P for Trend

Primary 19.0
(18.1–20.0)

19.9
(19.2–20.6)

19.5
(18.7–20.3)

20.9
(20.5–21.4)

21.2
(20.4–21.9)

21.0
(20.3–21.7)

20.8
(19.9–21.6)

<0.001

 ��� Fruits and vegetables 5.0
(4.7–5.3)

5.0
(4.8–5.3)

4.9
(4.7–5.2)

5.1
(4.9–5.3)

5.1
(4.9–5.3)

4.9
(4.7–5.0)

4.8
(4.5–5.0)

0.18

 ��� Whole grains 2.1
(1.9–2.3)

2.4
(2.3–2.6)

2.4
(2.2–2.6)

2.8
(2.7–2.9)

3.1
(2.9–3.3)

3.0
(2.8–3.1)

3.0
(2.8–3.2)

<0.001

 ��� Fish and shellfish 2.5
(2.2–2.8)

2.6
(2.4–2.8)

2.5
(2.2–2.7)

2.8
(2.4–3.1)

2.5
(2.2–2.8)

2.5
(2.2–2.9)

2.3
(1.9–2.6)

0.23

 ��� SSBs 5.6
(5.2–6.0)

6.3
(6.0–6.6)

6.2
(5.9–6.5)

6.6
(6.4–6.8)

6.7
(6.4–7.0)

6.9
(6.5–7.3)

7.1
(6.8–7.3)

<0.001

 ��� Sodium 3.8
(3.6–3.9)

3.5
(3.4–3.6)

3.5
(3.4–3.6)

3.6
(3.5–3.8)

3.8
(3.7–3.9)

3.8
(3.6–3.9)

3.7
(3.5–3.8)

0.17

Secondary 34.6
(33.4–35.8)

35.6
(34.5–36.6)

35.5
(34.2–36.7)

37.3
(36.6–38.0)

38.0
(36.9–39.2)

37.5
(36.6–38.3)

37.1
(35.8–38.3)

<0.001

 ��� Nuts, seeds and 
legumes

4.1
(3.9–4.4)

4.4
(4.1–4.7)

4.3
(3.9–4.7)

4.4
(4.2–4.6)

4.8
(4.6–5.0)

4.7
(4.4–5.0)

5.0
(4.6–5.4)

<0.001

 ��� Processed meat 6.6
(6.4–6.8)

6.5
(6.1–6.8)

6.7
(6.5–6.9)

6.6
(6.4–6.9)

6.7
(6.4–6.9)

6.7
(6.5–7.0)

6.7
(6.5–7.0)

0.09

 ��� Saturated fat 4.9
(4.7–5.1)

4.8
(4.7–5.0)

5.0
(4.8–5.2)

5.3
(5.1–5.5)

5.4
(5.2–5.6)

5.0
(4.8–5.2)

4.5
(4.3–4.8)

0.48

Diet quality by primary and secondary scores (%)

 ��� Primary score

  ���  Poor 56.0
(51.6–60.2)

52.4
(48.3–56.5)

53.9
(49.9–57.9)

47.8
(45.3–50.3)

45.8
(41.8–49.9)

46.6
(42.7–50.7)

47.8
(43.1–52.6)

<0.001

  ���  Intermediate 43.4
(39.2–47.6)

46.9
(43.0–50.8)

45.3
(41.5–49.1)

50.7
(48.0–53.3)

52.7
(48.8–56.6)

51.8
(47.7–55.9)

50.8
(46.2–55.4)

0.001

  ���  Ideal 0.7
(0.5–1.0)

0.7
(0.4–1.3)

0.8
(0.5–1.6)

1.5
(1.0–2.2)

1.5
(0.9–2.4)

1.6
(1.0–2.5)

1.4
(1.0–2.1)

0.001

 ��� Secondary score

  ���  Poor 43.7
(39.6–47.8)

41.7
(38.1–45.4)

41.3
(37.1–45.7)

36.1
(34.0–38.3)

33.9
(31.2–36.7)

35.8
(33.3–38.3)

36.4
(32.6–40.4)

<0.001

  ���  Intermediate 55.2
(51.2–59.2)

56.8
(53.1–60.4)

57.5
(53.1–61.7)

61.6
(59.3–63.8)

64.1
(61.6–66.5)

62.0
(59.5–64.4)

62.0
(58.1–65.7)

<0.001

  ���  Ideal 1.1
(0.7–1.7)

1.5
(1.0–2.2)

1.3
(0.9–1.8)

2.3
(1.5–3.3)

2.0
(1.4–2.9)

2.3
(1.8–2.9)

1.6
(1.0–2.5)

0.02

AHA indicates American Heart Association; NHANES, National Health and Nutrition Examination Survey; and SSBs, sugar sweetened beverages.
*All dietary variables were adjusted for energy to 2000 kcal/d using the residual method before the analysis. Each AHA consumption target was evaluated based 

on a continuous scoring system. Intake of each dietary component was scored from 0 to 10 (beneficial components) and from 10 to 0 (harmful components). For 
beneficial dietary components, individuals with zero intake received the lowest score (0). For harmful dietary components, the lowest score (0) was assigned to a 
higher level approximately equivalent to the 80th to 90th percentile of intake among US adults and rounded to a practical value (eg, 4500 mg/d sodium, one 50-g 
serving/d of processed meat, two 8-oz servings/d of sugar-sweetened beverages, and 15% energy of saturated fat). Intermediate dietary intake was scored linearly 
between 0 and 10. For example, an adult consuming 3000 mg/d of sodium would receive 5 sodium points (ie, his or her sodium consumption was halfway between 
1500 mg/d and the maximum value of 4500 mg/d).

Source: Unpublished analyses courtesy of Dr Junxiu Liu, Tufts University, using NHANES, 2003 to 2016. 85

This table 
shows trends 
in key dietary 
components 
and diet quality 
by primary and 
secondary score 
at all 2-year 
NHANES intervals 
between 2003 
and 2016.
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Table 5-3.  Population Mean Consumption* of Food Groups and Nutrients of Interest by Sex and Race/Ethnicity Among US Adults ≥20 Years of 
Age, NHANES 2015 to 2016

NH White Males NH Black Males
Mexican American 

Males NH White Females NH Black Females
Mexican American 

Females

Average 
Consumption

% 
Meeting 

Guidelines
Average 

Consumption

% 
Meeting 

Guidelines
Average 

Consumption

% 
Meeting 

Guidelines
Average 

Consumption

 % 
Meeting 

Guidelines
Average 

Consumption

 % 
Meeting 

Guidelines
Average 

Consumption

 % 
Meeting 

Guidelines

Foods

 ��� Whole grains, 
servings/d

1.1±0.7 7.5 0.7±1.5 5.5 0.6±1.1 3.0 0.9±0.6 4.7 0.8±1.4 4.0 0.7±1.1 3.2

 ��� Whole fruit, 
servings/d

1.4±1.2 10.0 1.0±2.0 4.3 1.4±2.1 9.5 1.5±1.1 9.9 1.1±2 6.8 1.6±2.3 8.7

 ��� Total fruit, servings/d 1.8±1.4 13.7 1.7±2.6 8.9 2±2.7 16.5 1.9±1.2 12.0 1.9±2.5 14.6 2.2±2.9 18.6

 ��� Nonstarchy 
vegetables, servings/d

2.2±1.2 6.4 1.6±1.9 2.2 2±1.8 3.2 2.4±1.3 9.1 1.8±1.8 3.2 2.3±2 6.0

 ��� Starchy vegetables,† 
servings/d

0.9±0.7 NA 1.0±1.5 NA 0.5±1 NA 0.9±0.7 NA 0.9± 1.2 NA 0.8± 1.2 NA

 ��� Legumes, servings/
wk

1.5±2.1 29.9 1.0±3.4 15.2 3.4±6.4 46.4 1.2± 1.6 25.3 1.1± 3.2 21.2 2.9±5.7 45.6

 ��� Fish and shellfish, 
servings/wk

1.0±1.8 16.0 1.4±3.9 21.1 1.2±4.1 18.2 1.0±1.5 18.6 1.8±4.1 24.5 1.2±4 17.3

 ��� Nuts and seeds, 
servings/wk

5.8±6.5 37.3 2.8±9.5 13.4 2.5±7.5 20.5 6.2±6.1 36.8 3.4±8.3 20.5 3±8.9 17.5

 ��� Unprocessed red 
meats, servings/wk

3.5±2.7 NA 3.4±5.7 NA 3.9±5.1 NA 2.4±1.9 NA 2.4±3.6 NA 3.1±4.5 NA

 ��� Processed meat, 
servings/wk

2.5±1.9 56.7 2.1±3.2 62.0 1.8±3.1 67.2 1.8±1.5 65.7 1.4±2.4 70.9 1±1.8 79.8

 ��� SSBs, servings/wk 8.3±8.7 57.6 10.3±12.5 32.9 10±12.4 39.2 5.8±6.6 67.7 9.7±13.5 41.2 8±12.6 45.3

 ��� Sweets and bakery 
desserts, servings/wk

3.7±3.6 57.8 3.3±6.8 62.2 4.2±7.6 61.7 4.2±4.1 56.2 3.7±7.2 59.1 4.7±8.5 52.2

 ��� Refined grain, 
servings/d

4.8±1.4 9.4 5.2±3.1 7.5 7.0 ±3.2 0.82 4.8±1.4 9.8 4.9±2.6 7.1 6.7±3.5 3.0

Nutrients

 ��� Total calories, kcal/d 2418±522 NA 2211±1086 NA 2485±1140 NA 1742±344 NA 1762±824 NA 1852±803 NA

 ��� EPA/DHA, mg/d 0.079±0.103 9.0 0.101±0.247 10.6 0.075±0.159 6.9 0.084±0.111 8.8 0.103±0.251 8.2 0.090±0.241 7.9

 ��� ALA, g/d 1.65±0.55 42.4 1.69±1.12 43.8 1.56±0.73 41.6 1.95±0.71 87.9 1.86±1.02 86.7 1.72±0.88 87.1

 ��� n-6 PUFA, % energy 7.4± 2.9 NA 8.8 ± 6.8 NA 7.3±5.8 NA 11.6±5.1 NA 11.9±14.8 NA 10.1±6.7 NA

 ��� Saturated fat, % 
energy

12±2 26.0 11±4 36.2 11.4±3.6 30.7 12±2.1 26.8 10.9±3.9 37.3 11.2±3.7 37.5

 � Ratio of (PUFAs + 
MUFAs)/SFAs

1.8±0.6 12.6 2.2±1.6 25.1 1.8±1.3 13.6 2.3±0.8 29.7 2.6±2.2 40.0 2.3±1.4 31.3

 ��� Dietary cholesterol, 
mg/d

280±107 66.2 313±216 54.6 331±213 54.9 307±115 61.9 315±199 55.6 342±244 54.3

 ��� Carbohydrate, % 
energy

45.3±6.2 NA 46.3±12.2 NA 47.3±10.6 NA 46.2±5.8 NA 48.7±11.3 NA 49.3±10.5 NA

 ��� Dietary fiber, g/d 16.4±4.8 6.7 14.1±8.3 4.8 18.2±9.7 9.7 17.8±4.7 10.0 15±8.1 4.7 20.2±10 14.8

 ��� sodium, g/d 3.4±0.58 7.7 3.5±1.11 4.7 3.4±1.06 7.4 3.5±0.54 5.6 3.4±0.91 7.0 3.4±0.98 4.4

 ��� Added sugar, % 
energy

11.1±9.5 36.9 13.8±17.5 23.0 10.8±13.2 38.1 16.7±9.6 20.0 22.1±33.6 11.8 15.3±16.5 22.6

Values for average consumption are mean±SD. Data are from NHANES 2015 to 2016, derived from two 24-hour dietary recalls per person, with population SD adjusted for within-person 
vs between-person variation. All values are energy adjusted by individual regressions or percent energy, and for comparability, means and proportions are reported for a 2000-kcal/d diet. To 
obtain actual mean consumption levels, the group means for each food or nutrient can be multiplied by the group-specific total calories (kcal/d) divided by 2000 kcal/d. The calculations for 
foods use the US Department of Agriculture (USDA)’s Food Patterns Equivalent Database on composition of various mixed dishes, which incorporates partial amounts of various foods (eg, 
vegetables, nuts, processed meats) in mixed dishes; in addition, the characterization of whole grains is now derived from the USDA database instead of the ratio of total carbohydrate to fiber.

ALA indicates α-linoleic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; MUFA, monounsaturated fatty acid; NA, not available; NH, non-Hispanic; NHANES, National Health 
and Nutrition Examination Survey; n-6-PUFA, ω-6-polyunsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid; and SSBs, sugar-sweetened beverages.

*All intakes and guidelines adjusted to a 2000 kcal/d diet. Servings are defined as follows: whole grains, 1-oz equivalents; fruits and vegetables, 1/2-cup equivalents; legumes, 1/2 cup; fish/
shellfish, 3.5 oz or 100 g; nuts and seeds, 1 oz; unprocessed red or processed meat, 3.5 oz or 100 g; sugar-sweetened beverages, 8 fl oz; sweets and bakery desserts, 50 g. Guidelines defined 
as follows: whole grains, 3 or more 1-oz equivalent (eg, 21 g of whole wheat bread, 82 g of cooked brown rice, 31 g of Cheerios) servings/d; fruits, ≥2 cups/d; nonstarchy vegetables, ≥2.5 
cups/d; legumes, ≥1.5 cups/wk; fish or shellfish, 2 or more 100-g (3.5-oz) servings/wk; nuts and seeds, 4 or more 1-oz servings/wk; processed meats (bacon, hot dogs, sausage, processed deli 
meats), 2 or fewer 100-g (3.5-oz) servings/wk (1/4 of discretionary calories); sugar-sweetened beverages (defined as ≥50 cal/8 oz, excluding 100% fruit juices), ≤36 oz/wk (≈1/4 of discretionary 
calories); sweets and bakery desserts, 2.5 or fewer 50-g servings/wk (≈1/4 of discretionary calories); EPA/DHA, ≥0.250 g/d51; ALA, ≥1.6/1.1 g/d (males/females); saturated fat, <10% energy; 
dietary cholesterol, <300 mg/d; dietary fiber, ≥28 g/d; sodium, <2.3 g/d; ratio of (PUFAs + MUFAs)/SFAs ≥2.5; added sugars ≤6.5% total energy intake. No dietary targets are listed for starchy 
vegetables and unprocessed red meats because of their positive association with long-term weight gain and their positive or uncertain relation with diabetes mellitus and cardiovascular disease.

†Including white potatoes (chips, fries, mashed, baked, roasted, mixed dishes), corn, plantains, green peas, etc. Sweet potatoes, pumpkin, and squash are considered red-orange vegetables 
by the USDA and are included in nonstarchy vegetables.

Source: Unpublished analyses courtesy of Dr Junxiu Liu, Tufts University, using NHANES, 2015 to 2016.85

This detailed 
table shows the 
population mean 
consumption of 
food groups and 
key nutrients by 
sex and race/eth-
nicity from 2015 
to 2016. This 
table shows that 
non-Hispanic 
white males 
have the highest 
consumption of 
whole grains.  
Mexican Ameri-
can females 
have the highest 
consumption 
of total fruit.  
Non-Hispanic 
white females 
have the highest 
consumption 
of non-starchy 
vegetables. 
Non-Hispanic 
black males 
have the highest 
consumption of 
sugar sweetened 
beverages.  
Many additional 
categories are 
reported, with 
their exact con-
sumption levels, 
on this table.
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Chart 5-1. Trends in prevalence of poor AHA healthy diet score, by race/ethnicity, United States, 2003 to 2016. 
Components of AHA healthy diet score are defined in Table 5-1. Poor diet was defined as <40% adherence, based on primary AHA continuous diet score.  
AHA indicates American Heart Association; and NH, non-Hispanic.  
Source: Unpublished analyses courtesy of Dr Junxiu Liu, Tufts University, using National Health and Nutrition Examination Survey data, 2003 to 2016.85

This chart shows 
that across all 
2-year NHANES 
cycles between 
2003 and 2016, 
non-Hispanic 
whites had the 
lowest preva-
lence of poor 
AHA healthy 
diet score.  Non-
Hispanic blacks 
and Mexican 
Americans were 
both higher than 
non-Hispanic 
whites at all 
time points and 
usually similar 
to each other, 
but the race 
with the highest 
prevalence varied 
at different time 
points.
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Chart 5-2. Trends in prevalence of poor AHA healthy diet score in the United States, by ratio of family income to poverty level, 2003 to 2016.  
Components of AHA healthy diet score are defined in Table 5-1. Poor diet was defined as <40% adherence, based on primary AHA continuous diet score.  
AHA indicates American Heart Association.  
Source: Unpublished analyses courtesy of Dr Junxiu Liu, Tufts University, using National Health and Nutrition Examination Survey data, 2003 to 2016.85

This chart shows 
that across all 
2-year NHANES 
cycles between 
2003 and 2016, 
individuals with 
the lowest 
income-to-pover-
ty ratio (less than 
1.30) had the 
highest preva-
lence of poor 
AHA healthy diet 
score. Prevalence 
of poor healthy 
diet score gener-
ally decreased 
with increased 
income-to-
poverty level 
except for 2003 
to 2004, 2007 
to 2008, and 
2015 to 2016 
when income-to-
poverty levels of 
1.85 to 2.99 had 
slightly higher 
prevalence of 
poor healthy 
diet score than 
income-to-pover-
ty levels of 1.30 
to 1.849.
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Chart 5-4. Sources of sodium intake in adults in 3 geographic regions in the United States, 2013 to 2014.  
Sources of sodium intake determined by four 24-hour dietary recalls with special procedures, in which duplicate samples of salt added to food at the table and in 
home food preparation were collected in 450 adults recruited in 3 geographic regions (Birmingham, AL; Palo Alto, CA; and Minneapolis-St. Paul, MN) with equal 
numbers of males and females from 4 racial/ethnic groups (Asians, blacks, Hispanics, non-Hispanic whites).  
Source: Reprinted from Harnack et al.3 Copyright © 2017, American Heart Association, Inc.

This chart shows 
sources of 
sodium intake 
in US adults in 3 
cities in Alabama, 
California, and 
Minnesota from 
2013 to 2014. 
Blacks had the 
highest sodium 
intake from sodi-
um added at the 
table.  Hispanics 
had the highest 
sodium intake 
from sodium 
added in home 
food preparation.  
Non-Hispanic 
whites had the 
highest sodium 
intake from so-
dium inherent 
to food as well 
as the highest 
sodium intakes 
from sodium 
added outside 
the home.

Chart 5-3. Estimated mean sodium intake by 24-hour urinary excretion, United States, 2013 to 2014. 
Estimates based on nationally representative sample of 827 nonpregnant, noninstitutionalized US adults 20 to 69 years of age who completed a 24-hour urine 
collection in NHANES 2013 to 2014.  
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Data derived from Cogswell et al86 using NHANES 2013 to 2014.85

This chart shows 
that in 2013 to 
2014, the esti-
mated 24-hour 
mean sodium in-
take was higher 
among males 
than females 
across all races.  
Among females, 
non-Hispanic 
whites had the 
lowest mean 
sodium intake 
followed by 
Hispanics, non-
Hispanic Asians, 
and non-Hispanic 
blacks. Among 
males, non-
Hispanic blacks 
had the lowest 
mean sodium 
intake followed 
by non-Hispanic 
Asians, Hispanics 
and non-Hispanic 
whites.
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Chart 5-5. Trends in use of MVMM, vitamin D, and n-3 fatty acid supplements among adults in the United States (NHANES, 1999–2012). 
MVMM indicates multivitamin/mineral; and NHANES, National Health and Nutrition Examination Survey.  
Source: Data derived from Kantor et al.14

This chart shows 
that trends for 
30-day preva-
lence of use of 
multivitamins in 
the US were very 
slowly increasing 
between 1999 
and 2006, and 
trends in vitamin 
D use were also 
slowly rising but 
slightly lower at 
all time points 
than multivitamin 
use.  Between 
2005 to 2006 
and 2007 to 
2008, there was 
a decline in both, 
and from 2009 
to 2012 a contin-
ued decrease in 
multivitamin use 
but an increase 
in vitamin D 
use.  In 2011 to 
2012, the 30-day 
prevalence of use 
for multivitamins 
was 31% and for 
vitamin D was 
38%. Use of n-3 
fatty acids rose 
steadily from 
1999 until 2012, 
with an 11% 30-
day prevalence of 
use in 2012.

Chart 5-6. Age-standardized global mortality rates attributable to dietary risks per 100 000, both sexes, 2017.  
The age-standardized mortality attributable to dietary risks is highest in Oceania and Central Asia.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.82 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that the age-
standardized 
mortality attrib-
utable to dietary 
risks was highest 
in Oceania and 
Central Asia in 
2017.
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6. OVERWEIGHT AND OBESITY
See Table 6-1 and Charts 6-1 through 6-8

Overweight and obesity are major risk factors for CVD, 
including CHD, stroke,1,2 AF,3 VTE,4,5 and CHF. According 
to NHANES 2015 to 2016, the prevalence of obesity was 
39.6% of US adults and 18.5% of youth, with 7.7% of 
adults and 5.6% of youth having severe obesity.6–8 The 
AHA has identified BMI <85th percentile in youth (2–19 
years of age) and <25 kg/m2 in adults (≥20 years of age) 
as 1 of the 7 components of ideal CVH.9 In 2015 to 2016, 
60.1% of youth, 32.0% of adults 20 to 49 years of age, 

and 24.4% of adults ≥50 years of age met these criteria 
(Chapter 2, Cardiovascular Health, Charts 2-2 and 2-3).

Classification of Overweight and Obesity
•	 For adults, NHLBI weight categories are as follows: 

overweight (25.0 ≤ BMI ≤ 29.9 kg/m2) and obese 
class I (BMI 30–35 kg/m2), class II (BMI >35–39.9 
kg/m2), and class III (BMI ≥40 kg/m2). BMI cutoffs 
often misclassify obesity in those with muscle mass 
on the upper and lower tails of the distribution. 
BMI categories also vary in prognostic value by 
race/ethnicity; they appear to overestimate risk 
in blacks and underestimate risk in Asians.10 For 
this reason, lower BMI cutoffs have been recom-
mended to identify increased health risks for Asian 
and South Asian populations.11

•	 For youth, sex-specific BMI-for-age 2000 CDC 
growth charts for the United States are used,12 
and overweight is defined as 85th to <95th per-
centile and obesity as ≥95th percentile. A 2013 
AHA scientific statement recommended that the 
definition of severe obesity for children ≥2 years 
old and adolescents be changed to BMI ≥120% of 
the 95th percentile for age and sex or an absolute 
BMI ≥35 kg/m2, whichever is lower.13 This defini-
tion of severe obesity among children could better 
identify this small but important group compared 
with the other common definition of BMI ≥99th 
percentile for age and sex.13

•	 Current obesity guidelines define WC ≥40 inches 
(102 cm) for males and ≥35 inches (88 cm) for 

Click here to return to the Table of Contents

Abbreviations Used in Chapter 6

AF atrial fibrillation

AFFIRM Atrial Fibrillation Follow-up Investigation of Rhythm 
Management

AHA American Heart Association

APPROACH Alberta Provincial Project for Outcome Assessment in 
Coronary Heart Disease

ARIC Atherosclerosis Risk in Communities Study

ARISTOTLE Apixaban for Reduction in Stroke and Other 
Thromboembolic Events in Atrial Fibrillation

ATP III Adult Treatment Panel III

BMI body mass index

BRFSS Behavioral Risk Factor Surveillance System

CABG coronary artery bypass graft

CAC coronary artery calcification

CAD coronary artery disease

CARDIA Coronary Artery Risk Development in Young Adults

CDC Centers for Disease Control and Prevention

CHD coronary heart disease

CHF congestive heart failure

CI confidence interval

CVD cardiovascular disease

CVH cardiovascular health

DBP diastolic blood pressure

DM diabetes mellitus

DNA deoxyribonucleic acid

GBD Global Burden of Disease

GWAS genome-wide association study

HbA1c hemoglobin A1c (glycosylated hemoglobin)

HDL-C high-density lipoprotein cholesterol

HF heart failure

HR hazard ratio

IMT intima-media thickness

IRR incidence rate ratio

LDL-C low-density lipoprotein cholesterol

Look 
AHEAD

Look: Action for Health in Diabetes

MESA Multi-Ethnic Study of Atherosclerosis

MetS metabolic syndrome

MHO metabolically healthy obesity

MI myocardial infarction

(Continued )

NCHS National Center for Health Statistics

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NHDS National Hospital Discharge Survey

NHIS National Health Interview Survey

NHLBI National Heart, Lung, and Blood Institute

OR odds ratio

PA physical activity

PCI percutaneous coronary intervention

QALY quality-adjusted life-year

RCT randomized controlled trial

RR relative risk

SBP systolic blood pressure

SE standard error

SES socioeconomic status

SNP single-nucleotide polymorphism

SOS Swedish Obese Subjects

UI uncertainty interval

VTE venous thromboembolism

WC waist circumference

WHI Women’s Health Initiative

YRBSS Youth Risk Behavior Surveillance System

Abbreviations Used in Chapter 6 Continued
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females as being associated with increased cardio-
vascular risk14; however, lower cutoffs have been 
recommended for various racial/ethnic groups, for 
example, ≥80 cm for Asian females and ≥90 cm 
for Asian males.10,15 WC measurement is recom-
mended for those with BMI of 25 to 34.9 kg/m2, 
to provide additional information on CVD risk.16

Prevalence
Youth 
(See Table 6-1 and Chart 6-1)

•	 According to 2015 to 2016 data from NHANES, 
the overall prevalence of obesity (≥95th percentile) 
was 18.5%. By age group, the prevalence of obe-
sity for children 2 to 5 years of age was 13.9%; for 
children 6 to 11 years of age, the prevalence was 
18.4%; and for adolescents 12 to 19 years of age, 
the prevalence was 20.6% (Chart 6-1).17,18

•	 According to 2013 to 2016 data from NHANES, the 
overall prevalence of overweight, including obesity, 
in children and adolescents 2 to 19 years of age was 
34.2% based on a BMI-for-age value ≥85th percentile 
of the 2000 CDC growth charts. There were no sig-
nificant differences in overweight (including obesity) 
prevalence for boys and girls (Table 6-1).19 Among all 
children 2 to 19 years of age, the prevalence of obe-
sity was lower for NH Asian boys (11.9%) and girls 
(7.4%) than for NH white (15.3%, 14.1%), NH black 
(17.9%, 23.0%), and Hispanic (24.3%, 22.9%) boys 
and girls, respectively (Table 6-1).

•	 The prevalence of childhood obesity varies by SES. 
According to 2011 to 2014 NHANES data, for 
children 2 to 19 years old, the prevalence of obe-
sity by percentage of poverty level was 18.9% for 
≤130%, 19.9% for 131% to 350%, and 10.9% 
for >350% of the federal poverty level.20

—			� In addition, obesity prevalence among chil-
dren 2 to 19 years of age was higher for those 
whose parents had a high school diploma or 
less education (21.6%) than for adolescents 
whose parents had a bachelor’s degree or 
higher (9.6%).20

•	 According to NHANES 1999 to 2014, the preva-
lence of obesity among adolescents 12 to 19 years 
of age was 21.6% in the South region, 20.8% 
in the Midwest region, 18.2% in the Northeast 
region, and 15.8% in the West region.21

•	 According to self-reported height and weight data 
from the YRBSS 2015,22 13.9% of US high school 
students had obesity and 16.0% were overweight. 
The percentages of obesity were higher in boys 
(16.8%) than girls (10.8%) and in blacks (16.8%) 
and Hispanics (16.4%) than in whites (12.4%). 
Obesity rates varied by states: The highest rates 
of obesity in girls were observed in Kentucky and 

Mississippi (16.2%), and in boys, West Virginia 
(23.4%); the lowest rates in girls were observed in 
Nevada (6.3%), whereas for boys, the lowest rates 
were seen in Montana (13.0%).

Adults 
(See Table 6-1 and Charts 6-2 through 6-6)

•	 According to NHANES 2013 to 2016, among US 
adults ≥20 years of age (Table 6-1):
—			� The prevalence of obesity was 38.3% (36.0% 

of males and 40.4% of females), including 
7.7% with class III obesity (5.5% of males and 
9.8% of females).

—		�	� Among men, the prevalence of obesity was 
35.8% in NH whites, 37.0% in NH blacks, 
11.1% in NH Asians, and 40.1% in Hispanics.

—		�	� Among women, the prevalence of obesity was 
37.8% in NH whites, 55.3% in NH blacks, 
13.5% in NH Asians, and 48.4% in Hispanics.

•	 According to NHANES 2011 to 2014, the age-
adjusted prevalence of obesity was higher among 
middle-aged (40–59 years of age, 40.2%) and older 
(≥60 years of age, 37.0%) adults than younger (20–
39 years of age, 32.3%) adults. This pattern (lower 
prevalence of obesity among younger adults) was 
similar for males and females, although the preva-
lence of obesity was higher among females.7

•	 Females have had a higher prevalence of class III 
obesity and a lower prevalence of overweight than 
males in all NHANES surveys from 1999 through 
2016 (Chart 6-2).23

•	 In the United States, the prevalence of obesity, as 
estimated from self-reported height and weight 
in the BRFSS (2017),24 varies by region and state. 
Self-reported estimates usually underestimate 
BMI and obesity. In 2017, by state, the prevalence 
of obesity was highest in West Virginia (37.7%) 
and Mississippi (37.2%) and lowest in Colorado 
(22.4%; Chart 6-3).25 When BRFSS data from 
2015 to 2017 were combined, prevalence of obe-
sity exceeded 35% in a greater number of states 
for Hispanic adults and NH black adults than for 
white adults (Charts 6-4 through 6-6).

Secular Trends 
(See Chart 6-7)
Youth

•	 According to NHANES data, overall prevalence of 
obesity and severe obesity in youth (2–19 years of 
age) did not increase significantly between 2007 
to 2008 and 2015 to 2016 (Chart 6-7). Among 
children 2 to 5 years of age, a quadratic trend was 
seen, with obesity decreasing from 10.1% in 2007 
to 2008 to 8.4% in 2011 to 2012 and increasing 
to 13.9% in 2015 to 2016.8
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•	 According to NHANES 2011 to 2014 data, prev-
alence of obesity in youth (2–19 years of age) 
increased from 1988 to 1994 until 2003 to 2004 
but did not change significantly afterward. The 
prevalence of severe obesity increased between 
1988 to 1994 and 2013 to 2014.19

•	 According to NCHS/CDC surveys and NHANES, 
the prevalence of obesity among children and 
adolescents increased substantially from 1963 to 
1965 through 2009 to 2010, but this increase has 
slowed.26

•	 Specifically, according to NHANES data, from 
1988 to 1994, 2003 to 2006, and 2011 to 2014, 
the percentage of children 12 to 19 years of age 
with obesity increased from 10.5% to 17.6% to 
20.5%, respectively26; however, during the same 
time periods, among children 2 to 5 years of age, 
the prevalence of obesity changed from 7.2% in 
1988 to 1994 to 12.5% in 2003 to 2006 to 8.9% 
in 2011 to 2014.19,26 Another analysis of NHANES 
data showed that between 1988 to 1994 and 
2013 to 2014, extreme obesity (defined as a BMI at 
or above 120% of the sex-specific 95th percentile 
on the CDC BMI-for-age growth charts) increased 
among children 6 to 11 years of age (from 3.6% 
to 4.3%) and among adolescents 12 to 19 years of 
age (from 2.6% to 9.1%).19

•	 Among infants and children from birth to >2 years 
old, the prevalence of high weight for recumbent 
length (ie, ≥95th percentile of sex-specific CDC 
2000 growth charts) was 9.5% in 2003 to 2004 
and 8.1% in 2011 to 2014. The decrease of 1.4% 
was not statistically significant.27

•	 According to the YRBSS, among US high school 
students between 1999 and 2015, there was a 
significant linear increase in the prevalence of obe-
sity (from 10.6% to 13.9%) and in the prevalence 
of overweight (from 14.1% to 16.0%). Between 
1991 and 2015, there was a corresponding sig-
nificant linear increase of students who reported 
they were trying to lose weight, from 41.8% to 
45.6%.22

Adults
•	 In the United States, the age-standardized preva-

lence of obesity and severe obesity increased sig-
nificantly in the past decade (from 2007–2008 to 
2015–2016) among adults (Chart 6-7).8

•	 In the United States, the prevalence of obesity 
among adults, estimated using NHANES data, 
increased from 1999 to 2000 through 2013 to 
2014 from 30.5% to 37.7%6; however, from 2005 
to 2006 through 2013 to 2014, there was a sig-
nificant linear trend for the increase in obesity and 
class III obesity for females (from 35.6% to 41.1% 
and from 7.5% to 10.0%, respectively) but not 

males (from 33.4% to 35.1% and from 7.5% to 
10.0%, respectively).6

•	 From NHANES 1999 to 2002 to NHANES 2007 to 
2010, the prevalence of total and undiagnosed 
DM, total hypertension, total dyslipidemia, and 
smoking did not change significantly within any of 
the BMI categories, but there was a lower preva-
lence of dyslipidemia (−3.4% [95% CI, −6.3% to 
−0.5%]) among overweight adults. However, the 
prevalence of untreated hypertension decreased 
among adults with overweight or obesity, and the 
prevalence of untreated dyslipidemia decreased 
for all BMI categories (normal, overweight, obesity, 
and BMI ≥35 kg/m2).28

•	 Another study reported that for females, but not 
males, the increase in WC from NHANES 1999 to 
2000 to NHANES 2010 to 2011 was greater than 
expected based on the increase in BMI.29

Family History and Genetics
•	 Overweight and obesity have considerable genetic 

components, with heritability estimates ranging 
from ≈30% to 75%.30,31 However, only ≈1.5% 
of interindividual variation of BMI is explained 
by commonly occurring SNPs, which suggests a 
role for DNA methylation variants to explain the 
genetic contributions to obesity.32

•	 Monogenic or mendelian causes of obesity include 
mutations with strong effects in genes that control 
appetite and energy balance (eg, LEP, MC4R) and 
obesity that occurs in the context of genetic syn-
dromes (eg, Prader-Willi syndrome).33

•	 GWASs in diverse populations have implicated 
multiple loci for obesity, mostly defined by BMI, 
WC, or waist-hip ratio. The FTO locus is the most 
well-established obesity locus, first reported in 
200734,35 and replicated in many studies with 
diverse populations and age groups since 
then.36–40 The mechanisms underlying the asso-
ciation remain incompletely elucidated but could 
be related to mitochondrial thermogenesis11 or 
food intake.41

•	 Other GWASs have reported numerous additional 
loci,42 with >300 putative loci, most of which 
explain only a small proportion of the variance in 
obesity, have not been mechanistically defined, and 
have unclear clinical significance. Variants associ-
ated with lean mass have also been reported.43,44 
Fine mapping of loci, including recent efforts 
focused on GWASs in African ancestry, in addition 
to mechanistic studies, is required to define func-
tionality of obesity-associated loci.45

•	 A large GWAS of obesity in >240 000 individu-
als of predominately European ancestry revealed 
an interaction with smoking, which highlights the 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e227

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 6

need to consider gene-environment interactions in 
genetic studies of obesity.46

•	 Genetic variants also associate with weight loss 
response to dietary intervention.47

•	 Epigenetic modifications such as DNA methylation 
have both genetic and environmental contributors 
and may contribute to risk of and adverse con-
sequences of obesity. An epigenome-wide asso-
ciation study in 479 people demonstrated that 
increased methylation at the HIF3A locus in circu-
lating white blood cells and in adipose tissue was 
associated with increased BMI.48

Prevention
•	 Prenatal environmental exposures related to exces-

sive gestational weight gain, independent of 
maternal obesity, are associated with increased 
risk of childhood obesity (OR, 1.21 [95% CI, 
1.05–1.40])49; preconception counseling strate-
gies to promote healthy maternal weight before 
conception and interventions during pregnancy to 
prevent excess weight gain are needed.

•	 70% of adults with obesity did not have obesity in 
childhood or adolescence, so reducing the overall 
burden of adult obesity might require interven-
tions beyond targeting obesity reduction solely at 
overweight children and children with obesity.50

•	 In adults, 2 prevention targets are the built environ-
ment and the workplace. The built environment 
plays a role in promoting healthy lifestyles and pre-
venting obesity.51 Similar to schools for children, 
the workplace can provide an opportunity to edu-
cate adults on methods to reduce weight and can 
also motivate individuals to lose weight through 
group participation.52

•	 The CDC Prevention Status Reports highlight the 
status of public health policies and practices to 
address public health problems, including obesity, 
by state. Reports rate the extent to which the state 
has implemented the policies or practices identi-
fied from systemic reviews, national strategies or 
action plans, or expert bodies.53 Obesity reduction 
policies and programs implemented by country are 
also available online.54

Awareness
•	 According to NHANES 2003 to 2006 data, ≈23% 

of adults who were overweight and with obe-
sity misperceived themselves to be at a healthier 
weight status, and those people were less likely to 
have tried to lose weight in the prior year.55

•	 Recent studies show that parents’ perceptions of 
overweight and obesity differ according to the 
child’s race and sex. Boys 6 to 15 years of age with 

obesity were more likely than girls to be misper-
ceived as being “about the right weight” by their 
parents (OR, 1.40 [95% CI, 1.12–1.76]; P=0.004). 
Obesity was significantly less likely to be misper-
ceived among girls 11 to 15 years of age than 
among girls 6 to 10 years of age (OR, 0.46 [95% 
CI, 0.29–0.74]; P=0.002) and among Hispanic 
males than among white males (OR, 0.58 [95% 
CI, 0.36–0.93]; P=0.02).55 Notification of a child’s 
unhealthy weight by healthcare practitioners 
increased from 22% in 1999 to 34% in 2014.56

Treatment and Control
•	 The randomized trial Look AHEAD showed that 

among adults who were overweight, had obesity, 
and had type 2 DM, an intensive lifestyle interven-
tion produced a greater percentage of weight loss 
at 4 years than DM support education.57

—			� After 8 years of intervention, the percentage 
of weight loss ≥5% and ≥10% was greater in 
the intensive lifestyle intervention than in DM 
support education groups (50.3% and 26.9% 
versus 35.7% and 17.2%, respectively).58

—		�	� Look AHEAD was stopped early, with a median 
9.6 years of follow-up, for failure to show a 
significant difference in CVD events between 
the intensive lifestyle intervention and the con-
trol group.57

—			� Intensive lifestyle interventions produced 
greater weight loss than education alone 
among those with class III obesity59 and child-
hood obesity.60

•	 A comprehensive review and meta-analysis of 54 
RCTs suggested that dietary weight loss interven-
tions reduce all-cause mortality (34 trials, 685 events; 
RR, 0.82 [95% CI, 0.71–0.95]), but the benefit on 
lowering cardiovascular mortality was less clear.61

•	 Ten-year follow-up data from the nonrandom-
ized SOS bariatric intervention study (see Bariatric 
Surgery) suggested that to maintain a favorable 
effect on cardiovascular risk factors, more than the 
short-term goal of 5% weight loss is needed to 
overcome secular trends and aging effects.62 Long-
term follow-up might be necessary to show reduc-
tions in CVD risk.

•	 Lifestyle and surgical interventions are both bene-
ficial: After gastric bypass, individuals with regular 
PA had improved fat mass, insulin sensitivity, and 
HDL-C levels.63

Bariatric Surgery
•	 Lifestyle interventions often do not provide sus-

tained significant weight loss for people with obe-
sity. Among adults with obesity, bariatric surgery 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e228

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 6

produces greater weight loss and maintenance of 
lost weight than lifestyle intervention, with some 
variations depending on the type of procedure 
and the patient’s initial weight.64 Gastric bypass 
surgery is typically performed as a Roux-en-Y gas-
tric bypass, vertical sleeve gastrectomy, adjustable 
gastric banding, or biliopancreatic diversion with 
duodenal switch.

•	 Benefits reported for bariatric surgery include 
substantial weight loss; remission of DM, hyper-
tension, and dyslipidemia; reduced incidence of 
mortality; reduction in microvascular disease; and 
fewer CVD events.65 Long-term follow-up of the 
Longitudinal Assessment of Bariatric Surgery-2 
study, a multicenter observational cohort study of 
1300 participants who underwent bariatric sur-
gery, demonstrated that most participants main-
tained the majority of their weight loss. However, 
at 7 years after surgery, lower prevalence rates of 
DM and hypertension were only achieved among 
those who underwent Roux-en-Y gastric bypass 
and not among those who underwent laparo-
scopic gastric banding.66

•	 Reported risks with bariatric surgery include not 
only perioperative mortality and adverse events 
but also weight regain, DM recurrence (particularly 
for those with longer DM duration before surgery), 
bone loss, increases in substance use disorders, 
suicide, and nutritional deficiencies. Outcomes 
vary by bariatric surgery technique.67

•	 Outcomes must be assessed cautiously, because 
most bariatric surgery data come from nonrandom-
ized observational studies, with only a few RCTs 
comparing bariatric surgery to medical treatment 
for patients with DM. Furthermore, studies have 
not always reported their definition of remission 
or partial remission for comorbidities such as DM, 
hypertension, and dyslipidemia, and many have not 
reported laboratory values or medication use.67,68

•	 In a large bariatric surgery cohort, the prevalence 
of high 10-year predicted CVD risk (using the ATP 
III definition, ≥10%)69 was 36.5%,70 but 76% 
of those with low 10-year risk had high lifetime 
predicted CVD risk (defined as predicted lifetime 
risk ≥39%).71 The corresponding prevalence in US 
adults is 18% and 56%, respectively.72

•	 A meta-analysis of RCTs also showed substantially 
higher weight loss and DM remission for bariat-
ric surgery than for conventional medical therapy, 
with follow-up of ≤2 years.73

•	 The longest follow-up to date of 12 years in 1156 
patients with severe obesity, including 418 individ-
uals who underwent gastric bypass, demonstrated 
sustained weight loss and both remission and pre-
vention of incident type 2 DM, hypertension, and 
dyslipidemia.74

•	 An RCT demonstrated that weight loss from lap-
aroscopic sleeve gastrectomy was similar to that 
achieved by traditional (Roux-en-Y) gastric bypass 
surgery, although the latter achieved greater 
improvement in lipid levels.75,76

•	 According to retrospective data, among 9949 
patients who underwent gastric bypass sur-
gery, after a mean of 7 years, long-term mortal-
ity was 40% lower among the surgically treated 
patients than among control subjects with obesity. 
Specifically, cancer mortality was reduced by 60%, 
DM mortality by 92%, and CAD mortality by 56%. 
Nondisease death rates (eg, accidents, suicide) 
were 58% higher in the surgery group.77

•	 A recent DM consensus statement recommended 
bariatric surgery to treat type 2 DM among adults 
with class III obesity and recommended it be con-
sidered to treat type 2 DM among adults with class 
I obesity.59

•	 The role of bariatric surgery to treat type 2 DM in 
adolescence is controversial.78 Although bariatric 
surgery improves insulin requirements and comor-
bidities in type 1 DM, there was minimal sustained 
effect in glycemic control in long-term follow-up in 
a small series.79

Mortality
•	 Childhood BMI in the highest quartile was associ-

ated with premature death as an adult in a cohort 
of 4857 American Indian children during a median 
follow-up of 23.9 years (BMI for quartile 4 versus 
quartile 1: IRR, 2.30 [95% CI, 1.46–3.62]).80

•	 According to NHIS-linked mortality data, 
among young adults 18 to 39 years of age, the 
HR for all-cause mortality was 1.07 (95% CI, 
0.91–1.26) for self-reported overweight (not 
including obesity), 1.41 (95% CI, 1.16–1.73) 
for obesity, and 2.46 (95% CI, 1.91–3.16) for 
extreme obesity.81

•	 A systematic review (2.88 million people and 
>270 000 deaths) showed that relative to normal 
BMI (18.5 to <25 kg/m2), all-cause mortality was 
lower for overweight individuals (BMI 25 to <30 
kg/m2: HR, 0.94 [95% CI, 0.91–0.96]) and was 
not elevated for class I obesity (HR, 0.95 [95% CI, 
0.88–1.01]). All-cause mortality was higher for 
obesity overall (HR, 1.18 [95% CI, 1.12–1.25]) and 
for the subset of class II and III obesity (HR, 1.29 
[95% CI, 1.18–1.41]).82

•	 Fluctuation of weight is associated with cardio-
vascular events and death. In 9509 participants 
of the Treating to New Targets trial, those in the 
quintile of highest body weight fluctuation had 
the highest rates of cardiovascular events, MI, 
stroke, and death.83
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•	 A meta-analysis of 3.74 million deaths among 
30.3 million participants found that overweight 
and obesity were associated with higher risk of 
all-cause mortality, with the lowest mortality 
observed at BMI 22 to 23 kg/m2 among healthy 
never-smokers.84

•	 In 10 large population cohorts in the United States, 
individual-level data from adults 20 to 79 years of 
age with 3.2 million person-years of follow-up 
(1964–2015) demonstrated that overweight and 
obesity were associated with early development of 
CVD and reinforced the greater mortality associ-
ated with obesity.85

•	 In the APPROACH registry of individuals after 
CABG and PCI, overweight and class I obesity 
(BMI 20–24.9 kg/m2) were associated with lower 
mortality, whereas BMI ≥40 kg/m2 was associated 
with elevated mortality.86 According to data from 
the National Adult Cardiac Surgery registry from 
2002 to 2013, there was lower mortality in over-
weight and obesity class I and II (OR, 0.81 [95% 
CI, 0.76–0.86] and 0.83 [95% CI, 0.74–0.94], 
respectively) relative to normal-weight individuals 
and greater mortality risk with underweight (OR, 
1.51 [95% CI, 1.41–1.62), with these results per-
sisting after adjustment for residual confounding 
and reverse causation.87

•	 In a study of 22 203 females and males from 
England and Scotland, metabolically unhealthy 
obese individuals were at an increased risk of all-
cause mortality compared with MHO individuals 
(HR, 1.72 [95% CI, 1.23–2.41]).88

Complications
Youth

•	 According to the National Longitudinal Study of 
Adolescent Health, compared with those with nor-
mal weight or those who were overweight, ado-
lescents who were obese had a 16-fold increased 
risk of having severe obesity as adults, and 70.5% 
of adolescents with severe obesity maintained this 
weight status into adulthood.89

•	 A systematic review and meta-analysis of 15 pro-
spective cohort studies with 200 777 participants 
showed that children and adolescents who had 
obesity were ≈5 times more likely to have obesity 
in adulthood than those who did not have obe-
sity. Approximately 55% of children with obesity 
will remain with obesity in adolescence, 80% of 
adolescents with obesity will remain with obesity 
in their adulthood, and 70% of these adolescents 
will remain with obesity at over 30 years of age.50

•	 Children and adolescents who are overweight 
and have obesity are at increased risk for future 
adverse health effects, including the following90:

—			� Increased prevalence of traditional cardiovas-
cular risk factors such as hypertension, hyper-
lipidemia, and DM. Among 8579 youths in 
NHANES, higher BMI was associated with 
higher SBP and DBP, lower HDL-C, and high 
triglycerides and HbA1c levels.91,92

—			� Poor school performance, tobacco use, alcohol 
use, premature sexual behavior, and poor diet.

—			� Other associated health conditions, such 
as asthma, hepatic steatosis, sleep apnea, 
stroke, some cancers (breast, colon, and kid-
ney), renal insufficiency, musculoskeletal dis-
orders, gallbladder disease, and reproductive 
abnormalities.

•	 Data from 4 Finnish cohort studies examining child-
hood and adult BMI with a mean follow-up of 23 
years found that children who were overweight or 
had obesity and had obesity in their adulthood had 
an increased risk of type 2 DM (RR, 5.4), hyperten-
sion (RR, 2.7), dyslipidemia (high LDL-C: RR, 1.8; 
low HDL-C: RR, 2.1; high triglycerides: RR, 3.0), and 
carotid atherosclerosis (RR, 1.7), whereas those who 
achieved normal weight by adulthood had risks 
comparable to individuals who never had obesity.93

•	 The CARDIA study showed that young adults 
who were overweight or had obesity had lower 
self-reported physical health–related quality of life 
than normal-weight participants 20 years later.94

Adults
•	 Obesity is associated with increased lifetime risk of 

CVD and increased prevalence of type 2 DM, hyper-
tension, dyslipidemia, sleep-disordered breathing, 
VTE, AF, and dementia.85,95

•	 Analyses of continuous BMI show the risk of type 
2 DM increases with increasing BMI.64

•	 A systematic review and meta-analysis of 37 stud-
ies showed that high childhood BMI was associ-
ated with an increased incidence of adult DM (OR, 
1.70 [95% CI, 1.30–2.22]) and CHD (OR, 1.20 
[95% CI, 1.10–1.31]), but not stroke; however, 
the accuracy of childhood BMI predicting any adult 
morbidity was low. Only 31% of future DM and 
22% of future hypertension and CHD occurred in 
those who as youth ≥12 years of age had been 
classified as overweight or who had obesity.96

•	 Another study examining longitudinal data from 
2.3 million adolescents (16–19 years of age) dem-
onstrated increased cardiovascular mortality in 
adulthood among youth with obesity compared 
with youth with BMI in the 5th to 24th percen-
tile, with an HR of 4.9 (95% CI, 3.9–6.1) for death 
attributable to CHD, 2.6 (95% CI, 1.7–4.1) for 
death attributable to stroke, 2.1 (95% CI, 1.5–2.9) 
for sudden death, and 3.5 (95% CI, 2.9–4.1) for 
death attributable to total cardiovascular causes, 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e230

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 6

after adjustment for sex, age, birth year, sociode-
mographic characteristics, and height.97

•	 Cardiovascular risks are even higher with class III 
obesity than with class I or class II obesity.98 Among 
156 775 postmenopausal females in the WHI, 
for severe obesity versus normal BMI, HRs (95% 
CIs) for mortality were 1.97 (1.77–2.20) in white 
females, 1.55 (1.20–2.00) in black females, and 
2.59 (1.55–4.31) in Hispanic females; for CHD, 
HRs were 2.05 (1.80–2.35), 2.24 (1.57–3.19), and 
2.95 (1.60–5.41), respectively; and for CHF, HRs 
were 5.01 (4.33–5.80), 3.60 (2.30–5.62), and 6.05 
(2.49–14.69), respectively. However, CHD risk was 
strongly related to CVD risk factors across BMI cat-
egories, even in class III obesity, and CHD incidence 
was similar by race/ethnicity with adjustment for 
differences in BMI and CVD risk factors.98

•	 Obesity was cross-sectionally associated with sub-
clinical atherosclerosis, including CAC and carotid 
IMT, among older adults in MESA, and this asso-
ciation persisted after adjustment for CVD risk fac-
tors.99 In a prospective analysis of younger adults 
through midlife, greater duration of overall and 
abdominal obesity was associated with presence 
of and progression of subclinical atherosclerosis in 
the CARDIA study.100

•	 A recent meta-analysis of 10 case-referent studies 
and 4 prospective cohort studies (including ARIC)5 
reported that when individuals with BMI ≥30 kg/
m2 were compared with those with BMI <30 kg/
m2, obesity was associated with a significantly 
higher prevalence (OR, 2.45 [95% CI, 1.78–3.35]) 
and incidence (RR, 2.39 [95% CI, 1.79–3.17]) of 
VTE, although there was significant heterogeneity 
in the studies.4

•	 Obesity in females is associated with increased risk 
of adverse pregnancy outcomes, (eg, preeclamp-
sia, gestational hypertension, gestational DM).
—			� The risk of preeclampsia was higher in females 

who were overweight (OR 1.73 [95% CI, 1.59–
1.87]) or obese (OR, 3.15 [95% CI, 2.96–3.35]) 
in a systematic review of 23 studies including 
1.4 million females.101

—			� The risk of gestational hypertension was higher 
among females with obesity (OR 2.91 [95% CI, 
2.76–3.07]) than among females with a nor-
mal prepregnancy BMI.102

—			� The risk of gestational DM was 2.14 (95% CI, 
1.82–2.53), 3.56 (95% CI, 3.05- 4.21), and 
8.56 (95% CI, 5.07–16.04) among overweight, 
obese, and severely obese females, respectively 
compared with females with normal prepreg-
nancy BMI.103

•	 A recent meta-analysis of 15 prospective studies of 
midlife BMI demonstrated that the increased risk 
for Alzheimer disease or any dementia was 1.35 

and 1.26 for overweight, respectively, and 2.04 and 
1.64 for obesity, respectively.104 The inclusion of 
obesity in dementia forecast models increased the 
estimated prevalence of dementia through 2050 by 
9% in the United States and 19% in China.105

•	 A BMI paradox is often reported, with higher-
BMI patients demonstrating favorable outcomes 
among adults with prevalent CHF, hypertension, 
peripheral vascular disease, and CAD; similar find-
ings have been seen for percent body fat. However, 
recent studies suggest that the obesity paradox 
might be explained by lead-time bias, because it is 
not present before the development of CVD.85,106

•	 The ARISTOTLE trial reported that in adjusted 
analyses, higher BMI was associated with lower 
all-cause mortality (overweight HR, 0.67 [95% CI, 
0.59–0.78]; obesity HR, 0.63 [95% CI, 0.54–0.74]), 
similar to an earlier study from the AFFIRM trial.107

•	 In a study of 2625 participants with new-onset DM 
pooled from 5 longitudinal cohort studies, rates of 
total, CVD, and non-CVD mortality were higher 
among normal-weight people than among over-
weight participants and participants with obesity, 
with adjusted HRs of 2.08 (95% CI, 1.52–2.85), 
1.52 (95% CI, 0.89–2.58), and 2.32 (95% CI, 
1.55–3.48), respectively.108

•	 In a study of 189 672 participants from 10 US lon-
gitudinal cohort studies, obesity was associated 
with a shorter total longevity and greater propor-
tion of life lived with CVD, and higher BMI was 
associated with significantly higher risk of death 
attributable to CVD.85

•	 Recent studies have evaluated risks for MHO ver-
sus “metabolically unhealthy” or “metabolically 
abnormal” obesity. The definition of MHO has var-
ied across studies, but it has often comprised 0 or 
1 metabolic abnormality by MetS criteria, some-
times excluding WC.
—			� Using strict criteria of 0 MetS components and 

no previous CVD diagnosis, a recent report of 
10 European cohort studies (N=163 517 peo-
ple) reported that the prevalence of MHO var-
ied from 7% to 28% in females and from 2% 
to 19% in males.109

—			� MHO appears to be unstable over time, with 1 
study showing that 44.5% of MHO individuals 
transitioned to metabolically unhealthy obesity 
over 8 years of follow-up.110

—		�	� Among younger adults in the CARDIA study, 
after 20 years of follow-up, 47% of people 
were defined as being metabolically healthy 
overweight (presence of 0 or 1 metabolic 
risk factor).111 Among older adults in MESA, 
approximately half of participants with MHO 
developed MetS and had increased odds of 
CVD (OR, 1.60 [95% CI, 1.14–2.25]) compared 
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with those with stable MHO or healthy normal 
weight.112

—			� A recent meta-analysis of 22 prospective stud-
ies suggested that CVD risk was higher in MHO 
than metabolically healthy normal-weight par-
ticipants (RR, 1.45 [95% CI, 1.20–1.70]); how-
ever, the risk in MHO individuals was lower than 
in individuals who were metabolically unhealthy 
and normal weight (RR, 2.07 [95% CI, 1.62–
2.65]) or obese (RR, 2.31 [95% CI, 1.99–2.69]).95

—			� Other reports suggest that obesity, especially 
long-lasting or severe obesity, without meta-
bolic abnormalities might not increase risk for 
MI but does increase risk for HF.113,114

Cost
Obesity costs the healthcare system, healthcare payers, 
and individuals with obesity.

•	 In the United States, the estimated annual medical 
cost of obesity in 2008 was $147 billion; the annual 
medical costs for individuals with obesity were 
$1429 higher than for normal-weight individuals.115 
A more recent study estimated mean annual per 
capita healthcare expenses associated with obesity 
were $1160 for males and $1525 for females.116

•	 According to NHANES I data linked to Medicare 
and mortality records, 45-year-old individuals with 
obesity had lifetime Medicare costs of $163 000 
compared with $117 000 for those who were at 
normal weight at 65 years of age.117

•	 According to data from the Medicare Current 
Beneficiary Survey from 1997 to 2006, in 1997, 
expenditures for Part A and Part B services per 
beneficiary were $6832 for a normal-weight per-
son, which was more than for overweight people 
($5473) or people with obesity ($5790); however, 
over time, expenses increased more rapidly for 
overweight people and people with obesity.118

•	 The costs of obesity are high: People with obesity 
paid on average $1429 (42%) more for health-
care costs than normal-weight people in 2006. For 
beneficiaries who are obese, Medicare pays $1723 
more, Medicaid pays $1021 more, and private 
insurers pay $1140 more annually than for benefi-
ciaries who are at normal weight. Similarly, people 
with obesity have 46% higher inpatient costs and 
27% more outpatient visits and spend 80% more 
on prescription drugs.115

•	 Using 4 waves of NHANES data (through 2000), 
the total excess cost in 2007 US dollars related to 
the current prevalence of adolescent overweight 
and obesity was estimated to be $254 billion 
($208 billion in lost productivity secondary to pre-
mature morbidity and mortality and $46 billion in 
direct medical costs).119

•	 A recent study recommended the use of $19 000 
(2012 US dollars) as the incremental lifetime medi-
cal cost of a child with obesity relative to a nor-
mal-weight child who maintains normal weight 
throughout adulthood.120

•	 According to the 2006 NHDS, the incidence of bar-
iatric surgery was estimated at 113 000 cases per 
year, with costs of nearly $1.5 billion annually.121

•	 A recent cost-effectiveness study of laparoscopic 
adjustable gastric banding showed that after 5 
years, $4970 was saved in medical expenses; if 
indirect costs were included (absenteeism and 
presenteeism), savings increased to $6180 and 
$10 960, respectively.122 However, when expressed 
per QALY, only $6600 was gained for laparoscopic 
gastric bypass, $6200 for laparoscopic adjustable 
gastric band, and $17 300 for open Roux-en-Y 
gastric bypass, none of which exceeded the stan-
dard $50 000 per QALY gained.123 Two other recent 
large studies failed to demonstrate a cost benefit 
for bariatric surgery versus matched patients over 
6 years of follow-up.124,125

•	 The cost effectiveness of bariatric surgery among 
individuals with DM is unclear, with 2 studies 
showing cost savings126,127 but a recent study dem-
onstrating no improvement compared with inten-
sive lifestyle and medical interventions.128

•	 Bariatric surgery appears to be cost-effective for 
the treatment of nonalcoholic steatohepatitis, with 
increasing degree of obesity associated with decreas-
ing cost per QALY ($19 222/QALY in the severely 
obese), which suggests that subsets of indications 
for bariatric surgery may be more cost-effective.129

Global Burden 
(See Chart 6-8)

•	 The GBD 2017 Study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
countries and territories.130

—			� Age-standardized mortality rates attributable 
to high BMI are generally lower in Northern 
Europe, sub-Saharan Africa, and East Asia 
(Chart 6-8).

•	 Although there is considerable variability in over-
weight and obesity data methodology and qual-
ity worldwide, cross-country comparisons can 
help reveal different patterns. Worldwide, from 
1975 to 2014, the prevalence of obesity increased 
from 3.2% in 1975 to 10.8% in 2014 in males 
and from 6.4% to 14.9% in females, and mean 
age-standardized BMI increased from 21.7 to 24.2 
kg/m2 in males and from 22.1 to 24.4 kg/m2 in 
females.131 Worldwide, between 1980 and 2013, 
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the proportion of adults with overweight or obesity 
increased from 28.8% (95% UI, 28.4%–29.3%) to 
36.9% (95% UI, 36.3%–37.4%) among males and 
from 29.8% (95% UI, 29.3%–30.2%) to 38.0% 
(95% UI, 37.5%–38.5%) among females. Since 
2006, the increase in adult obesity in developed 
countries has slowed. The estimated prevalence of 
adult obesity exceeded 50% of males in Tonga and 
females in Kuwait, Kiribati, the Federated States of 
Micronesia, Libya, Qatar, Tonga, and Samoa. In the 
sub-Saharan African country of Malawi, represen-
tative of rural but developing countries, the preva-
lence of overweight or obesity was 18% and 44% 
of urban males and females, respectively, and 9% 
and 27% of rural males and females, respectively. 
Associated hypertension and DM are highly preva-
lent and underdiagnosed.132 As of 2013, around 
the world, obesity rates are higher for females than 
males and in developed countries than in devel-
oping countries. Higher obesity rates for females 
than for males occur for those ≥45 years of age 
in developed countries but for those ≥25 years of 
age in developing countries.133

•	 Between 1980 and 2013, the prevalence of over-
weight and obesity rose by 27.5% for adults.133 Over 
this same period, no declines in obesity prevalence 
were detected. In 2008, an estimated 1.46 billion 
adults were overweight or obese. The prevalence of 

obesity was estimated at 205 million males and 297 
million females in 2013. The highest prevalence of 
male obesity is in the United States, Southern and 
Central Latin America, Australasia, and Central and 
Western Europe, and the lowest prevalence is in 
South and Southeast Asia and East, Central, and 
West Africa. For females, the highest prevalence of 
obesity is in Southern and North Africa, the Middle 
East, Central and Southern Latin America, and the 
United States, and the lowest is in South, East, and 
Southeast Asia, the high-income Asia-Pacific subre-
gion, and East, Central, and West Africa.134

•	 An appraisal of the prevalence of obesity in sub-
Saharan Africa from 2009 to 2012 suggests an 
increase in BMI and WC, associated with hyper-
tension. In 2726 university students in Cameroon, 
the prevalence of obesity, overweight and obesity 
(combined), and hypertension was 3.5%, 21%, and 
6.3%, respectively. There was an increase over time 
in overweight and obesity in males and an increase 
in prevalence of abdominal obesity in females, which 
were both associated with incident hypertension.135

•	 In 2015, a total of 107.7 million youth and 603.7 
million adults had obesity, with an overall obesity 
prevalence of 5.0% among children and 12.0% 
among adults. High BMI contributed to 4.0 million 
deaths globally, with the leading cause of death 
and disability being attributable to CVD.136

Table 6-1.  Prevalence of Overweight, Obesity, and Severe Obesity in Youth and Adults, United States, 2013 to 2016

Prevalence of 
Overweight and 

Obesity,* Age 2-19 y
Prevalence of Obesity,*

Age 2-19 y

Prevalence of 
Overweight and 

Obesity,* Age ≥20 y
Prevalence of Obesity,* 

Age ≥20 y
Prevalence of Extreme 

Obesity,* Age ≥20 y

n† % n† % n† % n† % n† %

Total 25 396 610 34.2 13 218 119 17.8 168 124 846 69.9 73 776 304 38.3 17 971 151 7.7

  Male 12 976 634 34.2 6 867 751 18.1 85 319 221 73.2 35 712 352 36.0 6 315 689 5.5

  Female 12 456 292 34.3 6 355 251 17.5 82 831 254 66.9 38 070 753 40.4 11 798 284 9.8

NH white

  Male 6 181 303 30.9 3 060 645 15.3 57 009 715 73.6 23 603 229 35.8 4 147 532 5.5

  Female 5 408 658 28.5 2 675 862 14.1 52 655 558 64.3 23 508 364 37.8 7 306 654 9.4

NH black

  Male 1 696 311 32.4 937 159 17.9 9 135 568 69.1 3 939 550 37.0 968 527 7.2

  Female 2 146 338 42.2 1 169 805 23.0 12 095 004 79.5 6 100 089 55.3 2 328 852 15.3

Hispanic

  Male 3 973 860 43.8 2 204 676 24.3 14 518 219 80.8 6 303 729 40.1 1 053 598 5.6

  Female 3 818 241 43.8 1 996 295 22.9 13 722 325 77.8 6 667 145 48.4 1 869 623 10.3

NH Asian

  Male 432 521 24.2 212 686 11.9 2 964 505 48.8 676 746 11.1 23 956 0.4

  Female 335 568 19.2 129 334 7.4 2 503 175 36.3 912 116 13.5 20 574 0.3

NH indicates non-Hispanic.
*Overweight and obesity in adults is defined as body mass index (BMI) ≥25 kg/m2. Obesity in adults is defined as BMI ≥30 kg/m2. Extreme obesity is defined as BMI ≥40 kg/m2.  

Prevalence estimates for adults were age-adjusted using the direct method to standardize estimates to the projected 2000 US census population with age categories of 20 to 39, 
40 to 59, and ≥60 years of age. In children, overweight and obesity are based on BMI-for-age values ≥85th percentile of the 2000 Centers for Disease Control and Prevention 
(CDC) growth charts. In children, obesity is based on BMI-for-age values at or above the 95th percentile of the CDC growth charts.16 Prevalence estimates for youth are unadjusted.

†n is population counts applied to the average of the 2013 and 2015 Census Bureau population estimates.
Source: Unpublished tabulation using National Health and Nutrition Examination Survey, 2013 to 2016.18

This table 
shows detailed 
prevalence of 
overweight, obe-
sity, and severe 
obesity in youth 
and adults from 
2013 to 2016 
broken down 
by race and sex.  
The overall preva-
lence of obesity 
for children ages 
2 to 19 years 
of age was 
slightly higher 
for males than 
females.  For 
adults 20 years 
of age and older, 
the prevalence 
of obesity was 
slightly higher 
in females and 
the prevalence 
of extreme 
obesity was over 
4% higher in 
females.
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Chart 6-1. Prevalence of obesity among US youth 2 to 19 years of age, by sex and age, 2015 to 2016. 
1Significantly different from those 2 to 5 years of age.  
Source: Reprinted from Hales et al17 using National Health and Nutrition Examination Survey, 2015 to 2016.

This chart shows 
that from 2015 
to 2016 the 
prevalence of 
obesity among all 
youth was lowest 
among youth 
2 to 5 years of 
age, followed by 
youth 6 to 11 
years of age, and 
lastly youth 12 to 
19 years of age.  
Within all youth 
age categories 
the prevalence of 
obesity was high-
er among males 
than females. 
Among males, 
the prevalence 
of obesity was 
highest among 
those 6 to 11 
years of age, 
followed closely 
by youth 12 to 
19 years of age.  
Among females, 
the prevalence 
of obesity was 
highest among 
those 12 to 19 
years of age.

Chart 6-2. Overweight and obesity among US adults ≥20 years of age, by sex and grade of obesity, 1999 to 2000 through 2015 to 2016.  
Estimates are age adjusted. Overweight but not obese is defined as a body mass index (BMI) ≥25.0 to 29.9 kg/m2. Grade 1 obesity is a BMI ≥30.0 to 34.9 kg/m2, 
grade 2 obesity is a BMI from 35.0 to 39.9 kg/m2, and grade 3 obesity is a BMI ≥40.0 kg/m2.  
Source: Reprinted from Health, United States, 201723 using data from National Health and Nutrition Examination Survey, 1999 to 2016.

This chart shows 
that more adult 
males than 
females are 
overweight or 
obese across 
all years from 
1999 to 2016.  
For both sexes, 
the prevalence 
of overweight 
decreased but 
the prevalence 
of grades 1-3 
obesity combined 
increased over 
time.
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Chart 6-3. Prevalence of self-reported obesity among adults by US state and territory, 2015 to 2017.  
Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be compared to prevalence estimates before 2011.  
BRFSS indicates Behavioral Risk Factor Surveillance System.  
*Sample size <50 or the relative SE (dividing the SE by the prevalence) ≥30%.  
Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using BRFSS, 2015 to 2017.25

This chart shows 
that from 2015 
to 2017, the 
prevalence of 
self-reported 
obesity among 
adults was high-
est in Indiana, 
West Virginia, 
Rhode Island, 
Alabama, Missis-
sippi, Arkansas, 
Louisiana, and 
Oklahoma.

Chart 6-4. Prevalence of self-reported obesity among non-Hispanic white adults, by US state and territory, 2015 to 2017. 
*Sample size <50 or the relative SE (dividing the SE by the prevalence) ≥30%.  
Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using Behavioral Risk Factor Surveillance System, 2015 to 2017.25

This chart shows 
between 2015 
and 2017 the 
prevalence of 
self-reported 
obesity among 
non-Hispanic 
white adults was 
highest in West 
Virginia, followed 
by Alaska and 
most of the 
central states.
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Chart 6-5. Prevalence of self-reported obesity among Hispanic adults, by US state and territory, 2015 to 2017. 
*Sample size <50 or the relative SE (dividing the SE by the prevalence) ≥30%.  
Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using Behavioral Risk Factor Surveillance System, 2015 to 2017.25

This chart shows 
that between 
2015 and 2017, 
the prevalence 
of self-reported 
obesity among 
Hispanic adults 
was highest in 
Texas, Oklahoma, 
Kansas, Arizona, 
Illinois, Michigan, 
North Dakota 
and South Da-
kota.

Chart 6-6. Prevalence of self-reported obesity among non-Hispanic black adults, by US state and territory, 2015 to 2017. 
*Sample size <50 or the relative SE (dividing the SE by the prevalence) ≥ 30%.  
Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using Behavioral Risk Factor Surveillance System, 2015 to 2017.25

This chart shows 
that between 
2015 and 2017, 
the prevalence 
of self-reported 
obesity among 
non-Hispanic 
black adults was 
highest in south 
eastern states, 
mid-Atlantic 
states, central 
states, some mid-
western states, 
and Alaska. 
More states 
had the highest 
prevalence level 
of greater than 
35% obesity 
among this race 
category than 
among Hispanics 
and non-Hispanic 
whites.
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Chart 6-7. Trends in obesity prevalence among US adults ≥20 years of age (age adjusted) and US youth 2 to 19 years of age, 1999 to 2000 through 
2015 to 2016. 
All estimates for adults are age adjusted by the direct method to the 2000 US census population using the age groups 20 to 39, 40 to 59, and ≥60 years of age.  
1Significant increasing linear trend from 1999 to 2000 through 2015 to 2016.  
Source: Reprinted from Hales et al17 using National Health and Nutrition Examination Survey, 1999 to 2016.

This chart shows 
that obesity 
prevalence for 
adults and youth 
12-19 years of 
age increased 
yearly between 
1999 and 2016, 
with prevalence 
for adults always 
15-20% higher 
than for youth.

Chart 6-8. Age-standardized mortality rates attributable to high body mass index (BMI) per 100 000, both sexes, 2017. 
Age-standardized mortality rates attributable to high BMI are generally lower in Northern Europe, sub-Saharan Africa and East Asia.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.130 Printed with permission. 
Copyright © 2018, University of Washington.

This map 
shows that 
age-standardized 
mortality rates 
attributable to 
high body-mass 
index were gen-
erally lower in 
Northern Europe, 
Sub-Saharan 
Africa and East 
Asia in 2017.
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7. HIGH BLOOD CHOLESTEROL AND 
OTHER LIPIDS
See Table 7-1 and Charts 7-1 through 7-5

Cholesterol is one of the primary causal risk factors 
for the development of ASCVD and is 1 of 7 critical 
metrics the AHA has used to define CVH in adults and 
children. The AHA updated the guideline for treatment 

of cholesterol in 2018.1 There is substantial interest in 
lowering average cholesterol levels in populations and 
in identifying individuals likely to benefit from targeted 
cholesterol-lowering interventions.

US-based population estimates of mean levels and 
prevalence reported in this chapter are derived from 
NHANES data for youth and adults.2

Prevalence of High TC
Youth 
(See Chart 7-1)

•	 Among children 6 to 11 years of age, the mean TC 
level in 2013 to 2016 was 157.8 mg/dL. For males, 
it was 157.9 mg/dL; for females, it was 157.7 mg/
dL. The racial/ethnic breakdown in NHANES 2013 
to 20162 was as follows (unpublished NHLBI tabu-
lation using NHANES2):
—	 For NH whites, 157.1 mg/dL for males and 

159.1 mg/dL for females
—	� For NH blacks, 158.8 mg/dL for males and 

158.2 mg/dL for females
—	 For Hispanics, 158.7 mg/dL for males and 

153.9 mg/dL for females
—	 For NH Asians, 160.1 mg/dL for males and 

161.5 mg/dL for females
•	 Among adolescents 12 to 19 years of age,2 the 

mean TC level in 2013 to 2016 was 154.4 mg/dL; 
for males, it was 151.6 mg/dL; for females, it was 
157.5 mg/dL. The racial/ethnic breakdown was 
as follows (unpublished NHLBI tabulation using 
NHANES2):
—	 For NH whites, 150.6 mg/dL for males and 

157.2 mg/dL for females
—	 For NH blacks, 150.8 mg/dL for males and 

156.0 mg/dL for females
—	 For Hispanics, 152.7 mg/dL for males and 

156.0 mg/dL for females
—	 For NH Asians, 155.4 mg/dL for males and 

170.2 mg/dL for females
•	 Among youth 6 to 19 years of age, the preva-

lence of adverse TC levels (TC ≥200 mg/dL) in 
2009 to 2016 was 7.1% (95% CI, 6.4%–7.8%). 
Conversely, ideal levels of lipids (as opposed to 
adverse or borderline levels) may be a particu-
larly relevant target for youth. Among youth 6 
to 19 years of age, the prevalence of ideal TC 
levels (TC <170 mg/dL) in 2015 to 2016 was 
71.4% (95% CI, 69.0%–73.8%; Chart 7-1).3 
The remainder of youth had borderline levels (TC 
170–199 mg/dL).

Adults (≥20 Years of Age) 
(See Table 7-1 and Charts 7-2 through 7-4)

•	 Among adults ≥20 years of age, the mean TC level 
in 2013 to 2016 was 190.8 mg/dL. For males, it 
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was 187.9 mg/dL; for females, it was 193.1 mg/
dL. The racial/ethnic breakdown was as follows 
(unpublished NHLBI tabulation using NHANES2):
—	 For NH whites, 187.7 mg/dL for males and 

194.9 mg/dL for females
—	 For NH blacks, 182.5 mg/dL for males and 

185.4 mg/dL for females
—	 For Hispanics, 192.6 mg/dL for males and 

191.2 mg/dL for females
—	 For NH Asians, 189.5 mg/dL for males and 

191.9 mg/dL for females
•	 In 2013 to 2016 (unpublished NHLBI tabulation 

using NHANES2):
—		 An estimated 28.5 million adults ≥20 years of 

age had serum TC levels ≥240 mg/dL, with a 
prevalence of 11.7%, and 92.8 million (38.2%) 
had serum TC levels ≥200 mg/dL (Table 7-1).

—	 The percentage of adults with high TC (≥240 
mg/dL or ≥200 mg/dL) was lower for NH black 
than for NH white and Asian and Hispanic 
adults; NH black males had the lowest age-
adjusted prevalence for both categories of TC 
(Table 7-1 and Charts 7-2 and 7-3).

—	 Females had higher prevalence of TC ≥240 
mg/dL (12.4%) and TC ≥200 mg/dL (40.4%) 
than males (10.7% and 35.4%, respectively; 
Table 7-1).

•	 The Healthy People 2010 guideline of an age-
adjusted mean TC level of ≤200 mg/dL has been 
achieved in adults, in males, in females, and in all 
race/ethnicity subgroups.2,4 The Healthy People 
2020 target is a mean total blood cholesterol 
of 177.9 mg/dL for adults, which had not been 
achieved in adults, in males, in females, or in 
any race/ethnicity subgroup as of 2013 to 2016 
NHANES data (Chart 7-4).5 Conversely, the Healthy 
People 2020 target of ≤13.5% for the propor-
tion of adults with high TC ≥240 mg/dL has been 
achieved as of 2013 to 2016 for adults overall and 
all race-sex subgroups except NH white females 
(Table 7-1 and Chart 7-3).6

Prevalence of Abnormal Levels of Lipid 
Subfractions
LDL Cholesterol

Youth
•	 There are limited data available on LDL-C for chil-

dren 6 to 11 years of age.
•	 Among adolescents 12 to 19 years of age, the 

mean LDL-C level in 2013 to 2016 was 86.7 mg/
dL (males, 85.6 mg/dL; females, 87.8 mg/dL). The 
racial/ethnic breakdown was as follows (unpub-
lished NHLBI tabulation using NHANES2):
—	 For NH whites, 86.7 mg/dL for males and 87.9 

mg/dL for females

—	 For NH blacks, 81.7 mg/dL for males and 88.4 
mg/dL for females

—	 For Hispanic Americans, 85.0 mg/dL for males 
and 84.2 mg/dL for females

—	 For NH Asians, 81.7 mg/dL for males and 
103.3 mg/dL for females; however, these val-
ues are based on data from small sample sizes 
(50 NH Asian males and 53 NH Asian females)

•	 High levels of LDL-C (≥130 mg/dL) occurred in 
5.9% of male adolescents and 5.2% of female 
adolescents during 2013 to 2016 (unpublished 
NHLBI tabulation using NHANES2).

•	 Conversely, ideal levels of LDL-C (<110 mg/dL) 
were present in 84.1% (95% CI, 79.8%–88.4%) 
of all adolescents in 2013 to 2014 (Chart 7-1).3

Adults
•	 In 2013 to 2016 (unpublished NHLBI tabulation 

using NHANES2), the mean level of LDL-C for 
American adults ≥20 years of age was 112.1 mg/
dL. The racial/ethnic breakdown was as follows:
—	 Among NH whites, 112.3 mg/dL for males and 

112.3 mg/dL for females
—	 Among NH blacks, 111.0 mg/dL for males and 

108.1 mg/dL for females
—	 Among Hispanics, 117.5 mg/dL for males and 

109.3 mg/dL for females
—	 Among NH Asians, 113.8 mg/dL for males and 

108.2 mg/dL for females
•	 In 2015 to 2016, the age-adjusted prevalence of 

high LDL-C (≥130 mg/dL) was 29.4% (unpub-
lished NHLBI tabulation using NHANES2).

HDL Cholesterol

Youth
•	 Among children 6 to 11 years of age, the mean 

HDL-C level in 2013 to 2016 was 56.0 mg/dL. For 
males, it was 57.4 mg/dL, and for females, it was 
54.5 mg/dL. The racial/ethnic breakdown was as fol-
lows (unpublished NHLBI tabulation using NHANES2):
—	 For NH whites, 56.6 mg/dL for males and 54.7 

mg/dL for females
—	 For NH blacks, 62.5 mg/dL for males and 58.1 

mg/dL for females
—	 For Hispanics, 55.9 mg/dL for males and 52.2 

mg/dL for females
—	 For NH Asians, 58.1 mg/dL for males and 54.4 

mg/dL for females
•	 Among children 6 to 11 years of age, low levels of 

HDL-C (<40 mg/dL) occurred in 6.9% of males and 
10.8% of females in 2013 to 2016 (unpublished 
NHLBI tabulation using NHANES2).

•	 Among adolescents 12 to 19 years of age, the 
mean HDL-C level was 51.8 mg/dL. For males, 
it was 49.9 mg/dL, and for females, it was 53.8 
mg/dL. The racial/ethnic breakdown was as 
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follows (NHANES 2013–2016,2 unpublished NHLBI 
tabulation):
—	 For NH whites, 49.2 mg/dL for males and 53.5 

mg/dL for females
—	 For NH blacks, 54.4 mg/dL for males and 56.9 

mg/dL for females
—	 For Hispanics, 49.6 mg/dL for males and 52.2 

mg/dL for females
—	 For NH Asians, 52.8 mg/dL for males and 56.6 

mg/dL for females
•	 Low levels of HDL-C (<40 mg/dL) occurred in 

20.4% of male adolescents and 10.4% of female 
adolescents in 2013 to 2016 (unpublished NHLBI 
tabulation using NHANES2).

•	 Conversely, ideal levels of HDL-C (>45 mg/dL) 
were present in 75.4% (95% CI, 72.1% –78.7%) 
of all youth 6 to 19 years of age in 2015 to 2016 
(Chart 7-1).3

Adults
•	 In 2013 to 2016 (unpublished NHLBI tabulation 

using NHANES2), the mean level of HDL-C for 
American adults ≥20 years of age was 54.2 mg/
dL. The racial/ethnic breakdown was as follows:
—	 Among NH whites, 48.4 mg/dL for males and 

60.9 mg/dL for females
—	 Among NH blacks, 52.8 mg/dL for males and 

60.1 mg/dL for females
—	 Among Hispanics, 45.8 mg/dL for males and 

54.4 mg/dL for females
—	 Among NH Asians, 47.7 mg/dL for males and 

60.2 mg/dL for females
•	 According to NHANES 2015 to 2016,7 the age-

adjusted prevalence rates for HDL-C <40 mg/dL 
were:
—	 28.5% in males and 8.9% in females
—	 Among NH whites, 28.2% in males and 7.3% 

in females
—	 Among NH blacks, 17.3% in males and 8.2% 

in females
—	 Among Hispanics, 36.2 % in males and 13.8% 

in females
—	 Among NH Asians, 26.4% in males and 7.7% 

in females

Triglycerides

Youth
•	 There are limited data available on triglycerides for 

children 6 to 11 years of age.
•	 Among adolescents 12 to 19 years of age, the 

geometric mean triglyceride level in 2013 to 2016 
was 61.8 mg/dL. For males, it was 62.2 mg/dL, and 
for females, it was 61.3 mg/dL. The racial/ethnic 
breakdown was as follows (unpublished NHLBI 
tabulation using NHANES2):
—	 Among NH whites, 63.8 mg/dL for males and 

61.6 mg/dL for females

—	 Among NH blacks, 45.6 mg/dL for males and 
48.4 mg/dL for females

—	 Among Hispanics, 70.2 mg/dL for males and 
68.4 mg/dL for females

—	 Among NH Asians, 59.0 mg/dL for males and 
74.0 mg/dL for females

•	 High levels of triglycerides (≥130 mg/dL) occurred 
in 11.9% of male adolescents and 7.6% of female 
adolescents during 2013 to 2016 (unpublished 
NHLBI tabulation using NHANES 2013–20162).

•	 Conversely, ideal levels of triglycerides (<90 mg/dL) 
were present in 76.7% (95% CI, 70.8%–82.5%) 
of all adolescents in 2013 to 2014 (Chart 7-1).3

Adults
•	 Among American adults ≥20 years of age, the 

geometric mean triglyceride level in 2013 to 2016 
was 95.6 mg/dL (unpublished NHLBI tabulation 
using NHANES2). The geometric mean triglyceride 
levels were 103.0 mg/dL for males and 89.1 mg/dL 
for females. The racial/ethnic breakdown was as 
follows:
—	 Among NH whites, 103.4 mg/dL for males and 

92.1 mg/dL for females
—	 Among NH blacks, 82.2 mg/dL for males and 

66.7 mg/dL for females
—	 Among Hispanics, 113.5 mg/dL for males and 

99.7 mg/dL for females
—	 Among NH Asians, 109.9 mg/dL for males and 

84.6 mg/dL for females
•	 In 2013 to 2016, ≈22.2% of adults had high tri-

glyceride levels (≥150 mg/dL; unpublished NHLBI 
tabulation using NHANES2).
—	 The prevalence of high triglycerides (≥150 mg/

dL) was higher (25.5%) among those with 
lower education (<12 years) than among those 
with higher education (>12 years; 21.2%; 
unpublished NHLBI tabulation using NHANES 
2013-20162).

Secular Trends in TC and Lipid 
Subfractions
Youth 
(See Chart 7-1)

•	 Between 1999 and 2016, there were favorable 
trends in mean levels of TC, HDL-C, and non–HDL-C 
among youth 6 to 19 years of age. There were also 
favorable trends in levels of LDL-C, triglycerides, and 
apolipoprotein B among adolescents 12 to 19 years 
of age over a similar period (data not available for 
younger children). The proportion of youths 6 to 
19 years of age with all ideal levels of TC, HDL-C, 
and non–HDL-C increased significantly from 42.1% 
(95% CI, 39.6%–44.7%) in 2007 to 2008 to 
51.4% (95% CI, 48.5%–54.2%) in 2015 to 2016, 
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and the proportion with at least 1 adverse level 
decreased from 23.1% (95% CI, 21.5%–24.7%) in 
2007 to 2010 to 19.2% (95% CI, 17.6%–20.8%) 
in 2013 to 2016 (Chart 7-1). The proportion of ado-
lescents 12 to 19 years of age with all ideal levels 
of TC, HDL-C, non–HDL-C, LDL-C, triglycerides, 
and apolipoprotein B did not change significantly, 
from 39.6% (95% CI, 33.7%–45.4%) in 2007 to 
2008 to 46.8% (95% CI, 40.9%–52.6%) in 2013 
to 2014, and the proportion with at least 1 adverse 
level remained stable from 2007 to 2010 to 2011 
to 2014 at 25.2% (25.2% in 2011–2014 [95% CI, 
22.2%–28.2%]; Chart 7-1).3

Adults (≥20 Years of Age)
•	 The prevalence of high TC (≥240 mg/dL) has 

decreased over time, from 18.3% of adults in 
1999 to 2000 to 12.4% in 2015 to 2016.7

•	 From 1999 to 2016, mean serum TC for adults 
≥20 years of age decreased across all subgroups of 
race (Chart 7-4).

•	 Overall, the decline in mean cholesterol levels in 
recent years likely reflects greater uptake of cho-
lesterol-lowering medications rather than changes 
in dietary patterns.8

•	 Mean levels of LDL-C decreased from 126.2 mg/dL 
during 1999 to 2000 to 112.8 mg/dL during 2015 
to 2016. The age-adjusted prevalence of high 
LDL-C (≥130 mg/dL) decreased from 42.9% dur-
ing 1999 to 2000 to 29.4% during 2015 to 2016 
(unpublished NHLBI tabulation using NHANES2).

•	 Low HDL-C prevalence declined between 2007 to 
2008 and 2015 to 2016 (unpublished NHLBI tabu-
lation using NHANES2).

•	 Geometric mean levels of triglycerides declined 
from 123 mg/dL in 1999 to 2000 to 97 mg/dL in 
2013 to 2014.9

Family History and Genetics
•	 There are several known monogenic or mendelian 

causes of high blood cholesterol and lipids, the 
most common of which is FH, which affects up to 
≈1 in 200 individuals.10

•	 High cholesterol is heritable even in families that 
do not harbor one of these monogenic forms of 
disease.
—		 In a study of >100 000 individuals of European 

origin, 95 loci were identified using GWASs.11 
Additional studies with even larger sample sizes 
and including individuals of diverse ancestry, 
use of electronic health record–based samples, 
and the addition of whole-exome sequencing 
(which offers more comprehensive coverage of 
the coding regions of the genome) have brought 
the number of known lipid loci to >200.12–15 The 

loci associated with blood lipid levels are often 
associated with cardiovascular and metabolic 
traits, including CAD, type 2 DM, hypertension, 
waist-hip ratio, and BMI.12

—	 As expected for a causal biomarker, there is 
considerable overlap between the genetics of 
LDL-C and the genetics of CHD. Furthermore, 
overlap between genetic loci for triglyceride-
rich lipoproteins and disease implicate triglyc-
erides as causal in CVD.16,17

Familial Hypercholesterolemia
•	 FH is a monogenic disorder that has been asso-

ciated with mutations in LDLR, APOB, LDLRAP1, 
and PCSK9, which affect uptake and clearance of 
LDL-C.10,18

•	 Based on data from NHANES (N=42 471, weighted 
to represent 212 million US adults) during 1999 
to 2014, the estimated US prevalence of definite/
probable FH using the Dutch Lipid Clinic criteria 
was 0.47% (SE, 0.03%), and the estimated preva-
lence of severe dyslipidemia (LDL-C ≥190 mg/dL) 
was 6.6% (SE, 0.2%) among adults.19 Based on 
data from NHANES 1999 to 2012, the estimated 
US prevalence of LDL-C ≥190 mg/dL was 0.42% 
(95% CI, 0.15%–0.70%) among adolescents.20

•	 Individuals with the FH phenotype (LDL-C ≥190 
mg/dL) experience an acceleration in CHD risk 
by 10 to 20 years in males and 20 to 30 years in 
females.21

•	 However, individuals with LDL-C ≥190 mg/dL and 
a confirmed FH mutation representing lifelong 
elevation of LDL-C levels have substantially higher 
odds for CAD than those with LDL-C ≥190 mg/dL 
without pathogenic mutations.18

—	 Compared with individuals with LDL-C <130 
mg/dL and no mutation, those with both 
LDL-C ≥190 mg/dL and an FH mutation had a 
22-fold increased risk for CAD (OR, 22.3 [95% 
CI, 10.7–53.2]).

—	 Compared with individuals with LDL-C <130 
mg/dL and no mutation, individuals with 
LDL-C ≥190 mg/dL and no FH mutation had a 
6-fold higher risk for CAD (OR, 6.0 [95% CI, 
5.2–6.9]).

•	 Based on NHANES 1999 to 2014 data, despite high 
frequency of cholesterol screening and awareness 
(>80%), statin use was uniformly low in adults 
with definite/probable FH (52.3% [SE, 8.2%]) and 
with severe dyslipidemia (37.6% [SE, 1.2%]).19 
Among adults with diagnosed FH in the CASCADE 
FH Registry, 25% achieved LDL-C <100 mg/dL and 
41% achieved LDL-C reduction ≥50%; factors 
associated with ≥50% reduction from untreated 
LDL-C levels were high-intensity statin use (OR, 
7.33 [95% CI, 1.86–28.86]; used in 42%) and use 
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of >1 medication to lower LDL-C (OR, 1.80 [95% 
CI, 1.34–2.41]; used in 45%).22

•	 Individuals who are homozygous for an FH muta-
tion have severe CAD that becomes apparent in 
childhood and requires plasmapheresis; it may be 
best treated using novel therapies, including gene 
therapy.23

•	 Cascade screening, which recommends choles-
terol testing for all first-degree relatives of FH 
patients, can be an effective strategy to identify 
affected family members who would benefit from 
therapeutic intervention.24

Familial Combined Hyperlipidemia
•	 Familial combined hyperlipidemia is a complex 

oligogenic disorder that affects 1% to 3% of the 
general population, which makes it the most prev-
alent primary dyslipidemia. In individuals with pre-
mature CAD, the prevalence is up to 10% to 14%. 
Familial combined hyperlipidemia has a hetero-
geneous clinical presentation within families and 
within individuals, including fluctuating elevations 
in LDL-C or triglycerides, as well as elevated apoli-
poprotein B levels. Environmental interactions are 
important in familial combined hyperlipidemia, and 
metabolic comorbidities are common. Probably 
because of its complex nature, familial combined 
hyperlipidemia remains underdiagnosed.25

Lipid Genetics and Drug Development
•	 Genetic studies of lipid traits have had some suc-

cess in identifying new drug targets, particularly 
the genetic interrogation of extremely high and 
low LDL-C,26–28 which led to the development of 
PCSK9 inhibitors. Furthermore, identification of 
variants in ANGPTL4, ANGPTL3, and APOC-III that 
associate with increased triglycerides and CAD risk 
highlight inhibition of these genes as potentially 
therapeutic.17,29,30

•	 As highly effective LDL-C–lowering drugs, statins 
are widely prescribed to reduce CVD risk, but 
response to statins varies among individuals. 
Genetic variants that affect statin responsive-
ness could predict the lipid-modulating ability of 
statins31–33 and modulate cardioprotection.34

Screening
•	 Nearly 70% of adults (67% of males and 72% 

of females) had been screened for cholesterol 
(defined as reporting they had their choles-
terol checked with the past 5 years) according 
to data from NHANES 2011 to 2012, which was 
unchanged since 2009 to 2010.35

—	 Among NH whites, 71.8% were screened 
(70.6% of males and 72.9% of females).

—	 Among NH blacks, 71.9% were screened 
(66.8% of males and 75.9% of females).

—	 Among NH Asians, 70.8% were screened 
(70.6% of males and 70.9% of females).

—	 Among Hispanic adults, 59.3% were screened 
(54.6% of males and 64.2% of females).

•	 In the United States, universal cholesterol screen-
ing is recommended for all children between 9 
and 11 years and again between 17 and 21 years 
of age, and reverse-cascade screening of family 
members is recommended for children found to 
have moderate to severe hypercholesterolemia.1,36

—	 Despite published guidelines, in a 2013 to 
2014 survey of 614 practicing pediatricians in 
the United States, only 30.3% and 42.4% of 
pediatricians reported that they usually/most/
all of the time screened healthy 9- to 11-year-
olds and 17- to 21-year-olds, respectively.37

—		 Data from Slovenia’s universal screening pro-
gram demonstrate the potential utility of this 
approach for detection of FH. Genetic testing 
was performed in 272 5-year-old children iden-
tified by the screening program to have TC 
>231.7 mg/dL or TC >193.1 mg/dL plus a fam-
ily history of premature cardiovascular complica-
tions. Between 2009 and 2013, 57.0% of these 
children were identified as having an FH-causing 
mutation, only 40.6% of whom had a family 
history of cardiovascular complications (thus, 
targeted screening would likely have missed the 
majority). Based on commonly reported FH inci-
dence, the estimated detection rate of FH was 
53.6% (95% CI, 34.5%–72.8%) for 2009 to 
2013 and peaked at 96.3% in 2013.38

—	 It has been estimated that in the United States, 
the numbers of 10-year-old children needed to 
universally screen to identify 1 case of severe 
hyperlipidemia (LDL-C ≥190 mg/dL or LDL-C 
≥160 mg/dL plus family history) or any hyper-
lipidemia (LDL-C ≥130 mg/dL) were 111 and 
12, respectively. These numbers were 49 and 
7, respectively, for a targeted screening pro-
gram based on parental dyslipidemia or early 
CVD in a first-degree relative. The incremen-
tal costs of detection per case for universal 
(versus targeted) screening were $32 170 for 
severe and $1980 for any hyperlipidemia, and 
the universal (versus targeted) strategy would 
annually detect about 8000 more children 
with severe hyperlipidemia and 126 000 more 
children with any hyperlipidemia.39

Awareness
•	 Based on NHANES data, awareness of high cho-

lesterol among adults with high LDL-C (based on 
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ATP III guidelines) increased from 48.9% to 62.8% 
from NHANES 1999 to 2000 to NHANES 2003 to 
2004 but did not increase further through 2009 to 
2010 (61.5%).40

•	 Between 2001 and 2012, awareness increased 
among uninsured adults 21 to 64 years of age but 
remained significantly lower than among insured 
adults, whereas awareness was similar between 
publicly and privately insured adults.41

•	 Based on NHANES 2005 to 2014 data, awareness 
among young adults 18 to 39 years of age with 
high (≥240 mg/dL) or borderline (200–239 mg/dL) 
TC was 56.9% (SE, 2.4%) and 22.5% (SE, 1.4%), 
respectively.42 Independent predictors of awareness 
included older age (OR, 2.35 [95% CI, 1.53–3.61] 
for 30–39 versus 18–29 years of age), having insur-
ance (OR, 2.14 [95% CI, 1.25–3.65]), and private 
clinic or doctor’s office as usual source of care (OR, 
2.09 [95% CI, 1.24–3.53] versus no usual source).

Treatment
•	 ODYSSEY OUTCOMES,43 a multicenter, double-

blinded RCT of alirocumab among 18 924 patients 
with ACS already taking maximum doses of statins, 
found the following:
—	 After 2.8 years, alirocumab treatment sig-

nificantly reduced cardiovascular death, MI, 
stroke, or hospitalization, from 11% to 9.5% 
compared with placebo (HR, 0.85 [95% CI, 
0.78–0.93]; P<0.001).

—	 To prevent 1 MACE, the NNT was 49 patients 
for 4 years.

—	 Mortality was reduced from 4.1% to 3.5% 
(HR, 0.85 [95% CI, 0.73–0.98]). This was a 
nominal finding.

—	 For patients with LDL-C >100 mg/dL, abso-
lute risk reductions were 3.4% for MACE and 
1.4% for mortality. The NNT was 16 patients 
for 4 years to prevent 1 MACE.

•	 LDL-C lowering in adults with LDL-C ≤70 mg/dL 
was safe and effective in a recent meta-analysis. 
Among adults with starting LDL-C as low as a 
median of 63 mg/dL and who achieved levels as 
low as a median of 21 mg/dL, the RR for major 
vascular events was consistently reduced (RR per 
38.7-mg/dL reduction, 0.79 [95% CI, 0.71–0.87]), 
and no adverse effects were observed.44

Control
•	 From 2001 to 2012, disparities in LDL-C control wid-

ened between insured and uninsured US adults 21 
to 64 years of age with high LDL-C (based on ATP III). 
LDL-C control was 21.4% (SE, 1.6%) among insured 
versus 10.5% (SE, 2.6%) among uninsured adults 

in 2001 to 2004 (P<0.01), and 35.1% (SE, 1.9%) 
versus 11.3% (SE, 2.2%), respectively (P<.0001), 
in 2009 to 2012. Additional independent predic-
tors of LDL-C control included more frequent health 
care, increasing age, higher income (≥200% versus 
<200% of federal poverty level), white race (versus 
black or Hispanic), and hypertension.41

•	 Data are not yet available regarding statin eligibility 
and LDL-C control under the 2018 Cholesterol Clinical 
Practice Guideline.1 However, the 2013 ACC/AHA 
guideline on treatment of blood cholesterol44a was 
found to increase statin eligibility most among non-
white adults (eligibility among black adults: 25.8% 
[adjusted OR, 3.8; P<0.001]; other races: 18.7% 
[adjusted OR, 2.5; P<0.001]), adults with no more 
than high-school education (17.3% [adjusted OR, 1.7; 
P=0.001]), and uninsured adults (17.6% [adjusted OR, 
1.5; P<0.001]) versus white adults (14.5%), adults 
who completed college (13.0%), and those with 
insurance (15.6%), respectively.45 Differences were 
driven by the prevalence of elevated predicted cardiac 
risk and DM. Among the US adults newly eligible for 
treatment with statins, 12.4 million (66.3%) were 
nonwhite and had lower education or lower income, 
and 3.0 million (16.1%) had no health insurance.
—		 In a separate analysis of Hispanic/Latino adults, 

eligibility for treatment with statins increased 
from 15.9% (95% CI, 15.0%–16.7%) to 
26.9% (95% CI, 25.7%–28.0%), mainly driven 
by the ≥7.5% CAD risk criteria (prevalence, 
13.9% [95% CI, 13.0%–14.7%]). However, 
among Hispanic/Latino adults eligible for treat-
ment with statins under National Cholesterol 
Education Program/ATP III and the 2013 ACC/
AHA guideline, only 28.2% (95% CI, 26.3%–
30.0%) and 20.6% (95% CI, 19.4%–21.9%) 
were taking statins, respectively.46

•	 Data from the REGARDS47 study indicated that 
even after accounting for access to medical care, 
there were disparities in statin use among individu-
als with DM.
—	 White males or females with DM and LDL-C 

>100 mg/dL (66.0% and 55.0%, respectively) 
were more likely to be prescribed statins than 
black males or females (57.8% and 53.6%, 
respectively).

—	 White males were more likely to have LDL-C 
at goal than white females or black males and 
females.

Mortality and Complications
•	 Among 4184 individuals free of conventional car-

diovascular risk factors in the PESA study, subclini-
cal atherosclerosis (plaque or CAC) was present in 
49.7% and was associated with LDL-C at levels 
currently considered normal.48
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—	 There was a linear and significant increase 
in the prevalence of atherosclerosis from the 
LDL-C 60 to 70 mg/dL category to the 150 
to 160 mg/dL category (from 11% to 64%, 
respectively, P<0.001).

—	 A similar pattern was seen for the extent of 
atherosclerosis (focal, intermediate, or gener-
alized disease), as well as the number of vas-
cular sites affected.

•	 Long-term exposure to even modestly elevated 
cholesterol levels can lead to CAD later in life.49 
In the Framingham Offspring Cohort, CAD rates 
were significantly elevated among adults with pro-
longed hyperlipidemia (non–HDL-C ≥160 mg/dL):
—		 Over a median 15-year follow-up, CAD rates 

were 4.4% for those with no exposure, 8.1% 
for those with 1 to 10 years of exposure, and 
16.5% for those with 11 to 20 years of exposure 
to hyperlipidemia by 55 years of age (P<0.001).

—	 The risk persisted after adjustment for other 
risk factors including non–HDL-C level at 55 
years of age (adjusted HR, 1.39 [95% CI, 
1.05–1.85] per decade of hyperlipidemia).

•	 In a large study of Health Survey for England and 
Scottish Health Survey participants (N=37 059), 
based on 2250 deaths of all causes during 326 016 
person-years of follow-up50:
—	 A U-shaped association of all-cause mortal-

ity was seen with the lowest HDL-C (<58 mg/
dL; HR, 1.23 [95% CI, 1.06–1.44]) and high-
est HDL-C (≥77 mg/dL; HR, 1.25 [95% CI, 
0.97–1.62]).

—	 Association with CAD was linear, with 
increased risk in those with the lowest HDL-C 
(HR, 1.49 [95% CI, 1.15–1.94]).

•	 Triglyceride concentration has strong associations 
with ASCVD risk, but in most studies the associa-
tion is attenuated after adjustment for other tradi-
tional risk factors.51 However, a recent mendelian 
randomization analysis of data from 654 783 partic-
ipants including 91 129 cases of CHD demonstrated 
that triglyceride-lowering variants in the lipoprotein 
lipase gene and LDL-C–lowering variants in the LDL 
receptor gene were associated with similarly lower 
CHD risk when evaluated per 10-mg/dL lower apo-
lipoprotein B level. This suggested that the clinical 
benefit of both triglycerides and LDL-C lowering 
might be related to the absolute reduction in apo-
lipoprotein B–containing lipoprotein particles (VLDL 
and LDL particles, respectively).52

Healthcare Utilization
•	 NHANES data show that from 1999 to 2000 to 

2011 to 2012, the use of cholesterol-lowering 
treatment increased from 8% to 18% among 

adults, with the use of statins increasing from 
7% to 17%.53

Cost
•	 In a 2017 analysis, it was estimated that under the 

2013 ACC/AHA guideline on treatment of blood 
cholesterol, compared with ATP III guidelines, 12.3 
million more Americans would be treated with 
statins over years 2016 to 2025, increasing treat-
ment costs by $13.3 billion.
—	 Despite the higher screening and treatment 

costs, the 2013 ACC/AHA guideline was pro-
jected to save 43 100 lives and 183 000 QALYs 
and result in a net cost savings of $3.9 billion.54

•	 In the United States, only 47% of prescriptions 
for PCSK9 inhibitors were approved between July 
2015 and August 2016.55 Approval rates were 
highest for Medicare (60.9%) and lowest for pri-
vate third-party payers (24.4%).

Global Burden of Hypercholesterolemia
(See Chart 7-5)

•	 According to the GBD 2017 study of leading risk 
factors for global mortality, high LDL-C remained 
the fifth-leading risk factor for mortality in 1990 
and 2017. In 2017, high LDL-C accounted for 4.3 
million (95% UI, 3.3–5.4 million) deaths and 94.9 
million (95% UI, 78.8–112.0 million) DALYs world-
wide. From 2007 to 2017, the percent change in 
total number of deaths was 20.8 (18.2–23.2), and 
the percent change in age-standardized mortality 
rate was −10.6 (−11.8 to −9.4).56,57

•	 In 2017, among WHO regions, the mortality rate (per 
100 000) attributable to LDL-C was highest in the 
European region (125.9 [95% UI, 93.4–161.9]) and 
lowest in the African region (16.1 [95% UI, 12.1–
20.5]; driven by very low rates in sub-Saharan Africa). 
The remainder of the regions had rates clustered 
between 46.3 and 58.1 per 100 000 (Chart 7-5).

•	 A report on trends in TC in 199 countries and ter-
ritories indicated that between 1980 and 2008, 
mean TC levels declined in high-income regions 
of the world (Australasia, North America, and 
Western Europe), as well as in Central and Eastern 
Europe, but increased in East and Southeast Asia 
and the Pacific.58 Nevertheless, mean TC levels in 
2008 were highest in the high-income region of 
Australasia, North America, and Western Europe 
(regional mean, 202.6 mg/dL [95% CI, 196.4–
208.4 mg/dL] for males and 202.2 mg/dL [95% 
CI, 194.5–210.0 mg/dL] for females) and lowest in 
sub-Saharan Africa (157.8 mg/dL [95% CI, 147.7–
167.8 mg/dL] for males and 165.1 mg/dL [95% CI, 
154.3–176.3 mg/dL] for females).
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Table 7-1.  High TC and LDL-C and Low HDL-C, United States, 2013 to 2016 (Age ≥20 Years)

Population Group
Prevalence of TC 

≥200 mg/dL
Prevalence of TC ≥240 

mg/dL
Prevalence of LDL-C 

≥130 mg/ dL
Prevalence of 

HDL-C <40 mg/dL

Both sexes 92 800 000 (38.2) 28 500 000 (11.7) 69 600 000 (28.9) 45 600 000 (19.2)

Males 41 200 000 (35.4) 12 400 000 (10.7) 34 800 000 (30.1) 33 700 000 (29.0)

Females 51 600 000 (40.4) 16 100 000 (12.4) 34 800 000 (27.6) 11 900 000 (9.9)

NH white males 35.4 10.5 29.4 29.7

NH white females 41.8 13.6 29.7 9.3

NH black males 29.8 8.9 29.5 19.8

NH black females 33.1 9.0 23.4 8.1

Hispanic males 39.9 13.0 33.5 32.6

Hispanic females 38.9 10.1 23.8 13.1

NH Asian males 38.7 11.7 32.2 25.9

NH Asian females 39.6 10.8 25.1 7.9

Values are n (%) or %. Prevalence of TC ≥200 mg/dL includes people with TC ≥240 mg/dL. In adults, levels of 200 to 239 mg/
dL are considered borderline high. Levels of ≥240 mg/dL are considered high. Data for TC, LDL-C, and HDL-C are age adjusted. 
HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NH, non-Hispanic; and TC, total 
cholesterol.

Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Health and Nutrition Examination Survey 
(2013–2016),2 applied to 2016 population estimates.

This table 
shows detailed 
prevalence 
of high total 
cholesterol, low-
density lipopro-
tein cholesterol, 
and high-density 
lipoprotein 
cholesterol for 
all adults, males 
and females, 
and race/
ethnicity and 
sex categories. 
Non-Hispanic 
white males and 
females have the 
highest preva-
lence of high 
total cholesterol 
and very high 
total cholesterol.  
Hispanic males 
have the highest 
prevalence of 
low-density 
lipoprotein 
cholesterol 
greater than or 
equal to 130 mg/
dl and the high-
est prevalence 
of high-density 
lipoprotein 
cholesterol lower 
than 40 mg/dl.
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Chart 7-1. Proportions of US youth with adverse and ideal lipid levels in the period 1999 to 2016, NHANES.  
A, Adverse lipid levels. B, Ideal lipid levels. TC, HDL-C, and non–HDL-C are shown for all youth 6 to 19 years of age, and triglycerides, LDL-C, and any/all lipids plus 
apoB are shown for fasting adolescents 12 to 19 years of age. A, For adverse lipid levels, the “earlier” and “later” periods shown for each lipid, respectively, are as 
follows: 1999 to 2006 and 2009 to 2016 for TC; 2007 to 2010 and 2013 to 2016 for HDL-C; 2007 to 2010 and 2013 to 2016 for non–HDL-C; 1999 to 2006 and 
2007 to 2014 for triglycerides; 1999 to 2006 and 2007 to 2014 for LDL-C; 2007 to 2010 and 2013 to 2016 for any of TC, HDL-C, or non–HDL-C; and 2007 to 
2010 and 2011 to 2014 for any lipid or apoB. (Continued )
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Chart 7-2. Age-adjusted trends in the prevalence of serum total cholesterol ≥200 mg/dL in US adults ≥20 years of age by race/ethnicity, sex, and 
survey year (NHANES, 2013–2014 and 2015–2016). 
NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.2

This chart shows 
that among 
female adults 
in both 2013 
to 2014 and 
2015 to 2016 
the highest 
prevalence of 
total cholesterol 
greater than or 
equal to 200 mg/
dl was in non-
Hispanic whites.  
Prevalence was 
higher in 2015 
to 2016 than in 
2013 to 2014.  
Among male 
adults, the high-
est prevalence of 
high total choles-
terol was in non-
Hispanic Asians 
and Hispanics 
in both 2013 to 
2014 and 2015 
to 2016, with 
higher levels in 
2013 to 2014.  
Among non-
Hispanic whites 
and non-Hispanic 
blacks, preva-
lence of high 
total cholesterol 
was higher in fe-
males than males 
at both time 
periods.  Among 
Hispanics, preva-
lence of high 
total cholesterol 
was higher in 
males in 2013 to 
2014 and higher 
in females from 
2015 to 2016.  
In non-Hispanic 
Asians, preva-
lence of high 
total cholesterol 
was higher in 
males from 2013 
to 2014 and 
higher in females 
from 2015 to 
2016.
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Chart 7-1 Continued. B, For ideal lipid levels, the “earlier” and “later” periods shown for each lipid, respectively, are as follows: 1999 to 2000 and 2015 to 2016 
for TC; 2007 to 2008 and 2015 to 2016 for HDL-C; 2007 to 2008 and 2015 to 2016 for non–HDL-C; 1999 to 2000 and 2013 to 2014 for triglycerides; 1999 to 
2000 and 2013 to 2014 for LDL-C; 2007 to 2008 and 2015 to 2016 for TC, HDL-C, and non–HDL-C; and 2007 to 2008 and 2013 to 2014 for all lipids and apoB.  
apoB indicates apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NHANES, National Health and Nutrition 
Examination Survey; and TC, total cholesterol.  
Source: Data derived from Perak et al.3

Chart 7-1A.  
Using data from 
1999 to 2016 
from different 
data sets, this 
chart shows that 
the proportion 
of US youth with 
adverse lipid 
levels decreased 
from an earlier 
period to a later 
period for total 
cholesterol, 
high-density 
lipoproteins, 
non-high-density 
lipoproteins, 
triglycerides, 
low density 
lipoproteins, and 
any lipid and/or 
apoB.
Chart 7-1B. 
Using data from 
1999 to 2016 
from different 
data sets, this 
chart shows that 
the proportion 
of US youth with 
ideal lipid levels 
increased from 
an earlier period 
to a later period 
for total choles-
terol, high-den-
sity lipoproteins, 
non-high-density 
lipoproteins, 
triglycerides, 
low density 
lipoproteins, and 
any lipid and/or 
apoB.
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Chart 7-4. Age-adjusted trends in mean serum total cholesterol among US adults ≥20 years old by race and survey year (NHANES, 1999–2004, 
2005–2010, and 2011–2016).  
Values are in mg/dL.  
NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.  
*The category of Mexican Americans was consistently collected in all NHANES years, but the combined category of Hispanics was only used starting in 2007. 
Consequently, for long-term trend data, the category Mexican American is used.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 1999 to 2016.2

This chart shows 
that mean serum 
total cholesterol 
levels over time 
were consistently 
highest in non-
Hispanic whites, 
followed by 
Mexican Ameri-
cans, and lastly 
non-Hispanic 
blacks using data 
from 1999 to 
2004, 2005 to 
2010, and 2011 
to 2016. All race 
groups declined 
in mean serum 
total cholesterol 
over time.
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Chart 7-3. Age-adjusted trends in the prevalence of serum total cholesterol ≥240 mg/dL in US adults ≥20 years of age by race/ethnicity, sex, and 
survey year (NHANES, 2013–2014 and 2015–2016). 
NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.2

This chart shows 
that among 
female adults 
in both 2013 
to 2014 and 
2015 to 2016 
the highest 
prevalence of 
total cholesterol 
greater than or 
equal to 240 mg/
dl was in non-
Hispanic whites.  
Prevalence was 
higher in 2015 
to 2016 than in 
2013 to 2014. 
Among male 
adults, the high-
est prevalence of 
very high total 
cholesterol was 
in Hispanics in 
both 2013 to 
2014 and 2015 
to 2016.  Among 
non-Hispanic 
whites, the 
prevalence of 
very high total 
cholesterol was 
higher in females 
than males 
at both time 
periods.  In non-
Hispanic blacks, 
the prevalence 
of very high total 
cholesterol was 
higher in females 
in 2013 to 2014 
but higher in 
males in 2015 to 
2016. In Hispan-
ics and non-
Hispanic Asians, 
the prevalence 
of very high total 
cholesterol was 
higher in males 
from 2013 to 
2014 and from 
2015 to 2016.
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8. HIGH BLOOD PRESSURE
ICD-9 401 to 404; ICD-10 I10 to I15. See Tables 8-1 
and 8-2 and Charts 8-1 through 8-6

HBP is a major risk factor for CVD and stroke.1 The AHA 
has identified untreated BP <90th percentile (for chil-
dren) and <120/<80 mm Hg (for adults ≥20 years of 
age) as 1 of the 7 components of ideal CVH.2 In 2015 
to 2016, 85.2% of children 12 to 19 years of age, 
55.1% of adults 20 to 49 years of age, and 19.9% of 
adults ≥50 years of age met these criteria (Chapter 2, 
Cardiovascular Health, Charts 2-2 and 2-3).

Prevalence
(See Table 8-1 and Charts 8-1 and 8-2)

•	 Although surveillance definitions vary widely in 
the published literature, including for the CDC 
and NHLBI, as of the 2017 Hypertension Clinical 
Practice Guidelines the following definition of HBP 
has been proposed for surveillance3:
—	 SBP ≥130 mm Hg or DBP ≥80 mm Hg or self-

reported antihypertensive medicine use, or
—	 Having been told previously, at least twice, 

by a physician or other health professional 
that one has HBP.

•	 Other important BP classifications, or phenotypes, 
assessed via 24-hour ambulatory BP monitoring 
include:
—	 Sustained hypertension, defined as elevated 

clinic BP with elevated 24-hour ambulatory BP

Click here to return to the Table of Contents

Abbreviations Used in Chapter 8

ACC American College of Cardiology

ACE angiotensin-converting enzyme

AHA American Heart Association

ARIC Atherosclerosis Risk in Communities

AUC area under the curve

BMI body mass index

BP blood pressure

BRFSS Behavioral Risk Factor Surveillance System

CARDIA Coronary Artery Risk Development in Young Adults

CDC Centers for Disease Control and Prevention

CDC WONDER Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research

CI confidence interval

CKD chronic kidney disease

CVD cardiovascular disease

CVH cardiovascular health

DALY disability-adjusted life-year

DBP diastolic blood pressure

DM diabetes mellitus

ED emergency department

eGFR estimated glomerular filtration rate

ESRD end-stage renal disease

GBD Global Burden of Disease

GRS genetic risk score(s)

GWAS genome-wide association study

HBP high blood pressure

HCHS/SOL Hispanic Community Health Study/Study of Latinos

HCUP Healthcare Cost and Utilization Project

HF heart failure

HIV human immunodeficiency virus

HR hazard ratio

ICD-9 International Classification of Diseases, 9th Revision

ICD-9-CM International Classification of Diseases, 9th Revision, 
Clinical Modification

ICD-10 International Classification of Diseases, 10th Revision

ICD-10-CM International Classification of Diseases, 10th Revision, 
Clinical Modification

IDACO International Database on Ambulatory Blood Pressure 
Monitoring in Relation to Cardiovascular Outcomes

JHS Jackson Heart Study

MEPS Medical Expenditure Panel Survey

MESA Multi-Ethnic Study of Atherosclerosis

MET metabolic equivalent

MI myocardial infarction

NAMCS National Ambulatory Medical Care Survey

NH non-Hispanic

NHAMCS National Hospital Ambulatory Medical Care Survey

NHANES National Health and Nutrition Examination Survey

NHIS National Health Interview Survey

NHLBI National Heart, Lung, and Blood Institute

NVSS National Vital Statistics System

OR odds ratio

OSA obstructive sleep apnea

PA physical activity

PAF population attributable fraction

PAR population attributable risk

QALY quality-adjusted life-year

RCT randomized controlled trial

REGARDS Reasons for Geographic and Racial Differences in 
Stroke

RR relative risk

SBP systolic blood pressure

SD standard deviation

SES socioeconomic status

SPRINT Systolic Blood Pressure Intervention Trial

SSB sugar-sweetened beverage

(Continued )

Abbreviations Used in Chapter 8 Continued
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—	 White-coat hypertension, defined as elevated 
clinic BP with normal 24-hour ambulatory BP

—	 Masked hypertension, defined as normal 
clinic BP with elevated 24-hour ambulatory 
BP

•	 Using data from the 2011 to 2014 NHANES 
(N=9623), the prevalence of hypertension 
among US adults was 45.6% (95% CI, 43.6%–
47.6%) using BP thresholds from the the 2017 
Hypertension Clinical Practice Guidelines versus 
31.9% (95% CI, 30.1%–33.7%) using guideline 
thresholds from the Seventh Report of the Joint 
National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure.4

•	 Using the most recent 2017 definition, the age-
adjusted prevalence of hypertension among US 
adults ≥20 years of age was estimated to be 
46.0% in NHANES in 2013 to 2016 (49.0% for 
males and 42.8% for females).5 This equates to an 
estimated 116.4 million adults ≥20 years of age 
who have HBP (58.7 million males and 57.7 million 
females; Table 8-1).

•	 In NHANES 2013 to 2016,5 the prevalence of HBP 
was 26.1% among those 20 to 44 years of age, 
59.2% among those 45 to 64 years of age, and 
78.2% among those ≥65 years of age (unpub-
lished NHLBI tabulation).

•	 In NHANES 2013 to 2016,5 a higher percentage 
of males than females had hypertension up to 64 
years of age. For those ≥65 years of age, the per-
centage of females with hypertension was higher 
than for males (unpublished NHLBI tabulation).

•	 The prevalence of HBP in adults ≥20 years of age is 
presented by both age and sex in Chart 8-1.

•	 Data from the 2017 BRFSS (unpublished NHLBI tab-
ulation) indicate that the age-adjusted percentage 
of adults ≥18 years of age who had been told that 
they had HBP ranged from 24.3% in Minnesota to 
38.6% in Alabama and West Virginia among US 
states, and the percentage was highest, at 41.0%, 
in Puerto Rico. The crude percentage (median) for 
the total United States was 32.3%.6

•	 Data from NHANES 2013 to 20165 indicate that 
35.3% of US adults with hypertension are not 
aware they have it (unpublished NHLBI tabulation).

•	 The age-adjusted prevalence of hypertension in 
1999 to 2004, 2005 to 2010, and 2011 to 2016 
is shown in race/ethnicity and sex subgroups in 
Chart 8-2.

•	 Among 1677 participants in the IDACO cohort 
database 40 to 79 years of age with clinic-mea-
sured SBP ≥140 mm Hg or DBP ≥90 mm Hg and 
not taking antihypertensive medication, 35.7% 
(95% CI, 23.5%–56.2%) had white-coat hyper-
tension. Among 3320 participants from the same 
database with clinic SBP <140 mm Hg and clinic 

DBP <90 mm Hg and not taking antihypertensive 
medication, 16.9% (95% CI, 8.8%–30.5%) had 
masked hypertension.7

•	 A meta-analysis of 20 observational studies and 4 
RCTs with a total sample size of 961 035 estimated 
the prevalence of apparent treatment-resistant 
hypertension in the observational studies to be 
13.7% (95% CI, 11.2%–16.2%).8

•	 In a cohort of 3367 patients with established kid-
ney disease, 40.4% had resistant hypertension, 
which was defined as having SBP ≥140 mm Hg or 
DBP ≥90 mm Hg on ≥3 antihypertensive medica-
tions or use of ≥4 antihypertensive medications 
and SBP <140 mm Hg and DBP <90 mm Hg.9

•	 An analysis of the Spanish Ambulatory Blood 
Pressure Monitoring Registry using 70 997 patients 
treated for hypertension estimated the preva-
lence of resistant hypertension (SBP/DBP ≥140/90 
mm Hg on at least 3 antihypertensive medications) 
was 16.9%, whereas the prevalence of white-coat 
resistant hypertension was 37.1%.10 The preva-
lence of refractory hypertension (SBP/DBP ≥140/90 
mm Hg on ≥5 antihypertensive medications) was 
1.4%, whereas the prevalence of white-coat 
refractory hypertension was 26.7%.10

•	 SPRINT demonstrated that an SBP goal of <120 
mm Hg resulted in fewer CVD events and a greater 
reduction in mortality than an SBP goal of <140 
mm Hg among people with SBP ≥130 mm Hg and 
increased cardiovascular risk.11 Using NHANES 
2007 to 2012 data, it was estimated that 7.6% 
(95% CI, 7.0%–8.3%) of US adults (16.8 million 
[95% CI, 15.7–17.8 million]) met the SPRINT inclu-
sion and exclusion criteria.12

•	 In a meta-analysis of people ≥16 years of age with 
HIV (49 studies with data collected from 1996–
2014; N=63 554), the prevalence of hyperten-
sion was 25.2% (95% CI, 21.2%–29.6%) overall, 
34.7% (95% CI, 27.4%–42.8%) among those 
who had been treated with antiretroviral therapy, 
and 12.7% (95% CI, 7.4%–20.8%) among those 
who had not received antiretroviral therapy.13

Older Adults
•	 The white-coat effect (clinic minus out-of-clinic BP) 

is larger at older ages. In IDACO, a pooled analysis 
of 11 cohorts (n=656 untreated participants with 
white-coat hypertension and n=653 participants 
with sustained normotension), the white-coat 
effect for SBP was 3.8 mm Hg (95% CI, 3.1–4.6 
mm Hg) larger for each 10-year increase in age.14

•	 Among 5236 adults in the REGARDS study ≥65 
years of age currently taking antihypertensive 
medications and enrolled in Medicare fee-for-
service, having more indicators of frailty (low 
BMI, cognitive impairment, depressive symptoms, 
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exhaustion, impaired mobility, and history of falls) 
was associated with an increased risk for serious 
fall injuries. The HR associated with 1 versus 0 indi-
cators of frailty was 1.18 (95% CI, 0.99–1.40), 2 
versus 0 was 1.49 (95% CI, 1.19–1.87), and ≥3 
versus 0 was 2.04 (95% CI, 1.56–2.67). In con-
trast, on-treatment SBP, DBP, and number of anti-
hypertensive medications were not statistically 
significantly associated with risk for serious fall 
injuries.15

Children and Adolescents
•	 In NHANES 2011 to 2012, 11.0% (95% CI, 

8.8%–13.4%) of children and adolescents 8 to 17 
years of age had either HBP (SBP or DBP at the 
95th percentile or higher) or borderline HBP (SBP 
or DBP between the 90th and 95th percentile or 
BP levels of 120/80 mm Hg or higher but <95th 
percentile).16

•	 In NHANES 2011 to 2012, HBP was more com-
mon among boys (1.8%) than girls (1.4%) and 
among Hispanics (2.4%) than among NH blacks 
(1.9%), NH whites (1.1%), and NH Asians 
(1.7%). Having either HBP or borderline HBP 
was more common among boys (15.4%) than 
girls (6.8%). Also, NH blacks (15.3%) were more 
likely to have either HBP or borderline HBP than 
Hispanic (11.5%), NH white (9.4%), or NH Asian 
(8.5%) boys or girls.16

•	 In 2003 to 2010, for girls 8 to 11 years of age, 
3.5% had poor BP (SBP or DBP >95th percentile), 
5.0% had intermediate BP (SBP ≥120 mm Hg or 
90th–95th percentile or DBP ≥80 mm Hg or 90th–
95th percentile), and 91.5% had ideal BP levels 
(SBP and DBP, 90th percentile) according to the 
AHA 2020 Strategic Impact Goals. For boys 8 to 11 
years of age, 2.8% had poor BP, 4.8% had inter-
mediate BP, and 92.5% had ideal BP according to 
Life’s Simple 7.17

•	 In NHANES 1999 to 2012, the prevalence of HBP 
was 9.9% among severely obese US adolescents 
(BMI ≥120% of 95th percentile of sex-specific BMI 
for age or BMI ≥35 kg/m2). The OR for HBP was 
5.3 (95% CI, 3.8–7.3) when comparing severely 
obese versus normal-weight adolescents.18

•	 In a retrospective study of 500 children screened 
for potential hypertension with ambulatory BP 
monitoring at a single pediatric nephrology unit in 
Italy, 12% had white-coat hypertension and 10% 
had masked hypertension.19

•	 Among 30 565 children and adolescents (3–17 
years of age) receiving health care between 2012 
and 2015, 51.2% of those with a first BP read-
ing ≥95th percentile for age, sex, and height and 
who had a repeated BP measurement during the 
same visit had a mean BP based on 2 consecutive 

readings that was <95th percentile. Of those with 
a visit BP ≥95th percentile, 67.8% did not have a 
follow-up visit within 3 months, and only 2.3% of 
those individuals with a follow-up visit had a BP 
≥95th percentile at this visit.20

Race/Ethnicity
(See Table 8-1 and Chart 8-2)

•	 Table 8-1 includes statistics on prevalence of HBP, 
mortality from HBP, hospital discharges for HBP, 
and cost of HBP for different race, ethnicity, and 
sex groups.

•	 The prevalence of hypertension in blacks in the 
United States is among the highest in the world. 
Using NHANES 2011 to 2016 data,5 the age-
adjusted prevalence of hypertension among NH 
blacks was 57.6% among males and 53.2% 
among females (Chart 8-2).

•	 In an analysis of NHANES participants 22 to 79 
years of age from 2003 to 2014, foreign-born NH 
blacks (n=522) had lower adjusted odds of having 
hypertension than US-born NH blacks (n=4511; 
OR, 0.61 [95% CI, 0.49–0.77]).21

•	 Data from the 2014 NHIS showed that black 
adults ≥18 years of age were more likely (33.0%) 
to have been told on ≥2 occasions that they 
had hypertension than American Indian/Alaska 
Native adults (26.4%), white adults (23.5%), 
Hispanic or Latino adults (22.9%), or Asian 
adults (19.5%).22

•	 Among >4 million adults who were overweight or 
obese in 10 healthcare systems and had continu-
ous insurance coverage or had at least 1 primary 
care encounter from 2012 to 2013, the prevalence 
of hypertension was 47.3% among blacks, 39.6% 
among whites, 38.6% among Native Hawaiians/
Pacific Islanders, 38.3% among American Indians/
Native Americans, 34.8% among Asians, and 
27.7% among Hispanics. Within categories 
defined by BMI and after adjustment for age, sex, 
and healthcare system, each racial/ethnic group 
except Hispanics was more likely to have hyper-
tension than whites.23

•	 Among 441 blacks in the JHS not taking antihyper-
tensive medication, the prevalence of clinic hyper-
tension (mean SBP ≥140 mm Hg or mean DBP ≥90 
mm Hg) was 14.3%, the prevalence of daytime 
hypertension (mean daytime SBP ≥135 mm Hg or 
mean daytime DBP ≥85 mm Hg) was 31.8%, and 
the prevalence of nighttime hypertension (mean 
nighttime SBP ≥120 mm Hg or mean nighttime 
DBP ≥70 mm Hg) was 49.4%. Among 575 blacks 
taking antihypertensive medication, the preva-
lence estimates were 23.1% for clinic hyperten-
sion, 43.0% for daytime hypertension, and 61.7% 
for nighttime hypertension.24

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e257

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 8

Incidence
•	 Among 3890 adults 18 to 30 years of age par-

ticipating in the CARDIA study who were free of 
hypertension at baseline, the incidence of hyper-
tension (SBP ≥130 mm Hg, DBP ≥80 mm Hg, or 
self-reported antihypertensive medication use) 
by 55 years of age was 75.7% in black females, 
75.5% in black males, 54.5% in white males, and 
40.0% in white females.25

Lifetime Risk and Cumulative Incidence
•	 Data from 13 160 participants in cohorts in the 

Cardiovascular Lifetime Risk Pooling Project 
(ie, the Framingham Offspring Study, CARDIA, 
and ARIC) found that the lifetime risk of hyper-
tension from 20 to 85 years of age using the 
2017 Hypertension Clinical Practice Guidelines 
was 86.1% (95% CI, 84.1%–88.1%) for black 
males, 85.7% (95% CI, 84.0%–87.5%) for 
black females, 83.8% (95% CI, 82.5%–85.0%) 
for white males, and 69.3% (95% CI, 67.8%–
70.7%) for white females.26

•	 Among 32 887 participants of the Kailuan study 
in Tangshan City, Hebei Province, China, with 
prehypertension (SBP 120–239 mm Hg or DBP 
80–89 mm Hg and not taking antihypertensive 
medications) who were 18 to 98 years of age in 
2006 to 2007 and were followed up until 2012 
to 2013, the cumulative incidence of hyperten-
sion (SBP ≥140 mm Hg, DBP ≥90 mm Hg, or taking 
antihypertensive medications) varied according to 
the number of ideal CVH factors. The cumulative 
incidence of hypertension was 78.6% for those 
with 0 or 1 ideal factors, 71.1% for those with 2 
ideal factors, 63.2% for those with 3 ideal factors, 
56.1% for those with 4 ideal factors, and 61.6% 
for those with ≥5 ideal factors.27

•	 In the Aerobics Center Longitudinal Study, a longi-
tudinal study of the age-related trajectories of BP 
among males 20 to 90 years of age without hyper-
tension, CVD, or cancer conducted from 1970 to 
2006 at the Cooper Clinic in Dallas, TX, the mean 
SBP increased 0.30 mm Hg (95% CI, 0.29–0.31 
mm Hg) per year. The mean increase in SBP per 
year was dependent on percentile of physical fit-
ness, measured by age-specific treadmill time, 
with higher physical fitness associated with lower 
mean increases in SBP per year.28

Secular Trends
•	 In NHANES, the prevalence of prehypertension 

decreased in all age groups for US adults between 
1999 to 2000 and 2013 to 2014, with the larg-
est decline occurring among those 18 to 39 years 

of age (from 32.2% in 1999–2000 to 23.4% in 
2013–2014).29

•	 Among US children and adolescents between 1999 
to 2000 and 2011 to 2012, there was no evidence 
of a change in the prevalence of borderline HBP 
(from 7.6% [95% CI, 5.8%–9.8%] to 9.4% [95% 
CI, 7.2%–11.9%]; P=0.90) or either HBP or bor-
derline HBP (from 10.6% [95% CI, 8.4%–13.1%] 
to 11.0% [95% CI, 8.8%–13.4%]; P=0.26).16 In 
this age group, HBP declined from 3.0% (95% 
CI, 2.0%–4.3%) to 1.6% (95% CI, 1.0%–2.4%; 
P=0.003).16

•	 Analysis of data for children and adolescents 8 to 
17 years of age (n=14 720) from NHANES 1999 to 
2002 through NHANES 2009 to 2012 found that 
mean SBP decreased from 105.6 to 104.9 mm Hg, 
and DBP decreased from 60.3 to 56.1 mm Hg.30

•	 In NHANES, among normal-weight and over-
weight/obese US adolescents (12–19 years of age), 
there was no statistically significant evidence that 
mean SBP and DBP changed between 1988 to 
1994 and 2007 to 2012. Among normal-weight 
adolescents, the unadjusted prevalence of pre-HBP 
was 11.4% (95% CI, 9.6%–13.6%) and the prev-
alence of HBP was 0.9% (95% CI, 0.5%–1.5%) 
in 1988 to 1994; the prevalence of pre-HBP was 
11.1% (95% CI, 9.3%–13.1%) and that of HBP 
was 1.4% (95% CI, 0.9%–2.1%) in 2007 to 2012. 
Among overweight/obese adolescents, the unad-
justed prevalence of pre-HBP was 15.5% (95% CI, 
11.1%–22.3%) and that of HBP was 6.4% (95% 
CI, 3.6%–11.0%) in 1988 to 1994; the unad-
justed prevalence of pre-HBP was 21.4% (95% CI, 
18.2%–25.0%) and that of HBP was 3.4% (95% 
CI, 2.3%–4.9%) in 2007 to 2012.31

•	 In a systematic review of studies evaluating secu-
lar trends in BP among children and adolescents 
(N=18 studies with >2 million participants), BP 
decreased between 1963 and 2012 in 13 studies, 
increased in 4 studies, and did not change in 1 
study conducted.32 No formal pooling of data was 
conducted.

Risk Factors
•	 Among 60 027 participants in the Norwegian 

Mother and Child Cohort Study who were nor-
motensive before pregnancy, the PAF for pharma-
cologically treated hypertension within 10 years 
postpartum was 28.6% (95% CI, 25.5%–30.3%) 
for complications of pregnancy (preeclampsia/
eclampsia, gestational hypertension, preterm 
delivery, and pregestational or gestational DM).33

•	 In a cohort of 58 671 parous females participat-
ing in the Nurses’ Health Study II without CVD or 
hypertension at baseline, gestational hypertension 
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and preeclampsia during first pregnancy were 
associated with a higher rate of self-reported phy-
sician-diagnosed chronic hypertension over a 25- 
to 32-year follow-up (HR, 2.8 [95% CI, 2.6–3.0] 
for gestational hypertension and HR, 2.2 [95% CI, 
2.1–2.3] for preeclampsia).34

•	 Among 6897 black and white participants in the 
REGARDS cohort who were free from hyperten-
sion (SBP ≥140 mm Hg, DBP ≥90 mm Hg) at base-
line, the Southern dietary pattern accounted for 
51.6% (95% CI, 18.8%–84.4%) of the excess risk 
of incident hypertension in black males compared 
with white males and 29.2% (95% CI, 13.4%–
44.9%) of the risk in black females compared with 
white females.35

•	 In NHANES 2013 to 2014, among 766 partici-
pants, each additional 1000 mg of usual 24-hour 
sodium excretion (a marker of sodium consump-
tion) was associated with 4.58 mm Hg (95% CI, 
2.64–6.51 mm Hg) higher SBP and 2.25 mm Hg 
(95% CI, 0.83–3.67 mm Hg) higher DBP. Each 
additional 1000 mg of potassium excretion was 
associated with 3.72 mm Hg (95% CI, 1.42–6.01 
mm Hg) lower SBP.36

•	 In a meta-analysis of 240 508 individuals enrolled 
in 6 prospective cohorts, participants with SSB 
consumption in the highest versus lowest quantile 
had a risk ratio for hypertension of 1.12 (95% CI, 
1.06–1.17).37 This equated to an 8.2% increased 
risk for hypertension for each additional SSB con-
sumed per day.

•	 In a meta-analysis of 5 studies, each additional 250 
mL of SSBs per day was associated with an RR for 
incident hypertension of 1.07 (95% CI, 1.04–1.10).38

•	 In the JHS, intermediate and ideal versus poor lev-
els of moderate to vigorous PA were associated 
with HRs of hypertension of 0.84 (95% CI, 0.67–
1.05) and 0.76 (95% CI, 0.58–0.99), respectively.39

•	 In a meta-analysis of 24 cohort studies (N=330 222), 
each 10 additional MET h/wk in leisure-time PA 
was associated with reduced risk for hyperten-
sion  (RR, 0.94 [95% CI, 0.92–0.96]). In 5 cohort 
studies, each additional 50 MET h/wk in total PA 
time was associated with an RR for hypertension 
of 0.93 (95% CI, 0.88–0.98).40

•	 In a meta-analysis of 9 population-based stud-
ies (N=102 408), the OR for having hypertension 
among participants with versus without restless 
leg syndrome was 1.36 (95% CI, 1.18–1.57).41

•	 In the HCHS/SOL Sueño Sleep Ancillary Study of 
Hispanics (N=2148), a 10% higher sleep fragmen-
tation and frequent napping versus not napping 
were associated with a 5.2% and 11.6% higher 
prevalence of hypertension, respectively. A 10% 
higher sleep efficiency was associated with a 7.2% 
lower prevalence of hypertension.42

•	 In the JHS ancillary sleep study conducted from 
2012 to 2016 among 913 participants, those with 
moderate or severe OSA had a 2-fold higher odds 
(95% CI, 1.14–3.67) of resistant hypertension 
than participants without sleep apnea.43

•	 Among 1741 participants in the JHS with hyper-
tension, 20.1% of those without versus 30.5% of 
those with CKD developed apparent treatment-
resistant hypertension (multivariable-adjusted HR, 
1.45 [95% CI, 1.12–1.86]).44

Social Determinants
•	 In a meta-analysis of 51 studies, lower SES mea-

sured by income, occupation, or education was 
linked to increased risk of hypertension. Findings 
were particularly pronounced for education, with a 
2-fold higher odds of hypertension (95% CI, 1.55–
2.63) observed in lower- compared with higher-
educated individuals. Associations were stronger 
among females and in higher-income countries.45

•	 Recent data from 2280 black participants of the 
CARDIA study found that moving from highly seg-
regated census tracts to low-segregation tracts, 
without returning to a high-segregation tract 
over a 25-year follow-up, was associated with a 
5.71 mm Hg–lower mean SBP (95% CI, 3.5–8.0 
mm Hg), even after adjustment for poverty and 
other relevant risk factors.46

•	 Self-reported experiences of discrimination and 
unfair treatment have also been linked to hyper-
tension and BP. In a meta-analysis of 44 stud-
ies (N=32 651), higher reports of discrimination 
were linked to a greater prevalence of hyperten-
sion (Fisher Z, 0.048 [95% CI, 0.013–0.087]), 
particularly among blacks (compared with other 
racial/ethnic groups), participants of older ages, 
males, and individuals with a lower versus higher 
level of education. Associations between reports 
of discrimination and BP were most striking for 
ambulatory nighttime BP; effect sizes for overall 
associations between self-reported experiences 
of discrimination and resting SBP or DBP were not 
significant.47

•	 At least 1 study has found that social integration, 
defined as the number of social contacts of an 
individual, may be an important factor to consider 
in treatment-resistant hypertension. In the JHS, a 
study of blacks, each additional social contact was 
associated with a 13% lower prevalence (95% CI, 
0.74–1.00) of treatment-resistant hypertension in 
multivariable adjusted models.48

•	 In a subsample of 528 females and males 45 to 
84 years of age who did not have hypertension at 
baseline from the Chicago, IL, MESA field center, 
higher levels of self-reported neighborhood safety 
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were associated with lower levels of SBP (1.54 
mm Hg per 1-SD increase [95% CI, 0.25–2.83]) in 
both sexes and lower levels of DBP (1.24 mm Hg 
[95% CI, 0.37–2.12]) among females only.49

Risk Prediction
•	 A systematic review identified 48 hypertension 

risk prediction models reported in 26 studies 
(N=162 358 enrolled participants). The C statistics 
from these models ranged from 0.60 to 0.90, with 
a pooled C statistic of 0.77 (95% CI, 0.74–0.79).50

•	 Using a total study sample of ≈1.5 million indi-
viduals in the Health Information Exchange data 
set of Maine, which covers ≈95% of Maine resi-
dents, the additive regression tree model software 
XGBoost achieved an AUC of 0.87 for predicting 
incident hypertension cases in 2015, having been 
trained on data from 2013 and 2014.51 This AUC is 
likely optimistic, given the high probability that the 
same person could be present in both the training 
and validation data sets.

Borderline Risk Factors/Subclinical/Unrecognized 
Disease

•	 Using data from NHANES 2011 to 2014, among 
US adults not taking antihypertensive medica-
tion, the prevalence of elevated BP (SBP 120–129 
mm Hg, DBP <80 mm Hg) was 12.1% (95% CI, 
11.0%–13.3%).4

•	 Among 17 747 participants in NHANES 2007 to 
2012 who were 8 to 80 years of age, the yearly 
net transition probabilities for ideal BP (<90th per-
centile by age and sex for individuals 8–19 years 
of age; SBP <120 mm Hg and DBP <80 mm Hg for 
individuals 20–80 years of age) to prehypertension 
(90th–95th percentile or SBP ≥120 mm Hg or DBP 
≥80 mm Hg for individuals 8–19 years of age; SBP 
120–129 mm Hg or DBP 80–89 mm Hg for individ-
uals 20–80 years of age) among African American 
and white American males were highest from 30 
years of age to 40 years of age, and highest after 
40 years of age among Mexican American males. 
Yearly net transition probabilities for ideal BP to 
prehypertension among females increased mono-
tonically from 8 to 80 years of age.52

Genetics/Family History
•	 Genetic studies have been conducted to identify 

the genetic architecture of hypertension. Several 
large-scale GWASs, whole-exome, and whole-
genome sequencing studies, with interrogation of 
common and rare variants in >300 000 individuals, 
have established >100 well-replicated hyperten-
sion loci, with several hundred additional sugges-
tive loci.53–60

•	 GRS for hypertension are also associated with 
increased risk of CVD and MI.53

•	 Given strong effects of environmental factors on 
hypertension, gene-environment interactions are 
important in the pathophysiology of hypertension. 
Large-scale gene-environment interaction studies 
have not yet been conducted; however, studies of 
several thousand people have to date revealed sev-
eral loci of interest that interact with smoking61,62 
and sodium.63

•	 The clinical implications and utility of hypertension 
genes remain unclear, although some genetic vari-
ants have been shown to influence response to 
antihypertensive agents.64

Prevention
•	 In NHANES 2011 to 2014 (N=10 958), US NH 

blacks (13.2%) were more likely than NH Asians 
(11.0%), NH whites (8.6%), or Hispanics (7.4%) 
to use home BP monitoring on a weekly basis.65

•	 Among 6328 participants in the International 
Childhood Cardiovascular Cohort Consortium, 
which included 4 cohort studies conducted from 
as early as 1970 with follow-up as late as 2007, 
the RR for adult-onset incident hypertension (SBP 
≥140 mm Hg, DBP ≥90 mm Hg, or antihypertensive 
medication use) ranged from 1.5 to 2.3 among the 
4 studies for participants who were overweight or 
obese in childhood compared with participants 
who were normal weight in childhood. The pooled 
RR was 1.8 (95% CI, 1.5–2.1).66

Awareness, Treatment, and Control
(See Table 8-2 and Charts 8-3 through 
8-5)

•	 Using NHANES 2013 to 2016 data,5 the extent 
of awareness, treatment, and control of HBP is 
provided by race/ethnicity in Chart 8-3, by age in 
Chart 8-4, and by race/ethnicity and sex in Chart 
8-5. Awareness, treatment, and control of hyper-
tension were higher at older ages (Chart 8-4). 
Overall, females were more likely than males in all 
race/ethnicity groups to be aware of their condi-
tion, under treatment, or in control of their hyper-
tension (Chart 8-5).

•	 Analysis of NHANES 1999 to 2004, 2005 to 2010, 
and 2011 to 20165 found the proportion of adults 
aware of their hypertension increased within 
each race/ethnicity and sex subgroup. Similarly, 
large increases in hypertension treatment and 
control (≈10%) occurred in each of these groups 
(Table 8-2).

•	 According to NHANES data on 22 911 adults with 
hypertension in 1999 to 2000 (SBP ≥130 mm Hg, 
DBP ≥80 mm Hg, or self-reported antihypertensive 
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medication use), the prevalence of hypertension 
control among males increased from 8.6% to 
20.5% in 2015 to 2016, and it increased among 
females from 10.8% to 23.8%.67

•	 In a multinational study of 63 014 adults at least 50 
years of age from high-, middle-, and low-income 
countries, 55.6% of participants were aware 
of their diagnosis of hypertension, 44.1% were 
treated, and 17.1% had controlled BP. Awareness 
and control were less common in upper-middle-
income countries, whereas treatment was lowest 
in low-income countries.68

•	 In a cohort study of Korean patients from 2009 
to 2013 with health insurance claims for hyper-
tension (N=38 520), those with poor adherence 
to antihypertensive medication (defined as <50% 
of days of follow-up covered by a medication pre-
scription fill) had an adjusted risk ratio for stroke 
of 1.27 (95% CI, 1.17–1.38) compared with those 
with high adherence (>80% of days covered by 
prescription fill).69

•	 According to national prescription data in 
Denmark, the use of antihypertensive medications 
increased from 184 to 379 defined daily doses per 
1000 inhabitants per day. Over this time period, 
increases were present for ACE inhibitors (from 29 
to 105 defined daily doses), angiotensin II recep-
tor blockers (from 13 to 73 defined daily doses), 
β-blockers (from 17 to 34 defined daily doses), and 
calcium channel blockers (from 34 to 82 defined 
daily doses).70

•	 Among 3358 blacks taking antihypertensive medi-
cation in the JHS, 25.4% of participants reported 
not taking ≥1 of their prescribed antihypertensive 
medications within the 24 hours before their base-
line study visit in 2000 to 2004. This percentage was 
28.7% at examination 2 (2005–2008) and 28.5% 
at examination 3 (2009–2012). Nonadherence 
was associated with higher likelihood of having 
SBP ≥140 mm Hg or DBP ≥90 mm Hg (prevalence 
ratio, 1.26 [95% CI, 1.16–1.37]).71

•	 In an analysis of 1590 healthcare providers who 
completed the DocStyles survey, a web-based sur-
vey of healthcare providers, 86.3% reported using 
a prescribing strategy to increase their patients’ 
adherence to antihypertensive medications. The 
most common strategies were prescribing once-
daily regimens (69.4%), prescribing medications 
covered by the patient’s insurance (61.8%), and 
using longer fills (59.9%).72

•	 In HCHS/SOL, the prevalence of awareness, treat-
ment, and control of hypertension among males 
was lowest in those of Central American back-
ground (57%, 39%, and 12%, respectively) and 
highest among those of Cuban background (78%, 
65%, and 40%, respectively). Among females, 

those of South American background had the low-
est prevalence of awareness (72%) and treatment 
(64%), whereas hypertension control was lowest 
among females of Central American background 
(32%). Only Hispanic females reporting mixed/
other background had a hypertension control rate 
that exceeded 50%.73

Mortality
(See Table 8-1)

•	 Using data from the NVSS, in 2017,74 there 
were 90 098 deaths primarily attributable to HBP 
(Table 8-1). The 2017 age-adjusted death rate pri-
marily attributable to HBP was 23.0 per 100 000. 
Age-adjusted death rates attributable to HBP (per 
100 000) in 2017 were 23.0 for NH white males, 
54.1 for NH black males, 21.8 for Hispanic males, 
16.4 for NH Asian/Pacific Islander males, 30.1 for 
NH American Indian/Alaska Native males, 18.6 
for NH white females, 37.8 for NH black females, 
16.9 for Hispanic females, 14.7 for NH Asian/
Pacific Islander females, and 19.7 for NH American 
Indian/Alaska Native females (unpublished NHLBI 
tabulation using CDC WONDER75).

•	 From 2007 to 2017, the death rate attributable 
to HBP increased 25.7%, and the actual number 
of deaths attributable to HBP rose 56.1%. During 
this 10-year period, in NH whites, the HBP age-
adjusted death rate increased 34.0%, whereas 
the actual number of deaths attributable to HBP 
increased 54.9%. In NH blacks, the HBP death 
rate increased 1.8%, whereas the actual number 
of deaths attributable to HBP increased 37.3%. In 
Hispanics, the HBP death rate increased 17.7%, 
and the actual number of deaths attributable to 
HBP increased 105.0% (unpublished NHLBI tabu-
lation using CDC WONDER75).

•	 When any mention of HBP was present, the 
overall age-adjusted death rate in 2017 was 
120.6 per 100 000. Death rates were 132.9 
for NH white males, 224.9 for NH black males, 
91.3 for NH Asian or Pacific Islander males, 
167.3 for NH American Indian or Alaska Native 
males (underestimated because of underreport-
ing), and 120.8 for Hispanic males. In females, 
rates were 99.8 for NH white females, 155.3 
for NH black females, 69.5 for NH Asian or 
Pacific Islander females, 114.8 for NH American 
Indian or Alaska Native females (underesti-
mated because of underreporting), and 88.6 for 
Hispanic females (unpublished NHLBI tabulation 
using CDC WONDER75).

•	 The elimination of hypertension could reduce CVD 
mortality by 30.4% among males and 38.0% 
among females.76 The elimination of hypertension 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e261

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 8

is projected to have a larger impact on CVD mor-
tality than the elimination of all other risk factors 
among females and all except smoking among 
males.76

•	 Among US adults meeting the eligibility criteria 
for SPRINT, SBP treatment to a treatment goal of 
<120 mm Hg versus <140 mm Hg has been pro-
jected to prevent ≈107 500 deaths per year (95% 
CI, 93 300–121 200).77

•	 In a cohort of 63 910 adult participants in the 
Spanish Ambulatory Blood Pressure Registry con-
ducted from 2004 to 2014, masked hypertension 
had the largest HR for all-cause mortality versus 
sustained normotension (2.83 [95% CI, 2.12–
3.79]), compared with 1.80 (95% CI, 1.41–2.31) 
for sustained hypertension and 1.79 (95% CI, 
1.38–2.32) for white-coat hypertension.78

Complications
•	 In a meta-analysis that included 95 772 US females 

and 30 555 US males, each 10-mm Hg higher 
SBP was associated with an effect size (eg, RR or 
HR) for CVD of 1.25 (95% CI, 1.18–1.32) among 
females and 1.15 (95% CI, 1.11–1.19) among 
males. Among 65 806 females and 92 515 males in 
this meta-analysis, the RR for CVD mortality associ-
ated with 10-mm Hg higher SBP was 1.16 (95% 
CI, 1.10–1.23) among females and 1.17 (95% CI, 
1.12–1.22) among males.79

•	 In a study of >1 million adults with hypertension, 
the lifetime risk of CVD at 30 years of age was 
63.3% compared with 46.1% for those without 
hypertension. Those with hypertension developed 
CVD 5.0 years earlier than their counterparts 
without hypertension.80 The largest lifetime risk 
differences between people with versus without 
hypertension were for angina, MI, and stroke. 
At 60 years of age, the lifetime risk for CVD was 
60.2% for those with hypertension and 44.6% for 
their counterparts without hypertension.

•	 In a sample of 4851 adults 18 to 30 years of age at 
baseline from the CARDIA cohort, for those who 
developed hypertension before 40 years of age, 
incident CVD rates were 3.15 (95% CI, 2.47–4.02) 
for those with stage 1 hypertension (untreated SBP 
130–139 mm Hg or DBP 80–89 mm Hg) per 1000 
person-years and 8.04 (95% CI, 6.45–10.03) for 
those with stage 2 hypertension (≥140/90 mm Hg 
or taking antihypertensive medication) per 1000 
person-years over the median follow-up of ≈19 
years.81

•	 In a cohort of older US adults, both isolated sys-
tolic hypertension and systolic-diastolic hyper-
tension were associated with an increased risk 
for HF (multivariable-adjusted HR, 1.86 [95% CI, 

1.51–2.30] and HR, 1.73 [95% CI, 1.24–2.42], 
respectively) compared with participants without 
hypertension.82

•	 In a meta-analysis of 12 prospective studies 
(N=2 170 265), participants with a history of hyper-
tension were more likely to develop kidney cancer 
(RR, 1.67 [95% CI, 1.46–1.90]).83

•	 Among 17 312 participants with hypertension, 
nondipping BP was associated with an HR for CVD 
of 1.40 (95% CI, 1.20–1.63).84

•	 In the JHS, a cohort composed exclusively of 
blacks, masked hypertension was associated with 
an HR for CVD of 2.49 (95% CI, 1.26–4.93).85

•	 A meta-analysis (23 cohorts with 20 445 partici-
pants) showed that white- coat hypertension is 
associated with an increased risk for CVD among 
untreated individuals (adjusted HR, 1.38 [95% CI, 
1.15–1.65]) but not among treated individuals 
(HR, 1.16 [95% CI, 0.91–1.49]).86

•	 Among adults with established CKD, apparent 
treatment-resistant hypertension has been associ-
ated with increased risk for CVD (HR, 1.38 [95% 
CI, 1.22–1.56]), renal outcomes including a 50% 
decline in eGFR or ESRD (HR, 1.28 [95% CI, 1.11–
1.46]), HF (HR, 1.66 [95% CI, 1.38–2.00]), and all-
cause mortality (HR, 1.24 [95% CI, 1.06–1.45]).9

•	 In an international case-control study (n=13 447 
cases of stroke and n=13 472 control subjects), 
a previous history of hypertension or SBP/DBP 
≥140/90 mm Hg was associated with an OR for 
stroke of 2.98 (95% CI, 2.72–3.28). The PAR 
for stroke accounted for by hypertension was 
47.9%.87

•	 Among adults 45 years of age without HF, HF-free 
survival was shorter among those with versus with-
out hypertension, respectively, in males (30.4 ver-
sus 34.3 years), females (33.5 versus 37.6 years), 
blacks (33.2 versus 37.3 years), and whites (31.9 
versus 36.3 years).88

•	 In prospective follow-up of the REGARDS, MESA, 
and JHS cohorts (N=31 856), 63.0% (95% CI, 
54.9%–71.1%) of the 2584 incident CVD events 
occurred in participants with SBP <140 and DBP 
<90 mm Hg.89

•	 Over a median follow-up of 18.8 years in 4851 
adults from the CARDIA cohort, among those 
who developed hypertension before 40 years 
of age, incident CVD rates were 2.74 (95% CI, 
1.78–4.20) for those with elevated BP or prehy-
pertension (untreated SBP 130–139 mm Hg or DBP 
80–89 mm Hg) per 1000 person-years compared 
with 1.37 (95% CI, 1.07–1.75), 2.74 (95% CI, 
1.78–4.20) among those who retained normal BP 
through 40 years of age.81

•	 Higher SBP explains ≈50% of the excess stroke risk 
among blacks compared with whites.90
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Healthcare Utilization: Hospital 
Discharges/Ambulatory Care Visits
(See Table 8-1)

•	 Beginning in 2016, a code for hypertensive crisis 
(ICD-10-CM I16) was added to the HCUP inpa-
tient database. For 2016, hypertensive crisis is 
included in the total number of inpatient hospital 
stays for HBP. From 2006 to 2016, the number of 
inpatient discharges from short-stay hospitals with 
HBP as the principal diagnosis was 292 000 and 
486 000, respectively. The number of discharges 
with any listing of HBP increased from 13 851 000 
to 16 676 000 (Table 8-1).

•	 In 2016, there were 63 000 principal diagnosis 
discharges for essential hypertension (HCUP,91 
unpublished NHLBI tabulation).

•	 In 2016, there were 11 612 000 all-listed discharges 
for essential hypertension (HCUP,91 unpublished 
NHLBI tabulation).

•	 In 2016, 32 779 000 of 883 725 000 physician 
office visits had a primary diagnosis of essential 
hypertension (ICD-9-CM 401; NAMCS,92 unpub-
lished NHLBI tabulation). A total of 1 016 000 of 
145 591 000 ED visits in 2016 and 3 743 000 of 
125 721 000 hospital outpatient visits in 2011 
were for essential hypertension (NHAMCS,93 
unpublished NHLBI tabulation).

•	 Among REGARDS study participants ≥65 years 
of age with hypertension, compared with those 
without apparent treatment-resistant hyperten-
sion, participants with apparent treatment-resis-
tant hypertension and uncontrolled BP had more 
primary care visits (2.77 versus 2.27 per year) 
and more cardiologist visits (0.50 versus 0.35 per 
year). In this same study, there were no statistically 
significant differences in laboratory testing for 
end-organ damage or secondary causes of hyper-
tension among participants with apparent treat-
ment-resistant hypertension and uncontrolled BP 
(72.4%), apparent treatment-resistant hyperten-
sion and controlled BP (76.5%), or hypertension 
but no apparent treatment-resistant hypertension 
(71.8%).94

Cost
(See Table 8-1)

•	 The estimated direct and indirect cost of HBP for 
2014 to 2015 (annual average) was $55.9 billion 
(Table 8-1).

•	 From 2003 to 2014, the annual mean additional 
medical cost for a person with hypertension was 
$1920 compared with a person without hyperten-
sion, according to data from MEPS.95

•	 Using data from MEPS for 2011 to 2014, among 
individuals with a diagnosis code for hypertension 
who were ≥18 years of age (N=26 049), the mean 
annual costs of hypertension ranged from $3914 
(95% CI, $3456–$4372) for those with no comor-
bidities to $13 920 (95% CI, $13 166–$14 674) for 
those with ≥3 comorbidities.96

•	 Adjusted to 2012 US dollars, the monetary sav-
ings and QALYs gained with lifetime treatment 
were $7387 and 1.14 for white males, $7796 and 
0.89 for white females, $8400 and 1.66 for black 
males, and $10 249 and 1.79 for black females, 
respectively.97

•	 Projections show that by 2035, the total direct 
costs of HBP could increase to an estimated 
$220.9 billion (based on methodology described 
in Heidenreich et al98).99

•	 According to IMS Health’s National Prescription 
Audit, the number of prescriptions for antihyper-
tensive medication increased from 614 million to 
653 million between 2010 and 2014. The 653 mil-
lion antihypertensive prescriptions filled in 2014 
cost $28.81 billion.100

Global Burden
(See Chart 8-6)

•	 In 2010, HBP was 1 of the 5 leading risk factors for 
the burden of disease (years of life lost and DALYs) 
in all regions with the exception of Western sub-
Saharan Africa.101

•	 In a meta-analysis of population-studies con-
ducted in Africa, the prevalence of hypertension 
was 55.2% among adults ≥55 years of age.102

•	 In a systematic review, a higher percentage of 
hypertension guidelines developed in high-income 
countries used high-quality systematic reviews of 
relevant evidence than did those developed in 
low- and middle-income countries (63.5% versus 
10%).103

•	 On the basis of data from 135 population-based 
studies (N=968 419 adults from 90 countries), 
it was estimated that 31.1% (95% CI, 30.0%–
32.2%) of the world adult population had hyper-
tension in 2010. The prevalence was 28.5% 
(95% CI, 27.3%–29.7%) in high-income coun-
tries and 31.5% (95% CI, 30.2%–32.9%) in low-
middle-income countries. It was also estimated 
that 1.39 billion adults worldwide had hyperten-
sion in 2010 (349 million in high-income coun-
tries and 1.04 billion in low- and middle-income 
countries).104

•	 The GBD 2017 Study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
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countries and territories. Age-standardized mor-
tality rates attributable to high SBP are generally 
lower in high-income countries (Chart 8-6).105

•	 In 2015, the prevalence of SBP ≥140 mm Hg 
was estimated to be 20 526 per 100 000. This 
represents an increase from 17 307 per 100 000 
in 1990.106 Also, the prevalence of SBP 110 to 
115 mm Hg or higher increased from 73 119 per 
100 000 to 81 373 per 100 000 between 1990 and 
2015. There were 3.47 billion adults worldwide 
with SBP of 110 to 115 mm Hg or higher in 2015. 
Of this group, 874 million had SBP ≥140 mm Hg.106

•	 It has been estimated that 7.834 million deaths and 
143.037 million DALYs in 2015 could be attributed 
to SBP ≥140 mm Hg.106 In addition, 10.7 million 
deaths and 211 million DALYs in 2015 could be 
attributed to SBP of 110 to 115 mm Hg or higher.106

•	 Between 1990 and 2015, the number of deaths 
related to SBP ≥140 mm Hg did not increase in 
high-income countries (from 2.197 to 1.956 
million deaths) but did increase in high-middle-
income (from 1.288 to 2.176 million deaths), 

middle-income (from 1.044 to 2.253 million 
deaths), low-middle-income (from 0.512 to 1.151 
million deaths), and low-income (from 0.146 to 
0.293 million deaths) countries.106

•	 Among ≈1.7 million participants from the Chinese 
mainland 35 to 75 years of age from 2014 to 
2017, the age- and sex-standardized prevalence of 
hypertension was 37.2%.107

•	 In a meta-analysis of 25 studies (N=54 196 partici-
pants 2–19 years of age) conducted in Africa, the 
pooled prevalence of SBP or DBP ≥95th percentile 
was 5.5% and the pooled prevalence of SBP or 
DBP ≥90th percentile was 12.7%. The prevalence 
of SBP/DBP ≥95th percentile was 30.8% among 
children with obesity versus 5.5% among normal-
weight children.108

•	 Among 12 971 Turkish adults who completed the 
Chronic Diseases and Risk Factors Survey, a nation-
wide study, the age-adjusted prevalence of hyper-
tension in 2011 was 27.1%; 65% of participants 
were aware they had hypertension, 59% were 
treated, and 30% had SBP/DBP <140/90 mm Hg.109

Table 8-1.  HBP in the United States

Population Group
Prevalence, 2013–2016, 

Age ≥20 y Mortality,* 2017, All Ages
Hospital Discharges,† 

2016, All Ages
Estimated Cost,  

2014–2015

Both sexes 116 400 000 (46.0%) 90 098 486 000 $55.9 Billion

Males 58 700 000 (49.0%) 43 127 (47.9%)‡ 246 000 …

Females 57 700 000 (42.8%) 46 971 (52.1%)‡ 240 000 …

NH white males 48.2% 29 086 … …

NH white females 41.3% 33 396 … …

NH black males 58.6% 8690 … …

NH black females 56.0% 8387 … …

Hispanic males 47.4% 3478 … …

Hispanic females 40.8% 3282 … …

NH Asian males 46.4% 1269§ … …

NH Asian females 36.4% 1538§ … …

NH American Indian/Alaska Native … 568 … …

Hypertension is defined in terms of NHANES (National Health and Nutrition Examination Survey) blood pressure measurements and health interviews. A subject 
was considered to have hypertension if systolic blood pressure (SBP) was ≥130 mm Hg or diastolic blood pressure (DBP) was ≥80 mm Hg, if the subject said “yes” 
to taking antihypertensive medication, or if the subject was told on 2 occasions that he or she had hypertension. A previous publication that used NHANES 2011 to 
2014 data estimated there were 103.3 million noninstitutionalized US adults with hypertension.4 The number of US adults with hypertension in this table includes 
both noninstitutionalized and institutionalized US individuals. Also, the previous study did not include individuals who reported having been told on 2 occasions that 
they had hypertension as having hypertension unless they met another criterion (SBP was ≥130 mm Hg or DBP was ≥80 mm Hg, if the subject said “yes” to taking 
antihypertensive medication). Ellipses (…) indicate data not available; HBP, high blood pressure; and NH, non-Hispanic.

*Mortality for Hispanic, American Indian or Alaska Native, and Asian and Pacific Islander people should be interpreted with caution because of inconsistencies 
in reporting Hispanic origin or race on the death certificate compared with censuses, surveys, and birth certificates. Studies have shown underreporting on death 
certificates of American Indian or Alaska Native, Asian, and Pacific Islander, and Hispanic decedents, as well as undercounts of these groups in censuses.

†Beginning in 2016, a code for hypertensive crisis (International Classification of Diseases, 10th Revision, Clinical Modification I16) was added to the Healthcare 
Cost and Utilization Project (HCUP) inpatient database and is included in the total number of hospital discharges for HBP.

‡These percentages represent the portion of total HBP mortality that is for males vs females.
§Includes Chinese, Filipino, Hawaiian, Japanese, and other Asian or Pacific Islander.
Sources: Prevalence: Unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation using NHANES (2013–2016).5 Percentages for racial/ethnic groups 

are age adjusted for Americans ≥20 years of age. Age-specific percentages are extrapolated to the 2016 US population estimates. Mortality: Unpublished NHLBI 
tabulation using National Vital Statistics System, 2017.74 These data represent underlying cause of death only. Mortality for NH Asians includes Pacific Islanders. 
Hospital discharges: Unpublished NHLBI tabulation using HCUP 2016.91 Cost: Unpublished NHLBI tabulation using Medical Expenditure Panel Survey110 include 
estimated direct costs for 2014 to 2015 (annual average); indirect costs calculated by NHLBI for 2014 to 2015 (annual average).

This table 
details the prev-
alence, mortal-
ity, hospital 
discharges, and 
estimated costs 
of high blood 
pressure in the 
United States.  
From 2013 to 
2016, 58.6% 
of adult non-
Hispanic black 
males had high 
blood pressure, 
the highest 
prevalence of 
all race and sex 
categories.
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Table 8-2.  Hypertension Awareness, Treatment, and Control: NHANES 1999 to 2004, 2005 to 2010, and 2011 to 2016 Age-Adjusted Percent With 
Hypertension in US Adults by Sex and Race/Ethnicity

Awareness, % Treatment, % Control, %

1999–2004 2005–2010 2011–2016 1999–2004 2005–2010 2011–2016 1999–2004 2005–2010 2011–2016

Overall 51.8 60.2 63.7 40.3 50.7 52.8 14.1 22.4 24.6

NH white males 46.7 55.8 61.2 35.0 45.7 48.9 13.3 20.4 24.8

NH white females 58.7 65.5 68.9 47.4 57.8 60.6 16.8 26.0 28.6

NH black males 47.6 59.1 62.3 35.5 46.5 48.4 11.2 18.0 17.2

NH black females 67.6 74.5 74.7 55.5 65.9 64.6 19.0 28.7 26.4

Mexican American males* 30.8 37.8 43.8 18.5 27.1 30.3 6.5 11.7 11.6

Mexican American females* 51.6 56.7 66.2 39.0 47.2 53.2 11.7 20.0 27.0

Values are percentages. Hypertension is defined in terms of NHANES blood pressure measurements and health interviews. A subject was considered to have 
hypertension if systolic blood pressure was ≥130 mm Hg or diastolic blood pressure was ≥80 mm Hg, or if the subject said “yes” to taking antihypertensive 
medication. NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.

*The category of Mexican Americans was consistently collected in all NHANES years, but the combined category of Hispanics was only used starting in 2007. 
Consequently, for long-term trend data, the category Mexican American is used. Total includes race/ethnicity groups not shown (other Hispanic, other race, and 
multiracial).

Sources: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES (1999–2004, 2005–2010, 2011–2016).5
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Chart 8-1. Prevalence of hypertension in US adults ≥20 years of age by sex and age (NHANES, 2013–2016).  
Hypertension is defined in terms of NHANES blood pressure measurements and health interviews. A person was considered to have hypertension if he or she had 
systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥80 mm Hg, if he or she said “yes” to taking antihypertensive medication, or if the person was told 
on 2 occasions that he or she had hypertension.  
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.5

This chart 
shows that 
from 2013 
to 2016 the 
prevalence of 
hypertension in 
adults increases 
with age.  In 
all adult 10- to 
15-year age 
categories 
under 65 years 
of age, the 
prevalence of 
hypertension 
was higher 
in males.  Be-
tween 65 years 
of age and 74 
years of age, 
and 75 years of 
age and over, 
the prevalence 
of hypertension 
was higher in 
males.
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Chart 8-2. Age-adjusted prevalence trends for hypertension in US adults ≥20 years of age by race/ethnicity, sex, and survey year (NHANES, 
1999–2004, 2005–2010, and 2010–2016).  
Hypertension is defined in terms of NHANES blood pressure measurements and health interviews. A person was considered to have hypertension if he or she had 
systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥80 mm Hg, if he or she said “yes” to taking antihypertensive medication, or if the person was told 
on 2 occasions that he or she had hypertension.  
NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.  
*The category of Mexican Americans was consistently collected in all NHANES years, but the combined category of Hispanics was only used starting in 2007. 
Consequently, for long-term trend data, the category Mexican American is used.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 1999 to 2016.5

This chart 
shows that 
for adults 
across the 
time periods 
1999 to 
2004 and 
2005 to 
2010 and 
2010 to 
2016, non-
Hispanic 
black males 
had the 
highest 
prevalence 
of hyper-
tension, 
followed by 
non-His-
panic black 
females, 
and then 
non-Hispanic 
white males.  
In non-
Hispanic 
black males 
and non-His-
panic black 
females 
prevalence 
was highest 
in 1999 
to 2004, 
followed 
by 2011 to 
2016, and 
then 2005 
to 2010. In 
non-Hispanic 
white males, 
the preva-
lence was 
highest in 
1999-2004, 
followed 
by 2005 to 
2010, and 
then 2011 to 
2016.
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Chart 8-3. Extent of awareness, treatment, and control of HBP by race/ethnicity, United States (NHANES, 2013–2016).  
Hypertension is defined in terms of NHANES blood pressure measurements and health interviews. A person was considered to have hypertension if he or she had 
systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥80 mm Hg, if he or she said “yes” to taking antihypertensive medication, or if the person was told 
on 2 occasions that he or she had hypertension.  
NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES 2013 to 2016.5

This chart 
shows that 
between 2013 
and 2016, 
non-Hispanic 
blacks with 
hypertension 
had the highest 
prevalence of 
both awareness 
and control of 
their condition, 
followed by 
non-Hispanic 
whites.  Non-
Hispanic whites 
with hyperten-
sion had the 
highest percent-
age controlling 
their condition, 
followed by 
non-Hispanic 
blacks.  Among 
all race catego-
ries, awareness 
was higher 
than treatment 
which was 
higher than 
control of the 
condition.
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Chart 8-4. Extent of awareness, treatment, and control of HBP by age, United States (NHANES, 2013–2016). 
Hypertension is defined in terms of NHANES blood pressure measurements and health interviews. A person was considered to have hypertension if he or she had 
systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥80 mm Hg, if he or she said “yes” to taking antihypertensive medication, or if the person was told 
on 2 occasions that he or she had hypertension.  
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES 2013 to 2016.5

This chart 
shows that 
between 2013 
and 2016, 
people 60 years 
of age or older 
with hyperten-
sion had the 
highest aware-
ness, treatment, 
and control of 
their condition 
among all 
adults, followed 
by those 40 
to 59 years of 
age, and then 
by those 20 
to 39 years of 
age. Among all 
age categories, 
awareness 
was higher 
than treatment 
which was 
higher than 
control of the 
condition.
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Chart 8-5. Extent of awareness, treatment, and control of high blood pressure by race/ethnicity and sex, United States (NHANES, 2013–2016). 
Hypertension is defined in terms of NHANES blood pressure measurements and health interviews. A person was considered to have hypertension if he or she had 
systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥80 mm Hg, if he or she said “yes” to taking antihypertensive medication, or if the person was told 
on 2 occasions that he or she had hypertension.  
NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.5

This chart 
shows that 
between 
2013 and 
2016 among 
females, non-
Hispanic black 
females with 
hypertension 
had the both 
the highest 
awareness and 
treatment of 
their condition, 
followed by 
non-Hispanic 
white females, 
and then His-
panic females.  
Non-Hispanic 
white females 
had the high-
est control of 
their condition 
followed 
by Hispanic 
females, 
and then 
non-Hispanic 
black females. 
Among males, 
non-Hispanic 
white males 
had the high-
est awareness, 
treatment, 
and control of 
their condition, 
followed by 
non-Hispanic 
black males, 
and then non-
Hispanic Asian 
males.
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9. DIABETES MELLITUS
ICD-9 250; ICD-10 E10 to E11. See Tables 9-1 and 
9-2 and Charts 9-1 through 9-10

DM is a heterogeneous mix of health conditions char-
acterized by glucose dysregulation. In the United States, 
the most common forms are type 2 DM, which affects 
90% to 95% of those with DM,1 and type 1 DM, which 
constitutes 5% to 10% of DM.2 DM is diagnosed based 
on FPG ≥126 mg/dL, 2-hour postchallenge glucose ≥200 
mg/dL during an oral glucose tolerance test, random 
glucose ≥200 mg/dL with presentation of hyperglycemia 
symptoms, or HbA1c ≥6.5%.3 DM is a major risk factor 
for CVD, including CHD and stroke.4 The AHA has identi-
fied untreated FPG levels of <100 mg/dL for children and 
adults as 1 of the 7 components of ideal CVH.5

Click here to return to the Table of Contents

Abbreviations Used in Chapter 9

ACC American College of Cardiology

ACCORD Action to Control Cardiovascular Risk in Diabetes

ACR albumin-to-creatinine ratio

ACS acute coronary syndrome

AF atrial fibrillation

AHA American Heart Association

AP angina pectoris

ARIC Atherosclerosis Risk in Communities

ASCEND A Study of Cardiovascular Events in Diabetes

ASCVD atherosclerotic cardiovascular disease

AUC area under the curve

BMI body mass index

BP blood pressure

BRFSS Behavioral Risk Factor Surveillance System

CAC coronary artery calcification

CAD coronary artery disease

CARDIA Coronary Artery Risk Development in Young Adults

CDC WONDER Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research

CHD coronary heart disease

CI confidence interval

CKD chronic kidney disease

CVD cardiovascular disease

CVH cardiovascular health

DM diabetes mellitus

ED emergency department

eGFR estimated glomerular filtration rate

ESRD end-stage renal disease

EVEREST Efficacy of Vasopressin Antagonism in Heart Failure 
Outcome Study With Tolvaptan

EXAMINE Examination of Cardiovascular Outcomes With Alogliptin 
Versus Standard of Care

FHS Framingham Heart Study

FPG fasting plasma glucose

GBD Global Burden of Disease

GRS genetic risk score

GWAS genome-wide association study

GWTG Get With The Guidelines

HbA1c hemoglobin A1c (glycosylated hemoglobin)

HCHS/SOL Hispanic Community Health Study/Study of Latinos

HCUP Healthcare Cost and Utilization Project

HDL high-density lipoprotein

HF heart failure

HR hazard ratio

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

IDF International Diabetes Federation

IHD ischemic heart disease

IMPROVE-IT Improved Reduction of Outcomes: Vytorin Efficacy 
International Trial

IRR incidence rate ratio

JHS Jackson Heart Study

LDL-C low-density lipoprotein cholesterol

LEADER Liraglutide Effect and Action in Diabetes: Evaluation of 
Cardiovascular Outcome Results

MACE major adverse cardiovascular events

MEPS Medical Expenditure Panel Survey

MESA Multi-Ethnic Study of Atherosclerosis

MET metabolic equivalent

MI myocardial infarction

NEDS Nationwide Emergency Department Sample

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NHIS National Health Interview Survey

NHLBI National Heart, Lung, and Blood Institute

NIS National (Nationwide) Inpatient Sample

NVSS National Vital Statistics System

OR odds ratio

PA physical activity

PAF population attributable fraction

PWV pulse-wave velocity

REGARDS Reasons for Geographic and Racial Differences in Stroke

RR relative risk

SBP systolic blood pressure

SD standard deviation

SEARCH SEARCH for Diabetes in Youth

SSB sugar-sweetened beverage

TC total cholesterol

TECOS Trial Evaluating Cardiovascular Outcomes with Sitagliptin

TIMI Thrombolysis in Myocardial Infarction

TODAY Treatment Options for Type 2 Diabetes in Adolescents 
and Youth

UI uncertainty interval

USRDS United States Renal Data System

VTE venous thromboembolism

WC waist circumference

Abbreviations Used in Chapter 9 Continued

(Continued )
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Prevalence
Youth

•	 Approximately 193 000 people <20 years of age 
were diagnosed with DM in 2015.1

•	 During 2001 to 2009, the prevalence of type 1 DM 
increased 30% from 1.48 per 1000 youths to 1.93 
per 1000 youths.6

—	 Among youths with type 1 DM, 22.1% are 
overweight and 12.6% are obese.7

•	 Type 2 DM, a disease usually diagnosed in adults 
≥40 years of age, can be diagnosed among people 
<20 years of age. Between 2001 and 2009, the 
prevalence of type 2 DM in youths increased by 
30.5%.6

—	 Among youths with type 2 DM, 10.4% are 
overweight and 79.4% are obese.7

•	 Among US adolescents 12 to 19 years of age in 
2005 to 2014, the prevalence of DM was 0.8% 
(95% CI, 0.6%–1.1%). Of those with DM, 28.5% 
(95% CI, 16.4%–44.8%) were undiagnosed.8

•	 Among US adolescents 12 to 19 years of age in 
2005 to 2014, the prevalence of prediabetes was 
17.7% (95% CI, 15.8%–19.8%).8 Males were 
more likely to have prediabetes than females 
(22.0% [95% CI, 19.5%–24.7%] versus 13.2% 
[95% CI, 10.4%–16.7%]). Also, the prevalence of 
prediabetes was higher in NH blacks (21.0% [95% 
CI, 17.7%–24.7%]) and Hispanics (22.9% [95% 
CI, 19.9%–26.3%]) than in NH white participants 
(15.1% [95% CI, 12.3%–18.6%]).8

Adults
(See Table 9-1 and Charts 9-1 through 9-5)

•	 On the basis of data from NHANES 2013 to 2016,9 
an estimated 26 million adults have diagnosed 
DM, 9.4 million adults (3.7%) have undiagnosed 
DM, and 91.8 million adults (37.6%) have predia-
betes. The prevalence of prediabetes and DM dif-
fers by sex and race/ethnicity (Table 9-1).

•	 After adjustment for population age differences, 
NHANES 2013 to 20169 data for people ≥20 years 
of age indicate that the prevalence of diagnosed 
DM was 9.4% in NH white males and 7.3% in 
NH white females, 14.7% in NH black males and 
13.4% in NH black females, 15.1% in Hispanic 
males and 14.1% in Hispanic females, and 12.8% 
in NH Asian males and 9.9% in NH Asian females 
(Table 9-1 and Chart 9-1).

•	 On the basis of 2015 data from the Indian Health 
Service, the age-adjusted prevalence of diagnosed 
DM among American Indians/Alaska Natives was 
14.9% for males and 15.3% for females.1

•	 On the basis of NHANES 2013 to 20169 data, the 
age-adjusted prevalence of diagnosed DM in adults 
≥20 years of age varies by race/ethnicity and years 

of education. NH white adults with more than a 
high school education had the lowest prevalence 
(7.6%), and Hispanic adults with a high school 
education had the highest prevalence (17.7%; 
Chart 9-2).

•	 In the prospective, multicenter, population-based 
HCHS/SOL, 16 415 adults of Hispanic/Latino 
descent 18 to 74 years of age were enrolled from 
4 US metropolitan areas from 2008 to 2011. The 
prevalence of DM varied for adults with different 
Hispanic backgrounds. DM prevalence ranged 
from 10.2% in South Americans to 13.4% in 
Cubans, 17.7% in Central Americans, 18.0% 
in Dominicans and Puerto Ricans, and 18.3% in 
Mexicans.10

•	 Among foreign-born participants of the US 
NHANES 1999 to 2012, the prevalence of DM 
increased with duration of time spent in the United 
States and was 6.1%, 9.3%, 11.1%, and 20.0% 
among those in the United States for <1, 1 to 9, 
10 to 19, and ≥20 years, respectively.11

•	 Using NHANES 2011 to 2014 data, NH blacks (OR, 
2.53 [95% CI, 1.71–3.73]), Asians (OR, 6.16 [95% 
CI, 3.76–10.08]), and Hispanics (OR, 1.88 [95% 
CI, 1.19–2.99]) were more likely to have undiag-
nosed DM than NH whites.12

•	 The prevalence of diagnosed DM in adults 
was higher for both males and females in the 
NHANES 2013 to 2016 data than in the NHANES 
1988 to 1994 data. Males had a higher preva-
lence of both diagnosed DM and undiagnosed 
DM than females in 2013 to 2016. Prevalence 
of diagnosed and undiagnosed DM increased 
for both males and females between study 
periods (Chart 9-3). During this time period, 2 
DM diagnostic changes occurred: the thresh-
old definition for diagnosed DM was lowered 
from ≥140 mg/dL to ≥126 mg/dL in 1997,13 and 
HbA1c ≥6.5% was added as a diagnostic test in 
2010.3

•	 Geographic variations in DM prevalence have been 
reported in the United States.
—	 Across counties in the United States during 

1999 to 2012, the prevalence of diagnosed 
DM ranged from 5.6% to 20.4%, the preva-
lence of undiagnosed DM ranged from 3.2% 
to 6.8%, and the prevalence of total DM 
ranged from 8.8% to 26.4%.14 The preva-
lence of diagnosed DM was highest in the 
Deep South, near the Texas-Mexico border, 
and in counties with Native American res-
ervations and was lowest in counties in the 
upper Midwest and parts of Alaska and New 
England.

—	 Using state-level data from BRFSS15 2017, 
Mississippi had the highest age-adjusted 
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prevalence of diagnosed DM (12.9%) and 
Montana had the lowest prevalence (6.7%). 
The age-adjusted prevalence of diagnosed 
DM was higher among the US territories of 
Guam (15.8%) and Puerto Rico (15.0%; 
Chart 9-4).15

—	 Using data from the REGARDS study, the 
median (range) predicted prevalence of 
DM was 14% (10%–20%) among whites 
and 31% (28%–41%) among blacks.16 DM 
was most prevalent in the west and cen-
tral Southeast among whites (Louisiana, 
Arkansas, Mississippi, Alabama, Tennessee, 
and southern Kentucky, as well as parts of 
North Carolina and South Carolina).

•	 The age-adjusted prevalence of diagnosed DM and 
undiagnosed DM increased from 5.0% and 3.5%, 
respectively, in 1999 to 2000 to 7.8% and 4.4%, 
respectively, in 2009 to 2010.17 The prevalence of 
diagnosed DM increased among NH blacks and 
whites over this time period.

•	 The prevalence of diagnosed DM in adults was 
higher for NH black, NH white, and Hispanic adults 
in NHANES 1999 to 2010 than in NHANES 1988 
to 1994. Prevalence of undiagnosed DM increased 
slightly between studies (Chart 9-5).18

Incidence
Youth

•	 During 2011 to 2012, an estimated 17 900 people 
<20 years of age in the United States were diag-
nosed with incident type 1 DM, and 5300 individu-
als 10 to 19 years of age were newly diagnosed 
with type 2 DM annually.1

•	 In the SEARCH study, the incidence rate of type 
1 DM increased by 1.4% annually (from 19.5 to 
21.7 cases per 100 000 youths per year in 2003 
to 2012).19 The increase was larger for males than 
for females and for Hispanics and Asian or Pacific 
Islanders than for other ethnic groups. Also, 
the incidence of type 2 DM increased by 7.1% 
annually (from 9.0 to 12.5 cases per 100 000 
youths per year from 2003 to 2012). The annual 
increase was larger among females than males 
and among NH blacks, Hispanics, Asian or Pacific 
Islanders, and Native Americans compared with 
NH whites.

•	 Projecting disease burden for the US population 
<20 years of age by 2050, the number of youths 
with type 1 DM is expected to increase from 
166 018 to 203 382, and the number with type 2 
DM will increase from 20 203 to 30 111. Less con-
servative modeling projects the number of youths 
with type 1 DM at 587 488 and those with type 2 
DM at 84 131 by 2050.20

Adults
(See Table 9-1)

•	 Approximately 1.5 million US adults ≥18 years of 
age were diagnosed with incident DM in 2015 
(Table 9-1).1

•	 In the CARDIA study, the risk of DM was higher for 
black females than white females (HR, 2.86 [95% 
CI, 2.19–3.72]) and for black males than white 
males (HR, 1.67 [95% CI, 1.28–2.17]) after adjust-
ment for age and field center.21

Risk Factors for Developing DM
•	 In MESA, the incidence rate of DM per 1000 

person-years associated with having 0, 1, 2, 3, 
4, and 5 to 6 ideal CVH factors was 21.8, 18.6, 
13.0, 11.2, 4.7, and 3.6, respectively.22 Lower DM 
risk was associated with more ideal CVH factors 
for Asians, Hispanics, NH blacks, and NH whites. 
Ideal CVH factors included TC, BP, dietary intake, 
tobacco use, PA, and BMI.

•	 In CARDIA, black males and females were more 
likely to develop DM than white males and females 
(for males: HR, 1.67 [95% CI, 1.28–2.17]; for 
females: HR 2.86, [95% CI, 2.19–3.72]) in sex-
stratified analyses. Adjustment for FPG, BMI, WC, 
SBP, use of antihypertensive medications, triglyc-
erides to HDL ratio, and parental history of DM 
explained the higher incidence of DM observed for 
black adults compared with white adults, respec-
tively, over 30 years of follow-up.21

•	 In a meta-analysis, each 1-SD higher BMI in child-
hood was associated with an increased risk for 
developing DM as an adult (pooled OR, 1.23 [95% 
CI, 1.10–1.37] for children ≤6 years of age; 1.78 
[95% CI, 1.51–2.10] for children 7 to 11 years of 
age; and 1.70 [95% CI, 1.30–2.22] for those 12 to 
18 years of age).23

•	 Compared with birth weight of 3.63 to 4.5 kg, low 
birth weight (<2.72 kg) increased the risk of type 2 
DM (OR, 2.15 [95% CI, 1.54–3.00]), with 47% of 
this association mediated by insulin resistance.24

•	 Of the 20.9 million new cases of DM predicted to 
occur over 10 years in the United States, 1.8 mil-
lion could be attributable to consumption of SSBs. 
A meta-analysis showed that each 1 serving per 
day higher consumption of SSBs was associated 
with an 18% increased risk for DM.25

•	 In a meta-analysis, 600 to 3999, 4000 to 7999, 
and ≥8000 MET min/wk of PA versus <600 MET 
min/wk were associated with a decreased risk for 
developing DM of 0.86 (95% CI, 0.82–0.90), 0.75 
(95% CI, 0.70–0.80), and 0.72 (95% CI, 0.68–
0.77), respectively.26

•	 In the CARDIA study, higher cardiorespiratory fit-
ness was associated with lower risk for incident 
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prediabetes/DM (difference of 1 MET: HR, 0.99898 
[95% CI, 0.99861–0.99940]; P<0.01), which per-
sisted after adjustment for covariates.27

•	 Systematic reviews have found an association 
between sedentary time and DM even after adjust-
ment for PA.28,29 For example, Biswas et al28 ana-
lyzed 5 studies and found that higher sedentary 
time was associated with elevated risk of DM (RR, 
1.91 [95% CI, 1.64–2.22]).

•	 A systematic review found higher type 2 DM risk or 
prevalence was associated with living in an urban 
versus rural area (OR, 1.40 [95% CI, 1.22–1.61]), 
whereas higher neighborhood walkability was 
associated with lower risk or prevalence (OR, 0.79 
[95% CI, 0.72–0.87]).30

•	 In NHANES 2007 to 2014, the prevalence of ges-
tational DM was 7.6%, with 19.7% having a 
subsequent diagnosis of DM. Age-standardized 
prevalence of gestational DM was highest among 
Hispanic females (9.3%) and lower among NH 
white adults (7.0%) and NH black adults (6.9%).31

•	 In the Nurses’ Health Study II, the risk of DM was 
increased for females with a history of gestational 
hypertension (HR, 1.65 [95% CI, 1.42–1.91]) or 
preeclampsia (HR, 1.75 [95% CI, 1.58–1.93]) dur-
ing first pregnancy compared with females with 
normotension.32

Risk Prediction
•	 Several risk prediction algorithms for type 2 DM 

have been developed.33–36 In 2017, an updated 
version of the QDiabetes risk prediction algo-
rithm was published. The best performing model 
explained 63.3% of the variation in the time of 
diagnosis of type 2 DM, with a C statistic of 0.89.37

•	 Risk prediction algorithms for CVD among indi-
viduals with DM have also been developed.38,39 
Recent analyses of the performance of these risk 
scores found moderate performance, with C sta-
tistics ranging from 0.66 to 0.73.38–40 The QRISK3 
score has been reported to have C statistics of 
0.86 to 0.87.36

•	 The TIMI risk score for secondary prevention per-
formed moderately well among adults with type 
2 DM and high CVD risk. The C statistic was 0.71 
(95% CI, 0.69–0.73) for CVD death and 0.66 
(95% CI, 0.64–0.67) for a composite end point of 
CVD death, MI, or stroke.39

Family History and Genetics
•	 DM is heritable; twin or family studies have dem-

onstrated a range of heritability estimates from 
30% to 70% depending on age of onset.41,42 
In the FHS, having a parent or sibling with DM 

conferred a 3.4 times increased risk of DM, which 
increased to 6.1 if both parents were affected.43 
On the basis of data from NHANES 2009 to 2014, 
individuals with DM had an adjusted prevalence 
ratio for family history of DM of 4.27 (95% CI, 
3.57–5.12) compared with individuals without DM 
or prediabetes.44

•	 There are monogenic forms of DM, such as matu-
rity-onset DM of the young. In the TODAY study 
of overweight and obese children and adolescents 
with type 2 DM, 4.5% of individuals were found 
to have monogenic DM.45

•	 The majority of DM is a complex disease character-
ized by multiple genetic variants with gene-gene 
and gene-environment interactions. Genome-
wide genetic studies of common DM conducted 
in large sample sizes through meta-analyses have 
identified >100 genetic variants associated with 
DM, with the most consistent being a common 
intronic variant in the TCF7L2 (transcription factor 
7 like 2) gene.46–49

•	 Other risk loci for DM identified from GWASs 
include variants in the genes SLC30A8 and HHEX 
(related to β-cell development or function) and in 
the NAT2 (N-acetyltransferase 2) gene, associated 
with insulin sensitivity.48,50

•	 GWASs in non-European ethnicities have also iden-
tified significant risk loci for DM, including variants 
in the gene KCNQ1 (identified from a GWAS in 
Japanese individuals and replicated in other eth-
nicities).48,51 Transethnic analyses have identified 
genetic variants that are specific to certain ethnici-
ties, for example, within the PEPD gene (specific to 
East Asian ancestry) and KLF14 gene (specific to 
European ancestry).46,47

•	 Lifestyle appears to overcome risk conferred by 
a polygenic risk score composed of a combina-
tion of these common variants. In a study of the 
UK Biobank, genetic composition and combined 
health behaviors had a log-additive effect on the 
risk of developing DM, but ideal lifestyle returned 
the risk of incident DM toward the referent (low 
genetic risk) group in both the intermediate- and 
high-genetic-risk groups.52

•	 Genetic variants associated with traits that are 
risk factors for DM have themselves been shown 
to associate with DM. For example, in a genome-
wide study in the UK Biobank, polygenic risk scores 
associated with body fat distribution were associ-
ated with a higher risk of DM.53 However, the util-
ity of clinical genetic testing for common type 2 
DM is currently unclear.

•	 In the ACCORD trial, 2 genetic markers were iden-
tified with excess CVD mortality in the intensive 
treatment arm. A GRS has been developed that 
includes these genetic markers and was found to 
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be associated with the effect of intensive glycemic 
treatment of cardiovascular outcomes.54

•	 Novel genes that harbor rare variants associated 
with common DM have been identified, with the 
strongest being for a variant in the gene CCND2 
(encoding a protein that helps regulate the cell 
cycle) that reduces the risk of DM by half.55

•	 Inactivation of rare variants in the ANGPTL4 
(angiopoietin-like 4) gene, which leads to loss of 
the gene’s ability to inhibit lipoprotein lipase, has 
been associated with reduced DM risk.56

•	 Type 1 DM is also heritable. Early genetic studies 
identified the role of the MHC (major histocom-
patibility complex) gene in this disease, with the 
greatest contributor being the human leukocyte 
antigen region, estimated to contribute to ≈50% 
of the genetic risk.57

•	 A GRS composed of 9 type 1 DM–associated risk 
variants has been shown to be able to discriminate 
type 1 DM from type 2 DM (AUC 0.87), which 
could be clinically useful given the increasing prev-
alence of obesity in young adults.58

•	 There may exist shared genetic architectures of 
DM-related diseases. For example, there are shared 
genes between polycystic ovarian syndrome and 
DM; another study found that a DM-associated 
GRS was also associated with FPG levels in preg-
nancy59; and a recent GWAS in latent autoimmune 
DM in adults found overlap of many genetic sig-
nals with type 1 and type 2 DM.60

•	 The risk of complications from DM is also heritable. 
For example, diabetic kidney disease shows familial 
clustering, with diabetic siblings of patients with 
diabetic kidney disease having a 2-fold increased 
risk of also developing diabetic kidney disease.61 
Genetic variants have also been identified that 
appear to increase the risk of CAD or dyslipidemia 
in patients with DM62,63 or be protective against 
diabetic retinopathy in some groups.64

Prevention
•	 Among adults without DM in NHANES 2007 to 

2012, 37.8% met the moderate-intensity PA goal 
of ≥150 min/wk and 58.6% met the weight loss 
or maintenance goal for DM prevention. Adults 
with prediabetes were less likely to meet the PA 
and weight goals than adults with normal glucose 
levels.65

•	 In 2015, 33.9% of US adults ≥18 years of age had 
prediabetes, defined as FPG 100 to 125 mg/dL or 
HbA1c 5.7% to 6.4%.1 The prevalence of predia-
betes increased with age and was higher for males 
(36.6%) than females (29.3%).1

•	 In NHANES 2011 to 2014 data, among adults with 
prediabetes, 36.6% had hypertension, 51.2% had 

dyslipidemia, 24.3% smoked, 7.7% had albumin-
uria, and 4.6% had reduced eGFR.66

•	 Among adults ≥20 years of age with overweight 
or obesity from 4 integrated health systems in the 
United States, 47.2% had prediabetes in 2012 to 
2013.67

•	 In the Diabetes Prevention Program of adults 
with prediabetes (defined as 2-hour postchal-
lenge glucose of 140–199 mg/dL), the absolute 
risk reduction for DM was 20% for those adher-
ent to the lifestyle modification intervention and 
9% for those adherent to the metformin interven-
tion compared with placebo over a median 3-year 
follow-up. Metformin was effective among those 
with higher predicted risk at baseline, whereas life-
style intervention was effective regardless of base-
line predicted risk.68

Awareness, Treatment, and Control 
(See Chart 9-6)

•	 On the basis of NHANES 2013 to 2016 data for 
adults with DM, 20.9% had their DM treated 
and controlled, 45.2% had their DM treated but 
uncontrolled, 9.2% were aware they had DM but 
were not treated, and 24.7% were undiagnosed 
and not treated (Chart 9-6).

•	 The awareness of prediabetes is low, with only 
11.6% of adults with prediabetes reporting 
being told they have prediabetes by a healthcare 
professional.1

•	 From 2004 through 2011 in the TODAY study, 
less than half of children (41.1% of Hispanic and 
31.5% of NH black children) with recent-onset 
type 2 DM maintained durable glycemic control 
with metformin monotherapy, which is a higher 
rate of treatment failure than observed in adult 
cohorts.69

•	 In a pooled analysis of ARIC, MESA, and JHS, 
41.8%, 32.1%, and 41.9% of participants were 
at target levels for BP, LDL-C, and HbA1c, respec-
tively; 41.1%, 26.5%, and 7.2% were at target 
levels for any 1, 2, or all 3 factors, respectively. 
Having 1, 2, and 3 factors at goal was associated 
with 36%, 52%, and 62%, respectively, lower risk 
of CVD events compared with participants with no 
risk factors at goal.70

•	 In NHANES 2007 to 2010 data, 52.5% of adults 
with DM had an HbA1c <7.0%, 51.1% achieved 
a BP <130/80 mm Hg, 56.2% had an LDL-C <100 
mg/dL, and 18.8% had reached all 3 treatment 
targets. Compared with NH whites, Mexican 
Americans were less likely to meet HbA1c and 
LDL-C goals, and NH blacks were less likely to 
meet BP and LDL-C goals.71 Additionally, 22.3% of 
adults with DM reported being current smokers.72

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e276

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 9

•	 In NHANES 2011 to 2016, 50.4% of adults with 
DM who were taking antihypertensive medica-
tions did not meet BP treatment goals according 
to both the 2017 Hypertension Clinical Practice 
Guidelines and the American Diabetes Association 
standards of medical care.73

•	 In NHANES 2011 to 2016, 83.4% of adults with 
DM had an HbA1c test in the past year. Testing 
rates were higher for individuals with health insur-
ance (86.6%) than for those without health insur-
ance (55.9%).74

•	 Using data from BRFSS 2013, individuals with 
private insurance were more likely than those 
without insurance to have had HbA1c testing 
(OR, 2.60 [95% CI, 2.02–3.35]), a foot examina-
tion (OR, 1.72 [95% CI, 1.32–2.25]), or an eye 
examination (OR, 2.01 [95% CI, 1.56–2.58]) in 
the past year.75

•	 In the SEARCH study (Washington and South 
Carolina sites), the prevalence of food insecurity 
among individuals with type 1 DM was 19.5%. 
Youth and young adults from food-insecure house-
holds were more likely to have an HbA1c >9.0% 
(OR, 2.37 [95% CI, 1.10–5.09]).76

•	 Among young adults with type 2 DM in the 
SEARCH study, those who transferred from pedi-
atric care to an adult care provider or no care pro-
vider were more likely to have an HbA1c >9% (OR, 
4.5 [95% CI, 1.8–11.2] for transfer to adult care 
provider and OR, 4.6 [95% CI, 1.4–14.6] for trans-
fer to no care provider).77

•	 Among HCHS/SOL study participants with DM, 
43.0% had HbA1c <7.0%, 48.7% had BP <130/80 
mm Hg, 36.6% had LDL-C <100 mg/dL, and 8.4% 
had reached all 3 treatment targets.78

—	 HCHS/SOL participants in the lowest versus 
highest tertile of sedentary time were more 
likely to have controlled their HbA1c to <7% 
(OR, 1.76 [95% CI, 1.10–2.82]) and their 
triglycerides to <150 mg/dL (OR, 2.16 [95% 
CI, 1.36–3.46]).79

•	 According to NHANES 2007 to 2012, 17% of US 
adults with DM met the criteria for major depres-
sion or subsyndromal symptomatic depression. 
This represents 3.7 million US adults with these 
conditions.80

•	 From NHANES 2003 to 2012 data, 52% of 
adults with DM were taking cholesterol-lowering 
medications.81

•	 In the AHA’s GWTG Program, patients with ACS 
and DM were less likely to have LDL-C checked 
or a statin prescribed than patients with ACS but 
without DM.82

•	 In the IMPROVE-IT trial, adults with DM random-
ized to ezetimibe plus statin versus placebo plus 

statin had a lower risk of the composite end point 
of CVD death, CHD, and stroke (HR, 0.85 [95% CI, 
0.78–0.94]).83

•	 In MEPS, 70% (95% CI, 68%–71%), 67% (95% 
CI, 66%–69%), and 68% (95% CI, 66%–71%) 
of US adults with DM received appropriate DM 
care (HbA1c measurement, foot examination, and 
an eye examination) in 2002, 2007, and 2013, 
respectively84; however, only 39.6% of adults with 
DM reported receiving dilated eye examinations 
annually.85

•	 Among Medicare Advantage patients with DM 
from 2006 to 2013, use of metformin increased 
from 47.6% to 53.5%, use of dipeptidyl peptidase 
4 inhibitors increased from 0.5% to 14.9%, insulin 
use increased from 17.1% to 23.0%, use of sul-
fonylureas decreased from 38.8% to 30.8%, and 
thiazolidinedione use decreased from 28.5% to 
5.6%.86

•	 The ASCEND trial used a factorial design to exam-
ine the effect of aspirin and omega-3 fatty acid 
supplementation on CVD risk among individuals 
with DM and no history of CVD. Over a mean 
follow-up of 7.4 years, the CVD event rate was 
lower among those in the aspirin group than 
those in the placebo group (RR, 0.88 [95% CI, 
0.79–0.97]), but there was also a higher rate 
of major bleeding events (RR, 1.29 [95% CI, 
1.09–1.52]), such that the absolute benefits were 
largely counterbalanced by the increased bleed-
ing risk.87 Furthermore, omega-3 fatty acid sup-
plementation did not reduce CVD risk compared 
with placebo (RR, 0.97 [95% CI, 0.87–1.08]).88

•	 The Steno-2 study of 7.8 years of intensified, mul-
tifactorial treatment for individuals in Denmark 
with type 2 DM and microalbuminuria found that 
21.2 years after the start of the study, the intensive 
treatment intervention group had decreased mor-
tality (HR, 0.55 [95% CI, 0.36–0.83]), decreased 
rate of CVD events (HR, 0.55 [95% CI, 0.39–
0.77]), decreased rate of macroalbuminuria (HR, 
0.52 [95% CI, 0.32–0.84)], and decreased rate 
of HF hospitalizations (HR, 0.30 [95% CI, 0.14–
0.64]) compared with the conventional therapy 
group.89,90

Mortality 
(See Table 9-1)

•	 DM was listed as the underlying cause of mortal-
ity for 83 564 people (46 302 males and 37 262 
females) in the United States in 2017 (Table 9-1).91

•	 The 2017 overall age-adjusted death rate attribut-
able to DM was 21.5 per 100 000. For males, the 
age-adjusted death rates per 100 000 population 
were 24.0 for NH whites, 46.6 for NH blacks, 31.3 
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for Hispanics, 20.1 for NH Asian/Pacific Islanders, 
and 55.0 for NH American Indian/Alaska Natives. 
For females, the age-adjusted death rates per 
100 000 population were 14.6 for NH whites, 32.8 
for NH blacks, 20.9 for Hispanics, 13.7 for NH 
Asian/Pacific Islanders, and 38.3 for NH American 
Indian/Alaska Natives (unpublished NHLBI tabula-
tion using CDC WONDER92).

•	 In a study of NHIS 1997 to 2009 participants fol-
lowed up through 2011, DM was the underlying 
cause for 3.3% of deaths and a contributing cause 
for 10.8% of deaths. The PAF for death associated 
with DM was 11.5%. Although DM was more 
often cited as an underlying and contributing 
cause of death for NH blacks and Hispanics than 
for NH whites, the PAF was similar in each racial/
ethnic group.93

•	 In a collaborative meta-analysis of 980 793 indi-
viduals from 68 prospective studies, DM was asso-
ciated with all-cause mortality among both males 
(RR, 1.59 [95% CI, 1.54–1.65]) and females (RR, 
2.00 [95% CI, 1.90–2.11]).94

•	 Among NHIS participants enrolled in 2000 to 2009 
and followed up through 2011, males and females 
with diagnosed DM had 1.56 and 1.69 times as 
high risk of all-cause mortality as those without 
diagnosed DM (HR, 1.56 [95% CI, 1.49–1.64] and 
1.69 [95% CI, 1.61–1.78], respectively).95

•	 In the Swedish National Diabetes Register, there 
was a significant decline in all-cause mortality 
from 1998 to 2014 among individuals with type 
1 DM (HR, 0.71 [95% CI, 0.66–0.78]), but this 
decline was not statistically different from the 
decline observed among individuals without DM 
(HR, 0.77 [95% CI, 0.72–0.83]). In contrast, the 
decline in all-cause mortality from 1998 to 2014 
among individuals with type 2 DM (HR, 0.79 [95% 
CI, 0.78–0.80]) was less than the decline observed 
among individuals without DM (HR, 0.69 [95% CI, 
0.68–0.70]).96

•	 In the Swedish National Diabetes Register, com-
pared with individuals without DM, the adjusted 
HR for all-cause mortality for individuals with type 
1 DM who met all risk factor targets was 1.31 
(95% CI, 0.93–1.85), whereas the HR for individu-
als with type 1 DM who met no risk factor targets 
was 7.33 (95% CI, 5.08–10.57).97 Individuals with 
type 2 DM who met all risk factor targets (HbA1c, 
LDL-C, BP, urine ACR, and nonsmoker) had simi-
lar risks of death, MI, and stroke as those without 
DM.98

•	 The association of new-onset type 2 DM and 
all-cause mortality exhibited a U-shaped rela-
tionship by BMI, with the strongest associations 
observed among those with BMI ≥40 kg/m2 
(HR, 1.37 [95% CI, 1.11–1.71] for short-term 

mortality risk within 5 years and HR, 2.00 [95% 
CI, 1.58–2.54] for long-term mortality risk >5 
years).99

•	 In the NHIS from 1985 to 2014, there was a 
decrease in major CVD deaths, with 25% greater 
percentage reduction among adults with DM than 
among adults without DM.100

•	 The leading cause of death among patients with 
type 1 DM is CVD, which accounted for 22% of 
deaths among those in the Allegheny County, PA, 
type 1 DM registry, followed by renal (20%) and 
infectious (18%) causes.101

•	 Age at diagnosis is an important factor in mor-
tality rates among individuals with type 1 DM. 
In the Swedish National Diabetes Register, those 
who developed type 1 DM before 10 years of 
age experienced a loss of 17.7 life-years (95% CI, 
14.5–20.4) for females and 14.2 life-years (95% 
CI, 12.1–18.2) for males compared with those 
without type 1 DM.102

Complications 
(See Chart 9-7)
Microvascular Complications

•	 Among those ≤21 years of age with newly diag-
nosed DM in a US managed care network, 20% 
of youth with type 1 DM and 7.2% of youth with 
type 2 DM developed diabetic retinopathy over a 
median follow-up of 3 years.103

•	 Among American Indian and Alaska Native indi-
viduals with DM using primary care clinics of the 
US Indian Health Service, tribal, and urban Indian 
healthcare facilities, 17.7% had nonproliferative 
diabetic retinopathy, 2.3% had proliferative dia-
betic retinopathy, and 2.3% had diabetic macular 
edema.104

•	 On the basis of analyses of data from the NIS, 
the USRDS, and the US NVSS, between 1995 and 
2015 (Chart 9-7), substantial declines have been 
observed in the age-standardized rates of hospi-
talization for lower-extremity amputation (32.4% 
decline), incident DM-related ESRD (39.0% 
decline), and mortality attributable to hyperglyce-
mic crisis (34.2% decline) among those with diag-
nosed DM.105

•	 Among adults with DM in NHANES 2007 to 2012, 
the overall age-adjusted prevalence of CKD was 
40.2% in 2007 to 2008, 36.9% in 2009 to 2010, 
and 37.6% in 2011 to 2012.106 The prevalence of 
CKD was 58.7% in US adults with DM ≥65 years 
of age, 25.7% in those <65 years of age, 43.5% 
in NH blacks and Mexican Americans, and 38.7% 
in NH whites.

•	 Using the Kidney Disease Improving Global 
Outcomes classification for CKD among adults 
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with type 2 DM in NHANES 2007 to 2014, the 
prevalence of stage 3a CKD (mildly to moder-
ately decreased kidney function) was 10.4% 
(95% CI, 9.1%–11.7%), stage 3b CKD (moder-
ately to severely decreased) was 5.4% (95% CI, 
4.5%–6.4%), stage 4 CKD (severely decreased) 
was 1.8% (95% CI, 1.3%–2.4%), and stage 
5 CKD (kidney failure) was 0.4% (95% CI, 
0.2%–0.7%).107

•	 The prevalence of any diabetic kidney disease, 
defined as persistent albuminuria, persistent 
reduced eGFR, or both, did not significantly change 
from the period 1988 to 1994 (28.4% [95% CI, 
23.8%–32.9%]) to 2009 to 2014 (26.2% [95% 
CI, 22.6%–29.9%]). Persistence was calculated 
based on elevated values obtained during both the 
mobile examination and home collection sample 
on a subset of NHANES participants. However, 
the prevalence of albuminuria decreased from 
20.8% (95% CI, 16.3%–25.3%) to 15.9% (95% 
CI, 12.7%–19.0%) and the prevalence of reduced 
eGFR increased from 9.2% (95% CI, 6.2%–
12.2%) to 14.1% (95% CI, 11.3%–17.0%) over 
this time period.108

CVD Complications
•	 Among NHIS participants enrolled in 2000 to 2009 

and followed up through 2011, DM was associ-
ated with increased risk for CVD mortality for both 
males and females.95

•	 In the TECOS trial of adults with type 2 DM and 
ASCVD, females with DM had a lower risk of 
MI (HR, 0.70 [95% CI, 0.55–0.90]) and stroke 
(HR, 0.52 [95% CI, 0.38–0.71]) than males with 
DM.109

•	 On the basis of analyses of data from the NHIS, 
between 1995 and 2015, the rate of hospital-
izations for IHD declined 67.8% and the rate of 
hospitalization for stroke declined 37.9% among 
patients with DM (Chart 9-7).110

•	 The HRs of CHD events comparing participants 
with DM only, DM and prevalent CHD, and neither 
DM nor prevalent CHD with those with prevalent 
CHD were 0.65 (95% CI, 0.54–0.77), 1.54 (95% 
CI, 1.30–1.83), and 0.41 (95% CI, 0.35–0.47), 
respectively, after adjustment for demographics 
and risk factors.111 Compared with participants 
who had prevalent CHD, the HR of CHD events 
for participants with severe DM was 0.88 (95% CI, 
0.72–1.09).

•	 A 1-SD increase in glucose variability increased 
the risk of CVD (HR, 1.11 [95% CI, 1.01–1.23] 
for coefficient of variation and HR, 1.14 [95% 
CI, 1.04–1.25] for average real variability) in the 
Veterans Affairs Diabetes Trial after adjustment for 
risk factors and mean glucose.112

•	 In a prospective cohort study of individuals with 
childhood-onset type 1 DM, a 1% increase in 
HbA1c was associated with a 1.26-fold increase in 
incident CVD (95% CI, 1.07–1.45).113

•	 In a meta-analysis of 19 studies, DM was not asso-
ciated with an increased risk for VTE (pooled RR, 
1.10 [95% CI, 0.94–1.29]).114

•	 Compared with those with normal glucose, 
carotid-femoral PWV was 95.8 cm/s (95% CI, 
69.4–122.1 cm/s) and 21.3 cm/s (95% CI, −0.8 
to 43.4 cm/s) higher for participants with DM and 
prediabetes, respectively.115 A similar pattern was 
present for brachial-ankle PWV.

•	 In MESA, 63% of participants with DM had a CAC 
score >0 compared with 48% of those without 
DM.116

•	 In CARDIA, a longer duration of DM was associ-
ated with CAC presence (per 5-year longer dura-
tion: HR, 1.15 [95% CI, 1.06–1.25]) and worse 
cardiac function, including early diastolic relax-
ation and higher diastolic filling pressure.117

•	 In a nationwide Danish registry, the adjusted 
IRRs for AF comparing people with and without 
DM were 2.34 (95% CI, 1.52–3.60), 1.52 (95% 
CI, 1.47–1.56), 1.20 (95% CI, 1.18–1.23), and 
0.99 (95% CI; 0.97–1.01) for adults 18 to 39, 
40 to 64, 65 to 74, and 75 to 100 years of age, 
respectively.118

•	 In an analysis of NHANES 2001 to 2010, the prev-
alence of AP among participants with CHD was 
similar for adults with and without DM (49% and 
46%, respectively).119

•	 DM increases the risk of HF and adversely affects 
outcomes among patients with HF.
—	� DM alone qualifies for the most recent ACC/

AHA diagnostic criteria for stages A and B 
HF, a classification of patients without HF but 
at notably high risk for its development.120

—	� In a meta-analysis of 10 prospective cohort 
studies, the HR for HF per 1-mmol/L (≈18 mg/
dL) increase in FPG level was 1.11 (95% CI, 
1.04–1.17), which suggests an independent 
and continuous positive association between 
FPG and HF.121

—	� Post hoc analysis of data from the EVEREST 
randomized trial of patients hospitalized with 
decompensated systolic HF demonstrated that 
DM increased the risk of the composite out-
come of cardiovascular mortality and HF hospi-
talization (HR, 1.17 [95% CI, 1.04–1.31]) over 
a median 9.9 months of follow-up.122

—	� The association between glycemia and out-
comes has been mixed in patients with HF, and 
there is insufficient evidence to recommend 
specific glucose treatment goals in patients 
hospitalized with HF.123
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Hypoglycemia
•	 Hypoglycemia is a major factor that limits glycemic 

control in DM. In 2010, among Medicare benefi-
ciaries with DM, hospitalizations for hypoglycemia 
and hyperglycemia occurred at a rate of 612 and 
367 per 100 000 person-years, respectively.124

•	 In the Veterans Affairs Diabetes Trial, severe hypo-
glycemia within the prior 3 months was associ-
ated with an increased risk of a CVD event (HR, 
1.9 [95% CI, 1.06–3.52]), CVD mortality (HR 3.7 
[95% CI 1.3–10.4]), and all-cause mortality (HR, 
2.4 [95% CI, 1.1–5.1)].125

•	 In the LEADER trial, patients with type 2 DM who 
experienced a severe hypoglycemic event had an 
increased risk of MACE (HR, 2.2 [95% CI, 1.6–3.0]) 
and CVD death (HR, 3.7 [95% CI, 2.6–5.4]).126 
Similarly, in the EXAMINE trial, severe hypogly-
cemia was associated with an increased risk of 
MACE (HR, 2.42 [95% CI, 1.27–4.60]).127

•	 In ARIC, severe hypoglycemia was associated 
with an increased risk of CHD (HR, 2.02 [95% CI, 
1.27–3.20]), all-cause mortality (HR, 1.73 [95% 
CI, 1.38–2.17]), cardiovascular mortality (HR, 1.64 
[95% CI, 1.15–2.34]), and cancer mortality (HR, 
2.49 [95% CI, 1.46–4.24]).128

•	 In a post hoc analysis of the TECOS trial of adults 
with type 2 DM and ASCVD, nonfatal MI and non-
fatal stroke increased the risk of severe hypoglyce-
mia (HR, 2.31 [95% CI, 1.39–3.82] for MI and HR, 
2.07 [95% CI, 1.01–4.23] for stroke) after adjust-
ment for clinical factors.129

•	 Severe hypoglycemia is more common with 
increasing age, with use of insulin or sulfonylureas, 
and in those with impaired renal function, type 1 
DM, and prior severe hypoglycemia.130 Higher 
rates of hypoglycemia have also been reported in 
NH blacks compared with NH whites.131

•	 Using data from the Optum Labs Data Warehouse, 
6419 index hospitalizations for hypoglycemia were 
identified among individuals with DM from 2009 
to 2014. The 30-day readmission after these index 
hospitalizations was 10%, with the majority of 
these readmissions being for other primary causes 
and only 12% for recurrent hypoglycemia.132

Healthcare Utilization 
(See Table 9-1)

•	 In 2016, there were 580 000 principal diagnosis 
discharges for DM (HCUP,133 unpublished NHLBI 
tabulation; Table 9-1).

•	 Among Medicare beneficiaries with type 2 DM 
enrolled in Medicare Advantage prescription drug 
plans hospitalized between 2012 and 2014, there 
was a 17.1% 30-day readmission rate.134 Using 

data from the Optum Labs Data Warehouse, indi-
viduals with type 2 DM hospitalized between 2009 
and 2014 had a 10.8% 30-day readmission rate.135

•	 According to the 2014 NIS, the rate of hospitaliza-
tion among adults with DM was 327.2 per 1000 
people with DM for any cause (7.2 million dis-
charges), 70.4 per 1000 people with DM for major 
CVD (1.5 million discharges), 5.0 per 1000 people 
with DM for lower-extremity amputation (108 000 
discharges), and 7.7 per 1000 people with DM for 
diabetic ketoacidosis (168 000 discharges).1

•	 According to the 2014 NEDS, the rate of ED visits 
was 648.9 per 1000 people with DM for any cause 
(14.2 million visits), 11.2 per 1000 people with 
DM for hypoglycemia (245 000 visits), and 9.5 per 
1000 people with DM for hyperglycemia (207 000 
visits).1

•	 Among participants in the ARIC study without a 
prior diagnosis of DM, hospitalization rates were 
163 (95% CI, 158–169), 217 (95% CI, 206–228), 
and 254 (95% CI, 226–281) per 1000 person-years 
with HbA1c <5.7%, 5.7% to <6.5%, and ≥6.5%, 
respectively. Among those with diagnosed DM, the 
hospitalization rates were 340 (95% CI, 297–384) 
and 504 (95% CI, 462–547) for participants with 
HbA1c <7.0% and ≥7.0%, respectively.136

Cost 
(See Table 9-1)

•	 In 2017, the cost of DM was estimated at $327 
billion, up 26% from 2012, accounting for 1 in 
4 healthcare dollars.137 Of these costs, $237 bil-
lion were direct medical costs and $90 billion 
resulted from reduced productivity. Medical costs 
for patients with DM were 2.3 times higher than 
for people without DM, with an average medical 
expenditure of $16 752 per year for people with 
DM, of which $9601 was attributed to DM.137

•	 Informal care is estimated to cost $1192 to $1321 
annually per person with DM.138

•	 Using 2001 to 2013 MarketScan data, the per capita 
total excess medical expenditure for individuals with 
DM in the first 10 years after diagnosis is $50 445.139

•	 In 2014, the cost for DM-related preventable hos-
pitalizations was $5.9 billion. Between 2001 and 
2014, this cost increased annually by 1.6%, of 
which 25% was attributable to an increase in the 
cost per hospitalization and 75% was attributable 
to an increase in the number of hospitalizations.140 
The DM-related preventable hospitalization rate 
has decreased slightly140 or stayed stable.141

•	 A systematic review estimated that CVD costs 
account for 20% to 49% of the total direct costs 
of DM care.142
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Global Burden of DM 
(See Table 9-2 and Charts 9-8 through 
9-10)

•	 The GBD 2017 Study used bayesian meta-regres-
sion tools and data on incidence, prevalence, case 
fatality, excess mortality, and cause-specific mor-
tality to estimate disease burden for 359 diseases 
and injuries in 195 countries and territories.143

—	 The prevalence of DM increased 129.7% 
for males and 120.9% for females between 
1990 and 2017. Overall, 245.5 million males 
and 230.5 million females worldwide have 
DM (Table 9-2).

—	 Age-standardized mortality rates attribut-
able to high FPG are generally lower in high 
income countries (Chart 9-8).

—	 Age-standardized mortality attributable to 
DM is highest in Oceania, Southern and sub-
Saharan Africa, Southeast Asia, and parts of 
Central and Tropical Latin America (Chart 9-9).

—	 The age-standardized prevalence of DM is 
highest in Oceania (Chart 9–10).

•	 According to the IDF Atlas, the global prevalence 
of DM was 451 million (95% CI, 367–585 mil-
lion) for adults 18 to 99 years of age in 2017 and 
is projected to increase to 693 million (95% CI, 
522–903 million) by 2045.144 The IDF Atlas global 
prevalence estimate did not include all ages and 
used a different methodology than the GBD preva-
lence estimate reported here.

•	 The global economic burden of DM was $1.3 tril-
lion in 2015. It is estimated to increase to $2.1 to 
2.5 trillion by 2030.145

Table 9-1.  DM in the United States

Population Group

Prevalence of 
Diagnosed DM, 
2013–2016: Age 

≥20 y

Prevalence of 
Undiagnosed DM, 
2013–2016: Age 

≥20 y

Prevalence of 
Prediabetes, 2013–

2016: Age ≥20 y

Incidence of 
Diagnosed 

DM, 2015: Age 
≥18 y*

Mortality, 2017: 
All Ages†

Hospital 
Discharges, 

2016: All Ages Cost, 2017‡

Both sexes 26 000 000 (9.8%) 9 400 000 (3.7%) 91 800 000 (37.6%) 1 500 000 83 564 580 000 $327 Billion

Males 13 700 000 (10.9%) 5 500 000 (4.6%) 51 700 000 (44.0%) … 46 302 (55.4%)§ 319 000 …

Females 12 300 000 (8.9%) 3 900 000 (2.8%) 40 100 000 (31.3%) … 37 262 (44.6%)§ 261 000 …

NH white males 9.4% 4.7% 43.7% … 31 343 … …

NH white females 7.3% 2.6% 32.2% … 23 773 … …

NH black males 14.7% 1.7% 31.9% … 7494 … …

NH black females 13.4% 3.3% 24.0% … 7304 … …

Hispanic males 15.1% 6.3% 48.1% … 5054 … …

Hispanic females 14.1% 4.0% 31.7% … 4162 … …

NH Asian males 12.8% 6.1% 47.1% … 1612 … …

NH Asian females 9.9% 2.1% 29.4% … 1435 … …

NH American Indian 
or Alaska Native

… … … … 1114 … …

Undiagnosed DM is defined as those whose fasting glucose is ≥126 mg/dL but who did not report being told by a healthcare provider that they had DM. 
Prediabetes is a fasting blood glucose of 100 to <126 mg/dL (impaired fasting glucose); prediabetes includes impaired glucose tolerance. DM indicates diabetes 
mellitus; ellipses (…), data not available; and NH, non-Hispanic.

*Centers for Disease Control and Prevention, National Diabetes Statistics Report, 2017.1

†Mortality for Hispanic, American Indian or Alaska Native, and Asian and Pacific Islander people should be interpreted with caution because of inconsistencies 
in reporting Hispanic origin or race on the death certificate compared with censuses, surveys, and birth certificates. Studies have shown underreporting on death 
certificates of American Indian or Alaska Native, Asian and Pacific Islander, and Hispanic decedents, as well as undercounts of these groups in censuses.

‡American Diabetes Association.2

§These percentages represent the portion of total DM mortality that is for males vs females.
Sources: Prevalence: Prevalence of diagnosed and undiagnosed DM: unpublished National Heart Lung and Blood Institute (NHLBI) tabulation using National 

Health and Nutrition Examination Survey, 2013 to 2016.9 Percentages for sex and racial/ethnic groups are age adjusted for Americans ≥20 years of age. Mortality: 
unpublished NHLBI tabulation using National Vital Statistics System, 2017.91 These data represent DM as the underlying cause of death only. Mortality for NH Asians 
includes Pacific Islanders. Hospital discharges: Healthcare Cost and Utilization Project, 2016.133

This 
table shows the 
prevalence of 
diagnosed and 
undiagnosed 
diabetes 
mellitus and 
prediabetes, 
the incidence 
of diagnosed 
diabetes, and 
the mortal-
ity, hospital 
discharges and 
cost related 
to diabetes.  
Of note, the 
prevalence of 
diagnosed dia-
betes mellitus, 
undiagnosed di-
abetes mellitus, 
and prediabetes 
is highest in 
Hispanic males.
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Table 9-2.    Global Prevalence and Mortality of DM, 2017

Both Sexes Combined Males Females

Death  
(95% UI)

Prevalence  
(95% UI)

Death  
(95% UI)

Prevalence (95% 
UI)

Death  
(95% UI)

Prevalence  
(95% UI)

Total number (millions) 1.4  
(1.3 to 1.4)

476.0  
(436.6 to 522.8)

0.7  
(0.6 to 0.7)

245.5  
(225.2 to 269.4)

0.7  
(0.7 to 0.7)

230.5  
(211.2 to 252.8)

Percent change total number 
1990 to 2017

125.5  
(116.9 to 132.4)

125.4  
(116.9 to 135.6)

141.9  
(133.3 to 151.1)

129.7  
(121.0 to 140.3)

112.2  
(101.5 to 120.7)

120.9  
(112.2 to 130.9)

Percent change total number 
2007 to 2017

34.7  
(32.2 to 37.3)

29.6  
(24.7 to 35.0)

35.7  
(32.8 to 38.8)

29.3  
(24.3 to 35.0)

33.8  
(30.1 to 37.5)

29.8  
(24.6 to 35.4)

Rate per 100 000 17.5  
(17.1 to 17.9)

5886.9  
(5403.6 to 6458.5)

18.6  
(18.1 to 19.0)

6261.0  
(5750.2 to 6867.1)

16.6  
(16.1 to 17.2)

5527.6  
(5062.4 to 6058.0)

Percent change rate 1990 
to 2017

11.6  
(7.4 to 14.9)

24.2  
(19.6 to 29.5)

17.0  
(13.1 to 21.2)

26.4  
(21.6 to 31.8)

6.4  
(1.1 to 10.7)

22.0  
(17.3 to 27.2)

Percent change rate 2007 
to 2017

1.2  
(−0.7 to 3.1)

3.9  
(0.0 to 8.2)

1.0  
(−1.1 to 3.3)

4.0  
(−0.2 to 8.4)

0.9  
(−1.8 to 3.7)

3.8  
(−0.4 to 8.0)

DM indicates diabetes mellitus; and UI, uncertainty interval.
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.143 Printed with permission. 

Copyright © 2018, University of Washington.

This table lists 
the total num-
ber of deaths 
and death rate 
worldwide and 
the prevalence 
and prevalence 
rate of diabe-
tes mellitus in 
2017, as well 
as the percent 
change in 
each of these 
categories 
from 2007 and 
1990.  These 
categories are 
also broken 
down by 
sex. The 1.4 
million deaths 
attributable to 
diabetes mel-
litus represent 
a 35 percent 
increase from 
2007.
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Chart 9-1. Age-adjusted prevalence of diagnosed diabetes mellitus in US adults ≥20 years of age by race/ethnicity and sex (NHANES, 2013–2016). 
NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.9

This chart 
shows that 
between 2013 
and 2016 adult 
Hispanic males, 
non-Hispanic 
black males 
and Hispanic 
females had 
the highest 
prevalence of 
physician-
diagnosed 
diabetes melli-
tus.  Among all 
race categories, 
males had high-
er prevalence 
of diabetes 
mellitus.
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Chart 9-2. Age-adjusted prevalence of diagnosed diabetes mellitus in US adults ≥20 years of age by race/ethnicity and years of education (NHANES, 
2013–2016). 
NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.9

This chart 
shows that 
between 
2013 and 
2016 in 
adults, His-
panics with a 
high school 
degree had 
the highest 
prevalence of 
physician-
diagnosed 
diabetes 
mellitus, 
followed by 
non-Hispanic 
blacks with 
less than a 
high school 
degree and 
then Hispan-
ics with 
less than a 
high school 
degree.

5.4

10.9

3.4

4.6

5.4

8.9

2.5
2.8

0

2

4

6

8

10

12

Diagnosed
1988-94*

Diagnosed
2013-16

Undiagnosed
1988-94

Undiagnosed
2013-16

noitalupo
P fo tnecre

P

Male Female

Chart 9-3. Trends in diabetes mellitus prevalence in US adults ≥20 years of age by sex (NHANES, 1988–1994 and 2013–2016).  
The definition of diabetes mellitus changed in 1997 (from glucose ≥140 mg/dL to ≥126 mg/dL).  
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 1988 to 1994 and 2013 to 2016.9

This chart 
shows that 
the prevalence 
of diagnosed 
diabetes in 
adults was the 
same for males 
and females at 
5.4% in 1988 
to 1994.  In 
2013 to 2016, 
that prevalence 
doubled for 
males and 
increased 
somewhat for 
females.  The 
prevalence of 
undiagnosed 
diabetes was 
lower than diag-
nosed diabetes 
in 1988 to 1994 
with females 
being lower 
than males.  
Prevalence 
increased a bit 
for both sexes in 
2013 to 2016.
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Chart 9-4. Age-adjusted percentage of adults with diagnosed diabetes mellitus, US states and territories, 2017.  
Reprinted image has been altered to remove background colors and page headers/footers.  
Source: Reprinted from Behavioral Risk Factor Surveillance System Prevalence and Trends Data.15

This chart shows 
that in 2017, 
the highest 
prevalence of 
diagnosed dia-
betes in adults 
was in Texas, 
Oklahoma, 
Arkansas, Louisi-
ana, Mississippi, 
Alabama, South 
Carolina, 
Tennessee, Ken-
tucky, Indiana, 
West Virginia, 
Guam, and 
Puerto Rico.

Chart 9-5. Trends in the prevalence of diagnosed and undiagnosed diabetes mellitus (calibrated hemoglobin A1c levels >6.5%), by racial/ethnic 
group, 1988 to 1994, 1999 to 2004, and 2005 to 2010.  
Data from US adults ≥20 years of age in NHANES 1988 to 1994, 1999 to 2004, and 2005 to 2010.  
NHANES indicates National Health and Nutrition Examination Survey.  
Source: From Annals of Internal Medicine, Selvin et al.18 Copyright © 2014, American College of Physicians. All rights reserved. Reprinted with the permission of 
American College of Physicians, Inc.

This chart 
shows that 
between 1988 
and 2010 at 
three time 
intervals, 
the highest 
prevalence 
of diagnosed 
diabetes in 
US adults 
was in blacks, 
followed 
by Mexican 
Americans and 
then whites.  
The highest 
prevalence of 
undiagnosed 
diabetes was 
lower at all the 
time intervals 
than diag-
nosed diabetes 
and was high-
est in black 
and Mexican 
Americans, 
followed by 
whites.
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Chart 9-7. Trends in age-standardized rates of complications among US adults ≥18 years of age from 1995 to 2015.  
Data in (A) include the population with diabetes and (B) include the general population (with or without diabetes).  
Age adjustment is to the 2000 US standard population using age groups <45, 45 to 64, 65 to 74, and ≥75 years of age.  
ESRD indicates end-stage renal disease.  
*Hospitalization rates; data from the National Inpatient Sample of the Agency for Healthcare Research and Quality.  
†DM-related ESRD; data from the United States Renal Data System.  
‡Data from the Centers for Disease Control and Prevention’s National Vital Statistics System.  
§Hyperglycemic crisis and ESRD rates are for all ages.  
Source: Centers for Disease Control and Prevention Diabetes Atlas105 using data sources listed in the symbol notes.

Chart 9-7A. 
This panel of 
this chart shows 
that the highest 
complications 
of diabetes 
between 1995 
and 2015 among 
US adults with 
diagnosed dia-
betes were rates 
of ischemic heart 
disease, followed 
by heart failure, 
stroke, lower 
extremity ampu-
tation, end-stage 
renal disease, 
and death from 
hyperglycemic 
crisis.  Rates of 
ischemic heart 
disease and heart 
failure had a 
greater decline 
than other 
complications 
between 1995 
and 2010.
Chart 9-7B. This 
panel of this 
chart shows 
that the highest 
complications 
of diabetes 
between 1995 
and 2015 among 
US adults with-
out diagnosed 
diabetes in the 
general popula-
tion were rates 
of ischemic heart 
disease, followed 
by heart failure, 
stroke, lower 
extremity ampu-
tation, end-stage 
renal disease, 
and death from 
hyperglycemic 
crisis.  Rates 
were dramati-
cally lower at all 
time points for 
the general 
population for 
each of these 
complications 
than for those 
with diagnosed 
diabetes. Rates 
of ischemic heart 
disease in the 
general popula-
tion increased 
from 1995 
to 2000 but 
declined through 
2015.  Other 
complications 
have stayed 
relatively similar 
in rates among 
the general 
population over 
time.

20.9%

45.2%

9.2%

24.7%
Treated and Controlled

Treated and Uncontrolled

Not Treated, but Aware

Not Treated and Undiagnosed

Chart 9-6. Awareness, treatment, and control of diabetes mellitus in US adults ≥20 years of age (NHANES, 2013–2016). 
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.9

This chart 
shows that 
between 2013 
and 2016, the 
highest percent 
of US adults 
had treated and 
uncontrolled 
diabetes, fol-
lowed by not 
treated and 
undiagnosed, 
followed by 
treated and 
controlled, 
and finally not 
treated but 
aware.
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Chart 9-8. Age-standardized global mortality rates attributable to high fasting plasma glucose (FPG) per 100 000, both sexes, 2017.  
Age-standardized mortality rates attributable to high FPG are generally lower in high-income countries.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.143 Printed with permission. 
Copyright © 2018, University of Washington.

This map 
shows that 
age-stan-
dardized 
mortality 
rates attrib-
utable to 
high fasting 
blood 
glucose 
were gener-
ally lower 
in high 
income 
countries in 
2017.

Chart 9-9. Age-standardized global mortality rates attributable to diabetes mellitus (DM) per 100 000, both sexes, 2017.  
Age-standardized mortality attributable to DM is highest in Oceania, Southern and sub-Saharan Africa, Southeast Asia, and parts of Central and Tropical Latin 
America.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.143 Printed with permission. 
Copyright © 2018, University of Washington.

This map 
shows that 
age-standard-
ized mortality 
due to diabe-
tes mellitus 
was highest 
in Oceania, 
Southern and 
Sub-Saharan 
Africa, South-
east Asia, 
and parts of 
Central and 
Tropical Latin 
America in 
2017.

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e286

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 9

Chart 9-10. Age-standardized global prevalence rates of diabetes mellitus (DM) per 100 000, both sexes, 2017.  
The age-standardized prevalence of DM is highest in Oceania. 
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.143 Printed with permission. 
Copyright © 2018, University of Washington.

This chart 
shows that 
the age-
standardized 
global 
prevalence 
of diabetes 
mellitus was 
highest in 
Oceania in 
2017.
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10. METABOLIC SYNDROME
See Charts 10-1 through 10-7

Definition
•	 MetS is a multicomponent risk factor for CVD and 

type 2 DM that reflects the clustering of individual 
cardiometabolic risk factors related to abdominal 
obesity and insulin resistance. MetS is a useful 

entity for communicating the nature of lifestyle-
related cardiometabolic risk to both patients and 
clinicians. Although multiple definitions for MetS 
have been proposed, the IDF, NHLBI, AHA, and 
others recommended a harmonized definition for 
MetS based on the presence of any 3 of the fol-
lowing 5 risk factors1:
—	 FPG ≥100 mg/dL or undergoing drug treat-

ment for elevated glucose
—	 HDL-C <40 mg/dL in males or <50 mg/dL in 

females or undergoing drug treatment for 
reduced HDL-C

—	 Triglycerides ≥150 mg/dL or undergoing drug 
treatment for elevated triglycerides

—	 WC >102 cm in males or >88 cm in females for 
people of most ancestries living in the United 
States. Ethnicity- and country-specific thresh-
olds can be used for diagnosis in other groups, 

Click here to return to the Table of Contents

Abbreviations Used in Chapter 10

AF atrial fibrillation

AHA American Heart Association

AIM-HIGH Atherothrombosis Intervention in Metabolic Syndrome With 
Low HDL/High Triglycerides and Impact on Global Health 
Outcomes

ARIC Atherosclerosis Risk in Communities

ATP III Adult Treatment Panel III

BioSHaRE Biobank Standardization and Harmonization for Research 
Excellence in the European Union

BMI body mass index

BP blood pressure

CAC coronary artery calcification

CAD coronary artery disease

cAMP cyclic adenosine monophosphate

Carbs carbohydrates

CDC Centers for Disease Control and Prevention

CHD coronary heart disease

CHRIS Collaborative Health Research in South Tyrol Study

CI confidence interval

CRP C-reactive protein

CT computed tomography

CVD cardiovascular disease

DBP diastolic blood pressure

DESIR Data from an Epidemiological Study on the Insulin 
Resistance Syndrome

DILGOM Dietary, Lifestyle, and Genetics Determinants of Obesity and 
Metabolic Syndrome

DM diabetes mellitus

EGCUT Estonian Genome Center of the University of Tartu

FPG fasting plasma glucose

GFR glomerular filtration rate

HbA1c hemoglobin A1c (glycosylated hemoglobin)

HCHS/SOL Hispanic Community Health Study/Study of Latinos

HCUP Healthcare Cost and Utilization Project

HDL high-density lipoprotein

HDL-C high-density lipoprotein cholesterol

HF heart failure

HIV human immunodeficiency virus

HR hazard ratio

HUNT2 Nord-Trøndelag Health Study

IDF International Diabetes Federation

IL interleukin

IMT intima-media thickness

JHS Jackson Heart Study

KORA Cooperative Health Research in the Region of Augsburg

LDL low-density lipoprotein

LDL-C low-density lipoprotein cholesterol

LV left ventricular

(Continued )

MESA Multi-Ethnic Study of Atherosclerosis

MET metabolic equivalent

MetS metabolic syndrome

MHO metabolically healthy obesity

MI myocardial infarction

MICROS Microisolates in South Tyrol Study

MORGAM MONICA [Monitoring Trends and Determinants in 
Cardiovascular Disease], Risk, Genetics, Archiving and 
Monograph Project

MRI magnetic resonance imaging

NAFLD nonalcoholic fatty liver disease

NCDS National Child Development Study

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NHLBI National Heart, Lung, and Blood Institute

NIH-AARP National Institutes of Health–American Association of 
Retired Persons 

NIPPON 
DATA

National Integrated Project for Prospective Observation of 
Noncommunicable Disease and Its Trends in Aged

NL The Netherlands

OR odds ratio

OSA obstructive sleep apnea

PA physical activity

PAD peripheral artery disease

PAR population attributable risk

PREMA Prediction of Metabolic Syndrome in Adolescence

PREVEND Prevention of Renal and Vascular End-Stage Disease

PUFA polyunsaturated fatty acid

RCT randomized controlled trial

REGARDS Reasons for Geographic and Racial Differences in Stroke

RENIS-T6 Renal Iohexol-Clearance Survey in Tromsø 6

RR relative risk

RV right ventricular

SBP systolic blood pressure

SCD sudden cardiac death

SES socioeconomic status

SNP single-nucleotide polymorphism

SSB sugar-sweetened beverage

VTE venous thromboembolism

WC waist circumference

WHO World Health Organization
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particularly Asians and individuals of non-Euro-
pean ancestry who have predominantly resided 
outside the United States.

—	 SBP ≥130 mm Hg or DBP ≥85 mm Hg or under-
going drug treatment for hypertension, or 
antihypertensive drug treatment in a patient 
with a history of hypertension

•	 Several adverse health conditions are related to 
MetS but are not part of its clinical definition. 
These include NAFLD, sexual/reproductive dys-
function (erectile dysfunction in males and poly-
cystic ovarian syndrome in females), OSA, certain 
forms of cancer, and possibly osteoarthritis, as well 
as a general proinflammatory and prothrombotic 
state.2

•	 Type 2 DM, defined as FPG ≥126 mg/dL, random 
or 2-hour postchallenge glucose ≥200 mg/dL, 
HbA1c ≥6.5%, or taking hypoglycemic medication, 
is a separate clinical diagnosis distinct from MetS; 
however, many of those with type 2 DM will also 
have MetS.

Prevalence
Youth  
(See Chart 10-1)

•	 On the basis of NHANES 1999 to 2014, the preva-
lence of MetS in adolescents 12 to 19 years of age 
in the United States varied by geographic region. 
MetS prevalence was lower in the Northeast (6.25% 
[95% CI, 4.14%–8.36%]) and West (6.31% 
[95% CI, 4.73%–7.89%]) regions and higher in 
the South (7.57% [95% CI, 5.80%–9.33%]) and 
Midwest (11.42% [95% CI, 8.11%–14.72%]). 
Prevalence was higher in adolescent males versus 
females across all regions (Chart 10-1).3

•	 In HCHS/SOL Youth, the prevalence of MetS among 
children 10 to 16 years of age varied according to 
the clinical definition used, with only 1 participant 
being classified as having MetS by all 3 clinical 
definitions.4

•	 Although MetS categorization is generally unsta-
ble at younger ages, a single grouping of car-
diometabolic risk factors (ie, abdominal obesity, 
insulin resistance, dyslipidemia, and elevated BP) 
was identified in a confirmatory factor analysis and 
shown to be present across the age spectrum from 
children to adults.5 However, a separate confirma-
tory factor analysis in HCHS/SOL Youth showed 
that SBP and FPG did not cluster with other MetS 
components.4

•	 Uncertainty remains concerning the definition of 
the obesity component of MetS in the pediatric 
population because it is age dependent. Therefore, 
use of BMI percentiles6 and waist-height ratio7 has 
been recommended. Using CDC and FitnessGram 

standards for pediatric obesity, the prevalence of 
MetS in obese youth ranges from 19% to 35%.6

Adults 
(See Chart 10-2)
The following estimates include many who also have 
DM, in addition to those with MetS without DM:

•	 On the basis of NHANES 2007 to 2014, the overall 
prevalence of MetS was 34.3% and was similar for 
males (35.3%) and females (33.3%).8 The preva-
lence of MetS increased with age, from 19.3% 
among people 20 to 39 years of age to 37.7% for 
people 40 to 59 years of age and 54.9% among 
people ≥60 years of age.

•	 In a meta-analysis of 26 609 young adults (18–30 
years of age) across 34 studies, the prevalence of 
MetS was 4.8% to 7% depending on the defini-
tion used.9

•	 In HCHS/SOL, the overall prevalence of MetS 
among Hispanics/Latinos living in the United States 
was 34% among males and 36% among females 
(Chart 10-2).10 MetS prevalence increased with 
age, with the highest prevalence in females 70 to 
74 years of age (Chart 10-2). In males and females, 
the lowest prevalence of MetS was observed 
among South Americans (27%). In males, the 
highest prevalence was observed in Cubans 
(35%), and in females, the highest prevalence was 
observed among Puerto Ricans (41%; Chart 10-2).

•	 Among blacks in the JHS, the overall prevalence of 
MetS was 34%, and it was higher in females than 
in males (40% versus 27%, respectively).11

•	 The prevalence of MetS has been noted to be 
high in individuals with certain conditions, includ-
ing schizophrenia spectrum disorders12; use of 
atypical antipsychotic drugs13; prior solid organ 
transplants14,15; prior hematopoietic cell trans-
plantation16,17; HIV infection18; prior treatment for 
blood cancers17,19; systemic inflammatory disorders 
such as psoriasis,20 systemic lupus erythematosus,21 
and rheumatoid arthritis22; multiple sclerosis23; 
well-controlled type 1 DM24; hypopituitarism25; 
prior gestational DM26; prior pregnancy-induced 
hypertension27; cerebral palsy28; war-related bilat-
eral lower-limb amputation29 or spinal cord injury30 
in veterans; and select professions, including law 
enforcement31 and firefighters.32

Secular Trends
Youth 
(See Chart 10-3)

•	 In NHANES 1999 to 2012, the prevalence of MetS 
decreased among youth 12 to 19 years of age. 
This was most evident when considering a MetS 
severity Z score (slope=−0.015; P=0.030). During 
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this period, levels of HDL-C increased and triglyc-
erides decreased along with decreased consump-
tion of carbohydrates and increased unsaturated 
fat intake (Chart 10-3).33

Adults 
(See Charts 10-4 through 10-6)

•	 Secular trends in MetS differ based on the defi-
nition used. Using the harmonized MetS criteria, 
the prevalence of MetS increased from 25.3% 
in NHANES 1988 to 1994 to 34.2% in NHANES 
2007 to 2012.34 Although the prevalence of MetS 
increased for each race-sex group from NHANES 
1999 to 2006 to NHANES 2007 to 2012, NH black 
males had the greatest increase (55%) across the 
entire study period from NHANES 1998 to 1994 
to NHANES 2007 to 2012, whereas Mexican 
American females had the smallest (2% increase; 
Chart 10-4). In contrast, using ATP III criteria, the 
prevalence of MetS was stable overall in NHANES 
2003 to 2014.35 Additionally, the prevalence of 
MetS remained stable in both men and women in 
NHANES 2007 to 2014 (Chart 10-5).

•	 The prevalence of MetS is affected by changes 
in the prevalence of its individual components. 
In NHANES 2007 to 2014, elevated triglycerides 
and elevated FPG decreased, whereas low HDL 
remained stable for males and females (Chart 
10-5). In contrast, abdominal adiposity increased 
for females, and elevated BP increased overall 
(Chart 10-5).8,35

•	 In the ARIC study (1987–1998), prevalence of 
MetS increased from 33% to 50% over the mean 
10-year follow-up, with differences by age and 
sex.36 The prevalence of MetS was lower in black 
males than in white males at all time points and for 
all ages across the study. Black females had higher 
prevalence of MetS than white females at baseline 
and subsequent time points for all ages except for 
those >60 years of age (Chart 10-6).

Risk Factors
Youth

•	 In the PREMA Study, independent predictors of 
MetS from childhood to adolescence were low 
birth weight, small head circumference, and a par-
ent with overweight or obesity.37 When all 3 of 
these predictors were present, the sensitivity and 
specificity of identifying MetS was 91% and 98%, 
respectively, in both the derivation and validation 
cohorts.

•	 In an RCT of an intervention to promote longer 
duration of exclusive breastfeeding in mother-
child pairs, the risk of childhood MetS after 11.5 
years of follow-up was increased among boys in 

the intervention group (OR, 1.49 [95% CI, 1.01–
2.22]) but not girls (OR, 0.94 [95% CI, 0.63–1.42]) 
in the intervention group compared with control 
groups.38

•	 In NHANES 2007 to 2010, higher exposure to sec-
ondhand smoke was associated with prevalent 
MetS (OR, 5.4 [95% CI, 1.7–16.9]) among ado-
lescents 12 to 19 years of age. Additionally, higher 
secondhand smoke exposure interacted with 
low exposure to certain nutrients (vitamin E and 
omega-3 PUFAs) to increase the odds of MetS.39

•	 Daily intake of added sugar >186 g/d was associ-
ated with prevalent MetS (OR, 8.4 [95% CI, 4.7–
12.1]) among adolescents 12 to 19 years of age in 
NHANES 2005 to 2012.40

Adults
•	 There is a bidirectional association between MetS 

and depression. In prospective studies, depres-
sion increases the risk of MetS (OR, 1.49 [95% CI, 
1.19–1.87]), and MetS increases the risk of depres-
sion (OR, 1.52 [95% CI, 1.20–1.91]).41

•	 In prospective or retrospective cohort studies, 
numerous factors have been reported as being 
directly associated with incident MetS, defined by 
1 of the major definitions, including age,42 inability 
to understand or read food labels,43 smoking,44,45 
parental smoking,46 low levels of PA,47 and physical 
fitness.48

•	 Dietary habits are also associated with inci-
dent MetS, including a Western diet49 and con-
sumption or intake of soft drinks,50 diet soda,51 
energy-dense beverages,52 SSBs,53 fructose,54 
magnesium,55,56 energy,57 carbohydrates,58 total 
fat,59 meats (total, red, and processed but not 
white meat),60 and fried foods.51 Additionally, 
skipping breakfast61 and a problematic relation-
ship to eating and food62 are risk factors.

•	 Other risk factors for incident MetS include paren-
tal history of DM,59 pediatric MetS,59 obesity or 
BMI,63,64 childhood obesity,65 childhood MetS,66 
intra-abdominal fat,67 gain in weight or BMI,57 
weight fluctuation,68 and heart rate.69

•	 Blood biomarkers associated with incident MetS 
include homeostasis model assessment,70 fasting 
insulin,71 2-hour insulin,71 proinsulin,71 oxidized 
LDL-C,72,73 HDL particle concentration,74 LDL parti-
cle concentration,74,75 lipoprotein-associated phos-
pholipase A2,76 uric acid,77–79 γ-glutamyltransfer
ase,80,81 alanine transaminase,80 plasminogen acti-
vator inhibitor-1,73 fibroblast growth factor 21,82 
aldosterone,83 leptin,84 ferritin,85 CRP,86 adipocyte–
fatty acid binding protein,87 testosterone and sex 
hormone–binding globulin,88,89 matrix metallopro-
teinase 9,90 serum free triiodothyronine,91 active 
periodontitis,92,93 use of protease inhibitors in 
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HIV-infected patients,94 and urinary bisphenol A 
levels.95

•	 In a pooled population of 117 020 patients from 
20 studies who were followed up for a median of 
5 years (range, 3–14.7 years), NAFLD was associ-
ated with an increased risk of incident MetS when 
using alanine aminotransferase (RR, 1.80 [95% 
CI, 1.72–1.89] for highest versus lowest quartile 
or quintile), γ-glutamyltransferase (RR, 1.98 [95% 
CI, 1.89–2.07] for highest versus lowest quartile or 
quintile), or ultrasonography (RR, 3.22 [95% CI, 
3.05–3.41]) to assess NAFLD.80

•	 In a meta-analysis that included 76 699 participants 
and 13 871 incident cases of MetS, there was a 
negative linear relationship between leisure-time 
PA and development of MetS.96 For every increase 
of 10 MET h/wk (approximately equal to 150 min-
utes of moderate PA per week), risk of MetS was 
reduced by 10% (RR, 0.90 [95% CI, 0.86–0.94]).

•	 Prior studies have reported higher MetS incidence 
among individuals with lower educational attain-
ment, lower SES,97,98 more experiences of everyday 
discrimination,99 and long-term work stress.100

•	 The following factors have been reported as 
being inversely associated with incident MetS, 
defined by 1 of the major definitions, in prospec-
tive or retrospective cohort studies: muscular 
strength,101 increased PA or physical fitness,102,103 
aerobic training,104 cardiorespiratory fitness (eg, 
maximal oxygen uptake),105 and living at geo-
graphically higher elevation.106

•	 Dietary habits are also inversely associated with 
incident MetS, including alcohol use,107 fiber 
intake,108,109 consumption of fruits and veg-
etables,110 white fish intake,111 Mediterranean 
diet,112,113 dairy consumption (particularly yogurt 
and low-fat dairy products),51,114 consumption 
of fermented milk with Lactobacillus planta-
rum,115 consumption of animal or fat protein,116 
hot tea consumption (but not sugar-sweetened 
iced tea),117 coffee consumption,118 vitamin D 
intake,119 intake of tree nuts,120 walnut intake,121 
avocado intake,122 intake of long-chain omega-3 
PUFAs,123 potassium intake,124 and ability to inter-
pret nutrition labels.43

•	 Blood biomarkers that are inversely associated 
with incident MetS include insulin sensitivity,71 
ratio of aspartate aminotransferase to alanine ami-
notransferase,125 total testosterone,67,71,126 serum 
25-hydroxyvitamin D,127 sex hormone–binding 
globulin,67,71,126 and Δ5-desaturase activity.128

•	 In cross-sectional studies, prevalent MetS is asso-
ciated with a high-salt diet129; a high dietary 
inflammatory index130; stress131; proinflammatory 
cytokines such as IL-6 and tumor necrosis factor-α73; 
low cardiorespiratory fitness132; sarcopenia in 

middle aged and older nonobese adults133; cancer 
antigen 19-9132,134; erythrocyte parameters135 such 
as hemoglobin level and red blood cell distribution 
width; excessive dietary calcium (>1200 mg/d) 
in males136; inadequate energy intake among 
patients undergoing dialysis137; blood parameters 
such as hemoglobin, platelet, and white blood cell 
counts138; and OSA.139

•	 In cross-sectional studies, increased standing,140 
“weekend warrior” and regular PA patterns,141 
handgrip strength,142 a vegetarian diet,143 sub-
clinical hypothyroidism in males,144 muscle mass 
to visceral fat ratio in college students,145 mari-
juana use,146 total antioxidant capacity from diet 
and dietary supplements,147 organic food con-
sumption,148 anti-inflammatory cytokines (IL-10),73 
ghrelin,73 adiponectin,73 and antioxidant factors 
(paraoxonase-1)73 were inversely associated with 
prevalent MetS. In NHANES 2003 to 2008, high 
neighborhood racial/ethnic diversity149 was asso-
ciated with a lower MetS prevalence (OR, 0.71 
[95% CI, 0.52–0.96]) after adjustment for neigh-
borhood-level poverty and individual factors.

Subclinical Disease 
(See Chart 10-6)

•	 In the ARIC study (1987–1998), using a sex- 
and race/ethnicity-specific MetS severity score, 
76% of ARIC participants progressed over a 
mean 10-year follow-up, with faster progression 
observed in younger participants and in females 
(Chart 10-6).36

•	 Isolated MetS, which could be considered an ear-
lier form of overt MetS, has been defined as those 
with ≥3 MetS components but without overt 
hypertension and DM. In a population-based ran-
dom sample of 2042 residents of Olmsted County, 
MN, those with isolated MetS had a higher inci-
dence of hypertension, DM, diastolic dysfunction, 
and reduced renal function (GFR <60 mL/min) com-
pared with healthy control subjects (P<0.05).150

Genetics and Family History
•	 Several pleiotropic variants of genes of apolipo-

proteins (APOE, APOC1, APOC3, and APOA5), 
Wnt signaling pathway (TCF7L2), lipoproteins (LPL, 
CETP), mitochondrial proteins (TOMM40), gene 
transcription regulation (PROX1), cell proliferation 
(DUSP9), cAMP signaling (ADCY5), and oxidative 
LDL metabolism (COLEC12), as well as expression 
of liver-specific genes (HNF1A), have been identi-
fied across various racial/ethnic populations that 
could explain some of the correlated architecture 
of MetS traits.151–154
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•	 The minor G allele of the atrial natriuretic peptide 
genetic variant rs5068, which is associated with 
higher levels of circulating atrial natriuretic pep-
tide, has been associated with lower prevalence of 
MetS in whites and blacks.155

•	 SNPs of inflammatory genes (encoding IL-6, IL-1β, 
and IL-10) and plasma fatty acids, as well as inter-
actions among these SNPs, are differentially associ-
ated with odds of MetS.156

Prevention and Awareness of MetS
•	 Identification and treatment of MetS aligns with 

the AHA 2020 Impact Goal,156a with emphasis on 
PA, healthy diet, and healthy weight for attain-
ment of ideal BP, serum cholesterol, and FPG levels. 
Monitoring the prevalence of MetS is a secondary 
metric in the 2020 Impact Goal. Identification of 
MetS represents a call to action for the healthcare 
provider and patient to address underlying life-
style-related risk factors. A multidisciplinary team 
of healthcare professionals is desirable to ade-
quately address these multiple issues in patients 
with MetS.3

•	 Despite the high prevalence of MetS, the public’s 
recognition of MetS is limited.4 Communicating 
with patients about MetS and its clinical assess-
ment may increase risk perception and motivation 
toward a healthier behavior.5

Morbidity and Mortality
Adults

•	 MetS is associated with CVD morbidity and mor-
tality. A meta-analysis of 87 studies comprising 
951 083 subjects showed MetS increased the 
risk of CVD (summary RR, 2.35 [95% CI, 2.02–
2.73]), with significant increased risks (RRs rang-
ing from 1.6 to 2.9) for all-cause mortality, CVD 
mortality, MI, and stroke, even for those with 
MetS without DM.157

•	 The cardiovascular risk associated with MetS var-
ies on the basis of the combination of MetS com-
ponents present. Of all possible ways to have 3 
MetS components, the combination of central 
obesity, elevated BP, and hyperglycemia con-
ferred the greatest risk for CVD (HR, 2.36 [95% 
CI, 1.54–3.61]) and mortality (HR, 3.09 [95% CI, 
1.93–4.94]) in the Framingham Offspring Study.64

•	 In a meta-analysis of 20 prospective cohort studies 
that included 57 202 adults ≥60 years of age, MetS 
was associated with increased risk of all-cause 
mortality (RR, 1.20 [95% CI, 1.05–1.38] for males 
and RR, 1.22 [95% CI, 1.02–1.44] for females) 
and CVD mortality (RR, 1.29 [95% CI, 1.09–1.53] 
for males and RR, 1.20 [95% CI, 0.91–1.60] for 

females).158 There was significant heterogeneity 
across the studies (all-cause mortality, I2=55.9%, 
P=0.001; CVD mortality, I2=58.1%, P=0.008). In 
subgroup analyses, the association of MetS with 
CVD and all-cause mortality varied by geographic 
location, sample size, definition of MetS, and 
adjustment for frailty.

•	 The impact of MetS on mortality has been shown 
to be modified by objective sleep duration.159 In 
data from the Penn State Adult Cohort, a pro-
spective population-based study of sleep disor-
ders, objectively measured short sleep duration 
(<6 hours) was associated with increased all-cause 
mortality (HR, 1.99 [95% CI, 1.53–2.59]) and CVD 
mortality (HR, 2.10 [95% CI, 1.39–3.16]), whereas 
sleep ≥6 hours was not associated with increased 
all-cause mortality (HR, 1.29 [95% CI, 0.89–1.87]) 
or CVD mortality (HR, 1.49 [95% CI, 0.75–2.97]) 
among participants with MetS.

•	 In the INTERHEART case-control study of 26 903 
subjects from 52 countries, MetS was associated 
with an increased risk of MI, both according to 
the WHO (OR, 2.69 [95% CI, 2.45–2.95]) and the 
IDF (OR, 2.20 [95% CI, 2.03–2.38]) definitions, 
with a PAR of 14.5% (95% CI, 12.7%–16.3%) 
and 16.8% (95% CI, 14.8%–18.8%), respec-
tively, and associations that were similar across 
all regions and ethnic groups. In addition, the 
presence of ≥3 risk factors with above-threshold 
values was associated with increased risk of MI 
(OR, 1.50 [95% CI, 1.24–1.81]) compared with 
having <3 risk factors with above-threshold val-
ues. Similar results were observed when the IDF 
definition was used.160

•	 In the Three-City Study, among 7612 participants 
≥65 years of age who were followed up for 5.2 
years, MetS was associated with increased total 
CHD (HR, 1.78 [95% CI, 1.39–2.28]) and fatal 
CHD (HR, 2.40 [95% CI, 1.41–4.09]); however, 
MetS was not associated with CHD beyond its 
individual risk components.161

•	 Among 3414 patients with stable CVD and ath-
erogenic dyslipidemia who were treated inten-
sively with statins in the AIM-HIGH trial, neither 
the presence of MetS or the number of MetS 
components was associated with cardiovascular 
outcomes, including coronary events, ischemic 
stroke, nonfatal MI, CAD death, or the composite 
end point.162

•	 Using the 36 cohorts represented in the MORGAM 
Project, the risk of CVD in MetS declined with 
greater age in females but not males.163

•	 It is estimated that 13.3% to 44% of the excess 
CVD mortality in the United States, compared 
with other countries such as Japan, is explained by 
MetS or MetS–related existing CVD.164
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•	 MetS is associated with risk of stroke.165 In a meta-
analysis of 16 studies including 116 496 partici-
pants who were initially free of CVD, those with 
MetS had an increased risk of stroke (pooled RR, 
1.70 [95% CI, 1.49–1.95]) compared with those 
without MetS. The magnitude of the effect was 
stronger among females (RR, 1.83 [95% CI, 1.31–
2.56]) than males (RR, 1.47 [95% CI, 1.22–1.78]). 
Finally, those with MetS had the highest risk for 
ischemic stroke (RR, 2.12 [95% CI, 1.46–3.08]) 
rather than hemorrhagic stroke (RR, 1.48 [95% CI, 
0.98–2.24]).

•	 In the ARIC study, among 13 168 participants 
with a median follow-up of 23.6 years, MetS was 
independently associated with an increased risk 
of SCD (adjusted HR, 1.70 [95% CI, 1.37–2.12]; 
P<0.001).166 The risk of SCD varied according to 
the number of MetS components (HR, 1.31 per 1 
additional component of the MetS [95% CI, 1.19–
1.44]; P<0.001), independent of race or sex.

Complications
Youth

•	 Among 771 participants 6 to 19 years of age 
from the NHLBI’s Lipid Research Clinics Princeton 
Prevalence Study and the Princeton Follow-up 
Study, the risk of CVD was substantially higher 
among those with MetS than among those with-
out MetS (OR, 14.6 [95% CI, 4.8–45.3]) who were 
followed up for 25 years.167

•	 In an International Childhood Cardiovascular 
Cohort Consortium that included 5803 partici-
pants in 4 cohort studies (Cardiovascular Risk in 
Young Finns, Bogalusa Heart Study, Princeton 
Lipid Research Study, and Minnesota Insulin Study) 
with a mean follow-up period of 22.3 years, child-
hood MetS and overweight were associated with 
a >2.4-fold risk for adult MetS from 5 years of age 
onward.66 The risk for type 2 DM was increased 
beginning at 8 years of age (RR, 2.6 [95% CI, 1.4–
6.8]) based on international cutoff values for defi-
nition of childhood MetS. Risk of carotid IMT was 
increased beginning at 11 years of age (RR, 2.44 
[95% CI, 1.55–3.55]) using the same definition.

•	 Among 1757 youths from the Bogalusa Heart 
Study and the Cardiovascular Risk in Young Finns 
Study, those with MetS in youth and adulthood 
were at 3.4 times increased risk of high carotid 
IMT and 12.2 times increased risk of type 2 DM in 
adulthood as those without MetS at either time. 
Adults whose MetS had resolved after their youth 
did not have an increased risk of having high IMT 
or type 2 DM.63

•	 In the Princeton Lipid Research Cohort Study, 
MetS severity scores during childhood were lowest 

among those who never developed CVD and were 
proportionally higher progressing from those who 
developed early CVD (mean 38 years of age) to 
those who developed CVD later in life (mean 
50 years of age).168 MetS severity score was also 
strongly associated with early onset of DM.169

•	 MetS score, based on the number of compo-
nents of MetS, was associated with biomarkers of 
inflammation, endothelial damage, and CVD risk 
in a separate cohort of 677 prepubertal children.170

Adults

MetS and Subclinical CVD
•	 MetS has also been associated with incident AF,171 

recurrent AF after ablation,172 HF,173 and PAD.174

•	 In MESA, among 6603 people 45 to 84 years of 
age (1686 [25%] with MetS without DM and 
881 [13%] with DM), subclinical atherosclero-
sis assessed by CAC was more severe in people 
with MetS and DM than in those without these 
conditions, and the extent of CAC was a strong 
predictor of CHD and CVD events in these 
groups.175 There appears to be a synergistic rela-
tionship between MetS, NAFLD, and prevalence 
of CAC,176,177 as well as a synergistic relationship 
with smoking.178 Furthermore, the progression of 
CAC was greater in people with MetS and DM 
than in those without, and progression of CAC 
predicted future CVD event risk both in those 
with MetS and in those with DM.179 In MESA, the 
prevalence of thoracic calcification was 33% for 
people with MetS compared with 38% for those 
with DM (with and without MetS) and 24% of 
those with neither DM nor MetS.180

•	 In the DESIR cohort, MetS was associated with 
an unfavorable hemodynamic profile, includ-
ing increased brachial central pulse pressure and 
increased pulse-pressure amplification, compared 
with similar individuals with isolated hypertension 
but without MetS.181 In MESA, MetS was associ-
ated with major and minor electrocardiographic 
abnormalities, although this varied by sex.182 MetS 
is associated with reduced heart rate variabil-
ity and altered cardiac autonomic modulation in 
adolescents.183

•	 Individuals with MetS have a higher degree of 
endothelial dysfunction than individuals with a 
similar burden of traditional cardiovascular risk 
factors.184 Furthermore, individuals with both 
MetS and DM have demonstrated increased 
microvascular and macrovascular dysfunction.185 
MetS is associated with increased thrombosis, 
including increased resistance to aspirin186 and 
clopidogrel loading.187

•	 In a meta-analysis of 8 population-based stud-
ies that included 19 696 patients (22.2% with 
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MetS), MetS was associated with higher carotid 
IMT (standard mean difference 0.28±0.06 [95% 
CI, 0.16–0.40]; P=0.00003) and higher preva-
lence of carotid plaques than in individuals with-
out MetS (pooled OR, 1.61 [95% CI, 1.29–2.01]; 
P<0.0001).188

•	 In modern imaging studies using echocardiog-
raphy, MRI, cardiac CT, and positron emission 
tomography, MetS has been shown to be closely 
related to increased epicardial adipose tissues,189 
regional neck fat distribution,190 increased visceral 
fat in other locations,191 increased ascending aor-
tic diameter,192 high-risk coronary plaque features 
including increased necrotic core,193 impaired 
coronary flow reserve,194 abnormal indices of LV 
strain,195,196 LV diastolic dysfunction,197 LV dysyn-
chrony,198 and subclinical RV dysfunction.199

MetS and Non-CVD Complications
•	 In data from ARIC and JHS, MetS was associated 

with an increased risk of DM (HR, 4.36 [95% CI, 
3.83–4.97]), although the association was attenu-
ated after adjustment for the individual components 
of the MetS.200 However, use of a continuous sex- 
and race-specific MetS severity Z score was associ-
ated with an increased risk of DM independent of 
individual MetS components, with increases in this 
score over time conferring additional risk for DM.

•	 In RENIS-T6, MetS was associated with a mean 
0.30 mL/min per year (95% CI, 0.02–0.58 mL/min 
per year) faster decline in GFR than in individuals 
without MetS.201

•	 MetS is also associated with cancer (in particular, 
breast, endometrial, prostate, pancreatic, hepatic, 
colorectal, and renal),202,203 as well as gastroen-
teropancreatic neuroendocrine tumors.204 MetS 
is linked to poorer cancer outcomes, including 
increased risk of recurrence and overall mortal-
ity.203,205 In a meta-analysis of 24 studies that 
included 132 589 males with prostate cancer 
(17.4% with MetS), MetS was associated with 
worse oncological outcomes, including biochemi-
cal recurrence and more aggressive tumor fea-
tures.206 Among 94 555 females free of cancer at 
baseline in the prospective NIH-AARP cohort, MetS 
was associated with increased risk of breast cancer 
mortality (HR, 1.73 [95% CI, 1.09–2.75]), particu-
larly among postmenopausal females (HR, 2.07 
[95% CI, 1.32–3.25]).207

•	 In data obtained from HCUP, hospitalized patients 
with a diagnosis of MetS and cancer had signifi-
cantly increased odds of adverse health outcomes, 
including increased postsurgical complications 
(OR, 1.20 [95% CI, 1.03–1.39] and OR, 1.22 [95% 
CI, 1.09–1.37] for breast and prostate cancer, 
respectively).208

•	 In 25 038 black and white participants from 
the REGARDS study, MetS was associated with 
increased risk of cancer-related mortality (HR, 
1.22 [95% CI, 1.03–1.45]).202 For those with all 
5 MetS components present, the risk of cancer 
mortality was 59% higher than for those with-
out a MetS component present (HR, 1.59 [95% 
CI, 1.01–2.51]).

•	 In NHANES III, MetS was associated with total 
cancer mortality (HR, 1.33 [95% CI, 1.04–1.70]) 
and breast cancer mortality (HR, 2.1 [95% CI, 
1.09–4.11]).209

•	 MetS was associated with a higher incidence of 
hepatocellular carcinoma in males (RR, 1.75 [95% 
CI, 1.28–2.38]) but not in females (RR, 1.18 [95% 
CI, 0.76–1.84]).210

•	 NAFLD, a spectrum of liver disease that ranges 
from isolated fatty liver to fatty liver plus inflamma-
tion (nonalcoholic steatohepatitis), is hypothesized 
to represent the hepatic manifestation of MetS. On 
the basis of data from NHANES 2011 to 2014, the 
overall prevalence of NAFLD among US adults was 
21.9%.211 The global prevalence of NAFLD is esti-
mated at 25.2%.212 In a prospective study of 4401 
Japanese adults 21 to 80 years of age who were 
free of NAFLD at baseline, the presence of MetS 
increased the risk for NAFLD in both males (OR, 
4.00 [95% CI, 2.63–6.08]) and females (OR, 11.20 
[95% CI, 4.85–25.87]).213 In cross-sectional stud-
ies, an increase in the number of MetS components 
was associated with underlying nonalcoholic ste-
atohepatitis and advanced fibrosis in NAFLD.211,214

•	 MetS is also associated with erectile dysfunction.215 
In MESA, the prevalence of erectile dysfunction 
among participants 55 to 65 years of age with 
MetS was 16% compared with 10% in their coun-
terparts without MetS (P<0.001).215

•	 MetS has been associated with cirrhosis216 and 
cognitive decline,217 and possibly with VTE218 and 
incident asthma.219

•	 Among 725 Chinese adults ≥90 years of age, MetS 
was associated with prevalent disability in activi-
ties of daily living (OR, 1.65 [95% CI, 1.10–3.21]) 
and instrumental activities of daily living (OR, 2.09 
[95% CI, 1.17–4.32]).220

Cost and Healthcare Utilization
•	 MetS is associated with increased healthcare use 

and healthcare-related costs among individuals 
with and without DM. Overall, healthcare costs 
increase by ≈24% for each additional MetS com-
ponent present.221

•	 The presence of MetS increases the risk for post-
operative complications, including prolonged hos-
pital stay and risk for blood transfusion, surgical 
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site infection, and respiratory failure, across vari-
ous surgical populations.208,222,223

Global Burden of MetS 
(See Chart 10-7)

•	 MetS is becoming hyperendemic around the world. 
Published evidence has described the prevalence 
of MetS in Canada,224 Latin America,225 India,226–230 
Bangladesh,231 Iran,232,233 Nigeria,234 South Africa,235 
Ecuador,236 Nigeria,237 and Vietnam,238 as well as 
many other countries.

•	 On the basis of data from NIPPON DATA (1990–
2005), the age-adjusted prevalence of MetS in a 
Japanese population was 19.3%.164 In a partially 
representative Chinese population, the 2009 age-
adjusted prevalence of MetS in China was 21.3%,239 
whereas in northwest China, the prevalence for 
2010 was 15.1%,240 and in 2018, the prevalence in 
Chinese adults in Hong Kong was 14.1%.241

•	 In a report from BioSHaRE, which harmonizes 
modern data from 10 different population-based 
cohorts in 7 European countries, the age-adjusted 
prevalence of MetS in obese subjects ranged from 
24% to 65% in females and from ≈43% to ≈78% 
in males. In the obese population, the prevalence 
of MetS far exceeded the prevalence of MHO, 
which had a prevalence of 7% to 28% in females 
and 2% to 19% in males. The prevalence of MetS 
varied considerably by European country in the 
BioSHaRE consortium (Chart 10-7).242

•	 The prevalence of MetS has been reported to be 
low (14.6%) in a population-representative study 

in France (the French Nutrition and Health Survey, 
2006–2007) compared with other industrialized 
countries.243

•	 In a systematic review of 10 Brazilian studies, the 
weighted mean prevalence of MetS in Brazil was 
29.6%.244

•	 In a meta-analysis of 10 191 subjects across 6 
studies, the prevalence of MetS in Argentina was 
27.5% (95% CI, 21.3%–34.1%), and prevalence 
was higher in males than in females (29.4% versus 
27.4%; P=0.02).245

•	 In a report from a representative survey of the 
northern state of Nuevo León, Mexico, the preva-
lence of MetS in adults (≥16 years of age) for 2011 
to 2012 was 54.8%. In obese adults, the prevalence 
reached 73.8%. The prevalence in adult North 
Mexican females (60.4%) was higher than in adult 
North Mexican males (48.9%).246 Among older 
Mexican adults (≥65 years of age), the prevalence 
was 72.9% (75.7% in males; 70.4% in females).247

•	 MetS is highly prevalent in modern indigenous 
populations, notably in Brazil and Australia. The 
prevalence of MetS was estimated to be 41.5% in 
indigenous groups in Brazil,244,246 33.0% in Australian 
Aborigines, and 50.3% in Torres Strait Islanders.248

•	 In a meta-analysis of cross-sectional studies that 
assessed the prevalence of MetS in Middle Eastern 
countries, the pooled prevalence estimate for MetS 
was 25% (95% CI, 0.252–0.257). Prevalence 
ranged from a low of 2.2% up to 60% depend-
ing on the time frame, country studied, and defini-
tion of MetS used. There was high heterogeneity 
among the 59 included studies.249
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Chart 10-1. Prevalence of metabolic syndrome by sex and US region among adolescents 12 to 19 years of age (NHANES, 1999–2014). 
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Data derived from DeBoer et al.3

This chart shows 
that from 1999 
to 2014 the 
prevalence 
of metabolic 
syndrome in all 
youth 12 to 19 
years of age was 
highest in the 
US Midwest, 
covering West 
North Central 
and East North 
Central regions, 
followed by the 
South, covering 
West South 
Central, East 
South Central 
and South 
Atlantic regions, 
followed by 
the West and 
the Northeast, 
covering Pacific, 
Mountain, New 
England and 
Mid-Atlantic 
regions.  In 
all regions, 
prevalence 
of metabolic 
syndrome was 
higher in males 
than in females.
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Chart 10-2. Age-standardized prevalence of metabolic syndrome by age and sex in Hispanics/Latinos in HCHS/SOL, United States, 2008 to 2011. 
Values were weighted for survey design and nonresponse and were age standardized to the population described by the 2010 US census.  
HCHS/SOL indicates Hispanic Community Health Study/Study of Latinos.  
Source: Data derived from Heiss et al.10

This chart shows 
that from 2008 
to 2011 among 
Hispanic and 
Latino adults 
in the Hispanic 
Community 
Health Study and 
Study of Latinos, 
the highest 
prevalence 
of metabolic 
syndrome was 
in Puerto Ricans 
and Central 
Americans.  
Within all race 
sub-categories 
except South 
Americans, 
prevalence was 
higher in females 
than males. 
Hispanics and 
Latinos 18 to 29 
years of age had 
the lowest preva-
lence of meta-
bolic syndrome 
with increasing 
prevalence with 
each older age 
category.  Preva-
lence was higher 
in males in those 
18 to 29 years of 
age and 30 to 39 
years of age, and 
higher in females 
in all other adult 
age categories.

Chart 10-3. Prevalence of MetS in US youth (NHANES, 1999–2012).  
ATP III indicates Adult Treatment Panel III; BMI, body mass index; Carbs, carbohydrates; HDL, high-density lipoprotein; MetS, metabolic syndrome; and NHANES, 
National Health and Nutrition Examination Survey.  
Source: Reproduced with permission from Lee et al.33 Copyright © 2016, by the American Academy of Pediatrics.

This panel chart 
shows the prev-
alence of meta-
bolic syndrome 
components in 
youth between 
1999 and 2012 
in two-year 
increments.  
Obesity, BMI z 
score, and HDL 
increased over 
time.  Adult 
Treatment 
Panel III meta-
bolic syndrome, 
low HDL, hy-
pertriglyceride-
mia, metabolic 
syndrome z 
score, and tri-
glycerides have 
decreased over 
time.  Related 
categories of 
calories and 
percent of 
calories from 
carbohydrates 
decreased and 
percent of 
calories from 
unsaturated fat 
increased over 
time.
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Chart 10-4. Prevalence of metabolic syndrome among US adults (NHANES, 1998–2012). 
Metabolic syndrome was defined using the criteria agreed to jointly by the International Diabetes Federation; the National Heart, Lung, and Blood Institute; the 
American Heart Association; the World Heart Federation; the International Atherosclerosis Society; and the International Association for the Study of Obesity.  
NH indicates non-Hispanic; and NHANES, National Health and Nutrition Examination Survey.  
Source: Data derived from Moore et al.34

This chart 
shows the prev-
alence of meta-
bolic syndrome 
among adults 
was highest in 
Mexican-Amer-
ican females 
from 1998 to 
1994 followed 
by non-
Hispanic white 
males, followed 
by similar 
prevalence for 
non-Hispanic 
white females, 
non-Hispanic 
black females 
and Mexican-
American 
males, followed 
by non-
Hispanic black 
males.  This 
highest preva-
lence shifted to 
non-Hispanic 
white males in 
1999 to 2006 
followed by 
non-Hispanic 
white females, 
non-Hispanic 
black females, 
Mexican-Amer-
ican females, 
Mexican Ameri-
can males, and 
non-Hispanic 
black males.   
Prevalence 
continued to 
rise in 2007 
to 2012 for all 
race and sex 
categories with 
similar relative 
positions of 
prevalence as in 
1999 to 2006 
except for 
non-Hispanic 
white females 
who increased 
to the highest 
prevalence in 
2007 to 2012.

Chart 10-5. Sex-stratified trends in the age-adjusted weighted prevalence of metabolic syndrome and its components among US adults (NHANES, 
2007–2014). 
HDL indicates high-density lipoprotein; and NHANES, National Health and Nutrition Examination Survey.  
*P for trend <0.05.  
**P for trend=0.05, after adjustment for age, sex, and race, as appropriate.  
Source: Reprinted from Shin et al8 with permission from Elsevier. Copyright © 2018, Elsevier.

This panel 
chart shows 
that from 
2007 to 2014 
in 2-year data 
increments, 
US adults 
have had a 
relative decline 
in prevalence 
of metabolic 
syndrome, 
elevated tri-
glycerides, and 
elevated fasting 
glucose.  Preva-
lence of low 
HDL increased, 
then decreased, 
but ended up 
at a similar level 
by the end of 
2013 to 2014 
compared 
with 2007 and 
2008. Elevated 
blood pressure 
and abdominal 
obesity in-
creased over 
time. At all 
time intervals, 
prevalence of 
metabolic syn-
drome, elevated 
triglycerides, 
elevated fasting 
glucose, and 
elevated blood 
pressure were 
higher in males.  
At all time 
intervals, preva-
lence of low 
high-density 
lipoproteins 
and abdominal 
obesity were 
higher in 
females.
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Chart 10-6. Ten-year progression of metabolic syndrome in the ARIC study, stratified by age, sex, and race/ethnicity, United States, 1987 to 1998.  
A, African-American females; (B) white females; (C) white males; (D) African-American males.  
Data obtained from visit 1 (1987–1989), visit 2 (1990–1992), visit 3 (1993–1995), and visit 4 (1996–1998).  
ARIC indicates Atherosclerosis Risk in Communities.  
Source: Data derived from Vishnu et al.36

10-6A. This 
panel of the 
chart shows that 
between 1987 
and 1998 using 
4 study visits 
of the Athero-
sclerosis Risk in 
Communities 
study, among 
African Ameri-
can Females, 
prevalence 
of metabolic 
syndrome was 
highest in those 
50 to 60 years of 
age at all 4 visits, 
and was higher 
than all other 
race-sex-age 
categories at 
all timepoints 
shown in other 
panels of this 
chart.
10-6B. This 
panel of the 
chart shows that 
between 1987 
and 1998 using 
4 study visits 
of the Athero-
sclerosis Risk in 
Communities 
study, among 
white females, 
prevalence 
of metabolic 
syndrome was 
highest in those 
older than 60 
years of age at 
all 4 study visits.
10-6C. This 
panel of the 
chart shows that 
between 1987 
and 1998 using 
4 study visits of 
the Atherosclero-
sis Risk in Com-
munities study, 
among African 
American males, 
prevalence 
of metabolic 
syndrome was 
highest in those 
older than 60 
years of age at 
all 4 visits.
10-6D. This 
panel of the 
chart shows 
that between 
1987 and 1998 
using 4 study 
visits, among 
white males, 
prevalence 
of metabolic 
syndrome was 
highest in those 
50 to 60 years of 
age at visit 1, 2, 
and 4, and high-
est in those older 
than 60 years of 
age at visit 3.
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Chart 10-6. (Continued)
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Chart 10-7. Age-standardized prevalence of MetS and MHO among 
obese (body mass index ≥30 kg/m2) people in different European 
cohorts, 1995 to 2012 (global data). 
Data are shown for males (A) and females (B). CHRIS indicates Collaborative 
Health Research in South Tyrol Study; DILGOM, Dietary, Lifestyle, and Genetics 
Determinants of Obesity and Metabolic Syndrome; EGCUT, Estonian Genome 
Center of the University of Tartu; HUNT2, Nord-Trøndelag Health Study; 
KORA, Cooperative Health Research in the Region of Augsburg; MetS, meta-
bolic syndrome; MHO, metabolically healthy obesity; MICROS, Microisolates 
in South Tyrol Study; NCDS, National Child Development Study; NL, the 
Netherlands; and PREVEND, Prevention of Renal and Vascular End-Stage 
Disease. Source: Reprinted from van Vliet-Ostaptchouk et al.242 Copyright © 
2014, van Vliet-Ostaptchouk et al; licensee BioMed Central Ltd. This is an 
Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/2.0), which per-
mits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly credited.

10-7A. This 
panel of the 
chart shows 
that the preva-
lence of meta-
bolic syndrome 
in males from 
1995 to 2012 
was highest in 
Finland using 
data from two 
different stud-
ies, followed by 
the Netherlands 
using the 
PREVEND 
study, followed 
by Norway. 
The lowest 
prevalence of 
metabolically 
healthy obesity 
in males fol-
lowed the same 
pattern among 
these countries, 
with the lowest 
prevalence 
in Finland, 
followed by the 
Netherlands 
using the 
PREVEND study, 
followed by 
Norway.
10-7B. This 
panel of the 
chart shows 
that the 
prevalence 
of metabolic 
syndrome in 
females from 
1995 to 2012 
was highest in 
Finland using 
data from two 
different stud-
ies, followed by 
the Netherlands 
using the 
PREVEND study, 
and Norway.  
In all countries 
reported, which 
include Estonia, 
Finland, Ger-
many, Italy, the 
Netherlands, 
Norway, and 
the United 
Kingdom, 
prevalence 
of metabolic 
syndrome was 
higher in males 
than females. 
The lowest 
prevalence of 
metabolically 
healthy obesity 
was in Finland 
using data from 
two studies, 
followed by 
Norway and 
Italy.
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11. KIDNEY DISEASE
ICD-10 N18.0. See Charts 11-1 through 11-10

Definition 
(See Chart 11-1)
CKD, defined as reduced GFR (<60 mL·min−1·1.73 m−2), 
excess urinary albumin excretion (≥30 mg/d or mg/gCr), 
or both, is a serious health condition and a worldwide 
public health problem that is associated with poor out-
comes and a high cost to the US healthcare system.1

•	 GFR is usually estimated from the serum creatinine 
level using equations that account for age, sex, 
and race.

•	 The spot urine ACR is recommended as a measure 
of urine albumin excretion.

•	 CKD is characterized by eGFR category (G1–G5) 
and albuminuria category (A1–A3), as well as 
cause of CKD (Chart 11-1).2

•	 ESRD is defined as severe CKD requiring long-term 
renal replacement treatment such as hemodialy-
sis, peritoneal dialysis, or kidney transplantation.1 
ESRD is an extremely high-risk population for car-
diovascular morbidity and mortality.

Prevalence 
(See Charts 11-1 through 11-3)

•	 Using data from NHANES 2013 to 2016, the 
USRDS has estimated the prevalence of CKD by 
eGFR and albuminuria categories as shown in 
Chart 11-1. The overall prevalence of CKD (eGFR 
<60 mL·min−1·1.73 m−2 or ACR ≥30 mg/g; shown 
in yellow, orange, and red in Chart 11-1) in 2013 
to 2016 was 14.8%.1

•	 The prevalence of CKD increases substantially with 
age, as follows1:

Click here to return to the Table of Contents

Abbreviations Used in Chapter 11

ACC American College of Cardiology

ACR albumin-to-creatinine ratio

AF atrial fibrillation

Af Am African American

AHA American Heart Association

AI/AN American Indian or Alaska Native

AMI acute myocardial infarction

ARIC Atherosclerosis Risk in Communities

ASCVD atherosclerotic cardiovascular disease

BMI body mass index

BP blood pressure

CABG coronary artery bypass graft surgery

CAD coronary artery disease

CARDIA Coronary Artery Risk Development in Young Adults

CHD coronary heart disease

CHS Cardiovascular Health Study

CI confidence interval

CKD chronic kidney disease

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration

CMS Centers for Medicare & Medicaid Services

CVA cerebrovascular accident

CVD cardiovascular disease

DALY disability-adjusted life-year

DBP diastolic blood pressure

DM diabetes mellitus

eGFR estimated glomerular filtration rate

ESRD end-stage renal disease

FHS Framingham Heart Study

GBD Global Burden of Disease

GFR glomerular filtration rate

GWAS genome-wide association study

HANDLS Health Aging in Neighborhoods of Diversity Across the Life 
Span

HBP high blood pressure

HCHS/SOL Hispanic Community Health Study/Study of Latinos

HF heart failure

HR hazard ratio

HTN hypertension

(Continued )

ICD-10 International Classification of Diseases, 10th Revision

IHD ischemic heart disease

IMT intima-media thickness

JHS Jackson Heart Study

KDIGO Kidney Disease: Improving Global Outcomes

LV left ventricular

MACE major adverse cardiovascular events

MESA Multi-Ethnic Study of Atherosclerosis

MR mitral regurgitation

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NIS National (Nationwide) Inpatient Sample

OR odds ratio

OSA obstructive sleep apnea

PAD peripheral arterial/artery disease

PCI percutaneous coronary intervention

PE pulmonary embolism

PI Pacific Islander

RR relative risk

SBP systolic blood pressure

SCA sudden cardiac arrest

SES socioeconomic status

SHARP Study of Heart and Renal Protection

SNP single-nucleotide polymorphism

SR self-report

STS Society of Thoracic Surgeons

TAVR transcatheter aortic valve replacement

TIA transient ischemic attack

TVT Transcatheter Valve Therapy

UI uncertainty interval

USRDS United States Renal Data System

VA ventricular arrhythmia

VHD valvular heart disease

VTE venous thromboembolism

Abbreviations Used in Chapter 11 Continued
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—  6.3% for those 20 to 39 years of age
—  10.4% for those 40 to 59 years of age
—  32.2% for those ≥60 years of age

•	 From 2001 to 2016, the prevalence of ACR ≥30 
mg/g was higher but prevalence of eGFR <60 
mL·min−1·1.73 m−2 was lower among NH blacks 
than NH whites.1

•	 At the end of 2016, the unadjusted prevalence of 
ESRD estimated from cases reported to the CMS in 
the United States was 2161 per million (0.22%).1

•	 The prevalence of ESRD varies regionally across the 
United States (Chart 11-2), mirroring the preva-
lence of traditional risk factors such as DM or 
hypertension.

•	 ESRD prevalence is highest in Native Hawaiians/
Pacific Islanders compared with other races, and 
prevalence is higher among Hispanics than among 
NH individuals (Chart 11-3).

Incidence 
(See Chart 11-3)

•	 For US adults 30 to 49 years of age, 50 to 64 years 
of age, and ≥65 years of age without CKD, the 
residual lifetime incidences of CKD are projected 
to be 54%, 52%, and 42%, respectively, in the 
CKD Health Policy Model simulation based on 
1999 to 2010 NHANES data.3

•	 The incidence of ESRD is higher among blacks than 
whites (Chart 11-3),1 a disparity that persists even 
after controlling for major ESRD risk factors and 
that might be explained in part by the higher preva-
lence of albuminuria and APOL1 in this population.4

Secular Trends 
(See Chart 11-3)

•	 According to NHANES data, the prevalence of CKD 
(eGFR 15–59 mL·min−1·1.73 m−2) in the United 
States increased slowly over time until 2003 to 
2004 because of an aging population and higher 
prevalence of risk factors, but the prevalence pla-
teaued from 2004 to 2012.5

•	 The prevalence of ESRD increased across most 
races and ethnicities from 2000 to 2016 primar-
ily because of improved survival, whereas the 
incidence rate appeared to stabilize or decrease 
slightly (Chart 11-3).1

Risk Factors 
(See Charts 11-4 and 11-5)

•	 Many traditional CVD risk factors are also risk 
factors for CKD, including older age, male sex, 
hypertension, DM, smoking, and family history of 
CVD (Chart 11-4). In NHANES 2013 to 2016, the 

prevalence of CKD was 31% in adults ≥20 years of 
age with HBP and 37% in adults with DM. Among 
adults with obesity (BMI >30 kg/m2), nearly 17% 
had CKD.1

•	 Even early stages of elevated BP and stage 1 hyper-
tension as defined by the 2017 Hypertension Clinical 
Practice Guidelines (SBP of 120–139 mm Hg or DBP 
of 80–89 mm Hg) were associated with incident 
decreased eGFR (<60 mL·min−1·1.73 m−2) in a meta-
analysis of observational cohorts (RR, 1.19 [95% CI, 
1.07–1.33] over a mean follow-up of 6.5 years).6

•	 OSA is associated with CKD and CKD progres-
sion independent of BMI and other traditional risk 
factors.7

•	 Zip code–level poverty is associated with ≈25% 
higher ESRD incidence after accounting for age, 
sex, and race/ethnicity, and this association appears 
to be getting stronger over time (2005–2010 ver-
sus 1995–2004).8

•	 Importantly, cardiovascular fitness and healthy life-
styles are associated with decreased risk and pro-
gression of CKD.9–11 For example, having more of 
the AHA’s Life’s Simple 7 ideal health factors was 
associated with progressively lower risk of incident 
CKD in the ARIC study (Chart 11-5).

Social Determinants of CKD
•	 A recent meta-analysis of 43 studies examining 

associations between socioeconomic indicators 
(income, education, and occupation) found that 
lower SES, particularly income, was associated 
with a higher prevalence of CKD and faster pro-
gression to ESRD.12 This association was observed 
in higher- versus lower- or middle-income coun-
tries and was more pronounced in the United 
States relative to Europe.

•	 In a cross-sectional analysis of 9126 lower-income 
participants from NHANES 2003 to 2008, food 
insecurity (ie, the inability to acquire nutritional 
foods) was associated with a 67% higher odds 
of age-adjusted prevalent CKD in those with DM 
and a 37% higher odds of age-adjusted preva-
lent CKD in those with hypertension. A similar 
analysis in 1239 participants in the HANDLS 
study revealed a marginally significant higher 
odds of CKD in the full cohort, with no evidence 
of stronger associations in individuals with DM or 
hypertension.13

•	 In the HCHS/SOL, lower language acculturation 
was associated with CKD among older subjects 
(>65 years); however, among subjects with CKD, 
acculturation measures were not associated with 
hypertension or DM control.14

•	 In a study of 1620 participants from HANDLS with 
preserved baseline kidney function, self-reported 
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experiences of discrimination were associated with 
lower kidney function assessed via GFR, and asso-
ciations were particularly pronounced for black 
females relative to white females, black males, and 
NH white males.15

Genetics/Family History
•	 Several hundred loci have been implicated in 

monogenic CKD.16,17

•	 GWASs have revealed several candidate loci for 
CKD phenotypes, including GFR, albuminuria, kid-
ney injury, and diabetic kidney disease.18–22

•	 Race differences in CKD prevalence might be 
attributable to differences in genetic risk. The 
APOL1 gene has been well studied as a kidney 
disease locus in individuals of African ancestry.19 
SNPs in APOL1 that are present in individuals 
of African ancestry but absent in other racial 
groups might have been subject to positive selec-
tion, conferring protection against trypanosome 
infection but leading to increased risk of renal 
disease, potentially through disruption of mito-
chondrial function.18

•	 Although certain variants of APOL1 increase risk, 
this only explains a portion of the disparity in ESRD 
risk between blacks and nonblacks.19 For example, 
eGFR decline was faster even for black subjects 
with low-risk APOL1 status (0 or 1 allele) than for 
whites in CARDIA; this difference was attenuated 
by adjustment for SES and traditional risk factors.20

•	 Despite associations with kidney risk, APOL1 does 
not appear to be associated with overall risk for 
CVD among blacks with hypertension-attributed 
CKD,21 and it is not associated with coronary cal-
cification, carotid IMT, or LV mass among middle-
aged black adults in CARDIA.23

Awareness
•	 Awareness of CKD status in NHANES 2013 to 2016 

was particularly low, ranging from 2% to 5% for 
early-stage CKD to 57% for more advanced CKD 
(eGFR 15–29 mL·min−1·1.73 m−2).1

Complications
•	 In an analysis of GBD 2002 to 2016 data, DALYs 

attributable to CKD increased by 52.6%, and 
death attributable to CKD increased by 58.3%. 
The burden was most pronounced in the Southern 
United States, with much of the increase in CKD 
DALYs attributable to increased metabolic risks, 
aging of the population, and population growth. 
Age-standardized CKD DALY rates increased by 
18.6% over the same time period.24

Cost
•	 In 2016, Medicare spent >$79 billion caring for 

people with CKD and $35 billion for ESRD, which 
is 23% of all Medicare fee-for-service spending.1

Global Burden of Kidney Disease 
(See Charts 11-6 and 11-7)

•	 The GBD 2017 Study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
countries and territories.25

—  In 2017, the total estimated prevalence of CKD 
was 698 million people (95% UI, 649–752 mil-
lion), a 27% increase since 2007.

—	 Age-standardized prevalence of CKD is high-
est in Eastern Europe, South Asia, sub-Saha-
ran Africa, Latin America, and Oceania (Chart 
11-6).

—	 Oceania and Mexico had the highest age-stan-
dardized mortality rates attributable to CKD in 
2017 (Chart 11-7).

Kidney Disease and CVD
Impact of CKD on CVD Outcomes

•	 CKD is a risk factor for incident and recurrent CHD 
events, stroke, HF, VTE, and AF and is considered 
to be a risk-enhancing factor for the purposes of 
recommending primary prevention therapies such 
as statins or aggressive BP control.26–31

•	 The association of reduced eGFR with cardiovas-
cular risk is generally similar across age, race, and 
sex subgroups,32 although albuminuria tends to be 
a stronger risk factor for females than for males 
and for older (>65 years of age) versus younger 
people.30

•	 The addition of eGFR or albuminuria improves CVD 
prediction beyond traditional risk factors used in 
risk equations.30

•	 A recent meta-analysis of 21 cohort studies of 
27 465 individuals with CKD found that nontradi-
tional risk factors such as serum albumin, phos-
phate, urate, and hemoglobin are associated with 
CVD risk in this population.33

Prevalence of CVD Among People With CKD 
(See Charts 11-8 and 11-9)

•	 People with CKD, as well as those with ESRD, have 
an extremely high prevalence of comorbid CVDs 
ranging from IHD and HF to arrhythmias and VTE 
(Charts 11-8 and 11-9).

•	 Nearly two-thirds (64.5%) of CKD patients 66 
years of age or older have CVD, compared with 
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approximately one-third (32.4%) of patients with-
out CKD in this age group.1

•	 The prevalence of CVD in ESRD patients differs by 
treatment modality. Approximately 71% of ESRD 
patients on hemodialysis have any CVD, whereas 
58% of peritoneal dialysis patients and 41% of 
transplant patients have any CVD (Chart 11-9).

Incidence of CVD Events Among People With CKD
•	 In 3 community-based cohort studies (JHS, CHS, 

and MESA), absolute incidence rates for HF, CHD, 
and stroke for participants with versus without 
CKD were 22 versus 6.2 (per 1000 person-years) 
for HF, 24.5 versus 8.4 for CHD, and 13.4 versus 
4.8 for stroke.34

•	 Both eGFR and albuminuria appear to more 
strongly predict HF events than CHD or stroke 
events.30

•	 GFR predicts stroke risk but is not as strongly 
associated as albuminuria. In 4 community-based 
cohorts, lower eGFR (45 versus 95 mL·min−1·1.73 
m−2) was associated with an increased risk for isch-
emic stroke (HR, 1.30 [95% CI, 1.01–1.68]) but 
not hemorrhagic stroke (HR, 0.92 [95% CI, 0.47–
1.81]). Albuminuria (ACR of 300 versus 5 mg/g) 
was associated with both ischemic and hemor-
rhagic stroke (HR, 1.62 [95% CI, 1.27–2.07] and 
2.57 [95% CI, 1.37–4.83], respectively).35 In a 
meta-analysis of 83 studies of >30 000 strokes, 
there were linear relationships of both eGFR and 
albuminuria with stroke regardless of stroke sub-
type.29 Among people with CKD, proteinuria but 
not eGFR independently predicted stroke risk.36

•	 In one study of people with CKD 50 to 79 years of 
age, the ACC/AHA pooled cohort risk equations 
appeared to be well calibrated (Hosmer-Lemeshow 
χ2=2.7, P=0.45), with moderately good discrimi-
nation (C index, 0.71 [95% CI, 0.65–0.77]) for 
ASCVD events.37

•	 Females with CKD appear to have higher risk of 
incident PAD than males, particularly at younger 
ages.38

•	 A patient-level pooled analysis of randomized tri-
als explored the effect of CKD on prognosis for 
females who undergo PCI.39 Creatinine clearance 
<45 mL/min was an independent risk factor for 
3-year MACE (adjusted HR, 1.56) and all-cause 
mortality (adjusted HR, 2.67).

•	 Despite higher overall event rates than NH whites, 
NH blacks with CKD have similar (or possibly 
lower) rates of ASCVD events, HF events, and 
death after adjustment for demographic factors, 
baseline kidney function, and cardiovascular risk 
factors.40 However, the risk of HF associated with 
CKD might be greater for blacks and Hispanics 
than for whites.34

•	 Clinically significant bradyarrhythmias appear to 
be more common than ventricular arrhythmias 
among hemodialysis patients and are highest in 
the immediate hours before dialysis sessions.41

Prevention and Treatment of CVD in People With 
CKD

•	 One potential explanation for the higher CVD 
event rate in people with CKD is the low uptake 
of standard therapies. Furthermore, people with 
advanced CKD and ESRD are often excluded 
from clinical trials of cardiovascular drugs and 
devices,42,43 although recent observational data 
from large registries can provide insight into the 
risks and benefits in this population.

•	 In a nationwide US cohort that included 4726 par-
ticipants with CKD, only 2366 (50%) self-reported 
taking statins, whereas an additional 1984 par-
ticipants (42%) met recommendations for statin 
treatment according to the 2013 ACC/AHA guide-
line on treatment of blood cholesterol but did not 
report using statins.37

•	 Rates of stress testing among Medicare beneficia-
ries declined from 2008 to 2012, but rates were 
5% to 15% higher for those with CKD and ESRD 
than for those without CKD.44

•	 In a study of >12 000 people undergoing hemodi-
alysis in the USRDS who had AF, only 15% initiated 
warfarin therapy within 30 days, and 70% discon-
tinued use within 1 year.45

•	 Low eGFR is an indication for reduced dosing of 
non–vitamin K antagonist oral anticoagulant drugs. 
Among nearly 15 000 US Air Force patients pre-
scribed non–vitamin K antagonist oral anticoagu-
lant drugs in an administrative database, 1473 had 
a renal indication for reduced dosing, and 43% of 
these were potentially overdosed. Potential over-
dosing was associated with increased risk of major 
bleeding (HR, 2.9 [95% CI, 1.07–4.46]).46

•	 In a study of 17 910 patients undergoing angiogra-
phy for stable IHD in Alberta, Canada, those with 
kidney disease were less likely to be revascularized 
for angiographically significant (>70%) coronary 
stenoses (OR, 0.52 [95% CI, 0.35–0.79] for ESRD 
compared to no CKD; OR, 0.80 [95% CI, 0.71–0.89] 
for mild-moderate CKD compared to no CKD).47

•	 For patients undergoing TAVR in the United 
Kingdom, eGFR <45 mL·min−1·1.73 m−2 was asso-
ciated with higher odds of in-hospital (adjusted 
OR, 1.45 [95% CI, 1.03–2.05]) and longer-term 
(adjusted OR, 1.36 [95% CI, 1.17–1.58]) mortality 
compared with higher eGFR.48 Somewhat higher 
odds of in-hospital mortality after TAVR were seen 
for those with ESRD compared with all others in 
the NIS 2011 to 2014 (adjusted OR, 2.21 [95% CI, 
1.81–2.69]).49
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•	 For patients with eGFR <60 but >15 mL·min−1·1.73 
m−2 undergoing TAVR in the TVT registry, approxi-
mately one-third will die and 1 in 6 will require 
dialysis within a year.50

•	 Among patients being treated with hemodialysis 
who were hospitalized for PAD, the number of 
endovascular procedures increased nearly 3-fold 
and the number of surgical procedures dropped 
by more than two-thirds from 2000 to 2012.51 
Among patients who underwent lower-extrem-
ity bypass surgery in the USRDS 2006 to 2011, 
females with ESRD were less likely than males with 
ESRD to receive an autogenous vein graft. Among 
those who received a prosthetic graft, acute graft 
failure was higher for females.52

Mortality Attributable to CVD Among People 
With CKD 
(See Chart 11-10)

•	 CVD is a leading cause of death for people with 
CKD. Mortality risk depends not only on eGFR but 
also on category of albuminuria (Chart 11-10). 
The adjusted RR of all-cause mortality and cardio-
vascular mortality is highest in those with eGFR 
15 to 30 mL·min−1·1.73 m−2 and those with ACR 
>300 mg/g.2

•	 For patients with severe valvular heart disease, 
CKD is a particularly strong risk factor for mortality. 
In the Duke University Echocardiography Database 
(1999–2013), 5-year survival was substantially 
lower for CKD than for non-CKD patients (42% 
versus 67% for severe aortic stenosis and 37% 
versus 65% for severe MR, CKD versus non-CKD, 
respectively).53

•	 Elevated levels of the alternative glomerular filtra-
tion marker cystatin C have been associated with 

increased risk for CVD and all-cause mortality in 
studies from a broad range of cohorts.
—	 Cystatin C levels predict ASCVD, HF, all-cause 

mortality, and cardiovascular death in the FHS 
after accounting for clinical cardiovascular risk 
factors.54

—	 Cystatin C–based eGFR was a stronger predic-
tor of HF than creatinine-based eGFR among 
patients with CKD in the Chronic Renal 
Insufficiency Cohort study.55

—	 Strengthened associations with outcomes 
(relative to creatinine or creatinine-based 
eGFR) might be explained in part by non-GFR 
determinants of cystatin C such as chronic 
inflammation.56

Costs of CVD in People With CKD
•	 In 2015, admissions for CVD accounted for 27% 

of all inpatient spending for ESRD patients.1

•	 In SHARP, a study of patients in Europe, North 
America, and Australasia, nonfatal major cardio-
vascular events were associated with £6133 (95% 
CI, £5608–£6658) higher costs for ESRD patients 
on dialysis and £4350 (95% CI, £3819–£4880) for 
other CKD patients in the year of the event (com-
pared with years before the event).57

•	 Worse preoperative creatinine clearance was asso-
ciated with higher total costs of CABG from 2000 
to 2012 in the STS database ($1250 per 10 mL/min 
lower clearance).58

FOOTNOTE
Disclosure: A portion of the data reported has been supplied by the USRDS.1 
The interpretation and reporting of these data are the responsibility of the au-
thors and in no way should be seen as an official policy or interpretation of the 
US government.

Albuminuria categories Total

A1 A2 A3
Normal to 

mildly increased
Moderately 
increased

Severely 
increased

<30 mg/g 
<3 mg/mmol

30-300 mg/g
3-30 mg/mmol

>300 mg/g 
>30 mg/mmol

 seirogetac RF
G

m 37.1/ni
m/l

m(
2 )

G1 Normal to high ≥ 90 54.9 4.2 0.5 59.6

G2 Mildly decreased 60-89 30.2 2.9 0.3 33.5

G3a
Mildly to moderately 
decreased

45-59 3.6 0.8 0.3 4.7

G3b
Moderately to severely 
decreased

30-44 1.0 0.4 0.2 1.7

G4 Severely decreased 15-29 0.13 0.10 0.15 0.37

G5 Kidney failure < 15 0.01 0.04 0.09 0.13

Total 89.9 8.5 1.6 100

Chart 11-1. Percentage of NHANES participants within the KDIGO 2012 prognosis of chronic kidney disease by GFR and albuminuria categories, 
United States, 2013 to 2016.  
Green=low risk; Yellow=moderately high risk; Orange=high risk; Red=very high risk.  
GFR indicates glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes; and NHANES, National Health and Nutrition Examination Survey.  
Source: Reprinted from 2018 United States Renal Data System Annual Data Report, volume 1, Table 1.1,1 using NHANES 2013 to 2016.

This chart 
shows that 
from 2013 
to 2016 the 
percentage of 
National Health 
and Nutrition 
Examina-
tion Survey 
(NHANES) par-
ticipants with 
a glomerular 
filtration rate 
category of G1 
was 59.6%; G2 
was 33.5%; 
G3a was 4.7%, 
G3b was 1.7%, 
G4 was 0.37%, 
and G5 was 
0.13%.  The 
percentage of 
participants 
with an 
albuminuria 
category of A1 
was 89.9%, A2 
was 8.5%, A3 
was 1.6%. The 
chart shows 
additional 
breakdown 
by both 
glomerular fil-
tration rate and 
albuminuria 
categories.
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Chart 11-2. Map of the standardized prevalence (per million) of end-stage renal disease by health service area, United States, 2012 to 2016.* 
*Standardized for age, sex, and race. The standard population was the US population in 2011. Four health service areas were suppressed because the ratio of 
crude rate to standardized rate or standardized rate to crude rate was >3. Values for cells with ≤10 patients are suppressed.  
Source: Reprinted from 2018 United States Renal Data System Annual Data Report, volume 2, Figure 1.10.1

This chart 
shows that 
between 2012 
and 2016, 
the highest 
prevalence of 
end-stage renal 
disease varies 
greatly within 
health service 
areas of each 
state, but high 
prevalence clus-
ters are present 
in California 
and West South 
Central, East 
South Central, 
South Atlantic, 
West North 
Central and East 
North Central 
regions.

Chart 11-3. Temporal trends in end-stage renal disease, by race and Hispanic ethnicity, United States, 2000 to 2016. 
A, Standardized* incidence rate (per million); (B) standardized* prevalence of end-stage renal disease.  
Af Am indicates African American; AI/AN, American Indian or Alaska Native; NH, non-Hispanic; and PI, Pacific Islander.  
*Standardized for age and sex; the ethnicity analysis is further adjusted for race. The standard population was the US population in 2011.  
Source: Reprinted from 2018 United States Renal Data System Annual Data Report, volume 2, Figures 1.5 to 1.6 and 1.12 to 1.13.1 

Chart 11-3A. 
This panel of 
the chart shows 
that the highest 
incidence of 
end-stage renal 
disease from 
2000 to 2016 
was in blacks, 
followed by 
American Indians 
and Alaska Na-
tives, Asians, 
and whites. 
Over time, rates 
declined among 
blacks and 
American Indians 
and Alaska Na-
tives. Rates were 
higher across 
all time points 
in Hispanics 
compared to 
non-Hispanics, 
although they 
did decline 
over time for 
Hispanics.
Chart 11-3B. 
This panel of the 
chart shows that 
the prevalence of 
end-stage renal 
disease from 
2000 to 2016 
was highest in 
whites, followed 
by blacks, Ameri-
can Indians and 
Alaska Natives, 
Asians, and non-
Hispanic Pacific 
Islanders. Rates 
for whites were 
much higher and 
rose more over 
time. Rates were 
higher among 
Hispanics each 
year compared 
to non-Hispanics, 
although they 
did rise for both 
groups over 
time.
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Chart 11-4. Adjusted odds ratios of chronic kidney disease (CKD) in NHANES participants by risk factor, United States, 2001 to 2016. 
CKD was defined as presence of estimated glomerular filtration rate (eGFR) <60 mL·min−1·1.73 m−2, urine albumin-to-creatinine ratio (ACR) ≥30 mg/g, and either 
eGFR <60 mL·min−1·1.73 m−2 or ACR ≥30 mg/g for each of the comorbid conditions. Adjusted for age, sex, and race; single-sample estimates of eGFR and ACR; 
eGFR calculated with the CKD-EPI equation. Whisker lines indicate 95% CIs.  
BMI indicates body mass index; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CVD, cardiovascular disease; DM, diabetes mellitus; HTN, hyperten-
sion; NHANES, National Health and Nutrition Examination Survey; and SR, self-report.  
Source: Reprinted from 2018 United States Renal Data System Annual Data Report, volume 1, Figure 1.6,1 using NHANES 2001 to 2004, 2005 to 2008, 2009 to 
2012, and 2013 to 2016.

This chart 
shows that 
from 2001 
to 2016 the 
adjusted odds 
ratio of chronic 
kidney disease 
was highest in 
adults over 60 
years of age, 
followed by 
those 40 to 59 
years of age, 
and then those 
20 to 39 years 
of age. For all 
age categories, 
odds ratios 
declined each 
4-year time in-
terval between 
2001 and 
2016. Adjusted 
odds ratios 
were highest 
over all four 
time periods 
for those with 
hypertension, 
followed by 
diabetes and 
self-reported 
diabetes 
mellitus, then 
self-reported 
cardiovascu-
lar disease, 
followed by 
self-reported 
hypertension, 
and lastly BMI 
over 30.

Chart 11-3. (Continued)
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Chart 11-5. Relationship of the AHA’s Life’s Simple 7 health factors and risk of incident CKD.  
Hazard ratio adjusted for age, sex, race, and baseline estimated glomerular filtration rate. Error bars represent the 95% CI.  
AHA indicates American Heart Association; and CKD, chronic kidney disease.  
Source: Reprinted from Rebholz et al.11 Copyright © 2016, The Authors. Published on behalf of the American Heart Association, Inc., by Wiley Blackwell. This is 
an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any 
medium, provided the original work is properly cited and is not used for commercial purposes.

This chart 
shows that 
as people 
increase in the 
number of 
American Heart 
Association 
Life’s Simple 7 
health factors 
at an ideal level 
from zero to six 
or seven ideal 
health factors, 
the risk for 
incident chronic 
kidney disease 
decreases.

Chart 11-6. Age-standardized global prevalence rates for chronic kidney disease (CKD) per 100 000, both sexes, 2017. 
Age-standardized prevalence of CKD is highest in Eastern Europe, South Asia, sub-Saharan Africa, Latin America, and Oceania.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon Islands; SYC, 
Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.25 Printed with permission. 
Copyright © 2018, University of Washington.

This map 
shows that the 
age-standard-
ized prevalence 
due to chronic 
kidney disease 
was highest 
in Eastern 
Europe, South 
Asia, Sub-
Saharan Africa, 
Latin America, 
and Oceania in 
2017.
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Chart 11-7. Age-standardized global mortality rates for chronic kidney disease (CKD) per 100 000, both sexes, 2017.  
Oceania and Mexico have the highest age-standardized mortality rates attributable to CKD in 2017.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.25 Printed with permission. 
Copyright © 2018, University of Washington.

This map 
shows that 
Oceania and 
Mexico had the 
highest age-
standardized 
mortality rates 
due to chronic 
kidney disease 
in 2017.

Chart 11-8. Prevalence of CVD in US patients with or without CKD, 2016.  
Special analyses, Medicare 5% sample.  
AF indicates atrial fibrillation; AMI, acute myocardial infarction; CAD, coronary artery disease; CKD, chronic kidney disease; CVA, cerebrovascular accident; CVD, 
cardiovascular disease; HF, heart failure; PAD, peripheral arterial disease; PE, pulmonary embolism; SCA, sudden cardiac arrest; TIA, transient ischemic attack; VA, 
ventricular arrhythmia; VHD, valvular heart disease; and VTE, venous thromboembolism.  
Source: 2018 United States Renal Data System Annual Data Report, volume 1, Figure 4.11

This chart 
shows that 
the preva-
lence of any 
cardiovascu-
lar disease 
in 2016 was 
highest in 
adults 22 
years of age 
or older 
with chronic 
kidney 
disease and 
approximate-
ly double 
that of adults 
without 
chronic kid-
ney disease.  
Adults with 
chronic kid-
ney disease 
had higher 
prevalence 
of all specific 
cardiovascu-
lar diseases, 
with the 
highest 
prevalence 
of adults 
with chronic 
kidney dis-
ease having 
coronary ar-
tery disease, 
followed by 
heart failure, 
then periph-
eral artery 
disease, atrial 
fibrillation, 
and then 
other car-
diovascular 
diseases.

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e321

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 11

Chart 11-9. Prevalence of CVD in US patients with end-stage renal disease (ESRD) by treatment modality, 2016.  
Point prevalent hemodialysis, peritoneal dialysis, and transplant patients ≥22 years of age who were continuously enrolled in Medicare Parts A and B, and with 
Medicare as primary payer from January 1, 2016, to December 31, 2016, and for whom the ESRD service date was at least 90 days before January 1, 2016.  
AF indicates atrial fibrillation; AMI, acute myocardial infarction; CAD, coronary artery disease; CVA, cerebrovascular accident; CVD, cardiovascular disease; HF, 
heart failure; PAD, peripheral arterial disease; PE, pulmonary embolism; SCA, sudden cardiac arrest; TIA, transient ischemic attack; VA, ventricular arrhythmia; VHD, 
valvular heart disease; and VTE, venous thromboembolism.  
Source: 2018 United States Renal Data System Annual Data Report, volume 2, Figure 8.1.1

This chart 
shows that the 
prevalence of 
any cardiovas-
cular disease in 
2016 among 
patients over 
22 years of 
age with 
end-stage renal 
disease was 
highest among 
patients on 
hemodialysis, 
followed by 
peritoneal 
dialysis, fol-
lowed by 
patients with 
a transplant.  
Adults on 
hemodialysis 
had the high-
est prevalence 
of all specific 
cardiovascular 
diseases, fol-
lowed by peri-
toneal dialysis, 
followed by 
patients with 
a transplant.  
Within each of 
the three treat-
ment modality 
categories, the 
highest preva-
lence of adults 
with end-stage 
renal disease 
had coronary 
artery disease, 
followed by 
heart failure, 
peripheral 
artery disease, 
and then other 
cardiovascular 
diseases.

ACR 
<10

ACR 
10-29

ACR 
30-299

ACR 
>300

eGFR >105 0.9 1.3 2.3 2.1

eGFR 90-105 Ref 1.5 1.7 3.7

eGFR 75-90 1.0 1.3 1.6 3.7

eGFR 60-75 1.1 1.4 2.0 4.1

eGFR 45-60 1.5 2.2 2.8 4.3

eGFR 30-45 2.2 2.7 3.4 5.2

eGFR 15-30 14 7.9 4.8 8.1

A

Chart 11-10. Adjusted relative risk (RR) of clinical outcomes in the US general population according to KDIGO 2012 categories of chronic kidney disease.  
A, All-cause mortality and (B) cardiovascular mortality, categorized by eGFR and albuminuria category.  
Data are derived from categorical meta-analysis of population cohorts. Pooled RRs are expressed relative to the reference (Ref) cell. Colors represent the ranking of 
the adjusted RRs (green=low risk; yellow=moderate risk; orange=high risk; red=very high risk).  
ACR indicates urine albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; and KDIGO, Kidney Disease: Improving Global Outcomes.  
Source: Modified from Levey et al2 with permission from the International Society of Nephrology. Copyright © 2011, International Society of Nephrology. 

Chart 11-10A. 
This panel 
of the chart 
shows that the 
adjusted relative 
risk of all-cause 
mortality in the 
general popula-
tion was high-
est in categories 
of estimated 
glomerular 
filtration rates 
less than 75 
and also an 
albumin-to-
creatinine 
ratio greater 
than 300.  In 
the general 
population, an 
estimated glo-
merular filtra-
tion rate of 15 
to 30 resulted 
in the highest 
category of 
adjusted relative 
risk of all-cause 
mortality across 
all categories 
of albumin-
to-creatinine 
ratios.
Chart 11-10B. 
This panel 
of the chart 
shows that 
the adjusted 
relative risk of 
cardiovascular 
mortality in the 
general popula-
tion was high-
est in categories 
of estimated 
glomerular 
filtration rates 
greater than 
105 or less than 
60 and also an 
albumin-to-
creatinine ratio 
greater than 
300. In the gen-
eral population, 
an estimated 
glomerular 
filtration rate of 
15 to 30 pro-
duced the high-
est category 
of adjusted 
relative risk of 
cardiovascular 
mortality across 
all categories 
of albumin-
to-creatinine 
ratios.
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12. SLEEP
See Charts 12-1 through 12-4

Sleep can be characterized in many different ways, 
including quantity of sleep (sleep duration), quality 
of sleep, or the presence of a sleep disorder, such as 
insomnia or OSA. All of these characteristics of sleep 
have been associated with CVD and stroke.

Prevalence 
(See Charts 12-1 through 12-4)

•	 The American Academy of Sleep Medicine and 
the Sleep Research Society published a consen-
sus statement recommending that adults obtain 
≥7 hours of sleep per night to promote optimal 
health.1 The American Academy of Sleep Medicine 

and Sleep Research Society also published guide-
lines for pediatric populations: infants 4 to 12 
months old should sleep 12 to 16 hours per day; 
children 1 to 2 years of age should sleep 11 to 14 
hours per day; children 3 to 5 years of age should 
sleep 10 to 13 hours per day; children 6 to 12 
years of age should sleep 9 to 12 hours per day; 
and adolescents 13 to 18 years of age should sleep 
8 to 10 hours per day.2

•	 The CDC analyzed data from the 2014 BRFSS 
to determine the age-adjusted prevalence of a 
healthy sleep duration (≥7 hours) in the United 
States and found that 11.8% of people reported a 
sleep duration ≤5 hours, 23.0% reported 6 hours, 
29.5% reported 7 hours, 27.7% reported 8 hours, 
4.4% reported 9 hours, and 3.6% reported ≥10 
hours. Overall, 65.2% met the recommended 
sleep duration of ≥7 hours.3

•	 Analysis of NHANES data (2015–2016) indicated 
that the proportion of adults getting inadequate 
sleep (<7 hours) was 19.6%. Younger people were 
more likely to report sleeping <7 hours, and males 
were more likely to report sleeping <7 hours at all 
ages (Chart 12-1).4

•	 The prevalence of inadequate sleep (<7 hours) 
varied by state or territory: in 2014, the lowest 
prevalence was seen in South Dakota (28.4%), 
Colorado (28.5%), and Minnesota (29.2%), and 
the highest was found in Guam (48.6%), Hawaii 
(43.6%), and Kentucky (39.4%).5

•	 Prevalence of OSA varies by sex. On the basis of 
data from the Wisconsin Cohort Study, OSA preva-
lence estimates among 30- to 70-year-old subjects 
in the United States in 2007 to 2010 were 33.9% 
among males and 17.4% among females for AHI 
≥5 (mild to severe OSA).6 Prevalence estimates of 
moderate to severe OSA (AHI ≥15) were 13.0% 
for males and 5.6% for females. These estimates 
are higher than estimates for 1988 to 1994 from 
the same study, which were 26.4% in males and 
13.2% in females for mild to severe OSA.6

•	 In a Canadian study of 100 adult patients with AF 
(70 males, 30 females) with no history of OSA who 
underwent home sleep testing, 85% had mild to 
severe OSA (AHI >5), and it was more common in 
males (91% versus 70% in females, P=0.006).7

•	 A systematic review estimated the prevalence of 
OSA in cerebrovascular disease in 3242 patients 
who had either cerebral infarction, TIA, ischemic 
stroke, or hemorrhagic stroke and found that the 
pooled prevalence of OSA defined as AHI >10 
events/h was 62% (95% CI, 55%–69%), and the 
pooled prevalence of severe OSA (AHI >30) was 
30% (95% CI, 23%–37%).8

•	 The BRFSS asked respondents, “Over the last 
2 weeks, how many days have you had trouble 

Abbreviations Used in Chapter 12

AF atrial fibrillation

AHI apnea-hypopnea index

AMI acute myocardial infarction

BMI body mass index

BP blood pressure

BRFSS Behavioral Risk Factor Surveillance System

CDC Centers for Disease Control and Prevention

CHD coronary heart disease

CI confidence interval

CPAP continuous positive airway pressure

CVD cardiovascular disease

DBP diastolic blood pressure

DM diabetes mellitus

HF heart failure

HR hazard ratio

JHS Jackson Heart Study

MACE major adverse cardiovascular events

MI myocardial infarction

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey

NHIS National Health Interview Survey

NSTEMI non–ST-segment–elevation myocardial infarction

OR odds ratio

OSA obstructive sleep apnea

PA physical activity

PCI percutaneous coronary intervention

RCT randomized controlled trial

RR relative risk

SBP systolic blood pressure

SD standard deviation

STEMI ST-segment–elevation myocardial infarction

TIA transient ischemic attack

UA unstable angina

WHO World Health Organization
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falling asleep or staying asleep or sleeping too 
much?” and 52% responded zero (never), 27% 
responded 1 to 6 days, and 21% responded 7 to 
14 days (unpublished tabulation using BRFSS,9 
2017). Females were more likely to report having 
sleep problems on 7 to 14 of the past 14 days than 
males at all ages (Chart 12-2).

•	 Females have a greater risk of insomnia than 
males. For example, a meta-analysis of 31 studies 
reported an RR of 1.41 (95% CI, 1.28–1.55) com-
paring females to males.10 Furthermore, sex differ-
ences increased with age and were largest in those 
≥65 years of age.10

Children/Adolescents
•	 National poll data indicated that 63.3% of chil-

dren 6 to 11 years of age and 56.7% of children 
12 to 17 years of age obtained sufficient sleep, 
whereas 47.2% of children 6 to 11 years of age 
and 38.5% of children 12 to 17 years of age had 
excellent sleep quality.11

•	 The estimated prevalence of snoring in pediatric 
populations (as reported by the parent) is 7.5%, 
whereas the prevalence of sleep-disordered 
breathing using diagnostic testing is likely between 
1% and 4% (varies depending on definitions and 
methodologies used).12

Adults: Young, Middle-Aged, and Old
•	 Older adults are more likely to report adequate 

sleep. Age-specific and age-adjusted percent-
ages of adults who reported adequate sleep (≥7 
hours per 24-hour period) were as follows: 67.8% 
for 18- to 24-year-old adults, 62.1% for 25- to 
34-year-old adults, 61.7% for 35- to 44-year-old 
adults, 62.7% for 45- to 64-year-old adults, and 
73.7% for adults ≥65 years of age.3

•	 Prevalence of OSA is higher among older adults. 
The prevalence of mild to severe OSA (AHI ≥5) was 
26.6% for 30- to 49-year-old males and 43.2% for 
50- to 70-year-old males, whereas it was 8.7% for 
30- to 49-year-old females and 27.8% for 50- to 
70-year-old females.6

Risk Factors
•	 Risk factors for short sleep duration include smok-

ing (OR, 0.63 [95% CI, 0.51–0.79] for ex-smokers 
and OR, 0.68 [95% CI, 0.53–0.85] for never-smok-
ers versus smokers), physical inactivity (OR, 1.48 
[95% CI, 1.15–1.86] for no PA versus PA), poor 
diet (OR, 0.93 [95% CI, 0.91–0.95] per point on 
nutrient adequacy scale), obesity (OR, 1.39 [95% 
CI, 1.17–1.65] for BMI ≥30 versus <25 kg/m2), fair/
poor subjective health (OR, 1.93 [95% CI, 1.63–
2.32] versus excellent, very good, and good com-
bined), and depressive symptoms (OR, 2.80 [95% 

CI, 2.01–3.90] for ≥10 versus <10 on the Patient 
Health Questionnaire).13

•	 Characteristics associated with trouble sleeping 
include not being married (OR, 1.16 [95% CI, 
1.01–1.36], not married versus married), smoking 
(OR, 0.39 [95% CI, 0.36–0.43] for never-smoker 
versus current smoker), no alcohol consumption 
(OR, 0.39 [95% CI, 0.36–0.43] for alcohol con-
sumption versus no consumption), obesity (OR, 
1.25 [95% CI, 1.02–1.54] for BMI ≥30 versus 
<25 kg/m2), fair/poor subjective health (OR, 1.97 
[95% CI, 1.60–2.41] versus excellent/very good/
good), and depressive symptoms (OR, 4.71 [95% 
CI, 3.60–6.17] for ≥10 versus <10 on the Patient 
Health Questionnaire).13

•	 Predictors of moderate to severe OSA (AHI ≥15) 
among a sample of 852 blacks were male sex (OR, 
2.67 [95% CI, 1.87–3.80]), larger BMI (OR, 2.06 
per SD [95% CI, 1.71–2.47]), larger neck circumfer-
ence (OR, 1.55 per SD [95% CI, 1.18–2.05]), and 
habitual snoring (OR, 1.94 [95% CI, 1.37–2.75]).14

•	 National data indicate that the following charac-
teristics are associated with increased risk of inci-
dent diagnosed insomnia: >45 years of age (HR, 
1.69 [95% CI, 1.40–2.03] for 45–64 years of age 
and HR, 2.11 [95% CI, 1.63–2.73] for ≥65 years) 
versus 18 to 44 years of age, high school degree 
(HR, 1.44 [95% CI, 1.18–1.75]) versus college or 
more, underweight (HR, 1.37 [95% CI, 1.06–1.77]) 
versus normal weight, greater comorbidities based 
on Charlson comorbidity index (HR, 1.69 [95% CI, 
1.45–1.98] for a score of 1 or 2 and HR, 1.76 [95% 
CI, 1.32–2.36] for a score ≥3), ever having smoked 
(HR, 1.45 [95% CI, 1.20–1.76]) versus never hav-
ing smoked, and physical inactivity (HR, 1.22 [95% 
CI, 1.06–1.42]) versus PA.15 The following are asso-
ciated with reduced risk of incident diagnosed 
insomnia: male sex (HR, 0.57 [95% CI, 0.48–0.69]) 
and having never been married (HR, 0.73 [95% CI, 
0.59–0.90]) versus being married or cohabitating.15

Social Determinants
Race/Ethnicity and Sleep 
(See Charts 12-3 and 12-4)

•	 Data from the CDC indicated that the age-
adjusted prevalence of healthy sleep duration was 
lower among Native Hawaiians/Pacific Islanders 
(53.7%), NH blacks (54.2%), multiracial NH peo-
ple (53.6%), and American Indians/Alaska Natives 
(59.6%) compared with NH whites (66.8%), 
Hispanics (65.5%), and Asians (62.5%).3

•	 The Chicago Area Sleep Study used wrist activity 
monitoring and showed an adjusted mean sleep 
duration of 6.7 hours for blacks, 6.8 hours for 
Asians, 6.9 hours for Hispanic/Latinos, and 7.5 
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hours for whites.16 This study also observed lower 
sleep quality in blacks and Hispanic/Latinos com-
pared with whites.

•	 In NHANES 2015 to 2016, NH blacks had the 
highest percentage of respondents reporting 
sleeping <7 hours per night (32.1%), followed by 
other Hispanics (26.5%) and Mexican Americans 
(20.8%), whereas NH whites had the lowest per-
centage (16.3%) of respondents reporting sleep-
ing <7 hours (Chart 12-3).

•	 In BRFSS 2017, people of NH other race/ethnic-
ity and NH American Indians/Alaskan Natives had 
the highest percentages of respondents indicating 
sleep problems ≥7 of 14 days (32.3% and 24.4%, 
respectively) whereas NH Asians and Hispanics 
had the lowest percentages (13.3% and 17.4%, 
respectively; Chart 12-4).

•	 In a sample of blacks from the JHS, the preva-
lence of moderate to severe OSA (AHI ≥15) was 
23.6%.14 In a sample of 14 440 Hispanic/Latino 
adults, the age-adjusted prevalence of moderate 
to severe OSA (AHI ≥15) was 9.8%.17

Other Social Determinants of Sleep
•	 In addition to race/ethnicity, social characteristics 

associated with short sleep duration include lower 
education (OR, 1.47 [95% CI, 1.19–1.78] for less 
than high school versus greater than high school), 
not being married (OR, 1.43 [95% CI, 1.25–1.67] 
for not married versus married), and poverty (OR, 
1.54 [95% CI, 1.27–1.85] for poverty/income ratio 
<1 versus ≥2).13

•	 Among Native Hawaiians and Pacific Islanders from 
the NHIS, low neighborhood social cohesion was 
associated with increased odds of short sleep dura-
tion (OR, 1.53 [95% CI, 1.10–2.13]). Neighborhood 
social cohesion was not associated with trouble 
falling or staying asleep or feeling well rested.18

•	 Data from the WHO’s longitudinal Study on Global 
Ageing and Adult Health from 6 countries (Mexico, 
Ghana, South Africa, India, China, and Russia) col-
lected in 2007 to 2010 indicated that participants 
who felt safe in their neighborhoods were less likely 
to report short sleep in Ghana (OR, 0.44 [95% CI, 
0.33–0.58]) and China (OR, 0.72 [95% CI, 0.60–
0.87]). Neighborhood safety was also associated 
with reduced likelihood of insomnia in China (OR, 
0.22 [95% CI, 0.13–0.37]), Ghana (OR, 0.52 [95% 
CI, 0.37–0.71]), Russia (OR, 0.59 [95% CI, 0.43–
0.81]), and India (OR, 0.73 [95% CI, 0.62–0.87]).19

Family History and Genetics
•	 Genetic factors may influence sleep either directly 

by controlling sleep disorders or indirectly through 
modulation of risk factors such as obesity.

•	 Heritability of sleep behaviors varies but is esti-
mated to be ≈40%.20 Genetic studies have identi-
fied variants associated with OSA.21 Data suggest 
genetic control of interindividual variability in cir-
cadian rhythms, with variants in clock genes such 
as CRY1 and CRY2 being of particular interest.22,23 
Several variants have been found to associate with 
chronotype, insomnia, and sleep duration in the 
UK Biobank, with evidence for shared genetics 
between insomnia and cardiometabolic traits.24–26

Awareness, Treatment, and Control
•	 OSA is often undiagnosed. One study examined 

the prevalence of undiagnosed OSA in surgical 
patients and found that 661 of 2778 patients 
(23.8%) screened had high risk of having OSA, 
and 81% had not been previously diagnosed with 
OSA. Of these patients, 207 had a home sleep 
test, and OSA was confirmed in 170 (82.1%).27

•	 A meta-analysis of 8 studies found that all-cause 
mortality (HR, 0.66 [95% CI, 0.59–0.73]) and car-
diovascular mortality (HR, 0.37 [95% CI, 0.16–
0.54]) were significantly lower in CPAP-treated 
patients than in untreated patients.28

•	 An RCT enrolled people 45 to 75 years of age 
with moderate to severe OSA without excessive 
daytime sleepiness and who also had coronary 
or cerebrovascular disease to compare CPAP plus 
usual care to usual care alone.29 A total of 2687 
patients were included in this secondary preven-
tion trial and followed up for an average of 3.7 
years. No statistically significant difference was 
observed for a composite of primary end points 
(HR, 1.10 [95% CI, 0.91–1.32]), including death 
attributable to cardiovascular causes, MI, stroke, 
or hospitalization for HF, UA, or TIA.

•	 A retrospective chart review of 75 pediatric patients 
(7–17 years of age) referred to a sleep clinic for 
snoring compared 6-month change in BP between 
3 groups (25 patients in each): snorers without 
OSA (AHI <1), with OSA but no treatment (AHI 
>1), and with OSA with CPAP treatment. SBP was 
higher at baseline in the 2 OSA groups (P<0.05) but 
decreased in the CPAP-treated group over 6 months 
(median change, −5 mm Hg [25th–75th percentile, 
−19 to 0 mm Hg]), whereas SBP increased in the 
untreated OSA group (median change, 4 mm Hg 
[25th–75th percentile: 0 to 10 mm Hg]). DBP did 
not differ between groups at baseline, nor did the 
6-month change in DBP differ between groups.30

Mortality
•	 A meta-analysis of 43 studies indicated that both 

short sleep (<7 hours per night; RR, 1.13 [95% CI, 
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1.10–1.17]) and long sleep (>8 hours per night; 
RR, 1.35 [95% CI, 1.29–1.41]) were associated 
with a greater risk of all-cause mortality.31

•	 A prospective cohort study found that the associa-
tion between sleep duration and mortality varied 
with age.32 Among adults <65 years of age, short 
sleep duration (≤5 hours per night) and long sleep 
duration (≥8 hours per night) were both associ-
ated with increased mortality risk (HR, 1.37 [95% 
CI, 1.09–1.71] and HR, 1.27 [95% CI, 1.08–1.48], 
respectively). Sleep duration was not significantly 
associated with mortality in adults ≥65 years of age.

•	 Data from NHANES 2005 to 2008 indicated that 
long sleep duration (>8 hours per night) was asso-
ciated with an increased risk of all-cause mortality 
in the full sample (HR, 1.90 [95% CI, 1.38–2.60]), 
among males (HR, 1.48 [95% CI, 1.05–2.09]), 
among females (HR, 2.32 [95% CI, 1.48–3.61]), 
and among those ≥65 years of age (HR, 1.80 [95% 
CI, 1.30–2.50]) but not among those <65 years of 
age.13 No statistically significant associations were 
observed between short sleep (<7 hours per night) 
and all-cause mortality in this analysis.

•	 A meta-analysis of 137 prospective cohort studies 
with a total of 5 134 036 participants found that 
long sleep duration (cutoff varied by study) was 
associated with increased mortality risk (RR, 1.39 
[95% CI, 1.31–1.47]).33

•	 A meta-analysis of 27 cohort studies found that 
mild OSA (HR, 1.19 [95% CI, 0.86–1.65]), mod-
erate OSA (HR, 1.28 [95% CI, 0.96–1.69]), and 
severe OSA (HR, 2.13 [95% CI, 1.68–2.68]) were 
associated with all-cause mortality in a dose-
response fashion. Only severe OSA was associated 
with cardiovascular mortality (HR, 2.73 [95% CI, 
1.94–3.85]).28

•	 A study of US males found that insomnia symp-
toms were associated with increased risk of all-
cause mortality. Specifically, mortality risk was 
higher for males who reported difficulty initiating 
sleep (HR, 1.25 [95% CI, 1.04–1.50]) and non-
restorative sleep (HR, 1.24 [95% CI, 1.05–1.46]).34

•	 A study among males and females 21 to 75 years 
of age found that compared with those who never 
reported insomnia symptoms, those who reported 
persistent insomnia symptoms at 2 time points ≈5 
years apart had an increased risk of all-cause mortal-
ity (HR, 1.58 [95% CI, 1.02–2.45]), but those who 
reported insomnia at only 1 time point did not.35

Complications
•	 Short sleep duration has been associated with 

several cardiovascular and metabolic health out-
comes, including prevalent obesity (OR, 1.55 [95% 
CI, 1.43–1.68]),36 incident obesity (OR, 1.45 [95% 

CI, 1.25–1.67]),37 incident DM (OR, 1.28 [95% 
CI, 1.03–1.60]),38 CHD morbidity or mortality (RR, 
1.48 [95% CI, 1.22–1.80]),39 and stroke (RR, 1.15 
[95% CI, 1.00–1.31]).39

•	 Long duration of sleep was also associated with 
a greater risk of CHD morbidity or mortality (RR, 
1.38 [95% CI, 1.15–1.66]), stroke (RR, 1.65 [95% 
CI, 1.45–1.87]), and total CVD (RR, 1.41 [95% CI, 
1.19–1.68]).39

•	 A meta-analysis examined sleep duration and 
total CVD (26 articles), CHD (22 articles), and 
stroke (16 articles).31 Short sleep (<7 hours per 
night) was associated with total CVD (RR, 1.14 
[95% CI, 1.09–1.20]) and CHD (RR, 1.22 [95% CI, 
1.13–1.31]) but not with stroke (RR, 1.09 [95% CI, 
0.99–1.19]). Long sleep duration was associated 
with total CVD (RR, 1.36 [95% CI, 1.26–1.48]), 
CHD (RR, 1.21 [95% CI, 1.12–1.30]), and stroke 
(RR, 1.45 [95% CI, 1.30–1.62]).

•	 Insomnia symptoms have also been associated 
with incident DM, including difficulty falling asleep 
(OR, 1.57 [95% CI, 1.25–1.97]) and difficulty stay-
ing asleep (OR, 1.84 [95% CI, 1.39–2.43]).38

•	 The deepest stage of non–rapid-eye movement 
sleep, also called slow-wave sleep, is thought to be a 
restorative stage of sleep. In the Sleep Heart Health 
Study, which used in-home polysomnography to 
characterize sleep, it was found that participants with 
a lower proportion of slow-wave sleep had signifi-
cantly greater odds of incident hypertension (quartile 
1 versus quartile 3; OR, 1.69 [95% CI, 1.21–2.36]).40

•	 A meta-analysis of 15 prospective studies observed 
a significant association between the presence of 
OSA and the risk of cerebrovascular disease (HR, 
1.94 [95% CI, 1.31–2.89]).41

•	 A prospective observational study enrolled patients 
with suspected metabolic disorders and possible 
OSA and examined incident major adverse cardio-
vascular and cerebrovascular events. A significant 
elevated risk of major adverse cardiovascular and 
cerebrovascular events was observed for patients 
with moderate OSA (HR, 3.85 [95% CI, 1.07–13.88] 
versus no OSA) and severe OSA (HR, 3.54 [95% CI, 
1.03–12.22] versus no OSA). Using CPAP for ≥4 
hours per night ≥5 days per week was not signifi-
cantly associated with major adverse cardiovascu-
lar and cerebrovascular events (HR, 1.44 [95% CI, 
0.80–2.59] versus less frequent or no CPAP use).42

•	 A meta-analysis analyzed data from 9 cohort stud-
ies with 2755 participants that described the asso-
ciation between OSA and MACE after PCI with 
stenting and found that OSA was associated with 
a significantly increased risk of MACE (pooled RR, 
1.96 [95% CI, 1.36–2.81]).43

•	 Among patients with AMI, the presence of mod-
erate to severe OSA is associated with a greater 
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likelihood of an NSTEMI versus STEMI (OR, 1.59 
[95% CI, 1.07–2.37]), and the prevalence of 
NSTEMI is highest among those with severe OSA: 
18.3% for no OSA, 35.4% for mild OSA, 33.9% 
for moderate OSA, and 41.6% for severe OSA.44

•	 Central sleep apnea was associated with increased 
odds of incident AF (OR, 3.00 [95% CI, 1.40–6.44] 
for central apnea index ≥5 vs <5), but OSA was 
not associated with incident AF.45

Costs
•	 Analysis of direct and indirect costs related to 

inadequate sleep in Australia suggested that the 

approximate cost for a population the size of the 
United States would be over $585 billion for 2016 
to 2017.46

Global Burden
•	 A recent analysis of the global prevalence and 

burden of OSA estimated that 936 million (95% 
CI, 903–970 million) men and women 30 to 69 
years of age have mild to severe OSA (AHI ≥5), 
and 425 million (95% CI, 399–450 million) have 
moderate to severe OSA (AHI ≥15) globally. The 
prevalence was highest in China, followed by the 
United States, Brazil, and India.47
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Chart 12-1. Prevalence of inadequate sleep (<7 hours) in US adults by age and sex, 2015 to 2016.  
Percentages are adjusted for complex sampling design.  
Source: Unpublished tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.4

This chart shows 
that the highest 
prevalence of in-
adequate sleep in 
adults from 2015 
to 2016, defined 
as less than 7 
hours of nightly 
sleep, was higher 
in males than 
females in all age 
categories.  In 
males, prevalence 
was highest in 
those 40 to 59 
years of age at 
28.8%, followed 
by 20 to 39 years 
of age at 21.8%, 
60 to 79 years of 
age at 17.8%, 
and lastly 80 
years of age and 
older at 13.0%.  
In females, 
prevalence was 
highest in those 
40 to 59 years of 
age at 19.0%, 
followed by 60 
to 79 years of 
age at 16.8%, 
20 to 39 years of 
age at 15.1%, 
and lastly 80 
years of age and 
older at 9.8%.
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Chart 12-3. Prevalence of inadequate sleep (<7 hours) by race/ethnicity, United States, 2015 to 2016. 
Percentages are adjusted for complex sampling design.  
NH indicates non-Hispanic.  
Source: Unpublished tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.4

This chart 
shows that the 
prevalence of in-
adequate sleep in 
adults in 2015 to 
2016, defined as 
less than 7 hours 
of nightly sleep, 
was highest in 
non-Hispanic 
blacks at 32.1%, 
followed by 
other Hispanics 
at 26.5%, other 
non-Hispanics at 
22.2%, Mexican 
Americans at 
20.8%, non-
Hispanic Asians 
at 20.4%, and 
lastly non-
Hispanic whites 
at 16.3%.
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Chart 12-2. Prevalence of reporting sleep problems ≥7 days of 14 days in US adults by sex and age, 2017.  
Percentages are adjusted for complex sampling design. Survey question was, “Over the last 2 weeks, how many days have you had trouble falling asleep or staying 
asleep or sleeping too much?”  
Source: Unpublished tabulation using Behavioral Risk Factor Surveillance Survey, 2017.9

This chart shows 
that the preva-
lence in adults of 
reporting sleep 
problems on 7 
or more days in 
the past 14 days 
in 2017. The 
prevalence was 
higher in females 
than in males in 
all age catego-
ries.  In females, 
prevalence was 
highest in those 
18 to 24 years of 
age at 28.1%, 
followed by 45 
to 54 years of 
age at 27.5%, 
25 to 34 years of 
age at 27.3%, 
55 to 64 years of 
age at 25.9%, 
35 to 44 years of 
age at 21.5%, 
and lastly 65 
years of age or 
older at 18.8%.  
In males, 
prevalence was 
highest in those 
55 to 64 years of 
age at 20.4%, 
followed by 25 
to 34 years of 
age at 19.8%, 
18 to 24 years of 
age at 19.2%, 
45 to 54 years of 
age at 18.7%, 
35 to 44 years of 
age at 15.9%, 
and lastly 65 
years of age or 
older at 13.7%.
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This chart shows 
that the highest 
prevalence of 
respondents 
reporting no 
sleep problems 
in the past 14 
days in 2017 was 
in non-Hispanic 
Asians at 59.0%, 
followed in 
descending order 
by Hispanics 
at 57.9%, 
non-Hispanic 
blacks at 55.6%, 
non-Hispanic 
whites at 50.2%, 
non-Hispanic 
American Indians 
and Alaska Na-
tives at 47.9%, 
and other races 
at 41.4%. The 
highest preva-
lence of respon-
dents reporting 
sleep problems 
on 7-14 days in 
the past 14 days 
was highest in 
non-Hispanic 
other races at 
32.3%, followed 
by non-Hispanic 
American Indians 
and Alaska Na-
tives at 24.4%, 
non-Hispanic 
whites at 21.8%, 
non-Hispanic 
blacks at 19.7%, 
Hispanics at 
17.4%, and non-
Hispanic Asians 
at 13.3%.D
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13. TOTAL CARDIOVASCULAR 
DISEASES
ICD-9 390 to 459; ICD-10 I00 to I99. See Tables 13-1 
through 13-3 and Charts 13-1 through 13-21

Prevalence 
(See Table 13-1 and Chart 13-1)

•	 On the basis of NHANES 2013 to 2016 data,1 
the prevalence of CVD (comprising CHD, HF, 

stroke, and hypertension) in adults ≥20 years of 
age is 48.0% overall (121.5 million in 2016) and 
increases with age in both males and females. 
CVD prevalence excluding hypertension (CHD, HF, 
and stroke only) is 9.0% overall (24.3 million in 
2016; Table 13-1). Chart 13-1 presents the preva-
lence breakdown of CVD by age and sex, with and 
without hypertension.

•	 On the basis of the 2017 NHIS2:
—	 The age-adjusted prevalence of all types of HD 

was 10.6%; the corresponding age-adjusted 
prevalence of HD among whites, blacks, 
Hispanics, and Asians was 11.0%, 9.7%, 
7.4%, and 6.1%, respectively.

—	 The age-adjusted prevalence of HD, CAD, 
hypertension, and stroke was higher in men 
(11.8%, 7.2%, 26.0%, and 3.3%, respec-
tively) than women (9.5%, 4.2%, 23.1%, and 
2.5%, respectively).

—	 The population of individuals with a bachelor’s 
degree or higher had lower prevalence of HD, 
CHD, hypertension, and stroke than individuals 
with lower levels of education.

—	 Unemployed individuals who had previously 
worked had higher age-adjusted prevalence 
of HD (14.0%), CAD (7.9%), hypertension 
(29.4%), and stroke (4.7%) than individu-
als who were either employed (8.3%, 4.1%, 
22.0%, and 1.6%, respectively) or those who 
were not employed and had never worked 
(8.9%, 5.2%, 24.5%, and 4.5%, respectively).

•	 The AHA’s 2020 Impact Goals are to improve the 
CVH of all Americans by 20% while reducing 
deaths attributable to CVDs and stroke by 20%.3

Risk Factors
•	 A recent study using the GBD methodology exam-

ined the burden of CVD among US states and 
found that a large proportion of CVD is attribut-
able to (in decreasing order of contribution) dietary 
risks, high SBP, high BMI, high TC level, high FPG 
level, tobacco smoking, and low levels of PA.4

•	 It is estimated that 47% of all Americans have at 
least 1 of the 3 well-established key risk factors 
for CVD, which are HBP, high cholesterol, and 
smoking.5

•	 In 2005, HBP was the most important single pre-
ventable risk factor for cardiovascular mortality in 
the United States and was responsible for an esti-
mated 395 000 (95% CI, 372 000–414 000) cardio-
vascular deaths (45% of all cardiovascular deaths). 
Additional risk factors for cardiovascular mortality 
were overweight/obesity, physical inactivity, high 
LDL-C, smoking, high dietary salt, high dietary trans 
fatty acids, and low dietary omega-3 fatty acids.6

Click here to return to the Table of Contents

Abbreviations Used in Chapter 13

AF atrial fibrillation
AHA American Heart Association
ARIC Atherosclerosis Risk in Communities
ASCVD atherosclerotic cardiovascular disease
BMI body mass index
BP blood pressure
CAD coronary artery disease
CARDIA Coronary Artery Risk Development in Young Adults
CDC Centers for Disease Control and Prevention
CDC WONDER Centers for Disease Control and Prevention Wide-

Ranging Online Data for Epidemiologic Research
CHD coronary heart disease
CI confidence interval
CKD chronic kidney disease
CLRD chronic lower respiratory disease
CVD cardiovascular disease
CVH cardiovascular health
DM diabetes mellitus
ED emergency department
FHS Framingham Heart Study
FPG fasting plasma glucose
GBD Global Burden of Disease
HBP high blood pressure
HCUP Healthcare Cost and Utilization Project
HD heart disease
HF heart failure
HIV human immunodeficiency virus
ICD-9 International Classification of Diseases, 9th Revision
ICD-10 International Classification of Diseases, 10th Revision
IHD ischemic heart disease
IMPACT International Model for Policy Analysis of Agricultural 

Commodities and Trade
LDL-C low-density lipoprotein cholesterol
MEPS Medical Expenditure Panel Survey
MESA Multi-Ethnic Study of Atherosclerosis
MI myocardial infarction
NAMCS National Ambulatory Medical Care Survey
NH non-Hispanic
NHAMCS National Hospital Ambulatory Medical Care Survey
NHANES National Health and Nutrition Examination Survey
NHIS National Health Interview Survey
NHLBI National Heart, Lung, and Blood Institute
NVSS National Vital Statistics System
OR odds ratio
PA physical activity
RR relative risk
SBP systolic blood pressure
SES socioeconomic status
TC total cholesterol
UI uncertainty interval
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•	 When added to traditional CVD risk factors, non-
traditional CVD risk factors such as CKD, SBP vari-
ability, migraine, severe mental illness, systemic 
lupus erythematosus, use of corticosteroid or 
antipsychotic medications, or erectile dysfunction 
improved CVD prediction by the United Kingdom–
based QRISK score.7

•	 In Nurses’ Health Study participants, compared with 
a more typical reproductive lifespan and age at first 
menarche, early age at menopause (<40 years of 
age) was associated with a 32% higher CVD risk; 
extremely early age at menarche (≤10 years of age) 
was associated with a 22% higher CVD risk.8

•	 People living with HIV are more likely to experi-
ence CVD before 60 years of age than uninfected 
people. Cumulative lifetime CVD risk in people liv-
ing with HIV (65% for males, 44% for females) is 
higher than in the general population and similar 
to that of people living with DM (67% for males, 
57% for females).9

•	 Patients living with type 1 DM are at increased 
risk of early CVD. In participants in the Pittsburgh 
Epidemiology of Diabetes Complications Study 
with type 1 DM who were 40 to 44 years of age 
at baseline, mean absolute 10-year CVD risk was 
14.8%. Mean absolute 10-year CVD risk was 
6.3% in those 30 to 39 years of age.10

•	 Neighborhood-level socioeconomic deprivation was 
associated with greater risk of CVD mortality in older 
males in Britain, independent of individual social 
class or risk factors.11 Similar findings have been 
reported among older adults in the United States.12

•	 Air pollution, as defined by increased ambient 
exposure to particulate matter (particles with 
median aerodynamic diameter <2.5 μm), is associ-
ated with elevated HBP, poor endothelial function, 
incident CVD events, and all-cause mortality and 
accounts in part for the racial differences in all-
cause mortality and incident CVD.13

Social Determinants and Between-Group 
Disparities in CVD Risk Factors

•	 CVD risk factor levels vary among counties and 
states within the continental United States. 
Within-state differences in the county prevalence 
of uncontrolled hypertension were as high as 7.8 
percentage points in 2009.14

•	 There are significant state-level variations in poor 
CVH in the United States that are explained in part 
by individual and state-level factors such as poli-
cies, food, and PA environments.15

•	 Data from the CDC’s Vital and Health Statistics 
2008 to 2010 showed that smokers with fam-
ily incomes below the poverty level were more 
than twice as likely as adults in the highest family 

income group to be current smokers (29.2% ver-
sus 13.9%, respectively).16

•	 The US IMPACT Food Policy Model, a computer 
simulation model, projected that a national pol-
icy combining a 30% fruit and vegetable subsidy 
targeted to low-income Supplemental Nutrition 
Assistance Program recipients and a population-
wide 10% price reduction in fruits and vegeta-
bles in the remaining population could prevent 
≈230 000 deaths by 2030 and reduce the socio-
economic disparity in CVD mortality by 6%.17

•	 Analysis of >14 000 middle-aged participants in the 
ARIC study sponsored by the NHLBI showed that 
≈90% of CVD events in black participants, com-
pared with ≈65% in white participants, appeared 
to be explained by elevated or borderline risk 
factors. Furthermore, the prevalence of individu-
als with elevated risk factors was higher among 
black participants; after accounting for educa-
tion and known CVD risk factors, the incidence of 
CVD was identical in black and white participants. 
Although organizational and social barriers to pri-
mary prevention do exist, the primary prevention 
of elevated risk factors might substantially impact 
the future incidence of CVD, and these benefi-
cial effects would likely be applicable not only for 
white but also for black participants.18

•	 A study of nearly 1500 participants in MESA found 
that Hispanics with hypertension, hypercholester-
olemia, or DM who spoke Spanish at home (as 
a proxy of lower levels of acculturation) or had 
spent less than half a year in the United States 
had higher SBP, LDL-C, and FPG, respectively, than 
Hispanics who were preferential English speakers 
and who had lived a longer period of time in the 
United States.19

•	 Findings from >15 000 Hispanics of diverse back-
grounds demonstrated that a sizeable proportion 
of both males and females had major CVD risk fac-
tors, with higher prevalence among Puerto Rican 
subgroups and those with lower SES and a higher 
level of acculturation.20

•	 Although traditional cardiovascular risk factors are 
generally similar for males and females, there are 
several female-specific risk factors, such as disor-
ders of pregnancy, adverse pregnancy outcomes, 
and menopause.21

Genetics and Family History 
(See Table 13-2)

•	 A family history of CVD increases risk of CVD, with 
the largest increase in risk if the family member’s 
CVD was premature (Table 13-2).

•	 A reported family history of premature paren-
tal CHD is associated with incident MI or CHD in 
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offspring. In FHS, the occurrence of a validated 
premature atherosclerotic CVD event in either a 
parent22 or a sibling23 was associated with an ≈2-
fold elevated risk for CVD, independent of other 
traditional risk factors. Addition of a family history 
of premature CVD to a model that contained tra-
ditional risk factors provided improved prognostic 
value in FHS.22

•	 The association of a family history of CVD with 
increased risk of CVD appears to be present across 
ethnic subgroups.24,25

•	 Family history is also associated with subtypes of 
CVD, including HF,26 stroke,27 AF,28 and thoracic 
aortic disease.29

•	 Estimates of familial clustering of CVD are likely 
underestimated by self-report; in the multigenera-
tional FHS, only 75% of participants with a docu-
mented parental history of a heart attack before 55 
years of age reported that history when asked.30

•	 The AHA has published a comprehensive scientific 
statement on the role of genetics and genomics 
for the prevention and treatment of CVD.31

Prevention 
(See Chapter 2 for more detailed 
statistics regarding healthy lifestyle and 
low risk factor levels.)

•	 A study of the decrease in US deaths attributable 
to CHD from 1980 to 2000 suggested that ≈47% 
of the decrease was attributable to increased use 
of evidence-based medical therapies for secondary 
prevention and 44% to changes in risk factors in 
the population attributable to lifestyle and envi-
ronmental changes.32

•	 Approximately 80% of CVDs can be prevented 
through not smoking, eating a healthy diet, 
engaging in PA, maintaining a healthy weight, 
and controlling HBP, DM, and elevated lipid lev-
els. The presence of a greater number of optimal 
CVH metrics is associated with a graded and sig-
nificantly lower risk of total and CVD mortality.33

•	 During more than 5 million person-years of fol-
low-up combined in the Nurses’ Health Studies 
and Health Professionals Follow-Up Study, regular 
consumption of peanuts and tree nuts (≥2 times 
weekly) or walnuts (≥1 time weekly) was associ-
ated with a 13% to 19% lower risk of total CVD.34

•	 Seventeen-year mortality data from the NHANES 
II Mortality Follow-up Study indicated that the 
RR for fatal CHD was 51% lower for males and 
71% lower for females with none of the 3 major 
risk factors (hypertension, current smoking, and 
elevated TC [≥240 mg/dL]) than for those with 
≥1 risk factor. If all 3 major risk factors had not 
occurred, it is hypothesized that 64% of all CHD 

deaths among females and 45% of CHD deaths 
among males could have been avoided.35

•	 Data from the Cardiovascular Lifetime Risk Pooling 
Project, which involved 18 cohort studies and 
combined data on 257 384 people (both black and 
white males and females), indicate that at 45 years 
of age, participants with optimal risk factor pro-
files had a substantially lower lifetime risk of CVD 
events than those with 1 major risk factor (1.4% 
versus 39.6% among males; 4.1% versus 20.2% 
among females). Having ≥2 major risk factors fur-
ther increased lifetime risk to 49.5% in males and 
30.7% in females.36

•	 In another study, FHS investigators conducted 
follow-up of 2531 males and females who were 
examined between 40 and 50 years of age and 
observed their overall rates of survival and survival 
free of CVD to 85 years of age and beyond. Low 
levels of the major risk factors in middle age were 
associated with overall survival and morbidity-free 
survival to ≥85 years of age.37

•	 In young adults 18 to 30 years of age in the CARDIA 
study and without clinical risk factors, a Healthy 
Heart Score combining self-reported information 
on modifiable lifestyle factors including smoking 
status, alcohol intake, and healthful dietary pat-
tern predicted risk for early ASCVD (before 55 
years of age).38

•	 Data from NHANES 2005 to 2010 showed that only 
8.8% of adults complied with ≥6 heart-healthy 
behaviors. Of the 7 factors studied, healthy diet 
was the least likely to be achieved (only 22% of 
adults with a healthy diet).33

•	 In the United States, higher whole grain consump-
tion was associated with lower CVD mortality, 
independent of other dietary and lifestyle factors. 
Every serving (28 g/d) of whole grain consumption 
was associated with a 9% (95% CI, 4%–13%) 
lower CVD mortality.39

Awareness of Warning Signs and Risk 
Factors for CVD

•	 Surveys conducted every 3 years since 1997 by 
the AHA to evaluate trends in females’ aware-
ness, knowledge, and perceptions related to CVD 
found most recently (in 2012) that awareness of 
HD as the leading cause of death among females 
was 56%, compared with 30% in 1997 (P<0.05). 
Awareness among black and Hispanic females 
in 2012 was similar to that of white females in 
1997; however, awareness rates in 2012 among 
black and Hispanic females remained below that 
of white females. Awareness of heart attack signs 
remained low for all racial/ethnic and age groups 
surveyed during the same time.40
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Mortality 
(See Tables 13-1 and 13-3 and Charts 13-2 
through 13-18) 
ICD-10 I00 to I99 for CVD; C00 to C97 for 
cancer; C33 to C34 for lung cancer; C50 
for breast cancer; J40 to J47 for CLRD; 
G30 for Alzheimer disease; E10 to E14 for 
DM; and V01 to X59 and Y85 to Y86 for 
accidents.

•	 Deaths attributable to diseases of the heart and 
CVD in the United States increased steadily dur-
ing the 1900s to the 1980s and declined into the 
2010s (Charts 13-2 and 13-3).

•	 CHD (42.6%) is the leading cause of CVD death 
in the United States, followed by stroke (17.0%), 
HBP (10.5%), HF (9.4%), diseases of the arteries 
(2.9%), and other minor CVD causes combined 
(17.6%; Chart 13-4).

•	 The age-adjusted death rate attributable to CVD 
decreased from 258.2 per 100 000 population 
in 2007 to 219.4 per 100 000 in 2017, which 
amounts to a 15.0% decrease (unpublished NHLBI 
tabulation using CDC WONDER41).

•	 There was a decrease in life expectancy disparity 
between white and black males. In 1980, the dis-
parity in life expectancy between the 2 groups was 
7 years; however, in 2016, when the life expec-
tancies were 76.4 and 72 years, respectively, the 
disparity was only 4 years.42

•	 On the basis of these national CVD mortality 
data, the Million Hearts 2022 Initiative focuses 
on preventing a combined 1 million heart attacks, 
strokes, and other cardiovascular events43:
—	 In 2016, >1000 deaths caused by heart attack, 

stroke, or other cardiovascular events occurred 
daily.

—	 2.2 million hospitalizations and 415 480 deaths 
occurred in 2016.

—	 In addition, 33% of the life-changing cardio-
vascular events occurred in adults 35 to 64 
years of age. This age group accounted for 
775 000 hospitalization and 75 000 deaths 
attributable to cardiovascular events.

—	 The mortality rate in NH blacks was 211.6 per 
100 000, which was the highest compared 
with all other racial and ethnic groups.

—	 There is remarkable geographic variation 
in the life-changing cardiovascular events, 
with the highest rates being evident in the 
Southeastern and Midwestern regions of the 
United States.

—	 The lowest CVD event rates (comprising 
deaths, hospitalizations, and ED visits) were in 
Utah (805.7), Wyoming (828.9), and Vermont 

(840.6), whereas the highest were noted in 
Washington, DC (2048.2), Tennessee (1551.6), 
and Kentucky (1510.3).

•	 On the basis of 2017 mortality data (unpublished 
NHLBI tabulation using the NVSS44):
—	 CVD currently claims more lives each year than 

cancer and chronic lung disease combined 
(Chart 13-5). In 2017, 365 914 people died of 
CHD, the most common type of HD.

—	 In 2017, 2 813 503 resident deaths were reg-
istered in the United States, which exceeds 
the 2016 figure by 69 255 deaths. Ten lead-
ing causes accounted for 74% of all registered 
deaths. The 10 leading causes of death in 
2017 were the same as in 2016; these include 
HD (No. 1), cancer (No. 2), unintentional inju-
ries (No. 3), CLRDs (No. 4), stroke (No. 5), 
Alzheimer disease (No. 6), DM (No. 7), influ-
enza and pneumonia (No. 8), kidney disease 
(No. 9), and suicide (No. 10). Seven of the 10 
leading causes of death had an increase in 
age-adjusted death rates. The age-adjusted 
rate increased 4.2% for unintentional injuries, 
2.3% for Alzheimer disease, 3.7% for suicide, 
2.4% for DM, 5.9% for influenza and pneu-
monia, 0.7% for CLRD, and 0.8% for stroke. 
The age-adjusted death rates decreased 2.1% 
for cancer but did not change appreciably for 
HD or kidney disease.

•	 HD accounted for 647 457 of the total 859 125 
CVD deaths in 2017 (unpublished NHLBI tabula-
tion using NVSS44). The number of CVD deaths for 
both sexes and by age category is shown in Chart 
13-6. The number of CVD deaths was 440 460 
for males and 418 665 for females (Charts 13-7 
and 13-8). The number was 340 026 for NH white 
males, 54 780 for NH black males, 29 366 for 
Hispanic males, 11 891 for NH Asian and Pacific 
Islander males, 326 447 for NH white females, 
52 528 for NH black females, 25 309 for Hispanic 
females, and 11 242 for NH Asian and Pacific 
Islander females (percentage of total deaths by 
race/ethnicity is presented in Charts 13-9 through 
13-12). Among other causes of death, cancer 
accounted for 599 108 deaths; chronic lung dis-
ease, 160 201; accidents, 169 936; and Alzheimer 
disease, 121 404 (Chart 13-5).

•	 The number of CVD deaths for all males and 
females in the United States declined from 1980 to 
2010 but increased in recent years (Chart 13-13). 
The difference in age-adjusted death rates for HD 
also narrowed among US racial and ethnic groups 
between 1999 and 2017. Nonetheless, there was 
a decrease in the rate of decline in overall age-
adjusted HD death rate in recent years, and dif-
ferences in death rates persisted among major US 
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racial/ethnic groups. In 1999, there were 337.4 
deaths per 100 000 people among NH blacks 
compared with 156.5 among NH Asians or Pacific 
Islanders. In 2017, the death rates per 100 000 
people for these 2 groups were 208.0 and 85.5, 
respectively, thus preserving the >2-fold difference 
in death rates observed in 1999.42

•	 The age-adjusted death rates per 100 000 popula-
tion for CVD, CHD, and stroke differ by US state 
(Chart 13-14; Table  13-3) and globally (Charts 
13-15 through 13-18).

•	 CVD death rates also vary among US counties. 
In 2014, the ratio between counties at the 90th 
and 10th percentiles was 2.0 for IHD (119.1 ver-
sus 235.7 deaths per 100 000 people) and 1.7 for 
cerebrovascular disease (40.3 versus 68.1 deaths 
per 100 000 people). For other CVD causes, the 
ratio ranged from 1.4 (aortic aneurysm: 3.5 versus 
5.1 deaths per 100 000 people) to 4.2 (hyperten-
sive HD: 4.3 versus 17.9 deaths per 100 000 peo-
ple).45 A region of higher CVD mortality extends 
from southeastern Oklahoma along the Mississippi 
River Valley to eastern Kentucky.45

Healthcare Utilization: Hospital 
Discharges/Ambulatory Care Visits 
(See Table 13-1 and Chart 13-19)

•	 In the decade between 2005 and 2015, 2 
trends were observed in overall access to CVD 
care attributable to cost. In the first half of this 
interval (2005 to 2010), there was increased dif-
ficulty with accessing medical care because of 
cost, whereas in the second half (2010 to 2015), 
the difficulty decreased. In 2015, poor access 
because of cost affected 1 in every 10 adults in 
the United States, and regional differences were 
observed, with the greatest difficulties reported 
in the South.42

•	 From 2006 to 2016, the number of inpatient dis-
charges from short-stay hospitals with CVD as the 
principal diagnosis decreased from 5 899 000 to 
4 840 000 (Table  13-1). Readers comparing data 
across years should note that beginning October 
1, 2015, a transition was made from ICD-9 to ICD-
10. This should be kept in consideration because 
coding changes could affect some statistics, espe-
cially when comparisons are made across these 
years. CVD principal diagnosis discharges in 2016 
comprised 2 629 000 males and 2 211 000 females 
(unpublished NHLBI tabulation using HCUP,46 
2016).

•	 From 1993 to 2016, the number of hospital dis-
charges for CVD in the United States increased in 
the first decade and then began to decline in the 
second decade (Chart 13-19).

•	 In 2016, there were 72 128 000 physician office vis-
its with a primary diagnosis of CVD (unpublished 
NHLBI tabulation using NAMCS,47 2016). In 2016, 
there were 4 774 000 ED visits with a primary diag-
nosis of CVD (unpublished NHLBI tabulation using 
NHAMCS,48 2016).

Operations and Procedures 
(See Chapter 25 for detailed information.)

•	 In 2014, an estimated 7 971 000 inpatient car-
diovascular operations and procedures were per-
formed in the United States (unpublished NHLBI 
tabulation of HCUP46).

Costs 
(See Chapter 26 for detailed information.)

•	 In the United States, 22.2% of adults (53 316 677 
people) report any disability. In 2006, 26.7% of 
resident adult healthcare expenditures were asso-
ciated with disability care and totaled $397.8 bil-
lion.49 For people with disabilities in the United 
States, HD, stroke, and hypertension were among 
the 15 leading conditions that caused those dis-
abilities. Disabilities were defined as difficulty with 
activities of daily living or instrumental activities of 
daily living, specific functional limitations (except 
vision, hearing, or speech), and limitation in ability 
to do housework or work at a job or business.32,50 
The estimated direct and indirect cost of CVD for 
2014 to 2015 was $351.2 billion (MEPS,51 unpub-
lished NHLBI tabulation).

•	 In 2016, the AHA estimated that by 2035, 45.1% 
of the US population would have some form of 
CVD. Total costs of CVD are expected to reach 
$1.1 trillion in 2035, with direct medical costs pro-
jected to reach $748.7 billion and indirect costs 
estimated to reach $368 billion.52

Global Burden of CVD 
(See Charts 13-15 through 13-18 and 
Charts 13-20 and 13-21)

•	 Death rates for CVD, CHD, stroke, and all CVD in 
selected countries in 2015 to 2017 are presented 
in Charts 13-15 through 13-18.

•	 In 2017, ≈17.8 million (95% UI, 17.5–18.0 mil-
lion) deaths were attributed to CVD globally, 
which amounted to an increase of 21.1% (95% 
UI, 19.7% –22.6%) from 2007. The age-adjusted 
death rate per 100 000 population was 233.1 (95% 
UI, 229.7–236.4), which represents a decrease of 
10.3% (95% UI, −11.4% to −9.3%) from 2007. 
Overall, the crude prevalence of CVD was 485.6 
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million cases (95% UI, 468.0–505.0 million) in 
2017, an increase of 28.5% (95% UI, 27.7%–
29.4%) compared with 2007. However, the age-
adjusted prevalence rate was 6081.6 (95% UI, 
5860.8–6320.8) per 100 000, an increase of 0.2% 
(95% UI, −0.4% to 0.80%) from 2007.4,53

•	 The GBD 2017 Study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
countries and territories. CVD mortality and preva-
lence vary widely among world regions53:
—	 The highest mortality rates attributable to CVD 

were in Eastern Europe and Central Asia (Chart 
13-20).

—	 CVD prevalence is high in the United States, 
Central Europe, North Africa, and the Middle 
East. (Chart 13-21).

•	 CVD is the leading global cause of death and is 
expected to account for >22.2 million deaths by 
2030.54

•	 In 2011, data from the World Economic Forum 
found that CVD represented 50% of noncom-
municable disease deaths.55 CVD represents 37% 
of deaths of individuals <70 years of age that are 
attributable to noncommunicable diseases.56

•	 In 2013, ≈70% of CVD deaths occurred in low- to 
middle-income countries.57 In 2016, ≈17.9 million 
people died of CVD, thus making it the predomi-
nant cause of death globally.56

•	 In May 2012, during the World Health Assembly, 
ministers of health agreed to adopt a global tar-
get to reduce premature (30–70 years of age) 
noncommunicable disease mortality by 25% by 
2025.58 Targets for 6 risk factors (tobacco and 
alcohol use, salt intake, obesity, and raised BP and 
glucose) were also agreed on to address this goal. 
It was projected that if the targets are met, prema-
ture deaths attributable to CVDs in 2025 will be 
reduced by 34%, with 11.4 million and 15.9 mil-
lion deaths delayed or prevented in those 30 to 69 
years of age and ≥70 years of age, respectively.59

Table 13-1.  CVDs in the United States

Population Group

Total CVD 
Prevalence,* 2013–

2016: Age ≥20 y
Prevalence, 2013–
2016: Age ≥20 y†

Mortality, 2017: All 
Ages‡

Hospital Discharges, 
2016: All Ages Cost, 2014–2015

Both sexes 121 500 000 (48.0%) 24 300 000 (9.0%) 859 125 4 840 000 $351.2 Billion

Males 61 500 000 (51.2%) 12 300 000 (9.6%) 440 460 (51.3%)§ 2 629 000 $224.7 Billion

Females 60 000 000 (44.7%) 12 000 000 (8.4%) 418 665 (48.7%)§ 2 211 000 $126.5 Billion

NH white males 50.6% 9.7% 340 026 … …

NH white females 43.4% 8.1% 326 447 … …

NH black males 60.1% 10.7% 54 780 … …

NH black females 57.1% 10.5% 52 528 … …

Hispanic males 49.0% 7.8% 29 366 … …

Hispanic females 42.6% 8.0% 25 309 … …

NH Asian males 47.4% 6.5% 11 891‖ … …

NH Asian females 37.2% 4.6% 11 242‖ … …

NH American Indian/Alaska Native … … 4554 … …

CVD indicates cardiovascular disease; ellipses (…), data not available; and NH, non-Hispanic.
*Total CVD prevalence includes coronary heart disease, heart failure, stroke, and hypertension.
†Prevalence excluding hypertension.
‡Mortality for Hispanic, American Indian or Alaska Native, and Asian and Pacific Islander people should be interpreted with caution because of inconsistencies 

in reporting Hispanic origin or race on the death certificate compared with censuses, surveys, and birth certificates. Studies have shown underreporting on death 
certificates of American Indian or Alaska Native, Asian and Pacific Islander, and Hispanic decedents, as well as undercounts of these groups in censuses.

§These percentages represent the portion of total CVD mortality that is attributable to males vs females.
‖Includes Chinese, Filipino, Hawaiian, Japanese, and other Asian or Pacific Islander.
Sources: Prevalence: Unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation using National Health and Nutrition Examination Survey, 2013 to 

2016.1 Percentages for racial/ethnic groups are age adjusted for Americans ≥20 years of age. Age-specific percentages are extrapolated to the 2014 US population 
estimates. Mortality: Unpublished NHLBI tabulation using National Vital Statistics System.44 These data represent underlying cause of death only for International 
Classification of Diseases, 10th Revision codes I00 to I99 (diseases of the circulatory system). Mortality for NH Asians includes Pacific Islanders. Hospital discharges: 
Unpublished NHLBI tabulation using Healthcare Cost and Utilization Project.46 Cost: Unpublished NHLBI tabulation using Medical Expenditure Panel Survey,51 average 
annual 2014 to 2015 (direct costs) and mortality data from National Center for Health Statistics, and present value of lifetime earnings from the Institute for Health 
and Aging, University of California, San Francisco (indirect costs).

This table shows 
total cardiovas-
cular disease 
prevalence in-
cluding coronary 
heart disease, 
heart failure, 
stroke, and 
hypertension, 
cardiovascular 
disease preva-
lence excluding 
hypertension, 
mortality, hos-
pital discharges 
and costs 
associated with 
cardiovascular 
diseases. Much 
of the informa-
tion in this table 
is detailed in the 
charts for the 
chapter.
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Table 13-2.  ORs for Adult Child MI Conditioned on Combinations of 
Parental History of MI, 1999 to 2003

OR (95% CI)

No family history 1.00

One parent with heart attack ≥50 y of age 1.67 (1.55–1.81)

One parent with heart attack <50 y of age 2.36 (1.89–2.95)

Both parents with heart attack ≥50 y of age 2.90 (2.30–3.66)

Both parents with heart attack, one <50 y of age 3.26 (1.72–6.18)

Both parents with heart attack, both <50 y of age 6.56 (1.39–30.95)

Multinational data. MI indicates myocardial infarction; and OR, odds ratio.
Data derived from Chow et al.60

This table shows 
the odds ratios 
for adult and 
child myocardial 
infarction based 
on combina-
tions of parental 
history of myo-
cardial infarction 
from 1999 to 
2003. Compared 
with no family 
history of heart 
attack, the odds 
ratio was 1.67 
for having one 
parent with a 
heart attack at 
50 years of age 
or older, and 
increased with 
various combina-
tions of parents 
with heart attack 
and age of heart 
attack to an odds 
ratio of 6.56 
for having both 
parents with 
a heart attack 
before the age of 
50 years old.

Table 13-3.  Age-Adjusted Death Rates per 100 000 Population for CVD, CHD, and Stroke by State, 2015 to 2017

State

CVD CHD Stroke

Rank Death Rate

% Change, 
2005–2007 to 

2015–2017 Rank Death Rate

% Change, 
2005–2007 to 

2015–2017 Rank Death Rate

% Change, 
2005–2007 to 

2015–2017

Alabama 51 295.3 −17.4 19 86.6 −31.1 51 51.3 −18.4

Alaska 12 195.0 −15.5 10 77.5 −14.1 25 37.0 −30.3

Arizona 7 188.9 −24.2 26 89.6 −34.9 7 30.4 −27.8

Arkansas 49 287.2 −14.2 52 136.8 −22.1 47 45.4 −26.5

California 16 199.9 −27.9 24 88.8 −39.5 24 36.9 −28.5

Colorado 3 175.7 −22.1 3 66.3 −33.7 20 35.3 −18.2

Connecticut 6 185.8 −21.3 9 76.8 −34.3 3 27.5 −27.0

Delaware 30 218.0 −23.4 32 96.2 −35.5 43 42.4 −7.1

District of Columbia 43 254.8 −23.9 45 110.0 −39.4 28 37.5 −8.2

Florida 17 200.0 −22.6 28 92.9 −35.9 29 37.7 −11.0

Georgia 39 241.5 −23.0 8 75.5 −36.2 46 44.4 −21.9

Hawaii 5 179.0 −20.7 2 65.6 −24.8 23 36.7 −25.5

Idaho 27 210.2 −17.9 18 85.3 −27.9 26 37.4 −31.8

Illinois 32 221.7 −22.3 20 87.0 −37.6 33 38.4 −22.5

Indiana 38 240.2 −20.8 37 101.9 −29.9 37 39.6 −23.3

Iowa 28 213.7 −19.6 40 103.6 −28.9 12 32.8 −30.5

Kansas 33 221.9 −17.1 27 89.6 −27.7 32 38.3 −22.4

Kentucky 44 256.0 −21.0 41 104.4 −32.8 38 40.2 −24.2

Louisiana 48 274.3 −17.3 35 99.5 −31.9 50 46.5 −19.9

Maine 15 198.2 −19.9 13 79.8 −31.2 18 34.9 −26.7

Maryland 34 222.2 −21.2 30 94.7 −35.9 36 39.3 −19.6

Massachusetts 4 177.5 −24.7 6 71.7 −33.8 4 27.6 −30.2

Michigan 42 254.4 −17.0 47 117.4 −26.6 35 38.6 −21.4

Minnesota 2 165.0 −20.2 1 59.9 −31.3 13 32.9 −23.2

Mississippi 52 308.6 −19.1 43 106.4 −33.5 52 51.4 −12.5

Missouri 41 250.7 −19.5 44 108.5 −31.6 39 40.8 −23.3

Montana 23 204.3 −14.2 17 84.7 −16.4 15 34.0 −24.8

Nebraska 19 200.8 −19.0 11 77.5 −24.7 11 32.7 −28.4

Nevada 45 256.4 −18.7 46 112.8 −12.4 22 36.3 −25.5

New Hampshire 9 191.7 −24.0 15 82.4 −36.9 6 28.0 −29.7

New Jersey 26 209.0 −22.4 29 94.1 −36.6 9 30.6 −19.6

This table shows 
that the age-
adjusted death 
rates for cardio-
vascular disease 
from 2015 to 
2017 were 
highest in Missis-
sippi, Alabama, 
and Oklahoma.  
Death rates for 
coronary heart 
disease were 
highest in Arkan-
sas, Oklahoma, 
and Tennessee. 
And death rates 
for stroke were 
highest in Missis-
sippi, Alabama, 
and Louisiana.

(Continued )
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Chart 13-1. Prevalence of cardiovascular disease in US adults ≥20 years of age, by age and sex (NHANES, 2013–2016), with and without hypertension.  
These data include coronary heart disease, heart failure, stroke, and with and without hypertension.  
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.1

This chart 
shows that from 
2013 to 2016 
the highest 
prevalence of 
cardiovascular 
disease in adults 
was in those with 
hypertension 
over 80 years of 
age.  Within this 
age category, 
the highest 
prevalence was 
in females with 
hypertension, fol-
lowed by males 
with hyperten-
sion.  There was 
then a large drop 
in prevalence for 
males without 
hypertension 
followed by 
females without 
hypertension. 
Adults 60 to 79 
years of age fol-
lowed this same 
pattern, but with 
lower prevalence 
in all the 
aforementioned 
categories. In 
adults 40 to 59 
years of age and 
20 to 39 years of 
age, males with 
hypertension 
had the highest 
prevalence of 
cardiovascular 
disease, followed 
by females with 
hypertension.  
There was then 
a large drop in 
prevalence for 
females without 
hypertension, 
followed by 
males without 
hypertension.  
In all sex and 
hypertension 
categories 
reported in this 
chart, prevalence 
increased 
with each age 
category.

New Mexico 13 196.2 −19.5 33 97.1 −22.5 17 34.3 −14.6

New York 31 219.2 −25.3 48 120.4 −36.7 1 25.4 −18.9

North Carolina 29 217.8 −24.1 22 87.8 −33.9 45 43.6 −24.6

North Dakota 11 193.6 −20.8 16 83.7 −35.9 14 33.9 −31.4

Ohio 40 247.3 −18.4 42 104.8 −33.2 40 41.4 −18.3

Oklahoma 50 294.6 −17.5 51 135.7 −28.9 44 42.7 −27.7

Oregon 10 191.8 −22.6 4 66.8 −35.5 34 38.4 −31.5

Pennsylvania 36 228.2 −21.4 34 98.4 −32.8 27 37.4 −20.6

Puerto Rico 1 157.6 −29.2 7 73.5 −36.5 2 26.6 −33.6

Rhode Island 14 198.1 −27.0 39 102.2 −41.0 5 27.8 −28.3

South Carolina 37 237.1 −20.2 23 88.6 −30.8 49 45.6 −24.3

South Dakota 22 204.0 −19.0 38 102.0 −27.6 19 35.3 −25.8

Tennessee 47 266.1 −20.0 50 125.8 −28.6 48 45.6 −24.9

Texas 35 226.5 −21.8 31 95.3 −34.8 41 42.0 −20.8

Utah 20 201.7 −12.7 5 67.4 −21.0 30 37.8 −13.7

Vermont 21 202.1 −15.7 36 101.6 −20.0 10 31.5 −19.7

Virginia 24 205.5 −25.3 14 79.9 −34.0 31 37.9 −29.4

Washington 8 189.1 −23.8 12 78.6 −35.4 21 35.7 −28.8

West Virginia 46 258.1 −22.1 49 124.5 −28.6 42 42.4 −16.4

Wisconsin 25 206.1 −19.5 21 87.3 −27.3 16 34.1 −27.2

Wyoming 18 200.3 −19.2 25 89.1 −23.5 8 30.5 −31.2

Total United States 220.5 −22.1 94.8 −33.9 37.5 −22.5

Rates are most current data available as of April 2019. Rates are per 100 000 people. International Classification of Diseases, 10th Revision codes used were I00 
to I99 for CVD, I20 to I25 for CHD, and I60 to I69 for stroke. CHD indicates coronary heart disease; and CVD, cardiovascular disease.

Sources: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System data.44

Table 13-3.  Continued

State

CVD CHD Stroke

Rank Death Rate

% Change, 
2005–2007 to 

2015–2017 Rank Death Rate

% Change, 
2005–2007 to 

2015–2017 Rank Death Rate

% Change, 
2005–2007 to 

2015–2017
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Chart 13-2. Deaths attributable to diseases of the heart, United States, 1900 to 2017. 
See Glossary (Chapter 28) for an explanation of “diseases of the heart.” In the years 1900 to 1920, the International Classification of Diseases codes were 77 to 
80; for 1925, 87 to 90; for 1930 to 1945, 90 to 95; for 1950 to 1960, 402 to 404 and 410 to 443; for 1965, 402 to 404 and 410 to 443; for 1970 to 1975, 390 
to 398 and 404 to 429; for 1980 to 1995, 390 to 398, 402, and 404 to 429; and for 2000 to 2014, I00 to I09, I11, I13, and I20 to I51. Before 1933, data are for 
a death registration area and not the entire United States. In 1900, only 10 states were included in the death registration area, and this increased over the years, 
so part of the increase in numbers of deaths is attributable to an increase in the number of states.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System.44

This chart shows 
that deaths 
attributable to 
diseases of the 
heart between 
1900 and 2017 
climbed steadily 
over time until 
1985 when they 
began to de-
crease.  Rates be-
gan to increase 
again between 
2012 and 2017, 
although the 
number of 
deaths in 2017 
was 124,000 
deaths lower 
than in 1985.

0

200

400

600

800

1,000

1,200

1900 1920 1940 1960 1980 2000 2020

sdnasuohT ni shtae
D

Year

Chart 13-3. Deaths attributable to cardiovascular disease (CVD), United States, 1900 to 2017. 
CVD (International Classification of Diseases, 10th Revision codes I00–I99) does not include congenital heart disease. Before 1933, data are for a death registration 
area and not the entire United States.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System.44

This chart shows 
that deaths 
attributable to 
cardiovascular 
disease between 
1900 and 2017 
climbed steadily 
over time until 
1970 when they 
began to 
decrease.  There 
were a few dips 
and spikes in 
overall deaths 
per year between 
1990 and 2017, 
but the number 
of deaths in-
creased between 
2010 and 2017.  
The number of 
deaths in 2017 
was 166,000 
deaths lower 
than in 1970.
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CVD Cancer Accidents CLRD Alzheimer's Disease Diabetes
Males 440,460 315,147 109,722 75,005 37,325 46,302
Females 418,665 283,961 60,214 85,196 84,079 37,262
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Chart 13-5. CVD and other major causes of death for all US males and females, 2017.  
Diseases included CVD (International Classification of Diseases, 10th Revision codes I00–I99); cancer (C00–C97); accidents (V01–X59 and Y85–Y86); CLRD 
(J40–J47); diabetes mellitus (E10–E14); and Alzheimer disease (G30).  
CLRD indicates chronic lower respiratory disease; and CVD, cardiovascular disease.  
Source: Unpublished National Heart, Lung, and Blood Institute using National Vital Statistics System, 2017.44

This chart 
shows that the 
highest number 
of deaths, of 6 
major causes of 
death, in 2017 
was attributable 
to cardiovascular 
disease, with 
440,000 deaths 
in males and 
419,000 deaths 
in females.  The 
number of 
deaths decreased 
for each of the 
following catego-
ries in this order: 
cancer, accidents, 
chronic lower 
respiratory dis-
ease, Alzheimer’s 
disease, and 
diabetes.

Coronary Heart Disease, 
42.6%

Stroke, 17.0%

Heart Failure*, 9.4%

High Blood Pressure, 10.5%

Diseases of the Arteries, 2.9%

Other, 17.6%

Chart 13-4. Percentage breakdown of deaths attributable to cardiovascular disease (CVD), United States, 2017.  
Total may not add to 100 because of rounding. Coronary heart disease includes International Classification of Diseases, 10th Revision (ICD-10) codes I20 to I25; 
stroke, I60 to I69; heart failure (HF), I50; high blood pressure, I10 to I13 and I15; diseases of the arteries, I70 to I78; and other, all remaining ICD-I0 I categories.  
*Not a true underlying cause. HF appeared among the multiple causes of death on 41% of death certificates on which CVD is listed as the underlying cause.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System, 2017.44

This chart 
shows that the 
percent of deaths 
attributable to 
cardiovascular 
disease in 2017 
was highest for 
coronary heart 
disease at 43%, 
followed by 
other diseases at 
18%, stroke at 
17%, high blood 
pressure at 11%, 
heart failure at 
9%, and finally 
diseases of the 
arteries at 3%.
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Chart 13-7. CVD and other major causes of death in US males: all ages, <85 years of age, and ≥85 years of age, 2017. 
Accidents includes International Classification of Diseases, 10th Revision codes V01 to X59, Y85, and Y86; Alzheimer disease, G30; CLRD, J40 to J47; cancer, C00 
to C97; other CVD, I10, I12, I15, and I70 to I99; stroke, I60 to I69; and heart disease, I00 to I09, I11, I13, and I20 to I51.  
CLRD indicates chronic lower respiratory disease; and CVD, cardiovascular disease.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System, 2017.44

This chart shows 
that in males, the 
highest number 
of US deaths 
in 2017, of 7 
causes of death 
shown on this 
chart, was heart 
disease in all 
ages and those 
85 years of age 
or older.  For 
males less than 
85 years of age, 
the highest num-
ber of deaths 
was attributable 
to cancer.  The 
lowest number 
of deaths was 
attributable to 
other cardio-
vascular disease 
other than heart 
disease and 
stroke in all ages 
and in males 85 
years of age or 
older. In males 
younger than 85 
years of age, the 
lowest number 
of deaths was 
attributable 
to Alzheimer’s 
disease.

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

900,000

All Ages <85 ≥85

D
ea

th
s

Age (years)

Accidents
Alzheimer's Disease
CLRD
Cancer
Other CVD
Stroke
Heart Disease

Chart 13-6. CVD and other major causes of death: all ages, <85 years of age, and ≥85 years of age, United States, 2017.  
Deaths among both sexes. Deaths with age not stated are not included in the totals. Accidents includes International Classification of Diseases, 10th Revision 
codes V01 to X59, Y85, and Y86; Alzheimer disease, G30; CLRD, J40 to J47; cancer, C00 to C97; other CVD, I10, I12, I15, and I70 to I99; stroke, I60 to I69; and 
heart disease, I00 to I09, I11, I13, and I20 to I51.  
CLRD indicates chronic lower respiratory disease; and CVD, cardiovascular disease.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System, 2017.44

This chart shows 
that the highest 
number of US 
deaths in 2017, 
of 7 causes of 
death shown on 
this chart, was 
attributable to 
heart disease 
for all ages and 
those older 
than 85 years 
of age. In adults 
younger than 85 
years of age, the 
highest number 
of deaths was 
attributable to 
cancer.  The 
lowest number 
of deaths was 
attribut-
able to other 
cardiovascular 
disease other 
than stroke and 
heart disease in 
all ages.  In those 
younger than 85 
years of age, the 
lowest number 
of deaths was 
attributable 
to both other 
cardiovascular 
disease and 
Alzheimer’s 
disease.  In those 
older than 85 
years of age, 
the number of 
deaths was low-
est in both other 
cardiovascular 
disease and ac-
cidents.D
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Chart 13-8. CVD and other major causes of death in US females: all ages, <85 years of age, and ≥85 years of age, 2017.  
Accidents includes International Classification of Diseases, 10th Revision codes V01 to X59, Y85, and Y86; Alzheimer disease, G30; CLRD, J40 to J47; cancer, C00 
to C97; other CVD, I10, I12, I15, and I70 to I99; stroke, I60 to I69; and heart disease, I00 to I09, I11, I13, and I20 to I51.  
CLRD indicates chronic lower respiratory disease; and CVD, cardiovascular disease.  
Source: Unpublished National Heart, Lung, and Blood Institute using National Vital Statistics System, 2017.44

This chart shows 
that in females, 
the highest 
number of US 
deaths in 2017, 
of 7 causes of 
death shown on 
this chart, was 
heart disease 
in all ages and 
those 85 years of 
age or older.  For 
females less than 
85 years of age, 
the highest num-
ber of deaths 
was attributable 
to cancer.  The 
lowest number 
of deaths was 
attributable to 
other cardio-
vascular disease 
other than heart 
disease and 
stroke in all ages 
and in females 
85 years of age 
or older. In males 
younger than 85 
years of age, the 
lowest number 
of deaths was 
attributable 
to Alzheimer’s 
disease.
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Chart 13-9. CVD and other major causes of death for NH white males and females, United States, 2017. 
Diseases included CVD (International Classification of Diseases, 10th Revision codes I00–I99); cancer (C00–C97); CLRD (J40–J47); accidents (V01–X59 andY85–
Y86); Alzheimer disease (G30); and diabetes mellitus (E10–E14).  
CLRD indicates chronic lower respiratory disease; CVD, cardiovascular disease; and NH, non-Hispanic.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System, 2017.44

This chart shows 
that among non-
Hispanic whites 
the percent of 
total deaths 
among the 6 
major causes of 
death in 2017 
was highest 
for both males 
and females for 
cardiovascular 
disease followed 
by cancer.  Non-
Hispanic white 
males had a 
higher percent 
of deaths for 
cardiovascular 
disease and can-
cer than females. 
The lowest 
percent of deaths 
for non-Hispanic 
white males and 
females was 
attributable to 
diabetes, with 
males having a 
slightly higher 
percent of deaths 
than females.
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Chart 13-10. CVD and other major causes of death for NH black males and females, United States, 2017. 
Diseases included CVD (International Classification of Diseases, 10th Revision codes I00–I99); cancer (C00–C97); CLRD (J40–J47); accidents (V01–X59, Y85, and 
Y86); assault (homicide) (U01 and U02, X85–Y09, Y87.1); and diabetes mellitus (E10–E14).  
CLRD indicates chronic lower respiratory disease; CVD, cardiovascular disease; and NH, non-Hispanic.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System, 2017.44

This chart shows 
that among non-
Hispanic blacks 
the percent of 
total deaths 
among the 6 
major causes of 
death in 2017 
was highest 
for both males 
and females for 
cardiovascular 
disease followed 
by cancer.  Non-
Hispanic black 
females had a 
higher percent 
of deaths for 
cardiovascular 
disease and can-
cer than males. 
The lowest 
percent of deaths 
for non-Hispanic 
black males 
was attribut-
able to chronic 
lower respiratory 
disease, whereas 
for females it 
was assault 
(homicide).
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Chart 13-11. CVD and other major causes of death for Hispanic or Latino males and females, United States, 2017.  
Number of deaths shown may be lower than actual because of underreporting in this population. Diseases included CVD (International Classification of Diseases, 
10th Revision codes I00–I99); cancer (C00–C97); accidents (V01–X59 and Y85–Y86); diabetes mellitus (E10–E14); Alzheimer disease (G30); and chronic liver 
disease (K70, K73, and K74).  
CVD indicates cardiovascular disease.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System, 2017.44

This chart shows 
that among 
Hispanics the 
percent of 
total deaths 
among the 6 
major causes of 
death in 2017 
was highest 
for both males 
and females for 
cardiovascular 
disease followed 
by cancer.  
Hispanic females 
had a higher 
percent of deaths 
for cardiovas-
cular disease 
and cancer 
than males. The 
lowest percent 
of deaths for 
Hispanic males 
was attributable 
to Alzheimer’s 
disease, whereas 
for females it 
was chronic liver 
disease.
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Chart 13-12. CVD and other major causes of death for NH Asian or Pacific Islander males and females, United States, 2017. 
“Asian or Pacific Islander” is a heterogeneous category that includes people at high CVD risk (eg, South Asian) and people at low CVD risk (eg, Japanese). More 
specific data on these groups are not available. Number of deaths shown may be lower than actual because of underreporting in this population. Diseases 
included: CVD (International Classification of Diseases, 10th Revision codes I00 –I99); cancer (C00–C97); accidents (V01–X59, Y85, and Y86); diabetes mellitus 
(E10–E14); Alzheimer disease (G30); and influenza and pneumonia (J09–J18).  
CVD indicates cardiovascular disease; and NH, non-Hispanic.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System, 2017.44

This chart shows 
that among non-
Hispanic Asians 
the percent of 
total deaths 
among the 6 
major causes of 
death in 2017 
was highest 
for both males 
and females for 
cardiovascular 
disease followed 
by cancer.  
Non-Hispanic 
Asian males 
had a slightly 
higher percent 
of deaths related 
to cardiovascular 
disease than 
females whereas 
females had a 
slightly higher 
percent of deaths 
related to cancer.  
The lowest 
percent of deaths 
for Asian males 
was attributable 
to Alzheimer’s 
disease, whereas 
for females it 
was influenza 
and pneumonia.

350

370

390

410

430

450

470

490

510

530

550

1980 1985 1990 1995 2000 2005 2010 2015 2020

sdnasuohT
ni

shtae
D

Year

Males Females

Chart 13-13. Cardiovascular disease (CVD) mortality trends for US males and females, 1980 to 2017.  
CVD excludes congenital cardiovascular defects (International Classification of Diseases, 10th Revision [ICD-10] codes I00–I99). The overall comparability for CVD 
between the International Classification of Diseases, 9th Revision (1979–1998) and ICD-10 (1999–2015) is 0.9962. No comparability ratios were applied.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System.44

This chart shows 
that between 
1980 and 2017, 
the number of 
annual cardio-
vascular disease 
deaths in the US 
changed dramat-
ically.  In 1980, 
there were more 
male deaths 
attributable to 
cardiovascular 
disease than fe-
male deaths, but 
that switched by 
1985.  The num-
ber of deaths in 
females climbed 
until 2000, 
then decreased 
until 2010, 
and increased 
until 2017.  
The number of 
deaths in males 
declined fairly 
steadily from 
1980 to 2010 
and increased 
until 2017, 
then surpassing 
the number of 
deaths in fe-
males.  The num-
ber of deaths 
in 2017 was 
approximately 
57,000 less for 
males than in 
2000 and 47,000 
less for females 
than in 2000.
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Chart 13-14. US maps corresponding to the state age-adjusted death rates per 100 000 population for cardiovascular disease, coronary heart dis-
ease, and stroke (including the District of Columbia), 2017. 
Source: American Heart Association maps from unpublished National Heart, Lung, and Blood Institute tabulation using National Vital Statistics System, 2017.44

Using data from 
2017, this chart 
shows that death 
rates for major 
cardiovascular 
disease were 
highest in Okla-
homa, Arkansas, 
Louisiana, 
Mississippi, 
and Alabama. 
Death rates for 
coronary heart 
disease were 
highest in Okla-
homa, Arkansas, 
Tennessee, 
West Virginia, 
and New York. 
Deaths rates for 
stroke were high-
est in Arkansas, 
Louisiana, Missis-
sippi, Alabama, 
Tennessee, and 
South Carolina.
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Chart 13-15. Death rates for cardiovascular disease (CVD) in selected countries for adults 35 to 74 years of age, 2015 to 2017. 
Rates are adjusted to the European Standard population. International Classification of Diseases, 10th Revision codes are I00 to I99 for CVD.  
*Number in parentheses indicates year of most recent data available (where 16 is 2016 and 17 is 2017).  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using World Health Organization Mortality Database.61

This chart shows 
that, using the 
most recent data 
available from 
either 2016 or 
2017 from each 
of 5 countries, 
death rates from 
cardiovascular 
disease in adults 
35 to 74 years of 
age were highest 
in Romanian 
males, followed 
by Romanian 
females, then 
US males, US fe-
males, Japanese 
males, Norwe-
gian males, Israeli 
males, Japanese 
females, Nor-
wegian females, 
and lastly Israeli 
females.
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Chart 13-16. Death rates for coronary heart disease (CHD) in selected countries for adults 35 to 74 years of age, 2015 to 2017. 
Rates are adjusted to the European Standard population. International Classification of Diseases, 10th Revision codes are I20 to I25 for CHD.  
*Number in parentheses indicates year of most recent data available (where 16 is 2016 and 17 is 2017).  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using World Health Organization Mortality Database.61

This chart shows 
that, using the 
most recent data 
available from 
either 2016 or 
2017 for each 
of 5 countries, 
death rates from 
coronary heart 
disease in adults 
35 to 74 years of 
age were highest 
in Romanian 
males, followed 
by US males, 
the Romanian 
females, Norwe-
gian males, US 
females, Israeli 
males, Japanese 
males, Norwe-
gian females, 
Israeli females, 
and lastly, Japa-
nese females.
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Chart 13-17. Death rates for stroke in selected countries for adults 35 to 74 years of age, 2015 to 2017. 
Rates are adjusted to the European Standard population. International Classification of Diseases, 10th Revision codes are I60 to I69 for stroke.  
*Number in parentheses indicates year of most recent data available (where 16 is 2016 and 17 is 2017).  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using World Health Organization Mortality Database.61

This chart shows 
that, using the 
most recent data 
available from 
either 2016 or 
2017 for each 
of 5 countries, 
death rates from 
stroke in adults 
35 to 74 years of 
age were highest 
in Romanian 
males, followed 
by Romanian fe-
males, Japanese 
males, US males, 
Israeli males, US 
females, Japa-
nese females, 
Norwegian 
males, Norwe-
gian females, 
and lastly Israeli 
females.
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Chart 13-18. Death rates for all causes in selected countries for adults 35 to 74 years of age, 2015 to 2017.  
Rates are adjusted to the European Standard population. International Classification of Diseases, 10th Revision codes are A00 to Y89 for all causes.  
*Number in parentheses indicates year of most recent data available (where 16 is 2016 and 17 is 2017).  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using World Health Organization Mortality Database.61

This chart shows 
that, using the 
most recent data 
available from 
either 2016 or 
2017 for each 
of 5 countries, 
death rates from 
cardiovascular 
disease, coronary 
heart disease, 
and stroke com-
bined in adults 
35 to 74 years of 
age were highest 
in Romanian 
males, followed 
by US males, Ro-
manian females, 
Japanese males, 
Israeli males, US 
females, Norwe-
gian males, Nor-
wegian females, 
Israeli females, 
and lastly, Japa-
nese females.
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Chart 13-19. Hospital discharges for cardiovascular disease, United States, 1993 to 2016. 
Hospital discharges include people discharged alive, dead, and “status unknown.”  
*Data not available for 2015. Readers comparing data across years should note that beginning October 1, 2015, a transition was made from International 
Classification of Diseases, 9th Revision to International Classification of Diseases, 10th Revision. This should be kept in consideration, because coding changes 
could affect some statistics, especially when comparisons are made across these years.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Healthcare Cost and Utilization Project.46

This chart shows 
that US hospital 
discharges for 
cardiovascular 
disease between 
1993 and 2016 
started at 5.3 
million, rose to as 
high as 6.1 mil-
lion in 2001, and 
declined to 4.8 
million in 2016. 
There were more 
discharges for 
males each year 
than females.

Chart 13-20. Age-standardized global mortality rates of cardiovascular disease (CVD) per 100 000, both sexes, 2017. 
The highest mortality rates attributable to CVD are in Eastern Europe and Central Asia.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.53 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that highest mor-
tality rates due 
to cardiovascular 
disease were in 
Eastern Europe 
and Central Asia 
in 2017.
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14. STROKE (CEREBROVASCULAR 
DISEASE)
ICD-9 430 to 438; ICD-10 I60 to I69. See Table 14-1 
and Charts 14-1 through 14-17

Stroke Prevalence 
(See Table 14-1 and Chart 14-1)

•	 Stroke prevalence estimates may differ slightly 
between studies because each study selects and 
recruits a sample of participants to represent the 
target study population (eg, state, region, or 
country).

Click here to return to the Table of Contents

Abbreviations Used in Chapter 14

ABCD2 Age, Blood Pressure, Clinical Features, Duration, Diabetes

ACC American College of Cardiology

ACCORD Action to Control Cardiovascular Risk in Diabetes

ACR albumin-to-creatinine ratio

AF atrial fibrillation

AHA American Heart Association

AHI apnea-hypopnea index

ARIC Atherosclerosis Risk in Communities

ATRIA Anticoagulation and Risk Factors in Atrial Fibrillation

AVAIL Adherence Evaluation After Ischemic Stroke Longitudinal

BASIC Brain Attack Surveillance in Corpus Christi

BMI body mass index

BNP B-type natriuretic peptide

BP blood pressure

BRFSS Behavioral Risk Factor Surveillance System

CAD coronary artery disease

CAS carotid artery stenting

CDC 
WONDER

Centers for Disease Control and Prevention Wide-Ranging 
Online Data for Epidemiologic Research

CEA carotid endarterectomy

CHD coronary heart disease

CHS Cardiovascular Health Study

CI confidence interval

CKD chronic kidney disease

CLRD chronic lower respiratory disease

CREST Carotid Revascularization Endarterectomy Versus Stenting Trial

CRP C-reactive protein

CSC comprehensive stroke center

CVD cardiovascular disease

CVH cardiovascular health

DALY disability-adjusted life-year

DBP diastolic blood pressure

DM diabetes mellitus

DVT deep vein thrombosis

ECG electrocardiogram

ED emergency department

EF ejection fraction

eGFR estimated glomerular filtration rate

EPIC European Prospective Investigation Into Cancer and 
Nutrition

ESCAPE Endovascular Treatment for Small Core and Anterior 
Circulation Proximal Occlusion With Emphasis on Minimizing 
CT to Recanalization Times

EXTEND-IA Extending the Time for Thrombolysis in Emergency 
Neurological Deficits–Intra-Arterial

FHS Framingham Heart Study

FINRISK Finnish Population Survey on Risk Factors for Chronic, 
Noncommunicable Diseases

FUTURE Follow-up of TIA and Stroke Patients and Unelucidated Risk 
Factor Evaluation

GBD Global Burden of Disease

GCNKSS Greater Cincinnati/Northern Kentucky Stroke Study

GFR glomerular filtration rate

GWAS genome wide association study

GWTG Get With The Guidelines

HBP high blood pressure

HCUP Healthcare Cost and Utilization Project

HD heart disease

HDL high-density lipoprotein

HDL-C high-density lipoprotein cholesterol

HF heart failure

HIV human immunodeficiency virus

HR hazard ratio

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

ICH intracerebral hemorrhage

IHD ischemic heart disease

IL interleukin

IMT intima-media thickness

IQR interquartile range

IRR incidence rate ratio

LDL low-density lipoprotein

LDL-C low-density lipoprotein cholesterol

MCP-1/
CCL2

monocyte chemoattractant protein-1

MEPS Medical Expenditure Panel Survey

MESA Multi-Ethnic Study of Atherosclerosis

MI myocardial infarction

MIDAS Myocardial Infarction Data Acquisition System

MONICA Monitoring Trends and Determinants of Cardiovascular 
Disease

MR CLEAN Multicenter Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke in the Netherlands

MRI magnetic resonance imaging

MUFA monounsaturated fatty acid

NAMCS National Ambulatory Medical Care Survey

NH non-Hispanic

NHAMCS National Hospital Ambulatory Medical Care Survey

(Continued ) (Continued )
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•	 An estimated 7.0 million Americans ≥20 years of 
age self-report having had a stroke (extrapolated 
to 2016 by use of NHANES 2013–2016 data). 
Overall stroke prevalence during this period was 
an estimated 2.5% (Table 14-1).

•	 Prevalence of stroke in the United States increases 
with advancing age in both males and females 
(Chart 14-1).

•	 According to data from the 2017 BRFSS1 (unpub-
lished NHLBI tabulation):

—	 Stroke prevalence in adults is 3.0% (median) 
in the United States, with the lowest preva-
lence in Wisconsin (1.9%) and the highest 
prevalence in Arkansas (4.5%).

•	 The prevalence of stroke-related symptoms was 
found to be relatively high in a general population 
free of a prior diagnosis of stroke or TIA, which 
suggests that stroke may be underdiagnosed, that 
other conditions mimic stroke, or both. On the 
basis of data from 18 462 participants enrolled in 
a national cohort study, 17.8% of the population 
>45 years of age reported at least 1 symptom.2 
Stroke symptoms were more likely among blacks 
than whites, among those with lower income and 
lower educational attainment, and among those 
with fair to poor perceived health status. Symptoms 
also were more likely in participants with higher 
Framingham stroke risk scores (REGARDS, NINDS).

•	 Projections show that by 2030, an additional 3.4 
million US adults ≥18 years of age, represent-
ing 3.9% of the adult population, will have had 
a stroke, a 20.5% increase in prevalence from 
2012.3 The highest increase (29%) is projected to 
be in white Hispanic males.

Stroke Incidence

(See Table 14-1 and Chart 14-2)
•	 Each year, ≈795 000 people experience a new 

or recurrent stroke (Table  14-1). Approximately 
610 000 of these are first attacks, and 185 000 
are recurrent attacks (GCNKSS, NINDS, and NHLBI; 
GCNKSS and NINDS data for 1999 provided July 9, 
2008; unpublished estimates compiled by NHLBI).

•	 Of all strokes, 87% are ischemic, 10% are ICH, 
and 3% are SAH (GCNKSS, NINDS, 1999; unpub-
lished NHLBI tabulation).

•	 On average, every 40 seconds, someone in the 
United States has a stroke (AHA computation 
based on the latest available data).

Temporal Trends
•	 In the NIS, from 1995 to the period 2011 to 2012, 

rates of hospitalization for acute ischemic stroke 
almost doubled for males 18 to 34 and 35 to 44 
years of age.4 Hospitalization rates for ICH and 
SAH remained stable, however, with the exception 
of declines among males and NH black patients 45 
to 54 years of age with SAH (see Stroke in Young 
Adults and in the Midlife).

•	 In the multicenter ARIC study of black and white 
adults, stroke incidence rates decreased from 1987 
to 2011. The decreases varied across age groups 
but were similar across sex and race.5

•	 Data from the BASIC Project for the time period 
2000 through 2010 demonstrated that ischemic 

NHANES National Health and Nutrition Examination Survey

NHLBI National Heart, Lung, and Blood Institute

NIHSS National Institutes of Health Stroke Scale

NINDS National Institutes of Neurological Disorders and Stroke

NIS National (Nationwide) Inpatient Sample

NOMAS Northern Manhattan Study

ONTARGET Ongoing Telmisartan Alone and in Combination With 
Ramipril Global Endpoint Trial

OR odds ratio

OSA obstructive sleep apnea

PA physical activity

PAR population attributable risk

PE pulmonary embolism

PHS Physicians’ Health Study

PREVAIL Prevention of VTE After Acute Ischemic Stroke With LMWH 
Enoxaparin

PREVEND Prevention of Renal and Vascular End-Stage Disease

PROFESS Prevention Regimen for Effectively Avoiding Second Stroke

RCT randomized controlled trial

REGARDS Reasons for Geographic and Racial Differences in Stroke

REVASCAT Revascularization With Solitaire FR Device Versus Best 
Medical Therapy in the Treatment of Acute Stroke Due 
to Anterior Circulation Large Vessel Occlusion Presenting 
Within Eight Hours of Symptom Onset

RR relative risk

SAH subarachnoid hemorrhage

SBP systolic blood pressure

SD standard deviation

SES socioeconomic status

SHS Strong Heart Study

SNP single-nucleotide polymorphism

SPRINT Systolic Blood Pressure Intervention Trial

SPS3 Secondary Prevention of Small Subcortical Strokes

STOP Stroke Prevention Trial in Sickle Cell Anemia

SVT supraventricular tachycardia

SWIFT 
PRIME

Solitaire With the Intention for Thrombectomy as Primary 
Endovascular Treatment

TC total cholesterol

TIA transient ischemic attack

tPA tissue-type plasminogen activator

UI uncertainty interval

VTE venous thromboembolism

WHI Women’s Health Initiative

Abbreviations Used in Chapter 14 Continued
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stroke rates declined significantly in people ≥60 
years of age but remained largely unchanged over 
time in those 45 to 59 years of age.
—	 Rates of stroke decline did not differ signifi-

cantly for NH whites and Mexican Americans 
overall in any age group; however, ethnic dis-
parities in stroke rates persist between Mexican 
Americans and NH whites in the 45- to 59-year-
old and 60- to 74-year-old age groups.6

—	 Data from the BASIC Project showed that the 
age-, sex-, and ethnicity-adjusted incidence 
of ICH decreased from 2000 to 2010, from 
an annual incidence rate of 5.21 per 10 000 
(95% CI, 4.36–6.24) to 4.30 per 10 000 (95% 
CI, 3.21–5.76).7

•	 Analysis of data from the FHS suggests that stroke 
incidence is declining over time in this largely 
white cohort in the northeastern United States. 
Data from 1950 to 1977, 1978 to 1989, and 1990 
to 2004 showed that the age-adjusted incidence 
of first stroke per 1000 person-years in each of the 
3 periods was 7.6, 6.2, and 5.3 in males and 6.2, 
5.8, and 5.1 in females, respectively. Lifetime risk 
for incident stroke at 65 years of age decreased 
significantly in the latest data period compared 
with the first, from 19.5% to 14.5% in males and 
from 18.0% to 16.1% in females.8 Data from the 
Tromsø Study found that changes in cardiovascular 
risk factors accounted for 57% of the decrease in 
ischemic stroke incidence for the time period from 
1995 to 2012.9

•	 Despite encouraging data about declining stroke 
incidence, the aging population and accumulat-
ing risk factors contribute to an increasing lifetime 
risk of stroke. Per the GBD 2016 Lifetime Risk of 
Stroke Collaborators, the mean global lifetime risk 
of stroke increased from 22.8% in 1990 to 24.9% 
in 2016, a relative increase of 8.9% (95% UI, 
6.2%–11.5%) after accounting for the competing 
risk of death attributable to any cause other than 
stroke.10

•	 In a systematic review/meta-analysis of trends in 
ischemic stroke subtypes between 1993 and 2015, 
an increasing temporal trend was noted for car-
dioembolism in whites (2.4% annually; P=0.008) 
and for large artery atherosclerosis in Asians (5.7% 
annually, P<0.001), with a corresponding decrease 
in small artery occlusion in whites (−4.7% annu-
ally, P=0.001).11

Race/Ethnicity
•	 Annual age-adjusted incidence for first-ever stroke 

was higher in black individuals than white indi-
viduals in data collected in 1993 to 1994, 1999, 
and 2005 for each of the following stroke types: 
ischemic stroke, ICH, and SAH (Chart 14-2).

•	 In the national REGARDS cohort, in 27 744 partici-
pants followed up for 4.4 years (2003–2007), the 
overall age- and sex-adjusted black/white IRR was 
1.51, but for those 45 to 54 years of age, it was 
4.02, whereas for those ≥85 years of age, it was 
0.86.12 Similar trends for decreasing black/white 
IRR with older age were seen in the GCNKSS.13

•	 The BASIC Project (NINDS) demonstrated an 
increased incidence of stroke among Mexican 
Americans compared with NH whites in a commu-
nity in southeast Texas. The crude 3-year cumu-
lative incidence (2000–2002) was 16.8 per 1000 
in Mexican Americans and 13.6 per 1000 in NH 
whites. Specifically, Mexican Americans had a 
higher cumulative incidence of ischemic stroke 
than NH whites at younger ages (45–59 years of 
age: RR, 2.04 [95% CI, 1.55–2.69]; 60–74 years 
of age: RR, 1.58 [95% CI, 1.31–1.91]) but not at 
older ages (≥75 years of age: RR, 1.12 [95% CI, 
0.94–1.32]). Mexican Americans also had a higher 
incidence of ICH and SAH than NH whites after 
adjustment for age.14

•	 The age-adjusted incidence of first ischemic stroke 
per 1000 was 0.88 in whites, 1.91 in blacks, and 
1.49 in Hispanics according to data from NOMAS 
(NINDS) for 1993 to 1997. Among blacks, compared 
with whites, the RR of intracranial atherosclerotic 
stroke was 5.85 (95% CI, 1.82–18.73); extracranial 
atherosclerotic stroke, 3.18 (95% CI, 1.42–7.13); 
lacunar stroke, 3.09 (95% CI, 1.86–5.11); and 
cardioembolic stroke, 1.58 (95% CI, 0.99–2.52). 
Among Hispanics, compared with whites, the rela-
tive rate of intracranial atherosclerotic stroke was 
5.00 (95% CI, 1.69–14.76); extracranial athero-
sclerotic stroke, 1.71 (95% CI, 0.80–3.63); lacunar 
stroke, 2.32 (95% CI, 1.48–3.63); and cardioem-
bolic stroke, 1.42 (95% CI, 0.97–2.09).15

•	 Among 4507 American Indian or Alaska Native 
participants without a prior stroke in the SHS from 
1989 to 1992, the age- and sex-adjusted inci-
dence of stroke through 2004 was 6.79 per 100 
person-years, with 86% of incident strokes being 
ischemic.16

•	 In REGARDS, the increased risk of ICH with age 
differed between blacks and whites: there was a 
2.25-fold (95% CI, 1.63–3.12) increase per decade 
older age in whites but no age association of ICH 
risk in blacks (HR, 1.09 [95% CI, 0.70–1.68] per 
decade older age).17

Sex
•	 Each year, ≈55 000 more females than males have 

a stroke (GCNKSS, NINDS).18

•	 Females have a higher lifetime risk of stroke than 
males. In the FHS, lifetime risk of stroke among 
those 55 to 75 years of age was 1 in 5 for females 
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(95% CI, 20%–21%) and ≈1 in 6 for males (95% 
CI, 14%–17%).19

•	 Age-specific incidence rates are substantially lower 
in females than males in younger and middle-age 
groups, but these differences narrow so that in 
the oldest age groups, incidence rates in females 
are approximately equal to or even higher than in 
males.20–25

•	 In the GCNKSS, sex-specific incidence rates 
between 1993 to 1994 and 2010 declined sig-
nificantly for males but not for females. This trend 
was seen for all strokes and ischemic stroke but 
not for hemorrhagic stroke.26

TIA: Prevalence, Incidence, and Prognosis
•	 In a nationwide survey of US adults, the estimated 

prevalence of self-reported physician-diagnosed 
TIA increased with age and was 2.3% overall, 
which translates to ≈5 million people. The true 
prevalence of TIA is likely to be greater, because 
many patients who experience neurological symp-
toms consistent with a TIA fail to report them to 
their healthcare provider.27

•	 A 2013 survey study of nearly 600 000 people in 
China led to a neurologist-confirmed TIA preva-
lence of 1.03 per 1000 people, with a slightly 
higher prevalence in females (1.15) than males 
(0.92).28

•	 In an Italian community-based registry (2007 to 
2009), the crude TIA incidence rate was 0.52 per 
1000,29 and in a population-based registry from 
Dijon, France (2013–2015), the incidence was 
0.61 per 1000.30 In China, 2013 TIA incidence was 
0.24 per 1000 person-years.28

•	 Incidence of TIA increases with age and varies by 
sex and race/ethnicity. Males, blacks, and Mexican 
Americans have higher rates of TIA than their 
female and NH white counterparts.14,31 Conversely, 
in China, incidence was slightly higher in females 
(0.26 per 1000 person-years) than males (0.21).28

•	 TIAs confer a substantial short-term risk of stroke, 
hospitalization for CVD events, and death. Of 
1707 TIA patients evaluated in the EDs of Kaiser 
Permanente Northern California from 1997 to 
1998, 180 (11%) experienced a stroke within 90 
days, and 91 (5%) had a stroke within 2 days. 
Predictors of stroke included age >60 years, DM, 
focal symptoms of weakness or speech impairment, 
and symptoms that lasted >10 minutes. These fac-
tors were used to create the ABCD2 scoring system, 
which allows for risk stratification after TIA.32,33

•	 Meta-analyses of cohorts of patients with TIA have 
shown the short-term risk of stroke after TIA to 
be ≈3% to 10% at 2 days and 9% to 17% at 90 
days.34,35

•	 Prognosis after TIA may have improved over time. 
In a nationwide study from Sweden from 2012 
to 2013, patients with low-risk TIA (ABCD2 score 
0–3) had a 2.5% risk of stroke during an average 
of 1.7 years of follow up versus a high-risk TIA 
group (ABCD2 score 4–7) with a 5.2% risk.36

•	 Individuals who have a TIA and survive the ini-
tial high-risk period have a 10-year stroke risk of 
roughly 19% and a combined 10-year stroke, MI, 
or vascular death risk of 43% (4% per year).37

•	 In the GCNKSS, the 1-year mortality rate after a 
TIA was 12%.31

•	 In the community-based Oxford Vascular Study, 
among patients with TIA, disability levels increased 
from 14% (modified Rankin scale >2) before the 
TIA to 23% at 5 years after the TIA (P=0.002). In 
this same study, the 5-year risk of institutionaliza-
tion after TIA was 11%.38

•	 In a meta-analysis of 47 studies,39 it was estimated 
that approximately one-third of TIA patients have 
an acute lesion present on diffusion-weighted MRI 
and thus would be classified as having had a stroke 
under a tissue-based case definition40,41; however, 
substantial between-study heterogeneity was noted.

Recurrent Stroke: Incidence and Risk
•	 Among 128 789 Medicare beneficiaries from 1999 

to 2013, the incidence of recurrent stroke per 
1000 person-years was 108 (95% CI, 106–111) 
for whites and 154 (95% CI, 147–162) for blacks. 
Mortality after recurrence was 16% (95% CI, 
15%–18%) for whites and 21% (95% CI, 21%–
22%) for blacks. Compared with whites, blacks 
had higher risk of 1-year recurrent stroke (adjusted 
HR, 1.36 [95% CI, 1.29–1.44]) but lower risk of 
30-day mortality after recurrence (adjusted RR, 
0.82 [95% CI, 0.73–0.93]).42

•	 In a meta-analysis of publications through 
September 2017, MRI findings of multiple lesions 
(pooled RR, 1.7 [95% CI, 1.5–2.0]), multiple-
stage lesions (pooled RR, 4.1 [95% CI, 3.1–5.5]), 
multiple-territory lesions (pooled RR, 2.9 [95% CI, 
2.0–4.2]), chronic infarcts (pooled RR, 1.5 [95% 
CI, 1.2–1.9]), and isolated cortical lesions (pooled 
RR, 2.2 [95% CI, 1.5–3.2]) were associated with 
increased risk of ischemic stroke recurrence. A 
history of stroke or TIA was also associated with 
higher risk (pooled RR, 2.5 [95% CI, 2.1–3.1]). Risk 
of recurrence was lower for small- versus large-
vessel stroke (pooled RR, 0.3 [95% CI, 0.1–0.7]) 
and for stroke resulting from an undetermined 
cause versus large-artery atherosclerosis (pooled 
RR, 0.5 [95% CI, 0.2–1.1]).43

•	 Children with arterial ischemic stroke, particularly 
those with arteriopathy, remain at high risk for 
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recurrent arterial ischemic stroke despite increased 
use of antithrombotic agents. The cumulative 
stroke recurrence rate was 6.8% (95% CI, 4.6%–
10%) at 1 month and 12% (95% CI, 8.5%–15%) 
at 1 year.44 The 1-year recurrence rate was 32% 
(95% CI, 18%–51%) for moyamoya, 25% (95% 
CI, 12%–48%) for transient cerebral arteriopa-
thy, and 19% (95% CI, 8.5%–40%) for arterial 
dissection.

•	 Among 6700 patients with first-ever ischemic 
stroke or ICH who survived the first 28 days in the 
Northern Sweden MONICA stroke registry from 
1995 to 2008, the cumulative risk of recurrence 
was 6% at 1 year, 16% at 5 years, and 25% at 
10 years.45 The risk of stroke recurrence decreased 
36% between 1995 to 1998 and 2004 to 2008. 
Approximately 62% of all recurrent strokes after 
ICH (63 of 101) were ischemic.

•	 Using data for 12 392 patients 18 to 45 years of 
age who were hospitalized with ischemic or hem-
orrhagic stroke and included in the 2013 National 
Readmissions Database, the rate of recurrent 
stroke per 100 000 index hospitalizations was 
1814.0 at 30 days, 2611.1 at 60 days, and 2913.3 
at 90 days.46 Among patients without vascular risk 
factors at the index stroke (ie, hypertension, hyper-
cholesterolemia, DM, smoking, AF/atrial flutter), 
rates per 100 000 hospitalizations were 1461.9 
at 30 days, 2203.6 at 60 days, and 2534.9 at 90 
days. DM was associated with greater risk of recur-
rent stroke in multivariable analyses (HR, 1.5 [95% 
CI, 1.22–1.84]).

Stroke Risk Factors
For prevalence and other information on any of these 
specific risk factors, refer to the specific risk factor 
chapters.

•	 In analyses using data from the GBD Study, 91% 
of the stroke risk could be attributed to modifiable 
risk factors, such as HBP, obesity, hyperglycemia, 
hyperlipidemia, and renal dysfunction, and 74% 
could be attributed to behavioral risk factors, such 
as smoking, sedentary lifestyle, and an unhealthy 
diet.47 Globally, 29% of the risk of stroke was 
attributable to air pollution.

High BP
(See Chapter 8 for more information.)

•	 The evidence-based 2017 Hypertension Clinical 
Practice Guidelines recommend intensive BP 
control for primary and secondary stroke pre-
vention. The guideline proposes a target BP 
of <130/80 mm Hg.48 The recommendations 
are supported by an extensive evidence docu-
ment accompanying the guidelines that shows 

consistent results from trials and meta-analyses 
for the lower BP target for lower stroke risks 
and prevention.49

•	 In a recent meta-analysis, 9 trials showed high-
strength evidence that BP control to <150/90 
mm Hg reduces stroke (RR, 0.74 [95% CI, 0.65–
0.84]), and 6 trials yielded low- to moderate-
strength evidence that lower targets (≤140/85 
mm Hg) are associated with significant decreases 
in stroke (RR, 0.79 [95% CI, 0.59–0.99]).50

•	 A special report identified the highly significant 
global implications of the hypertension treatment 
and control strategies implementation on stroke 
risk reduction around the world.51

—	 There was agreement across meta-analyses 
that intensive BP lowering appears to be most 
beneficial for reduction in risk of stroke.52–54

—	 Median SBP declined 16 mm Hg between 
1959 and 2010 for different age groups in 
association with large, accelerated reduc-
tions in stroke mortality.55 In a meta-analysis, 
there was an average decline of 41% (95% 
CI, 33%–48%) in stroke incidence with SBP 
reductions of 10 mm Hg or DBP reductions of 
5 mm Hg.56

•	 Recent analyses determined that in both SPRINT 
and ACCORD participants, there was no increase 
in stroke risk with intensive lowering of SBP to 
achieve mean arterial pressure values below 60 
mm Hg, which suggests that stroke risks in hyper-
tensive patients do not increase with extremely 
low mean arterial pressure or pulse pressure 
values.57

•	 The consistent results from 3 recent additional 
meta-analyses58–60 indicated that SBP <130 mm Hg 
may be the most clinically advantageous BP target 
in the prevention of stroke.

•	 Because many current hypertension treatment and 
control guidelines are risk based, risk prediction 
models include elevated BP and hypertension as 
key parameters in the assessment of cardiovascu-
lar and stroke risk in the determination of manage-
ment protocols.61

•	 A recent scientific statement from the AHA iden-
tified resistant hypertension, defined as above-
goal elevated BP of 130/80 mm Hg in a patient 
despite the concurrent use of 3 antihypertensive 
drug classes, as being significantly associated with 
greater risks of adverse cardiovascular events, 
including stroke.62

•	 In recent analyses of the SPS3 trial participants, 
survivors of lacunar stroke with high (top tertile) 
white matter hyperintensity burden were most 
likely to benefit from intensive BP control in pre-
venting recurrent stroke.63
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•	 In a recent commentary regarding the impact of 
lower target BPs in hypertension management 
guidelines, the World Hypertension League noted 
that the trend in lower levels was associated with 
lower stroke mortality rates.64

Diabetes Mellitus
(See Chapter 9 for more information.)

•	 DM increases ischemic stroke incidence at all ages, 
but this risk is most prominent (risk ratio >5) before 
65 years of age in both blacks and whites. Overall, 
ischemic stroke patients with DM are younger and 
more likely to have HBP, MI, and high cholesterol 
than nondiabetic patients.65

•	 The association between DM and stroke risk dif-
fers between sexes. A systematic review of 64 
cohort studies representing 775 385 individuals 
and 12 539 strokes revealed that the pooled, fully 
adjusted RR of stroke associated with DM was 2.28 
(95% CI, 1.93–2.69) in females and 1.83 (95% CI, 
1.60–2.08) in males.66 Compared with males with 
DM, females with DM had a 27% greater RR for 
stroke when baseline differences in other major 
cardiovascular risk factors were taken into account 
(pooled ratio of RR, 1.27 [95% CI, 1.10–1.46]; 
I2=0%).

•	 Prediabetes, defined as impaired glucose tolerance 
or a combination of impaired fasting glucose and 
impaired glucose tolerance, may be associated 
with a higher future risk of stroke, but the RRs are 
modest. A meta-analysis of 15 prospective cohort 
studies including 760 925 participants revealed 
that when prediabetes was defined as fasting glu-
cose of 110 to 125 mg/dL (5 studies), the adjusted 
RR for stroke was 1.21 (95% CI, 1.02–1.44; 
P=0.03).67

•	 DM is an independent risk factor for stroke recur-
rence; a meta-analysis of 18 studies involving 
43 899 participants with prior stroke revealed 
higher stroke recurrence in patients with DM than 
in those without (HR, 1.45 [95% CI, 1.32–1.59]).68

•	 In the GWTG-Stroke registry, DM was associated 
with a higher risk of adverse outcomes over 3 
years after stroke, including all-cause mortality 
(adjusted HR, 1.24 [95% CI, 1.23–1.25]), all-cause 
hospital readmission (adjusted HR, 1.22 [95% CI, 
1.21–1.23]), a composite of mortality and cardio-
vascular readmission (adjusted HR, 1.19 [95% CI, 
1.18–1.20]), and ischemic stroke/TIA readmission 
(adjusted HR, 1.18 [95% CI, 1.16–1.20]).69

•	 In a meta-analysis of 11 RCTs that included 56 161 
patients with type 2 DM and 1835 stroke cases, 
those who were randomized to intensive glucose 
control did not have a reduction in stroke risk 
compared with those with conventional glucose 
control (RR, 0.94 [95% CI, 0.84–1.06]; P=0.33; I2 

P=0.20); however, there was a 10% reduction in 
all MI (RR, 0.90 [95% CI, 0.82–0.98]; P=0.02; I2 
P=0.20).70

•	 A meta-analysis of 28 RCTs involving 96 765 par-
ticipants with DM revealed that a decrease in SBP 
by 10 mm Hg was associated with a lower risk of 
stroke (RR from 21 studies, 0.74 [95% CI, 0.66–
0.83]). Significant interactions were observed, with 
lower RRs (RR, 0.71 [95% CI, 0.63–0.80]) observed 
among trials with mean baseline SBP ≥140 mm Hg 
and no significant associations among trials with 
baseline SBP <140 mm Hg (RR, 0.90 [95% CI, 
0.69–1.17]). The associations between BP lower-
ing and stroke risk reduction were present for both 
the achieved SBP of <130 mm Hg and the ≥130 
mm Hg groups.71

•	 The ACCORD study showed that in patients with 
type 2 DM, targeting SBP to <120 mm Hg did not 
reduce the rate of cardiovascular events compared 
with subjects in whom the SBP target was <140 
mm Hg, except for the end point of stroke, for 
which intensive therapy reduced the risk of any 
stroke (HR, 0.59 [95% CI, 0.39–0.89]) and nonfa-
tal stroke (HR, 0.63 [95% CI, 0.41–0.96]).72

•	 ONTARGET revealed that in both patients with and 
without DM, the adjusted risk of stroke continued 
to decrease down to achieved SBP values of 115 
mm Hg, whereas there was no benefit for other 
fatal or nonfatal cardiovascular outcomes below 
an SBP of 130 mm Hg.73

•	 In NOMAS, duration of DM was associated with 
ischemic stroke risk (adjusted HR per year with 
DM, 1.03 [95% CI, 1.02–1.04]).74

•	 The ATRIA Study demonstrated that the duration 
of DM is a stronger predictor of ischemic stroke 
than glycemic control for patients with DM and 
AF.75 Duration of DM ≥3 years was associated with 
an increased rate of ischemic stroke (HR, 1.74 
[95% CI, 1.10–2.76]) compared with a duration of 
<3 years.

Disorders of Heart Rhythm
(See Chapter 16 for more information.)

•	 Nonvalvular AF is a powerful risk factor for stroke, 
independently increasing risk ≈5-fold throughout 
all ages. The percentage of strokes attributable to 
AF increases steeply from 1.5% at 50 to 59 years 
of age to 23.5% at 80 to 89 years of age.76,77

•	 An analysis from the FHS demonstrated that the 
risk of stroke associated with AF declined by 73% 
in the 50 years from 1958 to 2007.78 However, 
analysis from the Olmsted County, MN, database 
suggests that AF-associated stroke risk has not 
changed more recently (from 2000 to 2010).79

•	 Because AF is often asymptomatic80 and fre-
quently undetected clinically,81 the stroke risk 
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attributed to AF could be substantially underes-
timated.82 In a meta-analysis of 50 studies, AF 
was detected in ≈24% (95% CI, 17%–31%) of 
patients with embolic stroke of undetermined 
source, depending on duration and type of moni-
toring used.83

•	 In an RCT among patients with cryptogenic stroke, 
the cumulative incidence of AF detected with an 
implantable cardiac monitor was 30% by 3 years. 
Approximately 80% of the first AF episodes were 
asymptomatic.84

•	 Among 2580 participants ≥65 years of age with 
hypertension in whom a cardiac rhythm device 
that included an atrial lead was implanted, 35% 
developed subclinical tachyarrhythmias (defined as 
an atrial rate ≥190 beats per minute that lasted ≥6 
minutes). These subclinical events were associated 
with a 2.5-fold increased risk of ischemic stroke or 
systemic embolism and a 13% PAR for stroke or 
systemic embolism.85

•	 An analysis of patients from the Veterans 
Administration showed that among patients with 
device-documented AF, the presence of relatively 
brief amounts of AF raised the short-term risk of 
stroke 4- to 5-fold. This risk was highest in the 
initial 5 to 10 days after the episode of AF and 
declined rapidly after longer periods.86

•	 Important risk factors for stroke in the setting of AF 
include older age, hypertension, HF, DM, previous 
stroke or TIA, vascular disease, renal dysfunction, 
and female sex.87–91 Biomarkers including high 
levels of troponin and BNP are associated with an 
increased risk of stroke in AF after adjustment for 
traditional vascular risk factors.92

•	 In patients with AF who are being treated with 
anticoagulation, presence of persistent AF versus 
paroxysmal AF is associated with higher risk of 
stroke.93,94

•	 Atrial flutter was associated with a lower risk of 
stroke than AF.95

•	 Other cardiac arrhythmias and ECG findings asso-
ciated with an increased risk of stroke include 
paroxysmal SVT; short, irregular SVTs without P 
waves; short-run atrial tachyarrhythmia (episodes 
of supraventricular ectopic beats <5 seconds 
long); PR-interval prolongation >200 ms; abnor-
mal P-wave axis (any value outside 0° to 75° using 
12-lead ECGs); elevated P-wave terminal force; 
and maximal P-wave area.96

High Blood Cholesterol and Other Lipids
(See Chapter 7 for more information.)

•	 Overall, the association of each cholesterol sub-
fraction with total stroke has shown inconsistent 
results, and the data are limited on associations 
with specific ischemic stroke subtypes.97–100 For 

clarity, results for different types of cholesterol (TC, 
subfractions) are described in this section.

•	 In a nested case-control analysis using data from 
the Chinese Kadoorie Biobank prospective study 
of 489 762 Chinese individuals without prior 
stroke or HD who were not taking antithrom-
botic or lipid-modifying drugs (n=5475 ischemic 
strokes, n=4776 ICH, and n=6290 healthy con-
trols), genetic markers predictive of LDL levels 
(“genetic instruments”) were associated with 
ischemic stroke, and HDL level inversely associated 
with ischemic stroke.101 Each 1.0 mmol/L increase 
in LDL was associated with a 14% lower risk of 
ICH, and this relationship held for the genetic 
instruments of LDL and was similar in those with 
and without hypertension at baseline. This analysis 
provides causal evidence that LDL levels are associ-
ated directly with ischemic stroke risk and inversely 
with hemorrhagic stroke risk.

•	 Another mendelian randomization study of lipid 
genetics also suggested an increased risk of large-
artery ischemic stroke with increased LDL and 
a lower risk of small-vessel ischemic stroke with 
increased HDL.102

•	 An association between TC and ischemic stroke 
has otherwise been found in some prospec-
tive studies103–105 but not others.97,100,106 In the 
Women’s Pooling Project, which included those 
<55 years of age without CVD, TC was associ-
ated with an increased risk of stroke at the high-
est quintile (mean cholesterol 7.6 mmol/L) in black 
(RR, 2.58 [95% CI, 1.05–6.32]) but not white (RR, 
1.47 [95% CI, 0.57–3.76]) females.98 An associa-
tion of elevated TC with risk of stroke was noted 
to be present in those 40 to 49 years of age and 50 
to 59 years of age but not in other age groups in 
the Prospective Studies Collaboration.99 In a meta-
analysis of data from 61 cohorts, TC was only 
weakly associated with risk of stroke, with no sig-
nificant difference between males and females.107

•	 Elevated TC is inversely associated in multiple 
studies with hemorrhagic stroke. In a meta-anal-
ysis of 23 prospective cohort studies, 1 mmol 
higher TC was associated with a 15% lower 
risk of hemorrhagic stroke (HR, 0.85 [95% CI, 
0.80–0.91]).108

•	 A meta-analysis of 23 studies performed in the 
Asia-Pacific region showed no significant asso-
ciation between low HDL-C and stroke risk,109 
although another meta-analysis without geo-
graphic restriction demonstrated a protective asso-
ciation of HDL-C with stroke.100

•	 Data from the Honolulu Heart Program found 
that in Japanese males 71 to 93 years of age, low 
concentrations of HDL-C were associated with a 
future risk of thromboembolic stroke.110
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•	 A Finnish study of >58 000 individuals followed 
up for >20 years found an inverse association of 
HDL-C with the risks of total and ischemic stroke 
in females.97 In the CHS, higher HDL-C was associ-
ated with a lower risk of ischemic stroke in males 
but not in females.111

•	 In the SHS, a possible interaction was noted 
between DM status and HDL-C for risk of stroke 
such that higher HDL-C was protective against 
stroke risk in patients with DM but not in those 
without DM.112 In a meta-analysis, no significant 
association was observed between HDL-C levels 
and risk of hemorrhagic stroke.108

•	 Data from the Dallas Heart Study suggest that 
higher HDL-C efflux capacity is strongly associated 
with lower risk of stroke.113

•	 In an analysis by the Emerging Risk Factors 
Collaboration of individual records on 302 430 
people without initial vascular disease from 68 
long-term prospective studies, HR for ischemic 
stroke was 1.12 (95% CI, 1.04–1.20) for non–HDL-
C114 and 0.93 (95% CI, 0.84–1.02) for HDL-C. In 
the Women’s Health Study, LDL-C was associated 
with an increased risk of stroke,103 and LDL-C may 
have a stronger association for large-artery athero-
sclerotic subtype.115 In a pooled analysis of CHS 
and ARIC, low LDLC (<158.8 mg/dL) was associ-
ated with an increased risk of ICH.116

•	 Among 13 951 patients in the Copenhagen 
Heart Study followed up for 33 years, increasing 
levels of nonfasting triglycerides were associated 
with increased risk of ischemic stroke in both 
males and females,117 although in ARIC, PHS, 
and SHS, there was no association.112,118,119 In the 
Rotterdam Study (N=9068), increasing quartiles 
of serum triglycerides were associated with a 
reduced risk of ICH.120

Smoking/Tobacco Use
(See Chapter 3 for more information.)

•	 Current smokers have a 2 to 4 times increased 
risk of stroke compared with nonsmokers or those 
who have quit for >10 years.121 Current smoking 
is associated with an increased prevalence of MRI-
defined brain infarcts and small subcortical brain 
infarcts.122

•	 Cigarette smoking is a risk factor for ischemic 
stroke and SAH.121,123

•	 Smoking is perhaps the most important modifiable 
risk factor in preventing SAH, with the highest PAR 
(38%–43%) of any SAH risk factor.124

•	 In a large Danish cohort study, among people with 
AF, smoking was associated with a higher risk 
of ischemic stroke/arterial thromboembolism or 
death, even after adjustment for other traditional 
risk factors.125

•	 Although some studies have reported a dose-
response relationship between smoking and risk 
of stroke across old and young age groups,123,126 a 
recent meta-analysis of 141 cohort studies showed 
that low cigarette consumption (≈1 cigarette per 
day) carries a risk of developing stroke as large as 
50% of that of high cigarette consumption (≈20 
cigarettes per day).127 This is much higher than 
what would be predicted from a linear or log-lin-
ear dose-response relationship between smoking 
and risk of stroke.127

•	 A meta-analysis that compared pooled data of 
almost 4 million smokers and nonsmokers found a 
similar risk of stroke associated with current smok-
ing in females and males.128

•	 Discontinuation of smoking has been shown 
to reduce stroke risk across sex, race, and age 
groups.126,128

•	 Smoking may impact the effect of other stroke risk 
factors on stroke risk. For example, a synergistic 
effect on the risk of stroke appears to exist between 
smoking and SBP129 and oral contraceptives.130,131

•	 Exposure to secondhand smoke, also termed pas-
sive smoking or secondhand tobacco smoke, is a 
risk factor for stroke.
—	 Meta-analyses have estimated a pooled RR 

of 1.25 for exposure to spousal smoking (or 
nearest equivalent) and risk of stroke. A dose-
response relationship between exposure to 
secondhand smoke and stroke risk was also 
reported.132,133

—	 Data from REGARDS found that after adjust-
ment for other stroke risk factors, the risk of 
overall stroke was 30% higher among non-
smokers who had secondhand smoke expo-
sure during adulthood (95% CI, 2%–67%).134

—	 Data from another large-scale prospective 
cohort study of females in Japan showed that 
secondhand tobacco smoke exposure at home 
during adulthood was associated with an 
increased risk of stroke mortality in those ≥80 
years of age (HR, 1.24 [95% CI, 1.05–1.46]). 
Overall, the increased risk was most evident 
for SAH (HR, 1.66 [95% CI, 1.02–2.70]) in all 
age groups.135

—	 A study using NHANES data found that indi-
viduals with a prior stroke have greater odds 
of having been exposed to secondhand smoke 
(OR, 1.46 [95% CI, 1.05–2.03]), and second-
hand smoke exposure was associated with a 
2-fold increase in mortality among stroke sur-
vivors compared with stroke survivors without 
the exposure (age-adjusted mortality rate: 
96.4±20.8 versus 56.7±4.8 per 100 person-
years; P=0.026).136
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•	 The FINRISK study found a strong association 
between current smoking and SAH compared with 
nonsmokers (HR, 2.77 [95% CI, 2.22–3.46]) and 
reported a dose-dependent and cumulative asso-
ciation with SAH risk that was highest in females 
who were heavy smokers.137

•	 Use of smokeless tobacco is associated with an 
increased risk of fatal stroke.
—	 In recent meta-analyses of studies from Europe, 

North America, and Asia, adult ever-users of 
smokeless tobacco had a higher risk of fatal 
stroke (OR, 1.39 [95% CI, 1.29–1.49]).138,139

—	 US smokeless tobacco users had a higher 
risk of stroke than nonusers, but this associa-
tion was not observed in Swedish smokeless 
tobacco users. This difference may be attrib-
utable to differences in product type and use 
patterns between the 2 countries.140

•	 Microvascular damage, more specifically, widen-
ing of the venules because of smoking, may medi-
ate the effect of smoking on the risk of ischemic 
stroke.141

Physical Inactivity
(See Chapter 4 for more information.)

•	 Over a mean follow-up of 17 years, the ARIC 
study found a significant trend among blacks 
toward reduced incidence of stroke with increas-
ing level of PA; a similar trend was observed for 
whites in the study, although it was not statisti-
cally significant. Data from this study showed that 
although the highest levels of activity were most 
protective, even modest levels of PA appeared to 
be beneficial.142

•	 Among individuals >80 years of age in NOMAS, 
physical inactivity was associated with higher risk 
of stroke (physical inactivity versus PA: HR, 1.60 
[95% CI, 1.05–2.42]).143

•	 In the CHS, a greater amount of leisure-time PA 
(across quintiles, Ptrend=0.001), as well as exer-
cise intensity (categories: high, moderate, low 
versus none, Ptrend<0.001), were both associated 
with lower risk of stroke among individuals >65 
years of age. The relation between greater PA 
and lower risk of stroke was even observed in 
individuals ≥75 years of age.144 In the Cooper 
Center Longitudinal Study of participants who 
underwent evaluation at the Cooper Clinic in 
Dallas, TX, investigators found that cardiorespi-
ratory fitness in midlife as measured by exercise 
treadmill testing was inversely associated with 
risk of stroke in older age, including in models 
that were adjusted for the interim development 
of stroke risk factors such as DM, hypertension, 
and AF.145

•	 Similarly, a prospective study of young Swedish 
males demonstrated that the lowest, com-
pared with the highest, tertiles of fitness (HR, 
1.70 [95% CI, 1.50–1.93]) and muscle strength 
(HR, 1.39 [95% CI, 1.27–1.53]) were associ-
ated with higher risk of stroke over 42 years of 
follow-up.146

•	 Several recent prospective studies found associa-
tions of PA and stroke risk in females.
—	 In the Million Women Study, a prospective 

cohort study among females in England and 
Scotland, over an average follow-up of 9 
years, self-report of any PA at baseline was 
associated with reduced risk of any stroke; 
however, more frequent or strenuous activity 
was not associated with increased protection 
against stroke.147

—	 Similarly, a low level of leisure-time PA was 
associated with a 1.5 times higher risk of 
stroke and a 2.4 times higher risk of fatal 
stroke compared with intermediate to high 
levels of activity in a cohort of ≈1500 Swedish 
females followed up for up to 32 years.148

—	 In the California Teachers Study of 61 256 
females with PA data, meeting AHA guidelines 
of moderate PA was associated with a lower 
risk of ischemic stroke. No association was 
observed between meeting AHA guidelines 
for strenuous activity and risk of stroke.149

—	 The EPIC-Heidelberg cohort included 25 000 
males and females and identified stroke out-
comes over a mean of 13 years of follow-up. 
Among females, participation in any level of 
PA was associated with a nearly 50% reduc-
tion in stroke risk compared with inactivity; no 
similar pattern was seen for males.150

•	 A dose-response effect was seen for total number 
of hours spent walking per week, and increased 
walking time was associated with reduced risk of 
incident stroke among 4000 males in the British 
Regional Heart Study. Those reporting ≥22 hours 
of walking per week had one-third the risk of inci-
dent stroke as those who walked <4 hours per 
week. No clear association between stroke and 
walking speed or distance walked was seen in this 
study.151

•	 Recent studies have also demonstrated a signifi-
cant association between sedentary time duration 
and risk of CVD including stroke, independent of 
PA levels.152,153 In the REGARDS study, screen time 
>4 h/d was associated with 37% higher risk (HR, 
1.37 [95% CI, 1.10–1.71]) of stroke over a 7-year 
follow-up.154

•	 In a population-based study of 74 913 Japanese 
people 50 to 79 years of age and without his-
tories of CVD or cancer, there was a nonlinear 
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dose-response relationship between daily total PA 
and stroke risk. Individuals with moderate levels of 
total PA had the lowest risk of total stroke (HR, 
0.83 [95% CI, 0.75–0.93]), hemorrhagic stroke 
(HR, 0.79 [95% CI, 0.66–0.94]), and ischemic 
stroke (HR, 0.79 [95% CI, 0.69–0.90]). The asso-
ciations of total PA level with hemorrhagic stroke 
showed a U or J shape, and that with ischemic 
stroke showed an L shape.155

Nutrition
(See Chapter 5 for more information.)

•	 Adherence to a Mediterranean-style diet that was 
higher in nuts and olive oil was associated with 
a reduced risk of stroke (diet with nuts: HR, 0.54 
[95% CI, 0.35–0.82]; diet with olive oil: HR, 0.65 
[95% CI, 0.44–0.95]; Mediterranean diets com-
bined versus control: HR, 0.58 [95% CI, 0.42–
0.82]) in an RCT conducted in Spain.156

•	 A recent review of trials and studies concluded 
that diet is a major modifiable risk factor for stroke 
globally and a major modifiable determinant of the 
global burden of stroke and identified the impor-
tance of specific foods and overall food quality and 
dietary patterns, rather than isolated single nutri-
ents or metrics (eg, calorie counting), in contribut-
ing to the risk and burden of stroke.157

•	 A meta-analysis of >94 000 people with 34 817 
stroke events demonstrated that eating ≥5 serv-
ings of fish per week versus eating <1 serving per 
week was associated with a 12% reduction in 
stroke risk; however, these results were not consis-
tent across all cohort studies.158

•	 A recent study from China provided preliminary 
evidence that change in salt intake was a factor in 
stroke risks; individuals with a moderate-decreas-
ing salt intake trajectory had significantly lower 
ischemic stroke risk (adjusted HR, 0.76 [95% CI, 
0.63–0.92]) than individuals with a moderate-sta-
ble salt intake trajectory.159

•	 A Nordic diet, including fish, apples, pears, cab-
bages, root vegetables, rye bread, and oatmeal, 
was associated with a decreased risk of stroke 
among 55 338 males and females (HR, 0.86 
[95% CI, 0.76–0.98] for high versus low diet 
adherence).160

•	 A meta-analysis of case-control and prospective 
cohort studies and an RCT investigating the asso-
ciation between olive oil consumption and the risk 
of stroke (N=38 673 participants) revealed a reduc-
tion in stroke risk (RR, 0.74 [95% CI, 0.60–0.92]).161

•	 A meta-analysis of 10 prospective cohort stud-
ies including 314 511 nonoverlapping individuals 
revealed that higher MUFA intake was not asso-
ciated with risk of overall stroke (RR, 0.86 [95% 
CI, 0.74–1.00]) or risk of ischemic stroke (RR, 0.92 

[95% CI, 0.79–1.08]) but was associated with a 
reduced risk of hemorrhagic stroke (RR, 0.68 [95% 
CI, 0.49–0.96]).162

•	 A meta-analysis of prospective cohort studies eval-
uating the impact of dairy intake on CVD noted 
that total dairy intake and calcium from dairy were 
associated with an inverse summary RR estimate 
for stroke (0.91 [95% CI, 0.83–0.99] and 0.69 
[95% CI, 0.60–0.81], respectively).163

•	 A meta-analysis of 20 prospective cohort studies 
of the association between nut consumption and 
cardiovascular outcomes (N=467 389) revealed no 
association between nut consumption and stroke 
(2 studies; RR, 1.05 [95% CI, 0.69–1.61]) but did 
find an association with stroke mortality (3 studies; 
RR, 0.83 [95% CI, 0.69–1.00]).164

•	 A meta-analysis of 8 prospective studies 
(N=410 921) revealed no significant association 
between consumption of refined grains and risk of 
stroke.165 A second meta-analysis166 of 8 prospec-
tive studies (N=468 887) revealed that a diet that 
contained greater amounts of legumes was not 
associated with a lower risk of stroke; however, 
a diet with greater amounts of nuts was associ-
ated with lower risk of stroke (summary RR, 0.90 
[95% CI, 0.81–0.99]). Sex significantly modified 
the effects of nut consumption on stroke risk, and 
high nut intake was associated with reduced risk 
of stroke in females (summary RR, 0.85 [95% CI, 
0.75–0.97]) but not in males (summary RR, 0.95 
[95% CI, 0.82–1.11]).166

•	 A recent meta-analysis confirmed an inverse asso-
ciation between potassium intake and stroke risk, 
with the highest category of potassium intake 
associated with a 13% reduced risk of stroke (RR, 
0.87 [95% CI, 0.80–0.94]) in the BP-adjusted 
analysis.167

•	 A meta-analysis of 8 studies (N=280 174) indicated 
an inverse association between flavonol intake 
and stroke (summary RR, 0.86 [95% CI, 0.75–
0.99]). An increase in flavonol intake of 20 mg/d 
was associated with a 14% decrease in the risk 
for developing stroke (summary RR, 0.86 [95% 
CI, 0.77–0.96]). Subgroup analyses suggested 
an inverse association between highest flavonol 
intake and stroke risk among males (summary RR, 
0.74 [95% CI, 0.56–0.97]) but not females (sum-
mary RR, 0.99 [95% CI, 0.85–1.16]).168

•	 In a population of Chinese adults, folate therapy 
combined with enalapril was associated with a sig-
nificant reduction in ischemic stroke risk (HR, 0.76 
[95% CI, 0.64–0.91]). Although the US popula-
tion is not as likely to be at risk of folate deficiency 
because of folate fortification of grains, this study 
demonstrates the importance of adequate folate 
levels for stroke prevention.169
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•	 In the WHI prospective cohort study (n=81 714 
females for this analysis), females who consumed 
≥2 artificially sweetened beverages daily, on aver-
age, had an elevated risk of all stroke (adjusted 
HR 1.23 [95% CI, 1.02–1.47]) and ischemic stroke 
(adjusted HR, 1.31 [95% CI 1.06–1.63]) compared 
with those who consumed <1 artificially sweet-
ened beverage weekly, after adjusting for demo-
graphics, CVD history, risk factors, BMI, health 
behaviors, and overall diet quality.170

•	 A study using data from the FHS Offspring cohort 
found that recent consumption and an increased 
cumulative intake of artificially sweetened soft 
drinks was associated with a higher risk of stroke, 
with the strongest association observed for isch-
emic stroke; no association was observed for sug-
ary beverages or sugar-sweetened soft drinks.171

Kidney Disease
(See Chapter 11 for more information.)

•	 A meta-analysis of 21 studies including >280 000 
patients showed a 43% (RR, 1.43 [95% CI, 
1.31–1.57]) increased incident stroke risk among 
patients with a GFR <60 mL·min−1·1.73 m−2.172

•	 A meta-analysis showed that a higher albuminuria 
level confers greater stroke risk, providing evidence 
that albuminuria is strongly linked to stroke risk, 
and suggested that people with elevated levels of 
urinary albumin excretion could benefit from more 
intensive vascular risk reduction.173

•	 A meta-analysis showed stroke risk increases lin-
early and additively with declining GFR (RR per 10 
mL·min−1·1.73 m−2 decrease in GFR, 1.07 [95% CI, 
1.04–1.09]) and increasing albuminuria (RR per 25 
mg/mmol increase in ACR, 1.10 [95% CI, 1.01–1.20]), 
which indicates that CKD staging might also be a use-
ful clinical tool to identify people who might benefit 
most from interventions to reduce stroke risk.174

•	 A pooled analysis of 4 prospective community-
based cohorts (ARIC, MESA, CHS, and PREVEND) 
including 29 595 participants showed that low 
eGFR (45 mL·min−1·1.73 m−2) was significantly 
associated with increased risk of ischemic stroke 
(HR, 1.30 [95% CI, 1.01–1.68]) but not hemor-
rhagic stroke (HR, 0.92 [95% CI, 0.47–1.81]) com-
pared with normal GFR (95 mL·min−1·1.73 m−2). A 
high ACR of 300 mg/g was associated with both 
ischemic stroke (HR, 1.62 [95% CI, 1.27–2.07]) 
and hemorrhagic stroke (HR, 2.57 [95% CI, 1.37–
4.83]) compared with 5 mg/g.175

•	 Proteinuria and albuminuria are better predictors 
of stroke risk than eGFR in patients with kidney 
disease.176

•	 Among 232 236 patients in the GWTG-Stroke 
registry, admission eGFR (in mL·min−1·1.73 m−2) 
was inversely associated with mortality and poor 

functional outcomes. After adjustment for poten-
tial confounders, lower eGFR was associated 
with increased mortality, with the highest mortal-
ity among those with eGFR <15 without dialysis 
(OR, 2.52 [95% CI, 2.07–3.07]) compared with 
eGFR ≥60. Lower eGFR was also associated with 
decreased likelihood of being discharged home.177

•	 In a Chinese stroke registry, low eGFR (<60 
mL·min−1·1.73 m−2) compared with eGFR ≥90 
mL·min−1·1.73 m−2 was similarly associated with 
increased mortality among patients with and with-
out hypertension, but there was an interaction 
between eGFR and hypertension for the effect 
on functional outcomes. In 5082 patients without 
hypertension, the risk of a poor functional out-
come (defined as modified Rankin scale score of 
3–6) was approximately twice as high for those 
with low eGFR (adjusted OR, 2.14 [95% CI, 1.45–
3.16]). In 1378 patients with previously diagnosed 
hypertension, the magnitude of risk of a poor 
functional outcome associated with low eGFR was 
less (adjusted OR, 1.30 [95% CI, 1.11–1.52]; P for 
interaction=0.046).178

Risk Factor Issues Specific to Females
See the “Guidelines for the Prevention of Stroke in 
Women: A Statement for Healthcare Professionals 
From the American Heart Association/American Stroke 
Association” for more in-depth coverage of stroke risk 
factors unique to females.179

•	 In a meta-analysis of 11 studies of stroke incidence 
published between 1990 and January 2017, the 
pooled crude rate of pregnancy-related stroke 
was 30.0 per 100 000 pregnancies (95% CI, 
18.8–47.9). The crude rates per 100 000 pregnan-
cies were 18.3 (95% CI, 11.9–28.2) for antenatal/
perinatal stroke and 14.7 (95% CI, 8.3–26.1) for 
postpartum stroke.180

•	 Among 80 191 parous females in the WHI 
Observational Study, those who reported breast-
feeding for at least 1 month had a 23% lower 
risk of stroke than those who never breastfed 
(HR, 0.77 [95% CI, 0.70–0.83]). The strength of 
the association increased with increasing breast-
feeding duration (1–6 months: HR, 0.81 [95% 
CI, 0.74–0.90]; 7–12 months: HR, 0.75 [95% CI, 
0.66–0.85]; ≥13 months: HR, 0.74 [95% CI, 0.65–
0.83]; P for trend<0.01). The strongest association 
was observed among NH black females (HR, 0.54 
[95% CI, 0.37–0.71]).181

•	 Although the incidence of stroke is higher in males 
than in females, this difference is less pronounced 
with increasing age and is only partially explained 
by established risk factors such as hypertension, 
smoking, and IHD that are more prevalent in 
males.182
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•	 In a systematic review and meta-analysis of 78 
studies including >10 million participants, any 
hypertensive disorder during pregnancy, includ-
ing gestational hypertension, preeclampsia, or 
eclampsia, was associated with a greater risk of 
ischemic stroke; late menopause (after 55 years 
of age) and gestational hypertension were associ-
ated with a greater risk of hemorrhagic stroke; and 
oophorectomy, hypertensive disorder during preg-
nancy, preterm delivery, and stillbirth were associ-
ated with a greater risk of any stroke.183

•	 In the setting of AF, females have a significantly 
higher risk of stroke than males.184–188

•	 In the UK Million Women Study, there was a 
U-shaped relationship between age at menarche 
and risk of incident stroke.189 Compared with 
females experiencing menarche at 13 years of age, 
both those experiencing menarche at ≤10 years 
of age and those experiencing menarche at ≥17 
years of age had an increased risk of stroke (RR, 
1.16 [95% CI, 1.09–1.24] and RR, 1.13 [95% CI, 
1.03–1.24], respectively).

•	 In a meta-analysis of 32 studies, females who 
experienced menopause before 45 years of age 
had an increased risk of stroke compared with 
females ≥45 years of age at menopause onset (OR, 
1.23 [95% CI, 0.98–1.53]). This association was 
not observed for stroke mortality (OR, 0.99 [95% 
CI, 0.92–1.07]).190

•	 Overall, randomized clinical trial data indicate that 
the use of estrogen plus progestin, as well as estro-
gen alone, increases stroke risk in postmenopausal, 
generally healthy females and provides no protec-
tion for postmenopausal females with established 
CHD191–194 and recent stroke or TIA.195

•	 In a nested case-control study of the UK’s General 
Practice Research Database, stroke risk was not 
increased for users of low-dose (≤50 µg) estrogen 
patches (RR, 0.81 [95% CI, 0.62–1.05]) but was 
increased for users of high-dose (>50 µg) patches (RR, 
1.89 [95% CI, 1.15–3.11]) compared with nonusers.196

•	 Migraine with aura is associated with ischemic 
stroke in younger females, particularly if they 
smoke or use oral contraceptives. The combination 
of all 3 factors increases the risk ≈9-fold compared 
with females without any of these factors.197,198

•	 Among people living with HIV, females had a 
higher incidence of stroke or TIA than males, 
especially at younger ages.199 Compared with HIV-
uninfected females, females living with HIV had a 
2-fold higher incidence of ischemic stroke.200

Sleep-Disordered Breathing and Sleep Duration
(See Chapter 12 for more information.)

•	 Sleep-disordered breathing is associated with 
stroke risk. In a 2017 meta-analysis including 16 

cohort studies (N=24 308 individuals), severe OSA 
was associated with a doubling in stroke risk 
(RR, 2.15 [95% CI, 1.42–3.24]). Severe OSA was 
independently associated with stroke risk among 
males, but not females, in stratified analyses. 
Neither mild nor moderate OSA was associated 
with stroke risk.201

•	 OSA may be particularly associated with stroke 
occurring at the time of waking up (“wake-up 
stroke”). In a meta-analysis of 5 studies (N=591 
patients), patients with wake-up stroke had a 
higher AHI than those with non–wake-up stroke, 
and there was an increased incidence of severe 
OSA in those with wake-up stroke (OR, 3.18 [95% 
CI, 1.27–7.93]).202

•	 OSA is also common after stroke.194,203,204 In a 
2017 meta-analysis that included 43 studies, the 
prevalence of OSA (AHI >10) after stroke and TIA 
ranged from 24% to 92%, with a pooled estimate 
of 59%.205 The proportion of patients with cere-
brovascular disease with severe OSA (AHI >30) 
ranged from 8% to 64%.

•	 In the BASIC Project, Mexican Americans had a 
higher prevalence of poststroke sleep-disordered 
breathing, defined as an AHI ≥10, than NH whites 
after adjustment for confounders (prevalence 
ratio, 1.21 [95% CI, 1.01–1.46]).203

•	 Also in the BASIC Project, acute infarction involving 
the brainstem (versus no brainstem involvement) 
was associated with increased odds of sleep-dis-
ordered breathing, defined as an AHI ≥10, with 
OR 3.76 (95% CI, 1.44–9.81) after adjustment for 
demographics, risk factors, and stroke severity.206 
In this same study, ischemic stroke subtype was 
not found to be associated with the presence or 
severity of sleep-disordered breathing.207

•	 OSA is associated with higher poststroke mortal-
ity208–210 and worse functional outcome.211

•	 Sleep duration is also associated with stroke risk. In 
a meta-analysis of 14 prospective cohort studies, 
long sleep, mostly defined as self-reported sleep 
of ≥8 to 9 hours per night, was associated with 
incident stroke, with an HR of 1.46 (95% CI, 1.26–
1.69) after adjustment for demographics, vascu-
lar risk factors, and comorbidities.212 In another 
meta-analysis, short sleep, defined as sleep ≤5 to 
6 hours per night, was also associated, although to 
a lesser magnitude, with incident stroke (HR, 1.15 
[95% CI, 1.07–1.24]) after adjustment for similar 
factors.213

•	 In a 2017 meta-analysis that included 20 reports 
related to stroke outcomes, there was an approxi-
mate U‐shaped association between sleep dura-
tion and stroke risk, with the lowest risk at a sleep 
duration of ≈6 to 7 hours daily. Both short and 
long sleep duration were associated with increased 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



366

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 14

stroke risk. For every hour of sleep reduction below 
7 hours, after adjustment for other risk factors, the 
pooled RR was 1.05 (95% CI, 1.01–1.09), and for 
each 1-hour increment of sleep above 7 hours, the 
RR was 1.18 (95% CI, 1.14–1.21).214

•	 In a meta-analysis of 10 studies, a J-shaped rela-
tionship was reported between sleep duration and 
stroke risk, with the lowest risk among those with 
a sleep duration of 6 to 7 h/d.215

Psychosocial Factors
•	 A meta-analysis of 28 prospective cohort studies 

comprising 317 540 participants with a follow-up 
period that ranged from 2 to 29 years found that 
depression was associated with an increased risk 
of total stroke (pooled HR, 1.45 [95% CI, 1.29–
1.63]), fatal stroke (pooled HR, 1.55 [95% CI, 
1.25–1.93]), and ischemic stroke (pooled HR, 1.25 
[95% CI, 1.11–1.40]).216

•	 The relationship between changes in depressive 
symptoms and risk of first stroke was examined 
among 4319 participants in the CHS. Compared 
with participants who had persistently low depres-
sive symptoms, those who had persistently high 
depressive symptoms for 2 consecutive annual 
assessments had an increased risk of stroke 
(adjusted HR, 1.65 [95% CI, 1.06–2.56]). New 
onset of symptoms was nonsignificantly associ-
ated with stroke risk (adjusted HR, 1.44 [95% CI, 
0.97–2.14]). There was no increased stroke risk for 
participants whose depressive symptoms improved 
(HR, 1.02 [95% CI, 0.66–1.58]).217

•	 In a meta-analysis that included 46 studies (30 on 
psychological factors, 13 on vocational factors, 10 
on interpersonal factors, and 2 on behavioral fac-
tors), the risk of stroke increased by 39% with psy-
chological factors (HR, 1.39 [95% CI, 1.27–1.51]), 
35% with vocational factors (HR, 1.35 [95% CI, 
1.20–1.51]), and 16% with interpersonal factors 
(HR, 1.16 [95% CI, 1.03–1.31]); there was no 
significant relationship with behavior factors (HR, 
0.94 [95% CI, 0.20–4.31]).218

•	 Among 13 930 patients with ischemic stroke 
and 28 026 control subjects in the NINDS Stroke 
Genetics Network, each 1-SD increase in the 
Psychiatric Genomics Consortium polygenic risk 
score for major depressive disorder was associ-
ated with a 3% increase in the odds of ischemic 
stroke (OR, 1.03 [95% CI, 1.00–1.05]) for those of 
European ancestry and an 8% increase (OR, 1.08 
[95% CI, 1.04–1.13]) for those of African ances-
try.219 The risk score was associated with increased 
odds of small-artery occlusion in both ancestry 
samples (European: OR, 1.08 [95% CI, 1.03–1.13]; 
African: OR, 1.09 [95% CI, 1.01–1.19]), cardioem-
bolic stroke in those of European ancestry (OR, 

1.04 [95% CI, 1.00–1.08]), and large-artery ath-
erosclerosis in those of African ancestry (OR, 1.12 
[95% CI, 1.01–1.25]).

•	 Among 479 054 participants in the UK Biobank 
study who were followed up for a mean of 7.1 
years, social isolation (HR, 1.39 [95% CI, 1.25–
1.54]) and loneliness (HR, 1.36 [95% CI, 1.20–
1.55]) were associated with higher risk of incident 
stroke in analyses adjusted for demographic char-
acteristics. However, after adjustment for biologi-
cal factors, health behaviors, depressive symptoms, 
socioeconomic factors, and chronic diseases, these 
relationships were no longer statistically signifi-
cant. In fully adjusted analyses, social isolation, 
but not loneliness, was associated with increased 
risk of mortality after stroke (HR, 1.32 [95% CI, 
1.08–1.61]).220

Social Determinants
•	 Adverse work conditions, including job loss and 

unemployment, have been linked to stroke risk. 
In a cohort of 21 902 Japanese males and 19 826 
females followed up for 19 years, job loss (change 
in job status within the first 5 years of data col-
lection) was associated with a >50% increase in 
incident stroke and a >2-fold increase in stroke 
mortality over follow-up.221 Long work hours have 
also been linked to stroke. Meta-analytic findings 
from 24 cohort studies from the United States, 
Europe, and Australia revealed a dose-response 
relationship between working longer than 40 
hours per week and incident stroke.222

•	 In ARIC, having smaller social networks (ie, contact 
with fewer family members, friends, and neigh-
bors) was linked to a 44% higher risk of incident 
stroke over the 18.6-year follow-up, even after 
controlling for demographics and other relevant 
risk factors.223

•	 Findings from MESA have documented linkages 
between other psychosocial factors (including 
depressive symptoms, chronic stress, and hostility) 
and incident stroke, with participants in the high-
est- versus lowest-scoring categories having a 1.5- 
to >2-fold increased risk of stroke over a median 
follow-up of 8.5 years.224

Family History and Genetics
•	 Ischemic stroke is a heritable disease; family his-

tory of stroke is associated with increased risk 
of ischemic stroke, stroke subtypes, and carotid 
atherosclerosis.225

•	 In the Family Heart Study, the adjusted ORs of 
stroke for a positive paternal and maternal his-
tory of stroke were 2.0 and 1.4, respectively, 
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with similar patterns seen in blacks and European 
Americans.226

•	 Heritability of stroke appears to play a larger role in 
strokes that occur in younger people.227

•	 Genetic factors appear to be more important in 
large-artery and small-vessel stroke than in crypto-
genic or cardioembolic stroke.227

•	 Genetic studies have identified genetic variants 
associated with risk of ischemic stroke, with dis-
tinct genetic associations228 for different stroke 
subtypes.
—	 For example, variants in the paired-like home-

odomain transcription factor 2 gene (PITX2) 
discovered through an unbiased genome-wide 
approach for AF have been shown to be asso-
ciated with cardioembolic stroke.229

—	 Variants in the HDAC9 gene have been associ-
ated with large-artery stroke, as have variants 
in the chromosome 9p21 locus originally iden-
tified through a genome-wide approach for 
CAD.230,231

•	 The largest multiethnic GWAS of stroke conducted 
to date reports 32 genetic loci, including 22 not 
previously reported.232 These novel loci point to a 
major role of cardiac mechanisms beyond estab-
lished sources of cardioembolism. Approximately 
half of the stroke genetic loci share genetic asso-
ciations with other vascular traits, most notably BP. 
The identified loci were also enriched for targets 
of antithrombotic drugs, including alteplase and 
cilostazol.

•	 Some genetic loci were subtype specific. For exam-
ple, EDNRA and LINC01492 were exclusively asso-
ciated with large-artery stroke. But shared genetic 
influences between stroke subtypes were also 
evident. For example, SH2B3 showed shared influ-
ence on large-artery and small-vessel stroke and 
ABO on large-artery and cardioembolic stroke; 
PMF1-SEMA4A has been associated with both 
nonlobar ICH and ischemic stroke.

•	 A GWAS focused on small-vessel stroke from 
the International Stroke Consortium identified a 
novel association with a region on chromosome 
16q24.2.233

•	 Studies have also identified genetic loci unique to 
non-European ethnicity populations. For example, 
one study of blacks from MESA found that vari-
ants within the SERGEF gene were associated with 
carotid artery IMT, as well as with stroke.234

•	 Low-frequency genetic variants (ie, allele fre-
quency <5%) may also contribute to risk of large- 
and small-vessel stroke. GUCY1A3, for example, 
with an allele frequency in the lead SNP of 1.5%, 
was associated with large-vessel stroke.234 The 
gene encodes the α1-subunit of soluble gua-
nylyl cyclase, which plays a role both in nitric 

oxide–induced vasodilation and platelet inhibition, 
and has been associated with early MI.

•	 The gene GCH1, also with an allele frequency 
of only 1.5%, was associated with small-vessel 
stroke. This gene encodes GTP cyclohydrolase 1, 
which plays a role in endothelial nitric oxide syn-
thase.235 Rare variants thus may account for some 
of the unexplained heritability in stroke risk.

•	 Monogenic forms of ischemic stroke have much 
higher risk associated with the underlying genetic 
variant but are rare.236

—	 For example, cerebral autosomal dominant 
arteriopathy with subcortical infarcts and leu-
koencephalopathy (CADASIL), an autosomal 
dominant disease presenting with stroke, 
progressive cognitive impairment, and char-
acteristic bilateral involvement of the anterior 
temporal white matter and external capsule, is 
caused by mutations in the NOTCH3 gene on 
chromosome 19q12.237

—	 Other monogenic causes of stroke include 
Fabry disease, sickle cell disease, homocys-
tinuria, Marfan syndrome, vascular Ehlers-
Danlos syndrome (type IV), pseudoxanthoma 
elasticum, retinal vasculopathy with cerebral 
leukodystrophy and systemic manifestations, 
and mitochondrial myopathy, encephalopathy, 
lactic acidosis, and stroke (MELAS).228

•	 ICH also appears to have a genetic compo-
nent, with heritability estimates of 34% to 74% 
depending on the subtype.238 A GWAS of ICH sug-
gests that 15% of this heritability is attributable 
to genetic variants in the apolipoprotein E gene 
(APOE), and 29% is attributable to non-APOE 
genetic variants.238

•	 Genetic variants that predispose to hypertension 
also have been associated with ICH risk.227 The 
other genes strongly associated with ICH are PMF1 
and SLC25A44, which have been linked to ICH 
with small-vessel disease.239,240

•	 Genetic predisposition to higher MCP-1/CCL2 
concentrations was associated with high risk of 
any stroke, including associations with large-artery 
stroke, ischemic stroke, and cardioembolic stroke, 
but not small-vessel stroke or ICH, implicating 
inflammation in stroke pathogenesis.241

•	 Genetic determinants of coagulation factors, 
including factor XI and factor VII, have been impli-
cated in the pathogenesis of ischemic stroke.242,243

Awareness of Stroke Warning Signs and 
Risk Factors

•	 Knowledge on stroke risk factors and symptoms is 
limited in children; stroke knowledge is lowest for 
those living in communities with greater economic 
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need and sociodemographic distress and lower 
school performance.244

•	 A study of CVD awareness performed by the AHA 
among females in the United States who were >75 
years of age (N=1205) showed that low propor-
tions of females identified severe headache (23%), 
unexplained dizziness (20%), and vision loss/
changes (18%) as stroke warning symptoms.245

•	 In a single-center study of 144 stroke survivors, 
Hispanics scored lower on a test of stroke symp-
toms and the appropriate response to those 
symptoms than NH whites (72.5% versus 79.1% 
of responses correct) and were less often aware 
of tPA as a treatment for stroke (91.5% versus 
79.2%).246

•	 In the 2009 BRFSS (N=132 604), 25% of males 
versus 21% of females had low stroke symptom 
knowledge scores (correct response to 0–4 of the 
7 survey questions).247 Sudden confusion or diffi-
culty speaking and sudden numbness or weakness 
of the face, arm, or leg were the most commonly 
correctly identified stroke symptoms, whereas sud-
den headache was the least; 60% of females and 
58% of males incorrectly identified sudden chest 
pain as a stroke symptom.

•	 In a study of patients with AF, there was a lack of 
knowledge about stroke subtypes, common symp-
toms of stroke, and the increased risk of stroke 
associated with AF.248 Only 68% of patients with-
out a prior stroke history were able to identify the 
most common symptoms of stroke.

Stroke Mortality 
(See Table 14-1 and Charts 14-3 through 
14-8)
See “Factors Influencing the Decline in Stroke Mortality: 
A Statement From the American Heart Association/
American Stroke Association”55 for more in-depth cov-
erage of factors contributing to the decline in stroke 
mortality over the past several decades.

•	 In 2017 (unpublished NHLBI tabulations using 
CDC WONDER249 and the NVSS250):
—	 On average, every 3 minutes 35 seconds, 

someone died of a stroke.
—	 Stroke accounted for ≈1 of every 19 deaths in 

the United States.
—	 When considered separately from other CVDs, 

stroke ranks fifth among all causes of death, 
behind diseases of the heart, cancer, CLRD, 
and unintentional injuries/accidents.

—	 The number of deaths with stroke as an under-
lying cause was 146 383 (Table 14-1); the age-
adjusted death rate for stroke as an underlying 
cause of death was 37.6 per 100 000, whereas 

the age-adjusted rate for any mention of stroke 
as a cause of death was 63.3 per 100 000.

—	 Approximately 63% of stroke deaths occurred 
outside of an acute care hospital.

—	 In 2017, NH black males and females had 
higher age-adjusted death rates for stroke 
than NH white, NH Asian, NH Indian or Alaska 
Native, and Hispanic males and females in the 
United States (Chart 14-3).

—	 More females than males die of stroke each 
year because of a larger number of elderly 
females than males. Females accounted for 
58% of US stroke deaths in 2017.

•	 Conclusions about changes in stroke death rates 
from 2007 to 2017 are as follows249:
—	 The age-adjusted stroke death rate decreased 

13.6% (from 43.5 per 100 000 to 37.6 per 
100 000), whereas the actual number of stroke 
deaths increased 7.7% (from 135 952 deaths 
to 146 383 deaths).

—	 The decline in age-adjusted stroke death rates 
for males and females was similar (−13.0% 
and −14.3%, respectively).

—	 Crude stroke death rates declined most 
among people 65 to 74 years of age (−16.4%; 
from 91.4 to 76.4 per 100 000), 75 to 84 
years of age (−18.0%; from 320.8 to 263.1 
per 100 000), and ≥85 years of age (−10.6%; 
from 1110.7 to 993.5 per 100 000). By com-
parison, crude stroke death rates declined 
more modestly among those 25 to 34 years of 
age (0%; 1.3 and 1.3 per 100 000), 35 to 44 
years (−12.0%; 5.0 to 4.4 per 100 000), 45 to 
54 years (−15.2%; 14.5 to 12.3 per 100 000), 
and 55 to 64 years (−4.4%; 31.7 to 30.3 per 
100 000). Despite the improvements noted 
since 2007, there has been a recent flatten-
ing or increase in death rates among all age 
groups (Charts 14-4 and 14-5).

—	 Age-adjusted stroke death rates declined by 
≈11% or more among all racial/ethnic groups; 
however, in 2017, rates remained higher 
among NH blacks (52.7 per 100 000; change 
since 2007: −16.3%) than among NH whites 
(36.4 per 100 000; −12.7%), NH Asians/
Pacific Islanders (30.3 per 100 000; −17.7%), 
NH American Indians/Alaska Natives (34.1 per 
100 000; −16.4%), and Hispanics (31.8 per 
100 000; −11.2%).

•	 There are substantial geographic disparities in 
stroke mortality, with higher rates in the south-
eastern United States, known as the “stroke 
belt” (Chart 14-6). This area is usually defined to 
include the 8 southern states of North Carolina, 
South Carolina, Georgia, Tennessee, Mississippi, 
Alabama, Louisiana, and Arkansas. These 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



369

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 14

geographic differences have existed since at least 
1940, and despite some minor shifts, they per-
sist.251 Historically, the overall average stroke mor-
tality has been ≈30% higher in the stroke belt than 
in the rest of the nation and ≈40% higher in the 
stroke “buckle” (North Carolina, South Carolina 
and Georgia).55

•	 The risk of dementia is also increased in the south-
eastern United States, the geographic area of 
excess stroke risk.252,253

•	 More recent analyses of the geographic dispari-
ties determined that stroke risks are highest for 
residents of the stroke belt who were born and 
resided in the Southeast for the first 2 decades of 
their life.254

•	 On the basis of pooled data from several large 
studies, the probability of death within 1 year or 5 
years after a stroke was highest in individuals ≥75 
years of age (Charts 14-7 and 14-8). The probabil-
ity of death within 1 year of a stroke was lowest 
in black males 45 to 64 years of age (Chart 14-7). 
The probability of death within 5 years of a stroke 
was lowest for white males 45 to 64 years of age 
(Chart 14-8).

•	 On the basis of national death statistics for the 
time period 1990 to 2009, stroke mortality rates 
among American Indian and Alaska Native people 
were higher than among whites for both males and 
females in contract health services delivery area 
counties in the United States and were highest in 
younger age groups (35–44 years of age). Stroke 
mortality rates and the rate ratios for American 
Indians/Alaska Natives to whites varied by region, 
with the lowest in the Southwest and the highest 
in Alaska. Starting in 2001, rates among American 
Indian/Alaska Native people decreased in all 
regions.255

•	 Data from the ARIC study (1987–2011; 4 US cit-
ies) showed that the cumulative all-cause mortality 
rate after a stroke was 10.5% at 30 days, 21.2% at 
1 year, 39.8% at 5 years, and 58.4% at the end of 
24 years of follow-up. Mortality rates were higher 
after an incident hemorrhagic stroke (67.9%) than 
after ischemic stroke (57.4%). Age-adjusted mor-
tality after an incident stroke decreased over time 
(absolute decrease of 8.1 deaths per 100 strokes 
after 10 years), which was mainly attributed to 
the decrease in mortality among those ≤65 years 
of age (absolute decrease of 14.2 deaths per 100 
strokes after 10 years).5

•	 Data from the BASIC Project showed there was no 
change in ICH case fatality or long-term mortality 
from 2000 to 2010 in a South Texas community. 
Yearly age-, sex-, and ethnicity-adjusted 30-day 
case fatality ranged from a low of 28.3% (95% 

CI, 19.9%–40.3%) in 2006 to 46.5% (95% CI, 
35.5%–60.8%) in 2008.7

•	 Projections of stroke mortality from 2012 to 
2030 differ based on what factors are included in 
the forecasting.256 Conventional projections that 
only incorporate expected population growth 
and aging reveal that the number of stroke 
deaths in 2030 may increase by ≈50% com-
pared with the number of stroke deaths in 2012. 
However, if previous stroke mortality trends are 
also incorporated into the forecasting, the num-
ber of stroke deaths among the entire popula-
tion is projected to remain stable through 2030, 
with potential increases among the population 
≥65 years of age. Moreover, the trend-based 
projection method reveals that the disparity in 
stroke deaths among NH blacks compared with 
NH whites could increase from an RR of 1.10 
(95% CI, 1.08–1.13) in 2012 to 1.30 (95% CI, 
0.45–2.44) in 2030.256

Complications and Recovery
•	 Recurrent stroke is common (Chart 14-9).
•	 Stroke is a leading cause of serious long-term dis-

ability in the United States (Survey of Income and 
Program Participation, a survey of the US Census 
Bureau).257 Approximately 3% of males and 2% of 
females reported that they were disabled because 
of stroke.

•	 In data from the NIS (2010 to 2012), among 
395 411 stroke patients, 6.2% had a palliative care 
encounter. There was wide variability in use of pal-
liative care, with higher use among patients who 
were older, female, and white; for those with hem-
orrhagic stroke; and for those at larger, nonprofit 
hospitals.258

•	 Stroke was among the top 18 diseases contribut-
ing to years lived with disability in 2010; of these 
18 causes, only the age-standardized rates for 
stroke increased significantly between 1990 and 
2010 (P<0.05).259

•	 Common complications after stroke include both 
short-term complications, such as seizures, DVT, 
PE, urinary infection, aspiration pneumonia, decu-
bitus ulcers, and constipation, as well as long-term 
sequelae including pain syndromes, pseudobulbar 
affect, depression and anxiety, cognitive impair-
ment and dementia, epilepsy, gait instability, and 
falls and fractures.

•	 Among 1075 patients undergoing rehabilitation 
after stroke in a Polish cohort, at least 1 com-
plication was reported by 77% of patients, and 
20% experienced ≥3 complications.260 Urinary 
tract infection (23.2%), depression (18.9%), falls 
(17.9%), unstable hypertension (17.6%), and 
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shoulder pain (14.9%) were the most common 
complications.

•	 DVT and PE are well-known complications of 
stroke, particularly in the acute phase. The inci-
dence of DVT is lower now than in older stud-
ies because of the use of prophylactic treatment 
with subcutaneous heparin and pneumatic com-
pression boots. In the PREVAIL trial, among 1762 
ischemic stroke patients unable to walk without 
assistance, the incidence of symptomatic DVT was 
≤1% in patients treated with either enoxaparin or 
unfractionated heparin.261 PE occurred in only 1 of 
666 patients (0.2%) treated with enoxaparin and 
6 of 669 patients (1%) treated with unfraction-
ated heparin.

•	 The risk of VTE ranged from 16% to 30% for 
those with severe strokes (NIHSS score ≥14) to 8% 
to 14% for those with mild and moderate strokes 
(NIHSS score <14) in PREVAIL.

•	 In a meta-analysis that included 7 studies, the 
incidence density of late-onset poststroke sei-
zure (ie, seizure occurring at least 14 days after 
a stroke) was 1.12 (95% CI, 0.95–1.32) per 100 
person-years.262

•	 In the PROFESS trial, among 15 754 participants 
with ischemic stroke, 1665 patients (10.6%) 
reported new chronic poststroke pain, includ-
ing 431 (2.7%) with central poststroke pain, 238 
(1.5%) with peripheral neuropathic pain, 208 
(1.3%) with pain from spasticity, and 136 (0.9%) 
with pain from shoulder subluxation.263 Chronic 
pain was associated with greater dependence (OR, 
2.16 [95% CI, 1.82–2.56]).

•	 Patients with stroke are at increased risk of frac-
tures compared with those with TIA or no stroke 
history. In the Ontario Stroke Registry, which 
included 23 751 stroke and 11 240 patients with 
TIA, the risk of low-trauma fractures was 5.7% 
during the 2 years after stroke, compared with 
4.8% in those with TIA and 4.1% in age- and 
sex-matched control subjects.264 The risk among 
stroke survivors compared with healthy control 
subjects was ≈50% higher (adjusted HR for those 
with stroke versus control subjects, 1.47 [95% CI, 
1.35–1.60]).

•	 Chronic insomnia occurred in 16% of stroke survi-
vors in an Australian cohort. Insomnia was associ-
ated with depression, anxiety, disability, and failure 
to return to work.265

•	 In a meta-analysis of 8 studies with data available 
on constipation after stroke that included 1385 
participants, the pooled incidence of constipation 
was 48% (95% CI, 33%–63%).266

•	 Among 190 mild to moderately disabled survi-
vors >6 months after stroke, 40 to 84 years of 
age, the prevalence of sarcopenia (loss of muscle 

mass) ranged between 14% and 18%, which was 
higher than for control subjects matched on age, 
sex, race, and BMI.267

•	 In CHS, among 509 participants with recovery data, 
prestroke walking speed and grip strength were 
associated with poststroke declines in both cogni-
tion and activities of daily living.268 Inflammatory 
biomarkers (CRP, IL-6) were associated with post-
stroke cognitive decline among males, and frailty 
was associated with decline in activities of daily liv-
ing among females.

•	 In data from 2011, 19% of Medicare patients 
were discharged to inpatient rehabilitation facili-
ties, 25% were discharged to skilled nursing facili-
ties, and 12% received home health care.269

•	 The 30-day readmission rate for Medicare fee-for-
service beneficiaries with ischemic stroke in 2006 
was 14.4%.270

•	 The 30-day hospital readmission rate after dis-
charge from postacute rehabilitation for stroke was 
12.7% among fee-for-service Medicare patients. 
The mean rehabilitation length of stay for stroke 
was 14.6 days.271

•	 After stroke, females often have greater disability 
than males. For example, an analysis of community-
living adults (>65 years of age) found that females 
were half as likely to be independent in activities of 
daily living after stroke, even after controlling for 
age, race, education, and marital status.272

•	 A meta-analysis of >25 studies examining sex dif-
ferences in long-term outcomes among stroke 
survivors found that females had worse func-
tional recovery and greater long-term disability 
and handicap. However, confidence in these con-
clusions was limited by the quality of the stud-
ies and variability in the statistical approach to 
confounding.273

•	 A national study of inpatient rehabilitation after 
first stroke found that blacks were younger, had 
a higher proportion of hemorrhagic stroke, and 
were more disabled on admission than NH whites. 
Compared with NH whites, blacks and Hispanics 
also had a poorer functional status at discharge but 
were more likely to be discharged to home rather 
than to another institution, even after adjustment 
for age and stroke subtype. After adjustment for 
the same covariates, compared with NH whites, 
blacks also had less improvement in functional sta-
tus per inpatient day.274

•	 Blacks were less likely to report independence in 
activities of daily living and instrumental activities 
of daily living than whites 1 year after stroke after 
controlling for stroke severity and comparable 
rehabilitation use.275

•	 Hospital characteristics also predict functional 
outcomes after stroke. In an analysis of the AVAIL 
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study, which included 2083 ischemic stroke 
patients enrolled from 82 US hospitals participat-
ing in GWTG-Stroke, patients treated at teaching 
hospitals (OR, 0.72 [95% CI, 0.54–0.96]) and cer-
tified primary stroke centers (OR, 0.69 [95% CI, 
0.53–0.91]) had lower rates of 3-month death or 
dependence.276

•	 In a survey among 391 stroke survivors, the vast 
majority (87%) reported unmet needs in at least 
1 of 5 domains (activities and participation, envi-
ronmental factors, body functions, postacute care, 
and secondary prevention).277 The greatest area of 
unmet need was in secondary prevention (71% of 
respondents). Older age, greater functional ability, 
and reporting that the general practitioner was 
the most important health professional providing 
care were associated with fewer unmet needs, and 
depression and receipt of community services after 
stroke were associated with more unmet needs.

•	 Stroke also takes its toll on caregivers. In a meta-
analysis of 12 studies that included 1756 caregiv-
ers, the pooled prevalence of depressive symptoms 
among caregivers was 40% (95% CI, 30%–51%). 
Symptoms of anxiety were present in 21% (95% 
CI, 12%–36%).278

Depression
•	 Patients with stroke are at increased risk of depres-

sion. Approximately one-third of stroke survivors 
develop poststroke depression, and the frequency 
is highest in the first year after a stroke.279 
Suicidality is also increased after stroke.280

•	 A 2014 meta-analysis involving 61 studies 
(N=25 488) revealed depression in 33% (95% 
CI, 26%–39%) of patients at 1 year after stroke, 
with a decline at 1 to 5 years to 25% (95% CI, 
16%–33%) and to 23% (95% CI, 14%–31%) at 
5 years.281

•	 Poststroke depression is associated with higher 
mortality. A meta-analysis of 13 studies involving 
59 598 individuals revealed a pooled OR for mor-
tality at follow-up of 1.22 (95% CI, 1.02–1.47).282

•	 Twelve RCTs (N=1121 subjects) suggested that 
antidepressant medications might be effective in 
treating poststroke depression, with a beneficial 
effect of antidepressants on remission (pooled OR 
for meeting criteria for depression: 0.47 [95% CI, 
0.22–0.98]) and response, measured as a >50% 
reduction in mood scores (pooled OR, 0.22 [95% 
CI, 0.09–0.52]).283

•	 A meta-analysis of 8 RCTs assessing the efficacy of 
preventive pharmacological interventions among 
776 initially nondepressed stroke patients revealed 
that the likelihood of developing poststroke 
depression was reduced among subjects receiving 
active pharmacological treatment (OR, 0.34 [95% 

CI, 0.22–0.53]), especially after a 1-year treatment 
(OR, 0.31 [95% CI, 0.18–0.56]) and with the use 
of a selective serotonin reuptake inhibitor (OR, 
0.37 [95% CI, 0.22–0.61]). All studies excluded 
those with aphasia or significant cognitive impair-
ment, which limits their generalizability.284

•	 In the multicenter AVAIL registry, among 1444 
patients, depression was associated with wors-
ening function during the first year after stroke. 
Those whose depression resolved were less likely 
to have functional decline over time than those 
without depression.285

Functional and Cognitive Impairment and 
Dementia
Functional and cognitive impairment and dementia are 
common after stroke, with the incidence increasing 
with duration of follow-up.

•	 Data from prospective studies provide evidence that 
after an initial period of recovery, function, cogni-
tion, and quality of life decline over several years 
after stroke, even in the absence of definite new 
clinical strokes.286–288 In NOMAS, 210 of 3298 par-
ticipants had an ischemic stroke during follow-up 
and had functional assessments using the Barthel 
index before and after stroke.288 Among those 
with Medicaid or no insurance, in a fully adjusted 
model, the slope of functional decline increased 
after stroke compared with before stroke (P=0.04), 
with a decline of 0.58 Barthel index points per 
year before stroke (P=0.02) and 1.94 Barthel index 
points after stroke (P=0.001). There was no effect 
among those with private insurance or Medicare.

•	 In the REGARDS prospective cohort, 515 of 23 572 
participants ≥45 years of age without baseline 
cognitive impairment underwent repeated cogni-
tive testing.289 Incident stroke was associated with 
a short-term decline in cognitive function, as well 
as accelerated and persistent cognitive decline over 
6 years. Participants with stroke had faster declines 
in global cognition and executive function, but not 
in new learning and verbal memory, compared 
with prestroke slopes, in contrast to those without 
stroke. The rate of incident cognitive impairment 
also increased compared with the prestroke rate 
(OR, 1.23 per year [95% CI, 1.10–1.38]).

•	 Stroke also appears to accelerate natural age-
related functional decline. In the CHS, 382 of 5888 
participants (6.5%) had ischemic stroke during 
follow-up with ≥1 disability assessment afterward. 
The annual increase in disability before stroke 
(0.06 points on the Barthel index per year [95% CI, 
0.002–0.12]) more than tripled after stroke (0.15 
additional points per year [95% CI, 0.004–0.30]). 
Notably, the annual increase in disability before MI 
(0.04 points per year) did not change significantly 
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after MI (0.02 additional points per year [95% CI, 
−0.07 to 0.11]).290

•	 In a meta-analysis of 14 longitudinal studies with 
at least 2 assessments of cognitive function after 
stroke, there was a trend toward significant deteri-
oration in cognition in stroke survivors in 8 studies, 
although cognitive stability was found in 3 studies 
and improvement in 3 studies.291 Follow-up time 
tended to be shorter in studies without evidence 
of decline.

•	 Of 127 Swedish survivors assessed for cognition at 
10 years after stroke, poststroke cognitive impair-
ment was found in 46% using a Mini–Mental 
State Examination threshold of <27 and in 61% 
using a Montreal Cognitive Assessment threshold 
of <25.292

•	 In 2 prospective studies, 11% to 23% of patients 
with incident lacunar stroke developed vascular 
dementia during 3-year follow-up.293 Vascular 
dementia may develop annually in 3% to 5% of 
patients with lacunar stroke.294

•	 Blacks are at higher risk for dementia than whites 
within 5 years of ischemic stroke. In an analysis of 
South Carolina data from 2000 to 2012 (n=68 758 
individuals with a diagnosis of ischemic stroke), 
black race increased risk for 5 categories of demen-
tia after incident stroke (HR, 1.37 for Alzheimer 
disease to HR, 1.95 for vascular dementia).295

•	 In a study of 90-day poststroke outcomes among 
ischemic stroke patients in the BASIC Project, 
Mexican Americans scored worse on neurologi-
cal, functional, and cognitive outcomes than NH 
whites after multivariable adjustment.296

Stroke in Children
•	 On the basis of pathogenic differences, pediatric 

strokes are typically classified as either perina-
tal (occurring at ≤28 days of life and including 
in utero strokes) or (later) childhood. Presumed 
perinatal strokes are diagnosed in children with 
no symptoms in the newborn period who present 
with hemiparesis or other neurological symptoms 
later in infancy.

•	 The prevalence of perinatal strokes is 29 per 
100 000 live births, or 1 per 3500 live births in 
the 1997 to 2003 Kaiser Permanente of Northern 
California population.297

•	 A history of infertility, preeclampsia, prolonged 
rupture of membranes, and chorioamnionitis are 
independent maternal risk factors for perina-
tal arterial ischemic stroke.266 However, mater-
nal health and pregnancies are normal in most 
cases.298

•	 Diagnostic delays are more common in ischemic 
than hemorrhagic stroke in children, with a median 

time from symptom onset to diagnostic neuroim-
aging of 3 hours for hemorrhagic and 24 hours for 
ischemic stroke in a population-based study from 
the south of England.299

•	 The most common cause of arterial ischemic 
stroke in children is a cerebral arteriopathy, found 
in more than half of all cases.300,301 Childhood arte-
riopathies are heterogeneous and can be difficult 
to distinguish from a partially thrombosed artery in 
the setting of a cardioembolic stroke; incorpora-
tion of clinical data and serial vascular imaging is 
important for diagnosis.302

•	 In a retrospective population-based study in 
northern California, 7% of childhood ischemic 
strokes and 2% of childhood hemorrhagic strokes 
were attributable to congenital heart defects. 
Congenital heart defects increased a child’s risk 
of stroke 19-fold (OR, 19 [95% CI, 4.2–83]). The 
majority of children with stroke related to congeni-
tal heart defects were outpatients at the time of 
the stroke.303 In a single-center Australian study, 
infants with cyanotic congenital heart defects 
undergoing palliative surgery were the highest-risk 
group to be affected by arterial ischemic stroke 
during the periprocedural period; stroke occurred 
in 22 per 2256 cardiac surgeries (1%).304

•	 In another study of the northern Californian pop-
ulation, adolescents with migraine had a 3-fold 
increased odds of ischemic stroke compared with 
those without migraine (OR, 3.4 [95% CI, 1.2–
9.5]); younger children with migraine had no sig-
nificant difference in stroke risk.305

•	 In a post hoc analysis, head or neck trauma in the 
prior week was a strong risk factor for childhood 
arterial ischemic stroke (adjusted OR, 36 [95% CI, 
5–281]), present in 10% of cases.306

•	 Exposure to minor infection in the prior month 
was also associated with stroke and was present 
in one-third of cases (adjusted OR, 3.9 [95% CI, 
2.0–7.4]).306 The effect of infection on pediatric 
stroke risk is short-lived, lasting for days; 80% of 
infections preceding childhood stroke are respira-
tory.307 A prospective study of 326 children with 
arterial stroke revealed that serologic evidence 
of acute herpesvirus infection doubled the odds 
of childhood arterial ischemic stroke, even after 
adjustment for age, race, and SES (OR, 2.2 [95% 
CI, 1.2–4.0]; P=0.007).308 Among 187 cases with 
acute and convalescent blood samples, 85 (45%) 
showed evidence of acute herpesvirus infection; 
herpes simplex virus 1 was found most often. Most 
infections were asymptomatic.

•	 Thrombophilias (genetic and acquired) are risk 
factors for childhood stroke, with summary ORs 
ranging from 1.6 to 8.8 in a meta-analysis.309 In 
contrast, a population-based, controlled study 
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suggested a minimal association between peri-
natal stroke and thrombophilia,310 and therefore, 
routine testing is not recommended in very young 
children.

•	 In a prospective Swiss registry,311 atherosclerotic risk 
factors were less common in children with arterial 
ischemic stroke than in young adults; the most 
common of these factors in children was hyperlip-
idemia (15%). However, an analysis of the NIS sug-
gests a low but rising prevalence of these factors 
among US adolescents and young adults hospital-
ized for ischemic stroke (1995 versus 2008).312

•	 Compared with girls, US boys have a 25% increased 
risk of ischemic stroke and a 34% increased risk of 
ICH, whereas a study in the United Kingdom found 
no sex difference in childhood ischemic stroke.313 
Compared with white children, black children 
in both the United States and United Kingdom 
have a >2-fold risk of stroke.314 The increased risk 
among blacks is not fully explained by the pres-
ence of sickle cell disease, nor is the excess risk 
among boys fully explained by trauma.314

•	 The excess ischemic stroke mortality in US black chil-
dren compared with white children has diminished 
since 1998 when the STOP trial was published, 
which established a method for primary stroke pre-
vention in children with sickle cell disease.315

•	 Among young adult survivors of childhood stroke, 
37% had a normal modified Rankin score, 42% 
had mild deficits, 8% had moderate deficits, and 
15% had severe deficits.316 Concomitant involve-
ment of the basal ganglia, cerebral cortex, and 
posterior limb of the internal capsule predicts a 
persistent hemiparesis.317

•	 Survivors of childhood arterial ischemic stroke 
have, on average, low-normal cognitive per-
formance,318,319 with poorest performance in 
visual-constructive skills, short-term memory, and 
processing speed. Younger age at stroke and sei-
zures, but not laterality of stroke (left versus right), 
predict worse cognitive outcome.319

•	 Compared with referent children with asthma, 
childhood stroke survivors have greater impairments 
in adaptive behaviors, social adjustment, and social 
participation, even if their intelligence quotient is 
normal.320 Severity of disability after perinatal stroke 
correlates with maternal psychosocial outcomes 
such as depression and quality of life.321

•	 Despite current treatment, at least 1 of 10 children 
with ischemic or hemorrhagic stroke will have a 
recurrence within 5 years.322,323 Among 355 chil-
dren with stroke followed up prospectively as part 
of a multicenter study with a median follow-up 
of 2 years, the cumulative stroke recurrence rate 
was 6.8% (95% CI, 4.6%–10%) at 1 month and 
12% (95% CI, 8.5%–15%) at 1 year.45 The sole 

predictor of recurrence was the presence of an 
arteriopathy, which increased the risk of recur-
rence 5-fold compared with an idiopathic acute 
ischemic stroke (HR, 5.0 [95% CI, 1.8–14]). In a 
retrospective cohort, with a cerebral arteriopathy, 
the 5-year recurrence risk was as high as 60% 
among children with abnormal arteries on vascu-
lar imaging.324 The recurrence risk after perinatal 
stroke, however, was negligible.324

•	 Among 59 long-term survivors of pediatric brain 
aneurysms, 41% developed new or recurrent aneu-
rysms during a median follow-up of 34 years; of 
those, one-third developed multiple aneurysms.325

•	 More than 25% of survivors of perinatal ischemic 
strokes develop delayed seizures within 3 years; 
those with larger strokes are at higher risk.326 
The cumulative risk of delayed seizures after later 
childhood stroke is 13% at 5 years and 30% at 10 
years.327 Children with acute seizures (within 7 days 
of their stroke) have the highest risk for delayed sei-
zures, >70% by 5 years after the stroke.328 Among 
survivors of ICH in childhood, 13% developed 
delayed seizures and epilepsy within 2 years.329 
Elevated intracranial pressure requiring short-term 
intervention at the time of acute ICH is a risk factor 
for delayed seizures and epilepsy.

•	 Pediatric stroke teams and stroke centers330 are 
developing worldwide. In a study of 124 children 
presenting to a children’s hospital ED with stroke 
symptoms where a “stroke alert” was paged, 24% 
had a final diagnosis of stroke, 2% were TIAs, and 
14% were other neurological emergencies, which 
underscores the need for prompt evaluation of chil-
dren with “brain attacks.”331 Implementation of a 
pediatric stroke clinical pathway improved time to 
MRI from 17 hours to 4 hours at 1 center.332

•	 In a study of 111 pediatric stroke cases admit-
ted to a single US children’s hospital, the median 
1-year direct cost of a childhood stroke (inpatient 
and outpatient) was ≈$50 000, with a maximum 
approaching $1 000 000. More severe neurologi-
cal impairment after a childhood stroke correlated 
with higher direct costs of a stroke at 1 year and 
poorer quality of life in all domains.333

•	 A prospective study at 4 centers in the United 
States and Canada found that the median 1-year 
out-of-pocket cost incurred by the family of a child 
with a stroke was $4354 (maximum $38 666), 
which exceeded the median American household 
cash savings of $3650 at the time of the study and 
represented 6.8% of the family’s annual income.334

Stroke in Young Adults and in Midlife
•	 Approximately 10% of all strokes occur in individ-

uals 18 to 50 years of age.335
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•	 In the NIS, hospitalizations for acute ischemic 
stroke increased significantly for both males and 
females and for certain racial/ethnic groups among 
younger adults, 18 to 54 years of age.4 From 
1995 to 2011 through 2012, hospitalization rates 
almost doubled for males 18 to 34 and 35 to 44 
years of age, with a 41.5% increase among males 
35 to 44 years of age from 2003 to 2004 through 
2011 to 2012. Hospitalization rates for ICH and 
SAH remained stable, however, with the exception 
of declines among males and NH black patients 45 
to 54 years of age with SAH.

•	 In the NIS, the prevalence of stroke risk factors also 
increased from 2003 to 2004 through 2011 to 
2012 among those hospitalized for stroke.4 These 
increases in prevalence were seen among both 
males and females 18 to 64 years of age. Absolute 
increases in prevalence were seen for hyperten-
sion (range of absolute increase 4%–11%), lipid 
disorders (12%–21%), DM (4%–7%), tobacco use 
(5%–16%), and obesity (4%–9%).

•	 The prevalence of having 3 to 5 risk factors 
increased from 2003 to 2004 through 2011 to 
2012, as well.4 Among males, the prevalence of ≥3 
risk factors among stroke patients increased from 
9% to 16% at 18 to 34 years, 19% to 35% at 35 
to 44 years, 24% to 44% at 45 to 54 years, and 
26% to 46% at 55 to 64 years. Among females, 
the prevalence of ≥3 risk factors among stroke 
patients increased from 6% to 13% at 18 to 34 
years, 15% to 32% at 35 to 44 years, 25% to 
44% at 45 to 54 years, and 27% to 48% at 55 to 
65 years (P for trend <0.001).

•	 In the 2005 GCNKSS study period, the sex-
adjusted incidence rate of first-ever stroke was 
48 per 100 000 (95% CI, 42–53) among whites 
20 to 54 years of age compared with 128 per 
100 000 (95% CI, 106–149) among blacks of the 
same age. Both races had a significant increase 
in the incidence rate from 1993 to 1994.336 
Similarly, other studies suggest an increase in the 
incidence of stroke in young adults. According to 
MIDAS 29, an administrative database contain-
ing hospital records of all patients discharged 
from nonfederal hospitals in New Jersey with a 
diagnosis of CVD or an invasive cardiovascular 
procedure, the rate of stroke more than doubled 
in patients 35 to 39 years of age, from 9.5 strokes 
per 100 000 person-years in the period 1995 to 
1999 to 23.6 strokes per 100 000 person-years 
from 2010 to 2014 (rate ratio, 2.47 [95% CI, 
2.07–2.96]; P<0.0001).337 Rates of stroke in 
those 40 to 44, 45 to 49, and 50 to 54 years of 
age also increased significantly. Stroke rates in 
those >55 years of age decreased during these 
time periods.

•	 Vascular risk factors are common among stroke 
patients 20 to 54 years of age. During 2005, in 
the biracial GCNKSS, hypertension prevalence was 
estimated at 52%, hyperlipidemia at 18%, DM 
at 20%, CHD at 12%, and current smoking at 
46%.336

•	 Over the 13-year course of the BASIC study, mean 
age was estimated to decrease from 74.8 to 71.3 
for NH whites, whereas for Mexican Americans, 
mean age was estimated to decrease from 68.9 
to 66.9 years after adjustment for ethnic-specific 
average age of the population at risk.338

•	 In the FUTURE study, the 30-day case fatality rate 
among stroke patients 18 to 50 years of age was 
4.5%. One-year mortality among 30-day survivors 
was 1.2% (95% CI, 0.0%–2.5%) for TIA, 2.4% 
(95% CI, 1.2%–3.7%) for ischemic stroke, and 
2.9% (95% CI, 0.0%–6.8%) for ICH.339

•	 In the FUTURE study, after a mean follow-up of 
13.9 years, 44.7% of young stroke patients had 
poor functional outcome, defined as a modified 
Rankin score >2. The strongest baseline predictors 
of poor outcome were female sex (OR, 2.7 [95% 
CI, 1.5–5.0]) and baseline NIHSS score (OR, 1.1 
[95% CI, 1.1–1.2] per point increase).340

Stroke in Older Adults
•	 Stroke patients >85 years of age make up 17% of 

all stroke patients, and in this age group, stroke is 
more prevalent in females than in males.341,342

•	 Risk factors for stroke may be different in older 
adults. In the population-based multiethnic 
NOMAS cohort, the risk effect of physical inactivity 
was modified by age, and there was a significant 
risk only in stroke patients >80 years of age.143 
Also, the proportion of ischemic strokes attribut-
able to AF increases with age and may reach 40% 
or higher in very elderly stroke patients.343

•	 Very elderly patients have a higher risk-adjusted 
mortality,344 have greater disability,344 have longer 
hospitalizations,345 receive less evidence-based 
care,247,248 and are less likely to be discharged to 
their original place of residence.345,346

•	 According to analyses from the US NIS, over the 
past decade, in-hospital mortality rates after stroke 
have declined for every age and sex group except 
males >84 years of age.347

•	 Over the period from 2010 to 2050, the number 
of incident strokes is expected to more than dou-
ble, with the majority of the increase among the 
elderly (≥75 years of age) and minority groups.348

•	 A Danish stroke registry reported on 39 centenar-
ians (87% females; age range, 100–107 years) 
hospitalized with acute stroke. Although they had 
more favorable risk profiles than other age groups 
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(lower prevalence of previous MI, stroke, and DM), 
their strokes were more severe and were associ-
ated with high 1-month mortality (38.5%).349

•	 Despite more severe outcomes, evidence-based 
treatments for stroke still benefit and should be 
offered to elderly stroke patients, including intra-
venous tPA,350 mechanical thrombectomy,351 and 
CEA.352

Organization of Stroke Care
•	 Among hospitals participating in GWTG-Stroke 

from 2013 to 2015, rates of defect-free care were 
high for both CSCs (94.6%) and primary stroke 
centers (94.0%). For ED admissions, CSCs had 
higher rates of intravenous tPA (14.3% versus 
10.3%) and endovascular thrombectomy (4.1% 
versus 1.0%). Door-to-tPA time was shorter for 
CSCs (median 52 versus 61 minutes; adjusted risk 
ratio, 0.92 [95% CI, 0.89–0.95]), and a greater 
proportion of patients at CSCs had times to tPA 
that were ≤60 minutes (79.7% versus 65.1%; 
adjusted OR, 1.48 [95% CI, 1.25–1.75]). CSCs 
had in-hospital mortality rates that were higher 
for both ED admissions (4.6% versus 3.8%; 
adjusted OR, 1.14 [95% CI, 1.01–1.29]) and 
transfers (7.7% versus 6.8%; adjusted OR, 1.17 
[95% CI, 1.05–1.32]).353

•	 A study of 36 981 patients admitted with a primary 
diagnosis of ICH or SAH in New Jersey between 
1996 and 2012 found that patients admitted to 
a CSC were more likely to have neurosurgical or 
endovascular treatments and had lower 90-day 
mortality (OR, 0.93 [95% CI, 0.89–0.97]) than 
patients admitted to other hospitals.354

•	 In analyses of 1 165 960 Medicare fee-for-service 
beneficiaries hospitalized between 2009 and 2013 
for ischemic stroke, patients treated at primary 
stroke centers certified between 2009 and 2013 
had lower in-hospital (OR, 0.89 [95% CI, 0.84–
0.94]), 30-day (HR, 0.90 [95% CI, 0.89–0.91]), 
and 1-year (HR, 0.90 [95% CI, 0.89–0.91]) mor-
tality than those treated at noncertified hospitals 
after adjustment for demographic and clinical fac-
tors.355 Hospitals certified between 2009 and 2013 
also had lower in-hospital and 30-day mortality 
than centers certified before 2009.

Hospital Discharges and Ambulatory 
Care Visits 
(See Table 14-1)

•	 From 2006 to 2016, the number of inpatient 
discharges from short-stay hospitals with stroke 
as the principal diagnosis declined slightly, from 
897 000 in 2006 to 874 000 in 2016 (Table 14-1).

•	 In 2016, the average length of stay for discharges 
with stroke as the principal diagnosis was 6.2 days 
(HCUP,356 unpublished NHLBI tabulation).

•	 In 2016, there were 590 000 ED visits with stroke 
as the principal diagnosis, and in 2011, there were 
209 000 outpatient visits with stroke as the first-
listed diagnosis (NHAMCS,357 unpublished NHLBI 
tabulation). In 2016, physician office visits for a 
first-listed diagnosis of stroke totaled 2 155 000 
(NAMCS,358 unpublished NHLBI tabulation).

•	 Age-specific acute ischemic stroke hospitalization 
rates from 2000 to 2010 decreased for individu-
als 65 to 84 years of age (−28.5%) and ≥85 years 
of age (−22.1%) but increased for individuals 25 
to 44 years of age (43.8%) and 45 to 64 years 
of age (4.7%). Age-adjusted acute ischemic stroke 
hospitalization rates were lower in females, and 
females had a greater rate of decrease from 2000 
to 2010 than males (−22.1% versus −17.8%, 
respectively).359

•	 An analysis of the 2011 to 2012 NIS for acute isch-
emic stroke found that after risk adjustment, all 
racial/ethnic minorities except Native Americans 
had a significantly higher likelihood of length of 
stay ≥4 days than whites.360

Operations and Procedures
•	 In 2014, an estimated 86 000 inpatient CEA proce-

dures were performed in the United States. CEA is 
the most frequently performed surgical procedure 
to prevent stroke (HCUP,356 unpublished NHLBI 
tabulation).

•	 Although rates of CEA decreased between 1997 
and 2014, the use of CAS increased dramatically 
from 2004 to 2014 (HCUP,356 unpublished NHLBI 
tabulation).

•	 In-hospital mortality for CEA decreased steadily 
from 1993 to 2014 (HCUP,356 unpublished NHLBI 
tabulation).

•	 In a meta-analysis of cohort studies published by 
May 2016, the risk of procedural stroke or death 
after CEA was 3.44% (95% CI, 2.70%–4.23%) 
in symptomatic patients and 1.28% (95% CI, 
0.91%–1.71%) in asymptomatic patients. After 
CAS, the risk of stroke or death was 4.77% (95% 
CI, 3.67%–5.99%) for symptomatic patients and 
2.59% (95% CI, 1.77%–3.56%) for asymptom-
atic patients. Procedural stroke/death rates were 
lower in studies of CEA that completed recruit-
ment after 2005 for both symptomatic (5.11% 
versus 2.68%) and asymptomatic (3.17% versus 
1.50%) patients; rates for CAS did not change 
over time.361

•	 In a meta-analysis of 5 RCTs comparing CEA and 
CAS in asymptomatic patients, there was a trend 
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toward increased incidence of stroke or death for 
patients who underwent CAS versus CEA (any peri-
procedural stroke: RR, 1.84 [95% CI, 0.99–3.40]; 
periprocedural nondisabling stroke: RR, 1.95 [95% 
CI, 0.98–3.89]; any periprocedural stroke or death: 
RR, 1.72 [95% CI, 0.95–3.11]). The risk ratios were 
1.24 (95% CI, 0.76–2.03) for long-term stroke 
and 0.92 (95% CI, 0.70–1.21) for the composite 
of periprocedural stroke, death, MI, or long-term 
ipsilateral stroke.362

•	 In a Cochrane review that analyzed data from 
6092 patients in 3 trials of CEA, surgery was 
associated with an increased risk of ipsilateral 
ischemic stroke within 5 years for patients with 
<30% stenosis (RR, 1.27 [95% CI, 0.80–2.01]), 
had no benefit for those with 30% to 49% steno-
sis (RR, 0.93 [95% CI, 0.62–1.38]), and reduced 
the risk of stroke for those with 50% to 69% 
stenosis (RR, 0.84 [95% CI, 0.60–1.18]) and 70% 
to 99% stenosis without near-occlusion (RR, 0.47 
[95% CI, 0.25–0.88]); there was no benefit for 
patients with near-occlusions (RR, 1.03 [95% CI, 
0.57–1.84]).352

•	 A meta-analysis of 6526 patients from 5 trials with 
a mean follow-up of 5.3 years indicated no sig-
nificant difference in the composite outcome of 
periprocedural death, stroke, MI, or nonperipro-
cedural ipsilateral stroke for patients who under-
went CAS versus CEA. CAS was associated with 
increased odds of any periprocedural or nonperi-
procedural ipsilateral stroke (OR, 1.50 [95% CI, 
1.22–1.84]) and periprocedural minor stroke (OR, 
2.43 [95% CI, 1.71–3.46]). CAS was associated 
with reduced odds of periprocedural MI (OR, 0.45 
[95% CI, 0.27–0.75]), cranial nerve palsy (OR, 0.07 
[95% CI, 0.04–0.14]), and the composite of death, 
stroke, MI, or cranial nerve palsy (OR, 0.75 [95% 
CI, 0.63–0.93]).363

•	 In the Medicare population, the in-hospital stroke 
rate and mortality were similar for CEA and CAS.364

•	 In the Medicare population, 30-day readmission 
rates and long-term risk of adverse clinical out-
comes associated with CAS were similar to those 
for CEA after adjustment for patient- and provider-
level factors.364,365

•	 Evidence on comparative costs of CEA and CAS is 
mixed; whereas some studies found CAS to be asso-
ciated with significantly higher costs than CEA,366 
particularly among asymptomatic patients,367 and 
that they might be less cost-effective in general,368 
CREST found that the overall cost of CAS was not 
different from that of CEA (US $15 055 versus US 
$14 816).369

•	 Meta-analyses of 5 trials that investigated the effi-
cacy of modern endovascular therapies for stroke 
(MR CLEAN, ESCAPE, SWIFT PRIME, EXTEND-IA, 

and REVASCAT) have provided strong evidence to 
support the use of thrombectomy initiated within 
6 hours of stroke onset among patients with large-
vessel occlusion, irrespective of patient age, NIHSS 
score above the thresholds for inclusion, or receipt 
of intravenous thrombolysis.370 Retrospective 
analyses of patient databases have found similar 
results.371

•	 Within a large telestroke network, of 234 patients 
who met the inclusion criteria, 51% were trans-
ferred for mechanical thrombectomy by ambu-
lance and 49% by helicopter; 27% underwent 
thrombectomy. The median actual transfer time 
was 132 minutes (IQR, 103–165 minutes). Longer 
transfer time was associated with lower rates of 
thrombectomy, and transfer at night rather than 
during the day was associated with significantly 
longer delay. Metrics and protocols for more effi-
cient transfer, especially at night, could shorten 
transfer times.372

Cost 
(See Table 14-1)

•	 In 2014 to 2015 (average annual; MEPS,373 unpub-
lished NHLBI tabulation):
—	 The direct and indirect cost of stroke in the 

United States was $45.5 billion (Table 14-1).
—	 The estimated direct medical cost of stroke 

was $28.0 billion. This includes hospital out-
patient or office-based provider visits, hospital 
inpatient stays, ED visits, prescribed medicines, 
and home health care.

—	 The mean expense per patient for direct care 
for any type of service (including hospital inpa-
tient stays, outpatient and office-based visits, 
ED visits, prescribed medicines, and home 
health care) in the United States was esti-
mated at $7902.

•	 Between 2015 and 2035, total direct medical 
stroke-related costs are projected to more than 
double, from $36.7 billion to $94.3 billion, with 
much of the projected increase in costs arising 
from those ≥80 years of age.374

•	 The total cost of stroke in 2035 (in 2015 dollars) 
is projected to be $81.1 billion for NH whites, 
$32.2 billion for NH blacks, and $16.0 billion for 
Hispanics.374

Global Burden of Stroke 
(See Charts 14-10 through 14-17)
Prevalence

•	 The GBD 2017 Study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
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disease burden for 359 diseases and injuries in 195 
countries and territories. In 2017375:
—	 Global prevalence of stroke was 104.2 million 

people, whereas that of ischemic stroke was 
82.4 million, that of ICH was 17.9 million, and 
that of SAH was 9.3 million.

—	 Globally, there was a 16.1% increase in the 
ischemic stroke prevalence rate from 2007 
to 2017 and a 10.1% increase from 1990 to 
2017.

—	 Globally, there was an 8.9% decrease in the 
ICH prevalence rate from 2007 to 2017 and 
a 15.5% decrease from 1990 to 2017.

—	 Globally, there was a 1.0% decrease in the 
SAH prevalence rate from 2007 to 2017 and a 
6.5% decrease from 1990 to 2017.

—	 Overall, age-standardized stroke prevalence 
rates are highest in Eastern Europe, North 
Africa, the Middle East, and Central and East 
Asia (Chart 14-10).

—	 Countries in Eastern Europe and Central and 
East Asia have the highest prevalence rates of 
ischemic stroke (Chart 14-11).

—	 The prevalence of ICH is high in East and 
Central Asia (Chart 14-12).

—	 Age-standardized prevalence of SAH is highest 
in Japan (Chart 14-13).

Incidence
•	 In 2010, there were an estimated 11.6 million 

incident ischemic strokes and 5.3 million incident 
hemorrhagic strokes; 63% of ischemic strokes and 
80% of hemorrhagic strokes occurred in low- and 
middle-income countries.376

Mortality
•	 In 2017375:

—	 There were 6.2 million deaths attributable to 
cerebrovascular disease worldwide.

—	 The absolute number of cerebrovascular dis-
ease deaths worldwide increased 41.4% 
between 1990 and 2017; however, the age-
standardized death rate decreased 33.4%.

—	 The absolute number of cerebrovascular dis-
ease deaths worldwide increased 16.6% 
between 2007 and 2017; however, the age-
standardized death rate for the 10-year period 
decreased 33.4%.

—	 Globally, a total of 2.7 million individuals died 
of ischemic stroke, 3.0 million died of ICH, and 
0.4 million died of SAH.

—	 Several countries in Eastern Europe, Africa, 
and Central Asia have the highest rates of 
stroke mortality (Chart 14-14).

—	 Countries in Eastern Europe, North Africa, and 
Central Asia have among the highest mortality 

rates attributable to ischemic stroke (Chart 
14-15).

—	 ICH mortality is highest in East and Southeast 
Asia (Chart 14-16).

—	 Mortality attributable to SAH is highest in 
Southeast Asia and Mongolia (Chart 14-17).

•	 In 2010, 39.4 million DALYs were lost because of 
ischemic stroke and 62.8 million because of hem-
orrhagic stroke (64% and 86%, respectively, in 
low- and middle-income countries).376

•	 In 2010, the mean age of individuals with stroke-
related death in high-income countries was 80.4 
years compared with 72.1 years in low- and mid-
dle-income countries.377

Brain Health
Like CVH, brain health can be defined both in terms of 
the absence of disease or the presence of a healthy state. 
Optimal brain health has been defined as “an optimal 
capacity to function adaptively in the environment.”378 
This definition includes the capacity to perform all the 
diverse tasks for which the brain is responsible, includ-
ing movement, perception, learning and memory, 
communication, problem solving, judgment, decision 
making, and emotion. Stroke and cerebrovascular dis-
ease more broadly are increasingly recognized to be 
important precursors to cognitive decline and demen-
tia, indicating an absence of brain health. Conversely, 
measures of systemic and cerebral vascular health have 
been associated with healthy aging and retained cogni-
tive function.

•	 In a 2010 survey of 1007 Americans, 31% of 
respondents reported being most afraid of devel-
oping Alzheimer disease. Alzheimer disease ranked 
second in feared diseases, after cancer, but ahead 
of HD, stroke, and DM.379

•	 In the Framingham Study, the overall lifetime risk 
of stroke or dementia was greater than 1 in 3,380 
depending on age cohort and sex. The lifetime risk 
of any type of dementia, for a 65-year-old woman, 
was 21.7%; the lifetime risk of any type of demen-
tia, for a 65-year-old man, was 14.3%. The lifetime 
risk of Alzheimer disease was 17.2% for a 65-year-
old woman and 9.1% for a 65-year-old man.

•	 In an analysis of administrative claims data of 
Medicare fee-for-service beneficiaries enrolled dur-
ing 2011 to 2013 (and >68 years of age; n=21.6 
million), the overall prevalence of a claim for a 
service or treatment for any dementia subtype 
was 14.4%.381 The most common subtype was 
Alzheimer disease (43.5%), followed by vascular 
dementia (14.5%), Lewy body dementia (5.4%), 
frontotemporal dementia (1.0%), and alcohol-
induced dementia (0.7%). The prevalence of other 
types of diagnosed dementia was 0.2%.
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•	 In an analysis of the first 141 autopsies from the 
Rush Memory and Aging Project longitudinal 
cohort,382 a mixture of brain pathologies in patients 
with dementia was common. Among 50 individu-
als with dementia, 19 (38.0%) had Alzheimer dis-
ease and infarcts, 15 (30.0%) had pure Alzheimer 
disease, 6 (12%) had vascular dementia, and 
6 (12%) had Alzheimer disease with Lewy body 
disease. More than 50% had multiple diagnoses. 
Even among those without diagnosed dementia 
(n=91), pathological abnormalities were common: 
22 (22.4%) had pure Alzheimer disease, and 16 
(17.6%) had infarcts. Only 20 individuals (14.2%) 
had no acute or chronic brain abnormalities. After 
accounting for age, those with multiple diagnoses 
were almost 3 times (OR, 2.8 [95% CI, 1.2–6.7]) 
more likely to exhibit dementia as those with 1 
pathological diagnosis.

•	 As the US population ages, the number of indi-
viduals with Alzheimer disease will increase dra-
matically from 2010 to 2050.383 According to a 
modeling study, based on estimates in a popu-
lation of 10 800 participants from the Chicago 
Health and Aging Project in the United States, in 
2010, there were 4.7 million individuals ≥65 years 
of age with Alzheimer disease (95% CI, 4.0–5.5 
million): 0.7 million 65 to 74 years of age, 2.3 mil-
lion 75 to 84 years of age, and 1.8 million ≥85 
years of age. By 2050, the number of people with 
Alzheimer disease is projected to be 13.8 million, 
with 7.0 million ≥85 years of age.

•	 Vascular disease risk factors, and particularly risk 
factors present in midlife, are associated with cog-
nitive impairment, with risk of dementia overall, 
and with risk of Alzheimer disease.

•	 The AHA’s ideal CVH metrics are associated with 
reduced cognitive decline. Among 1033 partici-
pants in NOMAS (mean age at initial cognitive 
assessment 72±8 years; 39% male; 65% Hispanic, 
19% black, and 16% white), 3% had 0 ideal fac-
tors, 15% had 1 factor, 33% had 2 factors, 30% 
had 3 factors, 14% had 4 factors, 4% had 5 fac-
tors, 1% had 6 factors, and 0% had 7 factors.384 
Having more ideal CVH factors was associated 
with less decline in neuropsychological tests of 
processing speed. The association was driven by 
nonsmoking and better glucose levels. Among 
those with better cognitive performance at initial 
assessment, ideal CVH was also associated with 
less decline in executive function and episodic 
memory testing.

•	 Among 15 744 participants 44 to 66 years of age 
at baseline enrolled in the ARIC study, modifi-
able risk factors present at midlife for late-life 
dementia included smoking (HR, 1.41 [95% CI, 
1.23–1.61]), DM (HR, 1.77 [95% CI, 1.53–2.04]), 

prehypertension (HR, 1.31 [95% CI, 1.14–1.51]), 
and hypertension (HR, 1.39 [95% CI, 1.22–
1.59]).385 Nonmodifiable and sociodemographic 
risk factors for dementia included older age (HR, 
8.06 [95% CI, 6.69–9.72] for participants 60–
66 years of age), black race (HR, 1.36 [95% CI, 
1.21–1.54]), APOE ε4 genotype (HR, 1.98 [95% 
CI, 1.78–2.21]), and lower educational attainment 
(HR, 1.61 [95% CI, 1.28–2.03] for less than a high 
school education).

•	 Hypertension in midlife but not early adulthood 
is associated with late-life dementia risk among 
females. In an analysis of 5646 long-term mem-
bers of the Kaiser Permanente Northern California 
integrated healthcare delivery system, among 
whom 532 individuals (9.4%) were diagnosed 
with dementia, mid-adulthood hypertension was 
associated with an increased risk of dementia 
among females (HR, 1.65 [95% CI, 1.25–2.18]) 
but not males.386 Hypertension in early adulthood 
was not associated with dementia.

•	 In another analysis among members of the Kaiser 
Permanente Northern California healthcare deliv-
ery system who had lived in California for at least 
23 years (n=7423), those who were born in a 
“high stroke mortality state,” defined as a state 
in the top quintile of stroke mortality rates (ie, 
Alabama, Alaska, Arkansas, Louisiana, Mississippi, 
Oklahoma, Tennessee, South Carolina, and West 
Virginia) were at increased risk of dementia in late 
life after adjustment for age, sex, and race (HR, 
1.28 [95% CI, 1.13–1.46]).252 These results sug-
gest that early-life behavioral and other patterning 
may influence late-life development of dementia.

•	 Imaging markers and other biomarkers of 
Alzheimer disease are present in individuals des-
tined to develop dementia ≥20 years before the 
onset of clinical symptoms.387 Evidence of beta-
amyloid precedes development of tau-related neu-
rodegeneration and hippocampal volume loss.388

•	 Midlife vascular risk factors are associated with 
amyloid deposition in the brain,389 indicating 
Alzheimer pathology, as well as undifferentiated 
or vascular dementia. Among 322 nondemented 
participants in an ARIC positron emission tomog-
raphy–amyloid imaging substudy (mean age 52 
years; 58% female; 43% black), elevated midlife 
BMI was associated with a 2-fold increase in amy-
loid deposition (OR, 2.06 [95% CI, 1.16–3.65]). 
After adjustment for potential confounders, com-
pared with no midlife vascular risk factors, those 
with 1 (OR 1.88 [95% CI, 0.95–3.72]) and 2 (OR 
2.88 [95% CI, 1.46–5.69]) vascular risk factors had 
increased amyloid deposition. Late-life vascular 
risk factors were not significantly associated with 
late-life brain amyloid deposition.
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•	 Brain infarcts without overt clinical manifestations 
(silent or asymptomatic infarcts) are present in a 
high proportion of unselected generally healthy 
individuals in population-based studies using MRI, 
ranging from 8% of those at a mean of 64 years of 
age in an Austrian population390 to 28% of those 
at a mean age of 75 years in the CHS study.391,392

•	 Asymptomatic infarcts are associated with progression 
to dementia and cognitive decline.391 Among 1015 
participants 60 to 90 years of age in the Rotterdam 
Scan Study,393 the presence of silent brain infarcts on 
baseline brain MRI doubled the risk of dementia (HR, 
2.26 [95% CI, 1.09–4.70]). Silent brain infarcts on the 
baseline MRI were also associated with worse perfor-
mance on neuropsychological tests and a steeper 
decline in global cognitive function.

•	 In CHS, 1919 participants had 2 MRI scans sepa-
rated by 5 years, and worsening of white matter 
disease on a semiquantitative scale was evident in 
538 participants (28%).394 Those with increased 
interval development of white matter burden had 
greater decline on modified Mini-Mental State 
examination and the Digit Symbol Substitution test 
after controlling for potential confounding factors, 
including occurrence of interval TIA or stroke.

•	 A diagnosis of HF is associated with cognitive 
decline. Among 4864 males and females in CHS 

initially free of HF and stroke, 496 participants 
who developed incident HF had greater adjusted 
declines over 5 years in the Modified Mini-Mental 
State Examination than those without HF (10.2 
points [95% CI, 8.6–11.8] versus 5.8 points [95% 
CI, 5.3–6.2]).395 The effect did not vary significantly 
by reduced versus preserved EF.

•	 In a systematic review of racial disparities in 
dementia prevalence and incidence in the United 
States that included 114 studies, the prevalence 
of dementia for those ≥65 years of age ranged 
in black cohorts from 7.2% to 20.9%. Dementia 
prevalence was 6.3% in Japanese Americans, 
12.9% in Caribbean Hispanic Americans, and 
12.2% in Guamanian Chamorro. The annual inci-
dence of dementia for blacks ≥65 years of age 
(mean 2.6%) and Caribbean Hispanic popula-
tions (mean 3.6%) was significantly higher than 
for Mexican American, Japanese American, and 
non-Latino white populations (0.8%–2.7%; 
P<0.001).396

•	 Data from a nationally representative population-
based longitudinal survey of US adults, the Health 
and Retirement Study, provides evidence that the 
prevalence of dementia among those ≥65 years of 
age declined significantly in the United States from 
11.6% in 2000 to 8.8% in 2012 (P<0.001).397

Table 14-1.  Stroke in the United States

Population Group

Prevalence, 2013–
2016:

Age ≥20 y

New and Recurrent 
Attacks, 1999, All 

Ages
Mortality,

2017: All Ages*
Hospital Discharges, 

2016: All Ages Cost, 2014–2015

Both sexes 7 000 000 (2.5%) 795 000 146 383 874 000 $45.5 Billion

Males 3 200 000 (2.5%) 370 000 (46.5%)† 61 645 (42.1%)† 438 000 …

Females 3 800 000 (2.6%) 425 000 (53.5%)† 84 738 (57.9%)† 436 000 …

NH white males 2.4% 325 000‡ 45 078 … …

NH white females 2.5% 365 000‡ 64 960 … …

NH black males 3.1% 45 000‡ 8566 … …

NH black females 3.8% 60 000‡ 10 522 … …

Hispanic males 2.0% … 5073 … …

Hispanic females 2.2% … 5702 … …

NH Asian males 1.1% … 2442§ … …

NH Asian females 1.6% … 2988§ … …

NH American Indian or Alaska Native … … 737 … …

Ellipses (…) indicate data not available; and NH, non-Hispanic.
*Mortality for Hispanic, American Indian or Alaska Native, and Asian and Pacific Islander people should be interpreted with caution because of inconsistencies 

in reporting Hispanic origin or race on the death certificate compared with censuses, surveys, and birth certificates. Studies have shown underreporting on death 
certificates of American Indian or Alaska Native, Asian and Pacific Islander, and Hispanic decedents, as well as undercounts of these groups in censuses.

†These percentages represent the portion of total stroke incidence or mortality that applies to males vs females.
‡Estimates include Hispanics and non-Hispanics. Estimates for whites include other nonblack races.
§Includes Chinese, Filipino, Hawaiian, Japanese, and other Asian or Pacific Islander.
Sources: Prevalence: Unpublished National Heart Lung and Blood Institute (NHLBI) tabulation using National Health and Nutrition Examination Survey, 2013 to 

2016.398 Percentages for racial/ethnic groups are age adjusted for Americans ≥20 years of age. Age-specific percentages are extrapolated to the 2016 US population. 
Incidence: Greater Cincinnati/Northern Kentucky Stroke Study and National Institutes of Neurological Disorders and Stroke data for 1999 provided on July 9, 2008. 
US estimates compiled by NHLBI. See also Kissela et al.399 Data include children. Mortality: Unpublished NHLBI tabulation using National Vital Statistics System.250 
These data represent underlying cause of death only. Mortality for NH Asians includes Pacific Islanders. Hospital discharges: Unpublished NHLBI tabulation using 
Healthcare Cost and Utilization Project, 2016.356 Data include those inpatients discharged alive, dead, or status unknown. Cost: Unpublished NHLBI tabulation using 
Medical Expenditure Panel Survey.373 Data include estimated direct and indirect costs for 2014 to 2015 (average annual).

This table shows 
the prevalence 
of stroke, the 
incidence of new 
and recurrent 
attacks, mortal-
ity, hospital dis-
charges, and cost 
related to stroke 
in the US. Many 
of the numbers 
in this table are 
depicted in the 
chapter charts.
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Chart 14-2. Annual age-adjusted incidence of first-ever stroke by race, United States, 1993 to 1994, 1999, and 2005. 
Hospital plus out-of-hospital ascertainment. ICH indicates intracerebral hemorrhage; and SAH, subarachnoid hemorrhage.  
Source: Data derived from Kleindorfer et al.18

This chart shows 
that the US 
age-adjusted 
incidence of 
first ever stroke 
by race in 2005 
was highest 
for ischemic 
stroke in blacks, 
followed by isch-
emic stroke in 
whites, followed 
by intracerebral 
hemorrhage in 
blacks, intracere-
bral hemorrhage 
in whites, 
subarachnoid 
hemorrhage in 
blacks, and lastly, 
subarachnoid 
hemorrhage in 
whites. The chart 
also shows that 
the age-adjusted 
incidence of 
ischemic stroke 
decreased 
among whites 
from 1993-1994 
and 1999 to 
2005; rates were 
otherwise stable 
across these time 
periods for blacks 
and for other 
stroke subtypes.
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Chart 14-1. Prevalence of stroke by age and sex, United States (NHANES, 2013–2016). 
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.398

This chart based 
on data from the 
National Health 
and Nutrition 
Examination Sur-
vey shows that 
the prevalence 
of stroke in the 
US from 2013 to 
2016 was high-
est in females 80 
years of age or 
older, followed 
by males 80 
years of age or 
older, then males 
60 to 70 years 
of age, females 
60 to 70 years 
of age, females 
40 to 59 years of 
age, males 40 to 
59 years of age, 
females 20 to 
39 years of age, 
and lastly, males 
20 to 39 years 
of age.
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Chart 14-3. Age-adjusted death rates for stroke by sex and race/ethnicity, United States, 2017. 
Death rates for the American Indian or Alaska Native and Asian or Pacific Islander populations are known to be underestimated. Stroke includes International 
Classification of Diseases, 10th Revision codes I60 through I69 (cerebrovascular disease). Mortality for NH Asians includes Pacific Islanders. NH indicates non-Hispanic.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Centers for Disease Control and Prevention Wide-Ranging Online Data for 
Epidemiologic Research.249

This chart shows 
that the US 
death rates for 
stroke in 2017 
were highest in 
non-Hispanic 
black males, 
followed by 
non-Hispanic 
black females, 
non-Hispanic 
white males and 
females, then 
non-Hispanic 
American Indian 
and Alaska Na-
tive females, 
Hispanic males, 
non-Hispanic 
American Indian 
and Alaska Na-
tive males, 
non-Hispanic 
Asian or Pacific 
Islander males, 
Hispanic females, 
and lastly non-
Hispanic Asian or 
Pacific Islander 
females.
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Chart 14-4. Crude stroke mortality rates among young US adults (25–64 years of age), 2007 to 2017. 
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Centers for Disease Control and Prevention Wide-Ranging Online Data for 
Epidemiologic Research.249

This chart shows 
that the crude 
stroke mortal-
ity rates were 
highest among 
US adults 55 to 
64 years of age 
between 2007 
and 2017, which 
is the highest 
age category 
reported on this 
chart.  Rates 
were respectively 
lower for each 
of 3 additional, 
10-year age 
categories lower 
than 55 years 
of age, with 
the lowest rates 
among adults 
25 to 34 years 
of age.  Rates 
within each age 
category were 
relatively stable 
over time.
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Chart 14-5. Crude stroke mortality rates among older US adults (≥65 years of age), 2007 to 2017. 
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Centers for Disease Control and Prevention Wide-Ranging Online Data for 
Epidemiologic Research.249

This chart shows 
that the crude 
stroke mortal-
ity rates among 
older adults 
between 2007 
and 2017 were 
highest among 
adults 85 years 
of age or older.  
Rates were lower 
for older adults 
75 to 84 years of 
age, and lowest 
for older adults 
65 to 74 years 
of age.  The 
largest variation 
in mortality rates 
over time was in 
adults 85 years 
of age or older, 
declining from 
2007 to 2013, 
and then rising 
until 2017.

Chart 14-6. Stroke death rates, 2015 through 2017, among adults ≥35 years of age, by US county. 
Rates are spatially smoothed to enhance the stability of rates in counties with small populations. International Classification of Diseases, 10th Revision codes for 
stroke: I60 through I69.  
Source: National Vital Statistics System.400

This US map 
shows the aver-
age stroke death 
rate by county in 
adults 35 years 
of age and older 
from 2014 to 
2016.  States 
with the most 
counties with the 
highest stroke 
death rates were 
in the South 
Central, South 
Atlantic, Mid-
Atlantic, and East 
North Central 
regions.
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Chart 14-7. Probability of death within 1 year after first stroke, United States, 1995 to 2011.* 
*Data years 1986 to 2011 for those who were 45 to 64 years of age because of the small number of events.  
Source: Unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation using pooled data from the Framingham Heart Study, Atherosclerosis Risk in 
Communities Study, Cardiovascular Health Study, Multi-Ethnic Study of Atherosclerosis, Coronary Artery Risk Development in Young Adults, and Jackson Heart 
Study of the NHLBI.

This chart using 
data from 1995 
to 2011 shows 
that the prob-
ability of death 
within 1 year 
after first stroke 
among adults 45 
years of age and 
older was highest 
in white females 
75 years of age 
or older, followed 
by white males 
75 years of age 
or older, black 
females 75 years 
of age or older, 
and finally black 
males 75 years of 
age or older.
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Chart 14-8. Probability of death within 5 years after first stroke, United States, 1995 to 2011.* 
*Data years 1986 to 2011 for those who were 45 to 64 years of age because of the small number of events.  
Source: Unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation using pooled data from the Framingham Heart Study, Atherosclerosis Risk in 
Communities Study, Cardiovascular Health Study, Multi-Ethnic Study of Atherosclerosis, Coronary Artery Risk Development in Young Adults, and Jackson Heart 
Study of the NHLBI.

This chart using 
data from 1995 
to 2011 shows 
that the prob-
ability of death 
within 5 years 
after first stroke 
among adults 
45 years of age 
and older was 
highest in white 
males 75 years 
of age or older, 
followed closely 
by white females 
75 years of age 
or older, black 
females 75 years 
of age or older, 
and finally black 
males 75 years of 
age or older.
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Chart 14-10. Age-standardized global prevalence rates of total stroke (all subtypes) per 100 000, both sexes, 2017. 
Age-standardized stroke prevalence rates are highest in Eastern Europe, North Africa, the Middle East, and Central and East Asia.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.375 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that age-stan-
dardized overall 
stroke prevalence 
rates for all 
stroke subtypes 
were highest in 
Eastern Europe, 
North Africa, the 
Middle East, and 
Central and East 
Asia in 2017.
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Chart 14-9. Probability of recurrent stroke in 5 years after first stroke, United States, 1995 to 2011.* 
*Data years 1986 to 2011 for those who were 45 to 64 years of age because of the small number of events.  
Source: Unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation using pooled data from the Framingham Heart Study, Atherosclerosis Risk in 
Communities Study, Cardiovascular Health Study, Multi-Ethnic Study of Atherosclerosis, Coronary Artery Risk Development in Young Adults, and Jackson Heart 
Study of the NHLBI.

This chart using 
data from 1995 
to 2011 shows 
that the prob-
ability of death 
with recurrent 
stroke within 
5 years after 
first stroke was 
highest in black 
females 65 to 
74 years of age, 
followed by black 
females 45 to 64 
years of age and 
white females 75 
years of age or 
older, followed 
by white females 
45 to 64 years of 
age and white 
males 75 years 
of age or older. 
Other age and 
race categories 
had even lower 
rates of prob-
ability of death 
with recurrent 
stroke within 5 
years after first 
stroke.
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Chart 14-11. Age-standardized global prevalence rates of ischemic stroke per 100 000, both sexes, 2017. 
Countries in Eastern Europe and Central and East Asia have the highest prevalence rates of ischemic stroke.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.375 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that countries in 
Eastern Europe, 
and Central 
and East Asia, 
had the highest 
prevalence rates 
of ischemic 
stroke in 2017. 

Chart 14-12. Age-standardized global prevalence rates of intracerebral hemorrhage (ICH) per 100 000, both sexes, 2017. 
ICH prevalence rates are highest in East and Central Asia.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.375 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that intracerebral 
hemorrhage 
prevalence rates 
were highest in 
East and Central 
Asia in 2017.
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Chart 14-13. Age-standardized global prevalence rates of subarachnoid hemorrhage (SAH) per 100 000, both sexes, 2017. 
Age-standardized prevalence of SAH is highest in Japan.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.375 Printed with permission. 
Copyright © 2018, University of Washington.

This map 
shows that 
age-standardized 
prevalence of 
subarachnoid 
hemorrhage was 
highest in Japan 
in 2017.

Chart 14-14. Age-standardized global mortality rates of total stroke (all subtypes) per 100 000, both sexes, 2017. 
Mortality of stroke is lowest in high income countries. Several countries in Eastern Europe, Africa, and Central Asia have the highest rates of stroke mortality.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.375 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that mortality 
of total stroke 
including all 
subtypes was 
lowest in high 
income countries 
in 2017. Sev-
eral countries in 
Eastern Europe, 
Africa, and Cen-
tral Asia had the 
highest rates of 
stroke mortality.
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Chart 14-15. Age-standardized global mortality rates of ischemic stroke per 100 000, both sexes, 2017. 
Countries in Eastern Europe, North Africa, and Central Asia have the highest mortality rates of ischemic stroke.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.375 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that countries in 
Eastern Europe, 
North Africa, 
and Central Asia 
had the highest 
mortality rates of 
ischemic stroke 
in 2017.

Chart 14-16. Age-standardized global mortality rates of intracerebral hemorrhage (ICH) per 100 000, both sexes, 2017. 
ICH mortality rates are highest in East and Southeast Asia.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.375 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that intracerebral 
hemorrhage 
mortality rates 
were highest 
in East and 
Southeast Asia in 
2017.
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This map shows 
that mortality 
due to subarach-
noid hemorrhage 
was highest in 
Southeast Asia 
and Mongolia in 
2017.
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15. CONGENITAL CARDIOVASCULAR 
DEFECTS AND KAWASAKI DISEASE
ICD-9 745 to 747; ICD-10 Q20 to Q28. See Tables 
15-1 through 15-3 and Charts 15-1 through 15-7

CCDs arise from abnormal or incomplete formation 
of the heart and blood vessels. CCDs range in sever-
ity from minor abnormalities not requiring treatment to 
complex malformations, including absent, hypoplastic, 

or atretic portions of the heart, valves, or vessels that 
could require multiple surgeries and interventions, 
including cardiac transplantation. Thus, there is signifi-
cant variability in their presentation and requirements 
for care that can have a significant impact on mor-
bidity, mortality, and healthcare costs both in children 
and adults.1 Some types of CCDs are associated with 
diminished quality of life,2 on par with what is seen in 
other chronic pediatric health conditions,3 as well as 
deficits in cognitive functioning4 and neurodevelop-
mental outcomes.5 Health outcomes generally continue 
to improve for CCDs, including survival, which has led 
to a population shift into adulthood. There is a growing 
population of adults with both congenital heart defects 
and the more usual adult medical diagnoses,6 which 
adds to the management complexity of this group of 
patients7,8 and emphasizes the importance of specialty 
care by adult congenital HD specialists.9

Overall Lifespan Prevalence 
(See Tables 15-1 through 15-3)
The 32nd Bethesda Conference estimated that the total 
number of adults living with CCDs in the United States in 
2000 was 800 000.1 In 2010, the estimated prevalence 
of CCDs in all age groups was 2.4 million (Table 15-1). 
The annual birth prevalence of CCDs ranged from 2.4 
to 13.7 per 1000 live births (Table 15-2). In the United 
States, 1 in 150 adults is expected to have some form 
of congenital heart defect, including minor lesions such 
as bicuspid aortic valve and severe CCD such as HLHS.7 
The estimated prevalence of CCDs ranges from 2.5% 
for hypoplastic right heart syndrome to 20.1% for VSD 
in children and from 1.8% for TGA to 20.1% for VSD 
in adults (Table 15-3). In population data from Canada, 
the measured prevalence of CCDs in the general popu-
lation was 13.11 per 1000 children and 6.12 per 1000 
adults in the year 2010.10 The expected growth rates of 
the congenital heart defects population vary from 1% 
to 5% per year depending on age and the distribution 
of lesions.11

Estimates of the distribution of lesions in the CCD 
population using available data vary based on pro-
posed assumptions. If all those born with CCDs 
between 1940 and 2002 were treated, there would be 
≈750 000 survivors with simple lesions, 400 000 with 
moderate lesions, and 180 000 with complex lesions; 
in addition, there would be 3.0 million people alive 
with bicuspid aortic valves.11 Without treatment, the 
number of survivors in each group would be 400 000, 
220 000, and 30 000, respectively. The actual numbers 
surviving were projected to be between these 2 sets of 
estimates as of more than a decade ago.11 The most 
common types of defects in children are VSD, 620 000 
people; ASD, 235 000 people; valvar pulmonary ste-
nosis, 185 000 people; and patent ductus arteriosus, 

Click here to return to the Table of Contents

Abbreviations Used in Chapter 15

ACS acute coronary syndrome

AHA American Heart Association

AMI acute myocardial infarction

ASD atrial septal defect

AV atrioventricular

CABG coronary artery bypass graft

CCD congenital cardiovascular defect

CDC Centers for Disease Control and Prevention

CDC WONDER Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research

CI confidence interval

DM diabetes mellitus

GBD Global Burden of Disease

HCUP Healthcare Cost and Utilization Project

HD heart disease

HLHS hypoplastic left heart syndrome

HR hazard ratio

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

ICU intensive care unit

IHD ischemic heart disease

IQR interquartile range

IRR incidence rate ratio

IVIG intravenous immunoglobulin

KD Kawasaki disease

NH non-Hispanic

NHLBI National Heart, Lung, and Blood Institute

NIS National (Nationwide) Inpatient Sample

NVSS National Vital Statistics System

OR odds ratio

PAH pulmonary arterial hypertension

RR relative risk

RV right ventricle

STS Society of Thoracic Surgeons

TGA transposition of the great arteries

TOF tetralogy of Fallot

UI uncertainty interval

VSD ventricular septal defect
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173 000 people.11 The most common lesions seen in 
adults are ASD and TOF.12

Birth Prevalence
The incidence of disorders present before birth, such 
as CCDs, is generally described as the birth preva-
lence. The birth prevalence of CCDs is reported as 6.9 
per 1000 live births in North America, 8.2 per 1000 
live births in Europe, and 9.3 per 1000 live births in 
Asia.13 The overall birth prevalence of CCDs at the 
Bhabha Atomic Research Centre Hospital in Mumbai, 
India, from 2006 through 2011 was 13.28 per 1000 
live births.14

Variations in birth prevalence rates may be related 
to the age at detection; major defects can be identified 
in the prenatal or neonatal period, but minor defects 
might not be detected until later in childhood or, in 
fact, adulthood, which makes it challenging to esti-
mate birth prevalence and population prevalence. To 
distinguish more serious defects, some studies report 
the number of new cases of sufficient severity to result 
in death or an invasive procedure within the first year 
of life (in addition to the overall birth prevalence). 
Birth prevalence rates are likely to increase over time 
because of improved technological advancements 
in diagnosis and screening, particularly fetal cardiac 
ultrasound,15 pulse oximetry,16 and echocardiography 
during infancy.

Overall Birth Prevalence
(See Table 15-2)

•	 According to population-based data from the 
Metropolitan Atlanta Congenital Defects Program 
(Atlanta, GA), a CCD occurred in 1 of every 111 
to 125 births (live, still, or >20 weeks’ gestation) 
from 1995 to 1997 and from 1998 to 2005. 
Some defects showed variations by sex and racial 
distribution.17

•	 According to population-based data from Alberta, 
Canada, there was a total birth prevalence of 
12.42 per 1000 total births (live, still, or >20 
weeks’ gestation).18

•	 An estimated minimum of 40 000 infants are 
expected to be affected by CCDs each year in the 
United States. Of these, ≈25%, or 2.4 per 1000 
live births, require invasive treatment in the first 
year of life (Table 15-2).

Birth Prevalence of Specific Defects
•	 The National Birth Defects Prevention Network 

showed the average birth prevalence of 21 
selected major birth defects for 13 states in the 
United States from 2004 to 2006. These data 
indicated that there are >6100 estimated annual 
cases of 5 CCDs: truncus arteriosus (0.07 per 
1000 births), TGA (0.3 per 1000 births), TOF (0.4 

per 1000 births), AV septal defect (0.47 per 1000 
births), and HLHS (0.23 per 1000 births).19,20

•	 Metropolitan Atlanta Congenital Defects Program 
data for specific defects at birth showed the fol-
lowing: VSD, 4.2 per 1000 births; ASD, 1.3 per 
1000 births; valvar pulmonic stenosis, 0.6 per 
1000 births; TOF, 0.5 per 1000 births; aortic coarc-
tation, 0.4 per 1000 births; AV septal defect, 0.4 
per 1000 births; and TGA (0.2 per 1000 births).17

•	 Bicuspid aortic valve occurs in 13.7 of every 1000 
people; these defects might not require treatment 
in infancy or childhood but could require care later 
in adulthood.21

Risk Factors
•	 Numerous intrinsic and extrinsic nongenetic risk 

factors, as well as genetic factors, are thought to 
contribute to CCDs.22,23

•	 Intrinsic risk factors for CCDs can include various 
genetic syndromes. Twins are at higher risk for 
CCDs24; one report from Kaiser Permanente data 
showed monochorionic twins were at particular 
risk (RR, 11.6 [95% CI, 9.2–14.5]).25 Known risks 
generally focus on maternal exposures, but a study 
of paternal occupational exposure documented a 
higher incidence of CCDs with paternal exposure 
to phthalates.26

•	 Other paternal exposures that increase risk for 
CCDs include paternal anesthesia, which has been 
implicated in TOF (3.6%); sympathomimetic medi-
cation and coarctation of the aorta (5.8%); pes-
ticides and VSDs (5.5%); and solvents and HLHS 
(4.6%).27

•	 Known maternal risks include smoking28,29 during 
the first trimester of pregnancy, which has also 
been associated with a ≥30% increased risk of the 
following lesions in the fetus: ASD, pulmonary val-
var stenosis, truncus arteriosus, TGA,30 and septal 
defects (particularly for heavy smokers [≥25 ciga-
rettes daily]).31 Maternal smoking might account 
for 1.4% of all congenital heart defects.

•	 Exposure to secondhand smoke has also been 
implicated as a risk factor.32

•	 Air pollutants can also increase the risk of CCDs. 
In a retrospective review of singleton infants born 
in Florida from 2000 to 2009, maternal exposure 
during pregnancy to the air pollutant benzene 
was associated with an increased risk in the fetus 
of critical and noncritical CCDs (1.33 [95% CI, 
1.07–1.65]).33

•	 Maternal binge drinking34 is also associated with 
an increased risk of CCDs, and the combination 
of binge drinking and smoking can be particularly 
deleterious: Mothers who smoke and report any 
binge drinking in the 3 months before pregnancy 
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are at an increased risk of giving birth to a child 
with a CCD (adjusted OR, 12.65).34

•	 Maternal obesity is associated with CCDs. A meta-
analysis of 14 studies of females without gesta-
tional DM showed infants born to mothers who 
were moderately and severely obese, respectively, 
had 1.1 and 1.4 times greater risk of CCDs than 
infants born to normal-weight mothers.35–37 The 
risk of TOF was 1.9 times higher among infants 
born to mothers with severe obesity than among 
infants born to normal-weight mothers.36

•	 Maternal DM, including gestational DM, has also 
been associated with CCDs, both isolated (CCD[s] 
as the only major congenital anomaly) and mul-
tiple (CCD[s] plus ≥1 noncardiac major congenital 
anomalies).38,39 Pregestational DM has been associ-
ated with CCDs, specifically TOF.40

•	 Preeclampsia is considered a risk factor for CCDs, 
although not critical defects.41

•	 Folate deficiency is a well-documented risk for 
congenital malformations, including CCDs, and 
folic acid supplementation is routinely recom-
mended during pregnancy.22 An observational 
study of folic acid supplementation in Hungarian 
females showed a decrease in the incidence of 
CCDs, including VSD (OR, 0.57 [95% CI, 0.45–
0.73]), TOF (OR, 0.53 [95% CI, 0.17–0.94]), dex-
tro-TGA (OR, 0.47 [95% CI, 0.26–0.86]), and ASD 
secundum (OR, 0.63 [95% CI, 0.40–0.98]).41 A US 
population–based case-control study showed an 
inverse relationship between folic acid use and the 
risk of TGA (Baltimore-Washington Infant Study, 
1981–1989).42

•	 An observational study from Quebec, Canada, 
of 1.3 million births from 1990 to 2005 found a 
6% per year reduction in severe congenital heart 
defects using a time-trend analysis before and 
after public health measures were instituted that 
mandated folic acid fortification of grain and flour 
products in Canada.43

•	 Maternal infections, including rubella and chla-
mydia, have been associated with congenital heart 
defects.44,45

•	 High altitude has also been described as a risk fac-
tor for CCDs. Tibetan children living at 4200 to 
4900 m had a higher prevalence of congenital 
heart defects (12.09 per 1000) than those living 
at lower altitudes of 3500 to 4100 m (4.32 per 
1000); patent ductus arteriosus and ASD contrib-
uted to the increased prevalence.46

Screening
Pulse oximetry screening for CCDs was incorporated as 
part of the US recommended uniform screening panel 
for newborns in 2011 and has been endorsed by the 

AHA and the American Academy of Pediatrics.47 At 
present, all 50 states and the District of Columbia have 
laws or regulations mandating newborn screening for 
identification of previously unidentified (by fetal cardiac 
ultrasound) newborn CCDs,48 and several studies have 
demonstrated the benefit of such screening.49–51

•	 Several key factors contribute to effective screen-
ing, including probe placement (postductal), oxim-
etry cutoff (<95%), timing (>24 hours of life), and 
altitude (<2643 ft [806 m]).

•	 If fully implemented, screening would predict 
identification of 1189 additional infants with criti-
cal congenital heart defects and yield 1975 false-
positive results.52

•	 A simulation model estimates that screening the 
entire United States for critical CCDs with pulse 
oximetry would uncover 875 infants (95% UI, 
705–1060) who truly have nonsyndromic CCDs 
versus 880 (95% UI, 700–1080) false-negative 
screenings (no CCDs).53

•	 It has been estimated that 29.5% (95% CI, 
28.1%–31.0%) of nonsyndromic children with 
critical CCDs are diagnosed after 3 days and thus 
might benefit from pulse oximetry screening.54

•	 A meta-analysis of 13 studies that included 229 421 
newborns found pulse oximetry had a sensitivity 
of 76.5% (95% CI, 67.7%–83.5%) for detection 
of critical CCDs and a specificity of 99.9% (95% 
CI, 99.7%–99.9%), with a false-positive rate of 
0.14% (95% CI, 0.06%–0.33%).55

•	 A recent observational study demonstrated that 
statewide implementation of mandatory policies 
for newborn screening for critical CCDs was asso-
ciated with a significant decrease (33.4% [95% CI, 
10.6%–50.3%]) in infant cardiac deaths between 
2007 and 2013 compared with states without 
such policies.56

•	 The cost of identifying a newborn with a critical 
CCD has been estimated at $20 862 per newborn 
detected and $40 385 per life-year gained (2011 
US dollars).53

•	 Reports outside of the United States have shown 
similar performance of pulse oximetry screening in 
identifying critical CCDs,57 with a sensitivity and 
specificity of pulse oximetry screening for critical 
congenital heart defects of 100% and 99.7%, 
respectively.

Social Determinants
Recently, several studies have demonstrated there can 
be variations in CCD outcomes based on factors such as 
ethnicity, race, and socioeconomics.58–62

•	 In a review of 15 533 infants with CCD born 
between 2004 and2013, survival among infants 
with univentricular CCDs was improved for those 
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whose fathers were >35 years of age (71.6% [95% 
CI, 63.8%–80.3%]) compared with those who 
were younger (59.7% [95% CI, 54.6%–65.2%]), 
and factors associated with survival in biventricular 
CCDs included maternal education, race or ethnic-
ity, and marital status.58

•	 All infants undergoing cardiac intervention in 
England and Wales from 2005 to 2010 were iden-
tified through a national registry, and CCD inci-
dence was shown to be higher in Asian and black 
ethnic groups than in the Caucasian reference 
population (IRR 1.5 for Asians [95% CI, 1.4–1.7] 
and 1.4 for blacks [95% CI, 1.3–1.6]).59

Genetics and Family History
•	 CCDs can have a heritable component. There is a 

greater concordance of CCDs in monozygotic than 
dizygotic twins.63 Among parents with ASD or 
VSD, 2.6% and 3.7%, respectively, have children 
who are similarly affected, 21 times the estimated 
population frequency.64 However, the majority of 
CCDs occur in families with no other history of 
CCDs, which supports the possibility of de novo 
genetic events.

•	 Large chromosomal abnormalities are associated 
with some CCDs. For example, aneuploidies such 
as trisomy 13, 18, and 21 account for 9% to 18% 
of CCDs.54 The specific genes responsible for CCDs 
that are disrupted by these abnormalities are dif-
ficult to identify. There are studies that suggest 
that DSCAM and COL6A contribute to Down syn-
drome–associated CCDs.65

•	 Copy number variants also contribute to CCDs 
and have been shown to be overrepresented in 
larger cohorts of patients with specific forms of 
CCDs.66 The most common copy number vari-
ant is del22q11, which encompasses the T-box 
transcription factor (TBX1) gene and presents as 
DiGeorge syndrome and velocardiofacial syn-
drome. Others include del17q11, which causes 
William syndrome.67

•	 Single point mutations are also a cause of CCDs 
and include mutations in a core group of cardiac 
transcription factors (NKX2.5, TBX1, TBX2, TBX3, 
TBX5, and MEF2),67,68 ZIC3, and the NOTCH1 gene 
(dominantly inherited and found in ≈5% of cases 
of bicuspid aortic valve) and related NOTCH signal-
ing genes.69

•	 Advances in whole-exome sequencing have sug-
gested that 10% of sporadic severe cases of CCDs 
are caused by de novo mutations,70 particularly in 
chromatin-regulating genes.

•	 Rare monogenic CCDs also exist, including mono-
genic forms of ASD, heterotaxy, severe mitral valve 
prolapse, and bicuspid aortic valve.67

•	 Complications related to CCD may also have 
a genetic component; a recent whole-exome 
sequence study identified SOX17 as a novel 
candidate gene for PAH in patients with CCD 
patients.71

•	 There is no exact consensus currently on the role, 
type, and utility of clinical genetic testing in people 
with CCDs,67 but it should be offered to patients 
with multiple congenital abnormalities or con-
genital syndromes (including CCD lesions associ-
ated with a high prevalence of 22q11 deletion or 
DiGeorge syndrome), and it can be considered in 
patients with a family history, in those with devel-
opmental delay, and in patients with left-sided 
obstructive lesions.1

•	 The diagnostic yield for CCD genetic panels in 
familial, nonsyndromic cases is 31% to 46% and 
is even lower in nonfamilial disease.72,73 Use of 
whole-exome genetic testing has been shown to 
improve rates of detection.74

•	 A Pediatric Cardiac Genomics Consortium has 
been developed to provide and better understand 
phenotype and genotype data from large cohorts 
of patients with CCDs.75

Mortality 
(See Tables 15-1 and 15-4 and Charts 15-1 
through 15-5)
Overall mortality attributable to CCDs:

•	 In 2017:
—	 Mortality related to CCDs was 2906 deaths 

(Table 15-1), an 18.1% decrease from 2007 
(unpublished NHLBI tabulation using NVSS76).

—	 CCDs (ICD-10 Q20–Q28) were the most com-
mon cause of infant deaths resulting from 
birth defects (ICD-10 Q00–Q99); 22.5% of 
infants who died of a birth defect had a heart 
defect (ICD-10 Q20–Q24; unpublished NHLBI 
tabulation using NVSS76).

—	 The age-adjusted death rate (deaths per 
100 000 people) attributable to CCDs was 0.9, 
a 25.0% decrease from 2007 (unpublished 
NHLBI tabulation using CDC WONDER77).

•	 According to a review of Norwegian national mor-
tality data in live-born children with CCDs from 
1994 to 2009, the all-cause mortality rate was 
17.4% for children with severe congenital heart 
defects and 3.0% for children with milder forms 
of CCDs, with declining mortality rates over the 
analysis period related to declining operative mor-
tality and more frequent pregnancy terminations.78

•	 Death rates attributed to CCDs decrease as gesta-
tional age advances toward 40 weeks.79 In-hospital 
mortality of infants with major CCDs is indepen-
dently associated with late-preterm birth (OR, 2.70 
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[95% CI, 1.69–4.33]) compared with delivery at 
later gestational ages.80,81

•	 Similarly, postoperative mortality of infants with 
CCDs born near term (37 weeks) is 1.34 (95% CI, 
1.05–1.71; P=0.02) higher than for those born 
full term, with higher complication rates and 
longer lengths of stay.82 The presence of CCDs 
substantially increases mortality of very low-birth-
weight infants; in a study of very low-birth-weight 
infants, the mortality rate with serious congenital 
heart defects was 44% compared with 12.7% 
in very low-birth-weight infants without serious 
CCDs.83

•	 Analysis of the STS Congenital Heart Surgery 
Database, a voluntary registry with self-reported 
data for a 3-year cycle (2013–2016) from 116 cen-
ters performing CCD surgery (112 based in 40 US 
states, 3 in Canada, and 1 in Turkey),84 showed 
that of 122 193 total patients who underwent 
an operation with analyzable data, the aggre-
gate hospital discharge mortality rate was 3.0% 
(95% CI, 2.9%–3.1%).85 The mortality rate was 
8.6% (95% CI, 8.2%–9.1%) for neonates, 2.8% 
(95% CI, 2.6%–3.0%) for infants, 1.0% (95% CI, 
0.9%–1.1%) for children (>1 year to 18 years of 
age), and 1.5% (95% CI, 1.3%–1.8%) for adults 
(>18 years of age).85

•	 Another recent analysis of mortality after CCD 
surgery, culled from the Pediatric Cardiac Care 
Consortium’s US-based multicenter data registry, 
demonstrated that although standardized mor-
tality ratios continue to decrease, there remains 
increased mortality in CCD patients compared with 
the general population. The data included 35 998 
patients with median follow-up of 18 years and an 
overall standardized mortality ratio of 8.3% (95% 
CI, 8.0%–8.7%).86

•	 The Japan Congenital Cardiovascular Surgery 
Database reported similar surgical outcomes for 
congenital HD from 28 810 patients operated on 
between 2008 and 2012, with 2.3% and 3.5% 
mortality at 30 and 90 days, respectively.87

•	 In Mexico, there were 70 741 deaths attributed 
to CCD during the years 2000 to 2015, with the 
standardized mortality rates increased from 3.3 to 
4 per 100 000 individuals, and an increase in mor-
tality rates in the age group <1 year of age from 
114.4 to 146.4 per 100 000 live births.88

•	 In population-based data from Canada, 8123 
deaths occurred among 71 686 patients with CCDs 
followed up for nearly 1 million patient-years.7

•	 Among 12 644 adults with CCDs followed up at 
a single Canadian center from 1980 to 2009, 308 
patients in the study cohorts (19%) died.89

•	 Trends in age-adjusted death rates attributable 
to CCD mortality showed a decline from 1999 to 

2017 (Chart 15-1); this varied by race/ethnicity and 
sex (Charts 15-2 and 15-3).

•	 From 1999 to 2017, there was a decline in the 
age-adjusted death rates attributable to CCDs in 
black, white, and Hispanic people (Chart 15-2), in 
both males and females (Chart 15-3), and in age 
groups 1 to 4 years, 5 to 14 years, 15 to 24 years, 
and ≥25 years (Chart 15-4) in the United States.

•	 CCD-related mortality varies substantially by age, 
with 1- to 4-year-old children demonstrating 
higher mortality rates than any age group other 
than infants from 1999 to 2017 (Chart 15-4).

•	 The US 2017 age-adjusted death rate (deaths per 
100 000 people) attributable to CCDs was 1.01 for 
NH white males, 1.28 for NH black males, 0.91 for 
Hispanic males, 0.77 for NH white females, 1.03 for 
NH black females, and 0.73 for Hispanic females 
(Chart 15-5). Infant (<1 year of age) mortality rates 
were 27.4 for NH white infants, 38.6 for NH black 
infants, and 30.0 for Hispanic infants (unpublished 
NHLBI tabulation using CDC WONDER77).

•	 Mortality after congenital heart surgery also dif-
fers between races/ethnicities, even after adjust-
ment for access to care. One study found that a 
higher risk of in-hospital mortality was associated 
with nonwhite race (OR, 1.36 [95% CI, 1.19–
1.54]) and Medicaid insurance (OR, 1.26 [95% CI, 
1.09–1.46]).90 One center’s experience suggested 
race was independently associated with neonatal 
surgical outcomes only in patients with less com-
plex CCDs.91 Another center found that a home 
monitoring program can reduce mortality even in 
this vulnerable population.92

•	 Data from the HCUP’s Kids’ Inpatient Database 
from 2000, 2003, and 2006 show male children 
had more CCD surgeries in infancy, more high-risk 
surgeries, and more procedures to correct multi-
ple cardiac defects. Female infants with high-risk 
CCDs had a 39% higher adjusted mortality than 
males.92,93 According to CDC multiple-cause death 
data from 1999 to 2006, sex differences in mortal-
ity over time varied with age. Between the ages 
of 18 and 34 years, mortality over time decreased 
significantly in females but not in males.94

•	 In studies that examined trends since 1979, age-
adjusted death rates declined 22% for critical CCDs95 
and 39% for all CCDs,96 and deaths tended to occur 
at progressively older ages. Population-based data 
from Canada showed overall mortality decreased by 
31% and the median age of death increased from 2 
to 23 years between 1987 and 2005.7

•	 Further analysis of the Kids’ Inpatient Database 
from 2000 to 2009 showed a decrease in HLHS 
stage 3 mortality by 14% and a decrease in stage 1 
mortality by 6%.97 Surgical interventions are the pri-
mary treatment for reducing mortality. A Pediatric 
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Heart Network study of 15 North American cen-
ters revealed that even in lesions associated with 
the highest mortality, such as HLHS, aggressive 
palliation can lead to an increase in the 12-month 
survival rate, from 64% to 74%.98

•	 Surgical interventions are common in adults with 
CCDs. Mortality rates for 12 CCD procedures 
were examined with data from 1988 to 2003 
reported in the NIS. A total of 30 250 opera-
tions were identified, which yielded a national 
estimate of 152 277±7875 operations. Of these, 
27% were performed in patients ≥18 years of 
age. The overall in-hospital mortality rate for 
adult patients with CCDs was 4.71% (95% CI, 
4.19%–5.23%), with a significant reduction in 
mortality observed when surgery was performed 
on such adult patients by pediatric versus non-
pediatric heart surgeons (1.87% versus 4.84%; 
P<0.0001).99 For adults with CCDs, specialist care 
is a key determinant of mortality and morbidity. 
In a single-center report of 4461 adult patients 
with CCDs with 48 828 patient-years of follow-
up, missed appointments and delay in care were 
predictors of mortality.100

Hospitalizations 
(See Table 15-1)

•	 In 2016, the total number of hospital discharges 
for CCDs for all ages was 45 000 (Table 15-1).

•	 Hospitalization of infants with CCDs is common; 
one-third of patients with congenital heart defects 
require hospitalization during infancy,101,102 often 
in an ICU.

Cost
•	 Using HCUP 2013 NIS data, one study noted that 

hospitalization costs for individuals of all ages with 
CCDs exceeded $6.1 billion in 2013, which repre-
sents 27% of all birth defect–associated hospital 
costs.103

•	 Among pediatric hospitalizations (0–20 years of 
age) in the HCUP 2012 Kids’ Inpatient Database104:
—	 Pediatric hospitalizations with CCDs (4.4% of 

total pediatric hospitalizations) accounted for 
$6.6 billion in hospitalization spending (23% 
of total pediatric hospitalization costs).

—	26.7% of all CCD costs were attributed to criti-
cal CCDs, with the highest costs attributable to 
HLHS, coarctation of the aorta, and TOF.

—	 Median (IQR) hospital cost was $51 302 
($32 088–$100 058) in children who under-
went cardiac surgery, $21 920 ($13 068–
$51 609) in children who underwent cardiac 
catheterization, $4134 ($1771–$10 253) in 

children who underwent noncardiac surgery, 
and $23 062 ($5529–$71 887) in children 
admitted for medical treatments.

—	 The mean cost of CCDs was higher in infancy 
($36 601) than in older ages and in those with 
critical congenital heart defects ($52 899).

•	 Other studies confirm the high cost of HLHS. An 
analysis of 1941 neonates with HLHS showed 
a median cost of $99 070 for stage 1 palliation 
(Norwood or Sano procedure), $35 674 for stage 
2 palliation (Glenn procedure), $36 928 for stage 
3 palliation (Fontan procedure), and $289 292 for 
transplantation.105

•	 Other CCD lesions, often which are either less 
complex or preserve a biventricular circulation, are 
less costly. In 2124 patients undergoing congenital 
heart operations between 2001 and 2007, total 
costs for the other surgeries were $12 761 (ASD 
repair), $18 834 (VSD repair), $28 223 (TOF repair), 
and $55 430 (arterial switch operation).106

•	 A Canadian study published in 2017 demonstrated 
increasing hospitalization costs for children and 
adults with CCDs, particularly those with complex 
lesions, which appeared to be independent from 
inflation or length of stay.107

•	 A recent US study evaluating cost and length of 
stay in neonates with HLHS revealed significant 
regional differences in cost, length of stay, and 
mortality.108

Global Burden of CCDs 
(See Charts 15-6 and 15-7)

•	 The GBD 2017 Study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
countries and territories.109 In 2017:
—	 Prevalence of congenital heart anomalies was 

an estimated 12.0 million people.
—	 There were 300 000 deaths attributed to con-

genital heart anomalies worldwide.
—	 Age-standardized mortality rates of congeni-

tal heart anomalies are lowest in high-income 
countries and several African nations (Chart 
15-6).

—	 The age-standardized prevalence of congenital 
heart anomalies is highest in Central Europe 
(Chart 15-7).

Kawasaki Disease 
ICD-9 446.1; ICD-10 M30.3.
KD is an acute inflammatory illness characterized by 
fever, rash, nonexudative limbal-sparing conjunctivitis, 
extremity changes, red lips and strawberry tongue, and 
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a swollen lymph node. In areas where bacille Calmette-
Guerin vaccination is common, the site can reactivate in 
KD.110 The most feared consequence of this vasculitis is 
coronary artery aneurysms, which can result in coronary 
ischemic events and other cardiovascular outcomes in 
the acute period or years later.111 The cause of KD is 
unknown, but it could be an immune response to an 
acute infectious illness based in part on genetic sus-
ceptibilities.112,113 This is supported by the occurrence 
of epidemics and variation in incidence by age, geog-
raphy, and season, but also by race/ethnicity, sex, and 
family history.113,114 The Nationwide Longitudinal Survey 
in Japan has shown that breastfeeding is protective 
against developing KD.115

Prevalence
•	 KD is the most common cause of acquired HD in 

children in the United States and other developed 
countries.114

Incidence
•	 The incidence was 20.8 per 100 000 US children 

<5 years of age in 2006.116 This is the most recent 
national estimate available and is limited by reli-
ance on weighted hospitalization data from 38 
states.

•	 Boys have a 1.5-fold higher incidence of KD than 
girls.116

•	 Although KD can occur into adolescence (and 
rarely beyond), 76.8% of US children with KD are 
<5 years of age.116

•	 Race-specific incidence rates indicate that KD is 
most common among Americans of Asian and 
Pacific Island descent (30.3 per 100 000 children <5 
years of age), occurs with intermediate frequency 
in NH blacks (17.5 per 100 000 children <5 years of 
age) and Hispanics (15.7 per 100 000 children <5 
years of age), and is least common in whites (12.0 
per 100 000 children <5 years of age).116

•	 There is also geographic variation in KD incidence 
within the United States. States with higher Asian 
American populations have higher rates of KD; 
for example, rates are 2.5-fold higher in Hawaii 
(50.4 per 100 000 children <5 years of age) than 
in the continental United States.117 Within Hawaii, 
the race-specific rates of KD per 100 000 chil-
dren <5 years of age in 1996 to 2006 were 210.5 
for Japanese, 86.9 for Native Hawaiian, 83.2 for 
Chinese, 64.5 for Filipino, and 13.7 for white 
children.117

•	 There are seasonal variations in KD; KD is more 
common during the winter and early spring 
months, except in Hawaii, where no clear seasonal 
trend is seen.116,117

•	 KD can recur. Recurrences constitute 2% to 4% 
of total KD cases in both the United States and 
Japan,118 and incidence of first recurrence among 

children with a history of KD has been reported 
as 6.5 per 1000 person-years in Japan (2007–
2010) and 2.6 per 1000 person-years in Canada 
(2004–2014).119,120

Secular Trends
•	 Although the incidence of KD is rising worldwide, 

there has been no clear secular trend in the United 
States, but recent data are lacking. US hospital-
izations for KD were 17.5 and 20.8 per 100 000 
children <5 years of age in 1997 and 2006, 
respectively, but the test for linear trend was not 
significant.116

Genetics/Family History
•	 Approximately 1% of KD cases have a posi-

tive family history of KD. Among siblings of KD 
patients, the RR of KD is ≈10-fold compared with 
the general population (2.1% rate within 1 year of 
index case onset). Among identical twins, concor-
dance is ≈13 percent.114

•	 A variety of genetic variants have been associ-
ated with KD susceptibility or development of 
coronary artery lesions in KD; however, thus far 
these have not explained differences in incidence 
between ancestry groups (eg, Japanese versus 
European).112,121

Treatment and Control
•	 Treatment of acute KD rests on diminishing the 

inflammatory response with IVIG, which clearly 
reduces the incidence of coronary artery aneu-
rysms (from 25% to ≈4% for aneurysms defined 
by absolute dimensions).114 Aspirin is routinely 
used for its anti-inflammatory and antiplatelet 
effects, but it does not reduce the incidence of 
coronary artery aneurysms.
—	 On the basis of a Cochrane review, addition 

of prednisolone to the standard IVIG regimen 
could further reduce the incidence of coro-
nary artery abnormalities (RR, 0.29 [95% CI, 
0.18–0.46]), but the applicability of these data 
to non-Asian and less severe KD cases is not 
certain.122

—	 On the basis of limited data, other anti-inflam-
matory treatments have also been used, and 
several clinical trials are under way.123

—	 Resistance to IVIG, defined as recurrent or 
persistent fever ≥36 hours after completion of 
IVIG infusion, occurs in 10% to 20% of KD 
patients. Predictive models for IVIG resistance 
have been developed in Asian populations 
but have not been useful in North American 
patients. Treatment of IVIG resistance is cur-
rently not standardized.114

•	 Management of established coronary artery aneu-
rysms in the short and long term is centered on 
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thromboprophylaxis. Successful coronary interven-
tion for late coronary stenosis or thrombosis has 
been accomplished percutaneously and surgically 
(eg, CABG).124,125

Complications of KD
•	 In the acute phase (up to ≈6 weeks from fever 

onset), several important cardiovascular complica-
tions can occur.
—	 KD shock syndrome, with variable contri-

butions from myocardial dysfunction and 
decreased peripheral resistance, occurs in 
5% to 7% of KD cases and is associated with 
higher risk of coronary arterial dilation, resis-
tance to IVIG treatment, and rarely, long-term 
myocardial dysfunction or death.114,126

—	 It is estimated that even with current therapy 
(high-dose IVIG within the first 10 days of ill-
ness), 20% of children develop transient cor-
onary artery dilation (Z score >2), 5% develop 
coronary artery aneurysms (Z score ≥2.5), and 
1% develop giant aneurysms (Z score ≥10 
or >8 mm).114 Estimates are complicated by 
variability in ascertainment method (admin-
istrative codes or research measurement), 
size criteria, timing (because the majority 
of dilated segments and approximately half 
of aneurysms reduce to normal dimensions 
over time), and therapeutic regimens in the 
underlying studies. In the most recent US 
data from 2 centers in 2004 to 2008, maxi-
mal coronary artery dimensions reached Z 
scores ≥2.5 in 30% of KD cases up to 12 
weeks from fever onset, including medium 
(Z score ≥5 to <10) and giant aneurysms in 
≈6% and ≈3% of KD cases, respectively.127 
Risk factors for coronary artery abnormalities 
include younger age, male sex, late treat-
ment, and failure to respond to initial IVIG 
with defervescence.127–130

—	 Peak KD-associated mortality occurs during 
the acute phase but is rare, estimated at 0% to 
0.17% in older US data and 0.03% in recent 
data from Japan.131–133 Mortality is related to 
thrombosis or rupture of rapidly expanding 
aneurysms, or less commonly, shock or mac-
rophage activation syndrome with multiorgan 
failure.114,133,134

•	 Long term, IHD and death are related to coronary 
artery stenosis or thrombosis.
—	 Prognosis is predicted largely by coronary 

artery size 1 month from illness onset. In a 
Taiwanese study of 1073 KD cases from 1980 
to 2012, coronary artery aneurysms were 
present in 18.3% beyond 1 month, including 
11.6% with small, 4.1% with medium, and 

2.5% with giant aneurysms. Among those 
with persistent aneurysms beyond 1 month, 
IHD death occurred in 2%, nonfatal AMI 
occurred in another 2%, and myocardial isch-
emia occurred in another 3%, for a total 7% 
ischemic event rate during 1 to 46 years of 
follow-up. Nearly all events occurred in those 
with giant aneurysms, for whom the ischemia 
event–free survival rates were 0.63 and 0.36 at 
10 and 20 years, respectively, after KD onset.135 
Findings were similar in a Japanese study of 76 
patients with giant aneurysms diagnosed since 
1972 and followed up through 2011 and in 
a Canadian study of 1356 KD patients diag-
nosed in 1990 to 2007 and followed up for up 
to 15 years.124,136

—	A recent Japanese multicenter cohort study 
of 1006 individuals identified risk factors for 
10-year incidence of coronary events (thrombo-
sis, stenosis, obstruction, acute ischemic events, 
or coronary intervention).137 Significant risk fac-
tors included giant-sized aneurysm (HR, 8.9 
[95% CI, 5.1–15.4]), male sex (HR, 2.8 [95% 
CI, 1.7–4.8]), and resistance to IVIG therapy 
(HR, 2.2 [95% CI, 1.4–3.6]).

—	 Among 261 adults <40 years of age with ACS 
who underwent coronary angiography for sus-
pected myocardial ischemia in San Diego, CA, 
from 2005 to 2009, 5% had aneurysms con-
sistent with late sequelae of KD.138

•	 In 2017, US mortality attributable to KD was 5 
patients for underlying mortality and 10 patients 
for all-cause mortality (unpublished NHLBI tabula-
tion using CDC WONDER77).

Healthcare Utilization
•	 In 2016, there were 6000 all-listed diagnoses 

hospital discharges for KD, with 4000 males 
and 2000 females (HCUP,139 unpublished NHLBI 
tabulation).

Global Burden of KD
•	 The annual incidence of KD is highest in Japan, 

at 308.0 per 100 000 children <5 years of age 
in 2014, followed by South Korea at 194.7 per 
100 000 children <5 years of age in 2014 and 
Taiwan at 55.9 per 100 000 in children <5 years of 
age for the period 2000 to 2014.133,140,141 National 
incidence data are lacking for China, but the most 
recent estimates for Shanghai are 55.5 per 100 000 
children <5 years of age in 2012.142

•	 In Japan, the cumulative incidence of KD at 10 
years of age has been calculated with national 
survey data as >1%, at 1.5 per 100 boys and 1.2 
per 100 girls for 2007 to 2010.143 Using differ-
ent methodology with complete capture of cases 
through the national health insurance program, 
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Taiwan recorded a cumulative incidence of 2.8% 
by 5 years of age in 2014.141

•	 The incidence of KD is lower in Canada, at 19.6 
per 100 000 children <5 years of age for the 
period 2004 to 2014, and in European countries, 
such as Italy with 14.7 per 100 000 children <5 
years of age in 2008 to 2013, Spain with 8 per 
100 000 children <5 years of age in 2004 to 2014, 

Germany with 7.2 per 100 000 children <5 years 
of age in 2011 to 2012, and the United Kingdom 
and Ireland with 4.6 per 100 000 children <5 years 
of age in 2014 to 2015.120,144–148

•	 The incidence of KD is rising worldwide, with 
potential contributions from improved recogni-
tion, diagnosis of incomplete KD more often, and 
true increasing incidence.133,141,145,148

Table 15-1.  CCDs in the United States

Population Group
Estimated Prevalence, 

2010, All Ages
Mortality, 2017, All 

Ages*
Hospital Discharges, 

2016, All Ages

Both sexes 2.4 million 2906 45 000

Males … 1583 (54.5%)† 25 000

Females … 1323 (45.5%)† 20 000

NH white males … 923 …

NH white females … 779 …

NH black males … 273 …

NH black females … 225 …

Hispanic males … 301 …

Hispanic females … 239 …

NH Asian or Pacific Islander males … 62 …

NH Asian or Pacific Islander females … 59 …

NH American Indian or Alaska Native … 31 …

CCD indicates congenital cardiovascular defect; ellipses (…), data not available; and NH, non-Hispanic.
*Mortality for Hispanic, NH American Indian or Alaska Native, and NH Asian and Pacific Islander people should be 

interpreted with caution because of inconsistencies in reporting Hispanic origin or race on the death certificate compared 
with censuses, surveys, and birth certificates. Studies have shown underreporting on death certificates of American Indian 
or Alaska Native, Asian and Pacific Islander, and Hispanic decedents, as well as undercounts of these groups in censuses.

†These percentages represent the portion of total congenital cardiovascular mortality that is for males vs females.
Sources: Prevalence: Gilboa et al.149 Mortality: unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation 

using National Vital Statistics System.76 These data represent underlying cause of death only. Hospital discharges: unpublished 
NHLBI tabulation using Healthcare Cost and Utilization Project, 2016.139 Data include those inpatients discharged alive, dead, 
or status unknown.

This table shows 
the prevalence, 
mortality, and 
hospital discharg-
es for congenital 
cardiovascular 
defects.  Overall, 
mortality in all 
ages combined in 
2017 was higher 
in males.

Table 15-2.  Annual Birth Prevalence of CCDs in the United States, 
1930 to 2010

Type of Presentation
Rate per 1000 Live 

Births

Estimated Number 
(Variable With Yearly 

Birth Rate)

Fetal loss Unknown Unknown

Invasive procedure 
during the first year

2.4 9200

Detected during first 
year*

8 36 000

Bicuspid aortic valve 13.7 54 800

CCD indicates congenital cardiovascular defect.
*Includes stillbirths and pregnancy termination at <20 weeks’ gestation; 

includes some defects that resolve spontaneously or do not require treatment.
Source: Data derived from van der Linde et al13 and Parker et al.19

This table shows 
the annual 
prevalence rates 
and estimated 
numbers of 
congenital 
cardiovascular 
defects using 
data from 1930 
to 2010.  The 
rate for invasive 
procedures 
during the first 
year of life was 
2.4 per 1,000 
live births.  The 
rate of detected 
defects in the 
first year was 8 
per 1,000 live 
births.  The rate 
of bicuspid aortic 
valve presenta-
tion was 13.7 per 
1,000 live births.
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Chart 15-1. Trends in age-adjusted death rates attributable to congenital cardiovascular defects, United States, 1999 to 2017. 
Source: Unpublished National Heart Lung and Blood Institute tabulation using Centers for Disease Control and Prevention Wide-ranging Online Data for 
Epidemiologic Research.77

This chart shows 
that death rates 
attributable 
to congenital 
cardiovascular 
defects from 
1999 to 2017 
declined over 
time.  The death 
rate in 2017 was 
0.9 per 100,000 
people.

Table 15-3.  Estimated US Prevalence of CCDs and Percent Distribution by Type, 2002* (in Thousands)

Type

Prevalence, N Percent of Total

Total Children Adults Total Children Adults

Total 994 463 526 100 100 100

VSD† 199 93 106 20.1 20.1 20.1

ASD 187 78 109 18.8 16.8 20.6

Patent ductus arteriosus 144 58 86 14.2 12.4 16.3

Valvular pulmonic stenosis 134 58 76 13.5 12.6 14.4

Coarctation of aorta 76 31 44 7.6 6.8 8.4

Valvular aortic stenosis 54 25 28 5.4 5.5 5.2

TOF 61 32 28 6.1 7 5.4

AV septal defect 31 18 13 3.1 3.9 2.5

TGA 26 17 9 2.6 3.6 1.8

Hypoplastic right heart syndrome 22 12 10 2.2 2.5 1.9

Double-outlet RV 9 9 0 0.9 1.9 0.1

Single ventricle 8 6 2 0.8 1.4 0.3

Anomalous pulmonary venous connection 9 5 3 0.9 1.2 0.6

Truncus arteriosus 9 6 2 0.7 1.3 0.5

HLHS 3 3 0 0.3 0.7 0

Other 22 12 10 2.1 2.6 1.9

ASD indicates atrial septal defect; AV, atrioventricular; CCD, congenital cardiovascular defect; HLHS, hypoplastic left heart syndrome; RV, right ventricle; 
TGA, transposition of the great arteries; TOF, tetralogy of Fallot; and VSD, ventricular septal defect.

*Excludes an estimated 3 million bicuspid aortic valve prevalence (2 million in adults and 1 million in children).
†Small VSD, 117 000 (65 000 adults and 52 000 children); large VSD, 82 000 (41 000 adults and 41 000 children).
Source: Data derived from Hoffman et al.11

This table 
listing preva-
lence and 
percent-
ages of total 
congenital 
cardiovascu-
lar defects 
shows that 
the highest 
prevalence of 
defects oc-
curs with ven-
tricular septal 
defects, 
followed by 
atrial septal 
defects, 
patent ductus 
arteriosus, 
and valvular 
pulmonic 
stenosis.  
Other types 
of defects 
each account 
0.5% to 8% 
of all defects.
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Chart 15-2. Trends in age-adjusted death rates attributable to congenital cardiovascular defects by race/ethnicity, United States, 1999 to 2017. 
Source: Unpublished National Heart Lung and Blood Institute tabulation using Centers for Disease Control and Prevention Wide-ranging Online Data for 
Epidemiologic Research.77

This chart shows 
that death rates 
attributable to 
congenital car-
diovascular de-
fects from 1999 
to 2017 declined 
over time for all 
racial groups but 
were highest 
for blacks each 
year.  The death 
rates were higher 
for whites than 
Hispanics from 
1999 to 2015 
but then equal-
ized in 2016.  In 
2017, the death 
rates for whites 
and Hispanics 
declined again, 
but declined less 
for whites.
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Chart 15-3. Trends in age-adjusted death rates attributable to congenital cardiovascular defects by sex, United States, 1999 to 2017. 
Source: Unpublished National Heart Lung and Blood Institute tabulation using Centers for Disease Control and Prevention Wide-ranging Online Data for 
Epidemiologic Research.77

This chart shows 
that death rates 
attributable to 
congenital car-
diovascular de-
fects from 1999 
to 2017 declined 
over time for 
both males and 
females but were 
higher for males 
than females 
each year.
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Chart 15-5. Age-adjusted death rates attributable to congenital cardiovascular defects, by sex and race/ethnicity, United States, 2017. 
NH indicates non-Hispanic.  
Source: Unpublished National Heart Lung and Blood Institute tabulation using Centers for Disease Control and Prevention Wide-ranging Online Data for 
Epidemiologic Research.77

This chart shows 
that death rates 
attributable 
to congenital 
cardiovascular 
defects in 2017 
were highest in 
non-Hispanic 
black males, 
followed by 
non-Hispanic 
black females, 
non-Hispanic 
white males, 
Hispanic males, 
non-Hispanic 
white females, 
and lastly Hispan-
ic females.
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Chart 15-4. Trends in age-specific death rates attributable to congenital cardiovascular defects by age at death, United States, 1999 to 2017. 
Yr indicates year.  
Source: Unpublished National Heart Lung and Blood Institute tabulation using Centers for Disease Control and Prevention Wide-ranging Online Data for 
Epidemiologic Research.77

This chart shows 
death rates 
attributable 
to congenital 
cardiovascular 
defects from 
1999 to 2017 
were highest in 
children 1 to 4 
years of age, the 
youngest age 
category shown 
on this chart, fol-
lowed by adults 
25 years of age 
or older, then 
youth and young 
adults 15 to 24 
years of age, and 
lastly children 
5 years of age 
to 14 years of 
age. There was a 
general decline in 
death rates over 
time in all age 
groups.
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Chart 15-6. Age-standardized global mortality rates of congenital heart anomalies per 100 000, both sexes, 2017. 
Age-standardized mortality rates of congenital heart anomalies are lowest in high-income countries and several African nations.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.109 Printed with permission. 
Copyright © 2018, University of Washington.

This chart 
shows that 
age-standardized 
mortality rates of 
congenital heart 
anomalies were 
lowest in high 
income countries 
and several 
African nations in 
2017.

Chart 15-7. Age-standardized global prevalence rates of congenital heart anomalies per 100 000, both sexes, 2017. 
The age-standardized prevalence of congenital heart anomalies is highest in Central Europe.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.109 Printed with permission. 
Copyright © 2018, University of Washington.

The age-
standardized 
prevalence 
of congenital 
heart anomalies 
was highest in 
Central Europe in 
2017.

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e413

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 15

REFERENCES
	 1.	 Warnes CA, Williams RG, Bashore TM, Child JS, Connolly HM, Dearani JA, 

del Nido P, Fasules JW, Graham TP Jr, Hijazi ZM, et al. ACC/AHA 2008 guide-
lines for the management of adults with congenital heart disease: a report 
of the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines (Writing Committee to Develop Guidelines on 
the Management of Adults With Congenital Heart Disease). Circulation. 
2008;118:e714–e833. doi: 10.1161/CIRCULATIONAHA.108.190690

	 2.	 Fteropoulli T, Stygall J, Cullen S, Deanfield J, Newman SP. Quality of life of 
adult congenital heart disease patients: a systematic review of the literature. 
Cardiol Young. 2013;23:473–485. doi: 10.1017/S1047951112002351

	 3.	 Mellion K, Uzark K, Cassedy A, Drotar D, Wernovsky G, Newburger JW, 
Mahony L, Mussatto K, Cohen M, Limbers C, et al; Pediatric Cardiac 
Quality of Life Inventory Testing Study Consortium. Health-related quality 
of life outcomes in children and adolescents with congenital heart dis-
ease. J Pediatr. 2014;164:781–788.e1. doi: 10.1016/j.jpeds.2013.11.066

	 4.	 Karsdorp PA, Everaerd W, Kindt M, Mulder BJ. Psychological and cog-
nitive functioning in children and adolescents with congenital heart 
disease: a meta-analysis. J Pediatr Psychol. 2007;32:527–541. doi: 
10.1093/jpepsy/jsl047

	 5.	 Marino BS, Lipkin PH, Newburger JW, Peacock G, Gerdes M, Gaynor JW, 
Mussatto KA, Uzark K, Goldberg CS, Johnson WH Jr, et al; on behalf 
of the American Heart Association Congenital Heart Defects Committee, 
Council on Cardiovascular Disease in the Young, Council on Cardiovascular 
Nursing, and Stroke Council. Neurodevelopmental outcomes in chil-
dren with congenital heart disease: evaluation and management: a 
scientific statement from the American Heart Association. Circulation. 
2012;126:1143–1172. doi: 10.1161/CIR.0b013e318265ee8a

	 6.	 Roche SL, Silversides CK. Hypertension, obesity, and coronary artery 
disease in the survivors of congenital heart disease. Can J Cardiol. 
2013;29:841–848. doi: 10.1016/j.cjca.2013.03.021

	 7.	 Khairy P, Ionescu-Ittu R, Mackie AS, Abrahamowicz M, Pilote L, 
Marelli AJ. Changing mortality in congenital heart disease. J Am Coll Cardiol. 
2010;56:1149–1157. doi: 10.1016/j.jacc.2010.03.085

	 8.	 Sable C, Foster E, Uzark K, Bjornsen K, Canobbio MM, Connolly HM, 
Graham TP, Gurvitz MZ, Kovacs A, Meadows AK, et al; on behalf of 
the American Heart Association Congenital Heart Defects Committee 
of the Council on Cardiovascular Disease in the Young, Council on 
Cardiovascular Nursing, Council on Clinical Cardiology, and Council on 
Peripheral Vascular Disease. Best practices in managing transition to 
adulthood for adolescents with congenital heart disease: the transition 
process and medical and psychosocial issues: a scientific statement from 
the American Heart Association. Circulation. 2011;123:1454–1485. doi: 
10.1161/CIR.0b013e3182107c56

	 9.	 Gurvitz M, Valente AM, Broberg C, Cook S, Stout K, Kay J, Ting J, 
Kuehl K, Earing M, Webb G, et al; Alliance for Adult Research in Congenital 
Cardiology (AARCC) and Adult Congenital Heart Association. Prevalence 
and predictors of gaps in care among adult congenital heart disease 
patients: HEART-ACHD (the Health, Education, and Access Research Trial). 
J Am Coll Cardiol. 2013;61:2180–2184. doi: 10.1016/j.jacc.2013.02.048

	10.	 Marelli AJ, Ionescu-Ittu R, Mackie AS, Guo L, Dendukuri N, 
Kaouache M. Lifetime prevalence of congenital heart disease in the gen-
eral population from 2000 to 2010. Circulation. 2014;130:749–756. doi: 
10.1161/CIRCULATIONAHA.113.008396

	11.	 Hoffman JI, Kaplan S, Liberthson RR. Prevalence of congenital heart dis-
ease. Am Heart J. 2004;147:425–439. doi: 10.1016/j.ahj.2003.05.003

	12.	 Warnes CA, Liberthson R, Danielson GK, Dore A, Harris L, Hoffman JI, 
Somerville J, Williams RG, Webb GD. Task force 1: the changing profile of 
congenital heart disease in adult life. J Am Coll Cardiol. 2001;37:1170–
1175. doi: 10.1016/s0735-1097(01)01272-4

	13.	 van der Linde D, Konings EE, Slager MA, Witsenburg M, Helbing WA, 
Takkenberg JJ, Roos-Hesselink JW. Birth prevalence of congenital heart 
disease worldwide: a systematic review and meta-analysis. J Am Coll 
Cardiol. 2011;58:2241–2247. doi: 10.1016/j.jacc.2011.08.025

	14.	 Sawant SP, Amin AS, Bhat M. Prevalence, pattern and outcome of congen-
ital heart disease in Bhabha Atomic Research Centre Hospital, Mumbai. 
Indian J Pediatr. 2013;80:286–291. doi: 10.1007/s12098-012-0910-x

	15.	 Botto LD, Correa A, Erickson JD. Racial and temporal variations 
in the prevalence of heart defects. Pediatrics. 2001;107:E32. doi: 
10.1542/peds.107.3.e32

	16.	 Koppel RI, Druschel CM, Carter T, Goldberg BE, Mehta PN, Talwar R, 
Bierman FZ. Effectiveness of pulse oximetry screening for congenital heart 
disease in asymptomatic newborns. Pediatrics. 2003;111:451–455. doi: 
10.1542/peds.111.3.451

	17.	 Reller MD, Strickland MJ, Riehle-Colarusso T, Mahle WT, Correa A. 
Prevalence of congenital heart defects in metropolitan Atlanta, 1998-
2005. J Pediatr. 2008;153:807–813. doi: 10.1016/j.jpeds.2008.05.059

	18.	 Bedard T, Lowry RB, Sibbald B, Harder JR, Trevenen C, Horobec V, Dyck JD. 
Congenital heart defect case ascertainment by the Alberta Congenital 
Anomalies Surveillance System. Birth Defects Res A Clin Mol Teratol. 
2012;94:449–458. doi: 10.1002/bdra.23007

	19.	 Parker SE, Mai CT, Canfield MA, Rickard R, Wang Y, Meyer RE, Anderson P, 
Mason CA, Collins JS, Kirby RS, et al; National Birth Defects Prevention 
Network. Updated national birth prevalence estimates for selected birth 
defects in the United States, 2004-2006. Birth Defects Res A Clin Mol 
Teratol. 2010;88:1008–1016. doi: 10.1002/bdra.20735

	20.	 Mai CT, Riehle-Colarusso T, O’Halloran A, Cragan JD, Olney RS, Lin A, 
Feldkamp M, Botto LD, Rickard R, Anderka M, et al; National Birth Defects 
Prevention Network. Selected birth defects data from population-based 
birth defects surveillance programs in the United States, 2005–2009: fea-
turing critical congenital heart defects targeted for pulse oximetry screen-
ing. Birth Defects Res A Clin Mol Teratol. 2012;94:970–983.

	21.	 Hoffman JI, Kaplan S. The incidence of congenital heart disease. J Am Coll 
Cardiol. 2002;39:1890–1900. doi: 10.1016/s0735-1097(02)01886-7

	22.	 Jenkins KJ, Correa A, Feinstein JA, Botto L, Britt AE, Daniels SR, Elixson M, 
Warnes CA, Webb CL; on behalf of the American Heart Association 
Council on Cardiovascular Disease in the Young. Noninherited risk fac-
tors and congenital cardiovascular defects: current knowledge: a sci-
entific statement from the American Heart Association Council on 
Cardiovascular Disease in the Young. Circulation. 2007;115:2995–3014. 
doi: 10.1161/CIRCULATIONAHA.106.183216

	23.	 Patel SS, Burns TL. Nongenetic risk factors and congenital heart defects. 
Pediatr Cardiol. 2013;34:1535–1555. doi: 10.1007/s00246-013-0775-4

	24.	 Herskind AM, Almind Pedersen D, Christensen K. Increased prevalence of 
congenital heart defects in monozygotic and dizygotic twins. Circulation. 
2013;128:1182–1188. doi: 10.1161/CIRCULATIONAHA.113.002453

	25.	 Pettit KE, Merchant M, Machin GA, Tacy TA, Norton ME. Congenital heart 
defects in a large, unselected cohort of monochorionic twins. J Perinatol. 
2013;33:457–461. doi: 10.1038/jp.2012.145

	26.	 Snijder CA, Vlot IJ, Burdorf A, Obermann-Borst SA, Helbing WA, 
Wildhagen MF, Steegers EA, Steegers-Theunissen RP. Congenital heart 
defects and parental occupational exposure to chemicals. Hum Reprod. 
2012;27:1510–1517. doi: 10.1093/humrep/des043

	27.	 Wilson PD, Loffredo CA, Correa-Villaseñor A, Ferencz C. Attributable frac-
tion for cardiac malformations. Am J Epidemiol. 1998;148:414–423. doi: 
10.1093/oxfordjournals.aje.a009666

	28.	 Lee LJ, Lupo PJ. Maternal smoking during pregnancy and the risk of con-
genital heart defects in offspring: a systematic review and metaanalysis. 
Pediatr Cardiol. 2013;34:398–407. doi: 10.1007/s00246-012-0470-x

	29.	 Sullivan PM, Dervan LA, Reiger S, Buddhe S, Schwartz SM. Risk of congen-
ital heart defects in the offspring of smoking mothers: a population-based 
study. J Pediatr. 2015;166:978–984.e2. doi: 10.1016/j.jpeds.2014.11.042

	30.	 Alverson CJ, Strickland MJ, Gilboa SM, Correa A. Maternal smoking 
and congenital heart defects in the Baltimore-Washington Infant Study. 
Pediatrics. 2011;127:e647–e653. doi: 10.1542/peds.2010-1399

	31.	 Malik S, Cleves MA, Honein MA, Romitti PA, Botto LD, Yang S, 
Hobbs CA; National Birth Defects Prevention Study. Maternal smoking 
and congenital heart defects. Pediatrics. 2008;121:e810–e816. doi: 
10.1542/peds.2007-1519

	32.	 Patel SS, Burns TL, Botto LD, Riehle-Colarusso TJ, Lin AE, Shaw GM, 
Romitti PA; National Birth Defects Prevention Study. Analysis of selected 
maternal exposures and non-syndromic atrioventricular septal defects in 
the National Birth Defects Prevention Study, 1997-2005. Am J Med Genet 
A. 2012;158A:2447–2455. doi: 10.1002/ajmg.a.35555

	33.	 Tanner JP, Salemi JL, Stuart AL, Yu H, Jordan MM, DuClos C, 
Cavicchia P, Correia JA, Watkins SM, Kirby RS. Associations between expo-
sure to ambient benzene and PM(2.5) during pregnancy and the risk of 
selected birth defects in offspring. Environ Res. 2015;142:345–353. doi: 
10.1016/j.envres.2015.07.006

	34.	 Mateja WA, Nelson DB, Kroelinger CD, Ruzek S, Segal J. The association 
between maternal alcohol use and smoking in early pregnancy and con-
genital cardiac defects. J Womens Health (Larchmt). 2012;21:26–34. doi: 
10.1089/jwh.2010.2582

	35.	 Baardman ME, Kerstjens-Frederikse WS, Corpeleijn E, 
de Walle HE, Hofstra RM, Berger RM, Bakker MK. Combined adverse 
effects of maternal smoking and high body mass index on heart develop-
ment in offspring: evidence for interaction? Heart. 2012;98:474–479. doi: 
10.1136/heartjnl-2011-300822

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e414

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 15

	36.	 Cai GJ, Sun XX, Zhang L, Hong Q. Association between maternal body 
mass index and congenital heart defects in offspring: a systematic review. 
Am J Obstet Gynecol. 2014;211:91–117. doi: 10.1016/j.ajog.2014.03.028

	37.	 Waller DK, Shaw GM, Rasmussen SA, Hobbs CA, Canfield MA, 
Siega-Riz AM, Gallaway MS, Correa A; National Birth Defects Prevention 
Study. Prepregnancy obesity as a risk factor for structural birth defects. Arch 
Pediatr Adolesc Med. 2007;161:745–750. doi: 10.1001/archpedi.161.8.745

	38.	 Øyen N, Diaz LJ, Leirgul E, Boyd HA, Priest J, Mathiesen ER, Quertermous T, 
Wohlfahrt J, Melbye M. Prepregnancy diabetes and offspring risk of congen-
ital heart disease: a nationwide cohort study. Circulation. 2016;133:2243–
2253. doi: 10.1161/CIRCULATIONAHA.115.017465

	39.	 Simeone RM, Devine OJ, Marcinkevage JA, Gilboa SM, Razzaghi H, 
Bardenheier BH, Sharma AJ, Honein MA. Diabetes and congenital heart 
defects: a systematic review, meta-analysis, and modeling project. Am J 
Prev Med. 2015;48:195–204. doi: 10.1016/j.amepre.2014.09.002

	40.	 Priest JR, Yang W, Reaven G, Knowles JW, Shaw GM. Maternal midpreg-
nancy glucose levels and risk of congenital heart disease in offspring. JAMA 
Pediatr. 2015;169:1112–1116. doi: 10.1001/jamapediatrics.2015.2831

	41.	 Auger N, Fraser WD, Healy-Profitós J, Arbour L. Association between pre-
eclampsia and congenital heart defects. JAMA. 2015;314:1588–1598. 
doi: 10.1001/jama.2015.12505

	42.	 Scanlon KS, Ferencz C, Loffredo CA, Wilson PD, Correa-Villaseñor A,  
Khoury MJ, Willett WC; Baltimore-Washington Infant Study Group. 
Preconceptional folate intake and malformations of the cardiac outflow 
tract. Epidemiology. 1998;9:95–98.

	43.	 Ionescu-Ittu R, Marelli AJ, Mackie AS, Pilote L. Prevalence of severe congenital 
heart disease after folic acid fortification of grain products: time trend analy-
sis in Quebec, Canada. BMJ. 2009;338:b1673. doi: 10.1136/bmj.b1673

	44.	 Dong DY, Binongo JN, Kancherla V. Maternal chlamydia infection during 
pregnancy and risk of cyanotic congenital heart defects in the offspring. 
Matern Child Health J. 2016;20:66–76. doi: 10.1007/s10995-015-1804-0

	45.	 Oster ME, Riehle-Colarusso T, Correa A. An update on cardiovascular mal-
formations in congenital rubella syndrome. Birth Defects Res A Clin Mol 
Teratol. 2010;88:1–8. doi: 10.1002/bdra.20621

	46.	 Zheng JY, Tian HT, Zhu ZM, Li B, Han L, Jiang SL, Chen Y, Li DT, He JC, 
Zhao Z, et al. Prevalence of symptomatic congenital heart disease in 
Tibetan school children. Am J Cardiol. 2013;112:1468–1470. doi: 
10.1016/j.amjcard.2013.07.028

	47.	 Mahle WT, Martin GR, Beekman RH 3rd, Morrow WR; Section on 
Cardiology and Cardiac Surgery Executive Committee. Endorsement of 
Health and Human Services recommendation for pulse oximetry screening 
for critical congenital heart disease. Pediatrics. 2012;129:190–192. doi: 
10.1542/peds.2011-3211

	48.	 Glidewell J, Olney RS, Hinton C, Pawelski J, Sontag M, Wood T, Kucik JE, 
Daskalov R, Hudson J; Centers for Disease Control and Prevention (CDC). 
State legislation, regulations, and hospital guidelines for newborn screen-
ing for critical congenital heart defects: United States, 2011-2014. 
MMWR Morb Mortal Wkly Rep. 2015;64:625–630.

	49.	 de-Wahl Granelli A, Wennergren M, Sandberg K, Mellander M, Bejlum C, 
Inganäs L, Eriksson M, Segerdahl N, Agren A, Ekman-Joelsson BM, et al. 
Impact of pulse oximetry screening on the detection of duct dependent 
congenital heart disease: a Swedish prospective screening study in 39,821 
newborns. BMJ. 2009;338:a3037. doi: 10.1136/bmj.a3037

	50.	 Meberg A, Brügmann-Pieper S, Due R Jr, Eskedal L, Fagerli I, Farstad T, 
Frøisland DH, Sannes CH, Johansen OJ, Keljalic J, et al. First day of life 
pulse oximetry screening to detect congenital heart defects [published 
correction appears in J Pediatr. 2009;154:629]. J Pediatr. 2008;152:761–
765. doi: 10.1016/j.jpeds.2007.12.043

	51.	 Riede FT, Wörner C, Dähnert I, Möckel A, Kostelka M, Schneider P. 
Effectiveness of neonatal pulse oximetry screening for detection of critical 
congenital heart disease in daily clinical routine: results from a prospective 
multicenter study. Eur J Pediatr. 2010;169:975–981. doi: 10.1007/s00431- 
010-1160-4

	52.	 Peterson C, Grosse SD, Oster ME, Olney RS, Cassell CH. Cost-effectiveness 
of routine screening for critical congenital heart disease in US newborns. 
Pediatrics. 2013;132:e595–e603. doi: 10.1542/peds.2013-0332

	53.	 Ailes EC, Gilboa SM, Honein MA, Oster ME. Estimated number of 
infants detected and missed by critical congenital heart defect screening. 
Pediatrics. 2015;135:1000–1008. doi: 10.1542/peds.2014-3662

	54.	 Hartman RJ, Rasmussen SA, Botto LD, Riehle-Colarusso T, Martin CL, 
Cragan JD, Shin M, Correa A. The contribution of chromosomal abnor-
malities to congenital heart defects: a population-based study. Pediatr 
Cardiol. 2011;32:1147–1157. doi: 10.1007/s00246-011-0034-5

	55.	 Peterson C, Ailes E, Riehle-Colarusso T, Oster ME, Olney RS, Cassell CH, 
Fixler DE, Carmichael SL, Shaw GM, Gilboa SM. Late detection of critical 

congenital heart disease among US infants: estimation of the poten-
tial impact of proposed universal screening using pulse oximetry. JAMA 
Pediatr. 2014;168:361–370. doi: 10.1001/jamapediatrics.2013.4779

	56.	 Abouk R, Grosse SD, Ailes EC, Oster ME. Association of US state implementation 
of newborn screening policies for critical congenital heart disease with early 
infant cardiac deaths [published correction appears in JAMA. 2018;320:1288]. 
JAMA. 2017;318:2111–2118. doi: 10.1001/jama.2017.17627

	57.	 Jawin V, Ang HL, Omar A, Thong MK. Beyond critical congenital heart 
disease: newborn screening using pulse oximetry for neonatal sep-
sis and respiratory diseases in a middle-income country. PLoS One. 
2015;10:e0137580. doi: 10.1371/journal.pone.0137580

	58.	 Pace ND, Oster ME, Forestieri NE, Enright D, Knight J, Meyer RE. 
Sociodemographic factors and survival of infants with congenital heart 
defects. Pediatrics. 2018;142:e20180302. doi: 10.1542/peds.2018-0302

	59.	 Knowles RL, Ridout D, Crowe S, Bull C, Wray J, Tregay J, Franklin RC, 
Barron DJ, Cunningham D, Parslow RC, et al. Ethnic and socioeconomic 
variation in incidence of congenital heart defects. Arch Dis Child. 
2017;102:496–502. doi: 10.1136/archdischild-2016-311143

	60.	 Knowles RL, Ridout D, Crowe S, Bull C, Wray J, Tregay J, Franklin RCG, 
Barron DJ, Parslow RC, Brown K. Ethnic-specific mortality of infants 
undergoing congenital heart surgery in England and Wales. Arch Dis 
Child. 2019;104:844–850. doi: 10.1136/archdischild-2018-315505

	61.	 Wong P, Denburg A, Dave M, Levin L, Morinis JO, Suleman S, Wong J, 
Ford-Jones E, Moore AM. Early life environment and social determinants 
of cardiac health in children with congenital heart disease. Paediatr Child 
Health. 2018;23:92–95. doi: 10.1093/pch/pxx146

	62.	 van Hagen IM, Baart S, Fong Soe Khioe R, Sliwa-Hahnle K, Taha N, 
Lelonek M, Tavazzi L, Maggioni AP, Johnson MR, Maniadakis N, et al; 
ROPAC Investigators. Influence of socioeconomic factors on pregnancy 
outcome in women with structural heart disease. Heart. 2018;104:745–
752. doi: 10.1136/heartjnl-2017-311910

	63.	 Wang X, Li P, Chen S, Xi L, Guo Y, Guo A, Sun K. Influence of genes 
and the environment in familial congenital heart defects. Mol Med Rep. 
2014;9:695–700. doi: 10.3892/mmr.2013.1847

	64.	 Nora JJ, Dodd PF, McNamara DG, Hattwick MA, Leachman RD, 
Cooley DA. Risk to offspring of parents with congenital heart defects. 
JAMA. 1969;209:2052–2053.

	65.	 Korbel JO, Tirosh-Wagner T, Urban AE, Chen XN, Kasowski M, Dai L, 
Grubert F, Erdman C, Gao MC, Lange K, et al. The genetic architecture 
of Down syndrome phenotypes revealed by high-resolution analysis of 
human segmental trisomies. Proc Natl Acad Sci U S A. 2009;106:12031–
12036. doi: 10.1073/pnas.0813248106

	66.	 Soemedi R, Wilson IJ, Bentham J, Darlay R, Töpf A, Zelenika D, 
Cosgrove C, Setchfield K, Thornborough C, Granados-Riveron J, et al. 
Contribution of global rare copy-number variants to the risk of sporadic 
congenital heart disease. Am J Hum Genet. 2012;91:489–501. doi: 
10.1016/j.ajhg.2012.08.003

	67.	 Zaidi S, Brueckner M. Genetics and genomics of congenital heart disease. 
Circ Res. 2017;120:923–940. doi: 10.1161/CIRCRESAHA.116.309140

	68.	 Xie H, Zhang E, Hong N, Fu Q, Li F, Chen S, Yu Y, Sun K. Identification of 
TBX2 and TBX3 variants in patients with conotruncal heart defects by target 
sequencing. Hum Genomics. 2018;12:44. doi: 10.1186/s40246-018-0176-0

	69.	 Preuss C, Capredon M, Wünnemann F, Chetaille P, Prince A, 
Godard B, Leclerc S, Sobreira N, Ling H, Awadalla P, et al; MIBAVA Leducq 
Consortium. Family based whole exome sequencing reveals the multi-
faceted role of Notch signaling in congenital heart disease. PLoS Genet. 
2016;12:e1006335. doi: 10.1371/journal.pgen.1006335

	70.	 Zaidi S, Choi M, Wakimoto H, Ma L, Jiang J, Overton JD, 
Romano-Adesman A, Bjornson RD, Breitbart RE, Brown KK, et al. De novo 
mutations in histone-modifying genes in congenital heart disease. Nature. 
2013;498:220–223. doi: 10.1038/nature12141

	71.	 Zhu N, Welch CL, Wang J, Allen PM, Gonzaga-Jauregui C, Ma L, King AK, 
Krishnan U, Rosenzweig EB, Ivy DD, et al. Rare variants in SOX17 are asso-
ciated with pulmonary arterial hypertension with congenital heart disease. 
Genome Med. 2018;10:56. doi: 10.1186/s13073-018-0566-x

	72.	 Blue GM, Kirk EP, Giannoulatou E, Dunwoodie SL, Ho JW, Hilton DC, 
White SM, Sholler GF, Harvey RP, Winlaw DS. Targeted next-generation 
sequencing identifies pathogenic variants in familial congenital heart disease. 
J Am Coll Cardiol. 2014;64:2498–2506. doi: 10.1016/j.jacc.2014.09.048

	73.	 Jia Y, Louw JJ, Breckpot J, Callewaert B, Barrea C, Sznajer Y, Gewillig M, 
Souche E, Dehaspe L, Vermeesch JR, et al. The diagnostic value of next 
generation sequencing in familial nonsyndromic congenital heart defects. 
Am J Med Genet A. 2015;167A:1822–1829. doi: 10.1002/ajmg.a.37108

	74.	 Szot JO, Cuny H, Blue GM, Humphreys DT, Ip E, Harrison K, 
Sholler GF, Giannoulatou E, Leo P, Duncan EL, et al. A screening approach 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e415

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 15

to identify clinically actionable variants causing congenital heart dis-
ease in exome data. Circ Genom Precis Med. 2018;11:e001978. doi: 
10.1161/CIRCGEN.117.001978

	75.	 Hoang TT, Goldmuntz E, Roberts AE, Chung WK, Kline JK, Deanfield JE, 
Giardini A, Aleman A, Gelb BD, Mac Neal M, et al. The Congenital Heart 
Disease Genetic Network Study: cohort description. PLoS One. 
2018;13:e0191319. doi: 10.1371/journal.pone.0191319

	76.	 National Center for Health Statistics. National Vital Statistics System: pub-
lic use data file documentation: mortality multiple cause-of-death micro-
data files, 2017. Centers for Disease Control and Prevention website. 
https://www.cdc.gov/nchs/nvss/mortality_public_use_data.htm. Accessed 
April 1, 2019.

	77.	 Centers for Disease Control and Prevention, National Center for Health 
Statistics. Multiple cause of death, 1999 - 2017. CDC WONDER Online 
Database [database online]. Released December 2018. Atlanta, GA: 
Centers for Disease Control and Prevention. https://wonder.cdc.gov/ucd-
icd10.html. Accessed April 1, 2019.

	78.	 Jortveit J, Øyen N, Leirgul E, Fomina T, Tell GS, Vollset SE, Eskedal L, 
Døhlen G, Birkeland S, Holmstrøm H. Trends in mortality of congenital heart 
defects. Congenit Heart Dis. 2016;11:160–168. doi: 10.1111/chd.12307

	79.	 Cnota JF, Gupta R, Michelfelder EC, Ittenbach RF. Congenital heart disease 
infant death rates decrease as gestational age advances from 34 to 40 
weeks. J Pediatr. 2011;159:761–765. doi: 10.1016/j.jpeds.2011.04.020

	80.	 Swenson AW, Dechert RE, Schumacher RE, Attar MA. The effect of late 
preterm birth on mortality of infants with major congenital heart defects. 
J Perinatol. 2012;32:51–54. doi: 10.1038/jp.2011.50

	81.	 Best KE, Tennant PWG, Rankin J. Survival, by birth weight and gestational 
age, in individuals with congenital heart disease: a population-based study. 
J Am Heart Assoc. 2017;6:e005213. doi: 10.1161/JAHA.116.005213

	82.	 Costello JM, Pasquali SK, Jacobs JP, He X, Hill KD, Cooper DS, Backer CL, 
Jacobs ML. Gestational age at birth and outcomes after neonatal car-
diac surgery: an analysis of the Society of Thoracic Surgeons Congenital 
Heart Surgery Database. Circulation. 2014;129:2511–2517. doi: 
10.1161/CIRCULATIONAHA.113.005864

	83.	 Archer JM, Yeager SB, Kenny MJ, Soll RF, Horbar JD. Distribution of and 
mortality from serious congenital heart disease in very low birth weight 
infants. Pediatrics. 2011;127:293–299. doi: 10.1542/peds.2010-0418

	84.	 Shahian DM, Jacobs JP, Edwards FH, Brennan JM, Dokholyan RS, Prager RL, 
Wright CD, Peterson ED, McDonald DE, Grover FL. The Society of Thoracic 
Surgeons national database. Heart. 2013;99:1494–1501.

	85.	 The Society of Thoracic Surgeons. The Society of Thoracic Surgeons (STS) 
National Database: Congenital Heart Surgery Database participants, 
Spring 2017 Harvest [database online]. https://www.sts.org/sites/default/
files/documents/CHSD_ExecutiveSummary_Neonates_Spring2017.pdf. 
Accessed May 4, 2019.

	86.	 Jacobs ML, Jacobs JP, Hill KD, Hornik C, O’Brien SM, Pasquali SK, Vener D, 
Kumar SR, Habib RH, Shahian DM, et al. The Society of Thoracic Surgeons 
Congenital Heart Surgery Database: 2017 update on research. Ann 
Thorac Surg. 2017;104:731–741. doi: 10.1016/j.athoracsur.2017.07.001

	87.	 Spector LG, Menk JS, Knight JH, McCracken C, Thomas AS, Vinocur JM, 
Oster ME, St Louis JD, Moller JH, Kochilas L. Trends in long-term mortality 
after congenital heart surgery. J Am Coll Cardiol. 2018;71:2434–2446. 
doi: 10.1016/j.jacc.2018.03.491

	88.	 Sánchez-Barriga JJ. Mortality trends from congenital malformations of the 
heart and the great vessels in children and adults in the seven socioeco-
nomic regions of Mexico, 2000-2015. Congenit Heart Dis. 2018;13:690–
699. doi: 10.1111/chd.12631

	89.	 Hoashi T, Miyata H, Murakami A, Hirata Y, Hirose K, Matsumura G, 
Ichikawa H, Sawa Y, Takamoto S. The current trends of mortality fol-
lowing congenital heart surgery: the Japan Congenital Cardiovascular 
Surgery Database. Interact Cardiovasc Thorac Surg. 2015;21:151–156. 
doi: 10.1093/icvts/ivv109

	90.	 Oster ME, Strickland MJ, Mahle WT. Racial and ethnic disparities in 
post-operative mortality following congenital heart surgery. J Pediatr. 
2011;159:222–226. doi: 10.1016/j.jpeds.2011.01.060

	91.	 Chan T, Pinto NM, Bratton SL. Racial and insurance disparities in hos-
pital mortality for children undergoing congenital heart surgery. Pediatr 
Cardiol. 2012;33:1026–1039. doi: 10.1007/s00246-012-0221-z

	 92.	 Lasa JJ, Cohen MS, Wernovsky G, Pinto NM. Is race associated with 
morbidity and mortality after hospital discharge among neonates 
undergoing heart surgery? Pediatr Cardiol. 2013;34:415–423. doi: 
10.1007/s00246-012-0475-5

	 93.	 Castellanos DA, Herrington C, Adler S, Haas K, Ram Kumar S, Kung GC. 
Home monitoring program reduces mortality in high-risk sociodemographic 

single-ventricle patients [published correction appears in Pediatr Cardiol. 
2017;38:206]. Pediatr Cardiol. 2016;37:1575–1580. doi: 10.1007/s00246- 
016-1472-x

	 94.	 Gilboa SM, Salemi JL, Nembhard WN, Fixler DE, Correa A. Mortality re-
sulting from congenital heart disease among children and adults in the 
United States, 1999 to 2006. Circulation. 2010;122:2254–2263. doi: 
10.1161/CIRCULATIONAHA.110.947002

	 95.	 Oster ME, Lee KA, Honein MA, Riehle-Colarusso T, Shin M, Correa A. 
Temporal trends in survival among infants with critical congenital heart de-
fects. Pediatrics. 2013;131:e1502–e1508. doi: 10.1542/peds.2012-3435

	 96.	 Boneva RS, Botto LD, Moore CA, Yang Q, Correa A, Erickson JD. Mortality 
associated with congenital heart defects in the United States: trends and 
racial disparities, 1979-1997. Circulation. 2001;103:2376–2381. doi: 
10.1161/01.cir.103.19.2376

	 97.	 Czosek RJ, Anderson JB, Heaton PC, Cassedy A, Schnell B, Cnota JF. Staged 
palliation of hypoplastic left heart syndrome: trends in mortality, cost, and 
length of stay using a national database from 2000 through 2009. Am J 
Cardiol. 2013;111:1792–1799. doi: 10.1016/j.amjcard.2013.02.039

	 98.	 Ohye RG, Sleeper LA, Mahony L, Newburger JW, Pearson GD, Lu M, 
Goldberg CS, Tabbutt S, Frommelt PC, Ghanayem NS, et al; Pediatric 
Heart Network Investigators. Comparison of shunt types in the Norwood 
procedure for single-ventricle lesions. N Engl J Med. 2010;362:1980–
1992. doi: 10.1056/NEJMoa0912461

	 99.	 Karamlou T, Diggs BS, Person T, Ungerleider RM, Welke KF. National prac-
tice patterns for management of adult congenital heart disease: opera-
tion by pediatric heart surgeons decreases in-hospital death. Circulation. 
2008;118:2345–2352. doi: 10.1161/CIRCULATIONAHA.108.776963

	100.	 Kempny A, Diller GP, Dimopoulos K, Alonso-Gonzalez R, Uebing A, 
Li W, Babu-Narayan S, Swan L, Wort SJ, Gatzoulis MA. Determinants 
of outpatient clinic attendance amongst adults with congenital 
heart disease and outcome. Int J Cardiol. 2016;203:245–250. doi: 
10.1016/j.ijcard.2015.10.081

	101.	 Marino BS, Bird GL, Wernovsky G. Diagnosis and management of 
the newborn with suspected congenital heart disease. Clin Perinatol. 
2001;28:91–136.

	102.	 Dorfman AT, Marino BS, Wernovsky G, Tabbutt S, Ravishankar C, Godinez RI, 
Priestley M, Dodds KM, Rychik J, Gruber PJ, et al. Critical heart disease in 
the neonate: presentation and outcome at a tertiary care center. Pediatr 
Crit Care Med. 2008;9:193–202. doi: 10.1097/PCC.0b013e318166eda5

	103.	 Arth AC, Tinker SC, Simeone RM, Ailes EC, Cragan JD, Grosse SD. 
Inpatient hospitalization costs associated with birth defects among per-
sons of all ages: United States, 2013. MMWR Morb Mortal Wkly Rep. 
2017;66:41–46. doi: 10.15585/mmwr.mm6602a1

	104.	 Faraoni D, Nasr VG, DiNardo JA. Overall hospital cost estimates 
in children with congenital heart disease: analysis of the 2012 
Kid’s Inpatient Database. Pediatr Cardiol. 2016;37:37–43. doi: 
10.1007/s00246-015-1235-0

	105.	 Dean PN, Hillman DG, McHugh KE, Gutgesell HP. Inpatient costs and 
charges for surgical treatment of hypoplastic left heart syndrome. 
Pediatrics. 2011;128:e1181–e1186. doi: 10.1542/peds.2010-3742

	106.	 Pasquali SK, Sun JL, d’Almada P, Jaquiss RD, Lodge AJ, Miller N, Kemper AR, 
Lannon CM, Li JS. Center variation in hospital costs for patients un-
dergoing congenital heart surgery. Circ Cardiovasc Qual Outcomes. 
2011;4:306–312. doi: 10.1161/CIRCOUTCOMES.110.958959

	107.	 Mackie AS, Tran DT, Marelli AJ, Kaul P. Cost of congenital heart disease 
hospitalizations in Canada: a population-based study. Can J Cardiol. 
2017;33:792–798. doi: 10.1016/j.cjca.2017.01.024

	108.	 Essaid L, Strassle PD, Jernigan EG, Nelson JS. Regional differences in cost 
and length of stay in neonates with hypoplastic left heart syndrome. 
Pediatr Cardiol. 2018;39:1229–1235. doi: 10.1007/s00246-018-1887-7

	109.	 Global Burden of Disease Study 2017 (GBD 2017). Seattle, WA: Institute 
for Health Metrics and Evaluation (IHME), University of Washington; 
2018. http://ghdx.healthdata.org/gbd-results-tool. Accessed April 1, 
2019.

	110.	 Park SH, Yu JJ, You J, Kim MJ, Shin EJ, Jun HO, Baek JS, Kim YH, 
Ko JK. Clinical significance of the Bacille Calmette-Guérin site reaction 
in Kawasaki disease patients aged less than 18 months. Pediatr Infect 
Vaccine. 2018;25:148–155. doi: 10.14776/piv.2018.25.e11

	111.	 Gordon JB, Daniels LB, Kahn AM, Jimenez-Fernandez S, Vejar M, 
Numano F, Burns JC. The spectrum of cardiovascular lesions requiring 
intervention in adults after Kawasaki disease. JACC Cardiovasc Interv. 
2016;9:687–696. doi: 10.1016/j.jcin.2015.12.011

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025

https://www.cdc.gov/nchs/nvss/mortality_public_use_data.htm
https://wonder.cdc.gov/ucd-icd10.html
https://wonder.cdc.gov/ucd-icd10.html
https://www.sts.org/sites/default/files/documents/CHSD_ExecutiveSummary_Neonates_Spring2017.pdf
https://www.sts.org/sites/default/files/documents/CHSD_ExecutiveSummary_Neonates_Spring2017.pdf
http://ghdx.healthdata.org/gbd-results-tool


e416

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 15

	112.	 Xie X, Shi X, Liu M. The roles of genetic factors in Kawasaki disease: a sys-
tematic review and meta-analysis of genetic association studies. Pediatr 
Cardiol. 2018;39:207–225. doi: 10.1007/s00246-017-1760-0

	113.	 Nakamura Y. Kawasaki disease: epidemiology and the lessons from it. Int 
J Rheum Dis. 2018;21:16–19. doi: 10.1111/1756-185X.13211

	 114.	 McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz M, 
Baker AL, Jackson MA, Takahashi M, Shah PB, et al; on behalf of the American 
Heart Association Rheumatic Fever, Endocarditis, and Kawasaki Disease 
Committee of the Council on Cardiovascular Disease in the Young; Council 
on Cardiovascular and Stroke Nursing; Council on Cardiovascular Surgery 
and Anesthesia; and Council on Epidemiology and Prevention. Diagnosis, 
treatment, and long-term management of Kawasaki disease: a scientific 
statement for health professionals from the American Heart Association 
[published correction appears in Circulation. 2019;140:e181–e184]. 
Circulation. 2017;135:e927–e999. doi: 10.1161/CIR.0000000000000484

	115.	 Yorifuji T, Tsukahara H, Doi H. Breastfeeding and risk of Kawasaki 
disease: a nationwide longitudinal survey in Japan. Pediatrics. 
2016;137:e20153919. doi: 10.1542/peds.2015-3919

	116.	 Holman RC, Belay ED, Christensen KY, Folkema AM, Steiner CA, 
Schonberger LB. Hospitalizations for Kawasaki syndrome among children 
in the United States, 1997–2007. Pediatr Infect Dis J. 2010;29:483–488. 
doi: 10.1097/INF.0b013e3181cf8705

	117.	 Holman RC, Christensen KY, Belay ED, Steiner CA, Effler PV, Miyamura J, 
Forbes S, Schonberger LB, Melish M. Racial/ethnic differences in the in-
cidence of Kawasaki syndrome among children in Hawaii. Hawaii Med J. 
2010;69:194–197.

	118.	 Maddox RA, Holman RC, Uehara R, Callinan LS, Guest JL, Schonberger LB, 
Nakamura Y, Yashiro M, Belay ED. Recurrent Kawasaki disease: USA and 
Japan. Pediatr Int. 2015;57:1116–1120. doi: 10.1111/ped.12733

	119.	 Sudo D, Nakamura Y. Nationwide surveys show that the incidence of 
recurrent Kawasaki disease in Japan has hardly changed over the last 30 
years. Acta Paediatr. 2017;106:796–800. doi: 10.1111/apa.13773

	120.	 Manlhiot C, O’Shea S, Bernknopf B, LaBelle M, Chahal N, Dillenburg RF, 
Lai LS, Bock D, Lew B, Masood S, et al. Epidemiology of Kawasaki disease 
in Canada 2004 to 2014: comparison of surveillance using administrative 
data vs periodic medical record review. Can J Cardiol. 2018;34:303–309. 
doi: 10.1016/j.cjca.2017.12.009

	121.	 Onouchi Y. The genetics of Kawasaki disease. Int J Rheum Dis. 
2018;21:26–30. doi: 10.1111/1756-185X.13218

	122.	 Wardle AJ, Connolly GM, Seager MJ, Tulloh RM. Corticosteroids for the 
treatment of Kawasaki disease in children. Cochrane Database Syst Rev. 
2017;1:CD011188. doi: 10.1002/14651858.CD011188.pub2

	123.	 Tremoulet AH. Adjunctive therapies in Kawasaki disease. Int J Rheum Dis. 
2018;21:76–79. doi: 10.1111/1756-185X.13208

	124.	 Suda K, Iemura M, Nishiono H, Teramachi Y, Koteda Y, Kishimoto S, 
Kudo Y, Itoh S, Ishii H, Ueno T, et al. Long-term prognosis of patients 
with Kawasaki disease complicated by giant coronary aneurysms: a 
single-institution experience. Circulation. 2011;123:1836–1842. doi: 
10.1161/CIRCULATIONAHA.110.978213

	125.	 Dionne A, Bakloul M, Manlhiot C, McCrindle BW, Hosking M, Houde C, 
Pepelassis D, Dahdah N. Coronary artery bypass grafting and percutane-
ous coronary intervention after Kawasaki disease: the pediatric Canadian 
series. Pediatr Cardiol. 2017;38:36–43. doi: 10.1007/s00246-016-1480-x

	126.	 Taddio A, Rossi ED, Monasta L, Pastore S, Tommasini A, Lepore L, Bronzetti G, 
Marrani E, Mottolese BD, Simonini G, et al. Describing Kawasaki shock 
syndrome: results from a retrospective study and literature review. Clin 
Rheumatol. 2017;36:223–228. doi: 10.1007/s10067-016-3316-8

	127.	 Ogata S, Tremoulet AH, Sato Y, Ueda K, Shimizu C, Sun X, Jain S, 
Silverstein L, Baker AL, Tanaka N, et al. Coronary artery outcomes among 
children with Kawasaki disease in the United States and Japan. Int J 
Cardiol. 2013;168:3825–3828. doi: 10.1016/j.ijcard.2013.06.027

	128.	 Salgado AP, Ashouri N, Berry EK, Sun X, Jain S, Burns JC, Tremoulet AH. 
High risk of coronary artery aneurysms in infants younger than 6 months 
of age with Kawasaki disease. J Pediatr. 2017;185:112–116.e1. doi: 
10.1016/j.jpeds.2017.03.025

	129.	 Satoh K, Wakejima Y, Gau M, Kiguchi T, Matsuda N, Takasawa R, 
Takasawa K, Nishioka M, Shimohira M. Risk of coronary artery lesions in 
young infants with Kawasaki disease: need for a new diagnostic method. 
Int J Rheum Dis. 2018;21:746–754. doi: 10.1111/1756-185X.13223

	130.	 Yamashita M, Ae R, Yashiro M, Aoyama Y, Sano T, Makino N, 
Nakamura Y. Difference in risk factors for subtypes of acute cardiac le-
sions resulting from Kawasaki disease. Pediatr Cardiol. 2017;38:375–
380. doi: 10.1007/s00246-016-1525-1

	131.	 Holman RC, Curns AT, Belay ED, Steiner CA, Schonberger LB. Kawasaki 
syndrome hospitalizations in the United States, 1997 and 2000. 
Pediatrics. 2003;112:495–501. doi: 10.1542/peds.112.3.495

	132.	 Chang RK. Hospitalizations for Kawasaki disease among children 
in the United States, 1988-1997. Pediatrics. 2002;109:e87. doi: 
10.1542/peds.109.6.e87

	133.	 Makino N, Nakamura Y, Yashiro M, Sano T, Ae R, Kosami K, 
Kojo T, Aoyama Y, Kotani K, Yanagawa H. Epidemiological observations 
of Kawasaki disease in Japan, 2013-2014. Pediatr Int. 2018;60:581–587. 
doi: 10.1111/ped.13544

	134.	 García-Pavón S, Yamazaki-Nakashimada MA, Báez M, Borjas-Aguilar KL, 
Murata C. Kawasaki disease complicated with macrophage activation 
syndrome: a systematic review. J Pediatr Hematol Oncol. 2017;39:445–
451. doi: 10.1097/MPH.0000000000000872

	135.	 Lin MT, Sun LC, Wu ET, Wang JK, Lue HC, Wu MH. Acute and late coro-
nary outcomes in 1073 patients with Kawasaki disease with and without 
intravenous γ-immunoglobulin therapy. Arch Dis Child. 2015;100:542–
547. doi: 10.1136/archdischild-2014-306427

	136.	 Manlhiot C, Millar K, Golding F, McCrindle BW. Improved classifica-
tion of coronary artery abnormalities based only on coronary artery z-
scores after Kawasaki disease. Pediatr Cardiol. 2010;31:242–249. doi: 
10.1007/s00246-009-9599-7

	137.	 Miura M, Kobayashi T, Kaneko T, Ayusawa M, Fukazawa R, Fukushima N, 
Fuse S, Hamaoka K, Hirono K, Kato T, et al; The Z-score Project 2nd Stage 
Study Group. Association of severity of coronary artery aneurysms in 
patients with Kawasaki disease and risk of later coronary events. JAMA 
Pediatr. 2018;172:e180030. doi: 10.1001/jamapediatrics.2018.0030

	138.	 Daniels LB, Tjajadi MS, Walford HH, Jimenez-Fernandez S, Trofimenko V, 
Fick DB Jr, Phan HA, Linz PE, Nayak K, Kahn AM, et al. Prevalence of Kawasaki 
disease in young adults with suspected myocardial ischemia. Circulation. 
2012;125:2447–2453. doi: 10.1161/CIRCULATIONAHA.111.082107

	139.	 Agency for Healthcare Research and Quality. HCUPnet, 1996–2016. 
Healthcare Cost and Utilization Project (HCUP) website. http://hcupnet.
ahrq.gov/. Accessed April 1, 2019.

	140.	 Kim GB, Park S, Eun LY, Han JW, Lee SY, Yoon KL, Yu JJ, Choi JW,  
Lee KY. Epidemiology and clinical features of Kawasaki disease in 
South Korea, 2012-2014. Pediatr Infect Dis J. 2017;36:482–485. doi: 
10.1097/INF.0000000000001474

	141.	 Wu MH, Lin MT, Chen HC, Kao FY, Huang SK. Postnatal risk of acquiring 
Kawasaki disease: a nationwide birth cohort database study. J Pediatr. 
2017;180:80–86.e2. doi: 10.1016/j.jpeds.2016.09.052

	142.	 Chen JJ, Ma XJ, Liu F, Yan WL, Huang MR, Huang M, Huang GY; 
Shanghai Kawasaki Disease Research Group. Epidemiologic features of 
Kawasaki disease in Shanghai from 2008 through 2012. Pediatr Infect 
Dis J. 2016;35:7–12. doi: 10.1097/INF.0000000000000914

	143.	 Nakamura Y, Yashiro M, Yamashita M, Aoyama N, Otaki U, Ozeki Y, 
Sano T, Kojo T, Ae R, Aoyama Y, et al. Cumulative incidence of Kawasaki 
disease in Japan. Pediatr Int. 2018;60:19–22. doi: 10.1111/ped.13450

	144.	 Singh S, Vignesh P, Burgner D. The epidemiology of Kawasaki dis-
ease: a global update. Arch Dis Child. 2015;100:1084–1088. doi: 
10.1136/archdischild-2014-307536

	145.	 Cimaz R, Fanti E, Mauro A, Voller F, Rusconi F. Epidemiology of Kawasaki 
disease in Italy: surveillance from national hospitalization records. Eur J 
Pediatr. 2017;176:1061–1065. doi: 10.1007/s00431-017-2947-3

	146.	 Sánchez-Manubens J, Antón J, Bou R, Iglesias E, Calzada-Hernandez J, 
Rodó X, Morguí JA; el Grupo de Trabajo en Enfermedad de Kawasaki 
en Cataluña. Kawasaki disease is more prevalent in rural areas of 
Catalonia (Spain) [in Spanish]. An Pediatr (Barc). 2017;87:226–231. doi: 
10.1016/j.anpedi.2016.12.009

	147.	 Jakob A, Whelan J, Kordecki M, Berner R, Stiller B, Arnold R, von Kries R, 
Neumann E, Roubinis N, Robert M, et al. Kawasaki disease in Germany: a 
prospective, population-based study adjusted for underreporting. Pediatr 
Infect Dis J. 2016;35:129–134. doi: 10.1097/INF.0000000000000953

	148.	 Tulloh RMR, Mayon-White R, Harnden A, Ramanan AV, Tizard EJ, 
Shingadia D, Michie CA, Lynn RM, Levin M, Franklin OD, et al. Kawasaki 
disease: a prospective population survey in the UK and Ireland 
from 2013 to 2015. Arch Dis Child. 2018;104:640–646. doi: 
10.1136/archdischild-2018-315087

	149.	 Gilboa SM, Devine OJ, Kucik JE, Oster ME, Riehle-Colarusso T,  
Nembhard WN, Xu P, Correa A, Jenkins K, Marelli AJ. Congenital 
heart defects in the United States: estimating the magnitude of the 
affected population in 2010. Circulation. 2016;134:101–109. doi: 
10.1161/CIRCULATIONAHA.115.019307

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025

http://hcupnet.ahrq.gov/
http://hcupnet.ahrq.gov/


e417

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 16

16. DISORDERS OF HEART RHYTHM
See Table 16-1 and Charts 16-1 through 16-10

Arrhythmias (Disorders of Heart Rhythm)
2017: Mortality—54 145. Any-mention mortality—558 408.

Bradyarrhythmias 
ICD-9 426.0, 426.1, 427.81; ICD-10 I44.0 to 
I44.3, I49.5
2017: Mortality—1327. Any-mention mortality—7018.

2016: Hospital discharges—97 000.
Mean hospital charges: $74 846; in-hospital death 

rate: 1.15%; mean length of stay: 3.9 days.

Click here to return to the Table of Contents

Abbreviations Used in Chapter 16

ACCORD Action to Control Cardiovascular Risk in Diabetes

ACE angiotensin-converting enzyme

AF atrial fibrillation

AMI acute myocardial infarction

ARIC Atherosclerosis Risk in Communities

AV atrioventricular

BiomarCaRE Biomarker for Cardiovascular Risk Assessment in Europe

BMI body mass index

BNP B-type natriuretic peptide

BP blood pressure

CABG coronary artery bypass graft

CAD coronary artery disease

CARDIA Coronary Artery Risk Development in Young Adults

CDC WONDER Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research

CHA2DS2-VASc Clinical prediction rule for estimating the risk of stroke 
based on congestive heart failure, hypertension, 
diabetes mellitus, and sex (1 point each); age ≥75 y and 
stroke/transient ischemic attack/thromboembolism (2 
points each); plus history of vascular disease, age 65–74 
y, and (female) sex category

CHADS2 Clinical prediction rule for estimating the risk of stroke 
based on congestive heart failure, hypertension, age 
≥75 y, diabetes mellitus (1 point each), and prior stroke/
transient ischemic attack/thromboembolism (2 points)

CHARGE-AF Cohorts for Heart and Aging Research in Genomic 
Epidemiology–Atrial Fibrillation

CHD coronary heart disease

CHS Cardiovascular Health Study

CI confidence interval

CKD chronic kidney disease

CPAP continuous positive airway pressure

CVD cardiovascular disease

CVH cardiovascular health

DALY disability-adjusted life-year

DM diabetes mellitus

DNA deoxyribonucleic acid

DOAC direct oral anticoagulant

ECG Electrocardiogram

ED emergency department

EF ejection fraction

EMPHASIS-HF Eplerenone in Mild Patients Hospitalization and Survival 
Study in Heart Failure

EPIC European Prospective Investigation Into Cancer and 
Nutrition

ESRD end-stage renal disease

FHS Framingham Heart Study

GBD Global Burden of Disease

GLORIA-AF Global Registry on Long-term Oral Antithrombotic 
Treatment in Patients with Atrial Fibrillation

GRS genetic risk score

GWAS genome-wide association study

GWTG Get With The Guidelines

HbA1c hemoglobin A1c (glycosylated hemoglobin)

HCM hypertrophic cardiomyopathy

HCUP Healthcare Cost and Utilization Project

HD heart disease

HF heart failure

HR hazard ratio

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

ICU intensive care unit

IQR interquartile range

IRR incidence rate ratio

Look AHEAD Look: Action for Health in Diabetes

LVEF left ventricular ejection fraction

LVH left ventricular hypertrophy

MESA Multi-Ethnic Study of Atherosclerosis

MET metabolic equivalent

MI myocardial infarction

MRI magnetic resonance imaging

NAMCS National Ambulatory Medical Care Survey

NCDR National Cardiovascular Data Registry

NCHS National Center for Health Statistics

NEDS Nationwide Emergency Department Sample

NH non-Hispanic

NHAMCS National Hospital Ambulatory Medical Care Survey

NHDS National Hospital Discharge Survey

NHLBI National Heart, Lung, and Blood Institute

NIS National (Nationwide) Inpatient Sample

NSTEMI non–ST-segment–elevation myocardial infarction

NVSS National Vital Statistics System

OHCA out-of-hospital cardiac arrest

OR odds ratio

ORBIT-AF Outcomes Registry for Better Informed Treatment of 
Atrial Fibrillation

OSA obstructive sleep apnea

Abbreviations Used in Chapter 16 Continued
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AV Block
Prevalence and Incidence

•	 In a healthy sample of participants from the ARIC 
study (mean age 53 years), the prevalence of first-
degree AV block was 7.8% in black males, 3.0% in 
black females, 2.1% in white males, and 1.3% in 
white females.1 Lower prevalence estimates were 
noted in the relatively younger population (mean 
age 45 years) of the CARDIA study at its year 
20 follow-up examination: 2.6% in black males, 
1.9% in black females, 1.2% in white males, and 
0.1% in white females.2

•	 The prevalence of PR-interval prolongation was 
observed to be 2.1% in Finnish middle-aged 
adults, but the authors noted that the PR interval 
normalized in follow-up in 30% of these people.3

•	 No population-based studies have reported the 
prevalence of second-degree AV block. On the 
basis of results from clinical series, Mobitz II sec-
ond-degree AV block is rare in healthy individu-
als (≈0.003%), whereas Mobitz I (Wenckebach) is 

observed in 1% to 2% of healthy individuals <20 
years of age, especially during sleep.4

•	 The prevalence of third-degree AV block in the 
general adult population is very low. The preva-
lence was 0.04% in the Icelandic Reykjavik Study5 
and 0.6% in a large sample of people with hyper-
tension and without DM enrolled with Veterans 
Health Administration hospitals.6

•	 In an analysis of standard 12-lead ECGs from 
264 324 Brazilian primary care patients, prevalence 
of complete AV block was 0.05%, ranging from 
0.02% in individuals 20 to <40 years of age to 
0.3% in persons ≥80 years of age.7

•	 In 122 815 recordings from 122 454 unique 
patients prescribed 14-day continuous single-
lead electrocardiographic monitoring with the Zio 
patch device between 2011 and 2013, prevalence 
of high-grade AV block (defined as either Mobitz 
II or complete heart block) was 1.2% (1486 of all 
tracings).8

•	 An English registry study estimated the incidence 
of infant complete AV block as 2.1 per 100 000 
live births.9 Congenital complete heart block could 
be attributable to transplacental transfer of mater-
nal anti-SSA/Ro or SSB/La antibodies.10

Risk Factors
•	 In healthy individuals from MESA without CVD or 

its risk factors, PR interval was longer with advanc-
ing age, in males compared with females, and in 
blacks compared with whites.11

•	 Although first-degree AV block and Mobitz type I 
second-degree AV block can occur in apparently 
healthy people, presence of Mobitz II second- or 
third-degree AV block usually indicates underlying 
HD, including CHD, and HF.4

•	 Reversible causes of AV block include electrolyte 
abnormalities, drug-induced AV block, periop-
erative AV block attributable to hypothermia, 
or inflammation near the AV conduction system 
after surgery in this region. Some conditions may 
warrant pacemaker implantation because of the 
potential for disease progression even if the AV 
block reverses transiently (eg, sarcoidosis, amyloi-
dosis, and neuromuscular diseases).12

•	 Long sinus pauses and AV block can occur during sleep 
apnea. In the absence of symptoms, these abnormali-
ties are reversible and do not require pacing.12,13

•	 Although the majority of determinants of heart 
rate are acquired, there are genetic components 
that are associated with heart rate. For example, 
a GWAS has identified 21 genetic loci associated 
with heart rate.14

Prevention
•	 Detection and correction of reversible causes of 

acquired AV block could be of potential importance 

PA physical activity

PAD peripheral artery disease

PAF population attributable fraction

PAR population attributable risk

PCI percutaneous coronary intervention

PINNACLE Practice Innovation and Clinical Excellence

PREDIMED Prevención con Dieta Mediterránea

PREVEND Prevention of Renal and Vascular End-Stage Disease

QALY quality-adjusted life-year

RACE 3 Routine vs. Aggressive Risk Factor Driven Upstream 
Rhythm Control for Prevention of Early Atrial Fibrillation 
in Heart Failure

REGARDS Reasons for Geographic and Racial Differences in Stroke

RE-LY Randomized Evaluation of Long-term Anticoagulant 
Therapy

RR relative risk

SBP systolic blood pressure

SCD sudden cardiac death

SES socioeconomic status

SNP single-nucleotide polymorphism

STEMI ST-segment–elevation myocardial infarction

STROKESTOP Systematic ECG Screening for Atrial Fibrillation Among 
75-Year-Old Subjects in the Region of Stockholm and 
Halland, Sweden

SVT supraventricular tachycardia

TIA transient ischemic attack

UI uncertainty interval

USD US dollars

VF ventricular fibrillation

WHS Women’s Health Study

WPW Wolff-Parkinson-White
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in preventing symptomatic bradycardia and other 
complications of AV block.12

Complications
(See Chart 16-1)

•	 In the FHS, PR-interval prolongation (>200 ms) 
was associated with increased risk of AF (HR, 2.06 
[95% CI, 1.36–3.12]), pacemaker implantation 
(HR, 2.89 [95% CI, 1.83–4.57]), and all-cause mor-
tality (HR, 1.44 [95% CI, 1.09–1.91]).15 Compared 
with people with a PR interval ≤200 ms, those with 
a PR interval >200 ms had an absolute increased 
risk per year of 1.0% for AF, 0.5% for pacemaker 
implantation, and 2.1% for death (Chart 16-1).

•	 Decisions about the need for a pacemaker are 
influenced by the presence or absence of symp-
toms directly attributable to bradycardia and the 
likelihood of the arrhythmia progressing to com-
plete heart block. Permanent pacing improves 
survival in patients with third-degree AV block, 
especially if syncope has occurred.12

•	 In a large, prospective, regional French registry of 
6662 STEMI patients (2006–2013), high-degree AV 
block was noted in 3.5% of individuals. In 64% of 
cases, high-degree AV block was present on admis-
sion. Although patients with high-degree AV block 
on admission or occurring during the first 24 hours 
of hospitalization had higher in-hospital mortality 
rates than patients without heart block, it was not 
an independent predictor of mortality after multi-
variable analysis (OR, 0.99 [95% CI, 0.60–1.66]).16

•	 Little evidence exists to suggest that pacemakers 
improve survival in patients with isolated first-
degree AV block.17 However, marked first-degree 
AV block (PR >300 ms) can lead to symptoms even 
in the absence of higher degrees of AV block, 
with uncontrolled studies suggesting that those 
patients benefit from pacemaker implantation.12,18

Sinus Node Dysfunction
Prevalence and Incidence

•	 There are no accurate estimates of the preva-
lence of sinus node dysfunction in the general 
population.

•	 According to a survey of members of the North 
American Society of Pacing and Electrophysiology, 
sick sinus syndrome accounted for 48% of implan-
tations of first permanent pacemakers in the 
United States in 1997.19,20

•	 Sinus node dysfunction is commonly present with 
other causes of bradyarrhythmias (carotid sinus 
hypersensitivity in 42% of patients and advanced 
AV conduction abnormalities in 17%).21,22

•	 Incidence rates of sinus node dysfunction hospital-
ization among Medicare beneficiaries >65 years of 
age were 207 per 100 000 person-years in 1998. 

Rates increased with age and were higher in males 
than females and in whites than blacks.23

•	 The incidence rate of sick sinus syndrome was 0.8 
per 1000 person-years of follow-up in 2 US cohorts 
that included whites and blacks, ARIC and CHS.24 
The incidence increased with advancing age (HR, 
1.73 [95% CI, 1.47–2.05] per 5-year increment), 
and blacks were at 41% lower risk of sick sinus 
syndrome than their white counterparts (HR, 0.59 
[95% CI, 0.37–0.98]). Investigators projected that 
in the United States, the number of new cases 
of sick sinus syndrome per year would rise from 
78 000 in 2012 to 172 000 in 2060.24

Risk Factors
•	 The causes of sinus node dysfunction can be clas-

sified as intrinsic (secondary to pathological condi-
tions involving the sinus node) or extrinsic (caused 
by depression of sinus node function by external 
factors such as drugs or autonomic influences).25

•	 Idiopathic degenerative disease is probably the 
most common cause of sinus node dysfunction.26

•	 Investigators collected data from 28 different stud-
ies on atrial pacing for sinus node dysfunction that 
showed a median annual incidence of second- 
and third-degree AV block of 0.6% (range, 0%–
4.5%) and an overall prevalence of 2.1% (range, 
0%–11.9%). This suggests that the degenerative 
process also affects the specialized conduction sys-
tem, although the rate of progression is slow and 
does not dominate the clinical course of disease.27

•	 In the CHS and ARIC studies, factors associated 
with incident sick sinus syndrome included white 
(versus black) race, higher mean BMI, height, prev-
alent hypertension, lower heart rate, right bundle-
branch block, N-terminal pro-BNP, cystatin C, and 
history of a major cardiovascular event.24

Complications
(See Chart 16-2)

•	 The survival of patients with sinus node dysfunc-
tion appears to depend primarily on the severity 
of underlying cardiac disease, is not different from 
survival in the general population when treated 
with pacemaker, and is not significantly changed 
by type of pacemaker therapy.28–30

•	 In a retrospective study31 of patients with sinus 
node dysfunction who had pacemaker therapy, 
mortality among those with ventricular pacing 
only was 63% compared with 40% among those 
with DDD pacing at 7-year follow-up.

•	 In 19 893 males and females >45 years of age from 
the ARIC and CHS cohorts, incidence of sick sinus 
syndrome was associated with increased mortality 
(HR, 1.4 [95% CI, 1.1–1.7]), CHD (HR, 1.7 [95% 
CI, 1.1–2.7]), HF (HR, 2.9 [95% CI, 2.2–3.8]), 
stroke (HR, 1.6 [95% CI, 1.0–2.5]), AF (HR, 5.8 
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[95% CI, 4.4–7.5]), and pacemaker implantation 
(HR, 53.7 [95% CI, 42.9–67.2]).32

•	 In a multicenter study from the Netherlands of 
people with bradycardia treated with pacemaker 
implantation, the actuarial 1-, 3-, 5-, and 7-year 
survival rates were 93%, 81%, 69%, and 61%, 
respectively. Individuals without CVD at baseline 
had similar survival rates as age- and sex-matched 
control subjects.33

•	 With sinus node dysfunction, the incidence of 
sudden death is extremely low, and pacemaker 
implantation does not appear to alter longev-
ity.12,34 SVT including AF was prevalent in 53% of 
patients with sinus node dysfunction.29

•	 On the basis of records from the NIS, pacemaker 
implantation rates per million increased from 467 
in 1993 to 616 in 2009, although overall use pla-
teaued in 2001. The patients’ mean age and num-
ber of comorbidities at implantation increased over 
time. Total hospital charges associated with pace-
maker implantation increased 45% from $53 693 
in 1993 to $78 015 in 2009 (in 2011 dollars).35

•	 On the basis of NHDS data, the escalating 
implantation rate was attributable to increasing 
implantation for isolated sinus node dysfunction; 
implantation for sinus node dysfunction increased 
by 102%, whereas implantation for all other indi-
cations did not increase (Chart 16-2).36

•	 In 5831 participants of the MESA cohort, a heart 
rate <50 beats per minute was not associated with 
mortality or incident CVD among individuals not 
taking heart rate–modifying drugs compared with 
those with heart rate between 50 and 59 beats per 
minute.37

SVT (Excluding AF and Atrial Flutter) 
ICD-9 427.0; ICD-10 I47.1.
2017: Mortality—179. Any-mention mortality—1511. 
2016: Hospital discharges—40 000 (18 000 male; 
22 000 female).

Prevalence and Incidence
(See Chart 16-3)

•	 Data from the Marshfield Epidemiologic Study 
Area in Wisconsin suggested the incidence of 
documented paroxysmal SVT was 35 per 100 000 
person-years, whereas the prevalence was 225 per 
100 000 people. The mean age at SVT onset was 
57 years, and both female sex (RR, 2.0) and age 
≥65 years (versus <65 years: RR, 5.3) were signifi-
cant risk factors (Chart 16-3).38

•	 A review of ED visits in US hospitals using NHAMCS 
data from 1993 to 2003 revealed that an esti-
mated 550 000 visits were for SVT (0.05% of all 
visits [95% CI, 0.04%–0.06%]), or ≈50 000 visits 

per year (incidence rate of 1.8 ED visits per 10 000 
person-years [95% CI, 1.4–2.3]). Of these patients, 
24% (95% CI, 15%–34%) were admitted to the 
hospital, and 44% (95% CI, 32%–56%) were dis-
charged without specific follow-up.39 Rates were 
higher in individuals ≥65 years of age than in those 
<65 years of age (3.9 versus 1.5 per 10 000 per-
son-years) and lower in males than in females (1.1 
versus 2.6 per 10 000 person-years).

•	 The prevalence of SVT that is clinically undetected 
is likely much greater than the estimates from ED 
visits and electrophysiology procedures would sug-
gest. Among 26 751 individual patients receiving 
a Zio Patch monitor for clinical indications, preva-
lence of SVT (defined as at least a single run of ≥8 
beats) was 31%.40

•	 Of 1383 participants in the Baltimore Longitudinal 
Study of Aging undergoing maximal exercise test-
ing, 6% exhibited SVT during the test; increasing 
age was a significant risk factor. Only 16% exhib-
ited >10 beats of SVT, and only 4% were symp-
tomatic. Over an average of 6 years of follow-up, 
people with exercise-induced SVT were more likely 
to develop SVT or AF.41

•	 In a study of 3554 consecutive males 17 to 21 
years of age applying for a pilot’s license and 3700 
symptomatic arrhythmia patients, the surface 
ECG revealed that the prevalence of ectopic atrial 
tachycardia was estimated to be 0.34% in asymp-
tomatic applicants and 0.46% in symptomatic 
applicants.42

Complications
•	 Rare cases of incessant SVT can lead to a tachycar-

dia-induced cardiomyopathy,43 and rare cases of 
sudden death attributed to SVT as a trigger have 
been described.44

•	 Among 2 350 328 pregnancies included in 
Taiwan’s national insurance database between 
2001 and 2012, 769 females experienced par-
oxysmal SVT during pregnancy. Compared with 
those females without paroxysmal SVT during 
pregnancy, paroxysmal SVT during pregnancy 
was associated with a higher risk for poor mater-
nal outcomes (severe morbidity and cesarean 
delivery) and poor fetal outcomes (low birth 
weight, preterm labor, fetal stress, and obvious 
fetal abnormalities).45

•	 A California administrative database study of 
almost 5 million patients suggested that after the 
exclusion of people with diagnosed AF, SVT was 
associated with an adjusted doubling of the risk 
of stroke in follow-up (HR, 2.10 [95% CI, 1.69–
2.62]). The absolute stroke rate was low, however. 
The cumulative stroke rate was 0.94% (95% CI, 
0.76%–1.16%) over 1 year in patients with SVT 
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versus 0.21% (95% CI, 0.21%–0.22%; P<0.001, 
log-rank test) in those without SVT.46

•	 In a Swedish study of 214 patients (51% females) 
with paroxysmal SVT undergoing ablation, females 
had a longer history of symptomatic arrhythmia 
(16.2±14.6 versus 9.9±13.1 years), were more likely 
to report not being taken seriously when consulting 
for their symptoms (17% versus 7%), and were more 
symptomatic after 6 months of ablation than males.47

Specific Types
•	 Among those presenting for invasive electrophysi-

ological study and ablation, AV nodal reentrant 
tachycardia (a circuit that requires 2 AV nodal path-
ways) is the most common mechanism of SVT48,49 
and usually represents the majority of cases (56% 
in one series of 1754 cases).49

•	 AV reentrant tachycardia (an arrhythmia that 
requires the presence of an extranodal connec-
tion between the atria and ventricles or specialized 
conduction tissue) is the second most common 
type of SVT (27% in a study by Porter et al49), and 
atrial tachycardia is the third most common (17% 
in a series of 1754 SVT cases from Porter et al49).

•	 In a US-based national pediatric electrophysiology 
registry study, AV reentrant tachycardia was the 
most common SVT mechanism (68%), whereas 
the remainder of the patients had AV nodal reen-
trant tachycardia (32%).50

•	 AV reentrant tachycardia prevalence decreases 
with age, whereas AV nodal reentrant tachycar-
dia and atrial tachycardia prevalence increase with 
advancing age.49

•	 The majority of patients with AV reentrant tachy-
cardia were males (55%), whereas females con-
stituted the majority with AV nodal reentrant 
tachycardia (70%) or atrial tachycardia (62%) in 
the study by Porter et al.49

•	 Multifocal atrial tachycardia is an arrhythmia that 
is commonly confused with AF and is character-
ized by 3 distinct P-wave morphologies, irregular 
R-R intervals, and a rate >100 beats per minute. 
It is uncommon in both children51 and adults,52 
with a prevalence in hospitalized adults estimated 
at 0.05% to 0.32%.52 The average age of onset 
in adults is 72 years. Adults with multifocal atrial 
tachycardia have a high mortality rate, with esti-
mates around 45%, but this is generally ascribed 
to the underlying condition(s).52 In a study of older 
ambulatory adults in Greece, the mortality in fol-
low-up did not differ by whether or not multifocal 
atrial rhythms were detected on baseline ECG.53

WPW Syndrome
Prevalence

•	 A WPW electrocardiographic pattern was observed 
in 0.11% of males and 0.04% of females among 

47 358 ECGs from adults participating in 4 large 
Belgian epidemiological studies.54 In a study of 
32 837 Japanese students who were required by 
law to receive ECGs before entering school, a 
WPW electrocardiographic pattern was reported in 
0.07%, 0.07%, and 0.17% of elementary, junior 
high, and high school students, respectively.55

Complications
•	 WPW syndrome, a diagnosis reserved for those 

with both ventricular preexcitation (evidence of 
an anterograde conducting AV accessory pathway 
on a 12-lead ECG) and tachyarrhythmias, deserves 
special attention because of the associated risk of 
sudden death. Sudden death is generally attrib-
uted to rapid heart rates in AF conducting down 
an accessory pathway and leading to VF.56

•	 A cohort study from Intermountain Healthcare 
with ≈8 years of follow-up reported that rates of 
cardiac arrest were low and similar between WPW 
and control patients without WPW. In follow-up, 
WPW was associated with a significantly higher 
risk of AF (HR, 1.55 [95% CI, 1.29–1.87]); 7.0% 
of the WPW patients developed AF compared with 
3.8% of those without WPW.57

•	 Asymptomatic adults with ventricular preexcita-
tion appear to be at no increased risk of sudden 
death compared with the general population.58,59

•	 In a single-center prospective registry study of 
2169 patients who agreed to undergo an elec-
trophysiology study for WPW syndrome from 
2005 to 2010, 1168 patients (206 asymptom-
atic) underwent radiofrequency ablation, none of 
whom had malignant arrhythmias or VF in up to 8 
years of follow-up. Of those who did not receive 
radiofrequency ablation (n=1001; 550 asymptom-
atic) in follow-up, 1.5% had VF, most of whom 
(13 of 15) were children. The authors noted that 
poor prognosis was related to accessory pathway 
electrophysiological properties rather than patient 
symptoms.60

•	 In a meta-analysis of 20 studies involving 1869 
asymptomatic patients with a WPW electrocardio-
graphic pattern followed up for a total of 11 722 
person-years, the rate of sudden death in a ran-
dom effects model that was used because of het-
erogeneity across studies was estimated to be 1.25 
(95% CI, 0.57–2.19) per 1000 person-years. Risk 
factors for sudden death included male sex, inclu-
sion in a study of children (<18 years of age), and 
inclusion in an Italian study.61

•	 Several studies in asymptomatic children with ven-
tricular preexcitation detected by screening sug-
gested a benign prognosis.59,62 A referral-based 
registry study reported that electrophysiologi-
cal testing can identify a group of asymptomatic 
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children with a risk of sudden death or VF as high 
as 11% over 19 months of follow-up.63 In a pedi-
atric hospital retrospective review of 446 children 
with WPW syndrome, 64% were symptomatic at 
presentation, and 20% had onset of symptoms 
during a median of 3 years of follow-up. The inci-
dence of sudden death was 1.1 per 1000 person-
years in patients without structural HD.64

AF and Atrial Flutter
Prevalence

•	 The prevalence of AF in the United States was esti-
mated to rise from ≈5.2 million in 2010 to 12.1 
million in 2030.65

•	 In the European Union, the prevalence of AF in 
adults >55 years of age was estimated to be 8.8 
million (95% CI, 6.5–12.3 million) in 2010 and 
was projected to rise to 17.9 million in 2060 (95% 
CI, 13.6–23.7 million).66

•	 Data from a California health plan suggested 
that compared with whites, blacks (OR, 0.49 
[95% CI, 0.47–0.52]), Asians (OR, 0.68 [95% CI, 
0.64–0.72]), and Hispanics (OR, 0.58 [95% CI, 
0.55–0.61]) have a significantly lower adjusted 
prevalence of AF.67

•	 Among Medicare patients ≥65 years of age who 
were diagnosed from 1993 to 2007, the preva-
lence of AF increased ≈5% per year, from 41.1 per 
1000 beneficiaries to 85.5 per 1000 beneficiaries.68

—	 In 2007 in the 5% Medicare sample, there 
were 105 701 older adults with AF: 3.7% were 
black, 93.8% were white, and 2.6% were 
other/unknown race.68

—	 The prevalence rate per 1000 beneficiaries 
was 46.3 in blacks, 90.8 in whites, and 47.5 in 
other/unknown race.68

•	 In an analysis involving the entire South Korean 
population, prevalence of AF more than doubled, 
from 0.73% in 2006 to 1.53% in 2015, and was 
estimated to reach 5.81% in 2060.69

Incidence
(See Table 16-1 and Chart 16-4)

•	 In a Medicare sample, per 1000 person-years, the 
age- and sex-standardized incidence of AF was 
27.3 in 1993 and 28.3 in 2007, representing a 
0.2% mean annual increase (P=0.02).68

•	 Investigators from MESA estimated the age- and 
sex-adjusted incidence rate of hospitalized AF per 
1000 person-years (95% CI) as 11.2 (9.8–12.8) in 
NH whites, 6.1 (4.7–7.8) in Hispanics, 5.8 (4.8–7.0) 
in NH blacks, and 3.9 (2.5–6.1) in Chinese.70

•	 Data from California administrative databases 
were analyzed with regard to racial variation in 
incidence of AF. After adjustment for AF risk fac-
tors, compared with their white counterparts, 

lower incidence rates were found in blacks (HR, 
0.84 [95% CI, 0.82–0.85]; P<0.001), Hispanics 
(HR, 0.78 [95% CI, 0.77–0.79]; P<0.001), and 
Asians (HR, 0.78 [95% CI, 0.77–0.79]; P<0.001; 
Chart 16-4).71

•	 Racial variation in AF incidence is also observed 
in other countries. For instance, in a study of the 
UK Clinical Practice Research Datalink cohort ≥45 
years of age, the incidence rates per 1000 person-
years standardized to the UK population were 8.1 
(95% CI, 8.1–8.2) in whites versus 5.4 (95% CI, 
4.6–6.3) in Asians and 4.6 (95% CI, 4.0–5.3) in 
black patients.72

•	 Using data from a health insurance claims database 
covering 5% of the United States, the incidence of 
AF was estimated at 1.2 million new cases in 2010 
and was projected to increase to 2.6 million new 
cases in 2030.65

•	 In an analysis involving the entire South Korean pop-
ulation, incidence of AF between 2006 and 2015 has 
remained flat, with an overall incidence during this 
period of 1.77 new cases per 1000 person-years.69

Lifetime Risk and Cumulative Risk
(See Chart 16-5)

•	 In studies from FHS and the BiomarCaRE 
Consortium, the lifetime risk for AF in individuals 
of European ancestry was estimated to be ≈1 in 3.
—	 In the BiomarCaRE study based on 4 European 

community-based studies, the incidence 
increased after 50 years of age in males and 
60 years in females, but the cumulative inci-
dence of AF was similar, at >30%, by 90 years 
of age.73

—	 In an FHS report based on participants with 
DNA collected after 1980, the lifetime risk of 
AF after 55 years of age was 37.1%, which 
was influenced by both clinical and genetic 
risk.74 In a subsequent study from FHS, the 
lifetime risk of AF varied by risk factor bur-
den. In individuals with optimal risk profile, 
the lifetime risk was 23.4% (95% CI, 12.8%–
34.5%), whereas the risk was 33.4% (95% CI, 
27.9%–38.9%) with a borderline risk profile 
and 38.4% (95% CI, 35.5%–41.4%) with an 
elevated risk profile (Chart 16-5).75

•	 In a medical insurance database study from the 
Yunnan Province in China, the estimated lifetime 
risk of AF at 55 years of age was 21.1% (95% CI, 
19.3%–23.0%) for females and 16.7% (95% CI, 
15.4%–18.0%) for males.76 In a Taiwanese study, 
the lifetime risk of AF was estimated to be 16.9% 
(95% CI, 16.7%–14.2%) in males and 14.6% 
(95% CI, 14.4%–14.9%) in females.77

•	 Investigators from the NHLBI-sponsored ARIC study 
observed that the lifetime risk of AF was 36% in 
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white males (95% CI, 32%–38%), 30% in white 
females (95% CI, 26%–32%), 21% in black males 
(95% CI, 13%–24%), and 22% in black females 
(95% CI, 16%–25%).78

Secular Trends
•	 During 50 years of observation of the FHS (1958–

1967 to 1998–2007), the age-adjusted prevalence 
and incidence of AF approximately quadrupled. 
However, when only AF that was ascertained 
on ECGs routinely collected in the FHS was con-
sidered, the prevalence but not the incidence 
increased, which suggests that part of the chang-
ing epidemiology was attributable to enhanced 
surveillance. Although the prevalence of most risk 
factors changed over time, the hazards associated 
with specific risk factors did not change. Hence, the 
PAR associated with BMI, hypertension treatment, 
and DM increased (consistent with increasing 
prevalence). Over time, the multivariable-adjusted 
hazards of stroke and mortality associated with AF 
declined by 74% and 25%, respectively.79

•	 Between 2000 and 2010 in Olmsted County, MN, 
age- and sex-adjusted incidence rates and survival 
did not change over time.80 However, over a similar 
time frame in the United Kingdom (2001–2013), 
the incidence of nonvalvular AF in people ≥45 
years of age increased modestly from 5.9 (95% 
CI, 5.8–6.1) to 6.9 (95% CI, 6.8–7.1) per 1000 
patient-years, with the largest increase observed in 
those >80 years of age.72

•	 In data from the ARIC study, the prevalence of AF 
in the setting of MI increased slightly, from 11% 
to 15%, between 1987 and 2009; however, the 
increased risk of death (OR, 1.47 [95% CI, 1.07–
2.01]) in the year after MI accompanied by AF did 
not change over time.81

•	 Between 1999 and 2013, among Medicare fee-
for-service beneficiaries, rates of hospitaliza-
tion for AF increased ≈1% per year. Although 
the median hospital length of stay, 3 days (IQR, 
2.0–5.0 days), did not change, the mortality 
declined by 4% per year, and hospital readmis-
sions at 30 days declined by 1% per year. During 
the same years, median Medicare inpatient 
costs per hospitalization increased substantially, 
from $2932 (IQR, $2232–$3870) to $4719 (IQR, 
$3124–$7209).82

•	 Similar trends have been observed globally. For 
instance, on the basis of data from a national 
health insurance database, in Korea between 
2006 and 2015 the prevalence of AF increased 
2.10-fold, and the incidence remained flat (1.8 
per 1000 person-years), whereas the mortality 
rate (HR, 0.70 [95% CI, 0.68–0.93]) and ischemic 
stroke rate (HR, 0.91 [95% CI, 0.88–0.93]) after 

AF declined. Investigators projected that the adult 
prevalence of AF would reach 5.8% in 2060.69

Risk Factors
(See Chart 16-6)

•	 The highest PAF for AF was hypertension, followed 
by BMI, smoking, cardiac disease, and DM in ARIC 
(Chart 16-6).

BP and Hypertension
•	 Hypertension accounted for ≈22%83 of AF cases.
•	 In MESA, the PAF of AF attributable to hyper-

tension appeared to be higher in US NH blacks 
(33.1%), Chinese (46.3%), and Hispanics (43.9%) 
than in NH whites (22.2%).70

BMI and Obesity
•	 In a meta-analysis of 16 studies involving >580 000 

individuals, of whom ≈91 000 had obesity, AF 
developed in 6.3% of those who had obesity and 
3.1% of those without it. Individuals with obesity 
had an RR of 1.51 for developing AF (95% CI, 
1.35–1.68) compared with those without obesity.84

•	 Another meta-analysis of 29 studies examined 
various anthropometric components in relation to 
incident AF. A 5 kg/m2 increment in BMI was asso-
ciated with an RR of 1.28 (95% CI, 1.20–1.38) in 
relation to AF. The risk was nonlinear (P<0.0001), 
with stronger associations observed at higher 
BMIs, but a BMI of 22 to 24 kg/m2 was still associ-
ated with excess risk compared with a BMI of 20 
kg/m2. Waist, waist-hip ratio, fat mass, and waist 
gain were also associated with increased risk of 
AF.85

•	 A causal relationship between higher BMI and 
incident AF gained further support from a genetic 
mendelian randomization study, which observed 
that a BMI GRS that included 39 SNPs was associ-
ated with a higher risk of AF.86

Smoking
•	 A meta-analysis of 29 studies from 22 publica-

tions revealed that smoking was associated with 
an increased risk of AF. Compared to never-smok-
ers, the RR of current smoking was 1.32 (95% CI, 
1.12–1.56), former smoking was 1.09 (95% CI, 
1.00–1.18), and ever smoking was 1.21 (95% CI, 
1.12–1.31). There appeared to be a dose-response 
relationship such that the RR per 10 cigarettes per 
day was 1.14 (95% CI 1.10–1.20), and the RR per 
10 pack-years was 1.16 (95% CI, 1.09–1.25).87

DM and HbA1c

•	 In a meta-analysis restricted to prospective stud-
ies, HbA1c was associated with an increased risk of 
AF when analyzed as a continuous (RR, 1.11 [95% 
CI, 1.06–1.16]) or categorical (RR, 1.09 [95% CI, 
1.00–1.18]) variable.88
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•	 In a meta-analysis of observational studies (exclud-
ing a large outlier study) the RR of incident AF was 
1.28 (31 cohort studies [95% CI, 1.22–1.35]) for 
DM and 1.20 (4 studies [95% CI, 1.03–1.39]) for 
prediabetes.89

•	 A machine learning meta-analysis reported similar 
risks of incident AF in individuals with type 1 and 
type 2 DM. However, compared with males with 
DM (RR, 1.11 [95% CI, 1.01–1.22]), females with 
DM appeared to have a higher risk (RR, 1.38 [95% 
CI, 1.19–1.60]) of incident AF.90

Activity and Exercise
•	 A multiracial longitudinal study from Detroit, MI, 

reported a dose-response relation between objec-
tively assessed exercise capacity and lower risk of 
new-onset AF.91 In unadjusted analyses, the inci-
dence rates of AF over 5 years were 3.7%, 5.0%, 
9.5%, and 18.8% for >11, 10 to 11, 6 to 9, and 
<6 METs, respectively. Every 1-higher peak MET 
was associated with an adjusted 7% lower risk of 
AF (HR, 0.93 [95% CI, 0.92–0.94]). The protec-
tive association of fitness was observed in all sub-
groups examined but was particularly beneficial in 
obese individuals.

•	 Whereas regular PA is associated with lower risk 
of AF, a meta-analysis of 9 studies supports that 
athletes have a higher risk of AF than the gen-
eral population (OR, 2.34 [95% CI, 1.04–5.28]). 
However, the investigators reported substantial 
heterogeneity in the data, with the highest risks 
observed among males and individuals <60 years 
of age.92

Miscellaneous Risk Factors
•	 Other consistently reported risk factors for AF 

include clinical and subclinical hyperthyroid-
ism,93 CKD,94,95 and moderate96 or heavy alcohol 
consumption.97

•	 In a meta-analysis of 8 studies, the sleep apnea-
hypopnea syndrome was associated with an 
increased risk of AF after adjustment for confound-
ers (RR, 1.40 [95% CI, 1.12–1.74]; P<0.001).98 A 
meta-analysis of 3 studies of sleep quality also 
reported an association between insomnia and 
increased odds of AF (OR, 1.30 [95% CI, 1.26–
1.35]) of AF.99

•	 Air pollution:
—	 Investigators from the Danish Diet, Cancer, 

and Health cohort reported that individuals 
with higher exposure to NO2, a traffic-related 
air pollutant, had higher risk of AF (adjusted 
IRR, 1.08 [95% CI, 1.01–1.14] per 10 μg/m3 
higher 10-year time-weighted mean exposure 
to NO2).

100

—	 Using the Korean National Health Insurance 
Service investigators similarly reported that 

per 10 μg/m3 increments, both fine particles 
(PM2.5, or those ≤2.5 μm in diameter; HR, 
1.179 [95% CI, 1.176–1.183]) and coarse 
dust particles (PM10 , or those 2.5–10 μm in 
diameter; HR, 1.034 [95% CI, 1.033–1.036]) 
were associated with incident AF.101

•	 There is increasing research on the relation 
between social determinants of health and AF risk. 
In a study from REGARDS, involuntary unemploy-
ment was associated with increased risk of preva-
lent (OR, 1.60 [95% CI, 1.24–2.07]) and incident 
(OR, 1.54 [95% CI, 1.04–2.37]) AF.102

•	 AF frequently occurs secondary to other 
comorbidities.
—	 In the FHS, 31% of AF was diagnosed in the 

context of a secondary, reversible condition. 
The most common triggers of AF were cardio-
thoracic surgery (30%), infection (23%), and 
AMI (18%). Paroxysmal AF in the context of a 
secondary precipitant frequently recurred over 
follow-up.103

—	 Sepsis is associated with an increased risk of 
AF. In a Medicare sample, 25.5% of patients 
with sepsis had AF; 18.3% of AF was pre-
existing, and 7.2% was newly diagnosed.104 
AF occurring in the context of sepsis is asso-
ciated with an increased risk of stroke and 
death.105

—	 A meta-analysis reported that new-onset 
AF has been observed in 10.9% of patients 
undergoing noncardiac general surgery.106

—	 AF also occurs after CABG, with a risk-adjusted 
incidence of 33.1%, which has not varied over 
time.107

•	 Prevalence of AF is particularly elevated in adults 
with congenital HD.108

Risk Prediction of AF
•	 Life’s Simple 7:

—	 In the biracial REGARDS study, better CVH, 
as classified by Life’s Simple 7, predicted 
decreased risk of AF similarly between sexes 
and in blacks and whites. Individuals with opti-
mal CVH (score 10–14 points) had an adjusted 
32% lower risk of AF (OR, 0.68 [95% CI, 
0.47–0.99]).109

—	 The ARIC study, which includes white and 
black participants, also observed that patients 
with average (HR, 0.59 [95% CI, 0.51–0.67]) 
and optimal (HR, 0.38 [95% CI, 0.32–0.44]) 
CVH had a lower risk of incident AF. For every 
1-point higher Life’s Simple 7 score, the risk 
of AF was 12% lower (HR, 0.88 [95% CI, 
0.86–0.89]).110

•	 ARIC,111 the FHS,112 and the WHS113 have devel-
oped risk prediction models to predict new-onset 
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AF. Predictors of increased risk of new-onset AF 
include advancing age, European ancestry, body 
size (greater height and BMI), electrocardiographic 
features (LVH, left atrial enlargement), DM, BP 
(SBP and hypertension treatment), and presence 
of CVD (CHD, HF, valvular HD).

•	 More recently, the ARIC, CHS, and FHS investi-
gators developed and validated a risk prediction 
model for AF in blacks and whites, which was rep-
licated in 2 European cohorts.114 The CHARGE-AF 
model has been validated in US multiethnic cohorts 
including Hispanics,115 in MESA,116 in a UK cohort 
(EPIC Norfolk),117 and in a post-CABG cohort.118

Borderline Risk Factors
•	 Data from the ARIC study indicated that having 

at least 1 elevated risk factor explained 50% and 
having at least 1 borderline risk factor explained 
6.5% of incident AF cases. The estimated overall 
incidence rate per 1000 person-years at a mean of 
54.2 years of age was 2.19 for those with optimal 
risk, 3.68 for those with borderline risk, and 6.59 
for those with elevated risk factors.83

Subclinical Atrial Tachyarrhythmias, 
Unrecognized AF, Screening for AF
Device-Detected AF

•	 Cardiac implantable electronic devices (eg, pace-
makers and defibrillators) have increased clinician 
awareness of the frequency of subclinical AF and 
atrial high-rate episodes in people without a docu-
mented history of AF.

•	 In a meta-analysis of 28 studies including patients 
with pacemakers or defibrillators followed up for 
a mean of 22 months, new-onset device-detected 
atrial tachyarrhythmias were observed in 23% 
of patients. In 9 studies, device-detected atrial 
tachyarrhythmias were associated with a 2.88 
(95% CI, 1.79–4.64; P<0.001) RR of thrombo-
embolism, which was higher with longer dura-
tion (≥5 minutes RR, 3.86 versus <1 minute RR, 
1.77).119

•	 Another meta-analysis reported that high atrial 
rate episodes detected by cardiac implantable 
electronic devices were associated with higher risk 
of clinical AF (n=2 studies, including 2892 par-
ticipants; OR, 5.7 [95% CI, 4.0–8.0]; P< 0.001) 
and a higher risk of stroke (n=7 studies, including 
17 247 participants; OR, 2.4 [95% CI, 1.8–3.3]; P< 
0.001). The annual stroke rate was 1.89 with ver-
sus 0.93/100 person-years without high atrial rate 
episodes.120

•	 The temporal association of AF and stroke risk was 
evaluated in a case-crossover analysis among 9850 
patients with cardiac implantable electronic devices 
enrolled in the Veterans Health Administration 
healthcare system. The OR for an acute ischemic 

stroke was the highest within a 5-day period after 
a qualifying AF episode, which was defined as at 
least 5.5 hours of AF on a given day. This estimate 
reduced as the period after the AF occurrence 
extended beyond 30 days.121

Community Screening
•	 The prevalence of undiagnosed AF in the commu-

nity is unknown. Using Medicare and commercials 
claims data, investigators have estimated that in 
2009, ≈0.7 million (13.1%) of the ≈5.3 million AF 
cases in the United States were undiagnosed. Of 
the undiagnosed AF cases, investigators estimated 
535 400 (95% CI, 331 900–804 400; 1.3%) were 
in individuals ≥65 years of age, and 163 500 (95% 
CI, 17 700–400 000; 0.09%) were in individuals 18 
to 64 years of age.122

•	 The incidence of detecting previously undiagnosed 
AF by screening depends on the underlying risk 
of AF in the population studied, the intensity and 
duration of screening, and the method used to 
detect AF.123

•	 Methods vary in their sensitivity and specific-
ity in the detection of undiagnosed AF, increas-
ing from palpation, to devices such as handheld 
single-lead ECGs, modified BP devices, and 
plethysmographs.123

•	 There has been increasing interest in the use of 
smart phone technology to aid in community 
screening.124,125

•	 In a community-based study in Sweden 
(STROKESTOP), half of the population 75 to 76 
years of age were invited to a stepwise screen-
ing program for AF, and 7173 participated in the 
screening, of whom 218 had newly diagnosed AF 
(3.0% [95% CI, 2.7%–3.5%]) and an additional 
666 (9.3% [95% CI, 8.6%–10.0%]) had previously 
diagnosed AF. Of the 218 newly diagnosed AF 
cases, only 37 were diagnosed by initial screening 
electrocardiography, whereas intermittent moni-
toring detected 4 times as many cases. Of those 
individuals with newly diagnosed AF, 93% initi-
ated treatment with oral anticoagulant drugs.126

•	 There have been several systematic reviews 
regarding the effectiveness of screening to detect 
unknown AF.
—	 Lowres et al127 identified 30 separate studies 

that included outpatient clinics or community 
screening. In individuals without a prior diag-
nosis of AF, they observed that 1.0% (95% 
CI, 0.89%–1.04%) of those screened had AF 
(14 studies, N=67 772), whereas among those 
individuals ≥65 years of age, 1.4% (95% CI, 
1.2%–1.6%; 8 studies, N=18 189) had AF.

—	 Another systematic review by Moran et al128 
observed that in individuals >65 years of 
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age, systematic screening (OR, 1.57 [95% CI, 
1.08–2.26]) and opportunistic screening (OR, 
1.58 [95% CI, 1.10–2.29]) were associated 
with enhanced detection of AF. The number 
needed to screen by either method was ≈170 
individuals.

—	 A systematic review by the US Preventive 
Services Task Force of asymptomatic adults 
at least 65 years of age included 17 stud-
ies (135 300 individuals). Compared with 
no screening, systematic screening with 
ECG detected more new cases of AF (over 1 
year, absolute increase from 0.6% [95% CI, 
0.1%-0.9%] to 2.8% [95% CI, 0.9%-4.7%]). 
However, the systematic ECGs did not detect 
more cases than pulse palpation. Furthermore, 
none of the studies compared systematic 
screening versus usual care, and none exam-
ined health outcomes.129

•	 At present, the detection of AF, even in an asymp-
tomatic stage, is the basis for risk stratification for 
stroke and appropriate decision making on the 
need for anticoagulant drugs. Ongoing trials are 
evaluating the risks and benefits of anticoagula-
tion among patients at high risk for stroke but 
without a prior history of AF. The findings from 
these studies will help to determine optimal strate-
gies for subclinical AF screening and treatment.123 
To date, no studies have demonstrated that AF 
screening reduces mortality or incidence of throm-
boembolic complications.

Family History and Genetics
•	 Although unusual, early-onset lone AF has long 

been recognized to cluster in families.12,130 In the 
past decade, the heritability of AF in the commu-
nity has been appreciated.

•	 In studies from the FHS:
—	 Adjusted for coexistent risk factors, having at 

least 1 parent with AF was associated with a 
1.85-fold increased risk of AF in the adult off-
spring (multivariable-adjusted 95% CI, 1.12–
3.06; P=0.02).131

—	 A history of a first-degree relative with AF 
also was associated with an increased risk of 
AF (HR, 1.40 [95% CI, 1.13–1.74]). The risk 
was greater if the first-degree relative’s age 
of onset was ≤65 years (HR, 2.01 [95% CI, 
1.49–2.71]) and with each additional affected 
first-degree relative (HR, 1.24 [95% CI, 1.05–
1.46]).132 Similar findings were reported from 
Sweden.133

•	 A prospectively enrolled University of Illinois at 
Chicago AF Registry revealed that individuals with 
early-onset AF in the absence of structural HD had 
a 3-fold adjusted odds of having a first-degree 

relative with AF (adjusted OR, 3.02 [95% CI, 1.82–
4.95]; P<.001) compared with individuals with AF 
without early-onset AF. Higher odds of having a 
proband with AF in the setting of early-onset AF 
were observed in individuals of African (OR, 2.69), 
Hispanic (OR, 9.25), and European (OR, 2.51) 
descent.134

•	 A Taiwanese population-based study reported that 
a history of a first-degree relative with AF was 
associated with a 1.92-fold (95% CI, 1.84–1.99) 
increased risk of newly diagnosed AF. They esti-
mated that 19.9% of the increased risk was attrib-
utable to genetic (heritability) factors, with the 
remaining risk related to shared (3.5%) and non-
shared (76.5%) environmental factors.135

•	 A study from the UK Biobank estimated that the 
heritability of AF was 22.1% (95% CI, 15.6%–
28.5%). The heritability was similar by sex and 
in older (>65 years) versus younger (≤65 years) 
people. Most of the variation was explained by 
common (minor allele frequency ≥5%) genetic 
variation.136

•	 Racial variation in AF incidence is complex and not 
fully understood. One study of blacks and whites 
from CHS and ARIC suggested that genetic mark-
ers of European ancestry were associated with an 
increased risk of incident AF.137

•	 A GWAS that included >65 000 patients with AF 
reported 97 AF-associated loci, 67 of which were 
novel in combined-ancestry analyses.138 Another 
recent GWAS of >1 000 000 individuals identified 
111 independent genes associated with AF, many 
of which are near deleterious mutations that cause 
more serious heart defects or genes important for 
striated muscle function and integrity.139

•	 Whole exome/genome sequencing studies have 
identified rare mutations in additional genes, 
including MYL4.140

•	 Additional rare mutations identified from other 
studies include SCN4B and KCNA5, a conserved 
gene that encodes the voltage-gated Kv1.5 potas-
sium channel; loss-of-function mutations in these 
genes have been shown to be associated with 
AF.141,142 Recently, loss-of-function variants in the 
titin gene have been associated with early-onset 
AF.143,144

•	 Investigators in the FHS examined the lifetime risk 
of AF at 55 years of age using both clinical and 
genetic risk factors. They derived polygenic risk 
scores of 1000 variants (many were subthreshold 
hits) associated with AF in the UK Biobank. They 
divided participants into tertiles of clinical and 
genetic risk and reported that individuals within 
the lowest tertile of clinical and of polygenic 
risk had a lifetime risk of AF of 22.3% (95% CI, 
15.4%–29.1%), whereas those in the highest 
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tertile of clinical and polygenic risk had a lifetime 
risk of 48.2% (95% CI, 41.3%–55.1%).74

•	 Some studies suggest that genetic markers of AF 
could improve risk prediction for AF over models 
that include clinical factors.113

•	 GRS could also identify patients at higher risk of 
cardioembolic stroke145; however, the utility of clin-
ical genetic testing for AF-related genetic variants 
is currently unclear.

•	 SNPs associated with increased risk of AF are also 
associated with increased risk of AF recurrence 
after catheter ablation146 and after CABG.147

Prevention: Observational Data
Primary Prevention of AF: Observational Data

•	 An observational prospective Swedish study 
revealed that individuals having bariatric surgery 
had a 29% lower risk (HR, 0.71 [95% CI, 0.60–
0.83]; P<0.001) of developing AF in 19 years of 
median follow-up than matched referents.148

Secondary Prevention of AF: Observational Data
•	 There are increasingly more data supporting the 

importance of risk factor modification for second-
ary prevention of AF recurrence and improved 
symptoms.
—	 In individuals referred for catheter ablation, 

those who agreed to aggressive risk factor 
modification had lower symptom burden in 
follow-up and higher adjusted AF-free survival 
(HR, 4.8 [95% CI, 2.0–11.4]; P<0.001).149

—	 The same Australian investigators reported 
that overweight and obese individuals with 
symptomatic AF who opted to participate in 
weight loss and aggressive risk factor manage-
ment interventions had fewer hospitalizations, 
cardioversions, and ablation procedures than 
their counterparts who declined enrollment. 
The risk factor management group was asso-
ciated with a predicted 10-year cost savings of 
$12 094 per patient.150

—	 In adjusted analyses, overweight and obese 
individuals with paroxysmal or persistent AF 
who achieved at least 10% weight loss were 
6-fold more likely to be AF free (86.2% AF 
free; HR, 5.9 [95% CI, 3.4–10.3]; P<0.001) 
than those with <3% weight loss (39.6% AF 
free). In addition, individuals losing at least 
10% weight reported fewer symptoms.151

—	 The same Australian group also reported that 
among consecutive overweight and obese 
patients with AF who agreed to participate 
in an exercise program, those who achieved 
less improvement in cardiorespiratory fitness 
(<2 METs gained) had lower AF-free survival 
(40%; HR, 3.9 [95% CI, 2.1–7.3]; P<0.001) 

than those with greater improvement in fit-
ness (≥2 METs gained, 89% AF free).152

•	 Treatment of OSA has been noted to decrease 
risk of progression to permanent AF.153 In a meta-
analysis, CPAP was reported to be associated with 
a reduced risk of recurrent AF after ablation.154 
However, there is a lack of robust randomized 
data supporting the role of CPAP in the primary 
and secondary prevention of AF in individuals with 
sleep-disordered breathing.

•	 In a national outpatient registry of AF patients 
(ORBIT-AF), 94% had indications for guideline-
based primary or secondary prevention in addition 
to oral anticoagulant drugs; however, only 47% 
received all guideline-indicated therapies, consis-
tent with an underutilization of evidence-based 
preventive therapies for comorbid conditions in 
individuals with AF.155

•	 Predictors of not receiving all guideline-indicated 
therapies included frailty, comorbid illness, geo-
graphic region, and antiarrhythmic drug therapy. 
Factors most strongly associated with the 17% 
warfarin discontinuation rate in the first year pre-
scribed included hospitalization because of bleed-
ing (OR, 10.9 [95% CI, 7.9–15.0]), prior catheter 
ablation (OR, 1.8 [95% CI, 1.4–2.4]), noncardio-
vascular/nonbleeding hospitalization (OR, 1.8 
[95% CI, 1.4–2.2]), cardiovascular hospitalization 
(OR, 1.6 [95% CI, 1.3–2.0]), and permanent AF 
(OR, 0.25 [95% CI, 0.17–0.36]).156

•	 A study of 2 national Canadian primary care 
audits similarly observed that 84.3% of individuals 
enrolled were eligible for at least 1 cardiovascular 
evidence-based therapy. The proportions receiv-
ing evidence-based therapy varied by diagnosis, at 
40.8% of those with CAD, 48.9% of those with 
DM, 40.2% of those with HF, and 96.7% of those 
with hypertension.157

Prevention: Randomized Data
Primary Prevention of AF: Randomized Data

•	 Intensive glycemic control was not found to pre-
vent incident AF in the ACCORD study.158

•	 In the Look AHEAD randomized trial of individ-
uals with type 2 DM who were overweight to 
obese, an intensive lifestyle intervention asso-
ciated with modest weight loss did not signifi-
cantly affect the rate of incident AF (6.1 versus 
6.7 cases per 1000 person-years of follow-up; 
multivariable HR, 0.99 [95% CI, 0.77–1.28]); 
however, AF was not prespecified as a primary or 
secondary outcome.159

•	 Meta-analyses have suggested that BP lower-
ing might be useful in prevention of AF in trials 
of hypertension, after MI, in HF, and after cardio-
version.160,161 However, the studies were primarily 
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secondary or post hoc analyses, the intervention 
duration was modest, and the results were fairly 
heterogeneous.

•	 Recently, in an analysis of the EMPHASIS-HF trial, 
in one of many secondary outcomes, eplerenone 
was nominally observed to reduce the incidence of 
new-onset AF. However, the number of AF events 
was modest.162

•	 A post hoc analysis of the PREDIMED randomized 
primary prevention study suggested a significant 
reduction in incident AF with the Mediterranean 
diet that included extra-virgin olive oil (HR, 0.62 
[95% CI, 0.45–0.85]).163

•	 Although heterogeneous in their findings, modest-
sized short-term studies suggested that the use of 
statins might prevent AF; however, larger longer-
term studies do not provide support for the con-
cept that statins are effective in AF prevention.164

Secondary Prevention of AF: Randomized Data
•	 Randomized trials of overweight or obese patients 

referred to an Adelaide, Australia, arrhythmia 
clinic for management of symptomatic paroxys-
mal or persistent AF demonstrated that individuals 
randomized to a weight loss intervention reported 
lower symptom burden.165

•	 The RACE 3 study randomized individuals with 
early persistent AF and mild to moderate HF to 
conventional therapy or targeted therapy, which 
comprised mineralocorticoid receptor antagonists, 
statins, ACE inhibitors or angiotensin receptor 
blockers, and cardiac rehabilitation (counseling, 
PA, dietary counseling). At 1 year, individuals in 
the intervention group had higher prevalence of 
sinus rhythm (75%) than those in the conventional 
treatment group (63%; OR, 1.77 [95% CI, 1.02–
3.05]; P=0.04).166

Awareness
•	 In REGARDS, a US national biracial study, com-

pared with whites, blacks had approximately one-
third the likelihood (OR, 0.32 [95% CI, 0.20–0.52]) 
of being aware that they had AF.167 The REGARDS 
investigators also reported that compared with 
individuals aware of their diagnosis, individuals 
who were unaware of their AF had a 94% higher 
risk of mortality in follow-up.168

•	 A study from Kaiser Permanente in California 
examined the relation between AF diagnosis 
(2006–2009) and self-report questionnaire data 
(2010). Of the >12 000 individuals with diag-
nosed AF, 14.5% were unaware of their diagno-
sis and 20.4% had inadequate health literacy. In 
adjusted analyses, low health literacy was associ-
ated with a lack of awareness of their AF diag-
nosis (literacy prevalence ratio, 0.96 [95% CI, 
0.94–0.98]).169

Treatment and Control
Anticoagulation Undertreatment

•	 Studies have demonstrated underutilization of oral 
anticoagulation therapy. In a meta-analysis, males 
and individuals with prior stroke were more likely 
to receive warfarin, whereas factors associated 
with lower use included alcohol and substance 
use disorder, noncompliance, warfarin contraindi-
cations, dementia, falls, both gastrointestinal and 
intracranial hemorrhage, renal impairment, and 
advancing age.170 The underutilization of antico-
agulation in AF has been demonstrated to be a 
global problem.171

•	 The GWTG–Stroke program conducted a retro-
spective analysis consisting of 1622 hospitals and 
94 474 patients with acute ischemic stroke in the 
setting of known AF from 2012 to 2015. In that 
analysis, 79 008 patients (83.6%) were not receiv-
ing therapeutic anticoagulation: 13.5% had a 
subtherapeutic international normalized ratio, 
39.9% were receiving antiplatelet treatment only, 
and 30.3% were not receiving any antithrom-
botic therapy. In adjusted analyses, versus patients 
receiving no antithrombotic medications, patients 
receiving antecedent therapeutic warfarin, non–
vitamin K antagonist oral anticoagulant drugs, or 
antiplatelet therapy had lower odds of moderate 
or severe stroke (adjusted OR, 0.56 [95% CI, 0.51–
0.60], 0.65 [95% CI, 0.61–0.71], and 0.88 [95% 
CI, 0.84–0.92], respectively) and lower in-hospital 
mortality.172

•	 In the NCDR PINNACLE registry of outpatients with 
AF:
—	 Less than half of high-risk patients, defined as 

those with a CHA2DS2-VASc score ≥4, were 
receiving an oral anticoagulant prescription.173

—	 Between 2008 and 2014, in individuals with 
a CHA2DS2-VASc score >1, direct anticoagu-
lant use increased from 0% to 24.8%, and 
use of warfarin decreased from 52.4% to 
34.8%. Although over the time period, the 
prevalence of oral anticoagulation treatment 
increased from 52.4% to 60.7%, substantive 
gaps remain.174

—	 In the PINNACLE registry, females were signifi-
cantly less likely to receive oral anticoagulant 
drugs at all levels of CHA2DS2-VASc scores 
(56.7% versus 61.3%; P<0.001).175

—	 The PINNACLE registry investigators also 
reported that receipt of warfarin versus a 
DOAC varied significantly by type of insur-
ance, with military, private, and Medicare 
insured patients more likely to receive newer 
anticoagulants than individuals with Medicaid 
and other insurance.176
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•	 The GLORIA-AF Registry reported North American 
anticoagulation patterns in 3320 patients with AF 
between 2011 and 2014, observing that factors 
associated with increased likelihood of receiving 
indicated oral anticoagulant prescription included 
nonparoxysmal AF (OR, 2.02), prior stroke/TIA (OR, 
2.00), specialist care (OR, 1.50), more concomitant 
medications (OR, 1.47), commercial insurance (OR, 
1.41), and HF (OR, 1.44), whereas factors inversely 
related were antiplatelet drugs (OR, 0.18), prior 
falls (OR, 0.41), and prior bleeding (OR, 0.50).177

Disparities in Treatment
•	 In the ORBIT AF II US-based registry study of outpa-

tients with nontransient AF, black individuals were 
less likely than their white counterparts to receive 
DOACs if an anticoagulant was prescribed, after 
adjustment for socioeconomic and clinical factors, 
(adjusted OR, 0.73 [95% CI, 0.55–0.95]); there 
were no significant differences in DOAC use for 
AF between white and Hispanic groups. However, 
black and Hispanic patients were more likely than 
their white counterparts to receive inappropriate 
doses of DOACs.178

•	 Disparities in treatment patterns have also been 
observed in Sweden. In adjusted analyses, com-
pared with individuals with AF living in middle-
income neighborhoods, those living in high-SES 
neighborhoods were more likely to be prescribed 
warfarin (males: OR, 1.44 [95% CI, 1.27–1.67]; 
females: OR, 1.19 [95% CI, 1.05–1.36]).179

Role of Coordinated Care
•	 A systematic review and meta-analysis identi-

fied 3 studies of coordinated systems of care 
that included 1383 patients.180 The investigators 
reported that AF integrated care approaches were 
associated with reduced all-cause mortality (OR, 
0.51 [95% CI, 0.32–0.80]; P=0.003) and cardio-
vascular hospitalizations (OR, 0.58 [95% CI, 0.44–
0.77]; P=0.0002).

Mortality
(See Chart 16-7)
2016 ICD-9 427.3; ICD-10 I48.
In 2017, AF was the underlying cause of death in 26 077 
people and was listed on 166 793 US death certificates 
(any-mention mortality; unpublished NHLBI tabulation 
using NVSS181 and CDC Wonder182).

•	 The age-adjusted mortality rate from AF was 6.6 
per 100 000 people in 2017 (unpublished NHLBI 
tabulation using CDC WONDER182).

•	 In adjusted analyses from the FHS, AF was associ-
ated with an increased risk of death in both males 
(OR, 1.5 [95% CI, 1.2–1.8]) and females (OR, 1.9 
[95% CI, 1.5–2.2]).183 Furthermore, there was an 
interaction with sex, such that AF appeared to 

diminish the survival advantage typically observed 
in females.

•	 Although there was significant between-study het-
erogeneity (P<0.001), a meta-analysis confirmed 
that the adjusted risk of death was significantly 
higher in females than in males with AF (RR, 1.12 
[95% CI, 1.07–1.17]).184

•	 An observational study of Olmsted County, MN, 
residents with first diagnosis of AF or atrial flut-
ter between 2000 and 2010 reported a high early 
mortality compared with individuals of similar 
age and sex; the standardized mortality ratio was 
19.4 (95% CI, 17.3–21.7) in the first 30 days and 
4.2 (95% CI, 3.5–5.0) for days 31 to 90. Survival 
within the first 90 days did not change over time 
(adjusted HR, 0.96 [95% CI, 0.85–1.31] for 2010 
versus 2000).80

•	 Although stroke is the most feared complication 
of AF, the RE-LY clinical trial reported that stroke 
accounted for only ≈7.0% of deaths in AF, with 
SCD (22.25%), progressive HF (15.1%), and non-
cardiovascular death (35.8%) accounting for the 
majority of deaths.185

•	 AF is also associated with increased mortality in 
subgroups of individuals, including the following:
—	 Individuals with other cardiovascular con-

ditions and procedures, including HCM,186 
MI,187,188 pre-CABG,189 post-CABG187,188,190,191 
(both short-term190 and long-term190,191), post–
transcatheter aortic valve implantation,192 
PAD,193 and stroke.194

—	 Individuals with AF have increased mortality 
with concomitant HF,195,196 including HF with 
preserved EF,197,198 and HF with reduced EF.197 
In a meta-analysis that examined the timing 
of AF in relation to HF onset with regard to 
mortality, the risk of death associated with 
incident AF was higher (RR, 2.21 [95% CI, 
1.96–2.49]) than with prevalent AF (RR, 1.19 
[95% CI, 1.03–1.38]; Pinteraction<0.001).199

—	 AF is also associated with an increased risk of 
death in other conditions, including DM,158,200 
ESRD,201 sepsis,105,202 critically ill patients in the 
ICU,203 after primary PCI,204 and noncardiac 
surgery.205

•	 In a Medicare unadjusted analysis, blacks and 
Hispanics had a higher risk of death than their 
white counterparts with AF; however, after adjust-
ment for comorbidities, blacks (HR, 0.95 [95% 
CI, 0.93–0.96]; P<0.001) and Hispanics (HR, 0.82 
[95% CI, 0.80–0.84]; P<0.001) had a lower risk 
of death than whites with AF.206 In contrast, in the 
population-based ARIC study, the rate difference 
for all-cause mortality for individuals with versus 
without AF per 1000 person-years was 106.0 
(95% CI, 86.0–125.9)200 in blacks, which was 
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higher than the 55.9 (95% CI, 48.1–63.7) rate dif-
ference in mortality observed for whites.207

•	 In a US-based study, there was substantial varia-
tion in mortality with AF in US counties from 
1980 to 2014.208 Investigators estimated there 
were ≈22 700 (95% UI, 19 300–26 300) deaths 
attributable to AF in 2014 and 191 500 (95% UI, 
168 000–215 300) years of life lost. In an examina-
tion of county-level data, the age-standardized AF 
mortality rates were 5.6 per 100 000 for the 10th 
percentile and 9.7 per 100 000 for the 90th per-
centile. The counties with age-standardized death 
rates greater than the 90th percentile were clus-
tered in Oregon, California, Utah, Idaho, north-
eastern Montana, areas east of Kansas City, MO, 
and southwest West Virginia.208

•	 In a study using the NIS for the period 2010 to 
2015, adjusted in-hospital mortality in the setting 
of AF was higher (4.8% vs 4.3%; P=0.02) among 
Medicaid beneficiaries than among patients with 
private insurance.209

•	 Investigators conducted multivariable cross-sec-
tional analyses of the NIS between 2012 and 2014 
and observed that patients admitted to rural hos-
pitals had a 17% higher risk of death than those 
admitted to urban hospitals (OR, 1.17 [95% CI, 
1.04–1.32]).210

•	 In a Swedish study based on 75 primary care cen-
ters, an adjusted analysis of patients diagnosed 
with AF revealed that males living in low SES neigh-
borhoods were 49% (HR, 1.49 [95% CI, 1.13–
1.96]) more likely to die than their counterparts 
living in middle-income neighborhoods. The results 
were similar in models that additionally adjusted 
for anticoagulant and statin treatment (HR, 1.39 
[95% CI, 1.05–1.83]).211 In another study from the 
same group, unmarried and divorced males and 
males with lower educational levels with AF had 
higher risk of mortality than their married and bet-
ter-educated male counterparts.212

Complications
•	 Five years after diagnosis with AF, the cumulative 

incidence rate of mortality, HF, MI, stroke, and 
gastrointestinal bleeding was higher in older age 
groups (80–84, 85–89, and ≥90 years of age) than 
in younger age groups (67–69, 70–74, and 75–79 
years of age; Table 16-1).

Extracranial Systemic Embolic Events
•	 In a Danish population-based registry of individuals 

50 to 89 years of age discharged from the hospi-
tal, individuals with new-onset AF had an elevated 
risk of thromboembolic events to the aorta and 
renal mesenteric, pelvic, and peripheral arteries. 
The excess thromboembolic event rate was 3.6 in 
males and 6.3 in females per 1000 person-years of 

follow-up. Compared with referents in the Danish 
population, the RR of diagnosed extracranial 
embolism was 4.0 (95% CI, 3.5–4.6) in males and 
5.7 (95% CI, 5.1–6.3) in females.213

•	 Investigators pooled data from 4 large, contem-
porary, randomized anticoagulation trials and 
observed 221 systemic emboli in 91 746 person-
years of follow-up. The systemic embolic event rate 
was 0.24 versus a stroke rate of 1.92 per 100 per-
son-years. Compared with individuals experienc-
ing stroke, patients experiencing systemic emboli 
were more likely to be females (56% versus 47%; 
P=0.01) but had similar mean age and CHADS2 
score as those with stroke. Both stroke (RR, 6.79 
[95% CI, 6.22–7.41]) and systemic emboli (RR, 
4.33 [95% CI, 3.29–5.70]) were associated with 
an increased risk of death compared with patients 
with neither event.214

Stroke
(See Chart 16-7)

•	 A systematic review of prospective studies found 
wide variability in stroke risk between studies and 
between AF patients, ranging between 0.5% and 
9.3% per year.215

•	 Before the widespread use of anticoagulant drugs, 
after accounting for standard stroke risk factors, 
AF was associated with a 4- to 5-fold increased 
risk of ischemic stroke. Although the RR of stroke 
associated with AF (≈3- to 5-fold increased risk) 
did not vary substantively with advancing age, the 
proportion of strokes attributable to AF increased 
significantly. In the FHS, AF accounted for ≈1.5% 
of strokes in individuals 50 to 59 years of age and 
≈23.5% in those 80 to 89 years of age.216

•	 AF was also an independent risk factor for ischemic 
stroke severity, recurrence, and mortality.194 In an 
observational study, at 5 years, only 39.2% (95% 
CI, 31.5%–46.8%) of ischemic stroke patients 
with AF were alive, and 21.5% (95% CI, 14.5%–
31.3%) had experienced recurrent stroke.217

•	 In Medicare analyses that were adjusted for 
comorbidities, blacks (HR, 1.46 [95% CI, 1.38–
1.55]; P<0.001) and Hispanics (HR, 1.11 [95% CI, 
1.03–1.18]; P<0.001) had a higher risk of stroke 
than whites with AF.206 The increased risk persisted 
in analyses adjusted for anticoagulant therapy sta-
tus.206 Additional analyses from the Medicare reg-
istry demonstrated that the addition of black race 
to the CHA2DS2-VASc scoring system significantly 
improved the prediction of stroke events among 
newly diagnosed AF patients ≥65 years of age.218

•	 In a University of Pennsylvania AF inception 
cohort without a history of remote stroke, com-
pared with whites, blacks with AF were more 
likely to be younger and female and to have more 
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cardiovascular risk factors. In addition, in adjusted 
analyses, compared with whites with AF, blacks 
with new-onset AF were more likely to have an 
ischemic stroke precede (OR, 1.37 [95% CI, 1.03–
1.81]) or follow (HR, 1.67 [95% CI, 1.30–2.14]) 
the diagnosis of AF. The rate of ischemic stroke per 
year after AF diagnosis was 1.5% (95% CI, 1.3%–
1.8%) in whites and 2.5% (95% CI, 2.1%–2.9%) 
in blacks.219

•	 A meta-analysis that examined stroke risk by sex 
and presence of AF reported that AF conferred a 
multivariable-adjusted 2-fold stroke risk in females 
compared with males (RR, 1.99 [95% CI, 1.46–
2.71]); however, the studies were noted to have 
significant heterogeneity.184

Cognition
•	 A meta-analysis of 21 studies indicated that AF was 

associated with increased risk of cognitive impair-
ment in patients with (RR, 2.70 [95% CI, 1.82–
4.00]) and without (RR 1.37 [95% CI, 1.08–1.73]) 
a history of stroke. The risk of dementia was simi-
larly increased (RR, 1.38 [95% CI, 1.22–1.56]).220

•	 In individuals with AF without evidence of cogni-
tive dysfunction or stroke from Olmsted County, 
MN, the cumulative rate of dementia at 1 and 5 
years was 2.7% and 10.5%, respectively.221

•	 In a multicenter study of individuals with diag-
nosed AF (mean age 73 years) from Switzerland, 
among 1390 patients without a history of stroke 
or TIA, clinically silent infarcts were observed in 
245 patients (18%) with small noncortical infarcts 
and 201 (15%) with large noncortical or cortical 
infarcts based on brain MRIs.222 Furthermore, in 
adjusted analyses of all the vascular brain features, 
large noncortical or cortical infarcts had the stron-
gest association with reduced Montreal Cognitive 
Assessment (β=−0.26 [95% CI, −0.40 to −0.13]; 
P<0.001), even when restricted to individuals with 
clinically silent infarcts.

Physical Disability and Subjective Health
•	 AF has been associated with physical disability, 

poor subjective health,223,224 and diminished qual-
ity of life.225 A recent systematic review suggested 
that among people with AF, moderate-intensity 
activity improved exercise capacity and quality of 
life.226

Falls
•	 In the REGARDS study, AF was significantly associ-

ated with an adjusted higher risk of falls (10%) 
than among those without AF (6.6%; OR, 1.22 
[95% CI, 1.04–1.44]). The presence of a history of 
both AF and falls was associated with a significantly 
higher risk of mortality (per 1000 person-years: AF 
plus falls, 51.2; AF and no falls, 34.4; no AF and 

falls, 29.8; no AF and no falls, 15.6). Compared 
with those with neither AF nor falls, those with 
both conditions had an adjusted 2-fold increased 
risk of death (HR, 2.12 [95% CI, 1.64–2.74]).227

•	 A systematic review and Markov decision analytic 
modeling report focused on people with AF ≥65 
years of age noted that warfarin treatment was 
associated with 12.9 QALYs per patient with typi-
cal risks of stroke and falls versus 10.2 QALYs for 
those treated with neither warfarin nor aspirin. Of 
interest, sensitivity analyses of the probability of 
falls or stroke did not substantively influence the 
results.228

•	 A Medicare study noted that patients at high risk 
for falls with a CHADS2 score of at least 2 who 
had been prescribed warfarin had a 25% lower 
risk (HR, 0.75 [95% CI, 0.61–0.91]; P=0.004) of 
a composite cardiovascular outcome (out-of-hos-
pital death or hospitalization for stroke, MI, or 
hemorrhage) than those who did not receive anti-
coagulant drugs.229

Heart Failure
(See Chart 16-7)

•	 AF and HF share many antecedent risk factors, and 
≈40% of people with either AF or HF will develop 
the other condition.196

•	 In the community, estimates of the incidence of HF 
in individuals with AF ranged from 3.3196 to 5.8230 
per 100 person-years of follow-up. In Olmsted 
County, MN, in individuals with AF, per 100 per-
son-years of follow-up, the incidence of HF with 
preserved EF was 3.3 (95% CI, 3.0–3.7), which 
was more common than HF with reduced EF (2.1 
[95% CI, 1.9–2.4]).230

•	 Among older adults with AF in Medicare, the 
5-year event rate was high, with rates of death 
and HF exceeding those for stroke (Chart 16-7). 
Higher event rates after new-onset AF were asso-
ciated with older age and higher mean CHADS2 
score.231

•	 Investigators examined the incidence rate of HF 
with systolic dysfunction versus preserved LVEF 
(<40% versus >50%, respectively) in a Netherlands 
community-based cohort study (PREVEND) by AF 
status. Per 1000 person-years, the incidence rate 
of systolic HF was 12.75 versus 1.99 for those 
with versus those without AF, with a multivariable-
adjusted HR of AF of 5.79 (95% CI, 2.40–13.98). 
Corresponding numbers for preserved EF were 
4.90 versus 0.85 with and without AF, with a 
multivariable-adjusted HR of AF of 4.80 (95% CI, 
1.30–17.70).232

•	 A meta-analysis of 9 studies reported that individ-
uals with AF have a 5-fold increased risk of HF (RR, 
4.62 [95% CI, 3.13–6.83]).233
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Myocardial Infarction
(See Chart 16-7)

•	 A meta-analysis of 16 cohort studies reported that 
AF was associated with a 1.54 (95% CI, 1.26–
1.85) increased risk of MI in follow-up.233

•	 In the REGARDS study in individuals with AF, the 
age-adjusted MI incidence rate per 1000 person-
years was 12.0 (95% CI, 9.6–14.9) in those with 
AF compared with 6.0 (95% CI, 5.6–6.6) in those 
without AF.234

•	 Both REGARDS234 and the ARIC study235 observed 
that the risk of MI after AF was higher in females 
than in males.

•	 For individuals with AF in both REGARDS234 and the 
CHS,236 a higher risk of MI was observed in blacks 
than whites. For instance, the CHS observed that 
individuals with AF who were black had a higher 
risk of MI (HR, 3.1 [95% CI, 1.7–5.6]) than whites 
(HR, 1.6 [95% CI, 1.2–2.1]; Pinteraction=0.03).236

•	 In ARIC, AF was associated with an adjusted 
increased risk of NSTEMI (HR, 1.80 [95% CI, 1.39–
2.31]) but not STEMI (HR, 0.49 [95% CI, 0.18–
0.34]; P for comparison of HR=0.004).235

Chronic Kidney Disease
•	 In a Japanese community-based study, individuals 

with AF had approximately a doubling in increased 
risk of developing kidney dysfunction or protein-
uria, even in those without baseline DM or hyper-
tension. Per 1000 person-years of follow-up, the 
incidence of kidney dysfunction was 6.8 in those 
without and 18.2 in those with AF at baseline.237

•	 In a Kaiser Permanente study of people with CKD, 
new-onset AF was associated with an adjusted 
1.67-fold increased risk of developing ESRD com-
pared with those without AF (74 versus 64 per 
1000 person-years of follow-up).238

SCD and VF
•	 In a study that examined data from 2 population-

based studies, AF was associated with a doubling 
in the risk of SCD after accounting for baseline 
and time-varying confounders. In ARIC, the unad-
justed incidence rate per 1000 person-years was 
1.30 (95% CI, 1.14–1.47) in those without AF 
and 2.89 (95% CI, 2.00–4.05) in those with AF; 
corresponding rates in CHS were 3.82 (95% CI, 
3.35–4.35) and 12.00 (95% CI, 9.45–15.25). The 
multivariable-adjusted HR associated with AF for 
sudden death was 2.47 (95% CI, 1.95–3.13).239

•	 An increased risk of VF was observed in a com-
munity-based case-control study from the 
Netherlands. Individuals with ECG-documented 
VF during OHCA were matched with non-VF com-
munity control subjects. The prevalence of AF in 
the 1397 VF cases was 15.4% versus 2.6% in 
the community referents. Individuals with AF had 

an overall adjusted 3-fold increased risk of VF 
(adjusted OR, 3.1 [95% CI, 2.1–4.5]). The associa-
tion was similar across age and sex categories and 
was observed in analyses of individuals without 
comorbidities, without AMI, and not using antiar-
rhythmic or QT-prolonging drugs.240

•	 In a meta-analysis of 27 studies, AF was associated 
with a doubling in risk of sudden death (pooled 
RR, 2.02 [95% CI, 1.77–2.35]; P<0.01). When 
restricted to 7 studies that conducted multivari-
able analyses, AF remained associated with an 
increased risk of sudden death (pooled RR, 2.22 
[95% CI, 1.59–3.09]; P<0.01).241

AF Type and Complications
•	 A meta-analysis of 12 studies reported that com-

pared with paroxysmal AF, nonparoxysmal AF was 
associated with a multivariable-adjusted increased 
risk of thromboembolism (HR, 1.38 [95% CI, 
1.19–1.61]; P<0.001) and death (HR, 1.22 [95% 
CI, 1.09–1.37]; P<0.001).242

•	 In the Canadian Registry of AF, 755 patients with 
paroxysmal AF were followed up for a median of 
6.35 years. At 1, 5, and 10 years, 8.6%, 24.3%, 
and 36.3% had progressed to persistent AF. Within 
10 years, >50% of the patients had progressed to 
persistent AF or had died.243

Atrial Flutter Versus AF
•	 Using a 5% Medicare sample from 2008 to 2014, 

investigators reported the annual stroke rate to 
be 2.02% (95% CI, 1.99%–2.05%) in patients 
with AF and 1.38% (95% CI, 1.22%–1.57%) in 
patients with atrial flutter. After adjustment for 
demographics and vascular risk factors, the risk 
of stroke was significantly lower in patients with 
atrial flutter than in those with AF (HR, 0.69 [95% 
CI, 0.61–0.79]).244

•	 A national Taiwanese study compared the progno-
sis of 175 420 patients with AF and 6239 patients 
with atrial flutter. Using propensity scoring, they 
observed that compared with atrial flutter, indi-
viduals with AF had significantly higher incidences 
of ischemic stroke (1.63-fold), HF hospitalization 
(1.70-fold), and all-cause mortality (1.08-fold).245

Hospitalizations and Ambulatory Care Visits
•	 According to HCUP data,246 in 2016, there were 

465 000 hospital discharges with AF and atrial flut-
ter as the principal diagnosis; ≈50.4% were males 
(unpublished NHLBI tabulation).

—	 The rate per 100 000 discharges increased 
with advancing age, from 15.1 in those 18 
to 44 years of age, 149.2 in those 45 to 64 
years, and 577.5 in those 65 to 84 years, 
to 1158.6 in individuals ≥85 years of age; 
however, 53.2% of all hospital discharges 
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for AF occurred in patients 65 to 84 years of 
age.

•	 In 2016, there were 7 042 000 physician office visits 
and 647 000 ED visits for AF (NAMCS, NHAMCS, 
unpublished NHLBI tabulation).247,248

•	 Using cross-sectional data (2006–2014) from the 
HCUP’s NEDS, the NIS, and the NVSS, investigators 
estimated that in 2014, AF listed as a primary diag-
nosis accounted for ≈599 790 ED visits and 453 060 
hospitalizations, with a mean length of stay of 3.5 
days. Including AF listed as a comorbid condition, 
there were ≈4 million (3.6% of total) ED visits and 
3.5 million (12.0% of total) hospitalizations.249

•	 On the basis of Medicare and MarketScan data-
bases, annually, people with AF (37.5%) are 
approximately twice as likely to be hospitalized as 
age- and sex-matched referents (17.5%).250

Cost
(See Chart 16-8)

•	 Investigators examined Medicare and Optum 
Touchstone databases (2004–2010) to esti-
mate costs attributed to nonvalvular AF versus 
propensity-matched control subjects in 2014 US 
dollars251:
—	 For patients 18 to 64 years of age, average per 

capita medical spending was $38 861 (95% 
CI, $35 781–$41 950) versus $28 506 (95% CI, 
$28 409–$28 603) for matched patients with-
out AF. Corresponding numbers for patients 
≥65 years of age were $25 322 for those with 
AF (95% CI, $25 049–$25 595) versus $21 706 
(95% CI, $21 563–$21 849) for matched non-
AF patients.

—	 The authors estimated that the incremen-
tal cost of AF was $10 355 for commercially 
insured patients and $3616 for Medicare 
patients.

—	 Estimating that the prevalence of diagnosed 
versus undiagnosed nonvalvular AF, respec-
tively, was 0.83% versus 0.07% for individuals 
18 to 64 years of age and 8.8% versus 1.1% 
for those ≥65 years of age, the investigators 
estimated that the incremental cost of undiag-
nosed AF was $3.1 billion (95% CI, $2.7–3.7 
billion).

•	 Investigators examined Medicare and MarketScan 
databases (2004–2006) to estimate costs attrib-
uted to AF in 2008 US dollars (Chart 16-8)250:
—	 Extrapolating to the US population, it was 

estimated that the incremental cost of AF was 
≈$26 billion, of which $6 billion was attrib-
uted to AF, $9.9 billion to other cardiovascular 
expenses, and $10.1 billion to noncardiovas-
cular expenses.

—	 Using cross-sectional data (2006–2014) from 
the HCUP’s NEDS, the NIS, and the NVSS, 
investigators estimated that in 2014, for AF 
listed as a primary diagnosis, the mean charge 
for ED visits was ≈$4000, and the mean cost 
of hospitalizations was ≈$8819.249

•	 A systematic review that examined costs of 
ischemic stroke in individuals with AF included 
16 studies from 9 countries. In international 
dollars adjusted to 2015 values, they esti-
mated that stroke-related healthcare costs 
were $8184, $12 895, and $41 420 for lower 
middle-, middle-, and high-income economies, 
respectively.252

•	 Costs of AF have been estimated for many other 
countries. Investigators estimated that the 3-year 
societal costs of AF were ≈€20 403 to €26 544 per 
person and €219 to 295 million for Denmark as a 
whole.253

Global Burden of AF 
(See Charts 16-9 and 16-10)

•	 The vast majority of research studies on the epide-
miology of AF have been conducted in Europe and 
North America. Investigators from the GBD proj-
ect noted that the global prevalence, incidence, 
mortality, and DALYs associated with AF increased 
from 1990 to 2010.254

•	 The GBD 2017 Study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
countries and territories.255

—	 Total number of global deaths attributable 
to AF/atrial flutter was ≈300 000 in 2017 
(200 000 females and 100 000 males).

—	 Globally, 37.6 million individuals had prevalent 
AF/atrial flutter in 2017 (17.8 million females 
and 19.8 million males).

—	 Age-standardized mortality attributable to AF 
is highest in Northern Europe and Australasia 
and lowest in parts of sub-Saharan Africa and 
Western and Central Asia (Chart 16-9).

—	 Age-standardized prevalence of AF is highest in 
Northern Europe, Central Europe, Australasia, 
and the United States (Chart 16-10).

•	 Investigators conducted a prospective registry of 
>15 000 AF patients presenting to EDs in 47 coun-
tries. They observed substantial regional variabil-
ity in annual AF mortality: South America (17%) 
and Africa (20%) had double the mortality rate 
of North America, Western Europe, and Australia 
(10%; P<0.001). HF deaths (30%) exceeded 
deaths attributable to stroke (8%).256
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Chart 16-1. Long-term outcomes in individuals with prolonged PR interval (>200 ms; first-degree atrioventricular block) compared with individuals 
with normal PR interval in the FHS, 1968 to 2007. 
FHS indicates Framingham Heart Study.  
Source: Data derived from Cheng et al.15

This chart shows 
the long-term 
outcomes in 
individuals 
with prolonged 
PR intervals 
greater than 
200 milliseconds 
compared with 
individuals 
with normal PR 
intervals in the 
Framingham 
Heart Study be-
tween 1968 and 
2007.  For all-
cause mortality, 
atrial fibrillation 
and pacemaker 
implantation, 
incidence rates 
were higher in 
individuals with 
prolonged PR 
intervals.  Among 
individuals with 
prolonged PR 
intervals, the 
highest incidence 
was seen in 
all-cause mortal-
ity, followed by 
atrial fibrillation, 
followed by 
pacemaker 
implantation.

Table 16-1.  Cumulative Incidence Rate Over 5 Years After AF Diagnosis, by Age,* United States, Diagnosed 
1999 to 2007

Age Group, y Mortality HF MI Stroke
Gastrointestinal 

Bleeding

67–69 28.8 11.0 3.3 5.0 4.4

70–74 32.3 12.1 3.6 5.7 4.9

75–79 40.1 13.3 3.9 6.9 5.9

80–84 52.1 15.1 4.3 8.1 6.4

85–89 67.0 15.8 4.4 8.9 6.6

≥90 84.3 13.7 3.6 6.9 5.4

All values are percentages. AF indicates atrial fibrillation; HF, heart failure; and MI, myocardial infarction.
*See Chart 16-7.
Source: Adapted from Piccini et al231 by permission of the European Society of Cardiology. Copyright © 2013, The 

Authors.

This table details 
the cumulative 
incidence rate for 
mortality, heart 
failure, myocar-
dial infarction, 
stroke, and 
gastrointestinal 
bleeding over 5 
years after atrial 
fibrillation diag-
nosis in adults 
67 years of age 
and older.  Of 
note, mortality 
increases with 
each 5-year age 
group.  The other 
conditions on 
this table also 
increase in cumu-
lative incidence 
with each 5-year 
age group but 
then decrease for 
adults 90 years 
of age and older.
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Chart 16-2. Primary indications (in thousands) for pacemaker placement between 1990 and 2002, United States (NHDS, NCHS). 
AV indicates atrioventricular, NCHS, National Center for Health Statistics; NHDS, National Hospital Discharge Survey. 
Source: Data derived from Birnie et al.36

This chart shows 
that between 
1990 and 2002, 
the highest 
indication for 
pacemaker place-
ment was sinus 
node dysfunc-
tion, accounting 
for over 50% 
of indications, 
followed by 
complete atrio-
ventricular block, 
accounting for 
over 25% of 
indications, fol-
lowed by other 
second-degree 
atrioventricular 
block, Mobitz II 
atrioventricular 
block, after 
ablation, atrio-
ventricular block 
unspecified, and 
lastly carotid 
sinus syncope.

Chart 16-3. Incidence rate of paroxysmal supraventricular tachycardia per 100 000 person-years by age and sex, Marshfield Area, Wisconsin, July 1, 
1991, to June 30, 1993. 
Source: Data derived from Orejarena et al.38

This chart shows 
that between 
mid-1991 and 
mid-1993, the 
incidence of 
paroxysmal 
supraventricular 
tachycardia 
among both 
sexes combined 
was highest in 
adults 65 years 
of age and 
older, followed 
by adults 20 
to 64 years of 
age, and lastly 
individuals 19 
years of age or 
younger.  Within 
each of these 
age categories, 
females had a 
higher incidence 
than males.
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Chart 16-4. Atrial fibrillation incidence by race, 2005 to 2009. 
Incidence increased with advancing age among different races and sexes in California.  
Source: Data derived from Dewland et al.71

This chart shows 
that between 
2005 and 2009 
in adults 65 years 
of age and older, 
the incidence of 
atrial fibrillation 
was highest in 
white males 80 
years of age and 
older, followed 
by white females 
80 years of age 
and older, Asian 
males 80 years 
of age and older, 
white males 
75 to 79 years 
of age, and 
Hispanic males 
80 years of age 
and older.  Other 
race, sex, and 
age categories 
had lower inci-
dence, with the 
lowest incidence 
in Asian females 
65 to 69 years 
of age.

Chart 16-5. Lifetime risk (cumulative incidence at 95 years of age) for atrial fibrillation at different ages (through 94 years of age) by sex in the FHS, 
1968 to 2014. 
FHS indicates Framingham Heart Study.  
Source: Reprinted from Staerk et al.75 Copyright © 2018, The Authors. Published on behalf of the Authors by the British Medical Group. This is an Open Access 
article distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, 
build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-com-
mercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

This chart shows 
the cumulative 
risk of atrial 
fibrillation for op-
timal, borderline, 
and elevated 
risk profiles as 
individuals age 
using data from 
the Framing-
ham Heart 
Study.  Each risk 
profile shows 
somewhat of an 
s-curve, with a 
steeper climb in 
cumulative risk 
in the elevated 
risk profile group 
with advancing 
age, followed by 
the borderline 
risk profile group 
with advancing 
age, followed 
by the optimal 
risk profile group 
with the least 
climb in cumula-
tive risk of atrial 
fibrillation.
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Chart 16-6. Population attributable fraction of major risk factors for atrial fibrillation in the ARIC study, 1987 to 2007. 
ARIC indicates Atherosclerosis Risk in Communities; BMI, body mass index (in kg/m2); cardiac disease, patients with history of coronary artery disease or heart 
failure; and smoking, current smoker.  
Source: Data derived from Huxley et al.83

This chart shows 
the population 
attributable 
fraction of major 
risk factors for 
atrial fibrillation 
in the Athero-
sclerosis Risk in 
Communities 
study between 
1987 and 2007 
was highest for 
hypertension, fol-
lowed by a BMI 
of 25 or greater, 
then smoking, 
cardiac disease, 
and finally diabe-
tes mellitus.

0

5

10

15

20

25

30

35

40

45

50

0 1 2 3 4 5

)
%( ecnedicnI evitalu

mu
C

Years after AF diagnosis

Death Heart failure Myocardial Infarction Stroke Gastrointestinal bleeding

Chart 16-7. Cumulative incidence of events in the 5 years after diagnosis of incident AF in Medicare patients in the United States, diagnosed 1999 
to 2007. 
AF indicates atrial fibrillation.  
Source: Reprinted from Piccini et al231 by permission of the European Society of Cardiology. Copyright © 2013, The Authors.

This chart shows 
that cumulative 
incidence of 
death rises more 
than other events 
each of the 5 
years after diag-
nosis of incident 
atrial fibrillation 
in Medicare 
patients. Cumu-
lative incidence 
of heart failure 
is next highest 
and rises over 
time, followed by 
stroke, gastroin-
testinal bleeding, 
and myocardial 
infarction.
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Chart 16-8. AF cost estimates in 2008 USD, in which AF is diagnosed in inpatient and outpatient encounters, United States, 2004 to 2006. 
Indirect costs are incremental costs of inpatient and outpatient visits. AF indicates atrial fibrillation; and USD, US dollars.  
Adapted from Kim et al.250 Copyright © 2011, American Heart Association, Inc.

This chart shows 
that the esti-
mated costs of 
atrial fibrillation 
in 2008 US dol-
lars was 26 bil-
lion dollars.  The 
highest cost was 
indirect inpatient 
costs, followed 
by indirect 
outpatient and 
pharmacy costs, 
direct outpatient 
and pharmacy 
costs, and lastly 
direct inpatient 
costs.

Chart 16-9. Age-standardized global mortality rates of atrial fibrillation (AF) and atrial flutter per 100 000, both sexes, 2017. 
Age-standardized mortality attributable to AF is highest in Northern Europe and Australasia and lowest in parts of sub-Saharan Africa and Western and Central 
Asia.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.255 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that the age-
standardized 
mortality due to 
atrial fibrillation 
was highest in 
Northern Europe 
and Australasia, 
and lowest in 
parts of Sub-
Saharan Africa 
and Western and 
Central Asia in 
2017.
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17. SUDDEN CARDIAC ARREST, 
VENTRICULAR ARRHYTHMIAS, AND 
INHERITED CHANNELOPATHIES
See Tables 17-1 through 17-7 and Charts 
17-1 through 17-4

Cardiac Arrest (Including VF and 
Ventricular Flutter) 
ICD-9 427.4, 427.5; ICD-10 I46.0, I46.1, 
I46.9, I49.0.
2017: Mortality—18 835. Any-mention mortality— 
379 133.

Tachycardia 
ICD-9 427.0, 427.1, 427.2; ICD-10 I47.1, 
I47.2, I47.9.
2017: Mortality—997. Any-mention mortality—8035.

Cardiac arrest is the cessation of cardiac mechan-
ical activity, as confirmed by the absence of signs 
of circulation.1 An operational definition of SCA is 
unexpected cardiac arrest that results in attempts 
to restore circulation. If resuscitation attempts are 
unsuccessful, this situation is referred to as SCD. 
SCA results from many disease processes; a con-
sensus statement by the International Liaison 
Committee on Resuscitation recommends catego-
rizing cardiac arrest into events with external causes 
(drowning, trauma, asphyxia, electrocution, and 
drug overdose) or medical causes.2 Because of fun-
damental differences in underlying pathogenesis 

Click here to return to the Table of Contents

Abbreviations Used in Chapter 17

ACS acute coronary syndrome

AED automated external defibrillator

AF atrial fibrillation

AHA American Heart Association

AMI acute myocardial infarction

ARIC Atherosclerosis Risk in Communities

ARVC arrhythmogenic right ventricular cardiomyopathy

AV atrioventricular

BMI body mass index

BP blood pressure

CAD coronary artery disease

CARDIA Coronary Artery Risk Development in Young Adults

CARES Cardiac Arrest Registry to Enhance Survival

CASQ2 calsequestrin 2

CHD coronary heart disease

CHS Cardiovascular Health Study

CI confidence interval

CLRD chronic lower respiratory disease

CPC Cerebral Performance Index

CPR cardiopulmonary resuscitation

CPVT catecholaminergic polymorphic ventricular tachycardia

CVD cardiovascular disease

DCM dilated cardiomyopathy

DM diabetes mellitus

DVT deep vein thrombosis

ECG electrocardiogram

ED emergency department

EF ejection fraction

eGFR estimated glomerular filtration rate

EMS emergency medical services

ERP early repolarization pattern

GWAS genome-wide association study

GWTG Get With The Guidelines

HCM hypertrophic cardiomyopathy

HCUP Healthcare Cost and Utilization Project

HD heart disease

HDL-C high-density lipoprotein cholesterol

HF heart failure

HR hazard ratio

(Continued )

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

ICU intensive care unit

IHCA in-hospital cardiac arrest

IQR interquartile range

IRR incidence rate ratio

LQTS long-QT syndrome

LV left ventricular

LVEF left ventricular ejection fraction

LVH left ventricular hypertrophy

METs metabolic equivalents

MI myocardial infarction

NEDS Nationwide Emergency Department Sample

NH non-Hispanic

NHLBI National Heart, Lung, and Blood Institute

NIS National (Nationwide) Inpatient Sample

OHCA out-of-hospital cardiac arrest

OR odds ratio

PA physical activity

PE pulmonary embolism

PEA pulseless electrical activity

PVC premature ventricular contraction

PVT polymorphic ventricular tachycardia

QTc corrected QT interval

ROC Resuscitation Outcomes Consortium

RR relative risk

RV right ventricular

RYR2 ryanodine receptor 2

SBP systolic blood pressure

SCA sudden cardiac arrest

SCD sudden cardiac death

SD standard deviation

STEMI ST-segment–elevation myocardial infarction

SUDS Sudden Unexpected Death Study

TdP torsade de pointes

VF ventricular fibrillation

VT ventricular tachycardia

WPW Wolff-Parkinson-White

Abbreviations Used in Chapter 17 Continued
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and the system of care, epidemiological data for 
OHCA and IHCA are collected and reported sepa-
rately. For similar reasons, data for infants (<1 year 
of age), children (1–18 years of age), and adults are 
reported separately.

•	 In a Swedish registry of 70 846 OHCAs from 
1992 to 2014, 92% of cases had medical causes. 
Among nonmedical cases, trauma was the most 
common cause.3

•	 Adjudication of cause of death in 179 cases of 
SCA in middle school, high school, college, and 
professional athletes from 2014 to 2016 identified 
a cause in 117 (65.4%): HCM (16.2%), coronary 
artery anomalies (13.7%), idiopathic cardiomy-
opathy (11.1%), autopsy-negative sudden unex-
plained death (6.8%), WPW syndrome (6.8%). 
and LQTS (6.0%).4

Incidence 
(See Tables 17-1 through 17-3)

•	 The ROC clinical trial network maintained a reg-
istry of EMS-assessed and EMS-treated OHCA in 
multiple regions of the United States from 2005 to 
2015 (Table 17-1).

•	 The ongoing CARES registry5 estimates the inci-
dence of EMS-treated OHCA among individuals 
of any age in >1400 EMS agencies in the United 
States (Table 17-1).

•	 Incidence of EMS-assessed OHCA for 2015 in 
people of any age is 110.8 individuals per 100 000 
population (95% CI, 108.9–112.6), or 356 461 
people (quasi CI, 350 349–362 252), based on 
extrapolation from the ROC registry of OHCA 
(ROC Investigators, unpublished data, July 7, 
2016) to the total population of the United States 
(325 193 000 as of June 9, 2017).6

•	 Incidence of EMS-treated OHCA in people of any 
age is 57 individuals per 100 000 population based 
on the 2013 CARES registry of EMS-treated OHCA 
and 63.8 individuals per 100 000 population based 
on the 2013 ROC registry.7

•	 Incidence of EMS-treated OHCA in people of any 
age is 74.3 individuals per 100 000 population 
based on the 2018 CARES registry, with >2-fold 
variation between states (range, 51.6–128.3; 
Table 17-2).

•	 Of the 3 686 296 hospital discharges from aca-
demic medical centers in 2012, 33 700 (0.91%) 
included a cardiac arrest diagnosis.8

•	 In the NIS for 2016:
—	 “Cardiac arrest” or “VF/flutter” was 

included in 273 295 hospital discharges 
(rate of 84.6 per 100 000 people). For 9.5% 
(26 040) this was the principal diagnosis for 
hospital admission.

—	 ICD-10 codes for CPR or defibrillation were 
included in 286 945 hospital discharges (rate 
of 88.8 per 100 000 people).9

•	 In the NEDS for 2016:
—	 The weighted national estimate of ED visits 

with a principal diagnosis of “cardiac arrest” 
or “VF/flutter” was 183 629 (rate of 56.8 per 
100 000 people). Of these, 15.8% (29 096) 
were admitted to the same hospital or trans-
ferred to another hospital (Table 17-3).

—	 “Cardiac arrest” or “VF/flutter” was esti-
mated at 404 691 visits among all listed diag-
noses, but this larger number may include 
patients with cardiac arrest after hospital 
admission (Table 17-3).

—	 The weighted national estimate of ED visits 
including ICD-10 codes for CPR or defibrilla-
tion was 187 097 (rate of 57.9 per 100 000 
people; unpublished tabulation using 
HCUP,9 2016).

OHCA: Adults
(See Table 17-4)

•	 Incidence of EMS-assessed OHCA for 2015 in 
adults was 140.7 individuals per 100 000 popu-
lation (95% CI, 138.3–143.1), or 347 322 adults 
(95% CI, 341 397–353 246) based on extrapola-
tion from the ROC registry of OHCA to the total 
population of the United States (ROC Investigators, 
unpublished data, July 7, 2016).6

•	 Incidence of EMS-treated OHCA in adults for 
2015 was 73.0 individuals per 100 000 popu-
lation (95% CI, 71.2–74.7), or 180 202 adults 
(95% CI, 175 759–184 399) in the ROC registry. 
Approximately 52% of EMS-assessed adult OHCA 
had resuscitation attempted (ROC Investigators, 
unpublished data, July 7, 2016).

•	 In 2015, the incidence of EMS-treated OHCA in 
adults was 66 per 100 000. Incidence of EMS-
treated OHCA with initial shockable rhythm was 
13.5 per 100 000 (ROC Investigators, unpublished 
data, July 7, 2016).

•	 Ten ambulance services serving almost 54 000 000 
residents of England attended 28 729 EMS-treated 
cardiac arrests in 2014 (annual incidence 53 per 
100 000 residents).10

•	 In 2018, location of OHCA in adults was most often 
a home or residence (69.8%), followed by pub-
lic settings (18.8%) and nursing homes (11.5%; 
Table 17-4). OHCA in adults was witnessed by a 
layperson in 37.7% of cases or by an EMS provider 
in 12.7% of cases. For 49.6% of cases, collapse 
was not witnessed.5

•	 Initial recorded cardiac rhythm was VF or VT or 
shockable by an AED in 18.7% of EMS-treated 
OHCAs in 2018 (Table 17-4).
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•	 Of 4729 patients with STEMI in Los Angeles County, 
CA, from 2011 to 2014, 422 (9%) had OHCA.11

•	 In a clinical trial of a wearable defibrillator in 2302 
patients with reduced EF (<35%) after AMI, 44 
patients (1.9%) had arrhythmic sudden death, 21 
(0.9%) had appropriate defibrillator shock, and 86 
(3.7%) had death attributable to any cause during 
the first 90 days.12

IHCA: Adults 
(See Table 17-4)

•	 Incidence of adult IHCA was a mean of 10.16 (SD, 
26.08) per 1000 hospital admissions and 1.99 (SD, 
1.57) per 1000 inpatient days in the 2018 GWTG 
data (GWTG–Resuscitation, unpublished data, 2019).

•	 Incidence of IHCA was 4.0 per 1000 hospital-
izations (range, 1.4–11.8 per 1000 hospitaliza-
tions) based on 2 205 123 hospitalizations at 101 
Veterans Health Administration hospitals between 
2008 and 2012.13

•	 Incidence of IHCA was 1.7 per 1000 hospital 
admissions based on 18 069 patients with IHCA in 
the Swedish Register of CPR.14

•	 Incidence of IHCA was 1.6 per 1000 hospital 
admissions, with a median across hospitals of 1.5 
(IQR, 1.2–2.2) in the UK National Cardiac Arrest 
Audit database between 2011 and 2013 (144 hos-
pitals and 22 628 patients ≥16 years of age).15

•	 According to 2018 GWTG data, location of adult 
IHCA was 54.2% in the ICU, operating room, or 
ED and 45.8% in noncritical care areas among 
26 742 events at 319 hospitals (Table 17-4).

•	 Initial recorded cardiac rhythm was VF or VT or 
shockable in 15.3% of adult IHCAs in 2018 GWTG 
data (GWTG–Resuscitation, unpublished data, 
2019; Table 17-4).

OHCA: Children
•	 Incidence of EMS-assessed OHCA in children 

in 2015 was 7037 (quasi CI, 6214–7861) in the 
United States based on extrapolation from ROC 
for individuals <18 years of age (ROC Investigators, 
unpublished data, July 7, 2016).

•	 In 2018, location of EMS-treated OHCA was at 
home for 92.1% of children ≤1 year old, 81.2% of 
children 1 to 12 years of age, and 75.7% of chil-
dren 13 to 18 years of age in the CARES 2018 data. 
Location was in a public place for 7.8% of children 
≤1 year old, 18.8% of children 1 to 12 years of 
age, and 23.1% of children 13 to 18 years of age.5

•	 Annual incidence of pediatric OHCA was 8.7 per 
100 000 population in Western Australia from 
2011 to 2014.16

Sports-Related SCA/SCD
•	 Sports-related SCA accounted for 39% of SCAs 

among those ≤18 years of age, 13% for those 

19 to 25 years of age, and 7% for those 25 to 
34 years of age in a prospective registry of 3775 
SCAs in Portland, OR, between 2002 and 2015 
that included 186 SCAs in young people (5–34 
years of age).17

•	 Incidence of SCA or SCD was 1 per 44 832 athlete-
years for males and 1 per 237 510 athlete-years for 
females based on a 2007 to 2013 registry of 104 
cases of SCA and SCD in high school athletes.18

•	 Incidence of SCA during competitive sports in peo-
ple 12 to 45 years of age was 0.76 per 100 000 
athlete-years in a population-based registry of all 
paramedic responses in Toronto, Canada, from 
2009 to 2014.19

•	 Studies that included >14 million participants in 
long-distance or marathon running events from 
1976 to 2009 reported race-related incidence of 
SCA or SCD ranging from 0.6 to 1.9 per 100 000 
runners using various methods to ascertain 
events.20 Only 2 deaths were reported among 
1 156 271 participants in half or full marathons in 
Sweden from 2007 to 2016, yielding an estimated 
SCD incidence of 0.24 (95% CI, 0.04–0.79) per 
100 000 runners.21

•	 In a 2007 to 2013 registry of 104 cases of SCA and 
SCD in high school athletes, adjudication revealed 
a cause of death in 50 cases (73%): idiopathic 
LVH or possible cardiomyopathy (26%), autopsy-
negative sudden unexplained death (18%), HCM 
(14%), and myocarditis (14%).18

•	 Adjudication of cause of death in 179 cases of 
SCA in middle school, high school, college, and 
professional athletes from 2014 to 2016 iden-
tified a cause in 117 (65.4%): HCM (16.2%), 
coronary artery anomalies (13.7%), idiopathic 
cardiomyopathy (11.1%), autopsy-negative sud-
den unexplained death (6.8%), WPW (6.8%), and 
LQTS (6.0%).4

•	 Among 55 patients admitted to 8 Spanish hospitals 
with SCA during or within 1 hour of vigorous sport 
activities between 2007 and 2016, 90.9% were 
male, mean (SD) age was 47 (15) years, and 96.4% 
presented with shockable rhythm. The cause of SCA 
varied by age: 25% cardiomyopathy, 63% idio-
pathic VF, and 13% AMI for those <35 years of age; 
9% cardiomyopathy, 18% idiopathic VF, 67% AMI, 
and 7% unknown for those ≥35 years of age.22

•	 Preparticipation screening of 5169 middle and 
high-school students (mean [SD] age 13.06 [1.78] 
years) from 2010 to 2017 revealed high-risk car-
diovascular conditions in 1.47%.23 Anatomic find-
ings included DCM (n=11), nonobstructive HCM 
(n=3), and anomalous coronary artery origins 
(n=23). Electrocardiographic findings included 
WPW (n=4), prolonged QT intervals (n=34), and 
Brugada pattern (n=1).
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IHCA: Children 
(See Table 17-4)

•	 Incidence of IHCA for children (30 days to 18 
years of age) was a mean 12.66 (SD, 41.04) per 
1000 admissions and 1.89 (SD, 4.99) per 1000 
inpatient days for 810 events from 92 hospitals 
per 2018 GWTG data (GWTG–Resuscitation, 
unpublished data, 2019).

•	 Of 810 events of IHCA in children (30 days to 18 
years of age) at 92 hospitals, 87% occurred in the 
ICU, operating room, or ED and 13% in noncritical 
care areas per 2018 GWTG data (Table 17-4).

•	 Incidence of IHCA was 1.8 CPR events per 100 
pediatric (<18 years of age) ICU admissions (sites 
ranged from 0.6 to 2.3 per 100 ICU admissions) in 
the Collaborative Pediatric Critical Care Research 
Network data set of 10 078 pediatric ICU admis-
sions from 2011 to 2013.24

•	 In a registry of 23 cardiac ICUs in the Pediatric 
Critical Care Consortium that included 15 098 chil-
dren between 2014 and 2016, 3.1% of children in 
ICUs had a cardiac arrest, with substantial variation 
between centers (range, 1%–5.5%), for a mean 
incidence of 4.8 cardiac arrests per 1000 cardiac ICU 
days (range, 1.1–10.4 per 1000 cardiac ICU days).25

•	 Initial recorded cardiac arrest rhythm was VF or VT 
or shockable in 9.0% of 571 events at 90 hospitals 
in GWTG–Resuscitation in 2018 (Table 17-4).

Lifetime Risk and Cumulative Incidence 
(See Table 17-5 and Chart 17-1)

•	 SCD appeared among the multiple causes of death 
on 13.5% of death certificates in 2017 (379 133 
of 2 813 503), which suggests that 1 of every 7.4 
people in the United States died of SCD (Table 17-
5). Because some people survive SCA, the lifetime 
risk of cardiac arrest is even higher.

•	 In 2017, infants had a higher incidence of SCD 
(11.2 per 100 000) than older children (1.2–2.2 
per 100 000). Among adults, risk of SCD increased 
exponentially with age, surpassing the risk for 
infants by 35 to 39 years of age (13.3 per 100 000; 
Chart 17-1).

•	 Of 2656 Finnish males 42 to 60 years of age 
randomly selected from 1984 to 1989 and pro-
spectively followed up until 2008, a total of 193 
(7.3%) had SCD.26

Secular Trends 
(See Table 17-1 and Charts 17-2 and 17-3)

•	 Incidence of EMS-treated OHCA increased from 
47 per 100 000 to 66 per 100 000 between 2008 
and 2015 in the ROC Epistry (ROC Investigators, 
unpublished data, July 7, 2016; Table 17-1).

•	 The annual rate of SCD among patients with HF 
with reduced EF has declined from 6.5% to 3.3%, 
based on analysis of 3583 cases of SCD among 
40 195 patients enrolled in 12 clinical trials in which 
enrollment started between 1995 and 2010.27 This 
analysis estimates the current cumulative incidence 
of SCD in patients with HF with reduced EF is 1% by 
3 months, <2% by 6 months, and 8.8% by 3 years.

•	 Incidence of pediatric OHCA declined from 1997 
to 2014 in Perth, Western Australia, particularly 
among children <1 year old.16

•	 Incidence of pediatric (<16 years of age) OHCA 
that was EMS attended (6.7 per 100 000) or EMS 
treated (4.9 per 100 000) did not change from 
2000 to 2016 in Victoria, Australia.28 Survival to 
hospital discharge increased from 9.4% to 17.7%.

•	 Age-adjusted death rates for any mention of SCD 
declined from 138 per 100 000 person-years in 
1999 to 97.1 per 100 000 person-years by 2017 
(Chart 17-2).

•	 Unadjusted survival to hospital discharge after 
EMS-treated OHCA increased from 10.2% in 2006 
to 12.4% in 2015 in the ROC Epistry (Table 17-1).

•	 Survival after IHCA increased from 28.5% to 
53.8% between 2000 and 2016 and then declined 
to 48.7% by 2018 in GWTG data (Chart 17-3).

•	 A national database of 120 365 adult, medical 
OHCAs in the Republic of Korea from 2006 to 
2015 reported increases over time in layperson 
CPR (1.2% to 17.0%), age- and sex-adjusted sur-
vival (3.0% to 8.0%), and good functional recovery 
(0.9% to 5.8%).29 Layperson CPR rates increased 
more in the highest socioeconomic quintile (1.6% 
to 32.5%) than in the lowest socioeconomic quin-
tile (1.6% to 15.3%)

Risk Factors 
(See Charts 17-1 and 17-4)

•	 SCA and SCD result from many different disease 
processes, each of which can have different risk fac-
tors. Among patients with OHCA resuscitated and 
hospitalized from 2012 to 2016, ACS and other 
cardiac causes accounted for the largest proportion 
of causes. Among patients with IHCA, respiratory 
failure was the most common cause (Chart 17-4).30

Age
•	 In 2017, mortality rates for any mention of SCD 

decreased for those from 0 to 9 years of age, stayed 
stable from 10 to 14 years of age, and increased 
from 15 years of age onward (Chart 17-1).

Sex
•	 According to multiple studies, females with 

OHCA are older, less likely to present with shock-
able rhythms, and less likely to collapse in public. 
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Despite these factors that would reduce survival, 
females have equivalent or higher rates of sur-
vival to hospital discharge or to 30 days relative 
to males.31

•	 In an EMS-based registry of 3862 OHCAs from 
2013 to 2015 that includes 90% of the popula-
tion of New Zealand, OHCA was more common in 
males (69%) than females (31%).32 Females were 
older, collapsed unwitnessed at home, were con-
sidered to have a noncardiac cause, presented in 
a nonshockable rhythm, and less often received 
layperson CPR. There was no difference between 
sexes in survival of the event or 30-day survival 
after adjustment for age, rhythm, location of 
arrest, and witnessed collapse.

•	 In a registry that included 40 159 OHCAs from 
2009 to 2012 in Singapore, Japan, Republic of 
Korea, Malaysia, Thailand, Taiwan, and United Arab 
Emirates, OHCA was more common in males (60%) 
than females (40%).33 Females were older, more 
often presented in a nonshockable rhythm, and 
more often received layperson CPR, but less often 
collapsed in public. There was no difference between 
sexes in survival of the event or survival to hospital 
discharge after adjustment for these factors.

Race
•	 In patients with implanted defibrillators, rate of 

first ventricular dysrhythmia or death within 4 
years was higher among black patients (42%) 
than whites (34%; adjusted HR, 1.60 [95% CI, 
1.18–2.17]).34

•	 A study in New York, NY, found the age-adjusted 
incidence of OHCA per 10 000 adults was 10.1 
among blacks, 6.5 among Hispanics, and 5.8 
among whites.35

Socioeconomic Factors
•	 OHCA rates were higher in census tracts from 

the lowest socioeconomic quartile relative to the 
highest socioeconomic quartile (IRR, 1.9 [95% CI, 
1.8–2.0]) in 9235 cases from the ROC Epistry (from 
2006 to 2007).36

•	 In King County, WA, SCA was more common in 
census tracts with more pharmacies or other medi-
cal facilities (OR 1.28 [95% CI, 1.03–1.59]).37

•	 In a national database of 120 365 adult, medical 
OHCAs in the Republic of Korea from 2006 to 
2015, there were differences from the lowest to 
highest socioeconomic quintiles for layperson CPR 
(5.5% to 11.4%), survival to hospital discharge 
(3.8% to 6.1%), and good functional recovery 
(1.9% to 2.9%).29

HD, Cardiac Risk Factors, and Other Comorbidities
•	 Among 2656 Finnish males 42 to 60 years of 

age randomly selected from 1984 to 1989 and 

prospectively followed up until 2008, the hazard 
for SCD increased with below-median (7.9 METs) 
baseline cardiopulmonary fitness (HR, 1.6 [95% 
CI, 1.1–2.3]) and below-median (191 kcal/d) lei-
sure-time PA (HR, 1.4 [95% CI, 1.0–2.0]).26

•	 In a cohort of 233 970 patients from the United 
Kingdom, resting heart rate >90 beats per minute 
was associated an increased hazard of SCD or car-
diac arrest as initial presentation of HD (adjusted 
HR, 2.71 [95% CI, 190–3.83]).38

•	 In a cohort of 1 937 360 patients from the United 
Kingdom registered between 1997 and 2010, 
smoking was not associated with hazard of SCD 
or cardiac arrest as the initial presentation of HD 
(age-adjusted HR, 1.04 [95% CI, 0.91–1.09]), but 
it was associated with increased risk of unher-
alded death caused by CHD (age-adjusted HR, 
2.70 [95% CI, 2.27–3.21]), a phenotype that may 
overlap with SCD.39

•	 In a cohort of 1 937 360 patients from the United 
Kingdom registered between 1997 and 2010, 
heavy drinking (adjusted HR, 1.50 [95% CI, 
1.26–1.77]) and former drinking (adjusted HR, 
1.37 [95% CI, 1.12 -1.67]) were associated with 
increased hazard of SCD or cardiac arrest as the 
initial presentation of HD.40

•	 Among 7011 patients admitted to the hospital 
with acute HF, the 30-day rate of SCD, SCA, or 
VT/VF was 1.8% (n=121).41 Events were associ-
ated with male sex (adjusted OR, 1.73 [95% CI, 
1.07–2.49]), history of VT (adjusted OR, 2.11 
[95% CI, 1.30–3.42]), chronic obstructive pul-
monary disease (adjusted OR, 1.63 [95% CI, 
1.07–2.49]), or prolonged QRS interval (adjusted 
OR, 1.10 [95% CI, 1.03–1.17] per 10% increase 
from baseline).

•	 Analysis of 76 009 patients including 8401 with 
AF from 21 studies between 1991 and 2017 
found that patients with AF had higher risk of 
incident SCD/SCA or VF/VT (RR, 2.04 [95% CI, 
1.77–2.35]).42

•	 Among 21 105 patients with AF followed up for 
a median of 2.8 years, SCD accounted for 31.7% 
of all deaths, with an incidence of 12.9 per 1000 
patient-years.43

•	 Risk of SCD in prospective cohorts who were ini-
tially free of CVD when recruited in 1987 to 1993 
was associated with male sex, black race, DM, cur-
rent smoking, and SBP.44

•	 A logistic model incorporating age, sex, race, cur-
rent smoking, SBP, use of antihypertensive medi-
cation, DM, serum potassium, serum albumin, 
HDL-C, eGFR, and QTc interval, derived in 13 677 
adults, correctly stratified 10-year risk of SCD in a 
separate cohort of 4207 adults (C statistic, 0.820 
in ARIC and 0.745 in CHS).44
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•	 A meta-analysis of 24 trials of statins in patients 
with HF, which included a total of 11 463 patients, 
concluded that statins did not reduce the risk of 
SCD (RR, 0.92 [95% CI, 0.70–1.21]).45

•	 In a registry of 2119 SCAs in Portland, OR, from 
2002 to 2015, prior syncope was present in 
6.8% of cases, and history of syncope was asso-
ciated with increased risk of SCA relative to 746 
geographically matched control subjects (OR, 2.8 
[95% CI, 1.68–4.85]).46

•	 In a cohort of 5211 Finnish people >30 years of 
age in 2000 to 2001 followed up for a median of 
13.2 years, high baseline thyroid-stimulating hor-
mone was independently associated with greater 
risk of SCD (HR, 2.28 [95% CI, 1.13–4.60]).47

•	 In a meta-analysis that included 17 studies 
with 118 954 subjects, presence of depression 
or depressive symptoms was associated with 
increased risk of SCD (HR, 1.62 [95% CI, 1.37–
1.92]), and specifically for VT/VF (HR, 1.47 [95% 
CI, 1.23–1.76]).48

Risk Prediction
Prodromal Symptoms

•	 Abnormal vital signs during the 4 hours preceding 
IHCA occurred in 59.4% and at least 1 severely 
abnormal vital sign occurred in 13.4% of 7851 
patients in the 2007 to 2010 GWTG data.49

•	 Early warning score systems using both clinical 
criteria and vital signs identified hospital patients 
with a higher risk of IHCA.50

•	 A comparison using receiver-operator curves of 
early warning score accuracy for predicting risk 
of IHCA and other serious events for individual 
patients in the hospital had areas under the curve 
of 0.663 to 0.801.51

•	 Among 1352 surgical patients with postoperative 
IHCA within 30 days, 746 (55%) had developed 
a postoperative complication (acute kidney injury, 
acute respiratory failure, DVT/PE, MI, sepsis/septic 
shock, stroke, transfusion) before the arrest.52

ECG Abnormalities
•	 Among 12 241 subjects from the ARIC study, in 

which 346 subjects had SCD during a median 
follow-up of 23.6 years, prolongation of the QT 
interval at baseline was associated with risk of SCD 
(HR, 1.49 [95% CI, 1.01–2.18]), and this associa-
tion was driven specifically by the T-wave onset to 
T-peak component of the total interval.53

•	 In a cohort of 4176 subjects with no known HD, 
687 (16.5%) had early repolarization with terminal 
J wave, but this pattern had no association with 
cardiac deaths (0.8%) over 6 years of follow-up 
compared with matched control subjects.54

•	 Among 11 956 residents of rural Liaoning Province, 
China, who were ≥35 years of age, 1.3% had 
ERP, with higher prevalence in males (2.6%) than 
females (0.2%).55

•	 In an Italian public health screening project, 24% of 
13 016 students 16 to 19 years of age had at least 
1 of the following electrocardiographic abnormali-
ties: ventricular ectopic beats, AV block, Brugada-
like ECG pattern, left anterior/posterior fascicular 
block, LVH/RV hypertrophy, long/short QT interval, 
left atrial enlargement, right atrial enlargement, 
short PQ interval, and ventricular pre-excitation 
WPW syndrome.56

Genetics and Family History Associated 
With SCD

•	 Age- and sex-adjusted prevalence of electrocar-
diographic abnormalities associated with SCD 
was 0.6% to 1.1% in a sample of 7889 Spanish 
citizens ≥40 years of age, including Brugada syn-
drome in 0.13%, QTc <340 ms in 0.18%, and QTc 
≥480 ms in 0.42%.57

•	 Exome sequencing in younger (<51 years of 
age) decedents who died of sudden unexplained 
death or suspected arrhythmic death revealed 
likely pathogenic variants in channelopathy- or 
cardiomyopathy-related genes for 29% to 34% 
of cases.58,59 Among children with exertion-related 
deaths, pathogenic mutations were present in 10 
of 11 decedents (91%) 1 to 10 years of age and 4 
of 21 decedents (19%) 11 to 19 years of age.60

•	 Screening of 398 first-degree relatives of 186 unex-
plained SCA and 212 unexplained SCD probands 
revealed cardiac abnormalities in 30.2%: LQTS 
(13%), CPVT (4%), ARVC (4%), and Brugada syn-
drome (3%).61

•	 In a registry of 109 families of probands with 
unexplained SCD from 2007 to 2012, screening 
of 411 relatives revealed a diagnosis in 18% of 
families: LQTS (15%), Brugada syndrome (3%), 
and CPVT (1%).62

•	 In a registry of families of probands with unex-
plained SCD before 45 years of age from 2009 to 
2014, screening of 230 people from 64 families 
revealed a diagnosis in 25% of families: Brugada 
syndrome (11%), LQTS (7.8%), DCM (3.1%), and 
HCM (3.1%).63

•	 Screening of 292 relatives of 56 probands with 
SCD revealed a diagnosis in 47 (16.1%) relatives: 
LQTS (12.7%), CPVT (0.3%), DCM (0.7%), ARVC 
(0.3%), and thoracic aortic dilation (0.3%). Among 
relatives completing follow-up, 3.3% had a cardiac 
event within 3 years and 7.2% within 5 years.64

•	 Prevalence of genetic HD declines with increasing 
age according to a screening of 180 survivors of 
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SCA, who represented 5.9% of 3037 referrals to 
a genetic heart rhythm clinic from 1999 to 2017.65 
Among 127 adults, diagnoses included idiopathic 
VF (44.1%), arrhythmogenic bileaflet mitral valve 
(14.2%), acquired LQTS (9.4%), LQTS (7.9%), and 
J-wave syndromes such as Brugada (3.9%). Among 
53 children, diagnoses included LQTS (28.3%), 
CPVT (20.8%), idiopathic VF (20.8%), HCM 
(5.7%), and triadin knockout syndrome (5.7%).

Genome-Wide Association Studies
•	 GWASs on cases of arrhythmic death attempt to 

identify previously unidentified genetic variants 
and biological pathways associated with poten-
tially lethal ventricular arrhythmias and risk of 
sudden death. Limitations of these studies are the 
small number of samples available for analysis and 
the heterogeneity of case definition. The num-
ber of loci uniquely associated with SCD is much 
smaller than for other complex diseases. For exam-
ple, a recent GWAS of 3939 cases with SCA found 
no variants associated with SCD at genomewide 
significance, which suggests that common genetic 
variation is not a significant risk factor for SCD.66

•	 In addition, studies do not consistently identify 
the same variants. A pooled analysis of case-con-
trol and cohort GWASs identified a rare (1.4% 
minor allele frequency) novel marker at the BAZ2B 
locus (bromodomain adjacent zinc finger domain 
2B) that was associated with a risk of arrhythmic 
death (OR, 1.9 [95% CI, 1.6–2.3]), but inconsis-
tent relationships for alleles associated with QRS 
and QT prolongation.67

Long-QT Syndrome
•	 Hereditary LQTS is a genetic channelopathy char-

acterized by prolongation of the QT interval (QTc 
typically >460 ms) and susceptibility to ventricu-
lar tachyarrhythmias that lead to syncope and 
SCD. Investigators have identified mutations in 15 
genes leading to this phenotype (LQT1 through 
LQT15).68,69 LQT1 (KCNQ1), LQT2 (KCNH2), and 
LQT3 (SCN5A) mutations account for the majority 
(≈80%) of the typed mutations. 70,71

•	 Approximately 5% of sudden infant death syn-
drome and some cases of intrauterine fetal death 
could be attributable to LQTS.72,73

•	 Acquired prolongation of the QT interval is com-
mon. Prevalence of prolonged QTc was 115 of 412 
(27.9%) among adults admitted to an ICU from 
2014 to 2016 in Brazil.74 At least 1 drug known 
to prolong QT interval was present in 70.4% of 
these cases.

•	 Prevalence of prolonged QTc interval was 251 of 
900 patients (27.9%) admitted to a cardiac care 
unit from 2008 to 2009.75

•	 Prevalence of prolonged QTc interval was 50 of 
712 patients (7%) admitted to a short-stay medi-
cal unit in the United Kingdom.76

•	 Prevalence of prolonged QTc interval was 95 of 
7522 patients (1.9%) with ECG in the ED from 
2010 to 2011, and these prolongations were attrib-
utable individually or in combination to electrolyte 
disturbances (51%), QT-prolonging medical condi-
tions (56%), or QT-prolonging medications (77%).77

Short-QT Syndrome
Prevalence and Incidence

•	 Short-QT syndrome is an inherited mendelian 
condition characterized by shortening of the QT 
interval (typically QT <320 ms) and predisposition 
to AF, ventricular tachyarrhythmias, and sudden 
death. Mutations in 5 ion channel genes have 
been described (SQT1–SQT5).78

•	 Prevalence of a QTc interval shorter than 320 ms 
in a population of 41 767 young, predominantly 
male Swiss conscripts was 0.02%,79 which was 
identical to prevalence from a Portugal sudden 
death registry.80

•	 Prevalence of QT interval ≤320 ms in 18 825 appar-
ently healthy people from the United Kingdom 14 
to 35 years of age between 2005 and 2013 was 
0.1%.81 Short QT intervals were associated with 
male sex and Afro-Caribbean ethnicity.

•	 Prevalence of QT interval ≤340 ms in 99 380 
unique patients ≤21 years of age at Cincinnati 
Children’s Hospital between 1993 and 2013 was 
0.05%.82 Of these children, 15 of 45 (33%) were 
symptomatic.82

•	 In an international case series of 15 centers that 
included 25 patients ≤21 years of age with short-
QT syndrome who were followed up for 5.9 years 
(IQR, 4–7.1 years), 6 patients had aborted sudden 
death (24%) and 4 (16%) had syncope.83 Sixteen 
patients (84%) had a familial or personal history 
of cardiac arrest. A gene mutation associated with 
short-QT syndrome was identified in 5 of 21 pro-
bands (24%).

Brugada Syndrome
Prevalence and Incidence

•	 Brugada syndrome is an acquired or inherited chan-
nelopathy characterized by persistent ST-segment 
elevation in the precordial leads (V1–V3), right bun-
dle-branch block, and susceptibility to ventricular 
arrhythmias and SCD.84 Brugada syndrome is asso-
ciated with mutations in at least 12 ion channel–
related genes.84,85

•	 In a meta-analysis of 24 studies, prevalence was 
estimated at 0.4% worldwide, with regional 
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prevalence of 0.9%, 0.3%, and 0.2% in Asia, 
Europe, and North America, respectively.86 
Prevalence was higher in males (0.9%) than in 
females (0.1%).84,87–89

Complications
•	 Cardiac event rates for Brugada syndrome patients 

followed up prospectively in Northern Europe 
(31.9 months) and Japan (48.7 months) were 
similar: 8% to 10% in patients with prior aborted 
sudden death, 1% to 2% in those with history 
of syncope, and 0.5% in asymptomatic patients. 
Predictors of poor outcome included clinical his-
tory of syncope or ventricular tachyarrhythmias, 
family history of sudden death, and a spontaneous 
ERP on ECG.87,90,91

•	 Among patients with Brugada syndrome, first-
degree AV block, syncope, and spontaneous type 
1 ST-segment elevation were independently associ-
ated with risk of sudden death or implantable car-
dioverter-defibrillator–appropriate therapies.92,93

•	 Among 678 patients with Brugada syndrome 
from 23 centers in 14 countries, patients whose 
first documented arrhythmic event was SCA 
had a mean (SD) age of 39 (15) years, whereas 
patients with prophylactic defibrillator implanta-
tion first documented arrhythmic event was 46 
(13) years.94

Catecholaminergic PVT
Prevalence and Incidence

•	 CPVT is a familial condition characterized by 
adrenergically induced ventricular arrhythmias 
associated with syncope and sudden death. 
Arrhythmias include frequent ectopy, bidirec-
tional VT, and PVT with exercise or catecholamin-
ergic stimulation (such as emotion, or medicines 
such as isoproterenol). Mutations in genes 
encoding RYR2 (CPVT1) are found in the major-
ity of patients and result in a dominant pattern 
of inheritance.95 Mutations in genes encoding 
CASQ2 (CPVT2) are found in a small minority 
and result in a recessive pattern of inheritance. 
Mutations have also been described in KCNJ2 
(CPVT3), TRDN, ANK2, and CALM1.95

•	 Prevalence of CPVT is estimated at 1:5000 to 
1:10 000, but this could be an underestimate, 
because childhood cases were excluded.95

•	 Analysis of 171 probands with CPVT who were <19 
years of age and 65 adult relatives described clini-
cal presentations and prevalence of genotypes.96 
The presenting symptom was cardiac arrest for 
28% of cases and syncope/seizure in 58%. Genetic 
testing of 194 subjects identified variants in RYR2 
(60%), CASQ2 (5%), KCNJ2 (1%), and >1 gene 

in 17 cases (9%). For 23 cases (12%), no genetic 
variant was identified.

Complications
•	 Risk factors for cardiac events included younger 

age at diagnosis and absence of β-blocker therapy. 
A history of aborted cardiac arrest and absence 
of β-blocker therapy were risk factors for fatal or 
near-fatal events.97

•	 In a cohort of 34 patients with CPVT, 20.6% devel-
oped fatal cardiac events during 7.4 years of fol-
low up.98

•	 Incidence of SCA in children with ≥2 CPVT gene 
variants was 11 of 15 (73%).99 VT or exertional 
syncope occurred in 3 of the children (20%), and 
only 1 (7%) was asymptomatic.

Arrhythmogenic RV Dysplasia/
Cardiomyopathy
Complications

•	 During a median follow-up of 100 patients with 
arrhythmogenic RV dysplasia for 6 years, 47 
patients received an implantable cardioverter-
defibrillator, 29 of whom received appropriate 
implantable cardioverter-defibrillator shocks. 
At the end of follow-up, 66 patients were alive. 
Twenty-three patients died at study entry, and 11 
died during follow-up (91% of deaths were attrib-
utable to SCA).100 Similarly, the annual mortality 
rate was 2.3% for 130 patients with ARVC from 
Paris, France, who were followed up for a mean of 
8.1 years.101

•	 In a cohort of 301 patients with ARVC from a sin-
gle center in Italy, probability of a first life-threat-
ening arrhythmic event was 14% at 5 years, 23% 
at 10 years, and 30% at 15 years.102

•	 In a cohort of 502 patients with ARVC, younger 
patients (<50 years of age versus >50 years of age) 
were more likely to present with SCA (5% versus 
2%) or SCD (7% versus 6%).103

Hypertrophic Cardiomyopathy
(Please refer to Chapter 20, Cardiomyopathy and Heart 
Failure, for statistics regarding the general epidemiol-
ogy of HCM.)

Complications
•	 Among 1436 SCA cases in individuals 5 to 59 

years of age between 2002 and 2015, HCM was 
present in 3.2% of those 5 to 34 years of age 
and 2.2% of those 35 to 59 years of age. This 
study noted the difficulty of distinguishing HCM 
from secondary LVH in older patients, who were 
excluded from the analysis.104
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Early Repolarization Syndrome
Prevalence and Incidence

•	 There is no single electrocardiographic defini-
tion or set of criteria for ERP. Studies have used 
a range of criteria including ST elevation, termi-
nal QRS slurring, terminal QRS notching, J-point 
elevation, J waves, and other variations. Although 
the Brugada ECG pattern is considered an early 
repolarization variant, it is generally not included 
in epidemiology assessments of ERP or early repo-
larization syndrome.105

•	 ERP was observed in 4% to 19% of the population 
(more commonly in young males and in athletes) 
and conventionally has been considered a benign 
finding.105–109

•	 In CARDIA, 18.6% of 5069 participants had early 
repolarization restricted to the inferior and lateral 
leads at baseline; by year 20, only 4.8% exhib-
ited an ERP.109 Younger age, black race, male sex, 
longer exercise duration and QRS duration, and 
lower BMI, heart rate, QT index, and Cornell volt-
age were associated with the presence of baseline 
early repolarization. Persistence of the electrocar-
diographic pattern from baseline to year 20 was 
associated with black race (OR, 2.62 [95% CI, 
1.61–4.25]), BMI (OR, 0.62 per 1 SD [95% CI, 
0.40–0.94]), serum triglyceride levels (OR, 0.66 per 
1 SD [95% CI, 0.45–0.98]), and QRS duration (OR, 
1.68 per 1 SD [95% CI, 1.37–2.06]) at baseline.109

Complications
•	 Shocks from an automatic implantable cardio-

verter-defibrillator occur more often and earlier in 
survivors of idiopathic VF with inferolateral early 
repolarization syndrome.110,111

•	 In an analysis of the Social Insurance Institution’s 
Coronary Disease Study in Finland, J-point eleva-
tion was identified in 5.8% of 10 864 people.108 
Those with inferior lead J-point elevation more 
often were male and more often were smokers; 
had a lower resting heart rate, lower BMI, lower 
BP, shorter QTc, and longer QRS duration; and 
were more likely to have electrocardiographic evi-
dence of CAD. Those with lateral J-point elevation 
were more likely to have LVH. Before and after 
multivariable adjustment, subjects with J-point 
elevation ≥1 mm in the inferior leads (n=384) 
had a higher risk of cardiac death (adjusted RR, 
1.28 [95% CI, 1.04–1.59]) and arrhythmic death 
(adjusted RR, 1.43 [95% CI, 1.06–1.94]); however, 
these patients did not have a significantly higher 
rate of all-cause mortality. Before and after mul-
tivariable adjustment, subjects with J-point eleva-
tion >2 mm (n=36) had an increased risk of cardiac 
death (adjusted RR, 2.98 [95% CI, 1.85–4.92]), 
arrhythmic death (adjusted RR, 3.94 [95% CI, 

1.96–7.90]), and death of any cause (adjusted RR, 
1.54 [95% CI, 1.06–2.24]).

•	 Evidence from families with a high penetrance of the 
early repolarization syndrome associated with a high 
risk of sudden death suggests that the syndrome can 
be inherited in an autosomal dominant fashion.112

Premature Ventricular Contractions
•	 In a study of 1139 older adults in the CHS without 

HF or systolic dysfunction studied by Holter moni-
tor (median duration, 22.2 hours), 0.011% of all 
heartbeats were PVCs, and 5.5% of participants 
had nonsustained VT. Over follow-up, the high-
est quartile of ambulatory ECG PVC burden was 
associated with an adjusted odds of decreased 
LVEF (OR, 1.13 [95% CI, 1.05–1.21]) and incident 
HF (HR, 1.06 [95% CI, 1.02–1.09]) and death (HR, 
1.04 [95% CI, 1.02–1.06]).113 Although PVC abla-
tion has been shown to improve cardiomyopathy, 
the association with death may be complex, rep-
resenting both a potential cause and a noncausal 
marker for coronary or structural HD.

•	 Among 698 patients with cardiac resynchroniza-
tion therapy, 3-year risk of VT/VF was higher in 
patients with >10 PVCs/h (24%) than in patients 
with <10 PVCs /h (8%; adjusted HR, 2.79 [95% CI, 
1.69–4.58]).114

Monomorphic VT
Prevalence and Incidence

•	 Among 2099 subjects (mean age 52 years; 52.2% 
male) without known CVD, exercise-induced non-
sustained VT occurred in 3.7% and was not inde-
pendently associated with total mortality.115

Polymorphic VT
Prevalence and Incidence

•	 In the setting of AMI, the prevalence of PVT was 
4.4%.116

Complications
•	 In the setting of AMI, PVT is associated with 

increased mortality (17.8%).116

Risk Factors
•	 PVT in the setting of a normal QT interval is most 

frequently seen in the context of acute ischemia 
or MI.117

Torsade de Pointes
Prevalence and Incidence

•	 Among 14 756 patients exposed to QT-prolonging 
drugs in 36 studies, 6.3% developed QT prolonga-
tion, and 0.33% developed TdP.118
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•	 A prospective, active surveillance, Berlin-based 
registry of 51 hospitals observed that the annual 
incidence of symptomatic drug-induced QT pro-
longation in adults was 2.5 per million males and 
4.0 per million females. The authors reported 42 
potentially associated drugs, including metoclo-
pramide, amiodarone, melperone, citalopram, and 
levomethadone. The mean age of patients with 
QT prolongation/TdP was 57±20 years, and the 
majority of the cases occurred in females (66%) 
and out of the hospital (60%).119

•	 The prevalence of drug-induced prolongation 
of QT interval and TdP is 2 to 3 times higher in 
females than in males.120,121

Complications
•	 In a cohort of 459 614 Medicaid and Medicaid-

Medicare enrollees 30 to 75 years of age who were 
taking antipsychotic medications, the incidence of 
sudden death was 3.4 per 1000 person-years, and 
the incidence of ventricular arrhythmia was 35.1 
per 1000 person-years.122

Risk Factors
•	 An up-to-date list of drugs with the potential to 

cause TdP is available at a website maintained by 
the University of Arizona Center for Education and 
Research on Therapeutics.123

•	 Specific risk factors for drug-induced TdP include 
prolonged QT interval, female sex, advanced age, 
bradycardia, hypokalemia, hypomagnesemia, LV 
systolic dysfunction, and conditions that lead to 
elevated plasma concentrations of causative drugs, 
such as kidney disease, liver disease, drug interac-
tions, or some combination of these.121,124,125

•	 Drug-induced TdP rarely occurs in patients without 
concomitant risk factors. An analysis of 144 pub-
lished articles describing TdP associated with non-
cardiac drugs revealed that 100% of the patients 
had at least 1 risk factor, and 71% had at least 2 
risk factors.121

Awareness and Treatment 
(See Table 17-1)

•	 Median annual CPR training rate for US coun-
ties was 2.39% (25th–75th percentiles, 0.88%–
5.31%) based on training data from the AHA, 
the American Red Cross, and the Health & Safety 
Institute, the largest providers of CPR training in 
the United States.126 Training rates were lower 
in rural areas, counties with high proportions of 
black or Hispanic residents, and counties with 
lower median household income.

•	 Prevalence of reported current training in CPR was 
18% and prevalence of having CPR training at 
some point was 65% in a survey of 9022 people 

in the United States in 2015.127 The prevalence of 
CPR training was lower in Hispanic/Latino people, 
older people, people with less formal education, 
and lower-income groups.

•	 Those with prior CPR training include 90% of 
citizens in Norway,128 68% of citizens in Victoria, 
Australia,129 61.1% of laypeople in the United 
Kingdom,130 and 49% of people in the Republic of 
Korea,131 according to surveys.

•	 Laypeople with knowledge of AEDs include 
69.3% of people in the United Kingdom, 66% 
in Philadelphia, PA, and 32.6% in the Republic of 
Korea.130–132 A total of 58% of Philadelphia respon-
dents132 but only 2.1% of UK respondents130 
reported that they would actually use an AED dur-
ing a cardiac arrest.

•	 A survey of 5456 households in Beijing, China, 
Shanghai, China, and Bangalore, India, found that 
26%, 15%, and 3% of respondents, respectively, 
were trained in CPR.133

•	 A survey of 501 inhabitants of Vienna, Austria, 
found that 52% would recognize cardiac arrest, 
50% were willing to use an AED, and 33% were 
willing to do CPR.134

•	 Laypeople in the United States initiated CPR in 
39.2% of OHCAs in CARES 2018 data (Table 17-1).

•	 Layperson CPR rates in Asian countries range from 
10.5% to 40.9%.135

•	 Laypeople in the United States were less likely to 
initiate CPR for people with OHCA in low-income 
black neighborhoods (OR, 0.49 [95% CI, 0.41–
0.58])136 or in predominantly Hispanic neighbor-
hoods (OR, 0.62 [95% CI, 0.44–0.89]) than in 
high-income white neighborhoods.137

•	 Laypeople from Hispanic and Latino neighbor-
hoods in Denver, CO, reported that barriers to 
learning or providing CPR include lack of recog-
nition of cardiac arrest events and lack of under-
standing about what a cardiac arrest is and how 
CPR can save a life, as well as fear of becoming 
involved with law enforcement.138

Mortality 
(See Tables 17-2 and 17-5 and Chart 17-1)

•	 In 2017, primary-cause SCD mortality was 18 835, 
and any-mention SCD mortality in the United 
States was 379 133 (Table 17-5). The any-mention 
age-adjusted annual rate is 97.1 (95% CI, 96.8–
97.4) SCDs per 100 000 population.139

•	 Survival of hospitalization after cardiac arrest var-
ied between academic medical centers and was 
higher in hospitals with higher cardiac arrest vol-
ume, higher surgical volume, greater availability of 
invasive cardiac services, and more affluent catch-
ment areas.8
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•	 Survival after OHCA varied between US regions 
(4.2%–19.8%) in the ROC Epistry from 2011 to 
2015.140 This variation was more marked at the 
level of EMS agencies (0%–28.9%) and persisted 
after adjustment for multiple patient, resuscita-
tion, and hospital variables.141

•	 Survival after EMS-treated OHCA was 10.4% in 
the 2018 CARES registry, with variation between 
states reporting data (range, 7.8%–15.3%; 
Table 17-2).

•	 Of 1 452 808 death certificates from 1999 to 2015 
for US residents 1 to 34 years of age, 31 492 listed 
SCD (2%) as the cause of death, for an SCD rate 
of 1.32 per 100 000 individuals.142

—	 SCD rate varied by age, from 0.49 per 
100 000 (1–10 years) to 2.76 per 100 000 
(26–34 years).

—	 The rate of SCD declined from 1999 to 2015, 
from 1.48 to 1.13 per 100 000 individuals.

•	 Mortality rates for any mention of SCD by age are 
provided in Chart 17-1.

OHCA: Adults 
(See Tables 17-1 and 17-6)

•	 Survival to hospital discharge after EMS-treated 
OHCA was 10.4%, and survival with good func-
tional status was 8.2% based on 73 910 cases in 
CARES for 2018.5

•	 Survival to hospital discharge after EMS-treated 
cardiac arrest in 2018 was 10.4% for patients of 
any age and 10.4% for adults in the CARES regis-
try (Tables 17-1 and 17-6).

•	 Survival to hospital admission after EMS-treated 
nontraumatic OHCA in 2018 was 28.2% for all 
presentations, with higher survival rates in public 
places (40.9%) and lower survival rates in homes/
residences (26.4%) and nursing homes (18.5%) in 
the 2018 CARES registry (Table 17-6).

•	 Survival to hospital discharge varied between 
regions of the United States, being higher in 
the Midwest (adjusted OR, 1.16 [95% CI, 1.02–
1.32]) and the South (adjusted OR, 1.24 [95% CI, 
1.09–1.40]) relative to the Northeast, in 154 177 
patients hospitalized after OHCA in the NIS 
(2002–2013).143

•	 Survival at 1, 5, 10, and 15 years, respectively, 
was 92.2%, 81.4%, 70.1%, and 62.3% among 
3449 patients surviving to hospital discharge after 
OHCA from 2000 to 2014 in Victoria, Australia.144

•	 Patients with STEMI who had OHCA had higher 
in-hospital mortality (38%) than STEMI patients 
without OHCA (6%) in a Los Angeles, CA, registry 
of 4729 STEMI patients from 2011 to 2014.11

•	 Survival to 30 days was lower for 2516 patients 
in nursing homes (1.7% [95% CI, 1.2%–2.2%]) 
than for 24 483 patients in private homes (4.9% 

[95% CI, 4.6%–5.2%]) in a national database in 
Denmark from 2001 to 2014.145

Sports-Related SCA/SCD
•	 In a population-based registry of all paramedic 

responses for SCA from 2009 to 2014, 43.8% of 
athletes with SCA during competitive sports sur-
vived to hospital discharge.19

IHCA: Adults 
(See Table 17-4 and Chart 17-3)

•	 Survival to hospital discharge was 25.8% of 26 742 
adult IHCAs at 319 hospitals in GWTG 2018 data 
(Table 17-4, Chart 17-3). Among survivors, 82% 
had good functional status (cerebral performance 
category 1 or 2) at hospital discharge.

•	 Unadjusted survival rate after IHCA was 18.4% 
in the UK National Cardiac Arrest Audit database 
between 2011 and 2013. Survival was 49% when 
the initial rhythm was shockable and 10.5% when 
the initial rhythm was not shockable.15

•	 Unadjusted survival to 30 days after IHCA was 
28.3% and survival to 1 year was 25.0% in 18 069 
patients from 66 hospitals between 2006 and 
2015 in the Swedish Register of CPR.14

•	 Survival to hospital discharge after IHCA was 
lower for males than for females (adjusted OR, 
0.90 [95% CI, 0.83–0.99]) in a Swedish registry of 
14 933 cases of IHCA from 2007 to 2014.146

•	 Mortality was lower among 348 368 patients with 
IHCA managed in teaching hospitals (55.3%) than 
among 376 035 managed in nonteaching hospi-
tals (58.8%), even after adjustment for baseline 
patient and hospital characteristics (adjusted OR, 
0.92 [95% CI, 0.90–0.94]).147

OHCA: Children 
(See Table 17-7)

•	 Survival to hospital discharge after EMS-treated 
nontraumatic cardiac arrest in 2015 was 13.2% 
(95% CI, 7.0%–19.4%) for children in the ROC 
Epistry (ROC Investigators, unpublished data, July 
7, 2016).

•	 Survival to hospital discharge was 6.7% for 1280 
children ≤1 year old, 16.2% for 560 children 1 to 
12 years of age, and 19.2% for 416 children 13 to 
18 years of age in CARES 2018 data (Table 17-7).

•	 Mortality was lower in teaching hospitals (OR, 0.57 
[95% CI, 0.50–0.66), trauma centers (OR, 0.76 
[95% CI, 0.67–0.86]), and urban hospitals (OR, 
0.78 [95% CI, 0.63–0.97]) relative to nonteaching, 
nontrauma, or rural hospitals, respectively, among 
42 036 presentations of children 0 to 18 years of 
age for cardiac or respiratory failure in the HCUP 
NEDS.148

•	 In a registry including 974 children with OHCA 
from 2009 to 2012 in Singapore, Japan, Republic 
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of Korea, Malaysia, Thailand, Taiwan, and United 
Arab Emirates, 8.6% (range, 0%–9.7%) of chil-
dren survived to hospital discharge.149

IHCA: Children 
(See Table 17-4)

•	 Survival to hospital discharge after pulseless IHCA 
was 41.1% in 571 children 0 to 18 years of age 
and 38.2% in 159 neonates (0–30 days old) per 
2018 GWTG data (Table 17-4).

•	 Survival to hospital discharge for children with 
IHCA in the ICU was 45% in the Collaborative 
Pediatric Critical Care Research Network from 
2011 to 2013.24

Complications 
(See Tables 17-6 and 17-7)

•	 Survivors of cardiac arrest experience multiple 
medical problems related to critical illness, includ-
ing impaired consciousness and cognitive deficits 
(Tables 17-6 and 17-7).

•	 Functional impairments are associated with 
reduced function, reduced quality of life, and 
shortened lifespan.150,151

•	 Functional recovery continues over at least the first 
12 months after OHCA in children and over the 
first 6 to 12 months after OHCA in adults.152,153

•	 Among 366 patients discharged after IHCA in a 
Veterans Administration hospital between 2014 
and 2015, 55 (15%) endorsed suicidal ideation 
during the first 12 months.154

•	 Serial testing in a cohort of 141 people who survived 
hospitalization after SCA revealed severe cognitive 
deficits in 14 (13%), anxiety and depression in 16 
(15%), posttraumatic stress symptoms in 29 (28%), 
and severe fatigue in 55 (52%).155 Subjective symp-
toms declined over time after SCA, although 10% 
to 22% had cognitive impairments at 12 months, 
with executive functioning being most affected.156

•	 Of 141 individuals who survived hospitalization 
after SCA, 41 (72%) returned to work by 12 
months.155

•	 Of 287 people who survived hospitalization after 
OHCA, 47% had reduced participation in pre-
morbid activities, and 27% of those who were 
working before the OHCA were on sick leave at 
6 months.157

•	 Of 153 survivors of OHCA 18 to 65 years of age in 
Paris, France, between 2000 and 2013, 96 (63%) 
returned to work after a mean (SD) of 714 (1013) 
days.158 Younger patients with a higher-level job 
and for whom cardiac arrest occurred in the work-
place were more likely to return to work.

•	 Of 206 patients who survived to 1 year after OHCA 
in Finland, 188 (91.3%) were living at home.159 

Among 95 patients who were employed before 
the arrest, 69 (72.6%) had returned to work, 
whereas 23 (24.2) had stopped work specifically 
because of their medical condition.

•	 Among 195 family caregivers of cardiac arrest 
survivors, anxiety was present in 33 caregivers 
(25%) and depression in 18 caregivers (14%) at 
12 months.160

•	 Among 57 437 patients discharged from the 
hospital after cardiac arrest identified from 
2008 to 2015 Medicare claims data, unad-
justed annual incidence of seizures was 1.26% 
(95% CI, 1.20%–1.33%), which is higher than 
for other Medicare patients (0.61% [95% CI, 
0.61%–0.62%]).161 Cardiac arrest survivors had 
no increased hazard for seizures after adjust-
ment for demographics and comorbidities (HR, 
0.9 [95% CI, 0.9–1.0]).

Healthcare Utilization and Cost
•	 In the Oregon SUDS, the estimated societal burden 

of SCD in the United States was 2 million years of 
potential life lost for males and 1.3 million years of 
potential life lost for females, accounting for 40% 
to 50% of the years of potential life lost from all 
cardiac disease.162

•	 Among 138 children surviving IHCA, caregiver 
burden increased at baseline and at 3 and 12 
months as measured by the Infant Toddler Quality 
of Life Questionnaire (<5 years) or the Child Health 
Questionnaire (children >5 years).163

•	 Among males, estimated deaths attributable to 
SCD exceeded all other individual causes of death, 
including lung cancer, accidents, CLRD, cerebro-
vascular disease, DM, prostate cancer, and colorec-
tal cancer.162

Global Burden
•	 International comparisons of cardiac arrest epide-

miology must take into account differences in case 
ascertainment. OHCA usually is identified through 
EMS systems, and regional and cultural differences 
in use of EMS affect results.164

•	 A systematic review of the international epi-
demiology of OHCA from 1991 to 2007 
included 30 studies from Europe, 24 from North 
America, 7 from Asia, and 6 from Australia.165 
Estimated incidence per 100 000 population of 
EMS-assessed OHCA was 86.4 in Europe, 98.1 
in North America, 52.5 in Asia, and 112.9 in 
Australia. Estimated incidence per 100 000 
population of EMS-treated OHCA was 40.6 in 
Europe, 47.3 in North America, 45.9 in Asia, 
and 51.1 in Australia. The proportion of cases 
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with VF was highest in Europe (35.2%) and 
lowest in Asia (11.2%).

•	 A prospective data collection concerning 10 682 
OHCA cases from 27 European countries in October 
2014 found an incidence of 84 per 100 000 peo-
ple, with CPR attempted in 19 to 104 cases per 
100 000 people.166 Return of pulse occurred in 
28.6% (range for countries, 9%–50%), with 
10.3% (range, 1.1%–30.8%) of people on whom 
CPR was attempted surviving to hospital discharge 
or 30 days.

•	 Western Australia reports an age- and sex-adjusted 
incidence of 65.9 EMS-attended cardiac arrests per 
100 000 population, with resuscitation attempted 
in 43%.167 Survival to hospital discharge was 
8.7%. Among children (<18 years of age), crude 
incidence was 5.6 per 100 000.16

•	 Hospitals in Beijing, China, reported IHCA inci-
dence of 17.5 events per 1000 admissions.168

•	 Among 353 adults after IHCA in 6 Kenyan hospi-
tals in 2014 to 2016, 16 (4.2%) survived to hospi-
tal discharge.169

Table 17-1.  Trends in Layperson Response and Outcomes for EMS-Treated OHCA, 2006 to 2018

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Survival to hospital discharge

  ROC 10.2 10.1 11.9 10.3 11.1 11.3 12.4 11.9 12.7 12.4 … ... …

  CARES     … … … … … 10.5 10 10.6 10.8 10.6 10.8 10.5 10.4

Survival if first rhythm shockable

  ROC 25.9 29 33.6 27.8 30.1 30.9 34.1 32.7 33.5 30.2 … ... …

  CARES   … … … … … … … … 29.3 29.1 29.5 29.3 29.5

First rhythm shockable

  ROC 23.7 21.7 21.9 20.9 20.8 21.4 21.7 20.2 20.8 21.3 … ... …

  CARES   … … … … … 23.2 23.1 23.2 20.4 20.1 19.8 18.4 18.4

Layperson-initiated CPR

  ROC 36.5 37.9 37.4 39.1 38.6 38.6 42.8 43 44.5 43.6 … ... …

  CARES   … … … … … 38 37.8 40.4 40.4 40.6 40.7 39.4 39.2

Layperson use of AED

  ROC 3.2 3.3 3.9 4.5 4 3.9 5.1 6 6.6 6.7 … ... …

  CARES   … … … … … 4.4 4 4.6 4.9 5.4 5.7 6.0 7.3

AED shock by layperson

  ROC 2 1.6 1.8 1.8 2 1.8 2 2.2 2.2 2.3 … ... …

  CARES   … … … … … 1.7 1.6 1.6 1.6 1.7 1.7 1.6 1.7

Values are percentages. AED indicates automated external defibrillator; CARES, Cardiac Arrest Registry to Enhance Survival; CPR, cardiopulmonary resuscitation; 
ellipses (…), data not available; EMS, emergency medical services, OHCA, out-of-hospital cardiac arrest; and ROC, Resuscitation Outcomes Consortium.

Source: Data reported by ROC (ROC Investigators, unpublished data, July 7, 2016) and CARES.5

This table shows 
statistics for sur-
vival to hospital 
discharge, surviv-
al if first rhythm 
was shockable, 
first rhythm 
shockable, lay-
person initiated 
cardiopulmonary 
resuscitation, 
layperson use of 
automated exter-
nal defibrillators, 
and automated 
external defibril-
lator shocks by 
laypeople for the 
United States 
from 2006 to 
2018.  Among 
many other 
things, this table 
shows that sur-
vival to hospital 
discharge and 
layperson-initiat-
ed cardiopulmo-
nary resuscitation 
after emergency 
medical services-
treated out-of-
hospital cardiac 
arrest declined 
from 2016 to 
2018.
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Table 17-2.  Regional Variation in EMS-Treated OHCA, 2018

Percent of 
Population 

Reporting Data
EMS-Treated 
OHCA Cases

Rate per 
100 000 persons

Layperson-
Initiated CPR, %

Public Use of 
AED, %

Survival to Hospital 
Discharge if 

Witnessed Collapse 
and Shockable 

Rhythm, %

Overall Survival 
to Hospital 

Discharge, %

United States 33.7 81 864 74.3 39.2 11.9 33.3 10.4

Alaska 83.2 410 66.8 70.7 14.9 35.1 12.9

District of Columbia 100.0 793 112.9 31.4 8.5 37.5 7.8

Delaware 100.0 1241 128.3 32.1 9.0 32.5 14.3

Hawaii 100.0 1348 94.9 47.8 9.9 33.2 10.7

Michigan 81.9 7451 91.0 37.6 14.5 29.9 8.4

Minnesota 85.6 2478 51.6 37.4 13.0 36.2 13.1

Montana 60.5 375 58.4 50.3 9.1 27.5 11.5

North Carolina 68.9 5420 75.7 36.3 11.8 34.7 12.5

Oregon 85.6 2300 64.1 55.0 13.3 39.0 14.5

Pennsylvania 70.4 7254 80.5 33.3 12.9 33.9 9.4

Vermont 100.0 507 81.0 46.2 9.2 25.6 11.6

Washington 84.4 4051 63.7 57.3 14.5 42.1 15.3

Population reporting data indicates percentage of region’s population within geographic footprint of EMS agencies contributing data. Layperson CPR rate 
excludes EMS witnessed, nursing home, and healthcare facility events. Public AED use rate excludes EMS witnessed, home/residence, nursing home, and 
healthcare facility events. AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; EMS, emergency medical services, and OHCA, 
out-of-hospital cardiac arrest.

Source: Cardiac Arrest Registry to Enhance Survival 2018 data from states with ≥50% population reporting data and voluntarily sharing data.5

This table 
shows regional 
variation in emer-
gency medical 
services-treated 
out-of-hospital 
cardiac arrest and 
layperson-initiat-
ed cardiopulmo-
nary resuscitation 
in 2018. Among 
other things, this 
table shows that 
among 11 states 
and the District 
of Columbia re-
porting data, the 
highest rates of 
layperson-initiat-
ed cardiopulmo-
nary resuscitation 
were in Alaska, 
Washington, 
Oregon, and 
Montana.

Table 17-3.  SCA Diagnoses Among ED Visits in the United States, 2016

Adult (≥18 y) Child (1–17 y) Infant (<1 y) Total
Rate per 

100 000 People

Any listed diagnosis, n 393 872 6510 3961 404 691 125.2

CPR or defibrillation procedure code, n 185 509 969 559 187 097 88.8

Principal diagnosis, n 177 052 3406 3027 183 629 56.8

Died in ED, % 77.1 70.0 80.8 77.0 …

Transferred to another hospital, % 5.1 15.0 8.4 5.3 …

Admitted to same hospital, % 10.8 5.2 2.1 10.5 …

Died in same hospital, % 5.6 2.1 1.9 5.5 …

Discharged from same hospital, % 4.9 2.7 … 5.0 …

CPR indicates cardiopulmonary resuscitation; ED, emergency department; ellipses (…), data not reported; and SCA, sudden cardiac arrest.
Source: Unpublished tabulation using Healthcare Cost and Utilization Project, 2016.9

This table shows 
the numbers and 
rate of sudden 
cardiac arrests 
in 2016 broken 
down by adults, 
children, and 
infants.
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Table 17-6.  Outcomes of EMS-Treated Nontraumatic OHCA in Adults 
(Age ≥18 Years), CARES, 2018

Presenting 
Characteristics 
(N)

Survival to 
Hospital 

Admission

Survival to 
Hospital 

Discharge

Survival 
With Good 

Neurological 
Function 

(CPC 1 or 2)

In-
Hospital 

Mortality*

All presentations 
(79 356)

28.2 10.4 8.2 63.3

Home/residence 
(55 358)

26.4 8.5 6.6 67.9

Nursing home 
(9105)

18.5 4.3 1.9 76.9

Public setting 
(14 893)

40.9 21.0 18.1 48.7

Unwitnessed 
(39 378)

17.9 4.4 3.2 75.4

Bystander 
witnessed (29 887)

37.3 15.6 12.7 58.1

EMS provider 
witnessed (10 089)

41.7 17.9 14.3 57.1

Shockable 
presenting rhythm 
(14 867)

48.2 29.2 25.7 39.3

Nonshockable 
presenting rhythm 
(64 477)

23.6 6.0 4.1 74.7

Layperson CPR 
(22 707)

31.2 13.6 11.6 56.2

No layperson CPR 
(35 706)

24.6 7.3 5.5 70.5

Values are percentages. CARES indicates Cardiac Arrest Registry to Enhance 
Survival; CPC, Cerebral Performance Index; CPR, cardiopulmonary resuscitation; 
EMS, emergency medical services; and OHCA, out-of-hospital cardiac arrest.

*Percentage of patients admitted to hospital who died before hospital 
discharge.

Source: Data derived from CARES.5

This table shows 
the percent 
survival of 
out-of-hospital 
nontraumatic 
cardiac arrests in 
adults occurring 
in different 
locations such 
as home or resi-
dence, nursing 
homes, public 
settings, bystand-
er witnessed, 
cardiopulmonary 
resuscitation 
received, and 
more.  Survival 
for each category 
is presented as 
survival to hos-
pital admission, 
survival to hos-
pital discharge, 
survival with 
good neurologi-
cal function, and 
in-hospital 
mortality.

Table 17-4.  Characteristics of and Outcomes for OHCA and IHCA, 2018

OHCA IHCA 

Adults Children Adults Children

Survival to hospital discharge 10.4 11.4 25.8 41.1

Good functional status at 
hospital discharge

8.2 9.2 21.2 14.2

VF/VT/shockable 18.7 7.6 15.3 9.0

PEA … … 53.9 48.4

Asystole … … 22.7 28.5

Unknown … … 8.1 14.2

Public setting 18.8 13.3 … …

Home 69.8 86.4 … …

Nursing home 11.5 0.3 … …

Arrest in ICU, operating 
room, or ED

… … 54.2 87.0

Noncritical care area … … 45.8 13.0

Values are percentages. ED indicates emergency department; ellipses 
(…), data not available; EMS, emergency medical services; ICU, intensive 
care unit; IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac 
arrest; PEA, pulseless electrical activity; VF, ventricular fibrillation; and VT, 
ventricular tachycardia.

Source: OHCA data derived from the Cardiac Arrest Registry to Enhance 
Survival,5 based on 79 356 EMS-treated OHCA adult cases and 2256 EMS-
treated OHCA child cases in 2018. IHCA data are from Get With The Guidelines 
(unpublished AHA tabulation) 2018, based on 26 742 pulseless adult IHCAs in 
319 hospitals and 571 pulseless child IHCAs in 90 hospitals.

This chart shows 
characteristics 
of in-hospital 
cardiac arrest and 
out-of-hospital 
cardiac arrest in 
2018 including 
survival to hos-
pital discharge, 
good functional 
status at hospital 
discharge, ven-
tricular fibrillation 
or ventricular 
tachycardia 
or shockable 
status, pulseless 
electrical activ-
ity, asystole, and 
where the event 
occurred.

Table 17-5.  SCA Mortality, 2017 (ICD-10 Codes 146.0, 146.1, 146.9, 149.0)

Population Group

Number of 
Deaths as 

Underlying Cause, 
2017, All Ages

Number of 
Deaths as Any-
Mention Cause, 
2017, All Ages

Both sexes 18 835 379 133

Males 10 144 195 227

Females 8691 183 906

NH white males 7623 140 039

NH white females 6554 130 378

NH black males 1748 26 213

NH black females 1506 26 815

Hispanic males 456 18 823

Hispanic females 355 17 596

NH Asian/Pacific Islander males 252 7913

NH Asian/Pacific Islander females 220 7416

NH American Indian/Alaska Natives 87 2502

Mortality for Hispanic, NH American Indian or Alaska Native, and NH Asian 
and Pacific Islander people should be interpreted with caution because of 
inconsistencies in reporting Hispanic origin or race on the death certificate 
compared with censuses, surveys, and birth certificates. Studies have shown 
underreporting on death certificates of American Indian or Alaska Native, Asian 
and Pacific Islander, and Hispanic decedents, as well as undercounts of these 
groups in censuses. ICD-10 indicates International Classification of Diseases, 
10th Revision; NH, non-Hispanic; and SCA, sudden cardiac arrest.

Sources: Underlying cause data derived from unpublished National Heart, 
Lung, and Blood Institute (NHLBI) tabulation using National Vital Statistics 
System, 2017.170 Any-mention cause data derived from unpublished NHLBI 
tabulation using Centers for Disease Control and Prevention Wide-ranging 
Online Data for Epidemiologic Research database, 2017.139

This table shows 
sudden cardiac 
arrest mortal-
ity numbers for 
underlying cause 
of death and 
any-mention 
cause of death 
by sex and race 
and ethnicity in 
2017.

Table 17-7.  Outcomes of EMS-Treated Nontraumatic OHCA in 
Children, CARES, 2018

Age Group (N)

Survival to 
Hospital 

Admission

Survival to 
Hospital 

Discharge

Survival 
With Good 

Neurological 
Function 

(CPC 1 or 2)
In-Hospital 
Mortality*

<1 y (1280) 19.2 6.7 4.9 65.0

1–12 y (560) 37.9 16.2 13.2 57.1

13–18 y (416) 41.1 19.2 17.1 53.2

Values are percentages. CARES indicates Cardiac Arrest Registry to Enhance 
Survival; CPC, Cerebral Performance Category; EMS, emergency medical 
services; and OHCA, out-of-hospital cardiac arrest.

*Percentage of patients admitted to hospital who died before hospital 
discharge.

Source: Data derived from CARES.5

This table shows 
the percent 
survival of 
out-of-hospital 
nontraumatic 
cardiac arrests in 
children broken 
down by infants, 
1 to 12 years of 
age, and 13 to 
18 years of age.  
Survival for each 
age category 
is presented as 
survival to hos-
pital admission, 
survival to hos-
pital discharge, 
survival with 
good neurologi-
cal function, and 
in-hospital 
mortality.
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Chart 17-1. Age-specific mortality rates for any mention of sudden cardiac death by age, United States, 2017. 
Source: Data derived from Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic Research database. Accessed June 7, 2018.139

This line chart 
shows mortality 
rate versus age 
in 5-year age 
groups.  Age 
specific mortal-
ity rate in 2017 
attributable to 
sudden cardiac 
death declined 
from 11.2 per 
100,000 persons 
for infants less 
than one year 
of age down to 
a low point of 
1.2 per 100,000 
persons for chil-
dren 5 years of 
age to 14 years 
of age.  Mortal-
ity rates rose 
steadily through 
all 5-year age 
groups to a high 
point of 823.4 
per 100,000 per-
sons for adults 
80 to 84 years 
of age, which is 
the highest age 
group reported 
on this chart.

Chart 17-2. Age-adjusted mortality rates for any mention of sudden cardiac death, United States, 1999 to 2017. 
Source: Data derived from Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic Research. Accessed June 7, 2018.139

This line chart 
shows that the 
age-adjusted 
rate of sudden 
cardiac arrest 
versus years from 
1999 to 2017.  
Rates were 
highest at 137.7 
per 100,000 
persons in 1999 
and declined 
fairly steadily to 
97.1 per 100,000 
persons in 2017.  
The rate had 
slight up and 
down fluctuation 
between 2012 
and 2017 with 
the lowest 
point of 96 per 
100,000 persons 
in 2016.

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e463

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 17

Chart 17-3. Temporal trends in survival to hospital discharge after IHCA in adults and children in GWTG–Resuscitation from 2000 to 2018. 
GWTG indicates Get With The Guidelines; and IHCA, in-hospital cardiac arrest.  
Source: GWTG–Resuscitation; unpublished American Heart Association data, 2017.

This line chart 
shows that sur-
vival to hospital 
discharge after 
in-hospital car-
diac arrest versus 
year from 2000 
to 2018. Survival 
was highest for 
all pediatric 
events, which 
includes cases 
with CPR for 
bradycardia or 
hypotension with 
a pulse as well 
as cases with no 
pulse, followed 
by pediatric 
pulseless events, 
followed by adult 
events.   This pat-
tern is consistent 
each year from 
2000 to 2018.  
There was some 
fluctuation up 
and down for 
pediatric and 
pediatric pulse-
less events, but 
overall, survival in 
all three catego-
ries went up over 
time.
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Chart 17-4. Detailed causes of OHCA and IHCA among patients surviving to hospital admission. 
A, Proportion of hospitalized patients with each cause after OHCA. B, Proportion of hospitalized patients with each cause after IHCA. Pathogenesis based on test-
ing and evaluation in the hospital. “Other” corresponds to all other causes. IHCA, in-hospital cardiac arrest; and OHCA, out-of-hospital cardiac arrest.  
Source: Data derived from Chen et al.30

Chart 17-4A. 
This panel is 
a pie chart of 
etiologies for 
OHCA.  The 
highest percent 
of out-of-hospital 
cardiac arrests, 
17%, are caused 
by two or more 
etiologies, 
followed by 
acute coronary 
syndrome, 16%, 
respiratory 
failure, 12%, 
toxicological 
events, 11%, 
and unknown 
etiology, 9%.
Chart 17-4B. 
This panel is 
a pie chart 
showing the 
highest percent 
of in-hospital 
cardiac arrests 
are caused by re-
spiratory failure, 
22%, followed 
by two or more 
etiologies, 16%, 
acute coronary 
syndrome, 8%, 
other, 7%, and 
upper airway ob-
struction, 7%.
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18. SUBCLINICAL ATHEROSCLEROSIS
See Charts 18-1 through 18-4

Multiple complementary imaging modalities allow 
detection and quantification of atherosclerosis through 
its stages in different vascular beds. Early identification 
of subclinical atherosclerosis can guide preventive care, 
including lifestyle modifications and medical treatment 
(eg, aspirin, antihypertensive therapy, lipid-lowering 
therapy) to prevent clinical manifestations of athero-
sclerosis such as MI, stroke, or PAD. Several modalities 

can be used for imaging atherosclerosis, including CT of 
the chest for evaluation of CAC, B-mode ultrasound of 
the neck for evaluation of carotid artery IMT or plaque, 
brachial artery reactivity testing, aortic and carotid MRI, 
and tonometric methods of measuring vascular compli-
ance or microvascular reactivity. Among these modali-
ties, the role of CAC in cardiovascular risk assessment 
is particularly well defined. According to the 2018 
Cholesterol Clinical Practice Guideline1 and the 2019 
CVD Primary Prevention Clinical Practice Guidelines,2 
in intermediate-risk or selected borderline-risk adults, 
if the decision about statin therapy remains uncertain 
after 10-year ASCVD risk calculation and after account-
ing for risk enhancers, it is reasonable to use a CAC 
score in the decision to withhold, postpone, or initiate 
statin therapy.1

Coronary Artery Calcification
Background

•	 CAC measures the burden of atherosclerosis in the 
coronary arteries by CT. Other components of the 
atherosclerotic plaque, including fatty (eg, choles-
terol-rich components) and fibrotic components, 
often accompany CAC and can be present even in 
the absence of CAC.

•	 The presence of any CAC, which indicates that 
at least some atherosclerotic plaque is present, is 
defined by an Agatston score >0. The Agatston 
score is calculated as a sum of scores for each calci-
fication in a coronary artery, assigning a weighted 
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Abbreviations Used in Chapter 18

ABI ankle-brachial index

ACC American College of Cardiology

AF atrial fibrillation

AHA American Heart Association

ARIC Atherosclerosis Risk in Communities

ASCVD atherosclerotic cardiovascular disease

AWHS Aragon Workers’ Health Study

BMI body mass index

BNP B-type natriuretic peptide

BP blood pressure

CAC coronary artery calcification

CAD coronary artery disease

CARDIA Coronary Artery Risk Development in Young Adults

CHD coronary heart disease

CHS Cardiovascular Health Study

CI confidence interval

CKD chronic kidney disease

CONFIRM Coronary CT Angiography Evaluation for Clinical Outcomes: 
An International Multicenter Registry

CRP C-reactive protein

CT computed tomography

CVD cardiovascular disease

DBP diastolic blood pressure

DM diabetes mellitus

EF ejection fraction

ESRD end-stage renal disease

FHS Framingham Heart Study

FMD flow-mediated dilation

FRS Framingham Risk Score

HANDLS Healthy Aging in Neighborhoods of Diversity Across the 
Life Span

HDL-C high-density lipoprotein cholesterol

HF heart failure

HIV human immunodeficiency virus

HR hazard ratio

IMPROVE Carotid Intima Media Thickness (IMT) and IMT Progression as 
Predictors of Vascular Events in a High Risk European Population

IMT intima-media thickness

JHS Jackson Heart Study

JUPITER Justification for the Use of Statins in Primary Prevention: An 
Intervention Trial Evaluating Rosuvastatin

LDL-C low-density lipoprotein cholesterol

Lp(a) lipoprotein(a)

(Continued )

LV left ventricular

LVH left ventricular hypertrophy

MACE major adverse cardiovascular events

MASALA Mediators of Atherosclerosis in South Asians Living in America

MESA Multi-Ethnic Study of Atherosclerosis

MetS metabolic syndrome

MI myocardial infarction

MRI magnetic resonance imaging

NAFLD nonalcoholic fatty liver disease

NHLBI National Heart, Lung, and Blood Institute

NNT5 5-year number needed to treat

OR odds ratio

PA physical activity

PAD peripheral artery disease

PESA Progression of Early Subclinical Atherosclerosis

PREDIMED Prevención con Dieta Mediterránea

PWV pulse-wave velocity

RR relative risk

SBP systolic blood pressure

SD standard deviation

SES socioeconomic status

SWAN Study of Women’s Health Across the Nation

TC total cholesterol

TIA transient ischemic attack

TIPS The Indian Polycap Study

Abbreviations Used in Chapter 18 Continued
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value to the highest density of calcification and 
multiplying this by the area of calcification. Scores 
can be reported in both age, sex, and race per-
centile units and in absolute units; absolute CAC 
cutoffs offer more prognostic information across 
all age groups in both males and females.3 An 
absolute score of 1 to 99 may favor statin therapy, 
especially among individuals ≥55 years of age, and 
a score of ≥100 is a stronger indication for statin 
therapy, with the choice made in the context of 
shared decision making.1,2

Prevalence and Risk Factors 
(See Charts 18-1 through 18-3)

•	 The NHLBI’s FHS reported CAC measured in 3238 
white adults in age groups ranging from <45 to 
≥75 years of age.4

—	 Overall, 32.0% of females and 52.9% of 
males had prevalent CAC.

—	 Among participants at intermediate risk 
according to the FRS, 58% of females and 
67% of males had prevalent CAC.

•	 The NHLBI’s CARDIA study measured CAC in 3043 
black and white adults 33 to 45 years of age (at 
the CARDIA year 15 examination).5

—	 Overall, 15.0% of males, 5.1% of females, 
5.5% of those 33 to 39 years of age, and 
13.3% of those 40 to 45 years of age had 
prevalent CAC. Overall, 1.6% of participants 
had an Agatston score >100.

•	 Chart 18-1 shows the prevalence of CAC by eth-
nicity and sex in adults 33 to 45 years of age. The 
prevalence of CAC was lower in black versus white 
males but was similar in black versus white females 
at these ages.

•	 The NHLBI’s JHS assessed the prevalence of ele-
vated CAC in 4416 black participants (mean age 
54 years; 64% females).6

—	 CAC >100 was noted in 14% of those with-
out any MetS or DM, 26% of those with 
MetS, and 41% of those with DM.

•	 The NHLBI’s MESA, a study of white, black, 
Chinese, and Hispanic adults, measured CAC in 
6814 participants 45 to 84 years of age (mean 63 
years), including white (n=2619), black (n=1898), 
Hispanic (n=1494), and Chinese (n=803) males 
and females.7

—	 The overall prevalence of CAC in these 4 eth-
nic groups was 70.4%, 52.1%, 56.5%, and 
59.2%, respectively, among men and was 
44.6%, 36.5%, 34.9%, and 41.9%, respec-
tively, among women.

—	 The prevalence and 75th percentile levels of 
CAC were highest in white males and low-
est in black and Hispanic females. Significant 
ethnic differences persisted after adjustment 

for risk factors, with the prevalence of coro-
nary calcium being 22% lower in blacks, 15% 
lower in Hispanics, and 8% lower in Chinese 
than in whites.

•	 Compared with MESA, the MASALA study is a 
community-based cohort of South Asians in the 
United States and on average 5 years younger 
than in MESA.8

—	 The age-adjusted prevalence of CAC was 
similar among white (68.8%) and South 
Asian (67.9%) males, with these groups 
having a greater prevalence of CAC than 
Chinese (57.8%), black (51.2%), and 
Hispanic (57.9%) males.

—	 In contrast, the age-adjusted prevalence 
of CAC was lower in South Asian females 
(36.8%) than in white females (42.6%) and 
females of other races/ethnicities.

•	 Further illustrating the variability of CAC based on 
population and habits, a forager-horticulturalist 
population of 705 individuals living in the Bolivian 
Amazon had the lowest reported levels of CAC of 
any population recorded to date.9

—	 Overall in the population (mean age 58 years; 
50% females), 85% of individuals were free 
from any CAC, and even in individuals >75 
years of age, 65% remained free of CAC. 
These unique data indicate that coronary 
atherosclerosis can typically be avoided by 
maintaining a low lifetime burden of CAD 
risk factors.9

•	 The prevalence of CAC varies according to base-
line traditional risk factor profile. In recent stud-
ies from MESA, the prevalence of CAC in those 
with no lipid abnormalities was 42% versus 50% 
in those with 3 lipid abnormalities,10 and 32% of 
people in MESA with no known traditional CVD 
risk factors had presence of CAC versus 65% of 
those with 3 risk factors.11

•	 The duration of risk factor exposure is associated 
with CAC, as exemplified in an analysis of expo-
sure to DM and prediabetes in 3628 participants 
in CARDIA.12

—	 For each additional 5 years of exposure to 
DM and prediabetes, the adjusted HR for 
CAC was 1.15 (95% CI, 1.06–1.25) and 1.07 
(95% CI, 1.01–1.13), respectively.

•	 Beyond traditional cardiovascular risk factors, 
recent studies have identified obesity, NAFLD, and 
elevated Lp(a) as being associated with CAC.
—	 Considering 1585 participants free of CHD 

and free of MetS, those who were obese had 
a higher prevalence of CAC than individuals 
with a normal weight, with a prevalence ratio 
of 1.59 (95% CI, 1.38–1.84).13
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—	 In a meta-analysis of 42 410 individuals, 
including 16 883 with NAFLD, CAC scores 
were higher in those with NAFLD (OR, 1.64 
[95% CI, 1.42–1.89]).14

—	 In 937 apparently healthy asymptomatic fam-
ily members of individuals with premature 
ASCVD, high Lp(a) levels were associated with 
CAC ≥100 (OR, 1.79 [95% CI, 1.13–2.83]).15

—	 In a cohort of 428 HIV-positive and 276 HIV-
negative individuals concurrently referred 
for clinically indicated cardiac CT, those who 
were HIV positive had less calcified plaque 
than those who were HIV negative (adjusted 
OR, 0.57 [95% CI, 0.40–0.82]).16

•	 The 10-year trends in CAC among individu-
als without clinical CVD in MESA were assessed 
(Chart 18-2).
—	 The mean age at the baseline examination 

was 67 years, with 47.4% men. Detectable 
CAC was evaluated in whites, African 
American, Hispanic, and Chinese participants, 
with >50% prevalence at baseline.

—	 Ten-year trends in CAC prevalence among 
the 4 racial/ethnic groups revealed a signifi-
cant trend toward increased prevalence of 
CAC in blacks but not in any other group 
(Chart 18-2). Among blacks, the CAC preva-
lence ratio (year 10 versus baseline) was 1.27 
(P<0.001 for test for trend).17

—	 The severity of CAC was also evaluated at 
baseline and 10 years (Chart 18-3). After 
adjustment for age, sex, ethnicity, and type 
of CT scanner, the proportion of participants 
with no CAC decreased over time from 40.7% 
to 32.6% (P=0.007), and the proportions 
increased from 29.9% to 37.0% (P=0.01) for 
those with a CAC score ranging from 1 to 99 
and from 14.7% to 17.7% (P=0.14) for those 
with a CAC score of 100 to 399, whereas the 
proportion with a CAC score ≥400 decreased 
from 9.1% to 7.2% (P=0.11).

CAC and Incidence of ASCVD Events (CHD and 
Stroke) 
(See Chart 18-4)

•	 In a landmark study, the NHLBI’s MESA reported 
on the association of CAC scores with first CHD 
events over a median follow-up of 3.9 years 
among a population-based sample of 6722 indi-
viduals (39% white, 27% black, 22% Hispanic, 
and 12% Chinese).18

—	 Chart 18-4 shows the HRs associated with 
CAC scores of 1 to 100, 101 to 300, and 
>300 compared with those without CAC 
(score=0), after adjustment for standard risk 
factors. People with CAC scores of 1 to 100 

had ≈4 times greater risk and those with 
CAC scores >100 were 7 to 10 times more 
likely to experience a coronary event than 
those without CAC.

—	 CAC provided similar predictive value for cor-
onary events in whites, Chinese, blacks, and 
Hispanics (HRs ranging from 1.15–1.39 for 
each doubling of coronary calcium).

•	 In a more recent MESA analysis with 12-year fol-
low-up, machine learning was used to assess pre-
dictors of cardiovascular events.
—	 Among 735 variables from imaging and non-

invasive tests, questionnaires, and biomarker 
panels, CAC emerged as the strongest predic-
tor of CHD and ASCVD events.19

•	 CAC was highly predictive of CHD event risk in 
both young and elderly MESA participants in a 
follow-up that extended to 8.5 years, which sug-
gests that once CAC is known, chronological age 
has less importance.20

—	 Compared with a CAC score of 0, CAC >100 
was associated with an increased multivari-
able-adjusted CHD event risk in the younger 
individuals (45–54 years of age), with an HR 
of 12.4 (95% CI, 5.1–30.0).

—	 The respective risk was similar even in the very 
elderly (75–84 years of age), with an HR of 
12.1 (95% CI, 2.9–50.2).

•	 The prospective Dallas Heart Study reported the 
prognostic value of CAC scores in a relatively 
younger cohort (44.4±9.0 years of age) of 2084 
participants who were followed up for a median 
of 9 years.21

—	 Compared with individuals with CAC=0, 
those with CAC scores of 10 to 100 and >100 
were associated with an HR of 3.43 (95% CI, 
1.36–8.56) and 5.64 (95% CI, 2.28–13.97) 
for CHD events, respectively.

—	 The addition of CAC to the traditional risk 
factor model resulted in significant improve-
ment in the C statistic (Δ=0.03; P=0.003), as 
well as a net correct reclassification of 22%.

•	 In the Heinz Nixdorf Recall Study of 4180 individu-
als, CAC independently predicted stroke during a 
mean follow-up of 7.9 years.22 Cox proportional 
hazards regressions were used to examine CAC as 
a predictor of stroke in addition to established vas-
cular risk factors (age, sex, SBP, LDL-C, HDL-C, DM, 
smoking, and AF).
—	 Study participants who had a stroke had sig-

nificantly higher CAC values at baseline than 
the remaining participants (median 104.8 
[quartile 1, 14.0; quartile 3, 482.2] versus 11.2 
[quartile 1, 0; quartile 3, 106.2]; P<0.001).

—	 In a multivariable Cox regression, log10(CAC 
+1) was a stroke predictor (HR, 1.52 [95% CI, 
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1.19–1.92]; P=0.001) independent of tradi-
tional risk factors in low- and intermediate-
risk individuals.

•	 A recent meta-analysis that pooled data from 3 
studies evaluated 13 262 asymptomatic individuals 
(mean age 60 years, 50% males) without apparent 
CVD.23

—	 During a mean follow-up of 7.2 years, the 
pooled RR of incident stroke with CAC >0 
was 2.95 (95% CI, 2.18–4.01; P<0.001) com-
pared with CAC=0.

—	 Furthermore, there was an increasing risk 
with higher CAC score (0.12% per year 
for CAC=0, 0.26% per year for CAC 1–99, 
0.41% per year for CAC 100–399, and 
0.70% per year for CAC ≥400).

CAC and Incidence of HF, AF, and Noncardiovascular 
Outcomes

•	 In the Rotterdam Study, CAC independently pre-
dicted incident HF during a median follow-up of 
6.8 years.24

—	 After adjustment for risk factors, those with 
severe CAC (>400) had a 4.1-fold higher risk 
(95% CI, 1.7–10.1) of HF than those with 
CAC scores of 0 to 10.

—	 In addition, CAC substantially improved the 
risk classification (net reclassification index, 
34.0%).

•	 A recent MESA analysis examining prediction of 
HF with preserved EF found that CAC >300 was a 
significant independent predictor in females (HR, 
2.82 [95% CI, 1.32–6.00]) but not in males (HR, 
0.91 [95% CI, 0.46–1.82]).25

•	 In MESA, during a median follow-up of 8.5 years, 
after accounting for risk factors, higher CAC 
scores were associated with increased risk for AF 
(CAC=0: HR, 1.0 [referent]; CAC=1–100: HR, 1.4 
[95% CI, 1.01–2.0]; CAC=101–300: HR, 1.6 [95% 
CI, 1.1–2.4]; CAC >300: HR, 2.1 [95% CI, 1.4–
2.9]).26 The addition of CAC to a risk score yielded 
relative integrated discrimination improvement of 
0.10 (95% CI, 0.061–0.15).

•	 A MESA analysis also showed that a higher CAC 
burden was associated with noncardiovascular 
outcomes.27

—	 During a median follow-up of 10.2 years, 
accounting for demographics and traditional 
risk factors, participants with severe CAC (>400) 
were at an increased risk of cancer (HR, 1.53 
[95% CI, 1.18–1.99]), CKD (HR, 1.70 [95% 
CI, 1.21–2.39]), pneumonia (HR, 1.97 [95% 
CI, 1.37–2.82]), chronic obstructive pulmonary 
disease (HR, 2.71 [95% CI, 1.60–4.57]), and 
hip fracture (HR, 4.29 [95% CI, 1.47–12.50]) 
compared with those with CAC=0.

CAC Progression and Risk
•	 Data from 6778 people in MESA showed annual 

CAC progression averaged 25±65 Agatston units, 
and among those without CAC at baseline, a 5-U 
annual change in CAC was associated with HRs 
of 1.4 and 1.5 for total and hard CHD events, 
respectively.28

—	 Among those with CAC >0 at baseline, HRs 
per 100-U annual change in CAC were 1.2 
and 1.3, respectively, and for those with 
annual progression ≥300 versus no progres-
sion, HRs were 3.8 and 6.3, respectively.

•	 Furthermore, in MESA, CAC progression was asso-
ciated with incident AF. Presence of any CAC pro-
gression (>0 per year) in the 5-year follow-up was 
associated with 1.55-fold higher risk for AF (95% 
CI, 1.10–2.19).26

—	 The risk of AF increased with higher levels of 
CAC progression: (1–100 per year: HR, 1.47 
[95% CI, 1.03–2.09]; 101–300 per year: HR, 
1.92 [95% CI, 1.15–3.20]; >300 per year: HR, 
3.23 [95% CI, 1.48–7.05]).

•	 In a MESA study of 2759 postmenopausal females, 
despite no association between sex hormones and 
prevalent CAC, an association emerged between 
sex hormones and CAC progression over a median 
of 4.7 years.29

—	 Females with higher free testosterone showed 
greater CAC progression (RR, 1.26 [95% CI, 
1.01–1.56]), and those with higher sex hor-
mone binding globulin had lower progression 
(0.80 [5% CI, 0.64–0.99]).

Social Determinants of CAC
•	 Addressing individuals living in the rural United 

States, a study reported the distribution of CAC 
scores among 1607 (mean age 56 years; 56% 
females) community-dwelling asymptomatic indi-
viduals from central Appalachia.30

—	 Overall, 44% had a CAC score of 0, whereas 
the prevalence of those with mild (1–99), 
moderate (100–399), and severe (≥400) CAC 
was 29%, 15%, and 11%, respectively.

•	 Schmidt et al31 examined the interaction of SES and 
a common variant in chromosome 9p21.3 in asso-
ciation with CAC and incident events in the Heinz 
Nixdorf Recall Study. In the 4116 participants in 
the analysis, SES was examined by education and 
income.
—	 Genotype-income interaction, but not geno-

type-education interaction, was observed for 
CAC and events.

—	 The lowest tertile of income had the stron-
gest genetic effect, a 53.1% (95% CI, 
30.6%–79.6%; P=1.8×10−7) increase in 
CAC and an HR of 1.44 (95% CI, 1.01–2.07; 
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P=0.049) for incident coronary events per 
additional risk allele.

—	 This suggests that lower income may be 
a determinant of increased expression of 
genetic susceptibility to CAD.

Carotid IMT
Background

•	 Carotid IMT measures the thickness of 2 layers 
(the intima and media) of the wall of the carotid 
arteries, the largest conduits of blood going to 
the brain. Carotid IMT is thought to be an ear-
lier manifestation of atherosclerosis than CAC, 
because thickening precedes the development of 
frank atherosclerotic plaque. Carotid IMT methods 
may vary by part of the artery measured (common 
carotid, internal carotid, or bulb), measurement of 
near and far walls, and reporting of average (more 
common) or maximum thickness.

•	 Carotid IMT is greater with age and in males. Thus, 
high-risk levels of thickening might be considered 
as those in the highest quartile or quintile for one’s 
age and sex, or ≥1 mm. Carotid ultrasound can also 
detect plaques and percent stenosis, although pri-
mary prevention guidelines have not recommended 
screening of asymptomatic people using either the 
presence of atherosclerotic plaque or carotid IMT to 
quantify atherosclerosis or predict risk.32,33

•	 In the CHS, mean maximal common carotid IMT 
was 1.03±0.20 mm, and mean internal carotid 
IMT was 1.37±0.55 mm.34

Risk Factors
•	 In participants in the Bogalusa Heart Study (mean 

age of 32±3 years), after adjustment for age, race, 
and sex, carotid IMT was associated significantly 
and positively with waist circumference, SBP, DBP, 
and LDL-C. Carotid IMT was inversely correlated 
with HDL-C levels. Participants with greater num-
bers of adverse risk factors (0, 1, 2, 3, or more) had 
stepwise increases in mean carotid IMT levels.35

•	 Additionally, the Bogalusa Heart Study investi-
gated the association between risk factors mea-
sured in childhood with carotid IMT measured in 
these young adults.36 Higher BMI and LDL-C levels 
measured at 4 to 7 years of age were associated 
with increased risk for being >75th percentile for 
carotid IMT in young adulthood. Higher SBP and 
LDL-C and lower HDL-C in young adulthood were 
also associated with having high carotid IMT.

•	 A similar pattern of association between risk 
factors at a younger age and carotid IMT in 
adulthood was demonstrated in a large Finnish 
cohort study.37 These data highlight the impor-
tance of adverse risk factor levels in early 

childhood and young adulthood in the early 
development of atherosclerosis.

•	 Two large, population-based prospective studies 
have investigated the association of carotid ultra-
sound findings with outcomes with shared patho-
genesis of atherosclerosis.38,39

—	 In 1243 FHS participants (57±9 years of age; 
53% females), the degree of carotid stenotic 
burden on carotid ultrasound was predic-
tive of cerebral microbleeds on brain MRI, a 
marker of stroke and dementia. Carotid ste-
nosis ≥25% was associated with a 2.2-fold 
(95% CI, 1.10–4.40) increased risk of cere-
bral microbleed, whereas no association was 
noted with carotid IMT.38

—	 Among 13 197 individuals 45 to 64 years of 
age (26% blacks, 56% females) followed up 
for a median of 22.7 years, mean carotid IMT 
in the fourth quartile (≥0.81 mm) versus first 
quartile (<0.62) was significantly associated 
with ESRD.39

•	 Recent evidence suggests that sleep patterns and 
duration, which are associated with CVD, are asso-
ciated with subclinical atherosclerosis.40 In nearly 
4000 asymptomatic middle-aged individuals in the 
PESA Study, individuals with very short (<6 hours) 
sleep and highest quintile of sleep fragmentation 
had the greatest odds of subclinical atheroscle-
rosis defined by carotid and femoral ultrasound 
imaging.40 Compared with those who slept 7 to 
8 hours per night, and with adjustment for con-
ventional risk factors, those who slept <6 hours 
per night had a 1.27 greater odds of noncoronary 
atherosclerosis.

•	 In the Bogalusa Heart Study,35 carotid IMT was 
measured in 518 black and white males and 
females at a mean age of 32±3 years. These males 
and females were healthy but overweight.
—	 Males had significantly higher carotid IMT in 

all segments than females, and blacks had 
higher common carotid and carotid bulb IMT 
than whites.

•	 Updates from an individual-participant meta-anal-
ysis involving 15 population-based cohorts world-
wide that included 60 211 individuals (46 788 
whites, 7200 blacks, 3816 Asians, and 2407 
Hispanics) demonstrated differing associations 
between risk factors and burden of carotid IMT 
according to racial/ethnic groups.41 Specifically, 
the association between age and carotid IMT was 
weaker in blacks and Hispanics, SBP was more 
strongly associated with carotid IMT in Asians, 
and HDL-C and smoking were less associated with 
carotid IMT in blacks.

•	 Among both females and males in the NHLBI’s 
MESA, blacks had the highest common carotid 
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IMT, but they were similar to whites and Hispanics 
in internal carotid IMT. Chinese participants had 
the lowest carotid IMT, in particular in the internal 
carotid, of the 4 ethnic groups.42

•	 In MESA, carotid IMT and CAC were found to be 
commonly associated, but patterns of association 
differed somewhat by sex and race.42

—	 Common and internal carotid IMT were 
greater in females and males who had CAC 
than in those who did not, regardless of 
ethnicity.

—	 Overall, CAC prevalence and scores were 
associated with carotid IMT, but associations 
were somewhat weaker in blacks than in 
other ethnic groups.

—	 In general, blacks had the thickest carotid IMT 
of all 4 ethnic groups, regardless of the pres-
ence of CAC.

—	 Common carotid IMT differed little by race/
ethnicity in females with any CAC, but among 
females with no CAC, IMT was higher among 
blacks (0.86 mm) than in the other 3 groups 
(0.76–0.80 mm).

Social Determinants of Carotid IMT and Vascular 
Disease

•	 The IMPROVE study cohort of 3703 Europeans 
studied the relation of SES with carotid IMT. Manual 
laborers had higher carotid IMT than white collar 
workers, a finding that was independent of sex, 
age groups, and education and was only partially 
mediated by risk factors.43

•	 In the biracial HANDLS study of 2270 adults, 
interaction analyses demonstrated a race × SES 
effect whereby blacks with high (rather than low) 
SES had higher carotid IMT and PWV (aortic stiff-
ness) than other groups, suggesting a group with 
greater subclinical CVD.44

•	 In the Young Finns Study of 1813 adults 27 to 
39 years of age followed up for >20 years, SES 
indexed to education was inversely associated with 
CVD risk factors including obesity, glycemic level, 
and smoking and was directly associated with 
PA.45 Individuals with higher education had lower 
progression in IMT in follow-up.

Risk Prediction
•	 A study from 3 population-based cohorts (ARIC, 

N=13 907; MESA, N=6640; and the Rotterdam 
Study, N=5220) demonstrated that both a higher 
carotid IMT and presence of carotid plaque were 
independently associated with an increased risk 
of incident AF.46 In this study, a 1-SD increase in 
carotid IMT and presence of carotid plaque were 
associated with a meta-analyzed HR of 1.12 (95% 
CI, 1.08–1.16) and 1.30 (95% CI, 1.19–1.42), 
respectively.

•	 The CHS reported follow-up of 4476 males and 
females ≥65 years of age (mean age 72 years) who 
were free of CVD at baseline.34 After a mean fol-
low-up of 6.2 years, those with maximal combined 
carotid IMT in the highest quintile had a 4-fold 
greater risk for incident heart attack or stroke than 
those in the bottom quintile. After adjustment for 
other risk factors, a 3-fold greater risk for the top 
versus the bottom quintile remained.

•	 In one of the largest studies to date evaluating both 
prediction and reclassification from carotid IMT and 
presence of carotid plaque, ARIC investigators found 
that the addition of carotid IMT and plaque to tradi-
tional risk factors improved prediction of CHD risk.47 
In particular, among 13 145 participants (5682 men, 
7463 women), ≈23% were reclassified by adding 
carotid IMT and plaque data to traditional risk fac-
tors. The area under the curve improved from 0.742 
to 0.755 (95% CI for difference in adjusted area 
under the curve, 0.008–0.017).

•	 In MESA, during a median follow-up of 3.3 years, 
an IMT rate of change of 0.5 mm per year was 
associated with an HR of 1.23 (95% CI, 1.02–
1.48) for incident stroke.48 The upper quartile of 
IMT rate of change had an HR of 2.18 (95% CI, 
1.07–4.46) compared with the lower 3 quartiles 
combined.

•	 Despite this evidence, conflicting data have been 
reported on the contribution of carotid IMT to risk 
prediction. A consortium of 14 population-based 
cohorts consisting of 45 828 individuals followed 
up for a median of 11 years demonstrated little 
additive value of common carotid IMT to FRS for 
purposes of discrimination and reclassification of 
incident MI and stroke (95% CI, 2.7%–4.6%).49 
The C statistics of the model with FRS alone (0.757 
[95% CI, 0.749–0.764]) and with addition of com-
mon carotid IMT (0.759 [95% CI, 0.752–0.766]) 
were similar. The net reclassification improvement 
with the addition of common carotid IMT was 
small (0.8% [95% CI, 0.1%–1.6%]). In those at 
intermediate risk, the net reclassification improve-
ment was 3.6% among all individuals.

•	 Interestingly, the ability of carotid IMT to predict 
incident CVD events might also depend on how 
the data are modeled. In MESA, the use of an 
age-, sex-, and race-adjusted carotid IMT score 
that combined data from both the internal and 
common carotid artery resulted in a significant 
improvement in the net reclassification improve-
ment of 4.9% (P=0.024), with a particularly 
higher impact in individuals with an intermediate 
FRS, in whom the net reclassification improve-
ment was 11.5%.50

•	 Among 13 590 participants in ARIC who were 45 
to 64 years of age, each 1-SD increase in carotid 
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IMT was associated with incident HF (HR, 1.20 [95% 
CI, 1.16–1.25]) in a 20-year follow-up after account-
ing for major CVD risk factors and CHD.51 Similar 
associations were also noted across all race and sex 
groups. This relationship was found to be much 
stronger among those without established DM.

•	 A study from a consortium of population-based 
cohorts reported no added value of measurement 
of mean common carotid IMT in individuals with 
high BP for improving cardiovascular risk predic-
tion.52 For those at intermediate risk, the addition 
of mean common carotid IMT to an existing car-
diovascular risk score resulted in a small but statis-
tically significant improvement in risk prediction.

•	 In a recent study, however, carotid plaque burden 
measured via 3-dimensional carotid ultrasound 
showed promise in improving CVD risk predic-
tion.53 The prospective BioImage Study enrolled 
5808 asymptomatic US adults (mean age 69 
years; 56.5% females). Carotid plaque areas from 
both carotid arteries were summed as the carotid 
plaque burden. The primary end point was the 
composite of MACE (cardiovascular death, MI, 
and ischemic stroke). After adjustment for risk 
factors, the HRs for MACE were 1.45 (95% CI, 
0.67–3.14) and 2.36 (95% CI, 1.13–4.92) with 
increasing carotid plaque burden tertile. Net 
reclassification improved significantly with carotid 
plaque burden (0.23).

•	 To date, few studies have comprehensively stud-
ied the association of carotid IMT progression 
with CVD outcomes. Data from a comprehen-
sive meta-analysis of individual participant data 
demonstrated that common carotid artery IMT 
progression in people with DM ranged between 
−0.09 and 0.04 mm per year in a follow-up of 3.6 
years; however, this change was not associated 
with cardiovascular outcomes.54 The HR for a 1-SD 
increase in common carotid artery IMT progression 
was 0.99 (95% CI, 0.91–1.08).

CAC, Carotid IMT, CT Angiography, and 
Risk Prediction

•	 In MESA, the investigators reported on follow-
up of 6779 males and females in 4 ethnic groups 
over 9.5 years and compared the predictive utility 
of carotid IMT, carotid plaque, and CAC (presence 
and burden).55

—	 CAC presence was a stronger predictor of 
incident CVD and CHD than carotid ultra-
sound measures.

—	 Mean IMT ≥75th percentile (for age, sex, and 
race) alone did not predict events. Compared 
with traditional risk factors, C statistics for 
CVD (C=0.756) and CHD (C=0.752) increased 

the most by the addition of CAC presence 
(CVD, C=0.776; CHD, C=0.784; P<0.001), 
followed by carotid plaque presence (CVD, 
C=0.760; CHD, C=0.757; P<0.05).

—	 Compared with risk factors (C=0.782), carotid 
plaque presence (C=0.787; P=0.045) but not 
CAC (C=0.785; P=0.438) improved predic-
tion of stroke/TIA.

•	 Investigators from the NHLBI’s CARDIA and MESA 
studies examined the burden and progression of 
subclinical atherosclerosis among adults <50 years 
of age.56 Ten-year and lifetime risks for CVD were 
estimated for each participant, and the participants 
were stratified into 3 groups of predicted CVD risk: 
(1) low 10-year (<10%)/low lifetime (<39%) risk; 
(2) low 10-year (<10%)/high lifetime (≥39%) risk; 
and (3) high 10-year risk (>10%). The final group 
had the highest burden and greatest progression 
of subclinical atherosclerosis. Given the young 
age of those studied, ≈90% of participants were 
at low 10-year risk, but of these, half had high 
predicted lifetime risk. Compared with those with 
low short-term/low lifetime predicted risks, those 
with low short-term/high lifetime predicted risk 
had significantly greater burden and progression 
of CAC and significantly greater burden of carotid 
IMT, even at these younger ages. These data con-
firm the importance of early exposure to risk fac-
tors for the onset and progression of subclinical 
atherosclerosis.

•	 Although CAC and carotid ultrasound have been 
used more commonly in epidemiological stud-
ies, CT angiography has been examined for its 
potential role in detection, quantitation, and char-
acterization of atherosclerotic coronary plaques 
that might make them prone to rupture, such as 
positive remodeling, low attenuation, and spotty 
calcifications.57

•	 However, limited impact on the prediction of 
outcomes in asymptomatic individuals has been 
shown, and thus, guidelines have not recom-
mended its use as a screening tool for assessment 
of cardiovascular risk in asymptomatic individu-
als.2,32,33,58 In the CONFIRM study, although CT 
angiography presence, extent, and severity of 
CAD improved risk prediction over traditional 
risk factors, no additional prognostic value for 
all-cause death was conferred once traditional 
risk factors and CAC scores were included in 
the model.59 In another analysis of the CONFIRM 
data, it was noted that coronary CT angiogra-
phy only provided incremental prognostic utility 
for prediction of mortality and nonfatal MI for 
asymptomatic individuals with moderately high 
CAC scores, but not for those with lower or 
higher CAC scores.60
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Genetics/Family History
•	 There is evidence for genetic control of subclini-

cal atherosclerosis, with several loci identified that 
associate with CAC and carotid artery IMT in mul-
tiethnic and racial populations.61–64 On the basis of 
the identified genes and variants, there are con-
siderable shared genetic components to subclinical 
disease and other risk factors (such as blood lipids) 
and incident disease.

•	 Recently, investigators identified 8 unique genetic 
loci that contribute to carotid IMT in 71 128 indi-
viduals and 1 novel locus for carotid plaque in 
48 434 individuals.65 Genetic correlations with 
CHD and stroke using linkage disequilibrium score 
regression analysis were observed, which suggests 
the connection between genetic susceptibility to 
subclinical atherosclerosis and overt CVD.

Treatment: Healthy Lifestyle and 
Preventive Medications

•	 A healthy lifestyle is the foundation of preventive 
treatment. Diets high in vegetables and fruits are 
associated with lower risk for CVD. PREDIMED, 
a small, randomized cohort study, demonstrated 
delayed progression of carotid IMT and carotid plaque 
after a median of 2.4 years in those randomized to a 
Mediterranean diet with nuts versus controls.66

•	 Recently, a study examining the relation of differ-
ent vegetables to carotid IMT in a cohort of older 
females showed that a diet high in vegetables, 
particularly cruciferous vegetables, was associated 
with lower carotid IMT.67 Consuming ≥3 servings 
of vegetables each day was associated with an 
≈5% lower amount of carotid atherosclerosis com-
pared with consuming <2 servings of vegetables.

•	 SWAN examined the association of a 10-compo-
nent Healthy Lifestyle Score using self-reported 
data regarding smoking, diet, and PA with carotid 
atherosclerosis in females during midlife. After 14 
years of follow up, individuals with a healthier life-
style, particularly the abstinence of smoking, had 
lower carotid IMT, which emphasizes the role of 
optimal lifestyle habits on subclinical atheroscle-
rosis.68 Similar results of lifestyle habits including 
Mediterranean diet, abstinence from smoking, 
and moderate alcohol intake were associated with 
lower subclinical atherosclerosis in nearly 2000 
individuals in the Spanish AWHS.69

•	 CAC has been examined in multiple studies for its 
potential to identify those most likely and not likely 
to benefit from pharmacological treatment for the 
primary prevention of CVD.

•	 A total of 950 participants from MESA who met 
JUPITER clinical trial entry criteria (risk factors plus 

LDL-C <130 mg/dL and high-sensitivity CRP ≥2 
mg/L) were identified and stratified according to 
CAC scores of 0, 1 to 100, or >100; CHD event 
rates were calculated, and the NNT5 was calcu-
lated by applying the benefit found in JUPITER to 
the event rates found in each of these groups.70 
For CHD, the predicted NNT5 was 549 for those 
with CAC of 0, 94 for scores of 1 to 100, and 24 
for scores >100.

•	 In a similar fashion, 2 studies extrapolated the 
NNT5 for LDL-C lowering by statins, applying the 
30% RR reduction associated with a 1 mmol/L (39 
mg/dL) reduction in LDL-C from a Cochrane meta-
analysis of statin therapy in primary prevention 
across the spectrum of lipid abnormalities (LDL-C 
≥130 mg/dL, HDL-C <40 mg/dL for males or <50 
mg/dL for females, and triglycerides ≥150 mg/dL), 
as well as across 10-year FRS categories (0%–6%, 
6%–10%, 10%–20%, and >20%).10,71

—	 The estimated NNT5 for preventing 1 CVD 
event across dyslipidemia categories in the 
MESA cohort ranged from 23 to 30 in those 
with CAC ≥100.10 The NNT5 was 30 in par-
ticipants with no lipid abnormality and CAC 
>100, whereas it was 154 in those with 3 lipid 
abnormalities and CAC of 0. A very high NNT5 
of 186 and 222, respectively, was estimated to 
prevent 1 CHD event in the absence of CAC 
among those with 10-year FRS of 11% to 20% 
and >20%. The respective estimated NNT5 was 
as low as 36 and 50 with the presence of a 
very high CAC score (>300) among those with 
10-year FRS of 0% to 6% and 6% to 10%, 
respectively. These collective data show the util-
ity of CAC in identifying those most likely to 
benefit from statin treatment across the spec-
trum of risk profiles with an appropriate NNT5.

—	 Similarly, CAC testing also identified appropri-
ate candidates who might derive the highest 
benefit with aspirin therapy. In MESA, indi-
viduals with CAC ≥100 had an estimated net 
benefit with aspirin regardless of their tradi-
tional risk status; the estimated NNT5 was 173 
for individuals classified as having <10% FRS 
and 92 for individuals with ≥10% FRS, and the 
estimated 5-year number needed to harm was 
442 for a major bleed.71 Conversely, individu-
als with zero CAC had unfavorable estimates 
(estimated NNT5 of 2036 for individuals with 
<10% FRS and 808 for individuals with ≥10% 
FRS; estimated 5-year number needed to harm 
of 442 for a major bleed). Sex-specific and age-
stratified analyses showed similar results.

•	 A study from MESA also examined the role of 
CAC testing to define the target population to 
treat with a polypill.72 The NNT5 to prevent 1 event 
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was estimated by applying the expected 62% 
CHD event reduction associated with the use of 
the polypill (based on TIPS). The estimated NNT5 
to prevent 1 CHD event ranged from 170 to 269 
for patients with CAC=0, from 58 to 79 for those 
with CAC scores from 1 to 100, and from 25 to 27 
for those with CAC scores >100, which enabled 
significant reductions in the population considered 
for treatment with more selective use of the polyp-
ill and, as a result, avoidance of treatment of those 
who were unlikely to benefit.

•	 Within the scope of the 2013 ACC/AHA guideline on 
the treatment of blood cholesterol, data from MESA 
demonstrated that among those for whom statins 
were recommended, 41% had CAC=0 and had 5.2 
ASCVD events per 1000 person-years.73 Among 589 
participants (12%) considered for moderate-inten-
sity statin treatment, 338 (57%) had CAC=0, with 
an ASCVD event rate of 1.5 per 1000 person-years. 
Of participants eligible (recommended or consid-
ered) for statins, 44% (1316 of 2966) had CAC=0 
at baseline and an observed 10-year ASCVD event 
rate of 4.2 per 1000 person-years. The study results 
highlighted that among the intermediate-risk range 
of 5% to 20%, nearly half (48%) had CAC=0, and 
their 10-year ASCVD risk was below the threshold 
recommended for statin therapy (4.5%).

•	 These findings were recently confirmed in the 
JHS.74 Among 2812 black individuals 40 to 75 
years of age without prevalent ASCVD followed 
up for a median of 10 years, participants who 
were statin eligible by the 2013 ACC/AHA guide-
line on the treatment of blood cholesterol expe-
rienced a 10-year ASCVD event rate of 8.1 per 
1000 person-years. However, in the absence of 
CAC, the 10-year observed ASCVD risk was below 
the threshold of statin recommendation set by the 
guidelines, at 3.1 per 1000 person-years.

Measures of Vascular Function and 
Incident CVD Events
Background

•	 Measures of arterial tonometry (stiffness) are 
based on the concept that pulse pressure has been 
shown to be an important risk factor for CVD. 
Arterial tonometry offers the ability to directly and 
noninvasively measure central PWV in the thoracic 
and abdominal aorta.

•	 BP and its variability are related to CVD events. 
Greater home BP variability was associated with 
higher carotid IMT, aortic calcification, and lower 
ABI in 1033 Japanese males and females.75

•	 Brachial FMD is a marker for nitric oxide release from 
the endothelium that can be measured by ultra-
sound. Impaired FMD is an early marker of CVD.

•	 Recommendations have not been specific, however, 
as to which, if any, measures of vascular function 
might be useful for CVD risk stratification in selected 
patient subgroups. Because of the absence of sig-
nificant prospective data relating these measures to 
outcomes, the guidelines do not recommend mea-
suring either FMD or arterial stiffness for cardiovas-
cular risk assessment in asymptomatic adults.58

Arterial Stiffness and CVD
•	 The Rotterdam Study measured arterial stiffness 

in 2835 elderly participants (mean age 71 years).76 
They found that as aortic PWV increased, the RR of 
CHD was 1.72 (second versus first tertile) and 2.45 
(third versus first tertile). Results remained robust 
even after accounting for carotid IMT, ABI, and 
pulse pressure.

•	 A study from Denmark of 1678 individuals 40 to 70 
years of age found that each 1-SD increment in aortic 
PWV (3.4 m/s) increased CVD risk by 16% to 20%.77

•	 The FHS studied several indices of arterial stiff-
ness, including PWV, wave reflection, and central 
pulse pressure.78 Higher PWV was associated with 
a 48% increased risk of incident CVD events, and 
PWV improved CVD risk prediction (integrated dis-
crimination improvement of 0.7%, P<0.05).

•	 An analysis from the JHS suggested peripheral 
arterial tonometry is associated with LVH.79 A 
total of 440 black participants (mean age 59±10 
years, 60% females) underwent both peripheral 
arterial tonometry and cardiac MRI evaluations 
between 2007 and 2013. Age- and sex-adjusted 
Pearson correlation analysis suggested that natural 
log-transformed LV mass index measured by MRI 
was negatively correlated with reactive hyperemia 
index (coefficient −0.114; P=0.02) after account-
ing for age, sex, BMI, DM, hypertension, ratio of 
TC and HDL-C, smoking, and history of CVD.

•	 Evidence suggests that arterial stiffness has nega-
tive impacts on brain health across the life spec-
trum. In 5853 children in the Generation R study, 
DBP was related to nonverbal intelligence, and in 
5187 adults in the Rotterdam study, cognition was 
linearly related to SBP, PWV, and pulse pressure, and 
nonlinearly with DBP.80 In the ARIC–Neurocognitive 
and positron emission tomography study, higher 
arterial stiffness measured by heart-carotid PWV 
was associated with greater β-amyloid deposition in 
the brain defined by positron emission tomography 
imaging, and carotid femoral PWV was associated 
with lower brain volumes and with higher white 
matter hyperintensity burden.81 FHS investigators 
also previously demonstrated findings of arterial 
stiffness with brain aging and similar brain structural 
abnormalities and progression of these abnormali-
ties in regions implicated in Alzheimer disease.82–86
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FMD and CVD
•	 A recent meta-analysis assessed the relation of 

FMD with CVD events. Thirteen studies involving 
11 516 individuals without established CVD, with 
a mean duration of 2 to 7.2 years and adjusted for 
age, sex, and risk factors, reported a multivariate 
RR of 0.93 (95% CI, 0.90–0.96) per 1% increase 
in brachial FMD.87

Comparison of Measures
•	 In MESA, a comparison of 6 risk markers—CAC, 

ABI, high-sensitivity CRP, carotid IMT, brachial 
FMD, and family history of CHD—and their clinical 
utility over FRS was evaluated in 1330 intermedi-
ate-risk individuals.88 After 7.6 years of follow-up, 
CAC, ABI, high-sensitivity CRP, and family history 
were independently associated with incident CHD 
in multivariable analyses (HRs of 2.6, 0.79, 1.28, 
and 2.18, respectively), but carotid IMT and bra-
chial FMD were not. CAC provided the highest 
incremental improvement over the FRS (0.784 for 
both CAC and FRS versus 0.623 for FRS alone), as 
well as the greatest net reclassification improve-
ment (0.659).

•	 Additionally, in MESA, the values of 12 negative 
markers (CAC score of 0, carotid IMT <25th percen-
tile, absence of carotid plaque, brachial FMD >5% 
change, ABI >0.9 and <1.3, high-sensitivity CRP 
<2 mg/L, homocysteine <10 µmol/L, N-terminal 

pro-BNP <100 pg/mL, no microalbuminuria, no 
family history of CHD [any/premature], absence 
of MetS, and healthy lifestyle) were compared for 
all and hard CHD and for all CVD events over the 
10-year follow-up.89 After accounting for CVD risk 
factors, absence of CAC had the strongest negative 
predictive value, with an adjusted mean diagnostic 
likelihood ratio of 0.41 (SD, 0.12) for all CHD and 
0.54 (SD, 0.12) for CVD, followed by carotid IMT 
<25th percentile (diagnostic likelihood ratio, 0.65 
[SD, 0.04] and 0.75 [SD, 0.04], respectively).

•	 Similar findings were also noted in the Rotterdam 
Study, in which among 12 CHD risk markers, 
improvements in FRS predictions were most statis-
tically and clinically significant with the addition of 
CAC scores.90

•	 The pooled cohort ASCVD risk estimator was 
recently compared against the FRS for prediction 
of subclinical atherosclerosis measured by carotid 
IMT and vascular dysfunction measured by carotid 
femoral PWV, central pulse pressure, and aug-
mentation index in a cohort of 1231 individuals 
free of prevalent CVD.91 Not surprisingly, given 
that the FRS was based on individuals of northern 
European descent, the pooled cohort risk equa-
tions were suggested to better identify the sig-
nificance of race in subclinical atherosclerosis and 
vascular dysfunction.
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Chart 18-1. Prevalence (%) of detectable coronary calcium in the CARDIA study: US adults 33 to 45 years of age (2000 to 2001). 
P<0.0001 across race-sex groups. CARDIA indicates Coronary Artery Risk Development in Young Adults.  
Source: Data derived from Loria et al.5

This chart 
shows that 
the prevalence 
of detectable 
coronary calcium 
in adults 33 to 
45 years of age 
in the CARDIA 
study from 2000 
to 2001 was 
higher in males 
than in females.  
White males 
had the highest 
prevalence 
of detectable 
calcium, followed 
by African 
American males, 
then white fe-
males, and lastly 
African American 
females.
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out cardiovascular disease in MESA. 
CAC indicates coronary artery calcification; and MESA, Multi-Ethnic Study of Atherosclerosis.  
Source: Data derived from Bild et al.7,17

This chart 
shows that the 
prevalence of de-
tectable coronary 
artery calcium 
among adults 
55 to 84 years 
of age without 
cardiovascular 
disease in the 
MESA study was 
highest at base-
line, from 2000 
to 2002, and at 
Year 10, from 
2010 to 2012, in 
whites, followed 
by Chinese, His-
panic, and lastly 
African Ameri-
can. In each 
race category, 
baseline coronary 
artery calcium 
was lower than 
at Year 10.

Chart 18-3. Ten-year trends in severity of coronary artery calcification in US individuals without clinical cardiovascular disease in MESA, baseline 
examination 2000 to 2002. 
Data adjusted to the average baseline age (67 years), sex (47% male), race/ethnicity (39% white, 28% African American, 21% Hispanic, and 12% Chinese), and 
scanner (electron-beam computed tomography vs other). MESA indicates Multi-Ethnic Study of Atherosclerosis.  
Source: Adapted from Bild et al.17

This chart shows 
that from 2000 
and 2002, the 
highest percent 
of the population 
without clinical 
cardiovascular 
disease in 
MESA had a 
calcium score of 
0, followed by 
a score of 1 to 
99, a score of 
100 to 399, and 
lastly a score of 
400 or greater.  
However, in 2010 
to 2012, the dis-
tributions shifted 
upward with the 
highest percent 
of the population 
having a calcium 
score of 1 to 99. 
A larger percent 
of the population 
had a calcium 
score of 1 to 99 
and 100 to 399 
in 2010 to 2012 
compared with 
2000 to 2002.
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19. CORONARY HEART DISEASE, 
ACUTE CORONARY SYNDROME, AND 
ANGINA PECTORIS
See Tables 19-1 through 19-3 and Charts 19-1 
through 19-11

Coronary Heart Disease
ICD-9 410 to 414, 429.2; ICD-10 I20 to I25 
(includes MI ICD-10 I21 to I22).
Prevalence
(See Tables 19-1 and 19-2 and Charts 19-1 
through 19-4)

•	 On the basis of data from NHANES 2013 to 2016,1 
an estimated 18.2 million Americans ≥20 years of 
age have CHD (Table 19-1). The prevalence of CHD 
was higher for males than females ≥60 years of 
age (Chart 19-1).

Click here to return to the Table of Contents

CRUSADE Can Rapid Risk Stratification of Unstable Angina 
Patient Suppress Adverse Outcomes With Early 
Implementation of the ACC/AHA Guidelines

CVD cardiovascular disease

DM diabetes mellitus

ED emergency department

EMS emergency medical services

FH familial hypercholesterolemia

FHS Framingham Heart Study

FINRISK Finnish population survey on risk factors for 
chronic, noncommunicable diseases

FRS Framingham Risk Score

GBD Global Burden of Disease

GRS genetic risk score

GWAS genome-wide association study

GWTG Get With The Guidelines

HCHS/SOL Hispanic Community Health Study/Study of 
Latinos

HCUP Healthcare Cost and Utilization Project

HDL-C high-density lipoprotein cholesterol

HD heart disease

HF heart failure

HR hazard ratio

ICD-9 International Classification of Diseases, 9th 
Revision

ICD-10 International Classification of Diseases, 10th 
Revision

IHD ischemic heart disease

JHS Jackson Heart Study

JUPITER Justification for the Use of Statins in Primary 
Prevention: An Intervention Trial Evaluating 
Rosuvastatin

LDL-C low-density lipoprotein cholesterol

LV left ventricular

MEPS Medical Expenditure Panel Survey

MESA Multi-Ethnic Study of Atherosclerosis

MI myocardial infarction

MI-GENES Myocardial Infarction Genes Study

NAMCS National Ambulatory Medical Care Survey

NCDR National Cardiovascular Data Registry

NH non-Hispanic

NHAMCS National Hospital Ambulatory Medical Care 
Survey

NHANES National Health and Nutrition Examination 
Survey

NHIS National Health Interview Study

NHLBI National Heart, Lung, and Blood Institute

NIS National (Nationwide) Inpatient Sample

NSTEMI non–ST-segment–elevation myocardial infarction

NYHA New York Heart Association

OR odds ratio

PCI percutaneous coronary intervention

Abbreviations Used in Chapter 19 Continued

Abbreviations Used in Chapter 19

ACS acute coronary syndrome

ACTION Acute Coronary Treatment and Intervention 
Outcomes Network

AHA American Heart Association

AMI acute myocardial infarction

AP angina pectoris

ARIC Atherosclerosis Risk in Communities

ASCOT Anglo-Scandinavian Cardiac Outcomes Trial

ASCVD atherosclerotic cardiovascular disease

BEST Randomized Comparison of Coronary Artery 
Bypass Surgery and Everolimus-Eluting Stent 
Implantation in the Treatment of Patients With 
Multivessel Coronary Artery Disease

BRFSS Behavioral Risk Factor Surveillance System

CABG coronary artery bypass graft

CAD coronary artery disease

CARDIA Coronary Artery Risk Development in Young 
Adults

CARDIoGRAM Coronary Artery Disease Genome-Wide 
Replication and Meta-Analysis

CARDIoGRAMplusC4D Coronary Artery Disease Genome-Wide 
Replication and Meta-Analysis (CARDIoGRAM) 
plus the Coronary Artery Disease Genetics (C4D)

CARE Cholesterol and Recurrent Events

CDC WONDER Centers for Disease Control and Prevention 
Wide-Ranging Online Data for Epidemiologic 
Research

CHD coronary heart disease

CHS Cardiovascular Health Study

CI confidence interval

CKD chronic kidney disease

CMS Centers for Medicare & Medicaid Services

(Continued ) (Continued )
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•	 Total CHD prevalence is 6.7% in US adults ≥20 
years of age. CHD prevalence is 7.4% for males 
and 6.2% for females. CHD prevalence by sex and 
ethnicity is shown in Table 19-1.

•	 On the basis of data from the 2017 NHIS, the CHD 
prevalence estimates are 5.6% among whites, 
5.9% among blacks, 2.7% among American 
Indian/Alaska Natives, and 4.3% among Asians 
≥18 years of age.2

•	 According to data from NHANES 2013 to 2016 
(unpublished NHLBI tabulation),1 the overall preva-
lence for MI is 3.0% in US adults ≥20 years of age. 
Males have a higher prevalence of MI than females 
for all age groups except 20 to 39 years (Chart 
19-2). MI prevalence is 4.0% for males and 2.3% 
for females. MI prevalence by sex and ethnicity is 
shown in Table 19-1.

•	 According to data from NHANES 2013 to 2016,1 
the overall prevalence for angina is 3.6% in US 
adults ≥20 years of age (Table 19-2).

•	 According to data from NHANES for the period 
1988 to 2012, angina prevalence declined sub-
stantially in NH whites (from 4.0% to 2.1%) but 
not in NH blacks (from 4.9% to 4.4%). Angina 
prevalence declined in both males and females 

≥65 years of age (males from 5.1% to 2.9%, 
females from 5.6% to 2.4%).3

•	 Data from the BRFSS 2017 survey indicated that 
4.2% of respondents had been told that they had 
had an MI. The highest prevalence was in West 
Virginia (6.0%) and the lowest was in Hawaii 
(2.6%; age-adjusted; Chart 19-3).4

•	 In the same survey, 3.9% of respondents had been 
told that they had angina or CHD. The highest 
prevalence was in Puerto Rico (6.6%) and West 
Virginia (6.0%), and the lowest was in the District 
of Columbia (2.1%) and Hawaii (2.2%; age-
adjusted; Chart 19-4).4

Incidence
(See Charts 19-5 through 19-7)

•	 Approximately every 40 seconds, an American will 
have an MI (AHA computation based on incidence 
data from the ARIC study of the NHLBI5).

•	 On the basis of data tabulated by NHLBI from the 
2005 to 2014 ARIC study of the NHLBI5:
—	 This year, ≈720 000 Americans will have a new 

coronary event (defined as first hospitalized 
MI or CHD death), and ≈335 000 will have a 
recurrent event.

—	 The estimated annual incidence of MI is 
605 000 new attacks and 200 000 recurrent 
attacks. Of these 805 000 first and recurrent 
events, it is estimated that 170 000 are silent.

—	 Average age at first MI is 65.6 years for males 
and 72.0 years for females.

•	 In the REGARDS study, 37% of adjudicated MIs 
had a primary hospital discharge diagnosis of MI, 
whereas 63% had a primary hospital discharge 
diagnosis other than MI, which suggests that 
most MIs that result in hospitalization might be 
occurring during hospitalization for other acute 
illnesses.6

•	 Self-reported income and education were asso-
ciated with incident CHD (defined as definite or 
probable MI or acute CHD death) in the REGARDS 
study. Those reporting low income and low edu-
cation had twice the incidence of CHD as those 
reporting high income and high education (10.1 
versus 5.2 per 1000 person-years, respectively).7

•	 Annual numbers for MI or fatal CHD in the NHLBI-
sponsored ARIC study and the CHS stratified by 
age and sex are displayed in Chart 19-5. Incidence 
of heart attacks or fatal CHD stratified by age, 
race, and sex is displayed in Chart 19-6.

•	 Incidence of MI by age, sex, and race in the NHLBI-
sponsored ARIC study is displayed in Chart 19-7. 
Black males have a higher incidence of MI in all 
age groups.

•	 HRs for incident fatal CHD were higher for black 
males than for white males 45 to 65 years of age 

PHS Physicians’ Health Study

PRECOMBAT Premier of Randomized Comparison of Bypass 
Surgery Versus Angioplasty Using Sirolimus 
Stents in Patients With Left Main Coronary Artery 
Disease

PROVE IT-TIMI 22 Pravastatin or Atorvastatin Evaluation and 
Infection Therapy–Thrombolysis in Myocardial 
Infarction 22

RCT randomized controlled trial

REGARDS Reasons for Geographic and Racial Differences 
in Stroke

RR relative risk

SBP systolic blood pressure

SD standard deviation

SE standard error

SES socioeconomic status

SHS Strong Heart Study

SNP single-nucleotide polymorphism

STEMI ST-segment–elevation myocardial infarction

SYNTAX Synergy Between PCI With Taxus and Cardiac 
Surgery

TC total cholesterol

TRACE-CORE Transitions, Risks, and Actions in Coronary 
Events–Center for Outcomes Research and 
Education

UA unstable angina

UI uncertainty interval

WHI Women’s Health Initiative

WHS Women’s Health Study
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(ARIC: 2.09 [95% CI, 1.42–3.06]; REGARDS: 2.11 
[95% CI, 1.32–3.38]). Nonfatal CHD risk was lower 
(ARIC: 0.82 [95% CI, 0.64–1.05]; REGARDS: 0.94 
[95% CI, 0.69–1.28]). However, after adjustment 
for social determinants of health and cardiovas-
cular risk factors, black males and females have 
similar risk for fatal CHD but lower risk for nonfatal 
CHD.8

•	 In 9498 participants in the ARIC study, whites 
had a higher rate of clinically recognized MI than 
blacks (5.04 versus 3.24 per 1000 person-years, 
P=0.002).9

Secular Trends
•	 The overall body of literature suggests that the 

incidence of MI in the United States has declined 
significantly over time.10

•	 In Olmsted County, MN, between 1995 and 2012, 
the population rate of MI declined 3.3% per year; 
however, these declines varied among types of MI, 
with the greatest declines occurring for prehospi-
tal fatal MI.11

•	 Among Medicare beneficiaries between 2002 
and 2011, the rates of MI hospitalization 
declined from 1485 to 1122 per 100 000 per-
son-years. The rates of MI as the primary reason 
for hospitalization decreased over time (from 
1063 to 677 per 100 000 person-years between 
2002 and 2011), whereas the rates of MI as a 
secondary reason for hospitalization increased 
(from 190 to 245 per 100 000 person-years). 
The percentage of MIs that were attributable to 
a secondary diagnosis increased from 28% to 
40%.12

•	 Among Medicare beneficiaries, the rates of primary 
hospitalization for MI between 2002 and 2011 
declined by 36.6% among NH whites (from 1057 
to 670 per 100 000 person-years between 2002 
and 2011) and by 26.4% among NH blacks (from 
966 to 711 per 100 000 person-years between 
2002 and 2011).13

Social Determinants
•	 In an analysis of a population-based register sam-

ple of adults 40 to 60 years of age in Finland in 
1995 (N=302 885) followed up until the end of 
2007, MI incidence and mortality were examined 
in relation to living arrangements (living with a 
marital partner was contrasted to 3 alternatives: 
cohabiting with nonmarital partner, coresidence 
with people other than a partner, and living alone). 
Living arrangements were strong determinants for 
survival after MI independent of other sociodemo-
graphic factors. The results demonstrated greater 
fatality associated with living alone in males (HR, 
1.50 [95% CI, 1.29–1.75]) and suggested that 
cohabitation in midlife might be associated with 

a greater fatality risk in females (HR, 2.00 [95% CI 
1.26–3.17]).14

•	 In an analysis of nationally representative longitudi-
nal register data in Finnish adults (N = 94 501) for 
the period 1988 to 2010, household crowding dur-
ing childhood increased the risk of MI incidence in 
adulthood by 16% (95% CI, 5%–29%) in males 
and 25% (95% CI, 3%–50%) in females. Most 
aspects of childhood circumstances did not strongly 
influence long-term fatality risk. Income and educa-
tion remained associated with MI incidence when 
adjusted for unobserved shared family factors in sib-
lings. Low adult socioeconomic resources remained 
a strong determinant of MI incidence and fatality.15

•	 Among US adults 45 to 74 years of age in 2009 
to 2013, factors accounting for the US county 
variation in CVD mortality included demographic 
composition (36% of the variation in county CVD); 
economic/social conditions (32%); and healthcare 
utilization, features of the environment, and health 
indicators (6%).16

Risk Prediction
•	 The percentage of US adults with a 10-year pre-

dicted ASCVD risk (using the Pooled Cohort risk 
equations) ≥20% decreased from 13.0% in 1999 
to 2000 to 9.4% in 2011 to 2012. The proportion 
of US adults with 10-year predicted ASCVD risk of 
7.5% to <20% was 23.9% in 1999 to 2000 and 
26.8% in 2011 to 2012.17

•	 For adults with optimal risk factors (TC of 170 mg/
dL, HDL-C of 50 mg/dL, SBP of 110 mm Hg with-
out antihypertensive medication use, no DM, and 
not a smoker), 10-year CVD risk ≥7.5% will occur 
at 65 years of age for white males, 70 years of age 
for black males and females, and 75 years of age 
for white females.18

•	 The ASCVD tool might overestimate risk across all 
strata of risk compared with external contempo-
rary cohorts (PHS, WHS, and WHI Observational 
Study), as well as in reanalysis of the original vali-
dation cohorts. However, some of the subsequent 
analyses were not conducted in comparable popu-
lations as the original study cohorts.19

•	 In 9066 participants 45 to 79 years of age from 
the REGARDS study, the observed and predicted 
ASCVD risk using the Pooled Cohort risk equations 
were similar in people with high social deprivation, 
although ASCVD risk was overestimated in those 
with low social deprivation.20

•	 In the WHI, although the risk of ASCVD was over-
estimated using the Pooled Cohort risk equa-
tions, adding additional ASCVD events identified 
through linkage with CMS claims that were not 
self-reported resulted in alignment of the observed 
and predicted risks.21
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Genetics and Family History
Family History as a Risk Factor

•	 Among adults ≥20 years of age, 12.4% (SE, 0.5%) 
reported having a parent or sibling with a heart 
attack or angina before 50 years of age. The racial/
ethnic breakdown from NHANES 2013 to 2016 is 
as follows (unpublished NHLBI tabulation)1:
—	 For NH whites, 12.2% (SE 1.0%) for males, 

15.0% (SE 0.9%) for females.
—	 For NH blacks, 7.1% (SE 0.9%) for males, 

14.0% (SE 1.3%) for females.
—	 For Hispanics, 7.7% (SE 0.6%) for males, 

10.7% (SE 0.5%) for females.
—	 For NH Asians, 6.3% (SE 0.9%) for males, 

4.6% (SE 0.8%) for females.
•	 HD occurs as people age, so the prevalence of 

family history will vary depending on the age at 
which it is assessed. The breakdown of reported 
family history of heart attack by age of survey 
respondent in the US population as measured by 
NHANES 2013 to 2016 is as follows (unpublished 
NHLBI tabulation)1:
—	 20 to 39 years of age, 8.5% (SE 1.0%) for 

males, 9.9% (SE 0.6%) for females.
—	 40 to 59 years of age, 11.4% (SE 1.4%) for 

males, 16.9% (SE 1.2%) for females.
—	 60 to 79 years of age, 13.6% (SE 1.7%) for 

males, 16.6% (SE 1.6%) for females.
—	 ≥80 years of age, 12.5% (SE 2.7%) for males, 

13.6% (SE 2.6%) for females.
•	 Family history of premature angina, MI, angio-

plasty, or bypass surgery increases lifetime risk by 
≈50% for both HD (from 8.9% to 13.7%) and 
CVD mortality (from 14.1% to 21%).22

•	 In premature ACS (≤55 years of age), a greater per-
centage of females (28%) than males (20%) have 
a family history of CAD (P=0.008). Compared with 
patients without a family history, patients with a 
family history of CAD have a higher prevalence of 
traditional CVD risk factors.23

•	 Among patients with STEMI in the NIS between 
2003 and 2011, those with a family history of CAD 
were more likely to undergo coronary intervention 
and had lower in-hospital mortality than patients 
without a family history (OR, 0.45 [95% CI, 0.43–
0.47]; P<0.001).24

Genetic Predictors of CHD
•	 For the past decades, candidate gene studies have 

been conducted to identify the genetic variants 
underlying the heritability of CHD, but very few 
have identified consistent, replicated, and inde-
pendent genetic variants, and all have had small 
effect sizes.

•	 Over the past decade, the application of GWASs 
to large cohorts of CHD case and control subjects 

has identified many consistent genetic variants 
associated with CHD. The total number of CAD-
associated regions identified in GWASs is 73, with 
15 novel CAD associations related to atheroscle-
rosis and traditional risk factors but also highlight-
ing the importance of key biological process in the 
arterial wall.25

•	 The first GWAS identified the now most consis-
tently replicated genetic marker for CHD and MI 
in European-derived populations, on chromosome 
9p21.3.26 The frequency of the primary SNP is very 
common (50% of the white population is esti-
mated to harbor 1 risk allele, and 23% harbors 2 
risk alleles).27

—	 The 10-year HD risk for a 65-year-old male 
with 2 risk alleles at 9p21.3 and no other 
traditional risk factors is ≈13.2%, whereas 
a similar male with 0 alleles would have a 
10-year risk of ≈9.2%. The 10-year HD risk 
for a 40-year-old female with 2 alleles and 
no other traditional risk factors is ≈2.4%, 
whereas a similar female with 0 alleles would 
have a 10-year risk of ≈1.7%.27

•	 The association of SNPs with incident CHD was 
investigated in a large multiethnic study of multiple 
cohorts in the United States (including NHANES, 
WHI, the Multiethnic Cohort Study, CHS, ARIC, 
CARDIA, HCHS/SOL, and SHS). SNPs, including in 
9p21, APOE, and LPL, were associated with inci-
dent CHD in individuals of European ancestry but 
not blacks. Effect sizes were greater for those ≤55 
years of age and in females.28

•	 More recently, genetic studies of CHD have focused 
on the coding regions of the genome (exons) and 
have identified additional genes and SNPs for 
CHD, including loss-of-function mutations in the 
angiopoietin-like 4 gene (ANGPTL4), which is an 
inhibitor of lipoprotein lipase. These mutations are 
associated with low plasma triglycerides and high 
HDL-C.29

•	 In a discovery analysis of common SNPs (minor 
allele frequency of >5%) on an exome array, 6 new 
loci associated with CAD were identified, including 
SNPs on the KCNJ13-GIGYF2, C2, MRVI1-CTR9, 
LRP1, SCARB1, and CETP genes.30

•	 In the DiscovEHR study, loss-of-function variants in 
the angiopoietin-like 3 gene (ANGPTL3) were less 
common in patients with CAD than in control sub-
jects (0.33% versus 0.45%) and were associated 
with 27% lower triglyceride levels, 9% lower LDL-
C, and 4% lower HDL-C.31

•	 Protein-truncating variants at the CETP gene are 
associated with increased HDL-C and lower LDL-C 
and triglycerides. Compared with noncarriers, car-
riers of protein-truncating variants at CETP had a 
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lower risk of CHD (OR, 0.70 [95% CI, 0.54–0.90]; 
P=5.1×10−3).32

•	 Using a network mendelian randomization anal-
ysis, a 1-U longer genetically determined telo-
mere length was associated with a lower risk 
of CHD in the CARDIoGRAM Consortium (OR, 
0.79 [95% CI, 0.65–0.97]; P=0.016) and the 
CARDIoGRAMplusC4D 1000 Genome Consortium 
(OR, 0.89 [95% CI, 0.79–1.00]; P=0.052). Fasting 
insulin can partially mediate the association of 
telomere length with CHD, accounting for 18.4% 
of the effect of telomere length on CHD.33

•	 Whole-genome sequencing studies, which offer a 
deeper and more comprehensive coverage of the 
genome, have recently identified 13 variants with 
large effects on blood lipids. Five variants within 
PCSK9, APOA1, ANGPTL4, and LDLR are associ-
ated with CHD.34

Clinical Utility of Genetic Markers
•	 Recent advances have demonstrated the utility of 

genetics in CAD risk prediction. In 48 421 individu-
als enrolled in the Malmo Diet and Cancer Study 
and 2 primary prevention trials (JUPITER, ASCOT) 
and 2 secondary prevention trials of lipid lowering 
(CARE, PROVE IT-TIMI22), a GRS consisting of 27 
variants of genetic risk for CAD improved risk pre-
diction above models that incorporated traditional 
risk factors and family history.35 In the Malmo Diet 
and Cancer Study, application of an additional 23 
SNPs known to be associated with CAD resulted 
in greater discrimination and reclassification (both 
P<0.0001).36

•	 In the FINRISK and FHS cohorts, with a sample 
size of 16 082 individuals, a GRS incorporating 
49 310 SNPs based on the CARDIoGRAMplusC4D 
Consortium data showed that the combination 
of GRS with the FRS improved 10-year cardiac 
risk prediction, particularly in those ≥60 years 
of age.37

•	 Studies have also shown that patients with early-
onset MI have a higher proportion of very high 
polygenic GRS than of FH mutations; for example, 
≈2% carry a rare FH genetic mutation, whereas 
≈17% have a high polygenic risk score.38

•	 In the MI-GENES trial of intermediate-risk patients, 
patient knowledge of their GRS resulted in lower 
levels of LDL-C than in a control group managed 
by conventional risk factors alone, which suggests 
the influence of GRS in risk prevention.39

•	 Even in individuals with high genetic risk, preven-
tion strategies have added benefit. For example, 
in 4 studies across 55 685 participants, genetic 
and lifestyle factors were independently associ-
ated with CHD, but even in participants at high 
genetic risk, a favorable lifestyle was associated 

with a nearly 50% lower RR of CHD than was an 
unfavorable lifestyle.40

•	 A novel genomic risk score for CAD including 
1.7 million genetic variants was associated with 
increased risk of CAD in the UK Biobank (HR, 1.71 
[95% CI, 1.68–1.73] per SD increase in the score). 
Compared with individuals in the bottom quintile 
of the score, the HR of CAD for those in the top 
quintile was 4.17 (95% CI, 3.97–4.38). However, 
adding the genetic score to conventional risk fac-
tors only resulted in a small increase in predictive 
ability (C-statistic changing from 0.670 to 0.696).41

Awareness, Treatment, Control
Awareness of Warning Signs and Risk for HD

•	 In 2012, NH black and Hispanic females had lower 
awareness than white females that HD/heart 
attack is the leading cause of death for females.42

•	 The percentages of females in 2012 identify-
ing warning signs for a heart attack were as fol-
lows: pain in the chest—56%; pain that spreads 
to the shoulder, neck, or arm—60%; shortness 
of breath—38%; chest tightness—17%; nau-
sea—18%; and fatigue—10%.42

•	 Among online survey participants, 21% responded 
that their doctor had talked to them about HD risk. 
Rates were lower among Hispanic females (12%) 
than whites (22%) or blacks (22%) and increased 
with age from 6% (25–34 years) to 33% (≥65 
years).42

•	 Among 2009 females and 976 males <55 years 
of age hospitalized for MI, only 48.7% of females 
and 52.9% of males reported having been told 
they were at risk for HD or a heart problem. Also, 
50.3% of females and 59.7% of males reported 
their healthcare provider had discussed HD and 
things they could do to take care of their heart.43 
Data from the NHIS indicate that awareness of 5 
common heart attack symptoms (jaw, neck, or 
back discomfort; weakness or lightheadedness; 
chest discomfort; arm or shoulder discomfort; 
and shortness of breath) increased from 39.6% in 
2008 to 50.0% in 2014 and 50.2% in 2017. In 
2017, knowledge of the 5 symptoms was higher in 
females than in males (54.4% versus 45.6%) and 
differed by race/ethnicity (whites, 54.8%; blacks, 
43.1%; Asians, 33.5%; Hispanics, 38.9%).44

Time of Symptom Onset and Arrival at Hospital
•	 Data from Worcester, MA, indicate that the median 

time from symptom onset to hospital arrival did 
not improve from 2001 through 2011. In 2009 
to 2011, 48.9% of patients reached the hospital 
within 2 hours of symptom onset, compared with 
45.8% in 2001 to 2003.45

•	 A retrospective analysis of the NHAMCS data from 
2004 to 2011 that reviewed 15 438 hospital visits 
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related to ACS symptoms suggested that blacks 
have a 30% longer waiting time than whites, the 
reasons for which are unclear.46

•	 The timing of hospital admission influences man-
agement of MI. A study of the NIS database from 
2003 to 2011 indicated that admission on a week-
end for NSTEMI was associated with a significantly 
reduced odds for coronary angiography (OR, 0.88 
[95% CI, 0.89–0.90]; P<0.001) and early invasive 
strategy (OR, 0.48 [95% CI, 0.47–0.48]; P<0.001), 
resulting in greater mortality.47

•	 Among patients hospitalized for ACS between 
2001 and 2011 in the NIS, those with STEMI 
admitted on the weekend versus on a weekday 
had a 3% higher odds of in-hospital mortality.48

•	 In a meta-analysis including 57 136 patients from 
10 studies, door-to-balloon time of >90 minutes 
versus ≤90 minutes was associated with higher 
in-hospital or 30-day mortality (OR, 1.52 [95% 
CI, 1.40–1.65]). An increased risk of 6-month to 
12-month mortality was also observed for >90 
minute door-to-balloon delay in 14 261 patients 
from 8 studies (OR, 1.53 [95% CI, 1.13–2.06]).49

Operations and Procedures
•	 In 2014, an estimated 480 000 percutaneous trans-

luminal coronary angioplasties, 371 000 inpatient 
bypass procedures, 1 016 000 inpatient diagnostic 
cardiac catheterizations, 86 000 carotid endar-
terectomies, and 351 000 pacemaker procedures 
were performed for inpatients in the United States 
(unpublished NHLBI tabulation using HCUP50).

•	 In an analysis of the BEST, PRECOMBAT, and 
SYNTAX trials comparing individuals with MI and 
who had left main or multivessel CAD, the out-
comes of CABG versus PCI were examined. CABG 
was associated with a lower risk of recurrent MI 
and repeat revascularizations.51 In patients with 
multivessel CAD, CABG was associated with lower 
all-cause and cardiovascular mortality; however, no 
differences in all-cause and cardiovascular mortal-
ity between CABG and PCI were observed among 
patients with multivessel plus left main CAD.52

•	 In a meta-analysis of 6 randomized trials that 
included 4686 patients with unprotected left main 
CAD, no significant differences in all-cause and 
cardiovascular mortality or a composite outcome 
of death, MI, or stroke were observed between 
patients treated with PCI versus CABG. However, 
PCI was associated with a lower risk of the com-
posite outcome within the first 30 days of follow-
up (OR, 0.62 [95% CI, 0.45–0.86]).53

•	 In 5-year follow-up of the SYNTAX trial, greater 
MI-related death in PCI-treated patients was asso-
ciated with the presence of DM, 3-vessel disease, 
or high SYNTAX scores.54

•	 At 5 years of follow-up in the SYNTAX and BEST 
randomized trials, among patients with multivessel 
CAD involving the proximal left anterior descend-
ing coronary artery, PCI was associated with 
increased composite outcome of all-cause death, 
MI, or stroke (HR, 1.43 [95% CI, 1.05–1.95]; 
P=0.026), cardiovascular death (HR, 2.17 [95% 
CI, 1.24–3.81]; P=0.007), and major adverse car-
diovascular and cerebrovascular events (HR, 1.68 
[95% CI, 1.31–2.15]; P<0.001).55

•	 In 27 840 STEMI patients transported via EMS to 
744 hospitals in the ACTION registry, preactiva-
tion of the catheterization laboratory >10 minutes 
before hospital arrival compared with no preac-
tivation was associated with shorter times to the 
catheterization laboratory (median of 17 minutes 
versus 28 minutes), shorter door-to-device time 
(median of 40 minutes versus 52 minutes), and 
lower in-hospital mortality (2.8% versus 3.4%; 
P=0.01).56

•	 In the NIS, isolated CABG procedures decreased 
by 25.4% from 2007 to 2011 (326 to 243 cases 
per million adults), particularly at higher-volume 
centers. Low-volume centers were associated with 
greater risk of all-cause in-hospital mortality in 
multivariable analysis (OR, 1.39 [95% CI, 1.24–
1.56]; P<0.001).57

•	 According to the NIS, the number of PCI proce-
dures declined by 38% between 2006 and 2011. 
Among patients with stable IHD, a 61% decline in 
PCI occurred over this time period.58

•	 In Washington State, the overall number of PCIs 
decreased by 6.8% between 2010 and 2013, with 
a 43% decline in the number of PCIs performed 
for elective indications.59

•	 Among Medicare fee-for-service beneficiaries, the 
total number of revascularization procedures per-
formed peaked in 2010 and declined by >4% per 
year through 2012. In-hospital and 90-day mor-
tality rates declined after CABG surgery overall, 
as well as among patients presenting for elective 
CABG or CABG after NSTEMI.60

•	 Between 2011 and 2014, the use of femoral 
access declined (from 88.8% to 74.5%) and radial 
access increased (from 10.9% to 25.2%).61

•	 In a meta-analysis of 13 observational studies and 
3 RCTs, a transradial approach for PCI was asso-
ciated with a reduction in vascular complications 
(OR, 0.36 [95% CI, 0.30–43]) and stroke (OR, 0.79 
[95% CI, 0.64–0.97]) compared with a transfem-
oral approach. A transradial approach was also 
associated with a reduced risk of death (OR, 0.56 
[95% CI, 0.45–0.69]), although this was driven 
by the observational studies, because no associa-
tion with death was observed in the randomized 
trials.62
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•	 In 2014, from the CathPCI registry, median door-
to-balloon time for primary PCI for STEMI was 59 
minutes for patients receiving PCI in the present-
ing hospital and 105 minutes for patients trans-
ferred from another facility for therapy.61

•	 The importance of adherence to optimal medical 
therapy was highlighted in an 8-hospital study of 
NSTEMI patients, in which medication nonadher-
ence was associated with a composite outcome of 
all-cause mortality, nonfatal MI, and reintervention 
(HR, 2.79 [95% CI, 2.19–3.54]; P<0.001). In propen-
sity-matched analysis, CABG outcomes were favor-
able compared with PCI in patients nonadherent to 
medical therapy (P=0.001), but outcomes were simi-
lar in medicine-adherent patients (P=0.574).63

Cardiac Rehabilitation
•	 In the NCDR ACTION Registry–GWTG, cardiac 

rehabilitation referral after patients were admit-
ted with a primary diagnosis of STEMI or NSTEMI 
increased from 72.9% to 80.7% between 2007 
and 2012.64

•	 In the NCDR between 2009 and 2012, 59% of 
individuals were referred to cardiac rehabilitation 
after PCI, with significant site-specific variation.65

•	 In the BRFSS from 2005 to 2015, <40% of patients 
self-reported participation in cardiac rehabilita-
tion after AMI. Between 2011 and 2015, patients 
who declared participation in cardiac rehabilita-
tion were less likely to be female (OR, 0.76 [95% 
CI, 0.65–0.90]; P=0.002) or black (OR, 0.70 [95% 
CI, 0.53–0.93]; P=0.014); were less well educated 
(high school versus college graduate: OR, 0.69 
[95% CI, 0.59–0.81]; P<0.001; less than high 
school versus college graduate: OR, 0.47 [95% 
CI 0.37–0.61]; P<0.001); and were more likely to 
be retired or self-employed (OR, 1.39 [95% CI, 
1.24–1.73]; P=0.003) than patients who did not 
participate in cardiac rehabilitation.66

•	 In a randomized trial in patients undergoing car-
diac rehabilitation after ACS with PCI, patients 
receiving digital health interventions (consisting 
of an online and smartphone-based platform by 
which patients reported dietary and exercise hab-
its and received educational information geared 
toward a healthy lifestyle) had more weight loss 
at 90 days than the control group (mean±SD of 
−5.1±6.5 kg versus −0.8±3.8 kg; P=0.02) and 
reduced cardiovascular-related rehospitalizations 
and ED visits at 180 days (8.1% versus 26.6%; RR, 
0.30 [95% CI, 0.08–1.10]; P=0.054).67

Mortality
(See Table 19-1)

•	 On the basis of 2017 mortality data68:
—	 CHD mortality was 365 914, and CHD any-

mention mortality was 541 008 (Table 19-1).

—	 MI mortality was 110 346. MI any-mention 
mortality was 149 028 (Table 19-1).

•	 From 2007 to 2017, the annual death rate attrib-
utable to CHD declined 28.1% and the actual 
number of deaths declined 10.0% (unpublished 
NHLBI tabulation using CDC WONDER69).

•	 CHD age-adjusted death rates per 100 000 were 
131.1 for NH white males, 142.2 for NH black 
males, and 93.9 for Hispanic males; for NH white 
females, the rate was 66.7; for NH black females, 
it was 81.8; and for Hispanic females, it was 
52.4 (unpublished NHLBI tabulation using CDC 
WONDER69).

•	 77% of CHD deaths occurred out of the hospi-
tal. According to US mortality data, 281 792 CHD 
deaths occur out of the hospital or in hospital EDs 
annually (unpublished NHLBI tabulation using CDC 
WONDER69).

•	 The estimated average number of years of life lost 
because of an MI death is 16.1 (unpublished NHLBI 
tabulation using CDC WONDER69).

•	 Approximately 35% of the people who experi-
ence a coronary event in a given year will die as a 
result of it, and ≈14% who experience an MI will 
die of it (unpublished NHLBI tabulation using ARIC 
Community Surveillance [2005–2014])5.

•	 Life expectancy after AMI treated in hospitals with 
high performance on 30-day mortality measures 
compared with low-performing hospitals was on 
average between 0.74 and 1.14 years longer.70

•	 In-hospital mortality is higher in females than 
in males with STEMI (7.4% versus 4.6%) and 
NSTEMI (4.8% versus 3.9%).71,72 Females experi-
ence longer door-to-balloon times and lower rates 
of guideline-directed medical therapy than males; 
however, a 4-step systems-based approach to min-
imize STEMI care variability at the Cleveland Clinic 
resulted in reduced sex disparities and improved 
care and outcomes in females.73

•	 Among 194 071 adults who were hospitalized for 
an AMI in the 2009 to 2010 NIS, in-hospital mor-
tality for those <65 years of age was higher for 
Hispanic females (3.7%) than for black females 
(3.1%) and white females (2.5%). Differences 
were smaller for males <65 years of age. Among 
older adults (≥65 years), in-hospital mortality was 
8.0% for white females and between 6% and 8% 
for other race-sex groups.74

•	 In a study using data from the Cooperative 
Cardiovascular Project, survival and life expectancy 
after AMI were higher in whites than in blacks 
(7.4% versus 5.7%). White patients living in high 
SES areas showed the longest life expectancy. 
Gaps in life expectancy between white and black 
patients were largest among high SES areas, with 
smaller differences in medium and low SES areas. 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e492

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 19

These differences were attenuated but did not dis-
appear after adjustment for patient and treatment 
characteristics.75

•	 Among patients hospitalized for STEMI between 
2003 and 2014 in the NIS database, lack of 
health insurance (OR, 1.77 [95% CI, 1.72–1.82]; 
P<0.001) and below-median income (OR, 1.08 
[95% CI, 1.07–1.09]; P<0.001) were independent 
predictors of in-hospital mortality.76

•	 Compared with nonparticipants, participants in 
the Supplemental Nutrition Assistance Program 
have twice the risk of CVD mortality, which likely 
reflects differences in socioeconomic, environmen-
tal, and behavioral characteristics.77

•	 In the CRUSADE study including 22 295 patients 
≥65 years of age treated for STEMI or NSTEMI at 
344 hospitals in the United States between 2004 
and 2006, in-hospital mortality was 7%. Mortality 
was 24% at 1 year, 51% at 5 years, and 65% at 8 
years. Eight-year mortality was higher for NSTEMI 
(67%) than for STEMI (53%), although the differ-
ence was attenuated after adjustment for demo-
graphics and comorbidities (HR, 0.94 [95% CI, 
0.88–1.00]).78

•	 Among Medicare fee-for-service beneficiaries, 
between 1999 and 2011, the 30-day mortality 
rate after hospitalized MI declined by 29.4%.79

•	 In a community-based study of Worcester, MA, 
the percentage of patients dying after cardiogenic 
shock during their hospitalization for MI declined 
from 47.1% in 2001 to 2003 to 28.6% in 2009 to 
2011.80

•	 Between 2001 and 2011 in the NIS, in-hospital 
mortality did not change for patients with STEMI 
with a PCI (3.40% and 3.52% in 2001 and 2011, 
respectively) or CABG (5.79% and 5.70% in 2001 
and 2011, respectively) and increased for patients 
with no intervention (12.43% and 14.91% in 
2001 and 2011, respectively). In-hospital mortal-
ity declined for patients with NSTEMI undergoing 
CABG (from 4.97% to 2.91%) or no procedure 
(from 8.87% to 6.26%) but did not change for 
patients with NSTEMI undergoing PCI (1.73% and 
1.45%).81

•	 Among US males <55 years of age, CHD mortality 
declined 5.5% per year between 1979 and 1989; 
a smaller decline was present in 1990 to 1999 
(1.2% per year) and in 2000 to 2011 (1.8% per 
year). Among US females <55 years of age, CHD 
mortality declined 4.6% per year in 1979 to 1989, 
with no decline between 1990 and 1999 and a 
decline of 1.0% in 2000 to 2011.82

•	 Taking into account past trends in CHD mortality 
from 1980, and considering age period and cohort 
effects, CHD mortality is likely to continue its 
decades-long decline, with a reduction in deaths 

by 2030 of 27%; however, race disparities will 
persist.83 Recent reports have suggested a slow-
ing down of all CVD and HD mortality in recent 
years.84,85

Complications
•	 In a pooled analysis of individuals after PCI in 5 

RCTs, those with STEMI had a greater risk of death 
within the first 30 days after PCI than those with 
stable IHD, whereas those with NSTEMI had a 
greater risk of death during the entire 2 years of 
follow up.86

•	 From the NCDR CathPCI registry, in 2014 the 
unadjusted rates of various events were as fol-
lows: acute kidney injury, 2.6% (versus 2.3% in 
2011); blood transfusion, 1.4% (versus 1.9% in 
2011); postprocedural stroke, 0.2% (versus 0.2% 
in 2011); emergency CABG surgery, 0.2% (ver-
sus 0.3% in 2011); and vascular access site injury, 
1.3% (versus 1.2% in 2011).61

•	 STEMI confers greater in-hospital risks than 
NSTEMI, including death (6.4% for STEMI, 3.4% 
for NSTEMI), cardiogenic shock (4.4% versus 
1.6%, respectively), and bleeding (8.5% ver-
sus 5.5%, respectively).61 In the NCDR ACTION 
Registry–GWTG, a measure of neighborhood SES 
was associated with in-hospital deaths and major 
bleeding in patients with AMI. Compared with 
those in the highest quintile of neighborhood SES, 
those residing in the most disadvantaged quintile 
experienced higher rates of in-hospital death (OR, 
1.10 [95% CI, 1.02–1.18]) and major bleeding 
(OR, 1.10 [95% CI, 1.05–1.15]).87

•	 Among females with AMI, those with spontane-
ous coronary artery dissection had higher odds of 
in-hospital mortality (6.8%) than females without 
spontaneous coronary artery dissection (3.8%; 
OR, 1.87 [95% CI, 1.65–2.11]; P<0.001).88

•	 In the NCDR ACTION Registry–GWTG, patients 
with STEMI or NSTEMI with nonobstructive coro-
nary arteries (<50% stenosis) had lower in-hospi-
tal mortality than patients with obstructive CAD 
(1.1% versus 2.9%; P<0.001). Nonobstructive 
coronary arteries were more common in females 
than males (10.5% versus 3.4%; P<0.001), but 
no difference in in-hospital mortality was observed 
between females and males with nonobstructive 
coronary arteries (P=0.84).89

•	 Patients with LV thrombosis complicating anterior 
STEMI had longer hospital stays, higher hospital-
ization-related costs, and higher risk of thrombo-
embolic events than those without LV thrombosis 
(7.3% versus 2.1%; OR, 3.65 [95% CI, 1.95–6.84]; 
P<0.001).90

•	 In a propensity score–matched analysis from the 
NIS HCUP that included discharges with MI as the 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e493

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 19

principal diagnosis from 2012 to 2014, patients 
with delirium had higher rates of in-hospital mor-
tality than those without delirium (10.5% versus 
7.6%; RR, 1.39 [95% CI, 1.2–1.6]; P<0.001).91

•	 Individuals with HF symptoms (NYHA functional 
class ≥2) within 30 days after PCI for STEMI experi-
ence increased risk of death or hospitalization for 
HF within 1 year compared with those without 
HF symptoms (HR, 3.78 [95% CI, 1.16–12.22]; 
P=0.03).92

•	 On the basis of pooled data from the FHS, ARIC, 
CHS, MESA, CARDIA, and JHS studies of the NHLBI 
(1995–2012), within 1 year after a first MI (unpub-
lished NHLBI tabulation):
—	 At ≥45 years of age, 18% of males and 23% 

of females will die.
—	 At 45 to 64 years of age, 3% of white males, 

5% of white females, 9% of black males, and 
10% of black females will die.

—	 At 65 to 74 years of age, 14% of white males, 
18% of white females, 22% of black males, 
and 21% of black females will die.

—	 At ≥75 years of age, 27% of white males, 
29% of white females, 19% of black males, 
and 31% of black females will die.

•	 In part because females have MIs at older ages 
than males, they are more likely to die of MI within 
a few weeks.

•	 Within 5 years after a first MI:
—	 At ≥45 years of age, 36% of males and 47% 

of females will die.
—	 At 45 to 64 years of age, 11% of white males, 

17% of white females, 16% of black males, 
and 28% of black females will die.

—	 At 65 to 74 years of age, 25% of white males, 
30% of white females, 33% of black males, 
and 44% of black females will die.

—	 At ≥75 years of age, 55% of white males, 
60% of white females, 61% of black males, 
and 64% of black females will die.

•	 Of those who have a first MI, the percentage with 
a recurrent MI or fatal CHD within 5 years is as 
follows:
—	 At ≥45 years of age, 17% of males and 21% 

of females.
—	 At 45 to 64 years of age, 11% of white males, 

15% of white females, 22% of black males, 
and 32% of black females.

—	 At 65 to 74 years of age, 12% of white males, 
17% of white females, 30% of black males, 
and 30% of black females.

—	 At ≥75 years of age, 21% of white males, 
20% of white females, 45% of black males, 
and 20% of black females.

•	 The percentage of people with a first MI who will 
have HF in 5 years is as follows:

—	 At ≥45 years of age, 16% of males and 22% 
of females.

—	 At 45 to 64 years of age, 6% of white males, 
10% of white females, 13% of black males, 
and 25% of black females.

—	 At 65 to 74 years of age, 12% of white males, 
16% of white females, 20% of black males, 
and 32% of black females.

—	 At ≥75 years of age, 25% of white males, 
27% of white females, 23% of black males, 
and 19% of NH black females.

•	 The percentage of people with a first MI who will 
have an incident stroke within 5 years is as follows:
—	 At ≥45 years of age, 4% of males and 7% of 

females.
—	 At ≥45 years of age, 5% of white males, 6% 

of white females, 4% of black males, and 
10% of black females.

•	 The median survival time (in years) after a first MI 
is as follows:
—	 At ≥45 years of age, 8.2 for males and 5.5 for 

females.
—	 At ≥45 years of age, 8.4 for white males, 5.6 

for white females, 7.0 for black males, and 5.5 
for black females.

•	 The burden of rehospitalizations for AMI may 
be substantial: A retrospective cohort study of 
78 085 Medicare beneficiaries ≥66 years of age 
without recent CHD history who were hospi-
talized for AMI in 2000 to 2010 reported that 
20.6% had at least 1 rehospitalization during 
the 10 years after the index MI. Among patients 
with a CHD rehospitalization, 35.9% had ≥2 
CHD rehospitalizations. Males and patients ≥85 
years of age had greater rate ratios for first 
rehospitalization.93

•	 A study of 3 250 194 Medicare beneficiaries admit-
ted for PCI found that readmission rates declined 
slightly from 16.1% in 2000 to 15.4% in 2012. 
The majority of readmissions were because of 
chronic IHD (26.6%), HF (12%), and chest pain/
angina (7.9%). A minority (<8%) of total readmis-
sions were for AMI, UA, or cardiac arrest/cardio-
genic shock.94

•	 Rehospitalization can be influenced by clinical, psy-
chosocial, and sociodemographic characteristics 
not accounted for in traditional CMS claims-based 
models, including prior PCI, CKD, low health lit-
eracy, lower serum sodium levels, and lack of ciga-
rette smoking.95

•	 In a study of 3 central Massachusetts hospitals, the 
90-day rehospitalization rate declined from 31.5% 
in 2001 to 2003 to 27.3% in 2009 to 2011.96 
Crude 30-day rehospitalization rates decreased 
from 20.5% in 2001 to 2003 to 15.8% in 2009 to 
2011.97
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Hospital Discharges and Ambulatory Care Visits
(See Table 19-1 and Chart 19-8)

•	 From 2006 to 2016, the number of inpatient dis-
charges from short-stay hospitals with CHD as the 
first-listed diagnosis decreased from 1 857 000 to 
1 045 000 (Table 19-1).

•	 From 1997 through 2016, the number of hospi-
tal discharges for CHD was higher for males than 
females (Chart 19-8).

•	 In 2016, there were 11 072 000 physician office 
visits for CHD (unpublished NHLBI tabulation using 
NAMCS98). In 2016, there were 469 000 ED vis-
its with a primary diagnosis of CHD (unpublished 
NHLBI tabulation using NHAMCS99).

•	 In the NIS, the mean length of hospital stay for 
STEMI patients with primary PCI declined from 3.3 
days in 2005 to 2.7 days in 2014; the proportion 
of hospitalizations with length of stay >3 days 
declined from 31.9% in 2005 to 16.9% in 2014.100

•	 In the CathPCI registry, a composite of use of 
evidence-based medical therapies, including 
aspirin, P2Y12 inhibitors, and statins, was high 
(89.1% in 2011 and 93.5% in 2014). However, 
in the ACTION-GWTG registry, metrics that were 
shown to need improvement were defect-free 
care (median hospital performance rate of 78.4% 
in 2014), P2Y12 inhibitor use in eligible medically 
treated patients with AMI (56.7%), and the use of 
aldosterone antagonists in patients with LV systolic 
dysfunction and either DM or HF (12.8%).61

Cost
•	 The estimated direct costs of HD in 2014 to 2015 

(average annual) were $109.4 billion (MEPS,101 
unpublished NHLBI tabulation).

•	 The estimated direct and indirect cost of HD in 
2014 to 2015 (average annual) was $218.7 billion 
(MEPS,101 unpublished NHLBI tabulation).

•	 MI ($12.1 billion) and CHD ($9.0 billion) were 2 
of the 10 most expensive conditions treated in US 
hospitals in 2013.102

•	 In 642 105 Medicare beneficiaries hospitalized for 
AMI between 2011 and 2014, 30-day episode 
payments averaged $22 128 but varied 2-fold 
across hospitals. Median costs were $20 207 in the 
lowest quartile versus $24 174 in the highest quar-
tile of hospitals.103

•	 In Medicare beneficiaries hospitalized with AMI, 
the 180-day expenditures increased from an aver-
age of $32 182 per person in 1999 to 2000 to 
$36 836 in 2008 and remained relatively stable 
thereafter, with expenditures of $36 668 in 2013 
to 2014.104

•	 In a multipayer administrative claims database of 
patients with incident inpatient PCI admissions 
between 2008 and 2011, post-PCI angina and 

chest pain were common and costly ($32 437 ver-
sus $17 913; P<0.001 at 1 year comparing those 
with and without angina or chest pain).105

•	 Among Medicare beneficiaries linked to the NCDR 
CathPCI Registry with inpatient or outpatient PCI 
between July 2009 and December 2012, costs 
were $3502 (95% CI, $3347–$3648; P<0.001) 
lower for patients with same-day discharge than 
for those not discharged the same day. Although 
a minority of patients receive transradial interven-
tion and same-day discharge (1.2%), a cost sav-
ings of $3689 (95% CI, $3486–$3902; P<0.001) 
was observed compared with patients with trans-
femoral intervention not discharged the same 
day.106

Global Burden
(See Table 19-3 and Charts 19-9 and 19-10)

•	 The GBD 2017 study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
countries and territories.107 Globally, it is estimated 
that in 2017, 126.5 million people live with IHD, 
and it is more prevalent in males than in females 
(68.5 and 57.9 million people, respectively). The 
number of people with IHD increased by 74.9% 
from 1990 to 2017, although the age-standard-
ized rate per 100 000 decreased 11.8% over the 
same time period (Table 19-3).
—	 IHD mortality rates are generally lower than 

150 per 100 000 for most of the world but 
exceed 280 per 100 000 in Eastern Europe and 
Central Asia (Chart 19-9).

—	 Eastern Europe, North Africa, and the Middle 
East have the highest prevalence rates of IHD 
in the world (Chart 19-10).

Acute Coronary Syndrome
ICD-9 410, 411; ICD-10 I20.0, I21, I22.

•	 In 2016, there were 661 000 ACS principal diag-
nosis discharges. Of these, an estimated 409 000 
were males, and 252 000 were females. This esti-
mate was derived by adding the principal diag-
noses for MI (651 000) to those for UA (10 000; 
unpublished NHLBI tabulation using HCUP50).

•	 When all listed discharge diagnoses in 2016 were 
included, the corresponding number of inpatient 
hospital discharges was 1 045 000 unique hos-
pitalizations for ACS; 615 000 were males, and 
430 000 were females. Of the total, 1 022 000 
were for MI alone, and 23 000 were for UA alone 
(HCUP,50 unpublished NHLBI tabulation).

•	 In a study using the NIS and the State Inpatient 
Databases for the year 2009, mean charge per 
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ACS discharge was $63 578 (median $41 816). 
Mean charges, however, were greater for the first 
compared with the second admission ($71 336 
versus $53 290, respectively).108

•	 On the basis of medical, pharmacy, and disability 
insurance claims data from 2007 to 2010, short-
term productivity losses associated with ACS were 
estimated at $7943 per disability claim, with long-
term productivity losses of $52 473 per disability 
claim. ACS also resulted in substantial wage losses, 
from $2263 to $20 609 per disability claim for 
short- and long-term disability, respectively.109

•	 According to data from the NIS, between 2001 
and 2011, the use of PCI for patients with ACS 
declined by 15%.58

•	 In a report from the TRACE-CORE study, persons 
with recurrent ACS were more likely to report anxi-
ety, depression, higher perceived stress, and lower 
mental and physical quality of life; were more 
likely to have impaired cognition; and had lower 
levels of health literacy and health numeracy than 
individuals with a first ACS.110

•	 In the NIS from 2012 to 2013, females with 
non–ST-elevation ACS treated with an early inva-
sive strategy had lower in-hospital mortality than 
females treated conservatively (2.1% versus 
3.8%). However, the survival advantage for inva-
sive management was restricted to females with 
NSTEMI (OR, 0.52 [95% CI, 0.46–0.58]), and no 
differences in in-hospital survival for invasive ver-
sus conservative treatment were observed among 
females with UA.111

•	 In a meta-analysis of 8 randomized trials, the risk 
of long-term all-cause mortality at a mean of 10.3 
years of follow-up was similar for non–ST-elevation 
ACS patients treated with a routine strategy (coro-
nary angiography within 24 to 96 hours of presen-
tation) versus a selective invasive strategy (medical 

stabilization with or without coronary angiography 
in those who demonstrated evidence of ischemia 
on noninvasive stress test or with ongoing symp-
toms), at 28.5% for both strategies.112

Stable AP
ICD-9 413; ICD-10 I20.1 to I20.9.
Prevalence
(See Table 19-2 and Chart 19-11)

•	 According to data from NHANES 2013 to 2016, 
the prevalence of AP among adults (≥20 years of 
age) is 3.6% (9.4 million adults; Table 19-2).

•	 On the basis of NHANES 2013 to 2016, the preva-
lence of AP increased with age from <1% among 
males and females 20 to 39 years of age to >10% 
among males and females ≥80 years of age (Chart 
19-11).

•	 On the basis of data from NHANES in 2009 to 
2012, there were an average of 3.4 million people 
≥40 years of age in the United States with angina 
each year, compared with 4 million in 1988 to 
1994. Declines in angina symptoms have occurred 
for NH whites but not for NH blacks.3

•	 In Americans ≥40 years of age with health insur-
ance, age-adjusted angina prevalence declined 
from 7.6% in 2001 to 2002 to 5.2% in 2011 to 
2012 (P for trend<0.001), whereas in those with-
out health insurance, there was an increase from 
4.7% to 7.6% (P for trend=0.4).113

•	 Among patients with a history of CAD (ACS, prior 
coronary revascularization procedure, or stable 
angina), 32.7% self-reported at least 1 episode of 
angina over the past month. Of those reporting 
angina, 23.3% reported daily or weekly symptoms 
of angina, and 56.3% of these patients with daily 
or weekly angina were taking at least 2 antianginal 
medications.114
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Table 19-1.  CHD in the United States

Population Group

Prevalence, 
CHD, 2013–2016

Age ≥20 y

Prevalence, MI, 
2013–2016
Age ≥20 y

New and 
Recurrent MI 

and Fatal CHD, 
2005–2014
Age ≥35 y

New and 
Recurrent MI, 

2005–2014
Age ≥35 y

Mortality,* CHD, 
2017

All Ages

Mortality,* MI, 
2017

All Ages

Hospital 
Discharges: 
CHD, 2016
All Ages

Both sexes 18 200 000 (6.7%) 8 400 000 (3.0%) 1 055 000 805 000 365 914 110 346 1 045 000

Males 9 400 000 (7.4%) 5 100 000 (4.0%) 610 000 470 000 213 295 (58.3%)† 64 436 (58.4%)† 664 000

Females 8 800 000 (6.2%) 3 300 000 (2.3%) 445 000 335 000 152 619 (41.7%)† 45 910 (41.6%)† 381 000

NH white males 7.7% 4.0% 520 000‡ … 168 868 51 155 …

NH white females 6.1% 2.2% 370 000‡ … 119 151 35 720 …

NH black males 7.2% 4.0% 90 000‡ … 22 167 6595 …

NH black females 6.5% 2.2% 75 000‡ … 18 055 5458 …

Hispanic males 6.0% 3.4% … … 14 195 4437 …

Hispanic females 6.0% 2.0% … … 10 041 3113 …

NH Asian males 4.8% 2.4% … … 5721 1693§ …

NH Asian females 3.2% 1.0% … … 4103 1271§ …

NH American Indian or 
Alaska Native

… … … … 2032 593 …

CHD includes people who responded “yes” to at least 1 of the questions in “Has a doctor or other health professional ever told you that you had CHD, angina or 
angina pectoris, heart attack, or MI?” Those who answered “no” but were diagnosed with Rose angina are also included (the Rose questionnaire is only administered 
to survey participants >40 years of age). CHD indicates coronary heart disease; ellipses (…), data not available; MI, myocardial infarction; and NH, non-Hispanic.

*Mortality for Hispanic, NH American Indian or Alaska Native, and NH Asian and Pacific Islander people should be interpreted with caution because of inconsistencies 
in reporting Hispanic origin or race on the death certificate compared with censuses, surveys, and birth certificates. Studies have shown underreporting on death 
certificates of American Indian or Alaska Native, Asian and Pacific Islander, and Hispanic decedents, as well as undercounts of these groups in censuses.

†These percentages represent the portion of total CHD and MI mortality that is for males vs females.
‡Estimates include Hispanics and non-Hispanics. Estimates for whites include other nonblack races.
§Includes Chinese, Filipino, Hawaiian, Japanese, and Other Asian or Pacific Islander.
Sources: Prevalence: unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation using National Health and Nutrition Examination Survey 2013 to 

2016.1 Percentages for racial/ethnic groups are age adjusted for Americans ≥20 years of age. Age-specific percentages are extrapolated to the 2016 US population 
estimates. These data are based on self-reports. Incidence: Atherosclerosis Risk in Communities study (2005–2014),5 unpublished tabulation by NHLBI, extrapolated 
to the 2014 US population. Mortality: unpublished NHLBI tabulation using National Vital Statistics System, 2017.68 Mortality for NH Asians includes Pacific Islanders. 
Hospital discharges: unpublished NHLBI tabulation using Healthcare Cost and Utilization Project, 201650 (data include those inpatients discharged alive, dead, or 
status unknown).

This table details 
the prevalence of 
coronary heart 
disease and myo-
cardial infarction, 
incidence of new 
and recurrent 
myocardial 
infarction and 
coronary heart 
disease, mortal-
ity related to 
coronary heart 
disease, mortality 
related to myo-
cardial infarction, 
and hospital 
discharges from 
coronary heart 
disease.  Where 
possible, statistics 
are broken down 
by sex and race 
and ethnicity.

Table 19-2.  AP* in the United States

Population Group Prevalence, 2013–2016, Age ≥20 y Hospital Discharges, 2016, All Ages

Both sexes 9 400 000 (3.6%) 18 000

Males 4 300 000 (3.5%) 9000

Females 5 100 000 (3.7%) 9000

NH white males 3.8% …

NH white females 3.8% …

NH black males 3.6% …

NH black females 3.8% …

Hispanic males 2.6% …

Hispanic females 3.6% …

NH Asian or Pacific Islander males 2.0% …

NH Asian or Pacific Islander females 1.6% …

AP includes people who either answered “yes” to the question of ever having angina or angina pectoris or who were 
diagnosed with Rose angina (the Rose questionnaire is only administered to survey participants >40 years of age). AP 
indicates angina pectoris; ellipses (…), data not available; and NH, non-Hispanic.

*AP is chest pain or discomfort that results from insufficient blood flow to the heart muscle. Stable AP is predictable 
chest pain on exertion or under mental or emotional stress. The incidence estimate is for AP without myocardial infarction.

Sources: Prevalence: unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation using National Health 
and Nutrition Examination Survey (NHANES), 2013 to 2016.1 Percentages for racial/ethnic groups are age adjusted for US 
adults ≥20 years of age. Estimates from NHANES 2013 to 2016 were applied to 2016 population estimates (≥20 years 
of age). Hospital discharges: unpublished NHLBI tabulation using Healthcare Cost and Utilization Project, 201650; data 
include those inpatients discharged alive, dead, or status unknown.

This table details 
the prevalence 
and hospital 
discharges for 
angina pectoris 
broken down by 
sex. Prevalence is 
also reported by 
sex and race and 
ethnicity.
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Table 19-3.  Global Burden of IHD and Trends, 2017

Both Sexes Male Female

Deaths
(95% UI)

Prevalence
(95% UI)

Deaths
(95% UI)

Prevalence
(95% UI)

Deaths
(95% UI)

Prevalence
(95% UI)

Total number (millions) 8.9  
(8.8 to 9.1)

126.5 
(118.6 to 134.7)

4.9  
(4.8 to 5.0)

68.5  
(64.3 to 73.2)

4.0  
(3.9 to 4.1)

57.9  
(54.3 to 61.9)

Percent change total 
number 1990 to 2017

52.3  
(49.1 to 55.0)

74.9  
(71.8 to 78.6)

58.3  
(53.9 to 62.0)

73.6  
(70.4 to 77.2)

45.5  
(41.7 to 49.0)

76.6  
(73.1 to 80.5)

Percent change total 
number 2007 to 2017

22.3  
(20.6 to 23.8)

24.0  
(21.7 to 26.5)

23.1  
(21.1 to 25.2)

22.8  
(20.5 to 25.4)

21.3  
(19.1 to 23.4)

25.5  
(23.3 to 27.9)

Rate per 100 000 116.9  
(115.1 to 119.7)

1583.7  
(1484.5 to 1691.1)

144.4  
(141.5 to 147.9)

1835.8  
(1720.7 to 1962.2)

93.3  
(91.2 to 96.1)

1361.3  
(1274.8 to 1453.4)

Percent change rate 2007 
to 2017

−9.7  
(−11.0 to −8.7)

−5.1  
(−6.8 to −3.2)

−9.0  
(−10.5 to −7.6)

−6.5  
(−8.3 to −4.5)

−10.8  
(−12.4 to −9.2)

−3.7  
(−5.4 to −1.9)

Percent change rate 1990 
to 2017

−30.0  
(−31.3 to −28.8)

−11.8  
(−13.5 to −9.9)

−27.8  
(−29.7 to −26.2)

−14.3  
(−16.0 to −12.5)

−33.2  
(−34.9 to −31.6)

−9.8  
(−11.5 to −7.8)

IHD indicates ischemic heart disease; and UI, uncertainty interval.
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.107 Printed with permission. 

Copyright © 2018, University of Washington.

This table lists 
the total number 
of deaths and 
prevalence 
worldwide 
related to 
ischemic heart 
disease in 2017, 
as well as the 
percent changes 
from 2007 and 
1990. These 
numbers are 
further divided 
by sex.  The 8.9 
million deaths 
attributable to 
ischemic heart 
disease in 2017 
represent a 22.3 
percent increase 
from 2007.
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Chart 19-1. Prevalence of coronary heart disease by age and sex, United States (NHANES, 2013–2016).  
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.1

This chart shows 
that the preva-
lence of coronary 
heart disease 
from 2013 to 
2016 was high-
est for males 80 
years of age and 
older, followed 
by females 80 
years of age and 
older, males 60 
to 79 years of 
age, females 60 
to 79 years of 
age, females 40 
to 59 years of 
age, males 40 to 
59 years of age, 
females age 20 
to 39 years of 
age, and lastly 
males age 20 to 
39 years of age.
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Chart 19-2. Prevalence of myocardial infarction (MI) by age and sex, United States (NHANES, 2013–2016).  
MI includes people who answered “yes” to the question of ever having had a heart attack or MI.  
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.1

This chart shows 
that the preva-
lence of myo-
cardial infarction 
from 2013 to 
2016 was high-
est for males 80 
years of age and 
older, followed 
by females 80 
years of age and 
older, males 60 
to 79 years of 
age, females 60 
to 79 years of 
age, males 40 to 
59 years of age, 
females 40 to 
59 years of age, 
females 20 to 39 
years of age, and 
lastly males 20 to 
39 years of age.

Chart 19-3. “Ever told you had a heart attack (myocardial infarction)?” Age-adjusted US prevalence by state (BRFSS Prevalence and Trends Data, 
2017).  
BRFSS indicates Behavioral Risk Factor Surveillance System. 
Source: BRFSS Prevalence and Trends Data, 2017.4

This map 
shows that the 
prevalence of 
ever being told 
someone has 
myocardial in-
farction in 2017 
was highest 
in Oklahoma, 
Arkansas, Louisi-
ana, Mississippi, 
Alabama, Ten-
nessee, Kentucky, 
West Virginia, 
Ohio, Maine, and 
Guam.
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Chart 19-4. “Ever told you had angina or coronary heart disease?” Age-adjusted US prevalence by state (BRFSS Prevalence and Trends Data, 2017). 
BRFSS indicates Behavioral Risk Factor Surveillance System.  
Source: BRFSS Prevalence and Trends Data, 2017.4

This map 
shows that the 
prevalence of 
ever being told 
someone has an-
gina or coronary 
heart disease 
in 2017 was 
highest in Okla-
homa, Arkansas, 
Louisiana, Missis-
sippi, Alabama, 
Kentucky, West 
Virginia, Indiana, 
Michigan, and 
Puerto Rico.
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Chart 19-5. Annual number of US adults per 1000 having diagnosed heart attack or fatal CHD by age and sex (ARIC surveillance, 2005–2014 and 
CHS).  
These data include myocardial infarction (MI) and fatal CHD but not silent MI.  
ARIC indicates Atherosclerosis Risk in Communities; CHD, coronary heart disease; and CHS, Cardiovascular Health Study.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using ARIC, 2005 to 20145 and CHS.115

This chart shows 
that the rate of 
adults age 35 
and older having 
new or recurrent 
or fatal coronary 
heart disease 
between 2005 
and 2014 in the 
Atherosclerosis 
Risk in Commu-
nities Study was 
highest in males 
65 to 74 years 
of age, followed 
by males 75 to 
84 years of age, 
males 55 to 64 
years of age, 
females 85 years 
of age or older, 
females 75 to 84 
years of age, and 
females 65 to 
74 years of age.  
Other age and 
sex groups had 
lower rates of 
new or recurrent 
or fatal coronary 
heart disease.  In 
all age categories 
higher than 35 
years of age 
reported on this 
chart, males had 
higher rates of 
diagnosed heart 
attack or fatal 
coronary heart 
disease than 
females except 
for adults 85 
years of age and 
older.
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Chart 19-6. Incidence of heart attack or fatal CHD by age, sex, and race, United States (ARIC Surveillance, 2005–2014).  
ARIC indicates Atherosclerosis Risk in Communities; CHD, coronary heart disease; and MI, myocardial infarction.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using ARIC, 2005 to 2014.5

This chart 
shows that the 
incidence of new 
and recurrent 
myocardial 
infarction or fatal 
coronary heart 
disease in the 
Atherosclerosis 
Risk in Commu-
nities study from 
2005 to 2014 
increased steadily 
from 35 to 84 
years of age.  In 
all 10-year age 
groups, the high-
est incidence was 
in black males, 
followed by black 
females, white 
males, and lastly 
white females.
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Chart 19-7. Incidence of myocardial infarction by age, sex, and race, United States (ARIC Surveillance, 2005–2014).  
ARIC indicates Atherosclerosis Risk in Communities.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using ARIC, 2005 to 2014.5

This chart 
shows that 
the incidence 
of myocardial 
infarction in the 
Atherosclerosis 
Risk in Com-
munities study 
from 2005 to 
2014 in adults 35 
years of age and 
older was highest 
in black males 
75 to 84 years 
of age, followed 
by black females 
75 to 84 years of 
age, black males 
65 to 74 years of 
age, white males 
75 to 84 years 
of age, white 
females 75 to 84 
years of age, and 
black females 
65 to 74 years 
of age.  Other 
age and race 
categories had 
lower incidence 
of myocardial 
infarction.
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Chart 19-8. Hospital discharges for coronary heart disease by sex, United States (HCUP, 1997–2016).  
Hospital discharges include people discharged alive, dead, and status unknown. HCUP indicates Healthcare Cost and Utilization Project.  
*Data not available for 2015. Readers comparing data across years should note that beginning October 1, 2015, a transition was made from the 9th revision to 
the 10th revision of the International Classification of Diseases. This should be kept in consideration because coding changes could affect some statistics, especially 
when comparisons are made across these years.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using HCUP.50

This chart shows 
that hospital 
discharges for 
coronary heart 
disease had a 
general declining 
trend between 
1997 and 2014 
with no data 
available in 2015 
and a slight 
increase in 2016.  
In all years, males 
had a higher 
number of hos-
pital discharges 
than females.

Chart 19-9. Age-standardized global mortality rates of ischemic heart disease (IHD) per 100 000, both sexes, 2017. 
IHD mortality rates are generally lower than 150 per 100 000 for most of the world but exceed 280 per 100 000 in Eastern Europe and Central Asia. 
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa. IHD indicates ischemic heart disease.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.107 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that ischemic 
heart disease 
mortality rates 
were generally 
lower than 150 
per 100,000 
for most of 
the world but 
exceeded 280 
per 100,000 in 
Eastern Europe 
and Central Asia 
in 2017.
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Chart 19-10. Age-standardized global prevalence rates of ischemic heart disease (IHD) per 100 000, both sexes, 2017. 
Eastern Europe, North Africa, and the Middle East have the highest prevalence rates of IHD. 
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.107 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that Eastern 
Europe, North 
Africa, and the 
Middle East 
had the highest 
prevalence rates 
of ischemic heart 
disease in 2017.
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Chart 19-11. Prevalence of angina pectoris by age and sex (NHANES, 2013–2016). 
Angina pectoris includes people who either answered “yes” to the question of ever having angina or angina pectoris or were diagnosed with Rose angina.  
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.1

This chart shows 
that the preva-
lence of angina 
pectoris in adults 
from 2013 to 
2016 was high-
est in females 80 
years of age and 
older, followed 
by males 80 
years of age and 
older, males 60 
to 79 years of 
age, females 60 
to 79 years of 
age, females 40 
to 59 years of 
age, males 40 to 
59 years of age, 
females 20 to 39 
years of age, and 
lastly males 20 to 
39 years of age.
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20. CARDIOMYOPATHY AND HEART 
FAILURE
See Tables 20-1 and 20-2 and Charts 20-1 through 
20-7

Cardiomyopathy
ICD-9 425; ICD-10 I42.
2017: Mortality—21 427. Any-mention mortality—42 937.

Cardiomyopathy diagnoses account for a substantial 
number of inpatient and outpatient encounters annu-
ally. Using HCUP data1 for cardiomyopathy in 2016, 
there were 19 000 inpatient hospitalizations for which 
cardiomyopathy was the principal diagnosis (11 000 
for men; 8 000 for women) and 994 000 where it was 
included among all-listed diagnoses (NHLBI unpub-
lished tabulation).

Hypertrophic Cardiomyopathy
•	 The prevalence of unexplained LVH has been esti-

mated at 0.2% and up to 1.4% in the community.2

•	 Of persons with unexplained LVH, ≈20% to 30% 
are likely to have a sarcomere mutation that sug-
gests clinically expressed HCM; however, not all 
people with sarcomere mutations manifest clini-
cal HCM, because of incomplete penetrance, even 
among members of the same family (see Family 
History and Genetics for more details).3

Abbreviations Used in Chapter 20

ACE angiotensin-converting enzyme 

ACR albumin-to-creatinine ratio

AF atrial fibrillation

AHA American Heart Association

ARIC Atherosclerosis Risk in Communities

BMI body mass index

BNP B-type natriuretic peptide

BP blood pressure

CAD coronary artery disease

CARDIA Coronary Artery Risk Development in Young Adults Study

CDC WONDER Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research

CHD coronary heart disease

CHS Cardiovascular Health Study

CI confidence interval

CKD chronic kidney disease

CRP C-reactive protein

CVD cardiovascular disease

DCM dilated cardiomyopathy

DM diabetes mellitus

ED emergency department

EF ejection fraction

ESRD end-stage renal disease

FHS Framingham Heart Study

GBD Global Burden of Disease

GWAS genome-wide association study

GWTG Get With The Guidelines

HbA1c hemoglobin A1c (glycosylated hemoglobin)

HCM hypertrophic cardiomyopathy

HCUP Healthcare Cost and Utilization Project

HD heart disease

Health ABC Health, Aging, and Body Composition

HF heart failure

HR hazard ratio

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

IHD ischemic heart disease

IL interleukin

INTERMACS Interagency Registry for Mechanically Assisted 
Circulatory Support

LV left ventricular

LVAD left ventricular assist device

LVEF left ventricular ejection fraction

LVH left ventricular hypertrophy

MedaMACS Medical Arm of Mechanically Assisted Circulatory 
Support

MESA Multi-Ethnic Study of Atherosclerosis

MI myocardial infarction

MRI magnetic resonance imaging

NAMCS National Ambulatory Medical Care Survey

NH non-Hispanic

NHAMCS National Hospital Ambulatory Medical Care Survey

NHANES National Health and Nutrition Examination Survey

NHLBI National Heart, Lung, and Blood Institute

NIS National (Nationwide) Inpatient Sample

NVSS National Vital Statistics System

OR odds ratio

PA physical activity

PAR population attributable risk

PHS Physicians’ Health Study

PPCM peripartum cardiomyopathy

PVC premature ventricular contraction

QALY quality-adjusted life-year

ROADMAP Randomized Olmesartan and Diabetes 
Microalbuminuria Prevention

RR relative risk

RV right ventricular

SBP systolic blood pressure

SCD sudden cardiac death

SES socioeconomic status

UI uncertainty interval

Click here to return to the Table of Contents
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•	 The Sarcomeric Human Cardiomyopathy Registry 
studied 4591 patients with HCM, contributing 
>24 000 person-years of follow-up, and observed 
≈3-fold higher mortality risk in patients with HCM 
compared with similarly aged individuals in the US 
general population. Risk for adverse events (ie, any 
ventricular arrhythmia, HF, AF, stroke, or death) 
was highest in patients diagnosed before 40 years 
of age versus after 60 years of age (77% [95% 
CI, 72%–80%] versus 32% [95% CI, 29%–36%] 
cumulative incidence). Adverse events were also 
2-fold higher in patients with versus without sar-
comere mutations. AF and HF accounted for a sub-
stantial proportion of the adverse events, despite 
not typically manifesting until years to decades 
after initial diagnosis.4

Dilated Cardiomyopathy
•	 Commonly recognized causes of chronic DCM are 

mutations in a diverse group of genes that are 
inherited in an autosomal dominant fashion with 
age-dependent penetrance and variable clinical 
expression (see Family History and Genetics for 
more details). Other causes of DCM of variable 
chronicity and reversibility include cardiomyopa-
thies that can develop after an identifiable exposure 
such as tachyarrhythmia, stress, neurohormonal 
disorder, alcoholism, chemotherapy, infection, or 
pregnancy (see Peripartum Cardiomyopathy).5 
The annual incidence of chronic idiopathic DCM 
has been reported as between 5 and 8 cases per 
100 000, although these estimates might be low 
because of underrecognition, especially in light of 
prevalent asymptomatic LV dysfunction observed 
in community-based studies (see LV Function).6,7

Peripartum Cardiomyopathy
•	 Data from the NIS databases indicate that the 

incidence of PPCM increased between 2004 and 
2011 from 8.5 to 11.8 per 10 000 live births 
(Ptrend<0.001), likely related to rising average 
maternal age and prevalence of PPCM risk factors 
such as obesity, hypertension, pregnancy-related 
hypertension, and DM.8

•	 The NIS data also show that maternal age has 
increased in all racial/ethnic groups, except 
Hispanics and Asians/Pacific Islanders, and across 
all census regions in the United States. When 
stratified by race/ethnicity, incidence of PPCM was 
lowest in Hispanics and highest in blacks. When 
stratified by region, incidence was lowest in the 
West (6.5 [95% CI, 6.3–6.7] per 10 000 live births) 
and highest in the South (13.1 [95% CI, 12.9–
13.1] per 10 000 live births).8

•	 In females diagnosed with PPCM, data from a pro-
spective cohort indicate that 13% had major events 
(death, cardiac transplantation, or implantation of 

an LVAD) or persistent severe cardiomyopathy at 
12 months. Black females had worse LV dysfunc-
tion at presentation and at 6 and 12 months post-
partum than nonblack females.9

•	 For a majority of females with PPCM (50%–80%), 
LVEF recovers to at least a near-normal range 
(≥50%), with many achieving this recovery within 
the first 6 months; however, a substantial propor-
tion remain affected by overtly impaired cardiac 
function.9–12

Youth
•	 Since 1996, the NHLBI-sponsored Pediatric 

Cardiomyopathy Registry has collected data on 
children with newly diagnosed cardiomyopathy in 
New England and the central Southwest (Texas, 
Oklahoma, and Arkansas).13

—	 The overall incidence of cardiomyopathy is 
1.13 cases per 100 000 among children <18 
years of age.

—	 Among children <1 year of age, the incidence 
is 8.34, and among children 1 to 18 years of 
age, it is 0.70 per 100 000.

—	 The annual incidence is higher in black chil-
dren than in white children, in boys than in 
girls, and in New England (1.44 per 100 000) 
than in the central Southwest (0.98 per 
100 000).

•	 The estimated annual incidence of HCM in chil-
dren was 4.7 per 1 million children, with higher 
incidence in New England than in the central 
Southwest region and higher incidence in boys 
than in girls.14 Long-term outcomes of children 
with HCM suggest that 9% progress to HF and 
12% to SCD.15 See Chapter 16 (Disorders of Heart 
Rhythm) for statistics regarding sudden death in 
HCM.

•	 The estimated annual incidence of DCM in chil-
dren <18 years of age is 0.57 per 100 000 over-
all, with higher incidence in boys than girls (0.66 
versus 0.47 cases per 100 000, respectively) and 
blacks than whites (0.98 versus 0.46 cases per 
100 000, respectively). The most commonly rec-
ognized causes of DCM were myocarditis (46%) 
and neuromuscular disease (26%).16 The 5-year 
incidence rate of SCD is 3% among children <18 
years of age at the time of DCM diagnosis.17

•	 Data from the Childhood Cancer Survivor Study 
cohort of 14 358 survivors of childhood or ado-
lescent cancers show that these individuals are at 
6-fold increased risk for future HF,18 usually pre-
ceded by asymptomatic cardiomyopathy. This risk 
is especially pronounced for individuals who were 
treated with chest radiation or anthracycline che-
motherapy and persists up to 30 years after the 
original cancer diagnosis.
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Global Burden of Cardiomyopathy
(See Table 20-1 and Charts 20-1 through 20-3)

•	 Chart 20-1 shows temporal trends in the incidence 
of PPCM in the United States.

•	 The GBD 2017 Study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
countries and territories.19

—	 Between 1990 and 2017, the global number 
of deaths attributable to cardiomyopathy and 
myocarditis increased 54.5%. In 2017, the 
age-adjusted death rate was 4.8 per 100 000, 
a 25.8% decrease in the rate from 1990 
(Table 20-1).

—	 The highest age-standardized mortality rates 
attributable to cardiomyopathy and myocardi-
tis are in Eastern Europe (Chart 20-2).

—	 Age-standardized prevalence of cardiomy-
opathy and myocarditis is highest in Central 
Europe (Chart 20-3).

Heart Failure
ICD-9 428; ICD-10 I50.
2017: Mortality—80 480. Any-mention mortal-
ity—352 119. 2016: Hospital discharges—809 000.

Prevalence
(See Table 20-2 and Chart 20-4)

•	 Based on data from NHANES 2013 to 2016, an 
estimated 6.2 million Americans ≥20 years of age 
had HF (Table 20-2; Chart 20-4). This represents an 
increase from an estimated 5.7 million US adults 
with HF based on NHANES 2009 to 2012 (NHLBI 
unpublished tabulation using NHANES20).

•	 Projections show that the prevalence of HF will 
increase 46% from 2012 to 2030, resulting in 
>8 million people ≥18 years of age with HF. 
Additionally, the total percentage of the popula-
tion with HF is predicted to increase from 2.42% 
in 2012 to 2.97% in 2030.21

Incidence
(See Table 20-2 and Chart 20-5)

•	 Based on ARIC Community Surveillance data, the 
incidence of HF in persons ≥55 years of age was 
≈1 000 000 in 2014, with a slightly higher num-
ber of new-onset cases observed in women than 
in men (Table 20-2) and a greater burden seen in 
blacks than in whites (Chart 20-5).

•	 Data from the NHLBI-sponsored Chicago Heart 
Association Detection Project in Industry, ARIC, 
and CHS cohorts indicate that HF incidence 
approaches 21 per 1000 population after 65 years 
of age.22

•	 Data from Kaiser Permanente indicated a 14% 
increase in the incidence of HF among the elderly 
(from the 1970s to the 1990s) along with improved 
HF survival, which resulted in increased HF preva-
lence, with both trends being more pronounced in 
males.23

•	 Data from Olmsted County, MN, indicate that the 
age- and sex-adjusted incidence of HF declined 
substantially, from 315.8 per 100 000 in 2000 to 
219.3 per 100 000 in 2010, with a greater rate 
reduction for HF with reduced EF (−45.1% [95% 
CI, −33.0% to −55.0%]) than for HF with preserved 
EF (−27.9% [95% CI, −12.9% to −40.3%]).24

•	 In the CARDIA study, HF before 50 years of age 
was more common among blacks than whites. 
Hypertension, obesity, and systolic dysfunction 
were important risk factors that may be targets for 
prevention.25

•	 In MESA, blacks had the highest risk of develop-
ing HF, followed by Hispanic, white, and Chinese 
Americans (4.6, 3.5, 2.4, and 1.0 per 1000 person-
years, respectively). This higher risk reflected dif-
ferences in the prevalence of hypertension, DM, 
and low SES.26 Blacks had the highest proportion 
of incident HF not preceded by clinical MI (75%).26

•	 Data from the 2005 to 2014 community surveil-
lance component of the ARIC study indicate that 
rates of hospitalizations for HF are increasing over 
time, apparently driven by rises in HF with pre-
served EF. Overall events included 50% HF with 
reduced EF and 39% HF with preserved EF, where 
the former was more common in black males and 
white males and the latter was most common in 
white females. Other events may be attributable to 
intermediate or recovered EF. Age-adjusted rates 
of HF hospitalization were highest in blacks (38 per 
1000 black males, 31 per 1000 black females).27

Lifetime Risk
•	 Because most forms of HF tend to present in older 

age, lifetime risk for HF in the community is high 
with an aging population. Data from the NHLBI-
sponsored Chicago Heart Association Detection 
Project in Industry, ARIC, and CHS cohorts indi-
cated the following22:
—	 Overall, at 45 years of age through 95 

years of age, lifetime risks for HF were high 
(20%–45%).

—	 Lifetime risks for HF were 30% to 42% in 
white males, 20% to 29% in black males, 
32% to 39% in white females, and 24% to 
46% in black females. The lower lifetime risk 
in black males appears likely to be attributable 
to competing risks.

—	 Lifetime risk for HF was higher with higher BP 
and BMI at all ages.
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—	 The lifetime risk of HF occurring for people 
with BMI ≥30 kg/m2 was approximately dou-
ble that of those with BMI <25 kg/m2.

—	 The lifetime risk of HF occurring for people 
with BP >160/90 mm Hg was 1.6 times that of 
those with BP <120/90 mm Hg.

Risk Factors
•	 Traditional factors account for a considerable pro-

portion of HF risk. Data from Olmsted County, 
MN, indicate that CHD, hypertension, DM, obesity, 
and smoking are responsible for 52% of incident 
HF cases in the population, with ORs or RRs and 
their PARs as follows28: CHD OR, 3.1 and overall 
PAR, 20% (highest in males, 23% versus 16% 
in females); cigarette smoking RR, 1.4 and PAR, 
14%; hypertension RR, 1.4 and PAR, 20% (high-
est in females, 28% versus 13% in males); obesity 
RR, 2.0 and PAR, 12%; and DM OR, 2.7 and PAR, 
12%.

•	 Traditional risk factors for HF are common in the 
US adult population. Data from NHANES indicate 
that at least 1 HF risk factor is present in up to one-
third of the US adult population.29

•	 Racial disparities in risks for HF persist, as shown in 
the Health ABC Study, a US cohort of 2934 adults 
70 to 79 years of age followed up for 7 years.30 
Among blacks, a greater proportion of HF risk 
(68% versus 49% among whites) was attribut-
able to modifiable risk factors, including elevated 
SBP, elevated fasting glucose level, CHD, LVH, and 
smoking. LVH was 3-fold more prevalent in blacks 
than in whites. CHD (PAR, 23.9% for white partici-
pants, 29.5% for black participants) and uncon-
trolled BP (PAR, 21.3% for white participants, 
30.1% for black participants) had the highest PARs 
in both races.30 Hispanics carry a predominance of 
HF risk factors and healthcare disparities, which 
suggests a relatively elevated HF risk in this popu-
lation as well.31

•	 Risk factors appear to differ by HF subtype. As 
a group, patients with HF with preserved EF are 
older, are more likely to be female, and have 
greater prevalence of hypertension, obesity, and 
anemia than those with HF with reduced EF.32

•	 Dietary and lifestyle factors also impact HF risk. 
Among 20 900 male physicians in the PHS, the 
lifetime risk of HF was higher in males with hyper-
tension, whereas healthy lifestyle factors (normal 
weight, not smoking, regular PA, moderate alco-
hol intake, consumption of breakfast cereals, and 
consumption of fruits and vegetables) were related 
to lower risk of HF.33

•	 In the ARIC study, greater adherence to the AHA’s 
Life’s Simple 7 guidelines (better profiles in smok-
ing, BMI, PA, diet, cholesterol, BP, and glucose) was 

associated with a lower lifetime risk of HF, as well 
as more optimal echocardiographic parameters of 
cardiac structure and function.34

•	 Multiple nontraditional risk factors for HF have 
been identified.
—	 In the FHS, circulating BNP, urinary ACR, 

elevated serum γ-glutamyl transferase, and 
higher levels of hematocrit were identified 
as risk factors for incident HF.35–37 Circulating 
concentrations of resistin were also associated 
with incident HF independent of prevalent cor-
onary disease, obesity, insulin resistance, and 
inflammation.38 Circulating adiponectin con-
centrations were also related to incident HF, 
with a J-shaped relationship.39 Inflammatory 
markers (IL-6 and tumor necrosis factor-α), 
serum albumin levels, and cigarette smoking 
exposure additionally were associated with 
increased HF risk.40–42

—	 In the CHS, baseline cardiac high-sensitivity 
troponin and changes in high-sensitivity tro-
ponin levels were significantly associated with 
incident HF.43 Conversely, circulating individual 
and total omega-3 fatty acid concentrations 
were associated with lower incidence of HF.44

—	 In the ARIC study, white blood cell count, CRP, 
albuminuria, HbA1c among individuals without 
DM, cardiac troponin, PVCs, and socioeco-
nomic position over the life course were all 
identified as risk factors for HF.45–50

—	 In MESA, plasma N-terminal pro-BNP provided 
incremental prognostic information beyond 
the traditional risk factors and the MRI-
determined LV mass index for incident symp-
tomatic HF.51

—	 In the FHS, measures of major organ system 
dysfunction (higher serum creatinine, lower 
ratios of forced expiratory volume in 1 second 
to forced vital capacity, and lower hemoglobin 
concentrations) were also associated with an 
adjusted increased risk of new-onset HF.52

LV Function
•	 Measures of impaired systolic or diastolic LV func-

tion are common precursors to clinical HF.
—	 In the FHS, the prevalence of asymptomatic 

LV systolic dysfunction was 5% and that of 
diastolic dysfunction was 36%. LV systolic and 
diastolic dysfunction were associated with 
increased risk of incident HF.

—	 In Olmsted County, MN, diastolic dysfunction 
(HR, 1.81 [95% CI, 1.01–3.48]) was observed 
to progress with advancing age and was asso-
ciated with an increased risk of incident clini-
cal HF during 6 years of subsequent follow-up 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e511

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 20

after adjustment for age, hypertension, DM, 
and CAD.53

—	 With respect to variation by race/ethnicity, 
presence of asymptomatic LV systolic dysfunc-
tion in MESA was higher in blacks than in 
whites, Chinese, and Hispanics (1.7% overall 
and 2.7% in blacks). After 9 years of follow-
up, asymptomatic LV dysfunction was associ-
ated with increased risk of overt HF (HR, 8.69 
[95% CI, 4.89–15.45]), as well as CVD and all-
cause mortality.6

—	 In the Echocardiographic Study of Hispanic/
Latinos, almost half (49.7%) of middle-aged 
or older Hispanics had some form of car-
diac dysfunction (systolic, diastolic, or both), 
although fewer than 1 in 20 Hispanic/Latinos 
had symptomatic or clinically recognized HF.54

•	 LV function is variably abnormal in the setting of 
clinically overt HF.
—	 GWTG-HF data from 2005 to 2010 indicate 

that of 110 621 patients hospitalized with HF, 
half had a reduced EF (<40%), 14% had an EF 
that was ≥40% and <50%, and 36% had an 
EF of ≥50%.32

—	 Data collected between 1985 and 2014 
from 12 857 person-observations in the FHS 
showed that the frequency of HF with reduced 
EF (EF <40%) decreased over time, whereas 
HF with mid-range EF (40%–<50%) remained 
stable, and HF with preserved EF (EF ≥50%) 
increased over time. These findings appeared 
attributable to trends in risk factors, especially 
a decrease in prevalent CHD among people 
with HF.55

Family History and Genetics
•	 HCM and familial DCM are the most common 

mendelian cardiomyopathies, with autosomal 
dominant or recessive transmission, in addition to 
X-linked and mitochondrial inheritance.

•	 Familial DCM accounts for up to 50% of cases of 
DCM, with a prevalence of 1 in 2500, but is likely 
underestimated.56 Familial DCM often displays an 
age-dependent penetrance.57 Up to 40% of cases 
have an identifiable genetic cause.56

•	 Given the heterogeneous nature of the underly-
ing genetics, manifestation of the disease is highly 
variable, even in cases for which the causal muta-
tion has been identified.58 Variants in the β-myosin 
heavy chain gene (MYH7) were some of the earli-
est to be associated with familial HCM,59,60 with 
>30 other genes implicated since, each account-
ing for <5% of cases, as reviewed elsewhere.57,61,62 
The considerable variability in the penetrance 
and pathogenicity of specific mutations makes 

clinical interpretation of sequence data particularly 
challenging.

•	 Missense and truncating variants in the titin gene 
have been linked to autosomal dominant cardio-
myopathy,63 as well as to DCM, with incomplete 
penetrance in the general population.63 Analysis 
of sequence data in 7855 cardiomyopathy case 
subjects and >60 000 control subjects revealed the 
variance in penetrance of putative disease variants, 
which further highlights the challenges in clinical 
interpretation of variation in mendelian disease 
genes.64

•	 Several GWASs have been conducted to identify 
common variations associated with cardiomyopa-
thy and HF in the general population, albeit with 
modest results,57,60 highlighting a small number of 
putative loci, including HSPB765–67 and CACNB4.68 
Given the heterogeneous multifactorial nature of 
common HF, identification of causal genetic loci 
remains a challenge.

•	 Genetic variation within subjects with HF may 
determine outcomes, with a locus on chromosome 
5q22 associated with mortality in HF patients.69 A 
large meta-analysis of >73 000 subjects identified 
52 loci associated with myocardial mass.70 The 
clinical utility of genetic testing for variants asso-
ciated with common HF and related phenotypes 
remains unclear.

•	 HCM is a monogenic disorder with primarily auto-
somal dominant inheritance and is caused by one 
of hundreds of mutations in up to 18 genes that 
primarily encode components of the sarcomere, 
with mutations in MYH7 and cardiac myosin-bind-
ing protein C (MYBPC3) being the most common, 
with each having 40 HCM cases attributed to it.71 
A mutation is identifiable in 50% to 75% of cases 
of familial HCM.

•	 Clinical genetic testing is recommended for 
patients with DCM with significant conduction 
system disease or a family history of SCD, as well 
as in patients with a strong clinical index of suspi-
cion for HCM. It can be considered in other forms 
of DCM and restrictive cardiomyopathy and in LV 
noncompaction.72

•	 Genetic testing is also recommended in family 
members of patients with DCM, HCM, restrictive 
cardiomyopathy, and LV noncompaction.72

Mortality
(See Table 20-2)

•	 Survival after the onset of HF in older adults 
has improved, as indicated by data from Kaiser 
Permanente23; however, improvements in HF sur-
vival have not been even across all demographics. 
Among Medicare beneficiaries, the overall 1-year 
HF mortality rate declined slightly from 1998 to 
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2008 but remained high at 29.6%, and rates 
of decline were uneven across states.73,74 In the 
NHLBI’s ARIC study, the 30-day, 1-year, and 5-year 
case fatality rates after hospitalization for HF were 
10.4%, 22%, and 42.3%, respectively, and blacks 
had a greater 5-year case fatality rate than whites 
(P<0.05).75

•	 Observed mortality declines have been primarily 
attributed to evidence-based approaches to treat 
HF risk factors and the implementation of treat-
ment with ACE inhibitors, β-blockers, coronary 
revascularization, implantable cardioverter-defibril-
lators, and cardiac resynchronization therapies.76 
Contemporary evidence from the GWTG-HF regis-
try suggests that ≈47% of individuals admitted to 
the hospital with HF should have had initiation of 
≥1 new medication on discharge; ≈24% need to 
start ≥1 new medication and ≈14% need to start 
≥3 new medications to be in compliance with cur-
rent guidelines.77

•	 In a large Swedish registry of patients with HF 
with preserved EF, statins improved 1-year cardio-
vascular hospitalization, mortality, and cardiovas-
cular mortality.78 Accordingly, 5-year survival of 
HF diagnosis after an MI in Olmsted County, MN, 
improved in 2001 to 2010 versus 1990 to 2000, 
from 54% to 61%.79

•	 Some data suggest that improvements in sur-
vival could be leveling off over time. Data from 
the Rochester Epidemiology Project in Olmsted 
County, MN, showed improved survival after HF 
diagnosis between 1979 and 200080; however, 
5-year mortality did not decline from 2000 to 
2010 and remained high at ≈50% (52.6% overall; 
24.4% for 60-year-olds and 54.4% for 80-year-
olds), Importantly, mortality was more frequently 
ascribed to noncardiovascular causes (54.3%), 
and the risk of noncardiovascular death was 
greater in HF with preserved EF than in HF with 
reduced EF.24

•	 Given improvements in HF survival overall, the 
number of individuals carrying a diagnosis of HF 
at death has increased. Mortality associated with 
HF is substantial, such that 1 in 8 deaths has HF 
mentioned on the death certificate (unpublished 
NHLBI tabulation).81

•	 In 2017, HF was the underlying cause in 80 480 
deaths (36 824 males and 43 656 females; 
Table  20-2). Table  20-2 shows the numbers of 
these deaths that were coded for HF as the under-
lying cause.

•	 The number of underlying causes of deaths attrib-
utable to HF was 42.3% higher in 2017 (80 480) 
than it was in 2007 (56 565; unpublished NHLBI 
tabulation using NVSS81).

•	 In 2017, the overall any-mention age-adjusted 
death rate for HF was 89.7 per 100 000, with 
variation across racial/ethnic groups: in males, 
the rates were 111.3 for NH whites, 118.2 for 
NH blacks, 46.9 for NH Asians or Pacific Islanders, 
95.0 for NH American Indians or Alaska Natives, 
and 69.2 for Hispanics; in females, the respective 
rates were 80.4 for NH whites, 86.0 for NH blacks, 
34.7 for NH Asians or Pacific Islanders, 80.6 for 
NH American Indians or Alaska Natives, and 49.7 
for Hispanics (unpublished NHLBI tabulation using 
CDC WONDER82).

Healthcare Utilization: Hospital Discharges/
Ambulatory Care Visits
(See Table 20-2 and Chart 20-6)

•	 Hospital discharges for HF (including discharged 
alive, dead, and status unknown) are shown for 
the United States (1997–2016) by sex in Chart 
20-6. Discharges for HF decreased from 2006 
to 2016, with principal diagnosis discharges of 
1 020 000 and 809 000, respectively (Table 20-2).

•	 In 2016, there were 1 932 000 physician office 
visits with a primary diagnosis of HF (NAMCS,83 
unpublished NHLBI tabulation). In 2016, there 
were 414 000 ED visits for HF (NHAMCS,84 NHLBI 
unpublished tabulation).

•	 Among 1077 patients with HF in Olmsted County, 
MN, hospitalizations were common after HF diag-
nosis, with 83% of patients hospitalized at least 
once and 43% hospitalized at least 4 times. More 
than one-half of all hospitalizations were related 
to noncardiovascular causes.85

•	 Among Medicare beneficiaries, the overall HF hos-
pitalization rate declined substantially from 1998 
to 2008 but at a lower rate for black males,74 and 
the temporal trend findings were uneven across 
states.

•	 In the GWTG-HF Registry, only one-tenth of eli-
gible HF patients received cardiac rehabilitation 
referral at discharge after hospitalization for HF.86

•	 Among Medicare part D coverage beneficiaries, HF 
medication adherence (ACE inhibitors/angiotensin 
receptor blockers, β-blockers, and diuretic agents) 
after HF hospitalization discharge decreased over 
2 to 4 months after discharge, followed by a pla-
teau over the subsequent year for all 3 medication 
classes.87

•	 Rates of HF rehospitalization or cardiovascular 
death were greatest for those previously hospital-
ized for HF.88

•	 Although Hispanic patients hospitalized with HF 
were significantly younger than NH whites, the 
prevalence of DM, hypertension, and overweight/
obesity was higher among them. In multivariate 
analysis, a 45% lower in-hospital mortality risk was 
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observed among Hispanics with HF with preserved 
EF compared with NH whites but not among those 
with HF with reduced EF.89

•	 On the basis of data from the community surveil-
lance component of the ARIC study of the NHLBI90:
—	 The average incidence of hospitalized HF for 

those ≥55 years of age was 11.6 per 1000 
people per year; incidence of recurrent hospi-
talized HF was 6.6 per 1000 people per year.

—	 Age-adjusted annual hospitalized HF inci-
dence was highest for black males (15.7 per 
1000), followed by black females (13.3 per 
1000), white males (12.3 per 1000), and white 
females (9.9 per 1000).

—	 Of incident hospitalized HF events, 53% had 
HF with reduced EF and 47% had preserved 
EF. Black males had the highest proportion of 
hospitalized HF with reduced EF (70%); white 
females had the highest proportion of hospi-
talized HF with preserved EF (59%).

—	 Age-adjusted 28-day and 1-year case fatality 
after hospitalized HF was 10.4% and 29.5%, 
respectively, and did not differ by race or sex.

•	 Data from the Health and Retirement Study from 
1998 to 2014 show racial/ethnic differences in 
hospitalization trajectories over 24 months after 
HF diagnosis.91 Compared with NH males, Hispanic 
males have declines in hospitalization after initial 
diagnosis but then increases in hospitalizations in 
later stages of disease. Among females, compared 
with whites, blacks had significantly more hospi-
talizations throughout the follow-up period.

•	 Data from Olmsted County, MN, indicate that 
among those with HF, hospitalizations were par-
ticularly common among males and did not dif-
fer by HF with reduced EF versus preserved EF, 
with 63% of hospitalizations for noncardiovascu-
lar causes. Among those with HF, hospitalization 
rates for cardiovascular causes did not change over 
time, whereas those for noncardiovascular causes 
increased from 2000 to 2010.24

Cost
The overall cost of HF continues to rise. See Chapter 26 
(Economic Cost of Cardiovascular Disease) for further 
statistics.

•	 In 2012, total cost for HF was estimated to be 
$30.7 billion (2010$), of which more than two-
thirds was attributable to direct medical costs.21 
Projections suggest that by 2030, the total cost 
of HF will increase by 127%, to $69.8 billion, 
amounting to ≈$244 for every US adult.21

•	 Implantable cardioverter-defibrillators could be 
cost-effective in the guideline-recommended 
groups of individuals with HF with reduced EF; 
however, the benefit might not be as great in those 

with high overall mortality risk (eg, age ≥75 years, 
New York Heart Association functional class III, 
LVEF ≤20%, BNP ≥700 pg/mL, SBP ≤120 mm Hg, 
AF, DM, chronic lung disease, and CKD).92,93

•	 The costs associated with treating HF comorbidi-
ties and HF exacerbations in youths are significant, 
totaling nearly $1 billion in inpatient costs, and 
may be rising. The associated cost burden of HF 
is anticipated to constitute a large portion of total 
pediatric healthcare costs.94

Open Heart Transplantation and Mechanical 
Circulatory Support Device Placement in the 
United States
(See Chart 20-7)
From September 1987 to December 2012, 40 253 peo-
ple were waiting for heart transplants, with a median 
survival of 2.3 years; 26 943 received transplants, with 
median survival of 9.5 years. Life-years saved were 
465 296; life-years saved per patient were 5.0.95

•	 Among other causes, heart transplant patients 
die of SCD at a rate of 1.3% per year, particu-
larly those with a history of allograft vasculopathy, 
although other risk factors have been described in 
a meta-analysis of >47 000 individuals.96

•	 According to a study based on the NIS, the out-
comes after admission for HF are similar in patients 
with a prior history of heart transplant and those 
without previous transplants.97

•	 In the MedaMACS study, from May 2013 to 
October 2015, 161 patients with advanced HF 
were included, and 47% died within 2 years of 
follow-up. Although survival was similar to that of 
patients with an LVAD in the overall INTERMACS 
cohort, in individuals with HF of greater severity, 
survival was lower in the INTERMACS cohort.98

•	 In the ROADMAP study, among 195 patients with 
advanced ambulatory non–inotrope-dependent 
HF, only those with higher severity of HF (defined 
as INTERMACS profile 4) benefitted from LVAD 
implantation compared with optimal medical 
management, despite increased complications. In 
individuals with INTERMACS profiles 5 through 7, 
no benefit of LVADs was noted.99

•	 In 2019, INTERMACS reported >25 000 mechani-
cal circulatory support device implantations from 
June 2006 to December 2017, of which >20 000 
were primary left mechanical circulatory support 
devices, including total artificial hearts (339), 
pulsatile-flow LVADs (923), and continuous-flow 
LVADs (19 206), including axial and centrifugal 
pumps. This includes both isolated LVAD and com-
bined left and right ventricular assist devices. As 
of 2017, 51% of the LVADs were centrifugal and 
49% were axial-flow devices.100
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•	 The 1-year LVAD survival rate has now reached 
83%, with a median survival of 5 years among 
patients with isolated continuous-flow LVADs. 
When an additional RV assist device is needed, the 
1-year survival is only 58% and the median survival 
is limited to 31%.100

•	 The proportion of LVADs implanted as destination 
therapy increased from 2% in 2008 to 49% in 
2017 for continuous-flow LVADs, with an overall 
decline in those in whom the LVAD was implanted 
as a bridge to decision or transplantation over this 
time period (Chart 20-7).100 However, a substantial 
difference in indications exists across device type, 
with 73% of axial-flow pump–type LVADs being 
used as destination therapy in 2017 versus only 
27% of centrifugal-flow LVADs.

•	 The 1-year survival of individuals with an LVAD 
implanted as a bridge to transplantation was 88%; 
for those with a bridge-to-decision implantation, 
survival was 85%; and for those with an LVAD as 
destination therapy, survival was 80%.100

•	 From 2006 to April 2017, 450 individuals in 
INTERMACS underwent a total artificial heart 
implantation. Among those, 266 underwent trans-
plantation and 162 died on support. The 1-year 
survival rate was 53%, with most deaths occurring 
because of multiorgan failure. At 12 months, 52% 
of the patients had undergone transplantation, 
34% had died, and 13% were still alive and with 
the device.101

•	 According to an NIS study, there is no difference in 
outcomes after ventricular assist device implanta-
tion across geographic areas in the United States, 
despite differences in cost and length of stay.102

•	 In 2011, in-hospital mortality with LVAD implan-
tation decreased significantly, from 47.2% in 
2005 to 12.7%, among Medicare beneficiaries. 
An inflection point was seen, with a sharp rise in 
LVAD implantation and decrease in the in-hospital 
mortality rate in 2008. Average hospital length of 
stay decreased from the pulsatile LVAD (pre-2008) 
to the continuous-flow LVAD (2008–2011) eras.103 
The mean cost of LVAD-related hospitalization 
increased from $194 380 in 2005 to $234 808 in 
2011.104

•	 In a comparable cost-effectiveness analysis in the 
French healthcare system, LVAD implants were 
associated with improved survival at a high cost, 
exceeding €100 000 per QALY, and were not con-
sidered cost-effective.105

•	 In a meta-analysis of 8 studies (7957 patients total) 
comparing mortality rates in patients treated with 
heart transplantation versus bridge-to-transplanta-
tion LVAD or LVAD as destination therapy, there 
was no difference in late (>6 months) all-cause 
mortality between heart transplantation and LVAD 

(pooled OR, 0.91 [95% CI, 0.62–1.32] for trans-
plantation versus bridge-to-transplantation LVAD; 
pooled OR, 1.49 [95% CI, 0.48–4.66] for trans-
plantation versus destination therapy LVAD).106

•	 In a Markov model analysis, LVADs in patients with 
non–inotrope-dependent HF improved quality of 
life, at a substantial increase in costs, mostly attrib-
utable to frequent readmissions and cost of follow-
up care. The gain in quality of life was from 2.67 to 
4.41 QALYs. However, the incremental cost-effec-
tiveness ratio was US $209 400 per QALY gained 
and US $597 400 per life-year gained. Moreover, 
those results were sensitive to readmission rates 
and outpatient care costs.107

•	 Elevated LVAD index admission costs could be 
related to procurement costs and length of stay. 
Hospital readmissions also contribute significantly 
to overall cost of LVAD therapy: in a retrospec-
tive study with continuous-flow LVAD, 44% of 
patients were readmitted within 30 days of dis-
charge, with a median cost of $7546. The most 
common causes of readmission were gastrointes-
tinal bleeding, infection, and stroke, with device 
malfunction and arrhythmias the costliest causes 
of readmission. There was no difference in survival 
between patients who were and were not read-
mitted, although median follow-up was only 11 
months.108

•	 In a study that used the United Network for Organ 
Sharing registry between 2006 and 2015 and 
addressed insurance status, among those with 
bridge-to-transplantation LVADs, Medicaid insur-
ance was associated with worse survival of patients 
on the heart transplant waiting list compared with 
patients with private insurance, although access to 
transplantation was not different.109

•	 Among Medicare beneficiaries undergoing LVAD 
implantation, the outcomes vary widely according 
to the presence of ESRD. During a median follow-
up of 762 days, 82% of individuals with ESRD died, 
whereas only 36% of those without ESRD died. 
Even after adjustment for confounding, the OR for 
mortality was 36.3 for the presence of ESRD.

LVAD and Open-Heart Transplantation Disparities
•	 The 2019 INTERMACS report did not specifically 

address the influence of sex or race/ethnicity on 
mortality after LVAD procedures, although a higher 
mortality was seen in females in prior reports (HR, 
1.16; P=0.005).110

•	 In a study that included 111 patients with ven-
tricular assist devices, SES was not associated 
with adverse prognosis or complications after 
implantation.111

•	 In the United Network for Organ Sharing data-
base of 18 085 patients who had open heart 
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transplantation performed at 102 centers, blacks 
had a higher adjusted 1-year mortality, particularly 
at poor-performing centers (observed-to-expected 
mortality ratio >1.2; OR, 1.37 [95% CI, 1.12–1.69]; 
P=0.002).112 Compared with whites and Hispanics, 
a higher proportion of blacks were treated at cen-
ters with higher than expected mortality, which 
persisted after adjustment for insurance type and 
education level.

Global Burden of HF
•	 HF prevalence was lowest in west sub-Saharan 

Africa (0.74 [95% CI, 0.58–0.98] per 1000 in 
males and 0.57 [95% CI, 0.44–0.76] per 1000 in 
females).113 HF made the largest contribution to 
age-standardized years lived with disability among 
males in high-income North America, Oceania, 
Eastern and Western Europe, southern Latin 
America, and Central Asia.113

•	 HF risk factors vary substantially across world 
regions, with hypertension being highly associ-
ated with HF in all regions but most commonly 
in Latin America, the Caribbean, Eastern Europe, 
and sub-Saharan Africa, and with a minimal asso-
ciation of IHD with HF in sub-Saharan Africa.114 
IHD prevalence among HF patients is highest in 
Europe and North America but rare in sub-Saharan 
Africa, whereas hypertension prevalence among 
HF patients was highest in Eastern Europe and 
sub-Saharan Africa; valvular and rheumatic HD 

prevalence among HF patients was highest in East 
Asia and Asia-Pacific countries.114 Follow-up from 
a multiethnic cohort composed of individuals from 
low- to middle-income countries in Africa, Asia, the 
Middle East, and South America will provide addi-
tional data regarding the global burden of HF.115 
HF is common throughout sub-Saharan Africa. 
According to a meta-analysis, the most common 
pathogenesis is hypertensive HD in 39.2% (95% 
CI, 32.6%–45.9%), followed by cardiomyopathies 
in 21.4% (95% CI, 16.0%–27.2%) and rheumatic 
HD in 14.1% (95% CI, 10.0%–18.8%), whereas 
IHD was reported in only 7.2% of cases (95% CI, 
4.1%–11.0%). However, there was important vari-
ability in the prevalence according to the region of 
the continent.116

•	 The prevalence estimates for HF across Asia range 
from 1.26% to 6.7%. Rheumatic HD is a major 
contributor to HF in certain parts of South Asia, 
such as India, but recently, trends toward an isch-
emic cause for HF have been observed in Asia, 
such as in China and Japan.117

•	 Ischemic HF prevalence in 2010 was highest (>5 
per 1000) in high-income North America, Oceania, 
and Eastern Europe. In particular, HF prevalence in 
2010 was highest in Oceania (4.53 [95% CI, 3.19–
6.29] per 1000 in females; 5.22 [95% CI, 3.84–
7.08] per 1000 in males), followed by high-income 
North America and North Africa/Middle East.113

Table 20-1.  Global Prevalence and Mortality of Cardiomyopathy and Myocarditis, 2017

Both Sexes Combined Males Females

Death  
(95% UI)

Prevalence  
(95% UI)

Death  
(95% UI)

Prevalence  
(95% UI)

Death  
(95% UI)

Prevalence  
(95% UI)

Total number (millions) 0.4 (0.3 to 0.4) 5.4 (4.7 to 6.3) 0.2 (0.2 to 0.2) 2.7 (2.4 to 3.2) 0.2 (0.1 to 0.2) 2.7 (2.3 to 3.1)

Percent change total 
number, 1990 to 2017

54.5 (46.4 to 64.1) 57.5 (52.5 to 63.0) 74.9 (62.3 to 92.2) 65.9 (60.0 to 73.1) 33.2 (26.5 to 43.4) 49.8 (44.7 to 55.3)

Percent change total 
number, 2007 to 2017

8.1 (3.8 to 18.2) 24.5 (22.5 to 26.5) 6.7 (0.7 to 23.9) 26.1 (23.5 to 28.8) 10.0 (7.0 to 14.3) 22.8 (20.3 to 25.3)

Rate per 100 000 4.8 (4.5 to 5.0) 68.7 (59.6 to 79.1) 6.0 (5.2 to 6.4) 74.0 (64.0 to 85.4) 3.7 (3.5 to 3.9) 63.4 (54.8 to 72.9)

Percent change rate, 2007 
to 2017

−16.6  
(−19.8 to −9.4)

−5.8  
(−7.1 to −4.5)

−15.9  
(−20.3 to −2.8)

−4.2  
(−6.1 to −2.5)

−17.1  
(−19.3 to −14.0)

−6.9  
(−8.6 to −5.2)

Percent change rate, 1990 
to 2017

−25.8 (−29.4 to 
−20.6)

−21.7 (−24.1 to 
−19.2)

−16.0 (−21.8 to 
0.6)

−17.2 (−19.9 to 
−14.0)

−36.1 (−38.9 to 
−31.9)

−25.0 (−27.5 to 
−22.5)

UI indicates uncertainty interval.
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.19 Printed with permission. 

Copyright © 2018, University of Washington.

This table lists 
the total number 
of deaths and 
prevalence 
worldwide 
related to 
cardiomyopathy 
and myocarditis 
in 2017, as well 
as the percent 
changes from 
2007 and 1990. 
These numbers 
are further divid-
ed by sex.  The 
400,000 deaths 
attributable to 
cardiomyopathy 
and myocarditis 
in 2017 represent 
an 8.1% percent 
increase from 
2007.
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Table 20-2.  HF in the United States

Population Group
Prevalence, 2013–
2016, Age ≥20 y

Incidence, 2014, Age 
≥55 y

Mortality, 2017, All 
Ages*

Hospital Discharges, 
2016, All Ages Cost, 2012†

Both sexes 6 200 000 (2.2%) 1 000 000 80 480 809 000 $30.7 billion

Males 3 000 000 (2.4%) 495 000 36 824 (45.8%)‡ 415 000 …

Females 3 200 000 (2.1%) 505 000 43 656 (54.2%)‡ 394 000 …

NH white males 2.2% 430 000§ 30 076 … …

NH white females 1.9% 425 000§ 36 004 … …

NH black males 3.5% 65 000§ 4068 … …

NH black females 3.9% 80 000§ 4683 … …

Hispanic males 2.5% … 1820 … …

Hispanic females 2.1% … 1960 … …

NH Asian males 1.7% … 633‖ … …

NH Asian females 0.7% … 752‖ … …

NH American Indian or Alaska Native … … 339 … …

HF includes people who answered “yes” to the question of ever having congestive heart failure. Ellipses (…) indicates data not available; HF, heart failure; and 
NH, non-Hispanic.

*Mortality data for Hispanic, NH American Indian or Alaska Native, and NH Asian and Pacific Islander people should be interpreted with caution because of 
inconsistencies in reporting Hispanic origin or race on the death certificate compared with censuses, surveys, and birth certificates. Studies have shown underreporting 
on death certificates of American Indian or Alaska Native, Asian and Pacific Islander, and Hispanic decedents, as well as undercounts of these groups in censuses.

†Cost data are from Heidenreich et al.21

‡These percentages represent the portion of total mortality attributable to HF that is for males vs females.
§Estimates for whites include other nonblack races.
‖Includes Chinese, Filipino, Hawaiian, Japanese, and Other Asian or Pacific Islander.
Sources: Prevalence: Unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation using National Health and Nutrition Examination Survey 2013 to 

2016.20 Percentages are age adjusted for Americans ≥20 years of age. Age-specific percentages are extrapolated to the 2016 US population estimates. These data are 
based on self-reports. Incidence: Unpublished NHLBI tabulation using Atherosclerosis Risk in Communities study Community Surveillance, 2005 to 2014.118 Mortality: 
Unpublished NHLBI tabulation using National Vital Statistics System, 2017.81 Mortality for NH Asians includes Pacific Islanders. Hospital discharges: Unpublished 
NHLBI tabulation using Healthcare Cost and Utilization Project, 2016 (data include those inpatients discharged alive, dead, or status unknown).1

This table shows 
the prevalence, 
incidence, mor-
tality, hospital 
discharges and 
cost related to 
heart failure 
in the United 
States.  Where 
available, statis-
tics are further 
divided by sex 
and race and 
ethnicity.

Chart 20-1. Temporal trends in PPCM incidence rate per 10 000 live births, United States, 2004 to 2011. 
PPCM incidence rate per 10 000 live births per calendar year was calculated with the numerator representing the number of women 15 to 54 years of age with 
PPCM in that calendar year and the denominator representing the number of live births in women 15 to 54 years of age for the same calendar year. Ptrend<0.001. 
Error bars represent 95% CI.  
PPCM indicates peripartum cardiomyopathy.  
Source: Reprinted from Kolte et al.8 Copyright © 2014, The Authors. Published on behalf of the American Heart Association, Inc., by Wiley Blackwell. This is 
an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any 
medium, provided the original work is properly cited and is not used for commercial purposes.

This chart 
shows that the 
incidence rate 
of peripartum 
cardiomyopathy 
increased fairly 
steadily each year 
from below 9 
per 10,000 live 
births in 2004 to 
approximately 12 
per 10,000 live 
births in 2011.
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Chart 20-2. Age-standardized global mortality rates of cardiomyopathy and myocarditis per 100 000, both sexes, 2017. 
The highest age-standardized mortality rates attributable to cardiomyopathy and myocarditis are in Eastern Europe.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.19 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that the highest 
age-standardized 
mortality rates 
due to cardio-
myopathy and 
myocarditis were 
in Eastern Europe 
in 2017.

Chart 20-3. Age-standardized global prevalence rates of cardiomyopathy and myocarditis per 100 000, both sexes, 2017.  
Age-standardized prevalence of cardiomyopathy and myocarditis is highest in Central Europe.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.19 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that the age-
standardized 
prevalence of 
cardiomyopathy 
and myocarditis 
was highest in 
Central Europe in 
2017.
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Chart 20-4. Prevalence of heart failure among US adults ≥20 years of age, by sex and age (NHANES, 2013–2016). 
NHANES indicates National Health and Nutrition Examination Survey.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using NHANES, 2013 to 2016.20

This chart 
shows that the 
prevalence of 
heart failure for 
adults from 2013 
to 2016 was 
highest for males 
80 years of age 
and older, fol-
lowed by females 
80 years of age 
and older, males 
60 to 79 years 
of age, females 
60 to 79 years 
of age, females 
40 to 59 years of 
age, males 40 to 
59 years of age, 
males 20 to 39 
years of age, and 
lastly females 
20 to 39 years 
of age.
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Chart 20-5. First acute decompensated heart failure annual event rates per 1000 from ARIC Community Surveillance by sex and race, United States, 
2005 to 2014. 
ARIC indicates Atherosclerosis Risk in Communities.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using ARIC Community Surveillance, 2005 to 2014.118

This chart shows 
that the annual 
event rates of 
first acute 
decompensated 
heart failure from 
the Athero-
sclerosis Risk in 
Communities 
study from 2005 
to 2014 in adults 
age 55 and older 
were highest in 
black males 75 
years of age or 
older, followed 
by white males 
75 years of age 
or older, black fe-
males 75 years of 
age or older, and 
white females 
75 years of age 
or older. All race 
categories in the 
65 to 74 years of 
age category and 
56 to 74 years of 
age category had 
lower rates than 
those categories 
described above, 
with lower rates 
within each race 
and sex category 
as age category 
decreased.
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Chart 20-6. Hospital discharges for heart failure by sex, United States, 1997 to 2016.  
Hospital discharges include people discharged alive, dead, and status unknown.  
*Data not available for 2015. Readers comparing data across years should note that beginning October 1, 2015, a transition was made from the 9th revision to 
the 10th revision of the International Classification of Diseases. This should be kept in consideration because coding changes could affect some statistics, especially 
when comparisons are made across these years.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Healthcare Cost and Utilization Project, 1997 to 2016.1

This chart shows 
that for both 
sexes between 
1997 to 2016, 
the number of 
hospital dis-
charges for heart 
failure rose from 
1997 to the early 
2000s and were 
higher among 
females.  Rates 
began to decline 
for both sexes 
and converged in 
the late 2000s.  
Between 2012 
and 2014, rates 
rose higher for 
males than fe-
males, and then, 
after an absence 
of data in 2015, 
declined for both 
sexes to the low-
est levels seen 
on this chart in 
2016.

Chart 20-7. Device strategy at the time of implantation by year, United States, 2008 to 2017. 
Implantations are continuous-flow left ventricular assist devices, April 2008 to December 2017. N=18 359.  
Txpl indicates transplant.  
Source: Reprinted from Kormos et al100 with permission from The Society of Thoracic Surgeons. Copyright © 2019, The Society of Thoracic Surgeons. Published by 
Elsevier Inc. on behalf of International Society for Heart and Lung Transplantation.

This chart shows 
the breakdown 
of device 
strategies for 
continuous flow 
left ventricular 
assist devices 
from 2008 to 
2017.  In 2008, 
the majority of 
patients were 
receiving bridge 
to transplant, fol-
lowed by bridge 
to decision, 
with only 2% 
receiving destina-
tion therapy.  
Conversely, in 
2017, almost half 
of patients were 
receiving destina-
tion therapy, with 
about a quarter 
receiving bridge 
to decision and 
a quarter receiv-
ing bridge to 
transplant.

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e520

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 20

REFERENCES
	 1.	 Agency for Healthcare Research and Quality. HCUPnet, 1996–2016. 

Healthcare Cost and Utilization Project (HCUP) website. http://hcupnet.
ahrq.gov/. Accessed April 1, 2019.

	 2.	 Massera D, McClelland RL, Ambale-Venkatesh B, Gomes AS, Hundley WG, 
Kawel-Boehm N, Yoneyama K, Owens DS, Garcia MJ, Sherrid MV, et al. 
Prevalence of unexplained left ventricular hypertrophy by cardiac mag-
netic resonance imaging in MESA. J Am Heart Assoc. 2019;8:e012250. 
doi: 10.1161/JAHA.119.012250

	 3.	 Bick AG, Flannick J, Ito K, Cheng S, Vasan RS, Parfenov MG, Herman DS, 
DePalma SR, Gupta N, Gabriel SB, et al. Burden of rare sarcomere gene 
variants in the Framingham and Jackson Heart Study cohorts. Am J Hum 
Genet. 2012;91:513–519. doi: 10.1016/j.ajhg.2012.07.017

	 4.	 Ho CY, Day SM, Ashley EA, Michels M, Pereira AC, Jacoby D, Cirino AL, 
Fox JC, Lakdawala NK, Ware JS, et al. Genotype and lifetime burden of 
disease in hypertrophic cardiomyopathy: insights from the Sarcomeric 
Human Cardiomyopathy Registry (SHaRe). Circulation. 2018;138:1387–
1398. doi: 10.1161/CIRCULATIONAHA.117.033200

	 5.	 Givertz MM, Mann DL. Epidemiology and natural history of recovery of 
left ventricular function in recent onset dilated cardiomyopathies. Curr 
Heart Fail Rep. 2013;10:321–330. doi: 10.1007/s11897-013-0157-5

	 6.	 Yeboah J, Rodriguez CJ, Stacey B, Lima JA, Liu S, Carr JJ, 
Hundley WG, Herrington DM. Prognosis of individuals with asymptom-
atic left ventricular systolic dysfunction in the Multi-Ethnic Study 
of Atherosclerosis (MESA). Circulation. 2012;126:2713–2719. doi: 
10.1161/CIRCULATIONAHA.112.112201

	 7.	 Dec GW, Fuster V. Idiopathic dilated cardiomyopathy. N Engl J Med. 
1994;331:1564–1575. doi: 10.1056/NEJM199412083312307

	 8.	 Kolte D, Khera S, Aronow WS, Palaniswamy C, Mujib M, Ahn C, Jain D, 
Gass A, Ahmed A, Panza JA, et al. Temporal trends in incidence and 
outcomes of peripartum cardiomyopathy in the United States: a nation-
wide population-based study. J Am Heart Assoc. 2014;3:e001056. doi: 
10.1161/JAHA.114.001056

	 9.	 McNamara DM, Elkayam U, Alharethi R, Damp J, Hsich E, Ewald G, Modi K, 
Alexis JD, Ramani GV, Semigran MJ, et al; IPAC Investigators. Clinical out-
comes for peripartum cardiomyopathy in North America: results of the 
IPAC study (Investigations of Pregnancy-Associated Cardiomyopathy). J 
Am Coll Cardiol. 2015;66:905–914. doi: 10.1016/j.jacc.2015.06.1309

	10.	 Elkayam U, Akhter MW, Singh H, Khan S, Bitar F, Hameed A, Shotan A. 
Pregnancy-associated cardiomyopathy: clinical characteristics and a com-
parison between early and late presentation. Circulation. 2005;111:2050–
2055. doi: 10.1161/01.CIR.0000162478.36652.7E

	11.	 Irizarry OC, Levine LD, Lewey J, Boyer T, Riis V, Elovitz MA, Arany Z. 
Comparison of clinical characteristics and outcomes of peripartum cardio-
myopathy between African American and non-African American women. 
JAMA Cardiol. 2017;2:1256–1260. doi: 10.1001/jamacardio.2017.3574

	12.	 Amos AM, Jaber WA, Russell SD. Improved outcomes in peripartum car-
diomyopathy with contemporary. Am Heart J. 2006;152:509–513. doi: 
10.1016/j.ahj.2006.02.008

	13.	 Wilkinson JD, Landy DC, Colan SD, Towbin JA, Sleeper LA, Orav EJ, 
Cox GF, Canter CE, Hsu DT, Webber SA, et al. The pediatric cardiomyopa-
thy registry and heart failure: key results from the first 15 years. Heart Fail 
Clin. 2010;6:401–413, vii. doi: 10.1016/j.hfc.2010.05.002

	14.	 Colan SD, Lipshultz SE, Lowe AM, Sleeper LA, Messere J, Cox GF, 
Lurie PR, Orav EJ, Towbin JA. Epidemiology and cause-specific outcome 
of hypertrophic cardiomyopathy in children: findings from the Pediatric 
Cardiomyopathy Registry. Circulation. 2007;115:773–781. doi: 
10.1161/CIRCULATIONAHA.106.621185

	15.	 Ziółkowska L, Turska-Kmieć A, Petryka J, Kawalec W. Predictors of long-
term outcome in children with hypertrophic cardiomyopathy. Pediatr 
Cardiol. 2016;37:448–458. doi: 10.1007/s00246-015-1298-y

	16.	 Towbin JA, Lowe AM, Colan SD, Sleeper LA, Orav EJ, Clunie S, 
Messere J, Cox GF, Lurie PR, Hsu D, et al. Incidence, causes, and outcomes 
of dilated cardiomyopathy in children. JAMA. 2006;296:1867–1876. doi: 
10.1001/jama.296.15.1867

	17.	 Pahl E, Sleeper LA, Canter CE, Hsu DT, Lu M, Webber SA, Colan SD, 
Kantor PF, Everitt MD, Towbin JA, et al; Pediatric Cardiomyopathy Registry 
Investigators. Incidence of and risk factors for sudden cardiac death 
in children with dilated cardiomyopathy: a report from the Pediatric 
Cardiomyopathy Registry. J Am Coll Cardiol. 2012;59:607–615. doi: 
10.1016/j.jacc.2011.10.878

	18.	 Mulrooney DA, Yeazel MW, Kawashima T, Mertens AC, Mitby P, Stovall M, 
Donaldson SS, Green DM, Sklar CA, Robison LL, et al. Cardiac outcomes 
in a cohort of adult survivors of childhood and adolescent cancer: 

retrospective analysis of the Childhood Cancer Survivor Study cohort. 
BMJ. 2009;339:b4606. doi: 10.1136/bmj.b4606

	19.	 Global Burden of Disease Study 2017 (GBD 2017). Seattle, WA: Institute 
for Health Metrics and Evaluation (IHME), University of Washington; 2018. 
http://ghdx.healthdata.org/gbd-results-tool. Accessed April 1, 2019.

	20.	 National Center for Health Statistics. National Health and Nutrition 
Examination Survey (NHANES) public use data files. Centers for Disease 
Control and Prevention website. https://www.cdc.gov/nchs/nhanes/. 
Accessed April 1, 2019.

	21.	 Heidenreich PA, Albert NM, Allen LA, Bluemke DA, Butler J, Fonarow GC, 
Ikonomidis JS, Khavjou O, Konstam MA, Maddox TM, et al; on behalf 
of the American Heart Association Advocacy Coordinating Committee; 
Council on Arteriosclerosis, Thrombosis and Vascular Biology; Council on 
Cardiovascular Radiology and Intervention; Council on Clinical Cardiology; 
Council on Epidemiology and Prevention; Stroke Council. Forecasting 
the impact of heart failure in the United States: a policy statement from 
the American Heart Association. Circ Heart Fail. 2013;6:606–619. doi: 
10.1161/HHF.0b013e318291329a

	22.	 Huffman MD, Berry JD, Ning H, Dyer AR, Garside DB, Cai X, Daviglus ML, 
Lloyd-Jones DM. Lifetime risk for heart failure among white and black 
Americans: Cardiovascular Lifetime Risk Pooling Project. J Am Coll Cardiol. 
2013;61:1510–1517. doi: 10.1016/j.jacc.2013.01.022

	23.	 Barker WH, Mullooly JP, Getchell W. Changing incidence and sur-
vival for heart failure in a well-defined older population, 1970-
1974 and 1990-1994. Circulation. 2006;113:799–805. doi: 
10.1161/CIRCULATIONAHA.104.492033

	24.	 Gerber Y, Weston SA, Redfield MM, Chamberlain AM, Manemann SM, 
Jiang R, Killian JM, Roger VL. A contemporary appraisal of the heart fail-
ure epidemic in Olmsted County, Minnesota, 2000 to 2010. JAMA Intern 
Med. 2015;175:996–1004. doi: 10.1001/jamainternmed.2015.0924

	25.	 Bibbins-Domingo K, Pletcher MJ, Lin F, Vittinghoff E, Gardin JM, 
Arynchyn A, Lewis CE, Williams OD, Hulley SB. Racial differences in inci-
dent heart failure among young adults. N Engl J Med. 2009;360:1179–
1190. doi: 10.1056/NEJMoa0807265

	26.	 Bahrami H, Kronmal R, Bluemke DA, Olson J, Shea S, Liu K, 
Burke GL, Lima JA. Differences in the incidence of congestive heart failure 
by ethnicity: the Multi-Ethnic Study of Atherosclerosis. Arch Intern Med. 
2008;168:2138–2145. doi: 10.1001/archinte.168.19.2138

	27.	 Chang PP, Wruck LM, Shahar E, Rossi JS, Loehr LR, Russell SD, Agarwal SK, 
Konety SH, Rodriguez CJ, Rosamond WD. Trends in hospitalizations 
and survival of acute decompensated heart failure in four US commu-
nities (2005-2014): ARIC Study Community Surveillance. Circulation. 
2018;138:12–24. doi: 10.1161/CIRCULATIONAHA.117.027551

	28.	 Dunlay SM, Weston SA, Jacobsen SJ, Roger VL. Risk factors for heart fail-
ure: a population-based case-control study. Am J Med. 2009;122:1023–
1028. doi: 10.1016/j.amjmed.2009.04.022

	29.	 Kovell LC, Juraschek SP, Russell SD. Stage A heart failure is not adequately 
recognized in US adults: analysis of the National Health and Nutrition 
Examination Surveys, 2007-2010. PLoS One. 2015;10:e0132228. doi: 
10.1371/journal.pone.0132228

	30.	 Kalogeropoulos A, Georgiopoulou V, Kritchevsky SB, Psaty BM, Smith NL, 
Newman AB, Rodondi N, Satterfield S, Bauer DC, Bibbins-Domingo K, 
et al. Epidemiology of incident heart failure in a contemporary elderly 
cohort: the Health, Aging, and Body Composition study. Arch Intern Med. 
2009;169:708–715. doi: 10.1001/archinternmed.2009.40

	31.	 Vivo RP, Krim SR, Cevik C, Witteles RM. Heart failure in Hispanics. J Am 
Coll Cardiol. 2009;53:1167–1175. doi: 10.1016/j.jacc.2008.12.037

	32.	 Steinberg BA, Zhao X, Heidenreich PA, Peterson ED, Bhatt DL, Cannon CP, 
Hernandez AF, Fonarow GC; for the Get With the Guidelines Scientific 
Advisory Committee and Investigators. Trends in patients hospitalized 
with heart failure and preserved left ventricular ejection fraction: prev-
alence, therapies, and outcomes. Circulation. 2012;126:65–75. doi: 
10.1161/CIRCULATIONAHA.111.080770

	33.	 Djoussé L, Driver JA, Gaziano JM. Relation between modifiable lifestyle 
factors and lifetime risk of heart failure. JAMA. 2009;302:394–400. doi: 
10.1001/jama.2009.1062

	34.	 Folsom AR, Shah AM, Lutsey PL, Roetker NS, Alonso A, 
Avery CL, Miedema MD, Konety S, Chang PP, Solomon SD. American 
Heart Association’s Life’s Simple 7: avoiding heart failure and preserving 
cardiac structure and function. Am J Med. 2015;128:970–976.e2. doi: 
10.1016/j.amjmed.2015.03.027

	35.	 Dhingra R, Gona P, Wang TJ, Fox CS, D’Agostino RB Sr, 
Vasan RS. Serum gamma-glutamyl transferase and risk of heart failure in 
the community. Arterioscler Thromb Vasc Biol. 2010;30:1855–1860. doi: 
10.1161/ATVBAHA.110.207340

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025

http://hcupnet.ahrq.gov/
http://hcupnet.ahrq.gov/
http://ghdx.healthdata.org/gbd-results-tool
https://www.cdc.gov/nchs/nhanes/


e521

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 20

	36.	 Coglianese EE, Qureshi MM, Vasan RS, Wang TJ, 
Moore LL. Usefulness of the blood hematocrit level to predict develop-
ment of heart failure in a community. Am J Cardiol. 2012;109:241–245. 
doi: 10.1016/j.amjcard.2011.08.037

	37.	 Velagaleti RS, Gona P, Larson MG, Wang TJ, Levy D, Benjamin EJ, 
Selhub J, Jacques PF, Meigs JB, Tofler GH, et al. Multimarker approach 
for the prediction of heart failure incidence in the community. Circulation. 
2010;122:1700–1706. doi: 10.1161/CIRCULATIONAHA.109.929661

	38.	 Frankel DS, Vasan RS, D’Agostino RB Sr, Benjamin EJ, Levy D, 
Wang TJ, Meigs JB. Resistin, adiponectin, and risk of heart failure: the 
Framingham Offspring study. J Am Coll Cardiol. 2009;53:754–762. doi: 
10.1016/j.jacc.2008.07.073

	39.	 Djoussé L, Wilk JB, Hanson NQ, Glynn RJ, Tsai MY, Gaziano JM. Association 
between adiponectin and heart failure risk in the Physicians’ Health Study. 
Obesity (Silver Spring). 2013;21:831–834. doi: 10.1002/oby.20260

	40.	 Gopal DM, Kalogeropoulos AP, Georgiopoulou VV, Tang WW, Methvin A, 
Smith AL, Bauer DC, Newman AB, Kim L, Harris TB, et al; Health ABC 
Study. Serum albumin concentration and heart failure risk: the Health, 
Aging, and Body Composition study. Am Heart J. 2010;160:279–285. doi: 
10.1016/j.ahj.2010.05.022

	41.	 Gopal DM, Kalogeropoulos AP, Georgiopoulou VV, Smith AL, Bauer DC, 
Newman AB, Kim L, Bibbins-Domingo K, Tindle H, Harris TB, et al. Cigarette 
smoking exposure and heart failure risk in older adults: the Health, Aging, 
and Body Composition Study. Am Heart J. 2012;164:236–242. doi: 
10.1016/j.ahj.2012.05.013

	42.	 Kalogeropoulos A, Georgiopoulou V, Psaty BM, Rodondi N, Smith AL, 
Harrison DG, Liu Y, Hoffmann U, Bauer DC, Newman AB, et al; Health 
ABC Study Investigators. Inflammatory markers and incident heart 
failure risk in older adults: the Health ABC (Health, Aging, and Body 
Composition) study. J Am Coll Cardiol. 2010;55:2129–2137. doi: 
10.1016/j.jacc.2009.12.045

	43.	 deFilippi CR, de Lemos JA, Christenson RH, Gottdiener JS, Kop WJ, Zhan M, 
Seliger SL. Association of serial measures of cardiac troponin T using a sen-
sitive assay with incident heart failure and cardiovascular mortality in older 
adults. JAMA. 2010;304:2494–2502. doi: 10.1001/jama.2010.1708

	44.	 Mozaffarian D, Lemaitre RN, King IB, Song X, Spiegelman D, Sacks FM, 
Rimm EB, Siscovick DS. Circulating long-chain ω-3 fatty acids and inci-
dence of congestive heart failure in older adults: the Cardiovascular Health 
Study: a cohort study. Ann Intern Med. 2011;155:160–170. doi: 
10.7326/0003-4819-155-3-201108020-00006

	45.	 Agarwal SK, Simpson RJ Jr, Rautaharju P, Alonso A, Shahar E, Massing M, 
Saba S, Heiss G. Relation of ventricular premature complexes to heart 
failure (from the Atherosclerosis Risk In Communities [ARIC] Study). Am J 
Cardiol. 2012;109:105–109. doi: 10.1016/j.amjcard.2011.08.009

	46.	 Bekwelem W, Lutsey PL, Loehr LR, Agarwal SK, Astor BC, 
Guild C, Ballantyne CM, Folsom AR. White blood cell count, C-reactive 
protein, and incident heart failure in the Atherosclerosis Risk in 
Communities (ARIC) Study. Ann Epidemiol. 2011;21:739–748. doi: 
10.1016/j.annepidem.2011.06.005

	47.	 Blecker S, Matsushita K, Köttgen A, Loehr LR, Bertoni AG, Boulware LE, 
Coresh J. High-normal albuminuria and risk of heart failure in the commu-
nity. Am J Kidney Dis. 2011;58:47–55. doi: 10.1053/j.ajkd.2011.02.391

	48.	 Matsushita K, Blecker S, Pazin-Filho A, Bertoni A, Chang PP, Coresh J, 
Selvin E. The association of hemoglobin A1c with incident heart failure 
among people without diabetes: the Atherosclerosis Risk in Communities 
study. Diabetes. 2010;59:2020–2026. doi: 10.2337/db10-0165

	49.	 Roberts CB, Couper DJ, Chang PP, James SA, Rosamond WD, Heiss G. 
Influence of life-course socioeconomic position on incident heart failure 
in blacks and whites: the Atherosclerosis Risk in Communities Study. Am J 
Epidemiol. 2010;172:717–727. doi: 10.1093/aje/kwq193

	50.	 Saunders JT, Nambi V, de Lemos JA, Chambless LE, Virani SS, 
Boerwinkle E, Hoogeveen RC, Liu X, Astor BC, Mosley TH, et al. Cardiac 
troponin T measured by a highly sensitive assay predicts coronary 
heart disease, heart failure, and mortality in the Atherosclerosis Risk 
in Communities Study. Circulation. 2011;123:1367–1376. doi: 
10.1161/CIRCULATIONAHA.110.005264

	51.	 Choi EY, Bahrami H, Wu CO, Greenland P, Cushman M, Daniels LB, 
Almeida AL, Yoneyama K, Opdahl A, Jain A, et al. N-terminal pro-B-type 
natriuretic peptide, left ventricular mass, and incident heart failure: Multi-
Ethnic Study of Atherosclerosis. Circ Heart Fail. 2012;5:727–734. doi: 
10.1161/CIRCHEARTFAILURE.112.968701

	52.	 Lam CS, Lyass A, Kraigher-Krainer E, Massaro JM, Lee DS, Ho JE, Levy D, 
Redfield MM, Pieske BM, Benjamin EJ, et al. Cardiac dysfunction and 
noncardiac dysfunction as precursors of heart failure with reduced and 

preserved ejection fraction in the community [published correction 
appears in Circulation. 2011;124:e458]. Circulation. 2011;124:24–30. 
doi: 10.1161/CIRCULATIONAHA.110.979203

	53.	 Kane GC, Karon BL, Mahoney DW, Redfield MM, Roger VL, 
Burnett JC Jr, Jacobsen SJ, Rodeheffer RJ. Progression of left ventricular 
diastolic dysfunction and risk of heart failure. JAMA. 2011;306:856–863. 
doi: 10.1001/jama.2011.1201

	54.	 Mehta H, Armstrong A, Swett K, Shah SJ, Allison MA, Hurwitz B, 
Bangdiwala S, Dadhania R, Kitzman DW, Arguelles W, et al. Burden of sys-
tolic and diastolic left ventricular dysfunction among Hispanics in the United 
States: insights from the Echocardiographic Study of Latinos. Circ Heart 
Fail. 2016;9:e002733. doi: 10.1161/CIRCHEARTFAILURE.115.002733

	55.	 Vasan RS, Xanthakis V, Lyass A, Andersson C, Tsao C, Cheng S, Aragam J, 
Benjamin EJ, Larson MG. Epidemiology of left ventricular systolic dysfunc-
tion and heart failure in the Framingham study: an echocardiographic 
study over 3 decades. JACC Cardiovasc Imaging. 2018;11:1–11. doi: 
10.1016/j.jcmg.2017.08.007

	56.	 Hershberger RE, Hedges DJ, Morales A. Dilated cardiomyopathy: the com-
plexity of a diverse genetic architecture. Nat Rev Cardiol. 2013;10:531–
547. doi: 10.1038/nrcardio.2013.105

	57.	 Hershberger RE, Siegfried JD. Update 2011: clinical and genetic issues in 
familial dilated cardiomyopathy. J Am Coll Cardiol. 2011;57:1641–1649. 
doi: 10.1016/j.jacc.2011.01.015

	58.	 Page SP, Kounas S, Syrris P, Christiansen M, Frank-Hansen R, Andersen PS, 
Elliott PM, McKenna WJ. Cardiac myosin binding protein-C mutations in 
families with hypertrophic cardiomyopathy: disease expression in rela-
tion to age, gender, and long term outcome. Circ Cardiovasc Genet. 
2012;5:156–166. doi: 10.1161/CIRCGENETICS.111.960831

	59.	 Marian AJ, Yu QT, Mares A Jr, Hill R, Roberts R, Perryman MB. Detection 
of a new mutation in the beta-myosin heavy chain gene in an individual 
with hypertrophic cardiomyopathy. J Clin Invest. 1992;90:2156–2165. 
doi: 10.1172/JCI116101

	60.	 Perryman MB, Yu QT, Marian AJ, Mares A Jr, Czernuszewicz G, Ifegwu J, 
Hill R, Roberts R. Expression of a missense mutation in the messenger RNA 
for beta-myosin heavy chain in myocardial tissue in hypertrophic cardio-
myopathy. J Clin Invest. 1992;90:271–277. doi: 10.1172/JCI115848

	61.	 Cahill TJ, Ashrafian H, Watkins H. Genetic cardiomyopa-
thies causing heart failure. Circ Res. 2013;113:660–675. doi: 
10.1161/CIRCRESAHA.113.300282

	62.	 Tayal U, Prasad S, Cook SA. Genetics and genomics of dilated cardio-
myopathy and systolic heart failure. Genome Med. 2017;9:20. doi: 
10.1186/s13073-017-0410-8

	63.	 Hastings R, de Villiers CP, Hooper C, Ormondroyd L, Pagnamenta A, Lise S, 
Salatino S, Knight SJ, Taylor JC, Thomson KL, et al. Combination of whole 
genome sequencing, linkage, and functional studies implicates a mis-
sense mutation in titin as a cause of autosomal dominant cardiomyopathy 
with features of left ventricular noncompaction. Circ Cardiovasc Genet. 
2016;9:426–435. doi: 10.1161/CIRCGENETICS.116.001431

	64.	 Walsh R, Thomson KL, Ware JS, Funke BH, Woodley J, McGuire KJ, 
Mazzarotto F, Blair E, Seller A, Taylor JC, et al. Reassessment of Mendelian 
gene pathogenicity using 7,855 cardiomyopathy cases and 60,706 refer-
ence samples. Genet Med. 2017;19:192–203. doi: 10.1038/gim.2016.90

	65.	 Cappola TP, Li M, He J, Ky B, Gilmore J, Qu L, Keating B, Reilly M, Kim CE, 
Glessner J, et al. Common variants in HSPB7 and FRMD4B associated with 
advanced heart failure. Circ Cardiovasc Genet. 2010;3:147–154. doi: 
10.1161/CIRCGENETICS.109.898395

	66.	 Matkovich SJ, Van Booven DJ, Hindes A, Kang MY, Druley TE, Vallania FL, 
Mitra RD, Reilly MP, Cappola TP, Dorn GW 2nd. Cardiac signaling genes 
exhibit unexpected sequence diversity in sporadic cardiomyopathy, 
revealing HSPB7 polymorphisms associated with disease. J Clin Invest. 
2010;120:280–289. doi: 10.1172/JCI39085

	67.	 Stark K, Esslinger UB, Reinhard W, Petrov G, Winkler T, Komajda M, 
Isnard R, Charron P, Villard E, Cambien F, et al. Genetic association study 
identifies HSPB7 as a risk gene for idiopathic dilated cardiomyopathy. PLoS 
Genet. 2010;6:e1001167. doi: 10.1371/journal.pgen.1001167

	68.	 Xu H, Dorn GWII, Shetty A, Parihar A, Dave T, Robinson SW, Gottlieb SS, 
Donahue MP, Tomaselli GF, Kraus WE, et al. A genome-wide association 
study of idiopathic dilated cardiomyopathy in African Americans. J Pers 
Med. 2018;8:E11. doi: 10.3390/jpm8010011

	69.	 Smith NL, Felix JF, Morrison AC, Demissie S, Glazer NL, Loehr LR, 
Cupples LA, Dehghan A, Lumley T, Rosamond WD, et al. Association of 
genome-wide variation with the risk of incident heart failure in adults 
of European and African ancestry: a prospective meta-analysis from 
the Cohorts for Heart and Aging Research in Genomic Epidemiology 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e522

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 20

(CHARGE) consortium. Circ Cardiovasc Genet. 2010;3:256–266. doi: 
10.1161/CIRCGENETICS.109.895763

	70.	 van der Harst P, van Setten J, Verweij N, Vogler G, Franke L, Maurano MT, 
Wang X, Mateo Leach I, Eijgelsheim M, Sotoodehnia N, et al. 52 Genetic 
loci influencing myocardial mass. J Am Coll Cardiol. 2016;68:1435–1448. 
doi: 10.1016/j.jacc.2016.07.729

	71.	 Watkins H, Ashrafian H, Redwood C. Inherited cardiomyopathies. N Engl 
J Med. 2011;364:1643–1656. doi: 10.1056/NEJMra0902923

	72.	 Ackerman MJ, Priori SG, Willems S, Berul C, Brugada R, Calkins H, Camm AJ, 
Ellinor PT, Gollob M, Hamilton R, et al; Heart Rhythm Society (HRS); European 
Heart Rhythm Association (EHRA). HRS/EHRA expert consensus statement 
on the state of genetic testing for the channelopathies and cardiomyopa-
thies: this document was developed as a partnership between the Heart 
Rhythm Society (HRS) and the European Heart Rhythm Association (EHRA) 
[published correction appears in Europace. 2012;14:277]. Europace. 
2011;13:1077–1109. doi: 10.1093/europace/eur245

	73.	 Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS,  
Scott CG, Enriquez-Sarano M. Burden of valvular heart diseases: a 
population-based study. Lancet. 2006;368:1005–1011. doi: 10.1016/ 
S0140-6736(06)69208-8

	74.	 Chen J, Normand SL, Wang Y, Krumholz HM. National and regional trends in 
heart failure hospitalization and mortality rates for Medicare beneficiaries, 
1998-2008. JAMA. 2011;306:1669–1678. doi: 10.1001/jama.2011.1474

	75.	 Loehr LR, Rosamond WD, Chang PP, Folsom AR, Chambless LE. Heart failure 
incidence and survival (from the Atherosclerosis Risk in Communities study). 
Am J Cardiol. 2008;101:1016–1022. doi: 10.1016/j.amjcard.2007.11.061

	76.	 Merlo M, Pivetta A, Pinamonti B, Stolfo D, Zecchin M, Barbati G, 
Di Lenarda A, Sinagra G. Long-term prognostic impact of therapeutic 
strategies in patients with idiopathic dilated cardiomyopathy: changing 
mortality over the last 30 years. Eur J Heart Fail. 2014;16:317–324. doi: 
10.1002/ejhf.16

	77.	 Allen LA, Fonarow GC, Liang L, Schulte PJ, Masoudi FA, Rumsfeld JS, 
Ho PM, Eapen ZJ, Hernandez AF, Heidenreich PA, et al. Medication initia-
tion burden required to comply with heart failure guideline recommenda-
tions and hospital quality measures. Circulation. 2015;132:1347–1353. 
doi: 10.1161/CIRCULATIONAHA.115.014281

	78.	 Alehagen U, Benson L, Edner M, Dahlström U, Lund LH. Association 
between use of statins and mortality in patients with heart failure 
and ejection fraction of ≥50. Circ Heart Fail. 2015;8:862–870. doi: 
10.1161/CIRCHEARTFAILURE.115.002143

	79.	 Gerber Y, Weston SA, Enriquez-Sarano M, Berardi C, Chamberlain AM, 
Manemann SM, Jiang R, Dunlay SM, Roger VL. Mortality associated with heart 
failure after myocardial infarction: a contemporary community perspective. Circ 
Heart Fail. 2016;9:e002460. doi: 10.1161/CIRCHEARTFAILURE.115.002460

	80.	 Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, 
Killian J, Yawn BP, Jacobsen SJ. Trends in heart failure incidence and sur-
vival in a community-based population. JAMA. 2004;292:344–350. doi: 
10.1001/jama.292.3.344

	81.	 National Center for Health Statistics. National Vital Statistics System: public use 
data file documentation: mortality multiple cause-of-death micro-data files, 
2017. Centers for Disease Control and Prevention website. https://www.cdc.
gov/nchs/nvss/mortality_public_use_data.htm. Accessed April 1, 2019.

	82.	 Centers for Disease Control and Prevention, National Center for Health 
Statistics. Multiple cause of death, 1999 - 2017. CDC WONDER Online 
Database [database online]. Released December 2018. Atlanta, GA: 
Centers for Disease Control and Prevention. https://wonder.cdc.gov/ucd-
icd10.html. Accessed April 1, 2019.

	83.	 National Center for Health Statistics. National Ambulatory Medical Care 
Survey (NAMCS) public use data files. Centers for Disease Control and 
Prevention website. https://www.cdc.gov/nchs/ahcd/datasets_documen-
tation_related.htm#data. Accessed April 1, 2019.

	84.	 National Center for Health Statistics. National Hospital Ambulatory 
Medical Care Survey (NHAMCS) public use data files. Centers for Disease 
Control and Prevention website. https://www.cdc.gov/nchs/ahcd/datas-
ets_documentation_related.htm#data. Accessed April 1, 2019.

	85.	 Dunlay SM, Redfield MM, Weston SA, Therneau TM, 
Hall Long K, Shah ND, Roger VL. Hospitalizations after heart failure diag-
nosis a community perspective. J Am Coll Cardiol. 2009;54:1695–1702. 
doi: 10.1016/j.jacc.2009.08.019

	86.	 Golwala H, Pandey A, Ju C, Butler J, Yancy C, Bhatt DL, Hernandez AF, 
Fonarow GC. Temporal trends and factors associated with cardiac reha-
bilitation referral among patients hospitalized with heart failure: findings 
from Get With The Guidelines-Heart Failure Registry. J Am Coll Cardiol. 
2015;66:917–926. doi: 10.1016/j.jacc.2015.06.1089

	 87.	 Sueta CA, Rodgers JE, Chang PP, Zhou L, Thudium EM, 
Kucharska-Newton AM, Stearns SC. Medication adherence based on 
Part D claims for patients with heart failure after hospitalization (from the 
Atherosclerosis Risk in Communities Study). Am J Cardiol. 2015;116:413–
419. doi: 10.1016/j.amjcard.2015.04.058

	 88.	 Bello NA, Claggett B, Desai AS, McMurray JJ, Granger CB, Yusuf S, 
Swedberg K, Pfeffer MA, Solomon SD. Influence of previous heart fail-
ure hospitalization on cardiovascular events in patients with reduced 
and preserved ejection fraction. Circ Heart Fail. 2014;7:590–595. doi: 
10.1161/CIRCHEARTFAILURE.113.001281

	 89.	 Vivo RP, Krim SR, Krim NR, Zhao X, Hernandez AF, Peterson ED, Pina IL, 
Bhatt DL, Schwamm LH, Fonarow GC. Care and outcomes of Hispanic 
patients admitted with heart failure with preserved or reduced ejection 
fraction: findings from Get With The Guidelines-Heart Failure. Circ Heart 
Fail. 2012;5:167–175. doi: 10.1161/CIRCHEARTFAILURE.111.963546

	 90.	 Chang PP, Chambless LE, Shahar E, Bertoni AG, Russell SD, Ni H, He M, 
Mosley TH, Wagenknecht LE, Samdarshi TE, et al. Incidence and survival 
of hospitalized acute decompensated heart failure in four US communi-
ties (from the Atherosclerosis Risk in Communities Study). Am J Cardiol. 
2014;113:504–510. doi: 10.1016/j.amjcard.2013.10.032

	 91.	 Dupre ME, Gu D, Xu H, Willis J, Curtis LH, Peterson ED. Racial and 
ethnic differences in trajectories of hospitalization in US men and 
women with heart failure. J Am Heart Assoc. 2017;6:e006290. doi: 
10.1161/JAHA.117.006290

	 92.	 Bilchick KC, Stukenborg GJ, Kamath S, Cheng A. Prediction of mortality 
in clinical practice for Medicare patients undergoing defibrillator implan-
tation for primary prevention of sudden cardiac death. J Am Coll Cardiol. 
2012;60:1647–1655. doi: 10.1016/j.jacc.2012.07.028

	 93.	 Heidenreich PA, Tsai V, Curtis J, Wang Y, Turakhia MP, Masoudi FA, 
Varosy PD, Goldstein MK. A validated risk model for 1-year mortality af-
ter primary prevention implantable cardioverter defibrillator placement. 
Am Heart J. 2015;170:281–289.e2. doi: 10.1016/j.ahj.2014.12.013

	 94.	 Nandi D, Rossano JW. Epidemiology and cost of heart failure 
in children. Cardiol Young. 2015;25:1460–1468. doi: 10.1017/ 
S1047951115002280

	 95.	 Rana A, Gruessner A, Agopian VG, Khalpey Z, Riaz IB, Kaplan B, 
Halazun KJ, Busuttil RW, Gruessner RW. Survival benefit of solid-organ 
transplant in the United States. JAMA Surg. 2015;150:252–259. doi: 
10.1001/jamasurg.2014.2038

	 96.	 Alba AC, Foroutan F, Ng Fat Hing NKV, Fan CS, Manlhiot C, Ross HJ. 
Incidence and predictors of sudden cardiac death after heart trans-
plantation: a systematic review and meta-analysis. Clin Transplant. 
2018;32:e13206. doi: 10.1111/ctr.13206

	 97.	 Basnet S, Dhital R, Tharu B, Poudel DR, Donato A. Comparison of 
outcomes after hospitalization among heart failure patients with and 
without history of heart transplantation. Transplant Proc. 2018;50:3720–
3722. doi: 10.1016/j.transproceed.2018.08.048

	 98.	 Ambardekar AV, Forde-McLean RC, Kittleson MM, Stewart GC, Palardy M, 
Thibodeau JT, DeVore AD, Mountis MM, Cadaret L, Teuteberg JJ, et al. 
High early event rates in patients with questionable eligibility for advanced 
heart failure therapies: results from the Medical Arm of Mechanically 
Assisted Circulatory Support (Medamacs) Registry. J Heart Lung 
Transplant. 2016;35:722–730. doi: 10.1016/j.healun.2016.01.014

	 99.	 Shah KB, Starling RC, Rogers JG, Horstmanshof DA, Long JW, Kasirajan V, 
Stehlik J, Chuang J, Farrar DJ, Estep JD; ROADMAP Investigators. Left 
ventricular assist devices versus medical management in ambulatory 
heart failure patients: an analysis of INTERMACS profiles 4 and 5 to 7 
from the ROADMAP study. J Heart Lung Transplant. 2018;37:706–714. 
doi: 10.1016/j.healun.2017.12.003

	100.	 Kormos RL, Cowger J, Pagani FD, Teuteberg JJ, Goldstein DJ, Jacobs JP, 
Higgins RS, Stevenson LW, Stehlik J, Atluri P, et al. The Society of Thoracic 
Surgeons INTERMACS database annual report: evolving indica-
tions, outcomes, and scientific partnerships. J Heart Lung Transplant. 
2019;38:114–126. doi: 10.1016/j.healun.2018.11.013

	101.	 Arabía FA, Cantor RS, Koehl DA, Kasirajan V, Gregoric I, 
Moriguchi JD, Esmailian F, Ramzy D, Chung JS, Czer LS, et al. Interagency 
registry for mechanically assisted circulatory support report on the to-
tal artificial heart. J Heart Lung Transplant. 2018;37:1304–1312. doi: 
10.1016/j.healun.2018.04.004

	102.	 Briasoulis A, Inampudi C, Akintoye E, Adegbala O, Asleh R, 
Alvarez P, Bhama J. Regional variation in mortality, major complications, 
and cost after left ventricular assist device implantation in the United 
States (2009 to 2014). Am J Cardiol. 2018;121:1575–1580. doi: 
10.1016/j.amjcard.2018.02.047

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025

https://www.cdc.gov/nchs/nvss/mortality_public_use_data.htm
https://www.cdc.gov/nchs/nvss/mortality_public_use_data.htm
https://wonder.cdc.gov/ucd-icd10.html
https://wonder.cdc.gov/ucd-icd10.html
https://www.cdc.gov/nchs/ahcd/datasets_documentation_related.htm#data
https://www.cdc.gov/nchs/ahcd/datasets_documentation_related.htm#data
https://www.cdc.gov/nchs/ahcd/datasets_documentation_related.htm#data
https://www.cdc.gov/nchs/ahcd/datasets_documentation_related.htm#data


e523

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 20

	103.	 Khazanie P, Hammill BG, Patel CB, Eapen ZJ, Peterson ED, Rogers JG, 
Milano CA, Curtis LH, Hernandez AF. Trends in the use and outcomes of ven-
tricular assist devices among Medicare beneficiaries, 2006 through 2011. 
J Am Coll Cardiol. 2014;63:1395–1404. doi: 10.1016/j.jacc.2013.12.020

	104.	 Miller LW, Guglin M, Rogers J. Cost of ventricular assist devices: 
can we afford the progress? Circulation. 2013;127:743–748. doi: 
10.1161/CIRCULATIONAHA.112.139824

	105.	 Tadmouri A, Blomkvist J, Landais C, Seymour J, Azmoun A. Cost-
effectiveness of left ventricular assist devices for patients with end-stage 
heart failure: analysis of the French hospital discharge database. ESC 
Heart Fail. 2018;5:75–86. doi: 10.1002/ehf2.12194

	106.	 Theochari CA, Michalopoulos G, Oikonomou EK, Giannopoulos S, 
Doulamis IP, Villela MA, Kokkinidis DG. Heart transplantation versus left 
ventricular assist devices as destination therapy or bridge to transplan-
tation for 1-year mortality: a systematic review and meta-analysis. Ann 
Cardiothorac Surg. 2018;7:3–11. doi: 10.21037/acs.2017.09.18

	107.	 Baras Shreibati J, Goldhaber-Fiebert JD, Banerjee D, Owens DK, 
Hlatky MA. Cost-effectiveness of left ventricular assist devices in ambula-
tory patients with advanced heart failure. JACC Heart Fail. 2017;5:110–
119. doi: 10.1016/j.jchf.2016.09.008

	108.	 Marasco SF, Summerhayes R, Quayle M, McGiffin D, Luthe M. Cost com-
parison of heart transplant vs. left ventricular assist device therapy at one 
year. Clin Transplant. 2016;30:598–605. doi: 10.1111/ctr.12725

	109.	 Emani S, Tumin D, Foraker RE, Hayes D Jr, Smith SA. Impact of insur-
ance status on heart transplant wait-list mortality for patients with left 
ventricular assist devices [published online December 19, 2016]. Clin 
Transplant. doi: 10.1111/ctr.12875. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5705048/.

	110.	 Kirklin JK, Naftel DC, Pagani FD, Kormos RL, Stevenson LW, 
Blume ED, Myers SL, Miller MA, Baldwin JT, Young JB. Seventh INTERMACS 

annual report: 15,000 patients and counting. J Heart Lung Transplant. 
2015;34:1495–1504. doi: 10.1016/j.healun.2015.10.003

	111.	 Ahmed MM, Magar SM Jr, Jeng EI, Arnaoutakis GJ, Beaver TM, Vilaro J, 
Klodell CT Jr, Aranda JM Jr. Effects of socioeconomic status on clinical 
outcomes with ventricular assist devices. Clin Cardiol. 2018;41:1463–
1467. doi: 10.1002/clc.23070

	112.	 Kilic A, Higgins RS, Whitson BA, Kilic A. Racial disparities in outcomes 
of adult heart transplantation. Circulation. 2015;131:882–889. doi: 
10.1161/CIRCULATIONAHA.114.011676

	113.	 Moran AE, Forouzanfar MH, Roth GA, Mensah GA, Ezzati M, Flaxman A, 
Murray CJ, Naghavi M. The global burden of ischemic heart disease in 
1990 and 2010: the Global Burden of Disease 2010 study. Circulation. 
2014;129:1493–1501. doi: 10.1161/CIRCULATIONAHA.113.004046

	114.	 Khatibzadeh S, Farzadfar F, Oliver J, Ezzati M, Moran A. Worldwide risk 
factors for heart failure: a systematic review and pooled analysis. Int J 
Cardiol. 2013;168:1186–1194. doi: 10.1016/j.ijcard.2012.11.065

	115.	 Dokainish H, Teo K, Zhu J, Roy A, Al-Habib K, ElSayed A, Palileo L, 
Jaramillo PL, Karaye K, Yusoff K, et al. Heart failure in low- and middle-in-
come countries: background, rationale, and design of the INTERnational 
Congestive Heart Failure Study (INTER-CHF). Am Heart J. 2015;170:627–
634.e1. doi: 10.1016/j.ahj.2015.07.008

	116.	 Agbor VN, Essouma M, Ntusi NAB, Nyaga UF, Bigna JJ, 
Noubiap JJ. Heart failure in sub-Saharan Africa: a contemporaneous sys-
tematic review and meta-analysis. Int J Cardiol. 2018;257:207–215. doi: 
10.1016/j.ijcard.2017.12.048

	117.	 Sakata Y, Shimokawa H. Epidemiology of heart failure in Asia. Circ J. 
2013;77:2209–2217. doi: 10.1253/circj.cj-13-0971

	118.	 Atherosclerosis Risk in Communities (ARIC) Study, Community Surveillance 
Component, 2005–2014. Collaborative Studies Coordinating Center 
website. https://sites.cscc.unc.edu/aric/. Accessed May 6, 2019.

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5705048/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5705048/
https://sites.cscc.unc.edu/aric/


e524

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 21

21. VALVULAR DISEASES
See Tables 21-1 and 21-2 and Charts 21-1 through 
21-6

Mortality and any-mention mortality in this section are 
for 2017 based on unpublished NHLBI tabulations using 
the NVSS and CDC WONDER.1,2 “Mortality” is the num-
ber of deaths in 2017 for the given underlying cause 
based on ICD-10. Prevalence data are for 2016 and 
2017. Hospital discharge data are from HCUP3 (2016); 
data included are for inpatients discharged alive, dead, 
or status unknown. Hospital discharge data for 2016 
are based on ICD-10 codes.

Valvular Heart Disease
ICD-9 424; ICD-10 I34 to I38.
2017: Mortality—24 811. Any-mention mortality—52 939.
2016: Hospital discharges—120 000.

Prevalence
•	 Previously undiagnosed, predominantly mild val-

vular HD was found in 51% of 2500 individuals 
≥65 years of age from a primary care population 
screened using transthoracic echocardiography. 

ICE-PLUS International Collaboration on Endocarditis–PLUS

IE infective endocarditis

IHD ischemic heart disease

IQR interquartile range

iSAVR isolated surgical aortic valve replacement

LDL-C low-density lipoprotein cholesterol

Lp(a) lipoprotein(a)

LV left ventricular

LVEF left ventricular ejection fraction

MI myocardial infarction

MITRA-FR Percutaneous Repair with the MitraClip Device for 
Severe Functional/Secondary Mitral Regurgitation

MR mitral regurgitation

NH non-Hispanic

NHLBI National Heart, Lung, and Blood Institute

NIS National (Nationwide) Inpatient Sample

NVSS National Vital Statistics System

NYHA New York Heart Association

OR odds ratio

PAR population attributable risk

PARTNER Placement of Aortic Transcatheter Valve

QALY quality-adjusted life-year

REMEDY Global Rheumatic Heart Disease Registry

RR relative risk

RV right ventricular

SAVR surgical aortic valve replacement

SD standard deviation

SNP single-nucleotide polymorphism

STS Society of Thoracic Surgeons

SURTAVI Surgical Replacement and Transcatheter Aortic Valve 
Implantation

SVT supraventricular tachycardia

TA transapical

TAVR transcatheter aortic valve replacement

TIA transient ischemic attack

TOF tetralogy of Fallot

TV transvascular

TVT Transcatheter Valve Therapy

VT ventricular tachycardia

Click here to return to the Table of Contents

Abbreviations Used in Chapter 21

ACC American College of Cardiology

AF atrial fibrillation

AGES Age, Gene/Environment Susceptibility

AHA American Heart Association

APAC Asia-Pacific

CABG coronary artery bypass graft

CALA Caribbean and Latin America

CANHEART Cardiovascular Health in Ambulatory Care Research Team

CDC WONDER Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research

CER cost-effectiveness ratio

CI confidence interval

COAPT Cardiovascular Outcomes Assessment of the MitraClip 
Percutaneous Therapy for Heart Failure Patients with 
Functional Mitral Regurgitation

DALY disability-adjusted life-year

DCM dilated cardiomyopathy

DM diabetes mellitus

EF ejection fraction

EVEREST Endovascular Valve Edge-to-Edge Repair

EVEREST II HRS Endovascular Valve Edge-to-Edge Repair High-Risk Study

FHS Framingham Heart Study

GBD Global Burden of Disease

GRS genetic risk score

GWAS genome-wide association study

HCUP Healthcare Cost and Utilization Project

HD heart disease

HF heart failure

HIV human immunodeficiency virus

HR hazard ratio

ICD International Classification of Diseases

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

ICE-PCS International Collaboration on Endocarditis–
Prospective Cohort Study

Abbreviations Used in Chapter 21 Continued

(Continued )
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The prevalence of undiagnosed moderate or 
severe valvular HD was 6.4%.4

Incidence
•	 In a recent report using a Swedish nationwide reg-

ister to identify all patients with a first diagnosis of 
valvular HD at Swedish hospitals between 2003 and 
2010 (N=10 164 211), the incidence of valvular HD 
was 63.9 per 100 000 person-years, with aortic ste-
nosis (47.2%), MR (24.2%), and aortic regurgitation 
(18.0%) contributing most of the valvular diagno-
ses. The majority of valvulopathies were diagnosed 
in the elderly (68.9% in subjects ≥65 years of age). 
Incidences of aortic regurgitation, aortic stenosis, 
and MR were higher in males, who were also more 
frequently diagnosed at an earlier age. Mitral steno-
sis incidence was higher in females.5

Aortic Valve Disorders
(See Chart 21-1)
ICD-9 424.1; ICD-10 I35.
2017: Mortality—16 827. Any-mention mortality 35 434.

2016: Hospital discharges—91 000.

Prevalence
•	 Prevalence of aortic stenosis by echocardiography 

was 4.3% among individuals ≥70 years of age in 
the Icelandic AGES-Reykjavik cohort.6

•	 In younger age groups, the most prevalent cause 
of aortic stenosis is bicuspid aortic valve, the most 
common form of congenital HD. In an Italian 
study of 817 primary school students, the preva-
lence of bicuspid aortic valve was 0.5% (95% CI, 
0.13%–1.2%).7

Incidence
•	 Nationally representative data from Sweden dem-

onstrate an age-adjusted incidence of aortic steno-
sis from 15.0 to 11.4 per 100 000 males and from 
9.8 to 7.1 per 100 000 females, between the years 
1989 to 1991 and 2007 to 2009.8

•	 In the Norwegian Tromsø study, the incidence 
of new aortic stenosis was 5 per 1000 per year, 
with the initial mean age of participants being 60 
years.9

•	 In the Canadian CANHEART aortic stenosis study, 
absolute incidence of severe aortic stenosis among 
individuals >65 years of age was 144 per 100 000 
person-years (169 and 127 per 100 000 person-
years in males and females, respectively).10

Lifetime Risk and Cumulative Incidence
•	 The number of elderly patients with calcific aortic 

stenosis is projected to more than double by 2050 
in both the United States and Europe based on a 
simulation model in 7 decision analysis studies. 

In the Icelandic AGES-Reykjavik study alone, pro-
jections suggest a doubling in prevalence among 
those with severe aortic stenosis who are ≥70 
years of age by 2040 and a tripling by 2060.6

Risk Factors
•	 In the Canadian CANHEART study, among 1.12 

million individuals >65 years of age followed up for 
a median of 13 years, 20 995 subjects developed 
severe aortic stenosis. Hypertension (adjusted HR, 
1.71 [95% CI, 1.66–1.76]), DM (HR, 1.49 [95% CI, 
1.44–1.54]), and dyslipidemia (HR, 1.17 [95% CI, 
1.14–1.21]) were the strongest predictors of devel-
opment of severe aortic stenosis (all P<0.001).10

•	 In a retrospective analysis of predictors of cardiac 
outcomes in 227 ambulatory adults with bicuspid 
aortic valve, independent predictors of the com-
posite end point (need for surgery, death, aortic 
dissection, endocarditis, HF, arrhythmias, or IHD) 
were baseline moderate to severe aortic valve dys-
function (HR, 3.19 [95% CI, 1.35–7.54]; P<0.01) 
and aortic valve leaflet calcification (HR, 4.72 
[95% CI, 1.91–11.64]; P<0.005).11

Genetics and Family History
•	 A GWAS in 6942 individuals identified an SNP 

located in an intron of the Lp(a) gene that was 
significantly associated with the presence of aortic 
calcification (OR per allele, 2.05), circulating Lp(a) 
levels, and the development of aortic stenosis.12

•	 Multiple SNPs that encode for LDL-C have been 
combined to form a GRS that has been associ-
ated with prevalent aortic valve calcification (OR, 
1.38 [95% CI, 1.09–1.74] per GRS increment) and 
incident aortic valve stenosis (HR, 2.78 [95% CI, 
1.22–6.37] per GRS increment) by use of a men-
delian randomization design.13

•	 The heritability of bicuspid aortic valve has been 
estimated at 89% (0.89±0.06; P<0.001), which 
suggests that most cases are familial.14 Bicuspid 
aortic valve has been linked to mutations of 
NOTCH1, GATA5, and more recently GATA4.15–17

•	 GWASs and transcriptome studies of aortic valve 
stenosis have identified several loci, including LPA, 
PALMD, and TEX41.12,18,19

•	 In a nationwide Swedish study comprising 
6 117 263 siblings (13 442 with aortic stenosis), 
having at least 1 sibling with aortic stenosis was 
associated with an HR of 3.41 (95% CI, 2.23–
5.21) for being diagnosed with aortic stenosis. 
These findings indicate an overall familial aggre-
gation of this disease beyond bicuspid aortic valve 
alone.20

Awareness, Treatment, and Control
•	 After the US Food and Drug Administration 

approved TAVR for patients with severe aortic 
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stenosis at high surgical risk in 2011, implanta-
tion numbers have increased steeply. From 2011 
through 2014, the STS/ACC TVT Registry recorded 
26 414 TAVR procedures performed at 348 centers 
in 48 US states.21 Sixty-eight percent of patients 
were ≥80 years of age, median STS risk was 
6.7%, and 95% of patients were deemed to be 
at extreme or high risk. The number of patients 
receiving commercially approved devices from 
2012 through 2015 increased to 54 782 in a recent 
report from the same registry.22

•	 Despite the increase in TAVR procedures, the per-
centage of black patients undergoing TAVR was 
3.8% compared with 93% among Caucasians in 
the STS/ACC TVT Registry.21,23

•	 The 54 782 patients with TAVR who entered the 
STS/ACC TVT Registry between 2012 and 2015 
demonstrated decreases in expected risk of 30-day 
operative mortality (STS Predicted Risk of Mortality 
score) from 7% to 6% and in TVT Registry–predicted 
risk of mortality from 4% to 3% (both P<0.0001) 
from 2012 to 2015. Observed in-hospital mortality 
decreased from 5.7% to 2.9%, and 1-year mortality 
decreased from 25.8% to 21.6%. However, 30-day 
postprocedure pacemaker insertion increased from 
8.8% in 2013 to 12.0% in 2015.22

•	 In Germany, >15 000 TAVR procedures were per-
formed in 2016, a number 3 times higher than in 
2011 based on data from the German Institute for 
Quality Assurance and Transparency in Healthcare. 
Over the same period (2011 to 2016), the number 
of SAVR procedures remained relatively stable at 
≈10 000 per year, a lower number than for TAVR 
(Chart 21-1). In the same European registry, mor-
tality decreased continuously, with overall in-hos-
pital mortality being similar for TAVR and SAVR 
(2.6% versus 2.9%, P=0.19, respectively) in 2016 
despite the higher risk profile in TAVR patients 
(Chart 21-1).

•	 On the basis of a retrospective study of 8210 
patients using the NIS (2012 to 2014), females 
with severe aortic stenosis undergoing TAVR 
experienced similar mortality (4.7% versus 3.9%, 
P=0.15) as males.; however, females had higher 
rates of stroke (3% versus 2%, P=0.04), hemor-
rhage requiring transfusion (28% versus 20%, 
P<0.0001), and pericardial complications (1.3% 
versus 0.5%, P=0.0009).24

•	 Two randomized controlled trials (PARTNER 1A and 
US CoreValve High Risk) using balloon-expandable 
and self-expanding devices, respectively, have 
shown that TAVR is able to compete with SAVR in 
terms of mortality in high-risk patients at 1 and 5 
years.25,26

•	 In a cohort of 1746 patients with severe aortic ste-
nosis at intermediate surgical risk in the SURTAVI 

trial, the estimated incidence of the primary end 
point (death attributable to any cause or debili-
tating stroke) was 12.6% in the TAVR group (in 
whom a balloon-expandable device was used) and 
14.0% in the SAVR group (95% credible interval 
[bayesian analysis] for difference, −5.2 to 2.3%; 
posterior probability of noninferiority, >0.999) at 
24 months. In the PARTNER 2 trial using a self-
expanding device, the Kaplan-Meier event rates 
of the same end point were 19.3% in the TAVR 
group and 21.1% in the SAVR group (HR in the 
TAVR group, 0.89 [95% CI, 0.73–1.09]; P=0.25) 
at 2-year follow-up. These findings demonstrate 
that TAVR is a noninferior alternative to SAVR in 
patients with severe aortic stenosis at intermediate 
surgical risk.27,28

•	 In 1000 patients with severe aortic stenosis at low 
surgical risk randomized in the PARTNER 3 trial29 
to either balloon-expandable TAVR or SAVR, the 
Kaplan-Meier estimate of the rate of the primary 
composite end point (death, stroke, or rehospital-
ization) was significantly lower in the TAVR group 
than in the SAVR group (8.5% versus 15.1%; 
absolute difference, −6.6 percentage points [95% 
CI, −10.8 to −2.5]; P<0.001 for noninferiority; HR, 
0.54 [95% CI, 0.37–0.79]; P=0.001 for superior-
ity). Similar results were obtained in the Evolut Low 
Risk trial30 using a self-expanding valve in low-risk 
patients with severe aortic stenosis. Among the 
1403 patients randomized to either TAVR or SAVR, 
the 24-month incidence of composite death or dis-
abling stroke was 5.3% in the TAVR group and 
6.7% in the SAVR group (difference, −1.4 per-
centage points [95% Bayesian credible interval for 
difference, −4.9 to 2.1]; posterior probability of 
noninferiority >0.999).

Mortality
•	 On the basis of ICD-10 (with data coded from 

1999 to 2009), there were 146 304 deaths over 
10 years in the aortic valve disease category in the 
United States. Of these, 82.7% were attributed to 
aortic stenosis, 4.0% to aortic insufficiency, and 
0.6% to aortic stenosis with insufficiency, whereas 
11.9% were unspecified or coded as attributed to 
other aortic valve disease and 0.7% to congenital 
aortic valve disease (assumed to be predominantly 
bicuspid aortic valve). The age- and sex-adjusted 
mortality rate increased over time by 1.56% (95% 
CI, 1.52%–1.61%; P<0.001) per year for non-
rheumatic aortic valve disease.31

•	 In the community, morbidity related to bicuspid 
aortic valve is higher in males than in females, 
with a total combined risk of aortic regurgita-
tion, surgery, and IE of 52±4% versus 35±6% in 
females (P=0.01).32 Nevertheless, females have a 
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significantly higher RR of death in tertiary and sur-
gical referral cohorts, with an age-adjusted rela-
tive death risk of 1.63 (95% CI, 1.40–1.89) for 
females versus 1.34 (95% CI, 1.22–1.47) for males 
(P=0.026).32 The risk of death is independently 
associated with aortic regurgitation (P≤0.04).

Complications
•	 In a cohort of 416 community-based participants 

from Olmsted County, MN, with bicuspid aortic valve 
followed up for a mean (SD) of 16 (7) years, the inci-
dence of aortic dissection in individuals ≥50 years of 
age at baseline was 17.4 (95% CI, 2.9–53.6) cases 
per 10 000 patient-years. For patients ≥50 years of 
age with a bicuspid valve and a baseline aortic aneu-
rysm, the incidence of aortic dissection was 44.9 
(95% CI, 7.5–138.5) cases per 10 000 patient-years. 
In the remaining participants without baseline aor-
tic aneurysm, the incidence of aneurysm was 84.9 
(95% CI, 63.3–110.9) cases per 10 000 patient-
years, for an age-adjusted RR of 86.2 (95% CI, 
65.1–114) compared with the general population.33

Cost
•	 Initial length of stay was an average of 4.4 days 

shorter for patients at high surgical risk who were 
treated with TAVR than for those who underwent 
SAVR. TAVR also reduced the need for rehabilita-
tion services at discharge and was associated with 
improved 1-month quality of life. TAVR had higher 
index admission and projected lifetime costs than 
SAVR (differences of $11 260 and $17 849 per 
patient, respectively). However, TAVR was esti-
mated to provide a lifetime gain of 0.32 QALYs 
(0.41) with 3% discounting. Lifetime incremental 
CERs were $55 090 per QALY gained and $43 114 
per life-year gained. On the basis of sensitivity 
analyses, a reduction in the initial cost of TAVR by 
≈$1650 was expected to lead to an incremental 
CER of <$50 000 per QALY gained.34

•	 In a European study of patients at intermediate 
surgical risk with severe aortic stenosis, TAVR was 
associated with an increase of 0.42 years and 0.41 
QALYs and lifetime cost savings of €439 compared 
with SAVR.35

Mitral Valve Disorders
ICD-9 424.0; ICD-10 I34.
2017: Mortality—2719. Any-mention mortality—6274.

2016: Hospital discharges—26 000.

Prevalence
•	 A systematic review by de Marchena et al36 found 

that in the US population, the prevalence of MR 
according to the Carpentier functional classifica-
tion system was as follows:

—	 Type I (congenital MR [<10 per million] and 
endocarditis [3–7 per million]): <20 per 1 
million

—	 Type II (MR associated with mitral valve pro-
lapse): 15 170.5 per 1 million

—	 Type IIIa (rheumatic HD, systemic lupus erythe-
matosus, antiphospholipid syndrome, and rare 
diseases): 10 520 per 1 million

—	 Type IIIb (ischemic MR, LV dysfunction, DCM): 
16 250 per 1 million

—	 Unclassified: 9530 per 1 million
Primary MR includes Carpentier types I, II, and IIIa, with 
the most common cause being mitral valve prolapse 
(type II MR). Secondary MR is associated with ischemic 
cardiomyopathy, LV dysfunction, or DCM (type IIIb MR).

Subclinical Disease
•	 Milder, nondiagnostic forms of mitral valve pro-

lapse, first described in the familial context, are 
also present in the community and are associated 
with higher likelihood of mitral valve prolapse in 
offspring (OR, 2.52 [95% CI, 1.25–5.10]; P=0.01). 
Up to 80% of nondiagnostic morphologies can 
progress to diagnostic mitral valve prolapse.37–39

Genetics and Family History
•	 Among 3679 generation 3 participants in the FHS 

(53% female; mean age 40±9 years) with available 
parental data, 49 (1%) had mitral valve prolapse. 
Parental mitral valve prolapse was associated with 
a higher prevalence of mitral valve prolapse in off-
spring (10/186 [5.4%]) compared with no parental 
mitral valve prolapse (39/3493 [1.1%]; adjusted OR, 
4.51 [95% CI, 2.13–9.54]; P<0.0001).40 A number 
of genetic variants have been identified for the 
rare X-linked valvular dystrophy and the most com-
mon form of autosomal dominant mitral valve pro-
lapse through pedigree investigations and GWASs. 
Genes implicated in mitral valve prolapse include 
FLNA, DCHS1, DZIP1, TNS1, and LMCD1.41–44

•	 Familial clustering exists across different MR sub-
types, including both primary (ie, related to mitral 
valve prolapse) and nonprimary MR. In a recent 
study, heritability of MR in the FHS was estimated 
at 15% (95% CI, 7%–23%), 12% (95% CI, 4%–
20%) excluding mitral valve prolapse, and 44% 
(95% CI, 15%–73%) for moderate or greater 
MR only (all P<0.05).45 In Sweden, sibling MR was 
associated with an HR of 3.57 (95% CI, 2.21–5.76; 
P<0.001) for development of MR.

Awareness, Treatment, and Control
(See Charts 21-2 and 21-3)

•	 The treatment of mitral valve prolapse remains 
largely surgical and based on valve repair. 
Nevertheless, percutaneous mitral valve repair 
techniques are becoming a common treatment 
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option for high-risk patients not deemed candi-
dates for surgical repair. Data from the STS/ACC 
TVT Registry on patients commercially treated with 
the MitraClip percutaneous mitral valve repair 
device showed the following: of 564 patients 
(56% male, median age 83 years), 473 (86%) were 
severely symptomatic. The median STS Predicted 
Risk of Mortality scores for mitral valve repair and 
replacement were 7.9% (IQR, 4.7%−12.2%) and 
10% (IQR, 6.3%−14.5%), respectively.46 Most of 
the patients undergoing transcatheter mitral valve 
repair (90.8%) had degenerative disease, and 
the procedure was successful in reducing MR to 
moderate levels in 93% of cases. In the EVEREST 
II trial, which included mostly primary MR (73%) 
and compared MitraClip with surgical mitral valve 
repair, the respective rates of the components of 
the primary end point at 12 months were as fol-
lows: death, 6% in each group; surgery for mitral 
valve dysfunction, 20% versus 2%; and grade 3+ 
or 4+ MR, 21% versus 20%.47

•	 Worldwide, the number of MitraClip procedures 
has increased progressively since 2008, especially 
in Western Europe. In the United States, the com-
mercial use of the MitraClip started in 2014, with a 
steadily growing number of procedures performed 
(Chart 21-2).

•	 The role of MitraClip in secondary MR has been 
investigated in 2 recently published randomized 
clinical trials with divergent results (Chart 21-3).48-

50 MITRA-FR included 304 patients with HF, severe 
secondary MR, and LVEF 15% to 40% on optimal 
medical therapy and cardiac resynchronization 
therapy as indicated. There was no difference in 
the combined end point of death or rehospital-
ization for HF at 12 months (83 of 152 patients 
or 54.6% versus 78 of 152 or 51.3% for inter-
ventional and conservative management, respec-
tively). The COAPT trial included 614 patients with 
HF and moderate-severe or severe secondary MR 
who were symptomatic (NYHA functional class 
II–IV) despite optimal medical therapy and cardiac 
resynchronization therapy. There was a significant 
reduction of the primary end point of rehospital-
ization because of HF at 2 years (35.8% versus 
67.9%; HR, 0.53 [95% CI, 0.40–0.70]; P<0.001). 
There was also a significant reduction of all-cause 
mortality at 2 years (29% versus 46.1%; HR, 0.62 
[95% CI, 0.46–0.82]; P<0.001). The divergent 
results of the 2 trials may be related to differences 
in sample characteristics, sample size, duration of 
follow-up and primary end point. Further studies 
are needed to solve this controversy.

•	 In patients with severe chronic MR secondary to 
ischemic cardiomyopathy undergoing CABG sur-
gery, survival rates were not significantly different 

after bypass alone compared with bypass com-
bined with mitral valve repair (1-, 5-, and 10-year 
survival of 88%, 75%, and 47% versus 92%, 
74%, and 39%, respectively; P=0.6).51 In patients 
with moderate secondary MR, the rate of death 
was 6.7% in the combined-surgery group and 
7.3% in the CABG-alone group (HR with mitral 
valve repair, 0.90 [95% CI, 0.38–2.12]; P=0.81).52

•	 Despite the poor prognosis associated with severe 
MR, only a small minority of affected patients meet-
ing criteria for surgical intervention undergo mitral 
surgery (29% for mitral valve prolapse–related MR 
and 5% for secondary MR), even in the Olmsted 
County community with advanced and readily 
accessible means of diagnosis and treatment.53

Mortality
•	 Secondary MR (or Carpentier type IIIb) is associated 

with 47% mortality over 5 years in patients with 
HF and is a predictor of long-term mortality (HR, 
1.61 [95% CI, 1.22–2.12], P=0.001 after adjust-
ment for clinical variables, and HR, 1.38 [95% CI, 
1.03–1.84], P=0.03 after adjustment for echocar-
diographic parameters).54

Complications
•	 In the Olmsted County, MN, population, character-

ized by a mixed spectrum of community-dwelling 
and referred patients, females were diagnosed with 
mitral valve prolapse more often than males and at 
a younger age55; however, females had fewer com-
plications (flail leaflet occurred in 2% versus 8% in 
males and severe regurgitation in 10% versus 23%; 
all P<0.001). At 15 years of follow-up, females with 
no or mild MR had better survival than males (87% 
versus 77%; adjusted RR, 0.82 [95% CI, 0.76–
0.89]). In contrast, in individuals with severe MR, 
females had worse survival than males (60% ver-
sus 68%; adjusted RR, 1.13 [95% CI, 1.01–1.26]). 
Survival 10 years after surgery was similar in females 
and males (77% versus 79%; P=0.14).56

Cost
•	 Lifetime costs, life-years, QALYs, and incremental 

cost per life-year and QALY gained were estimated 
for patients receiving MitraClip therapy compared 
with standard of care.57 The EVEREST II HRS pro-
vided data on treatment-specific overall survival, 
risk of clinical events, quality of life, and resource 
utilization. The published literature was reviewed 
to obtain health utility and unit costs (Canadian 
2013 dollars). The incremental cost per QALY 
gained was $23 433. On the basis of sensitivity 
analysis, MitraClip therapy had a 92% chance 
of being cost-effective compared with standard 
of care at a $50 000 per QALY willingness-to-pay 
threshold.
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Pulmonary Valve Disorders
ICD-9 424.3; ICD-10 I37.
2017: Mortality—19. Any-mention mortality—49.

•	 Pulmonic valve stenosis is a relatively common 
congenital defect, occurring in ≈10% of children 
with congenital HD.58 Among 44 neonates with 
critical pulmonic stenosis who underwent balloon 
pulmonary valvuloplasty from 1990 to 2017, 15 
(34.1%) needed reintervention. At a median fol-
low-up of 8.2 years (IQR, 3.4–13.1 years), mod-
erate or severe pulmonary regurgitation was seen 
in 22 children (half of the sample), 3 of whom 
required pulmonary valve repair/replacement.59

•	 The most common cause of severe pulmonic 
regurgitation is iatrogenic, caused by surgical 
valvotomy/valvectomy or balloon pulmonary 
valvuloplasty performed for RV outflow tract 
obstruction as part of TOF repair.60 Percutaneous 
pulmonic valve implantation of either a Melody 
or a SAPIEN valve is an effective and relatively 
safe option in patients with prosthetic pulmonic 
valve regurgitation, including those with a pul-
monary artery conduit with regurgitant pros-
thetic valve.60–62 In a study using the NIS database 
and including 57 percutaneous pulmonic valve 
implantation procedures performed in 2012, 
vascular complications occurred in 8 (14%), but 
serious complications occurred only in 3 patients 
(1 died, and 2 required surgical intervention).63 
Surgical pulmonary valve replacement is pre-
ferred for native pulmonic valve regurgitation 
(caused by endocarditis, carcinoid, etc) and is 
associated with <1% periprocedural mortality 
and excellent long-term outcome, with >60% 
freedom from reoperation at 10 years.64

•	 In a large multicenter cohort of 977 patients with 
repaired TOF, those treated with a pulmonary valve 
replacement had a similar risk of (aborted) death 
and sustained VT (41 subjects; HR, 0.65 [95% CI, 
0.31–1.36]; P=0.25) and combined HF, nonsus-
tained VT, and sustained SVT (88 subjects; HR, 
1.43 [95% CI, 0.83–2.46]; P=0.19) compared with 
those without surgical treatment at an average 
follow-up of 5.3 years.65

Tricuspid Valve Disorders
ICD-9 424.2; ICD-10 I36.
2017: Mortality—71. Any-mention mortality—239.

•	 The frequency of tricuspid regurgitation and val-
vular pathology was evaluated in a study of 5223 
adults (predominantly males, with a mean age of 
67 years) who underwent echocardiography at 
3 Veterans Affairs medical centers.66 Moderate 
to severe tricuspid regurgitation was present in 

819 (16%), but only 8% had primary tricuspid 
valve pathology. In the same study, moderate or 
greater tricuspid regurgitation was associated with 
increased mortality regardless of pulmonary artery 
systolic pressure (HR, 1.31 [95% CI, 1.16–1.49] for 
pulmonary artery systolic pressure >40 mm Hg; HR, 
1.32 [95% CI, 1.05–1.62] for pulmonary artery 
systolic pressure ≤40 mm Hg) and LVEF (HR, 1.49 
[95% CI, 1.34–1.66] for EF <50%; HR, 1.54 [95% 
CI, 1.37–1.71] for EF ≥50%).66

•	 Patients with rapid development of significant 
tricuspid regurgitation have worse survival than 
patients in whom severe tricuspid regurgitation 
develops more slowly (log rank P=0.001). Fast 
development of severe tricuspid regurgitation is 
the most powerful predictor of all-cause mortal-
ity (HR per preceding year of development, 0.92 
[95% CI, 0.90–0.94]; P<0.001).67

•	 An analysis of the NIS demonstrated an increase 
in the number of isolated tricuspid valve surger-
ies performed over a 10-year period, from 290 in 
2004 to 780 in 2013. In-hospital mortality was 
consistent over this time period at 8.8%.68

•	 In a cohort of 64 consecutive patients (mean 
age 76.6±10 years) at excessive surgical risk who 
underwent compassionate MitraClip treatment of 
chronic, severe tricuspid regurgitation, tricuspid 
regurgitation was reduced by at least 1 grade in 
91% of the patients at a mean of 14±18 days. 
There were no intraprocedural deaths, cardiac 
tamponade, emergency surgeries, strokes, MIs, or 
major vascular complications. There was a signifi-
cant improvement of NYHA class (P<0.001) and 
6-minute walking distance (177.4±103.0 m versus 
193.5±115.9 m; P=0.007).69

Rheumatic Fever/Rheumatic HD
(See Table 21-1 and Charts 21-4 through 
21-6)
ICD-9 390 to 398; ICD-10 I00 to I09.
2017: Mortality—3320. Any-mention mortality—6668.

2016: Hospital discharges—26 000.

Prevalence
•	 Rheumatic HD is uncommon in high-income coun-

tries such as the United States but remains endemic 
in some low- and middle-income countries.70

Subclinical Disease
•	 The prevalence of subclinical or latent rheumatic 

HD among children is estimated by echocardiog-
raphy and can be classified as definite or border-
line.71 The prevalence of combined definite and 
borderline disease ranges between 10 and 45 per 
1000 in recent studies from endemic countries (eg, 
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Nepal, Brazil, and Uganda) compared with <8 per 
1000 in low-risk populations.72–75

•	 The natural history of latent rheumatic HD detected 
by echocardiography is not clear. Emerging data 
suggest that up to 20% to 30% of children with 
definite rheumatic HD may have progression of 
disease, but 30% to 50% of those with borderline 
rheumatic HD may return to normal over 2 to 8 
years of follow-up.76–79

•	 Few echocardiographic screening studies for 
rheumatic HD have been conducted in adults, for 
whom the criteria are not well validated. In a study 
from Uganda, the prevalence of rheumatic HD 
in adults >20 years of age was 2.34% (95% CI, 
1.49%–3.49%).80

•	 Latent rheumatic HD appears to be half as com-
mon among HIV-infected youth compared with 
the general Uganda population (1.5% [95% 
CI, 0.88%–2.54%] versus 3% [95% CI, 2.7%–
3.24%]), possibly related to improved access to 
preventive care or nearly universal trimethoprim-
sulfamethoxazole prophylaxis among HIV-infected 
youth.81

Awareness, Treatment, and Control
•	 The REMEDY study highlighted consistently poor 

access to recommended therapies among people 
living with rheumatic HD: only 55% were taking 
penicillin prophylaxis, and only 3.6% of females 
of childbearing age were using contraception. 
Although 70% of those with indications (mechani-
cal valve, AF, or severe mitral stenosis) were appro-
priately prescribed anticoagulant drugs, only a 
quarter of these had therapeutic international nor-
malized ratios.82

•	 In Uganda, retention in care over time is poor 
(56.9% [95% CI, 54.1%–59.7%] seen in clinic in 
the past 12 months), but among those retained in 
care, optimal adherence to benzathine penicillin G 
is high (91.4% [95% CI, 88.7%–93.5%]).83

Mortality
•	 In the United States in 2017, mortality attributable 

to rheumatic fever/rheumatic HD was 3320 for all 
ages (2217 females and 1103 males; Table 21-1).

•	 Mortality attributable to rheumatic HD varies 
widely across the United States, with the highest 
rates clustered in Alaska, Mississippi, Alabama, 
Kentucky, and Utah, where age-standardized 
mortality rates were estimated to be 5 to 10 per 
100 000 population in 2014.84

•	 In 1950, ≈15 000 Americans (adjusted for changes 
in ICD codes) died of rheumatic fever/rheumatic 
HD compared with ≈3300 annually in the present 
era (Table 21-1). Recent declines in mortality have 
been slowest in the South compared with other 
regions.84

Complications
•	 People living with rheumatic HD experience high 

rates of morbid complications. In the interna-
tional REMEDY cohort study, 33% had HF, 22% 
had AF, 7% had prior stroke, and 4% had prior 
endocarditis at baseline.82 After 2 years of follow-
up, the incidence of new events was 38 per 1000 
patient-years for HF, 8.5 per 1000 patient-years for 
stroke or TIA, and 3.7 per 1000 patient-years for 
endocarditis.85

•	 Prognosis after development of complications is 
also worse for people living with rheumatic HD. 
In Thailand, patients with rheumatic mitral valve 
disease who had ischemic stroke had a higher 
risk of cardiac arrest (OR, 2.1), shock (OR, 2.1), 
arrhythmias (OR, 1.7), respiratory failure (OR, 
2.1), pneumonia (OR, 2.0), and sepsis (OR, 1.4) 
after controlling for age, sex, and other comorbid 
chronic diseases.86

•	 The PAR of rheumatic HD for maternal mortality 
may approach 10% in sub-Saharan Africa.87

Global Burden of Rheumatic HD
(See Charts 21-4 through 21-6)

•	 In 2015, 33.4 million people were estimated to be 
living with rheumatic HD around the world, with 
sub-Saharan Africa and Oceania having the high-
est concentration of DALYs attributable to rheu-
matic HD.70

•	 Globally, age-standardized mortality from rheu-
matic HD was estimated to have declined 47.8% 
from 1990 to 2015; however, the prevalence of HF 
attributable to rheumatic HD increased by 88% in 
the same time period.70

•	 The REMEDY study is a prospective registry of 
3343 patients with rheumatic HD from 25 hos-
pitals in 12 African countries, India, and Yemen. 
The age and sex distribution of the subjects are 
shown in Chart 21-4. Rheumatic HD was twice as 
common among females, a finding consistent with 
prior studies across a variety of populations.82

•	 Mortality attributable to rheumatic HD remains 
exceptionally high in endemic settings. In a study 
from Fiji of 2619 people followed up during 2008 
to 2012, the age-standardized death rate was 9.9 
(95% CI, 9.8–10.0) per 100 000, or more than 
twice the GBD estimates.88 Prognosis is exception-
ally poor in sub-Saharan Africa, as highlighted by a 
follow-up study of REMEDY, which had a mortality 
rate of 116 per 1000 patient-years in the first year 
and 65 per 1000 patient-years in the second year.85

•	 The GBD 2017 study used statistical models and 
data on incidence, prevalence, case fatality, excess 
mortality, and cause-specific mortality to estimate 
disease burden for 359 diseases and injuries in 195 
countries and territories.89
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—	 Age-standardized mortality attributable to 
rheumatic HD is highest in South Asia, sub-
Saharan Africa, and Oceania (Chart 21-5).

—	 Rheumatic HD prevalence is generally high-
est in sub-Saharan Africa and Oceania (Chart 
21-6).

Infective Endocarditis
(See Table 21-2)
ICD-9 421.0; ICD-10 I33.0.
2017: Mortality—1464. Any-mention mortality—3303.

2016: Hospital discharges—12 000.

Prevalence and Incidence
•	 In 2011, there were 47 134 cases of IE and valve 

replacement in the United States (Table 21-2).
•	 Data from the NIS (2000–2011)90 suggested no 

change in temporal trends in the incidence of IE 
before and after publication of the 2007 AHA 
guideline for antibiotic prophylaxis before dental 
procedures.91 These findings from referral centers 
were corroborated by a community-based review 
of adults in Olmsted County, MN.92 In the Olmsted 
County study, age- and sex-adjusted incidence of 
IE was 7.4 (95% CI, 5.3–9.4) cases per 100 000 
person-years. In addition, these guideline changes 
do not appear to have altered rates of pediatric 
endocarditis. Using 2003 to 2010 data from 37 
centers in the Pediatric Health Information Systems 
Database, Pasquali and colleagues93 did not dem-
onstrate a significant difference in the number of 
IE hospitalizations after the guidelines were imple-
mented in 2007 (1.6% difference after versus 
before guideline implementation [95% CI, −6.4% 
to 10.3%]; P=0.7).

•	 A systematic review that included 160 studies and 
27 083 patients from 1960 to 2011 demonstrated 
that in hospital-based studies (142 studies; 23 606 
patients), staphylococcal endocarditis has increased 
over time (coagulase-negative Staphylococcus 
2% to 10%, P<0.001), with recent increases in S 
aureus IE (21% to 30%; P<0.05) and enterococcal 
IE (6.8% to 10.5%; P<0.001) over the past decade 
and a corresponding decrease in streptococcal 
endocarditis (32% to 17%) over the same time 
period.94

Risk Factors
•	 The 15-year cohort risk (through 2006) of IE 

after diagnosis of mitral valve prolapse (between 
1989 to 1998) among Olmsted County, MN, resi-
dents was 1.1±0.4% (incidence, 86.6 cases per 
100 000 person-years [95% CI, 43.3–173.2 cases 
per 100 000 person-years]); there was a higher 
age- and sex-adjusted risk of IE in patients with 
mitral valve prolapse (RR, 8.1 [95% CI, 3.6–18.0]) 

compared with the general population of Olmsted 
County (P<0.001). No IE cases were identified 
among patients without previously diagnosed MR. 
Conversely, there was a higher incidence of IE in 
patients with mitral valve prolapse and moderate, 
moderate-severe, or severe MR (289.5 cases per 
100 000 person-years [95% CI, 108.7–771.2 cases 
per 100 000 person-years]; P=0.02 compared with 
trivial, mild, or mild-moderate MR) and in patients 
with a flail mitral leaflet (715.5 cases per 100 000 
person-years [95% CI, 178.9–2861.0 cases per 
100 000 person-years]; P=0.02 compared with no 
flail mitral leaflet).95

•	 Admissions for endocarditis related to injec-
tion drug use have risen in recent years in paral-
lel with the opioid drug crisis. The prevalence of 
documented intravenous drug use among patients 
admitted for endocarditis in the NIS rose from 
4.3% in 2008 to 10% in 2014. This trend was 
accentuated among the young (<30 years of age) 
and among whites (compared with blacks and 
other races).96

•	 Cardiac device IE appears to be present in 6.4% 
(95% CI, 5.5%–7.4%) of patients with definite 
IE, according to data from ICE-PCS (2000–2006). 
Nearly half (45.8% [95% CI, 38.3%–53.4%]) of 
such cases were related to healthcare-associated 
infection. In-hospital and 1-year mortality rates for 
these patients were 14.7% (26 of 177 [95% CI, 
9.8%–20.8%]) and 23.2% (41 of 177 [95% CI, 
17.2%–30.1%]), respectively. Although not based 
on randomized data, compared with individu-
als without initial hospitalization device removal, 
there appeared to be a 1-year survival benefit in 
individuals undergoing device explantation dur-
ing the index hospitalization (HR, 0.42 [95% CI, 
0.22–0.82]).97

•	 Prosthetic valve IE continues to be associated with 
high in-hospital and 1-year mortality, although 
early surgery is associated with improved out-
comes compared with medical therapy alone 
(1-year mortality 22% versus 27%; HR, 0.68 [95% 
CI, 0.53–0.87]), even in propensity-adjusted analy-
ses (HR, 0.57 [95% CI, 0.49–0.67]).98

•	 Antibiotic prophylaxis is currently not recom-
mended for bicuspid aortic valve and mitral valve 
prolapse.91 However, in a Spanish registry of 3208 
consecutive patients with IE, subjects with these 
conditions had a higher incidence of viridans group 
streptococci IE than did a high-risk group with an 
antibiotic prophylaxis indication and patients in a 
low- to moderate-risk group without an antibiotic 
prophylaxis indication (35.2% and 39.3% ver-
sus 12.1% and 15.0%, respectively; all P<0.01). 
Subjects with bicuspid aortic valve and mitral valve 
prolapse had more intracardiac complications than 
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did those at low or moderate risk (50% and 47.2% 
versus 30.6%; both P<0.01) and were similar to 
patients in the high-risk group.99

Awareness, Treatment, and Control
•	 Surgery was performed in 47% of cases of defi-

nite left-sided, non–cardiac device–related IE in 
the ICE-PLUS registry of 1296 patients from 16 
countries.100

•	 In a randomized, noninferiority multicenter trial of 
400 stable cases with left-sided native IE, the com-
bined outcome of all-cause mortality, unplanned 
surgery, embolic events, or relapse of bactere-
mia was similar in those treated with continuous 
intravenous antibiotic drugs compared with those 
switched from intravenous to oral antibiotic drugs 
after 10 days (24 cases or 12.1% versus 18 cases 
or 9%; between-group difference, 3.1 percentage 
points [95% CI, −3.4 to 9.6]; P=0.40).101

Mortality
•	 According to the 2015 GBD study, the age-stan-

dardized death rate attributable to IE in 2015 was 
1.3 per 100 000.102

•	 Data collected between 2004 and 2010 from the 
Pediatric Health Information System database from 
37 centers that included 1033 cases of IE demon-
strated a mortality rate of 6.7% (n=45) and 3.5% 
(n=13) among children (0–19 years of age) with 
and without congenital HD, respectively.103

Complications
•	 Among 162 cases of left-sided native-valve 

S aureus IE retrospectively identified in 1254 
patients hospitalized between 1990 and 2010 for 
IE, Staphylococcus represented 18% of all IE cases 

and 23% of native-valve IE cases. HF occurred in 
45% of IE cases, acute renal failure in 23%, sep-
sis in 29%, neurological events in 36%, systemic 
embolic events in 55%, and in-hospital mortal-
ity in 25%. The risk of in-hospital mortality was 
higher in patients with HF (OR, 2.5; P=0.04) and 
sepsis (OR, 5.3; P=0.001). Long-term 5-year sur-
vival was 49.6±4.9%. There was higher long-term 
risk of death among individuals with HF (OR, 1.7; 
P=0.03), sepsis (OR, 3.0; P=0.0001), and delayed 
surgery (OR, 0.43; P=0.003). When the authors 
compared 2 study periods, 1990 to 2000 and 
2001 to 2010, there was a significant increase in 
bivalvular involvement, valvular insufficiency, and 
acute renal failure from 2001 to 2010. In-hospital 
mortality rates and long-term 5-year survival were 
not significantly different between the 2 study 
periods (28.1% versus 23.5%; P=0.58).104

Heart Valve Procedure Costs
•	 In 2013, for heart valve procedures105:

—	 The mean inflation-adjusted cost per hospi-
talization in 2013 dollars was $51 415, com-
pared with $53 711 in 2005 and $43 829 in 
2000.

—	 The number of discharges for which heart 
valve surgery was the principal operating 
room procedure was 102 425, which was an 
increase from 93 802 in 2005 and 79 719 in 
2000.

•	 Total inflation-adjusted national cost in 2013 dol-
lars (in millions) was $5264, which was an increase 
from the mean cost (in millions) of $5058 in 2005 
and $3488 in 2000.105
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Table 21-1.  Rheumatic Fever/Rheumatic HD in the United States

Population Group
Mortality, 2017:

All Ages*

Hospital
Discharges, 2016:

All Ages

Both sexes 3320 26 000

Males 1103 (33.2%)† 11 000

Females 2217 (66.8%)† 15 000

NH white males 887 …

NH white females 1791 …

NH black males 95 …

NH black females 176 …

Hispanic males 72 …

Hispanic females 155 …

NH Asian or Pacific 
Islander males

38‡ …

NH Asian or Pacific 
Islander females

75‡ …

NH American Indian or 
Alaska Native

25 …

Ellipses (…) indicate data not available; HD, heart disease; and NH, non-
Hispanic.

*Mortality for American Indian or Alaska Native and Asian and Pacific 
Islander people should be interpreted with caution because of inconsistencies 
in reporting race on the death certificate compared with censuses, surveys, 
and birth certificates. Studies have shown underreporting on death certificates 
of American Indian or Alaska Native, Asian and Pacific Islander, and Hispanic 
decedents, as well as undercounts of these groups in censuses.

†These percentages represent the portion of total mortality that is for males 
vs females.

‡Includes Chinese, Filipino, Hawaiian, Japanese, and Other Asian or Pacific 
Islander.

Sources: Mortality: Unpublished National Heart, Lung, and Blood Institute 
(NHLBI) tabulation using National Vital Statistics System, 20171; data represent 
underlying cause of death only. Hospital discharges: Unpublished NHLBI 
tabulation using Healthcare Cost and Utilization Project, 20163; data include 
those inpatients discharged alive, dead, or of unknown status.

This table 
lists mortality 
and hospital 
discharges for 
rheumatic fever 
and rheumatic 
heart disease 
broken down by 
sex.  Mortality is 
further broken 
down by sex and 
race.

Table 21-2.   Incidence of IE and Valve Replacement, United States, 
2000 to 2011

Year
Total IE
Cases

IE Incidence
per 100 000

Valve 
Replacement 
per 1000 IE 

Cases

2000 29 820 11 14

2001 31 526 11 16

2002 32 229 11 19

2003 35 190 12 18

2004 36 660 13 19

2005 37 508 13 23

2006 40 573 14 23

2007 38 207 12 30

2008 41 143 14 19

2009 43 502 14 27

2010 43 560 14 27

2011 47 134 15 26

IE indicates infective endocarditis.
Source: Reprinted from Pant et al90 with permission from The American 

College of Cardiology Foundation. Copyright © 2015, The American College 
of Cardiology Foundation.

This table lists 
the total number 
of cases and 
incidence rate 
of infective 
endocarditis 
yearly from 2000 
to 2011.  The in-
cidence rate was 
11 per 100,000 
in 2000 and 15 
per 100,000 
in 2011.  This 
table also lists 
the rate of valve 
replacement per 
1,000 infective 
endocarditis 
cases yearly from 
2000 to 2011 
which was 14 
per 1,000 cases 
in 2000 and 26 
per 1,000 cases 
in 2011

Chart 21-1. Number of TAVI and surgical aortic valve replacement (SAVR) procedures performed and in-hospital mortality according to type of 
procedure, Germany, 2011 to 2016. 
A, Number of TAVI and SAVR procedures. B, In-hospital mortality.  
iSAVR indicates isolated SAVR; TA, transapical; TAVI, transcatheter aortic valve implantation; and TV, transvascular.  
Source: Reprinted from Gaede et al.106 Copyright © 2017, The Author. Published by Oxford University Press on behalf of the European Society of Cardiology.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.

[publisher: Panel 
A and B are in 
one image/chart.] 
Panel A of this 
chart shows that 
the number of 
transvascular 
transcath-
eter aortic valve 
implantations 
increased yearly 
from 2011 to 
2016, whereas 
the number of 
isolated surgical 
aortic valve 
replacements 
and transapical 
transcath-
eter aortic valve 
implantations re-
mained relatively 
similar across the 
same time frame 
with only a very 
slight decrease 
from 2011 to 
2016.  In 2016, 
the number of 
transvascular 
transcath-
eter aortic valve 
implantations 
was 15,050, 
the number of 
isolated surgical 
aortic valve 
replacements 
was 9,609, and 
the number 
of transapical 
transcatheter 
aortic valve im-
plantations was 
2,047. Panel B of 
this chart shows 
that in-hospital 
mortality went 
up and down 
for transapical 
transcatheter 
aortic valve im-
plantations with 
an overall declin-
ing trend from 
7.3% in 2012 to 
5.0% in 2016. 
Transvascular 
transcath-
eter aortic valve 
implantation 
mortality steadily 
declined from 
5.0% in 2012 to 
2.6% in 2016, 
and isolated 
surgical aortic 
valve replace-
ment mortality 
increased slightly 
from 2.7% in 
2012 to 2.9% in 
2016.
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Chart 21-2. Worldwide experience with the MitraClip procedure from September 2008 until April 2015. 
APAC indicates Asia-Pacific; and CALA, Caribbean and Latin America.  
Source: Figure courtesy of Abbott Laboratories.

This chart 
shows that the 
worldwide use 
of the MitraClip 
procedure gener-
ally increased 
from 2008 to 
2015.  Over time, 
use increased in 
the commercial 
U.S., emerg-
ing Europe, 
Western Europe, 
Asia-Pacific 
countries, and 
Caribbean and 
Latin America 
countries.

Chart 21-3. Comparison of primary outcomes after MitraClip implantation for secondary mitral regurgitation in COAPT and MITRA-FR trials. 
A, COAPT trial; (B) MITRA-FR trial.  
COAPT indicates Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients with Functional Mitral Regurgitation; and 
MITRA-FR, Percutaneous Repair with the MitraClip Device for Severe Functional/Secondary Mitral Regurgitation.  
Source: A, Reprinted from Stone et al49 with permission from the Massachusetts Medical Society. Copyright © 2018, Massachusetts Medical Society. B, Reprinted 
from Obadia et al50 with permission from the Massachusetts Medical Society. Copyright © 2018, Massachusetts Medical Society.

Panel A of this 
chart shows that 
the total number 
of hospitaliza-
tions for heart 
failure following 
MitraClip in the 
COAPT trial was 
less in the device 
group over 24 
months.  Panel 
B of this chart 
shows that the 
probability of 
freedom from an 
event was lower 
following Mitra-
Clip compared 
with a control 
group in the MI-
TRA.FR trial over 
12 months.
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Chart 21-4. Age and sex distribution of 3343 subjects with rheumatic heart disease participating in the REMEDY (Global Rheumatic Heart Disease 
Registry) study, 2010 to 2012. 
Source: Reprinted from Zühlke et al82 by permission of the European Society of Cardiology. Copyright © 2014, The Authors.

This chart shows 
that the highest 
count of subjects 
with rheumatic 
heart disease 
participating in 
the REMEDY 
study from 2010 
to 2012 were 
females between 
26 and 30 years 
of age, followed 
by females 31 to 
35 years of age, 
females 21 to 
25 years of age, 
females 11 to 
15 years of age, 
and females 16 
to 20 years of 
age.  All other 
sex and age 
categories had 
lower numbers 
of patients with 
rheumatic heart 
disease.  In all 
age categories, 
more females 
had rheumatic 
heart disease 
than males.

Chart 21-5. Age-standardized global mortality rates of rheumatic heart disease (HD) per 100 000, both sexes, 2017.  
Age-standardized mortality attributable to rheumatic HD is highest in South Asia, sub-Saharan Africa, and Oceania.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.89 Printed with permission. 
Copyright © 2018, University of Washington.

This map 
shows that 
age-standardized 
mortality due to 
rheumatic heart 
disease was high-
est in South Asia, 
Sub-Saharan Af-
rica, and Oceania 
in 2017.
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22. VENOUS THROMBOEMBOLISM 
(DEEP VEIN THROMBOSIS AND 
PULMONARY EMBOLISM), CHRONIC 
VENOUS INSUFFICIENCY, PULMONARY 
HYPERTENSION
See Charts 22-1 and 22-2

In this chapter, 2017 mortality data come from unpub-
lished NHLBI tabulations using the NVSS1 and CDC 
WONDER.2 Hospital discharge data come from unpub-
lished NHLBI tabulations using the HCUP.3

Pulmonary Embolism 
ICD-9 415.1; ICD-10 I26.
Mortality—8704. Any-mention mortality—35 605. Hospital 
discharges—185 000 (principal diagnosis), 367 000 (all-
listed diagnoses).

Deep Vein Thrombosis 
ICD-9 451.1, 451.2, 451.81, 451.9, 453.0, 
453.1, 453.2, 453.3, 453.4, 453.5, 453.9; 
ICD-10 I80.1, I80.2, I80.3, I80.9, I82.0, 
I82.1, I82.2, I82.3, I82.4, I82.5, I82.9.
Mortality—3172. Any-mention mortality—17 006. Hospital 
discharges—102 000 (principal diagnosis), 602 000 (all-
listed diagnoses).

Venous Thromboembolism
Incidence 
(Charts 22-1 and 22-2)

•	 VTE includes both DVT and PE. The HCUP NIS 
(Charts 22-1 and 22-2) shows increasing num-
bers of hospitalized cases for PE from 1996 to 
2016. Focusing on all-listed diagnoses, the num-
ber of hospitalized DVT cases also increased from 
2005 to 2016. Extrapolating from these data and 
using all-listed diagnoses, if we assume 30% of 
DVTs were treated in the outpatient setting, we 
estimate that in 2016 there were ≈857 000 DVTs, 
≈370 000 PEs, and ≈1 220 000 total VTE events in 
the United States (US population was 323 million 
in 2016).

•	 In 2016, there were 1 001 000 physician office 
visits and 211 000 ED visits with a principal diag-
nosis of DVT (unpublished NHLBI tabulation using 
NAMCS4 and NHAMCS5).

•	 Interpretation of the HCUP NIS, as well as most 
other sources of VTE incidence data, should be 
viewed in light of secular trends and data char-
acteristics that could have resulted in an increase 
in VTE diagnosis that might overstate changes in 
VTE incidence (eg, advances in PE imaging, which 
enable the detection of smaller PEs,6 increased the 
use of full leg ultrasound, which detects distal DVT; 
the co-occurrence of codes for DVT and PE in the 
same patient) and other factors that could lead to 
underestimation of VTE incidence (eg, outpatient 
management of ≈35% of DVT cases7 and a smaller 
portion of PE cases,8,9 misdiagnosis of VTE events, 
and failure to ascertain fatal PEs because of low 
autopsy rates).

•	 Using administrative data in the United States, the 
estimated admissions for PE increased from 23 
per 100 000 in 1993 to 65 per 100 000 in 2012.10 
Trends in DVT incidence were not reported.

Abbreviations Used in Chapter 22

AF atrial fibrillation

ARIC Atherosclerosis Risk in Communities

BMI body mass index

BNP B-type natriuretic peptide

CDC WONDER Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research

CI confidence interval

CT computed tomography

CTEPH chronic thromboembolic pulmonary hypertension

CVI chronic venous insufficiency

DM diabetes mellitus

DOAC direct oral anticoagulant

DVT deep vein thrombosis

ED emergency department

eGFR estimated glomerular filtration rate

ESRD end-stage renal disease

FHS Framingham Heart Study

FVL factor V Leiden 

GRS genetic risk score(s)

GWAS genome-wide association study

HCUP Healthcare Cost and Utilization Project

HD heart disease

HF heart failure

HIV human immunodeficiency virus

HR hazard ratio

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

NAMCS National Ambulatory Medical Care Survey

NHAMCS National Hospital Ambulatory Medical Care Survey

NHDS National Hospital Discharge Survey

NHLBI National Heart, Lung, and Blood Institute

NIS National (Nationwide) Inpatient Sample

NVSS National Vital Statistics System

NYHA New York Heart Association

OR odds ratio

PAH pulmonary arterial hypertension

PE pulmonary embolism

PH pulmonary hypertension

PTS postthrombotic syndrome

REVEAL Registry to Evaluate Early and Long-term PAH Disease 
Management

RCT randomized controlled trial

RR relative risk

RV right ventricular

VTE venous thromboembolism

WHO World Health Organization
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•	 Incidence rates for PE and DVT increase expo-
nentially with advancing age for both males and 
females.11–13

•	 VTE incidence varies by race/ethnicity.14–17 Blacks 
appear to be at greatest risk, followed by whites, 
Hispanics, and Asians, respectively.

•	 Educational attainment has been inversely associ-
ated with VTE risk.18

Lifetime Risk
•	 The remaining lifetime risk of VTE at 45 years of 

age was 8.1% (95% CI, 7.1%–8.7%) overall, 
11.5% in blacks, 10.9% in those with obesity, 
17.1% in individuals with the FVL genetic muta-
tion, and 18.2% in people with sickle cell trait or 
disease, using data derived from nearly 20 000 
participants of 2 US cohorts who were 45 to 99 
years of age.19

Risk Factors
•	 Approximately 50% of VTEs are provoked because 

of immobilization, trauma, surgery, or hospitaliza-
tion in the antecedent 3 months; 20% are associ-
ated with cancer; and 30% are unprovoked.20–22

•	 Independent VTE risk factors include increasing 
age, obesity, family history or personal history 
of thrombosis, recent surgery, trauma/fracture, 
hospitalization, prolonged immobility, nursing 
home residence, active cancer, indwelling central 
venous catheter or transvenous pacemaker, prior 
superficial vein thrombosis, infection, inherited or 
acquired thrombophilia, kidney disease, neuro-
logical disease with leg paresis, sickle cell anemia 
and sickle cell trait, and long-distance travel.23–25 
Autoimmune diseases, such as lupus and Sjögren 
syndrome, and acute infection have also been 
associated with elevated VTE risk.26–31

•	 Among females, VTE risk is elevated among those 
using estrogen-based contraceptives, hormone 
therapy, or infertility treatment.32 Risk is also ele-
vated in pregnancy and the postpartum period. 
Pregnancy-associated VTE has an incidence of 1 to 
2 per 1000 person-years; compared with nonpreg-
nant females of childbearing age, the RR for VTE 
is increased 4-fold.33–35 VTE risk is higher for preg-
nancies after in vitro fertilization than for natural 
pregnancies,36 and with multiple gestation, cesar-
ean delivery, or other pregnancy complications.37,38 
Risk factors associated with VTE in the general 
population (eg, obesity) are also associated with 
pregnancy-associated VTE.

•	 Traditional atherosclerotic risk factors, including 
hypertension, hyperlipidemia, and DM, were not 
associated with VTE risk in a 2017 individual-level 
meta-analysis of >240 000 participants from 9 
cohorts.39 Cigarette smoking was associated with 
provoked but not with unprovoked VTE events. 

Similar findings were reported in a 2019 publi-
cation combining data from the Emerging Risk 
Factors Collaboration and UK Biobank whereby 
there was no association with hypertension and 
dyslipidemia, although for DM, the association 
was inconsistent. Age and obesity were associated 
with greater risk in this analysis.40

Family History and Genetics
•	 VTE is highly heritable.41,42

•	 FVL is the most common inherited thrombophilia 
in populations of European descent but is rare in 
African and Asian populations.43 In ARIC, ≈5% of 
Caucasians and <1% of African Americans are 
heterozygous carriers of FVL, and lifetime risk of 
VTE was 17.1% in individuals with the FVL genetic 
mutation.19 Pooling data from 36 epidemiologi-
cal studies, Simone et al44 found that risk of VTE 
was increased 4-fold in heterozygous FVL (OR, 4.2 
[95% CI, 3.4–5.3]) and 11-fold in homozygous 
FVL (OR, 11.4 [95% CI, 6.8–19.3]) compared with 
noncarriers.

•	 Antithrombin deficiency is a rare mutation that is 
associated with greatly increased risk of incident 
VTE (OR ≈14).45 A bayesian meta-analysis found 
that for childbearing females with this mutation, 
VTE risk was 7% in the antepartum period and 
11% postpartum.46 The authors suggested that 
thrombosis prophylaxis should be considered for 
childbearing females with this mutation.

•	 More common genetic variants associated with 
VTE have a lesser risk of VTE than rare mutations 
and include non-O blood group, prothrombin 
20210A, and sickle cell disease and trait.47 GWASs 
have identified additional common genetic vari-
ants associated with VTE risk, including variants 
in F5, F2, F11, FGG, and ZFPM2.48 These common 
variants individually increase the risk of VTE to a 
small extent, but a GRS composed of a combina-
tion of these variants yielded an OR for VTE risk 
of 7.5.49 Exome-wide analysis of rare variants in 
>24 000 individuals of European ancestry and 
1858 individuals of African ancestry confirmed 
previously implicated loci but did not uncover 
novel rare variants associated with VTE.50 Similarly, 
targeted sequencing efforts did not uncover novel 
rare variants for DVT.51

Treatment
•	 In the latter half of the past decade, substantial 

progress has been made in the management of 
patients with suspected VTE. This includes patient-
tailored diagnostic and therapeutic strategies 
because of the confluence of refined use of bio-
markers (eg age-adjusted D-dimer threshold), risk 
prediction algorithms (PE Rule-Out Criteria), and 
the introduction of DOACs.52
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•	 VTE is generally treated for 3 to 6 months with anti-
coagulation (primary treatment), at which point 
the risks and benefits of continued anticoagula-
tion should be assessed (secondary prevention).53 
When oral anticoagulation is contraindicated or 
ineffective, inferior vena cava filters can be used. 
However, in general they should be avoided.52 
Thrombolysis is generally reserved for patients with 
massive PE or those with DVT that is threatening to 
result in limb loss.52

•	 Current treatment guidelines consider anticoagu-
lation with either warfarin or DOAC drugs (ie, 
apixaban, rivaroxaban, dabigatran, edoxaban) as 
the standard of care.53 In phase III RCTs of VTE pri-
mary treatment,54–57 the DOAC drugs were each 
shown to be as effective as warfarin in the pre-
vention of recurrent VTE and VTE-related death. 
A meta-analysis58 of these trials suggested that 
DOAC drugs have a lower risk of bleeding compli-
cations than warfarin.

•	 Observational studies have also indicated that 
statins reduce the risk of recurrent VTE. An RCT 
published in 2018 demonstrated that among VTE 
patients, randomization to rosuvastatin was asso-
ciated with improved coagulation profiles relative 
to those not randomized to a statin.59

Mortality
•	 Among Medicare beneficiaries with DVT, the 

30-day mortality rate was 5.1% and the 1-year 
mortality rate was 19.6% in 2010.60 These rates 
were similar to those in 1999 (5.0% and 21.5%, 
respectively).

•	 Among Medicare beneficiaries with PE, the 30-day 
mortality rate was 9.1% and the 6-month mor-
tality rate was 19.6% in 2010.61 These rates only 
showed slight improvements from rates in 1999 
(12.3% and 23.0%, respectively).

•	 An analysis using administrative data for first-time 
VTE in Quebec, Canada, reported that the 1-year 
survival rate for VTE was 77% overall, but when 
stratified by VTE-provoking status, it was 47% for 
cancer-associated VTE, 84% for provoked VTE, 
and 93% for unprovoked VTE.62

•	 Asymptomatic DVTs diagnosed with compression 
ultrasound were associated with a 3-fold increased 
risk of short-term all-cause mortality in patients 
with acute medical illness relative to those with no 
evidence of DVT.63

Complications
•	 VTE is a chronic disease with episodic recurrence; in 

the absence of long-term anticoagulation, ≈30% 
of patients develop recurrence within the next 10 
years.18,23,64

•	 Independent predictors of recurrence within 
180 days include active cancer and inadequate 

anticoagulation. Two-week case-fatality rates are 
2% for recurrent DVT alone and 11% for recurrent 
PE with or without DVT.65

•	 Because of the use of anticoagulant therapy to 
treat VTE, bleeding is a major potential complica-
tion. Data from phase III RCTs suggest that use of 
DOACs, instead of warfarin, for VTE primary treat-
ment could further reduce bleeding risk.58

•	 PTS/venous stasis syndrome and venous sta-
sis ulcers are important complications of proxi-
mal lower-extremity DVT, which are discussed in 
greater depth in the Chronic Venous Insufficiency 
section of this chapter. After proximal lower-
extremity DVT, the 20-year cumulative incidences 
of PTS/venous stasis syndrome and venous stasis 
ulcers are 30% and 3.7%, respectively.66

•	 CTEPH affects ≈4% of patients with PE within 2 
years of their initial PE event.67

Costs
•	 A literature review estimated incremental direct 

medical costs (2014 US dollars) per case among 
1-year survivors of acute VTE at $12 000 to 
$15 000 and the cost of complications, includ-
ing recurrent VTE, PTS, CTEPH, and anticoag-
ulation-related adverse events, at $18 000 to 
$23 000 per case. This review assumed 375 000 
to 425 000 new cases in the United States annu-
ally and estimated the annual overall cost at $7 
billion to $10 billion.68

Chronic Venous Insufficiency 
ICD-10 I87.2.
Mortality—57. Any-mention mortality—543.

Prevalence
•	 Varicose veins are a common manifestation of CVI. 

In the San Diego Population Study (mean age, 59 
years), visible disease was common; 6.2% had 
trophic changes (eg, hyperpigmentation, edema, 
ulcers), 23.3% had varicose veins, and 51.9% had 
spider veins.69

•	 PTS is a common complication of DVT that 
develops in 20% to 50% of cases after proxi-
mal DVT and is severe in 5% to 10% of cases.70 
Approximately 4% of patients with DVT experi-
ence venous stasis ulcers.67

Incidence
•	 The FHS reported an annual incidence of varicose 

veins of 2.6% in females and 1.9% in males.71

Risk Factors
•	 The prevalence of moderate CVI increases with 

advancing age, family history, hernia surgery, obe-
sity, number of births, and presence of flat feet in 
females and is less likely in those with hypertension; 
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risk factors for more severe CVI include smoking 
in males and leg injury in females.72 Inflammation, 
endothelial dysfunction, and blood coagulation 
disorders are all thought to predispose to CVI.73,74

•	 PTS, a subset of CVI, has specific risk factors that 
can be identified at the time of or after DVT: recur-
rent ipsilateral DVT, obesity, more extensive DVT, 
poor quality of initial anticoagulation, ongoing 
symptoms or signs of DVT 1 month after diagno-
sis, and elevated D-dimer at 1 month.70,75,76

•	 Using data from 762 DVT patients, Rabinovich et 
al77 developed a clinical prediction model for PTS. 
High-risk predictors were index DVT in the iliac 
vein; BMI of ≥35 kg/m2; and moderate to severe 
Villalta (PTS severity) score at DVT diagnosis.

•	 In a meta-analysis of DVT patients who underwent 
ultrasonography at least 6 weeks after their DVT, 
2 ultrasound parameters were predictive of PTS: 
residual vein thrombosis (pooled OR, 2.17 [95% 
CI,1.79–2.63]) and venous reflux at the popliteal 
level (pooled OR, 1.34 [95% CI, 1.03–1.75]).78

•	 Data from 2018 demonstrated that among DVT 
patients, initial compression with either compres-
sion hosiery or multilayer bandaging was associ-
ated with fewer irreversible skin signs, edema, and 
pain on calf compression versus no compression.79 
Multilayer bandaging was slightly more effective 
than hosiery but has substantially higher costs, 
without a gain in health-related quality of life.

•	 For patients with DVT, use of compression stockings 
for 24 months is standard therapy for the preven-
tion of PTS. In a 2018 RCT, a total of 865 patients 
were randomized to either standard duration or 
individualized therapy length.80 Individualized ther-
apy was noninferior to standard duration of therapy 
of 24 months. Individualization of therapy duration 
may potentially enhance patients’ well-being.

•	 Rabinovich and Kahn described the best means 
to prevent PTS as prevention of future DVT and 
appropriate anticoagulation of existing DVT.81

Family History and Genetics
•	 Varicose veins are more likely to occur in the set-

ting of a positive family history, consistent with a 
heritable component. Although a number of genes 
have been implicated,82 the genetic factors predis-
posing to varicose veins have not been definitively 
identified.83

Complications
•	 More severe venous disease often includes mani-

festations such as hyperpigmentation, venous 
eczema, lipodermatosclerosis, atrophie blanche, 
and healed or active venous ulcers.84

•	 Analysis of NIS data for black and white Americans 
demonstrated declines in ulcer debridement, vein 
stripping, and sclerotherapy procedures from 1998 

to 2011. Blacks presented at younger ages and 
more often had ulcer debridement and history of 
DVT than whites.85

•	 A 2017 publication that used a database of 300 
patients treated for advanced CVI with radiofre-
quency ablation procedures showed that blacks 
presented with higher-severity CVI and had less 
improvement with ablation.86

Cost
•	 The estimated cost in the United States to treat 

venous ulcers is $1 billion annually.84

Pulmonary Hypertension 
ICD-10 I27.0, I27.2.
Mortality—7618. Any-mention mortality—24 584.

Incidence
•	 In the United States, between 2001 and 2010, 

hospitalization rates for PH increased significantly, 
and among those ≥85 years of age, hospitalization 
rates nearly doubled.87 In 2010, the age-adjusted 
rate of hospitalization associated with PH was 
131 per 100 000 discharges overall and 1527 per 
100 000 for those ≥85 years of age.87

•	 The WHO classifies PH into 5 groups (described 
below) according to underlying pathogenesis. 
Limited information is available on prevalence of 
PH subtypes in nonreferral settings. In one study 
conducted in Armadale, Australia, the most com-
monly identified PH subtypes were left-sided HD 
(WHO group 2: 68%); lung disease (WHO group 3: 
9%); WHO group 1, underlying causes combined 
(3%); and CTEPH (WHO group 4: 2%). Fifteen per-
cent were unclassifiable.88

•	 The prevalence of WHO group 1 PH (idiopathic, 
heritable, drug/toxin induced, or associated with 
other factors including connective tissue disease, 
infections [HIV, schistosomiasis], portal hyperten-
sion, and congenital HD) is estimated at 6.6 to 
26.0 per million adults and the incidence at 1.1 to 
7.6 per million adults annually.89

•	 WHO group 2 PH is attributable to left-sided HD. 
Estimates of the incidence and prevalence are dif-
ficult to ascertain but most likely would track with 
HF prevalence rates.89

•	 The prevalence and incidence of WHO group 3 PH 
(attributable to lung disease or hypoxia) is difficult 
to estimate but likely would track with lung dis-
ease prevalence.89

•	 The prevalence of WHO group 4 PH (CTEPH and 
other pulmonary obstructions) ranges from 1.0% 
to 8.8% among those with PE.89 CTEPH incidence, 
however, may be underestimated based on general 
population data; in a 2017 modeling study, only 
7% to 29% of CTEPH cases were diagnosed.90
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•	 WHO group 5 PH has multifactorial mechanisms. 
When it accompanies sickle cell disease, the preva-
lence is 6% to 10% and increases with advancing 
age. When it accompanies thalassemia, the preva-
lence is 2.1%.89,91

Risk Factors
•	 Risk factors are implicit in the WHO disease clas-

sification of the 5 mechanistic subtypes of PH 
described above. The most common risk factors 
are left-sided HD and lung disease.

•	 In a cohort of 23 329 patients with first VTE 
(mean follow-up, 3.5 years) 283 patients were 
diagnosed with CTEPH. Cumulative incidence 
was 1.3% and 3.3% at 2 and 10 years after PE 
and 0.3% and 1.3% after DVT, respectively. Risk 
factors for CTEPH included age >70 years, being 
female, chronic obstructive pulmonary disease, 
HF, and AF.92

•	 In a study of 772 consecutive PE patients without 
major comorbidities such as cancer, the risk factors 
for CTEPH were unprovoked PE, hypothyroidism, 
symptom onset >2 weeks before PE diagnosis, 
RV dysfunction on CT or echocardiography, DM, 
and thrombolytic therapy or embolectomy; a risk 
prediction score that included these factors was 
able to predict a group with a CTEPH incidence 
of 10% (95% CI, 6.5%–15%).93 It is not clear to 
what extent these factors may be affected by the 
possibility that the index presentation was caused 
by worsening RV failure in the setting of CTEPH 
rather than acute PE. Higher BMI also has been 
associated with CTEPH risk after PE.94

•	 A 2018 analysis of 2368 REVEAL registry patients 
with PH reported that patients with a ≥10% decline 
in eGFR from baseline over ≥1 year had a signifi-
cantly increased risk of death (HR, 1.66; P<0.0001) 
and the composite of all-cause hospitalization and 
death (HR, 1.33; P=0.002).95 This decline pre-
dicted survival independently of changes in 6-min-
ute walk distance and functional class. Likewise, 
using PH patients from the same registry, both 
baseline and change in concentrations of plasma 
BNP were associated with increased risk of death. 
Comparing those with high (>340 pg/mL) versus 
low (≤340 pg/mL) baseline BNP, the HR was 3.6 
(95% CI, 3.0–4.2).96

•	 Among patients with ESRD, PH is associated with a 
2-fold increased risk of all-cause mortality for both 
patients receiving maintenance dialysis and those 
with a functioning kidney transplant.97

Family History and Genetics
•	 A 2018 study reported clustering of CTEPH in 

families, providing novel evidence that heritable 
genetic factors influence an individual’s risk of 
developing CTEPH.98

•	 A Japanese family study also identified the bone 
morphogenetic protein type 2 receptor gene 
(BMPR2) as a risk factor for PAH.99

Treatment
•	 Galiè and colleagues100 performed a double-blind 

RCT of 500 treatment-naïve patients with WHO 
group 2 or 3 PH, randomizing them to ambrisentan, 
tadalafil, or both in combination. The combination 
group (versus the pooled monotherapy groups) 
was at lower risk for the composite primary end 
point of death, PAH hospitalization, or clinical dis-
ease progression (HR, 0.50 [95% CI, 0.35–0.72]).

•	 In a large, placebo-controlled, double-blind RCT of 
1156 patients with PAH randomized to selexipag, 
an oral selective IP prostacyclin receptor agonist, 
versus placebo, Sitbon and colleagues101 found 
a significant reduction in the primary compos-
ite end point of death attributable to any cause 
or PAH-related complication (HR, 0.60 [99% CI, 
0.46–0.78]). This observed benefit was driven by 
differences in disease progression and hospital-
ization; no significant difference in mortality was 
seen between selexipag and placebo.

•	 Pulido and colleagues102 performed a 250-patient 
RCT of 3 mg or 10 mg of macitentan, a dual endo-
thelin receptor antagonist, versus placebo, with a 
primary end point composite of death, atrial septos-
tomy, lung transplantation, initiation of treatment 
with intravenous or subcutaneous prostanoids, 
or worsening of PAH. Macitentan was shown to 
have statistically and clinically significant benefit at 
either tested dose; the HR for 3 mg of macitentan 
versus placebo was 0.70 (97.5% CI, 0.52–0.96), 
and for 10 mg of macitentan versus placebo, the 
HR was 0.55 (97.5% CI, 0.39–0.76).102

Mortality
Mortality of PH depends on the cause and treatment. 
On the basis of 2010 NHDS data, the death rate for PH 
as a contributing cause of death was 6.5 per 100 000.87

•	 Five-year survival was 61.2% to 65.4% in the 
US-based REVEAL registry of patients with group 1 
PH. Lower 5-year survival was strongly and directly 
associated with worse functional class at presen-
tation.103 In an earlier study from this registry, 
6-minute walk distance was also shown to be a 
strong predictor, with 97%, 90%, and 68% 1-year 
survival for patients with >440, 165 to 440, and 
<165 meter walk distances, respectively. A decline 
of >15% over time also predicted a significantly 
worse outcome compared with a stable or improv-
ing 6-minute walk distance.104

•	 A German single-center registry study reported 
5-year survival rates of 65.3% for patients with idio-
pathic PH, 50.9% for those with PH associated with 
connective tissue disease, 74.5% for those with PH 
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caused by congenital HD, and 18.7% for those with 
pulmonary venous occlusive disease, respectively.105

•	 In a French registry study of 981 patients with idio-
pathic, heritable, or drug-induced PAH enrolled 
between 2006 and 2016, survival at 1 and 3 years 
was 90% and 73%, respectively.106

•	 In sickle cell disease–related PH, the 5-year survival rate 
in one study was 63% with and 83% without PH.107

•	 An international prospective registry that included 
679 patients with CTEPH estimated that the 3-year 
survival was 89% with and 70% without pulmonary 
thromboendarterectomy.108 Among the patients 
with CTEPH, treatments for PH did not affect sur-
vival. High NYHA functional class, increased right 
atrial pressure, and history of cancer were associ-
ated with mortality regardless of surgery.

Costs
•	 Healthcare costs associated with PH are substan-

tial. In an analysis of administrative data, the 

per-patient per-month total all-cause healthcare 
costs for patients with PH who were commercially 
insured was $9503 for those on monotherapy 
and $16 240 for those on combination therapy. 
Among PH patients with Medicare Advantage and 
Part D, the monthly costs for patients on mono-
therapy and combination therapy were $6271 and 
$14 340, respectively.109

Global Burden
•	 80% of patients with PH live in developing coun-

tries, and the cause of their PH is primarily HD and 
lung disease, but schistosomiasis, rheumatic HD, 
HIV, and sickle cell disease remain prominent com-
pared with developed countries. In these countries, 
younger people are more often affected (average 
age of onset <40 years).89

•	 In high-income countries, rates of CTEPH are 
believed to be lower in Japan than in the United 
States and Europe.90
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Chart 22-1. Trends in hospitalized pulmonary embolism, United States, 1996 to 2016. 
*Data not available for 2015. Readers comparing data across years should note that beginning October 1, 2015, a transition was made from the 9th revision to 
the 10th revision of the International Classification of Diseases. This should be kept in consideration because coding changes could affect some statistics, especially 
when comparisons are made across these years.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Healthcare Cost and Utilization Project.3

This chart shows 
that the number 
of pulmonary 
embolism prin-
cipal diagnoses 
and all-listed 
diagnoses for 
hospital discharg-
es have been 
generally increas-
ing from 1996 
to 2016, with 
367,000 all-listed 
diagnoses and 
185,000 principal 
diagnoses in 
2016.  There was 
a slight decrease 
from 1996 to 
1997 followed 
by increasing 
numbers of 
cases yearly for 
both all-listed 
and principal 
diagnoses.  The 
number of 
pulmonary em-
bolism all-listed 
diagnoses was 
higher in 1996 
and increased 
more steeply 
than pulmonary 
embolism prin-
cipal diagnoses 
until 2016.
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23. PERIPHERAL ARTERY DISEASE AND 
AORTIC DISEASES
ICD-9 440.20 to 440.24, 440.30 to 440.32, 440.4, 
440.9, 443.9, 445.02; ICD-10 I70.2, I70.9, I73.9, 
I74.3, I74.4. See Tables 23-1 through 23-3 and 
Charts 23-1 through 23-9

Peripheral Artery Disease
Prevalence and Incidence 
(Charts 23-1 and 23-2)

•	 On the basis of data from several US cohorts dur-
ing the 1970s to 2000s and the 2000 US Census, 
6.5 million Americans ≥40 years of age (5.8%) are 
estimated to have low ABI (<0.9).1

•	 Further accounting for PAD cases with ABI >0.9 
(after revascularization or false-negative results 
with ABI), in 2000, PAD was estimated to affect 
≈8.5 million Americans ≥40 years of age (7.2%).1

•	 Estimates of PAD prevalence in males and females 
by age and ethnicity are shown in Charts 23-1 
and 23-2.

•	 The highest prevalence of low ABI (<0.9) has been 
observed among older adults (22.7% among indi-
viduals ≥80 years of age versus 1.6% among those 
40–49 years of age) and NH blacks (≈11.6% in NH 
blacks versus ≈5.5% in whites).1 The prevalence of 
low ABI (<0.9) is similar between females (5.9%) 
and males (5.0%).

•	 Only ≈10% of people with PAD have the clas-
sic symptom of intermittent claudication. 
Approximately 40% do not complain of leg pain, 
whereas the remaining 50% have a variety of leg 
symptoms different from classic claudication (ie, 
exertional pain that either did not stop the indi-
vidual from walking or did stop the individual from 
walking but did not involve the calves or did not 
resolve within 10 minutes of rest).2,3

•	 On the basis of ICD codes in nationwide claims 
data from large employers’ health plans and from 
Medicare and Medicaid programs between 2003 
and 2008, among adults >40 years of age, the 
annual incidence and prevalence of PAD were 
2.69% and 12.02%, respectively.4 The corre-
sponding estimates for critical limb ischemia, the 
most severe form of PAD, were 0.35% and 1.33%, 
respectively.

•	 Data from the NIS demonstrate that admission 
rates because of critical limb ischemia remained 
constant from 2003 to 2011.5

Risk Factors
•	 The risk factors for PAD are similar but not identical 

to those for CHD. Cigarette smoking is a stronger 
risk factor for PAD than for CHD.6 The age- and 
sex-adjusted OR for heavy smoking was 3.94 for 
symptomatic PAD and 1.66 for CHD.6

•	 Among males in the Health Professionals Follow-up 
Study, smoking, type 2 DM, hypertension, and 
hypercholesterolemia accounted for 75% (95% 
CI, 64%–87%) of risk associated with develop-
ment of clinical PAD.7

•	 In a meta-analysis of 34 studies from high-
income countries and low- to middle-income 

Click here to return to the Table of Contents

Abbreviations Used in Chapter 23

AAA abdominal aortic aneurysm

ABI ankle-brachial index

ACC American College of Cardiology

AHA American Heart Association

ARIC Atherosclerosis Risk in Communities

CDC 
WONDER

Centers for Disease Control and Prevention Wide-Ranging 
Online Data for Epidemiologic Research

CHD coronary heart disease

CI confidence interval

CKD chronic kidney disease

COMPASS Cardiovascular Outcomes for People Using Anticoagulation 
Strategies

CORAL Cardiovascular Outcomes in Renal Atherosclerotic Lesions

CVD cardiovascular disease

DM diabetes mellitus

ED emergency department

FH familial hypercholesterolemia

FOURIER Further Cardiovascular Outcomes Research With PCSK9 
Inhibition in Subjects With Elevated Risk

GBD Global Burden of Disease

GWAS genome-wide association study

HCUP Healthcare Cost and Utilization Project

HF heart failure

HR hazard ratio

ICD International Classification of Diseases

ICD-9 International Classification of Diseases, 9th Revision

ICD-10 International Classification of Diseases, 10th Revision

IRAD International Registry of Acute Aortic Dissection

KD Kawasaki disease

LDL low-density lipoprotein

MACE major adverse cardiovascular event

MI myocardial infarction

NAMCS National Ambulatory Medical Care Survey

NH non-Hispanic

NHAMCS National Hospital Ambulatory Medical Care Survey

NHLBI National Heart, Lung, and Blood Institute

NIS Nationwide Inpatient Sample

NVSS National Vital Statistics System

OR odds ratio

OVER Open Versus Endovascular Repair

PA physical activity

PAD peripheral artery disease

PCSK9 proprotein convertase subtilisin/kexin type 9

RR relative risk

SBP systolic blood pressure

SES socioeconomic status

SNP single-nucleotide polymorphism

TGF transforming growth factor

UI uncertainty interval
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countries, respectively, important risk factors for 
PAD included cigarette smoking (OR, 2.72 versus 
1.42), DM (OR, 1.88 versus 1.47), hypertension 
(OR, 1.55 versus 1.36), and hypercholesterolemia 
(OR, 1.19 versus 1.14).8

•	 A study of 3.3 million people 40 to 99 years of age 
primarily self-referring for vascular screening tests 
in the United States showed that risk factor bur-
den was associated with increased prevalence of 
PAD, and there was a graded relationship between 
the number of traditional risk factors and the prev-
alence of PAD.9

•	 Other risk factors for PAD include sedentary life-
style, elevated inflammation markers, hyperten-
sion in pregnancy, and CKD.9–12

•	 Blacks have a 37% higher amputation risk than 
whites (HR, 1.37 [95% CI, 1.30–1.45]). Lower SES 
is an independent predictor for amputation (HR, 
1.12 [95% CI, 1.06–1.17]).13

•	 A secondary analysis of a randomized feeding 
trial showed reduced risk of incident PAD with 
the Mediterranean diet compared with a control 
diet.14

•	 In the ARIC study, the incidence of PAD was higher 
among participants with lower household income 
and educational attainment.15

Genetics
•	 Atherosclerotic PAD is heritable, even indepen-

dent of risk factors for PAD which themselves are 
heritable.

•	 In the ethnically diverse San Diego Population 
Study, a family history of PAD was independently 
associated with a 1.83-fold higher odds of PAD.16 
In the Swedish Twin Registry, the OR of PAD in 
a monozygotic twin was 17.7, and 5.7 in dizy-
gotic twins; estimated genetic effects accounted 
for 58% and nonshared environmental effects 
for 42% of the phenotypic variance between 
twins.17 The NHLBI Twin Study found that 48% 
of the variability in ABI with similar environmen-
tal risk factors could be attributed to additive 
genetic effects.18

•	 There are monogenic (mendelian) diseases that 
result in PAD, including familial lipoprotein disor-
ders such as chylomicronemia and FH, hyperho-
mocysteinemia, and pseudoxanthoma elasticum.19

•	 GWASs have identified genetic loci associated with 
atherosclerotic PAD, including the CHD-associated 
chromosome 9p21 genetic locus, which has been 
shown to be associated with PAD, AAA, and intra-
cranial aneurysm.20 Other PAD-associated genetic 
loci found through GWASs include SNPs in chro-
mosome 9 near CDKN2B, DAB2 interaction pro-
tein (DAB21P), and cytochrome B-245 α-chain 
(CYBA) genes.21

•	 GWASs have also identified genetic variants 
associated with inflammatory forms of PAD such 
as KD.22

Awareness, Treatment, and Control
•	 A US survey of >2500 adults ≥50 years of age 

found that 25% expressed familiarity with PAD in 
contrast to >65% for CHD, stroke, and HF. Only 
50% of the population were aware that DM and 
smoking are risk factors of PAD. One in 4 knew 
that PAD is associated with increased risk of MI 
and stroke, and only 14% were aware that PAD 
could result in amputation. Lower income and 
education levels were related to lower levels of all 
knowledge domains.23

•	 In data concerning people ≥70 years of age or 
those 50 to 69 years of age with a history of DM 
or smoking, as well as their physicians, 83% of 
patients with a previous diagnosis of PAD recog-
nized the diagnosis, but only half of their physi-
cians were aware of the diagnosis.2

•	 A 2011 systematic review evaluated lower-
extremity aerobic exercise against usual care and 
demonstrated a range of benefits, including the 
following24:
—	 Increased time to claudication by 71 seconds 

(79%), to 918 seconds (422%)
—	 Increased distance before claudication by 15 

m (5.6%), to 232 m (200%)
—	 Increased walking distance/time by 67% to 

101% after 40 minutes of walking 2 to 3 
times per week

•	 Observational studies have found that the risks of 
death,25 MI,26 and amputation25 are substantially 
greater in individuals with PAD who continue to 
smoke than in those who have stopped smoking.

•	 The “2016 AHA/ACC Guideline on the 
Management of Patients With Lower Extremity 
Peripheral Artery Disease” noted that several ran-
domized and observational studies demonstrated 
that statins reduced the risk of MACE and amputa-
tion among people with PAD.27

•	 A few studies have reported that statin therapy 
may reduce the risk of adverse leg outcomes 
among patients with PAD.28,29

•	 The FOURIER trial demonstrated that a PCSK9 
inhibitor, evolocumab, reduced the risk of major 
adverse limb events, including acute limb ischemia, 
major amputation, and urgent revascularization 
(HR 0.58 [95% CI, 0.38–0.88]), among patients 
with a history of MI, stroke, or PAD.30

•	 A few novel antithrombotic medications (riva-
roxaban and vorapaxar) have been shown to 
reduce the risk of adverse limb outcomes (eg, 
revascularization or amputation) among patients 
with PAD.31,32
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•	 A recent Danish trial in males 65 to 74 years of age 
reported that screening of PAD (with ABI), AAA 
(with abdominal ultrasound), and hypertension 
followed by optimal care resulted in 7% lower risk 
of 5-year mortality compared with no screening.33

•	 Data from the US Department of Veterans Affairs 
during 2013 to 2014 demonstrate that patients 
with PAD alone receive optimal medical therapy 
less frequently than patients with CHD (including 
those with concomitant PAD; statin use 59% ver-
sus 72% and antiplatelet use 66% versus 84%, 
respectively).34

•	 In a study that randomized patients with PAD to 3 
groups (optimal medical care, supervised exercise 
training, and iliac artery stent placement), super-
vised exercise resulted in superior treadmill walk-
ing distance compared with stenting. Results in 
the exercise group and stent group were superior 
to optimal medical care alone.35

•	 In 2017, the Centers for Medicare & Medicaid 
Services decided to cover supervised exercise 
therapy (up to 36 sessions over 12 weeks) for eli-
gible symptomatic PAD patients with intermittent 
claudication.36

•	 Endovascular therapies for critical limb ischemia 
are being used with greater frequency in the 
United States. From 2003 to 2011, there was a 
significant increase in endovascular treatment 
of critical limb ischemia (from 5.1% to 11.0%), 
which was accompanied by lower rates of in-hos-
pital mortality and major amputation, as well as 
shorter length of stay.5

Mortality 
(See Chart 23-3)

•	 In 2017, the overall any-mention age-adjusted 
death rate for PAD was 14.4 per 100 000. Any-
mention death rates in males were 17.8 for NH 
whites, 22.1 for NH blacks, 7.3 for NH Asians or 
Pacific Islanders, 17.1 for NH American Indians or 
Alaska Natives, and 13.4 for Hispanic males. In 
females, rates were 12.4 for NH whites, 14.8 for 
NH blacks, 5.3 for NH Asians or Pacific Islanders, 
13.1 for NH American Indians or Alaska Natives, 
and 9.1 for Hispanic females (unpublished NHLBI 
tabulation using CDC WONDER37).

•	 In 2017, PAD was the underlying cause in 12 805 
deaths. The number of any-mention deaths 
attributable to PAD was 56 938 in 2017 (unpub-
lished NHLBI tabulation using NVSS38 and CDC 
WONDER37).

•	 A 2008 meta-analysis of 24 955 males and 23 339 
females from 16 cohorts demonstrated a reverse-
J-shaped association between ABI and mortality in 
which participants with an ABI of 1.11 to 1.40 were 
at lowest risk for mortality. In males, low ABI (≤0.9) 

carried a 3-fold (RR, 3.33 [95% CI, 2.74–4.06]) 
risk of all-cause death compared with a normal 
ABI (1.11–1.40), and a similar risk was observed in 
females (RR, 2.71 [95% CI, 2.03–3.62]).38 A similar 
reverse-J-shaped association between ABI and car-
diovascular mortality was observed (Chart 23-3).

•	 In-hospital mortality was higher in females than 
males, regardless of disease severity or types of 
procedure, even after adjustment for age and 
comorbidities: 0.5% versus 0.2% after percutane-
ous revascularization for intermittent claudication; 
1.0% versus 0.7% after surgical revascularization 
for intermittent claudication; 2.3% versus 1.6% 
after percutaneous revascularization for critical 
limb ischemia; and 2.7% versus 2.2% after sur-
gical revascularization for critical limb ischemia 
(P<0.01 for all comparisons).39

Complications
•	 PAD is a marker for systemic atherosclerotic dis-

ease, and thus, people with PAD are more likely 
to have atherosclerosis in other vascular beds (eg, 
coronary, carotid, and renal arteries and abdomi-
nal aorta).40–43

•	 Pooled data from 11 studies in 6 countries found 
that the pooled age-, sex-, risk factor–, and CVD-
adjusted RRs in people with PAD (defined by ABI 
<0.9) versus those without were 1.45 (95% CI, 
1.08–1.93) for CHD and 1.35 (95% CI, 1.10–1.65) 
for stroke.44

•	 A recent study with ≈28 000 patients with a his-
tory of CVD demonstrated that patients with 
symptomatic PAD but no prior MI or stroke had ≈2 
times higher risk of CVD events than those with 
prior MI or stroke but no symptomatic PAD.30

•	 From 2000 to 2008, the overall rate of lower-
extremity amputation decreased significantly, from 
7258 to 5790 per 100 000 Medicare beneficiaries 
with PAD. Patients with PAD who underwent major 
lower-extremity amputation were more likely to 
have DM (60.3% versus 35.7% with PAD without 
amputation; P<0.001).45

•	 However, a recent report from the NIS dem-
onstrated that after declining trends, the rate 
of nontraumatic lower-extremity amputation 
increased by 50% between 2009 and 2015 in 
adults with DM.46

•	 Significant geographic variation in the rate of 
lower-extremity amputation within the United 
States was reported, from 5500 amputations per 
100 000 PAD patients in the Mountain region to 
8400 amputations per 100 000 PAD patients in the 
East South Central region. Lower-extremity ampu-
tation was performed more frequently in the East 
South Central region (adjusted OR, 1.152 [95% CI, 
1.131–1.174]; P<0.001) and West South Central 
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region (adjusted OR, 1.115 [95% CI, 1.097–1.133]; 
P<0.001) and less in the Middle Atlantic region 
(OR, 0.833 [95% CI, 0.820–0.847]; P<0.001) ver-
sus the South Atlantic reference region.45

•	 Among 186 338 older Medicare PAD patients 
undergoing major lower-extremity amputation, 
mortality was found to be 48.3% at 1 year.47

•	 A study of Medicare beneficiaries reported that 
between 2006 and 2011, 39 339 required revascu-
larization for PAD, and the annual rate of periph-
eral vascular intervention increased slightly from 
401.4 to 419.6 per 100 000 people.48

•	 Among 6391 patients with PAD in the COMPASS 
trial, 128 (2.0%) experienced leg revasculariza-
tion or amputation during a median follow-up 
of 21 months. PAD patients who experienced leg 
revascularization or amputation had higher risk of 
adverse outcomes such as all-cause mortality (HR, 
3.23 [95% CI, 1.87–5.56]) and any subsequent 
hospitalization (HR, 7.21 [95% CI, 5.51–9.43]).31

•	 People with PAD have impaired function and qual-
ity of life, regardless of whether or not they report 
leg symptoms. Furthermore, patients with PAD, 
including those who are asymptomatic, experience 
a significant decline in lower-extremity function 
over time.49–51 A few recent studies have demon-
strated that even individuals with low-normal ABI 
(0.91–0.99) have reduced physical function com-
pared with those with normal ABI.52

•	 Among patients with established PAD, higher PA 
levels during daily life are associated with better 
overall survival rate, a lower risk of death because 
of CVD, and slower rates of functional decline.53,54 
In addition, better 6-minute walk performance 
and faster walking speed are associated with lower 
rates of all-cause mortality, cardiovascular mortal-
ity, and mobility loss.55,56

Healthcare Utilization: Hospital Discharges and 
Ambulatory Care Visits 
(See Table 23-1)

•	 Principal diagnosis discharges for PAD decreased 
from 2006 to 2016, with first-listed discharges 
of 156 000 and 111 000, respectively (HCUP,57 
unpublished NHLBI tabulation; Table 23-1).

•	 In 2016, there were 1 600 000 physician office vis-
its and 11 000 ED visits with a primary diagnosis 
of PAD (NAMCS58/NHAMCS,59 unpublished NHLBI 
tabulation).

Global Burden 
(See Table 23-2 and Charts 23-4 through 23-6)

•	 A systematic review of 34 studies reported that 
globally, 202 million people have PAD, and dur-
ing 2000 to 2010, the number of people with 
PAD increased by 28.7% in low- to middle-income 
countries and by 13.1% in high-income countries.8 

The prevalence of PAD increased with age in both 
men and women and in both low/middle- and 
high-income countries (Chart 23-4).

•	 Global mortality attributable to PAD and global 
prevalence of PAD by sex from the GBD 2017 
study are shown in Table 23-2.60 The GBD 2017 
study used statistical models and data on inci-
dence, prevalence, case fatality, excess mortality, 
and cause-specific mortality to estimate disease 
burden for 359 diseases and injuries in 195 coun-
tries and territories.
—	 PAD mortality is highest in Eastern Europe 

(Chart 23-5).
—	 PAD prevalence is highest in North America, 

Southeast Asia, and Oceania (Chart 23-6).

Aortic Diseases 
ICD-9 440, 441, 444, and 447; ICD-10 I70, 
I71, I74, I77, and I79.
Aortic Aneurysm and Acute Aortic Dissection 
(See Charts 23-7 and 23-8) 
ICD-9 441; ICD-10 I71.

Prevalence and Incidence
•	 The prevalence of AAAs that are 2.9 to 4.9 cm 

in diameter ranges from 1.3% in males 45 to 54 
years of age to 12.5% in males 75 to 84 years 
of age. For females, the prevalence ranges from 
0% in the youngest to 5.2% in the oldest age 
groups.61

•	 A meta-analysis of 15 475 individuals from 18 
studies on small AAAs (3.0–5.4 cm) demonstrated 
that mean aneurysm growth rate was 2.21 mm 
per year and did not vary significantly by age and 
sex. Growth rates were higher in smokers versus 
former or never smokers (by 0.35 mm/y) and lower 
in people with DM than in those without DM (by 
0.51 mm/y).62

•	 A study from Olmsted County, MN,63 demon-
strated annual age- and sex-adjusted incidences 
per 100 000 people of 3.5 (95% CI, 2.2–4.9) for 
thoracic aortic aneurysm rupture and 3.5 (95% CI, 
2.4–4.6) for acute aortic dissection.

Risk Factors
•	 Many risk factors for atherosclerosis are also asso-

ciated with increased risk for AAAs.64 Of these, 
smoking is the most important modifiable risk fac-
tor for AAAs.65

•	 A 2014 systematic review of 17 community-based 
observational studies demonstrated a consistent, 
inverse association between DM and prevalent 
AAAs (OR, 0.80 [95% CI, 0.70–0.90]).66

•	 On the basis of nationally representative data 
from the United Kingdom, giant cell arteritis has 
been demonstrated to be associated with a 2-fold 
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higher risk (sub-HR, 1.92 [95% CI, 1.52–2.41]) 
after adjustment for competing risks for develop-
ing an AAA.67

Genetics
•	 Monogenic diseases that cause thoracic aortic dis-

ease include Marfan syndrome (caused by fibrillin 
gene mutations), Loeys-Dietz syndrome (TGFBR1, 
TGFBR2, SMAD3, TGFB2, and TGFB3 gene muta-
tions, all within the TGF-β pathway), vascular 
Ehlers-Danlos syndrome (COL3A1 mutations), arte-
rial tortuosity syndrome (SLC2A10 mutations), and 
familial thoracic aortic aneurysm syndrome (ACTA2, 
TGBR2, and mutations in several other genes).
—	 Mutations in the genes causing these disor-

ders significantly increase the risk of devel-
oping vascular aneurysms. If these disorders 
are suspected (eg, because of strong family 
history or co-occurrence of nonaortic features 
typical of the disease), referral to a specialty 
clinic for genetic testing can be useful for 
diagnosis, treatment, and cascade screening 
in family members. The identification of a 
genetic cause of thoracic aortic disease can 
influence treatment decisions, including need 
for screening for aneurysms in other vascu-
lar beds and a lower threshold for aneurysm 
diameter for consideration of surgical repair.

•	 GWASs have identified genetic variants associated 
with nonfamilial forms of thoracic aortic aneurysm/
dissection, including common variants in the fibril-
lin gene (FBN1; rare mutations in this gene cause 
Marfan syndrome) and variants in the LDL receptor 
protein–related 1 (LRP1) and unc-51–like kinase 4 
(ULK4) genes.68,69

•	 AAA is heritable; a family history of AAA is a risk 
factor for AAA, particularly in male siblings of male 
patients, for whom the RR for AAA is as high as 
18.70,71

•	 GWASs and other studies have identified genetic 
variants associated with AAA, including a locus on 
chromosome 3p12.3 and SNPs in DAB2IP, LDLR, 
LRP1, MMP3, TGFBR2, and SORT1.72,73

•	 A GWAS has also identified common genetic vari-
ants for intracranial aneurysms.74 In addition, rare 
variants in ANGPTL6 are associated with increased 
risk of intracranial aneurysms.75

•	 Despite the co-occurrence of different types of 
aneurysms, a meta-analysis has found no shared 
genetic variants for intracranial, thoracic, and aor-
tic aneurysms.70

•	 Nonatherosclerotic forms of arterial disease such as 
fibromuscular dysplasia and spontaneous coronary 
artery dissection are more difficult to evaluate for 
genetic components given their lesser prevalence 
and heterogeneous nature, but studies of these 

diseases are ongoing. A recent study has identi-
fied a noncoding SNP in the phosphatase and actin 
regulator 1 gene (PHACTR1) as being associated 
with fibromuscular dysplasia.76

Awareness, Treatment, and Control
•	 Results from 4 trials (N=3314 participants) evaluat-

ing the effect of open or endovascular repair of 
small AAAs (4.0–5.5 cm) did not demonstrate an 
advantage to earlier intervention compared with 
routine ultrasound surveillance.77

•	 Data from 23 838 patients with ruptured AAAs 
collected through the NIS (2005–2010) demon-
strated in-hospital mortality of 53.1% (95% CI, 
51.3%–54.9%), with 80.4% of patients (95% CI, 
79.0%–81.9%) undergoing intervention for repair. 
Of individuals who underwent repair, 20.9% (95% 
CI, 18.6%–23.2%) underwent endovascular repair, 
with a 26.8% (95% CI, 23.7%–30.0%) postinter-
vention mortality rate, and 79.1% (95% CI, 76.8%–
81.4%) underwent open repair, with a 45.6% (95% 
CI, 43.6%–47.5%) postintervention mortality rate.78

•	 Data from the NIS suggest that the use of endo-
vascular repair of AAAs rose substantially between 
2000 and 2010 (5% versus 74% of all AAA repairs, 
respectively), whereas the overall number of AAAs 
(≈45 000 per year) remained stable. In-hospital 
mortality and length of stay declined during this 
period, but costs rose.79

•	 At least for the first 3 years after elective repair 
of an AAA, individuals who have endovascular 
repair may have better outcomes than those who 
undergo open repair. After multivariable adjust-
ment, Medicare patients who underwent open 
AAA repair had a higher risk of all-cause mortality 
(HR, 1.24 [95% CI, 1.05–1.47]), AAA-related mor-
tality (HR, 4.37 [95% CI, 2.51–7.66]), and com-
plications at 1 year than patients who underwent 
endovascular repair.80 However, after 8 years of 
follow-up, survival in the open repair group was 
similar to that in the endovascular repair group. Of 
note, individuals in the endovascular repair group 
had a higher rate of eventual aneurysm rupture 
(5.4%) than patients who underwent open repair 
(1.4%).81 Similar findings were observed in the 
OVER Veterans Affairs Cooperative trial, which 
compared open AAA repair to endovascular repair 
in 881 patients and demonstrated reductions in 
mortality from endovascular repair at 2 years (HR, 
0.63 [95% CI, 0.40–0.98]) and 3 years (HR, 0.72 
[95% CI, 0.51–1.00]).82 However, there was no sur-
vival difference between open and endovascular 
repair in individuals followed up for up to 9 years 
(mean, 5 years; HR, 0.97 [95% CI, 0.77–1.22]).82

•	 In comparisons of the United States and the 
United Kingdom, the United States demonstrated 
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a higher rate of AAA repair, smaller AAA diameter 
at the time of repair, and lower rates of AAA rup-
ture and AAA-related death.83

•	 In ruptured AAAs, implementation of an endovas-
cular-first protocol was associated with decreased 
perioperative adverse outcomes and improved 
long-term prognosis in a retrospective analysis of 
88 consecutive patients seen at an academic medi-
cal center.84

•	 Perioperative mortality of endovascular aneurysm 
repair was not related to surgeon case volume 
but was lower in hospitals with higher volume 
(eg, 1.9% in hospitals with <10 cases a year ver-
sus 1.4% in those with 49–198 cases; P<0.01). 
Perioperative mortality after open repair was 
inversely related to both surgeon case volume 
(6.4% in ≤3 cases versus 3.8% in 14–62 cases; 
P<0.01) and hospital case volume (6.3% in ≤5 
cases versus 3.8% in 14–62 cases; P<0.01).85

•	 The data for surgery in thoracic aortic aneurysms 
are more mixed between open and endovascular 
repair. A sample of 12 573 and 2732 Medicare 
patients who underwent open thoracic aortic 
aneurysm and endovascular repair from 1998 to 
2007 demonstrated higher perioperative mortality 
for open repair in both intact (7.1% versus 6.1%; 
P=0.56) and ruptured (45% versus 28%; P<0.001) 
thoracic aortic aneurysms but higher 5-year survival 
rates (70% versus 56%; P<0.001).86 Perioperative 
mortality rates for open repair of thoracic aortic 
aneurysms were higher for NH black Medicare 
patients than for white Medicare patients (14% 
versus 7%; P<0.001), but rates were similar for 
endovascular repair (7% versus 6%; P=0.54).87 On 
the basis of data from the NIS (N=1400), week-
end repair for thoracic aortic aneurysm rupture 
(n=322) was associated with higher mortality 
than weekday repair (n=1078; OR, 2.55 [95% CI, 
1.77–3.68]), likely because of delays in surgical 
intervention.88

•	 Seventeen-year trends in the IRAD database (1996–
2013) demonstrate an increase in surgical repair of 
type A thoracic dissections (from 79% to 90%) 
and a significant decrease in in-hospital and surgi-
cal mortality for type A dissections (from 31% to 
22% [P<0.001] and from 25% to 18% [P=0.003], 
respectively). Type B dissections were more likely to 
be treated with endovascular therapies, but no sig-
nificant changes in mortality were observed.89

Mortality
2017: Mortality—9928. Any-mention mortality—16 954.

Complications 
(See Charts 23-7 and 23-8)

•	 Rates of rupture of small AAAs (3.0–5.4 cm in 
diameter) range from 0.71 to 11.03 per 1000 

person-years, with higher rupture rates in smok-
ers (pooled HR, 2.02 [95% CI, 1.33–3.06]) and 
females (pooled HR, 3.76 [95% CI, 2.58–5.47]; 
P<0.001).62

•	 There is a dose-response association between the 
diameter and the minimum and maximum risk of 
AAA rupture per year (Chart 23-7).90

•	 A 2015 systematic review that included 4 ran-
domized trials of ultrasound screening dem-
onstrated lower AAA-associated mortality, 
emergency operations, and rupture with screen-
ing, but with higher AAA-associated elective 
repair rates; however, there was no effect on 
all-cause mortality (Chart 23-8).91 Similar results 
were reported in a systematic review report pre-
pared for the US Preventive Services Task Force87 
and in a 2016 Swedish study evaluating a nation-
wide screening program targeting 65-year-old 
males.92

•	 Data from IRAD demonstrated that the rate of 
mesenteric malperfusion in 1809 patients with 
type A acute dissections was 3.7%, with a higher 
mortality rate than for patients without malperfu-
sion (63.2% versus 23.8%; P<0.001).93

•	 Data from IRAD demonstrated that patients with 
acute type B aortic dissection have heterogeneous 
in-hospital outcomes. In-hospital mortality in 
patients with and without complications (such as 
mesenteric ischemia, renal failure, limb ischemia, 
or refractory pain) was 20.0% and 6.1%, respec-
tively. In patients with complications, in-hospital 
mortality associated with surgical and endovas-
cular repair was 28.6% and 10.1% (P=0.006), 
respectively.94

Healthcare Utilization: Hospital Discharges
•	 In 2016, there were 68 000 hospital discharges 

with aortic aneurysm as principal diagnoses, of 
which 49 000 were males and 19 000 were females 
(HCUP,57 unpublished NHLBI tabulation).

Global Burden 
(See Table 23-3 and Chart 23-9)

•	 Global mortality attributable to and prevalence of 
aortic aneurysm by sex are shown in Table  23-3. 
The highest age-standardized mortality rates attrib-
utable to aortic aneurysm are reported in Northern 
Europe, southern Latin America, New Zealand, and 
Fiji (Chart 23-9).

Atherosclerotic Renal Artery Stenosis 
ICD-9 440.1; ICD-10 I70.1.
Prevalence and Incidence

•	 A US community-based cohort of older adults 
(≥65 years of age) reported the prevalence of renal 
artery disease as 6.8%.95 Among those with renal 

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e556

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 23

artery stenoses, 88% were unilateral and 12% 
were bilateral.

•	 A US study using Medicare data reported that the 
incidence rate of renal artery stenosis was 3.1 per 
1000 patient-years.96 The incidence of renal artery 
stenosis increased by ≈5-fold from 1992 to 2004.

Risk Factors
•	 Traditional atherosclerotic risk factors such as 

advanced age, DM, smoking, and hypertension 
are associated with higher prevalence of athero-
sclerotic renal artery stenosis.97

Awareness, Treatment, and Control
•	 The CORAL study compared medical therapy 

alone versus medical therapy plus renal artery 

stenting in patients with atherosclerotic renal 
artery stenosis and hypertension. Although 
there was a significant difference in SBP favor-
ing the stent group (−2.3 mm Hg [95% CI, −4.4 
to −0.2 mm Hg]), there was no difference in the 
primary end point of major cardiovascular or 
kidney event.98

Complications
•	 Atherosclerotic renal artery stenosis is often a 

cause of drug-resistant hypertension.97

•	 An Irish study reported that among a total of 3987 
patients undergoing coronary angiography, the 
presence of renal artery stenosis conferred 2 times 
higher mortality risk.99

Table 23-1.  PAD in the United States

Population Group
Prevalence, 2000, Age 

≥40 y
Mortality, 2017, All 

Ages*
Hospital Discharges, 

2016, All Ages

Both sexes ≥6.5 Million 12 805 111 000

Males 2.8 Million 5764 (45.0%)† 66 000

Females 3.7 Million 7041 (55.0%)† 45 000

NH white males 2.1 Million 4594 …

NH white females 3.0 Million 5658 …

NH black males 0.5 Million 696 …

NH black females 0.1 Million 811 …

Hispanic males 0.1 Million 333 …

Hispanic females 0.1 Million 364 …

NH Asian or Pacific Islander males … 99‡ …

NH Asian or Pacific Islander females … 140‡ …

NH American Indian/Alaska Native … 61 …

Ellipses (…) indicate data not available; NH, non-Hispanic; and PAD, peripheral artery disease. 
*Mortality for Hispanic, American Indian or Alaska Native, and Asian and Pacific Islander people should be interpreted with caution 

because of inconsistencies in reporting Hispanic origin or race on the death certificate compared with censuses, surveys, and birth 
certificates. Studies have shown underreporting on death certificates of American Indian or Alaska Native, Asian and Pacific Islander, 
and Hispanic decedents, as well as undercounts of these groups in censuses.

†These percentages represent the portion of total mortality attributable to PAD that is for males vs females.
‡Includes Chinese, Filipino, Hawaiian, Japanese, and Other Asian or Pacific Islander.
Sources: Prevalence: Data derived from Allison et al.1 Prevalence of PAD is based on an ankle-brachial index <0.9 or a previous 

revascularization for PAD. Mortality: Unpublished National Heart, Lung, and Blood Institute (NHLBI) tabulation using National Vital 
Statistics System, 2017.100 Hospital Discharges: Unpublished NHLBI tabulation using Hospital Cost and Utilization Project, 2017.57

This chart lists 
the prevalence, 
mortality, and 
hospital discharg-
es for peripheral 
artery disease 
in the United 
States for both 
sexes, males 
and females.  
Prevalence and 
mortality are fur-
ther subdivided 
by race, ethnicity, 
and sex.
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Table 23-3.  Global Mortality From and Prevalence of Aortic Aneurysm by Sex, 2017

  Both Sexes (95% UI) Males (95% UI) Females (95% UI)

Total number (millions) 0.2 (0.2 to 0.2) 0.1 (0.1 to 0.1) 0.1 (0.1 to 0.1)

Percent change total number, 1990 to 2017 59.6 (52.2 to 66.1) 53.3 (45.5 to 61.8) 71.8 (60.1 to 81.7)

Percent change total number, 2007 to 2017 23.7 (19.9 to 27.6) 22.0 (17.5 to 27.0) 26.8 (22.2 to 30.7)

Rate per 100 000 2.2 (2.1 to 2.3) 3.1 (3.0 to 3.4) 1.4 (1.4 to 1.5)

Percent change rate, 2007 to 2017 −8.5 (−11.2 to −5.8) −10.5 (−13.6 to −7.0) −6.6 (−10.0 to −3.8)

Percent change rate, 1990 to 2017 −24.1 (−27.4 to −21.4) −28.9 (−32.3 to −25.4) −19.4 (−24.7 to −15.0)

UI indicates uncertainty interval.
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.60 

Printed with permission. Copyright © 2018, University of Washington.

This table lists 
the total number 
of deaths and 
death rate world-
wide related to 
aortic aneurysm 
in 2017, as well 
as the percent 
changes from 
2007 and 1990. 
These numbers 
are further divid-
ed by sex.  The 
200,000 deaths 
attributable to 
aortic aneurysm 
in 2017 represent 
a 24% percent 
increase from 
2007.

Chart 23-1. Estimates of prevalence of peripheral artery disease in males by age and ethnicity, United States, 2000. 
NH indicates non-Hispanic.  
Source: Data derived from Allison et al.1

This chart 
shows that the 
prevalence of 
peripheral artery 
disease in 2000 
among males 
was highest 
in African 
Americans 80 
years of age and 
older, followed 
by American 
Indians 80 years 
of age and 
older, African 
Americans 70 to 
79 years of age,  
non-Hispanic 
whites 80 years 
of age and older, 
Hispanics 80 
years of age and 
older, Asians 80 
years of age and 
older, and Afri-
can Americans 
60 to 69 years of 
age. Other male 
race and age 
groups over 40 
years of age had 
lower prevalence 
of peripheral 
artery disease 
than those listed 
above.

Table 23-2.  Global Mortality From and Prevalence of PAD by Sex, 2017

Both Sexes Combined Males Females

Death
(95% UI)

Prevalence
(95% UI)

Death
(95% UI)

Prevalence
(95% UI)

Death
(95% UI)

Prevalence
(95% UI)

Total number (millions) 0.1
(0.0 to 0.1)

118.1
(102.7 to 134.4)

0.0
(0.0 to 0.1)

53.1
(46.1 to 60.7)

0.0
(0.0 to 0.1)

65.0
(56.7 to 73.8)

Percent change total 
number, 2007 to 2017

55.7
(31.0 to 74.2)

30.0
(29.1 to 30.8)

55.6
(27.1 to 72.6)

29.9
(28.8 to 30.9)

55.8
(25.6 to 79.9)

30.1
(29.2 to 30.9)

Percent change total 
number, 1990 to 2017

251.2
(118.8 to 411.1)

91.5
(90.1 to 93.0)

236.8
(89.7 to 361.1)

94.3
(92.2 to 96.6)

265.7
(100.5 to 483.2)

89.2
(87.6 to 90.8)

Rate per 100 000 1.0
(0.6 to 1.7)

1,480.4
(1290.2 to 1681.9)

1.1
(0.6 to 2.0)

1,438.5
(1251.7 to 1637.9)

0.8
(0.4 to 1.9)

1,520.0
(1326.0 to 1727.2)

Percent change rate,
2007 to 2017

10.5
(−6.8 to 24.1)

−1.7
(−2.2 to −1.2)

11.1
(−8.7 to 23.8)

−2.3
(−3.0 to −1.7)

10.2
(−11.1 to 27.4)

−1.1
(−1.7 to −0.6)

Percent change rate, 
1990 to 2017

50.3
(−6.3 to 117.8)

−5.5
(−6.1 to −4.9)

45.6
(−19.0 to 99.8)

−6.4
(−7.2 to −5.6)

53.1
(−16.2 to 143.6)

-4.9
(−5.5 to −4.2)

PAD indicates peripheral artery disease; and UI, uncertainty interval.
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.60 Printed with permission. 

Copyright © 2018, University of Washington.

This table lists 
the total number 
of deaths and 
prevalence 
worldwide 
related to 
peripheral artery 
disease in 2017, 
as well as the 
percent changes 
from 2007 and 
1990. These 
numbers are 
further divided 
by sex.  The 
100,000 deaths 
attributable to 
peripheral artery 
disease in 2017 
represent a 56% 
percent increase 
from 2007.
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Chart 23-2. Estimates of prevalence of peripheral artery disease in females by age and ethnicity, United States, 2000. 
NH indicates non-Hispanic.  
Source: Data derived from Allison et al.1

This chart 
shows that the 
prevalence of 
peripheral artery 
disease in 2000 
among females 
was highest in 
African Ameri-
cans 80 years of 
age and older, 
followed by 
American Indians 
80 years of age 
and older, Afri-
can Americans 
70 to 79 years 
of age, non-
Hispanic whites 
and Hispanics 
and Asians all 
80 years of age 
and older, and 
American Indians 
70 to 79 years 
of age.  Other 
race and age 
groups over 40 
years of age had 
lower prevalence 
of peripheral 
artery disease 
than those listed 
above.

Chart 23-3. Hazard ratios of global cardiovascular mortality with 95% CI by ankle-brachial index categories, 1976 to 2000 (baseline years). 
Source: Data derived from Fowkes et al.38

This chart shows 
that lower ankle 
brachial indices 
have higher 
hazard ratios 
of cardiovas-
cular mortality 
compared to a 
reference group 
of 1.11 to 1.20 
ankle brachial in-
dex.  At an ankle 
brachial index 
of 0.91 to 1.00, 
the hazard ratio 
is 2.0, but at an 
ankle brachial 
index of 0.60 or 
less, the hazard 
ratio climbs to 
higher than 5.0.  
For indices above 
1.11 to 1.20, 
the reference 
category, the 
hazard ratios are 
below 1 for the 
first two catego-
ries, and slightly 
above 1 for an 
index above 
1.40.  The hazard 
ratios for males 
and females are 
shown on this 
chart for each 
ankle brachial 
index, but there 
is no pattern to 
whether males 
or females have 
higher hazard 
ratios at different 
ankle brachial 
indices.
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Chart 23-4. Global prevalence of peripheral artery disease by age in males and females in high-income countries and low-income or middle-income 
countries, 1995 to 2009. 
Source: Adapted from The Lancet (Fowkes et al8) with permission from Elsevier. Copyright © 2013, Elsevier Ltd.

This chart shows 
that for adults 
between 1995 
and 2009 the 
prevalence of 
peripheral artery 
disease increases 
for both low- 
and middle-
income countries 
and high-income 
countries.  
Between 25 
and 29 years of 
age, the highest 
prevalence 
of peripheral 
artery disease 
was in females 
from low- and 
middle-income 
countries, fol-
lowed by males 
and females from 
high-income 
countries, fol-
lowed by males 
from low- and 
middle-income 
countries.  How-
ever, between 94 
and 99 years of 
age, the highest 
prevalence was 
in males from 
high-income 
countries, 
followed by 
females from 
high-income 
countries, males 
from low- and 
middle-income 
countries, and 
lastly females 
from low-and 
middle-income 
countries.

Chart 23-5. Age-standardized mortality rates of peripheral artery disease per 100 000, both sexes, 2017. 
Peripheral artery disease mortality is highest in Eastern Europe.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.60 Printed with permission. 
Copyright © 2018, University of Washington

This chart shows 
that peripheral 
artery disease 
mortality was 
highest in 
Eastern Europe in 
2017.
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Chart 23-6. Age-standardized prevalence of peripheral artery disease per 100 000, both sexes, 2017. 
Peripheral artery disease prevalence is highest in North America, Southeast Asia, and Oceania.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.60 Printed with permission. 
Copyright © 2018, University of Washington

This chart shows 
that peripheral 
artery disease 
prevalence 
was highest in 
North America, 
Southeast Asia, 
and Oceania in 
2017. 
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Chart 23-7. Association between diameter and minimum and maximum risk of abdominal aortic aneurysm rupture per year. 
Source: Data derived from Brewster et al.90

This chart 
shows that as 
the diameter 
of abdominal 
aortic aneurysms 
increase from 
less than 4 centi-
meters to greater 
than 8 centime-
ters, the percent 
rupture risk per 
year increases. 
The minimum 
percent yearly 
rupture risk 
increases from 
0 at less than 
4 centimeters 
diameter to 
30% minimum 
percent yearly 
rupture risk at 
greater than 
8 centimeters 
diameter.  The 
maximum 
percent yearly 
rupture risk 
increases from 
0 at less than 
4 centimeters 
diameter to 50% 
at greater than 
8 centimeters 
diameter.
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Chart 23-8. Numbers needed to screen to avoid an AAA-associated death and a ruptured AAA, 1988 to 1999 (baseline years) with average follow-
up of 4 to 15 years. 
Global data.  
AAA indicates abdominal aortic aneurysm.  
Source: Data derived from Eckstein et al.91

This chart shows 
the numbers 
need to screen 
to avoid an 
abdominal 
aortic aneurysm-
associated death 
and a ruptured 
abdominal aortic 
aneurysm using 
data from 2013.

Chart 23-9. Age-standardized mortality rates of aortic aneurysm per 100 000, both sexes, 2017. 
The highest age-standardized mortality rates attributable to aortic aneurysm are reported in Northern Europe, Southern Latin America, New Zealand, and Fiji.  
Country codes: ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; E Med., Eastern Mediterranean; FJI, Fiji; FSM, Federated States of 
Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon 
Islands; SYC, Seychelles; TLS, Timor-Leste; TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; W Africa, West Africa; 
and WSM, Samoa.  
Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.60 Printed with permission. 
Copyright © 2018, University of Washington.

This map shows 
that the highest 
age-standardized 
mortality rates 
due to aortic 
aneurysm were 
reported in 
Northern Europe, 
Southern Latin 
America, New 
Zealand, and Fiji 
in 2017.
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24. QUALITY OF CARE
See Tables 24-1 through 24-9

The Institute of Medicine defines quality of care as “the 
degree to which health services for individuals and 
populations increase the likelihood of desired health 
outcomes and are consistent with current profes-
sional knowledge,”1 identifying 6 specific domains for 
improving health care: safety, effectiveness, patient or 
people-centeredness, timeliness, efficiency, and equity.

Assessing care quality requires the development 
and implementation of performance measures, explicit 
standards or metrics of care against which care deliv-
ery can be judged.2 This differs from guidelines, which 
provide clinical recommendations to inform usual 
clinical scenarios but ultimately leave decisions to rea-
sonable clinician discretion. Measuring performance 
requires a robust process for data collection across 
care facilities and clinicians, data transfer, analysis, 
and dissemination.

Over the past decades, clinical registries in the 
United States and worldwide have helped to better 
understand and improve quality, performance, and 
outcomes. Early registries focused on the inpatient 
setting (MI, HF, stroke) or discrete procedures (PCI, 
defibrillator implantation, peripheral vascular inter-
ventions, cardiothoracic surgery). In the United States, 
these have been principally run by the ACC’s NCDR3 
and the AHA’s GWTG Program.4 Elective procedural 
registries were also developed by the AHA and ACC, 
such as those for AF ablation and left atrial appendage 
occlusion. Additionally, outpatient registries such as the 
ACC’s PINNACLE Registry use electronic health record 
data transfer rather than case report form data entry to 
examine performance measures across a wide range of 
cardiovascular conditions. Increasingly, outpatient post-
marketing registries have been sponsored by pharma-
ceutical or device companies and managed by contract 
research organizations, such as for anticoagulation in 
AF. Finally, medical claims data from payers (Medicare, 

Click here to return to the Table of Contents

Abbreviations Used in Chapter 24

ACC American College of Cardiology

ACE angiotensin-converting enzyme

ACS acute coronary syndrome

ACTION Acute Coronary Treatment and Intervention Outcomes 
Network

AF atrial fibrillation

AHA American Heart Association

AMI acute myocardial infarction

ARB angiotensin receptor blocker

ASCVD atherosclerotic cardiovascular disease

AVAIL Adherence Evaluation After Ischemic Stroke Longitudinal

BMI body mass index

BP blood pressure

CAD coronary artery disease

CHA2DS2-VASc Clinical prediction rule for estimating the risk of stroke 
based on congestive heart failure, hypertension, 
diabetes mellitus, and sex (1 point each); age ≥75 y and 
stroke/transient ischemic attack/thromboembolism (2 
points each); plus history of vascular disease, age 65–74 
y, and (female) sex category

CHD coronary heart disease

CI confidence interval

CMS Centers for Medicare & Medicaid Services

CPR cardiopulmonary resuscitation

CVD cardiovascular disease

DM diabetes mellitus

DOAC direct oral anticoagulant

DVT deep vein thrombosis

ECG electrocardiogram

ED emergency department

EMS emergency medical services

ERR excess readmission ratio

GLORIA-AF Global Registry on Long-term Oral Antithrombotic 
Treatment in Patients with Atrial Fibrillation

GWTG Get With The Guidelines

HbA1c hemoglobin A1c (glycosylated hemoglobin)

HF heart failure

HF-ACTION Heart Failure: A Controlled Trial Investigating Outcomes 
of Exercise Training

HMO health maintenance organization

HR hazard ratio

HRRP Hospital Readmissions Reduction Program

ICD-10 International Classification of Diseases, 10th Revision

IHCA in-hospital cardiac arrest

IQR interquartile range

IV intravenous

LDL-C low-density lipoprotein cholesterol

(Continued )

LV left ventricular

LVEF left ventricular ejection fraction

LVSD left ventricular systolic dysfunction

MEPS Medical Expenditure Panel Survey

MI myocardial infarction

N/A not available or not applicable

NCDR National Cardiovascular Data Registry

NIHSS National Institutes of Health Stroke Scale

NIS National (Nationwide) Inpatient Sample

NSTEMI non–ST-segment–elevation myocardial infarction

OHCA out-of-hospital cardiac arrest

OR odds ratio

PA physical activity

PCI percutaneous coronary intervention

PINNACLE Practice Innovation and Clinical Excellence

PPO preferred provider organization

RR relative risk

RSMR risk-standardized mortality rate

SES socioeconomic status

STEMI ST-segment–elevation myocardial infarction

TIA transient ischemic stroke

TOPCAT Treatment of Preserved Cardiac Function Heart Failure 
With an Aldosterone Antagonist

tPA tissue-type plasminogen activator

UA unstable angina

UFH unfractionated heparin

Abbreviations Used in Chapter 24 Continued
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commercial claims) or integrated healthcare systems 
(Veterans Affairs) have also examined quality.

In the following sections, data on quality of care 
will be presented across these 6 domains, grouped 
by disease or therapeutic area. Where possible, data 
are reported from recently published literature or as 
standardized quality indicators drawn from quality-
improvement registries whose methods are consistent 
with performance measures endorsed by the ACC and 
the AHA.2,5,6

Additional data on adherence to ACC/AHA clinical 
practice guidelines are also included to supplement per-
formance measures data. The select data presented are 
meant to provide illustrative examples of quality of care 
and are not meant to be comprehensive given the sheer 
volume of quality data published each year.

Acute Myocardial Infarction 
(See Tables 24-1 through 24-4)

•	 The ACC’s Chest Pain – MI Registry (formerly the 
ACTION Registry)7 is currently the largest US-based 
hospital registry of inpatient AMI care (Tables 24-1 
through 24-4).

•	 Wadhera and colleagues5 examined a large cohort 
of Medicare beneficiaries with 642 105 index 
hospitalizations for AMI and showed that higher 
30-day payments were associated with lower 
30-day mortality after adjustment for patient 
characteristics and comorbidities (adjusted OR 
for additional $1000 payments, 0.986 [95% CI, 
0.979–0.992]; P<0.001). This could have implica-
tions for payment programs incentivizing reduc-
tion in payments without considering value.

•	 The association of state Medicaid expansion with 
quality of AMI care and outcomes was investigated 
in 55 737 low-income patients <65 years of age 
across 765 sites using NCDR data from January 1, 
2012, to December 31, 2016.8 During this study 
period, Medicaid coverage increased from 7.5% 
to 14.4% in expansion states, compared with 
6.2% to 6.6% in nonexpansion states (P<0.001). 
In expansion compared with nonexpansion states, 
there was no change in use of procedures such as 
PCI for NSTEMI, and delivery of defect-free care 
increased to a lesser extent in expansion states. 
In-hospital mortality improved to a similar extent 
in expansion and nonexpansion states: 3.2% to 
2.8% (adjusted OR, 0.93 [95% CI, 0.77–1.12]) 
versus 3.3% to 3.0% (adjusted OR, 0.85 [95% CI, 
0.73–0.99]; Pinteraction=0.48).

•	 Chatterjee and Joynt Maddox6 examined patterns 
in 30-day mortality from AMI in relation to pub-
lic outcome reporting from 2009 to 2015 across 
2751 hospitals. They showed that 30-day mortal-
ity was highest among baseline poor performers 

(worst quartile in 2009 and 2010 in public report-
ing, before value-based payment) but improved 
more over time compared with other hospitals 
(from 18.6% in 2009 to 14.6% in 2015 [−0.74% 
per year; P<0.001] versus from 15.7% in 2009 
to 14.0% in 2015 [−0.26% per year; P<0.001]; 
Pinteraction<0.001).

•	 Examining hospitals with higher-than-expected 
risk-adjusted 30-day readmission rates (ERR >1) 
after AMI, Pandey and colleagues9 showed that 
risk-adjusted 30-day readmission rates were not 
associated with in-hospital quality of AMI care 
(adjusted OR, 0.94 [95% CI, 0.81–1.08] per 0.1-
unit increase in AMI ERR for overall defect-free 
care). Among 51 453 patients with 1-year out-
comes data, higher AMI ERR was associated with 
higher all-cause readmission within 1 year of 
discharge; however, this association was largely 
driven by readmissions early after discharge and 
was not significant in landmark analyses begin-
ning 30 days after discharge. The AMI ERR was 
not associated with risk for mortality within 1 year 
of discharge.

•	 In 119 735 patients with AMI who were admit-
ted to 1824 hospitals, Bucholz and colleagues10 
showed that patients admitted to high-performing 
hospitals after AMI had longer life expectancies 
than patients treated at low-performing hospitals. 
This signal appeared in the first 30 days and per-
sisted over 17 years of follow-up. Patients treated 
at high-performing hospitals lived on average 0.74 
to 1.14 years longer than patients treated at low-
performing hospitals.

•	 Makam and Nguyen11 showed cardiac biomarker 
testing in the ED is common even among those 
without symptoms suggestive of ACS. Biomarker 
testing occurred in 8.2% of visits in the absence of 
symptoms related to ACS, representing 8.5 million 
visits. Among individuals who were subsequently 
hospitalized, cardiac biomarkers were tested in 
47% of all visits. Biomarkers were tested in 35.4% 
of visits in this group despite the absence of ACS-
related symptoms.

•	 If patients who have cardiac biomarker test-
ing without ACS symptoms are misclassified as 
having AMI, this could have negative implica-
tions for value-based programs focused on AMI 
care. A single-center study by McCarthy et al12 
of 633 patients spanning 2017 to 2018 exam-
ined whether patients with nonischemic myocar-
dial injury may be miscoded as having type 2 MI 
(demand ischemia) using the new ICD-10 system. 
After adjudication using the fourth universal defi-
nition of MI, 56.7% had type 2 MI, 41.9% had 
myocardial injury, 0.9% had type 1 MI, and 0.5% 
had UA. Patients with type 2 MI and patients with 
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myocardial injury each had high 30-day readmis-
sion and mortality rates.

•	 The CMS and Hospital Quality Alliance started 
to publicly report 30-day mortality measures for 
AMI and HF in 2007, subsequently expanding to 
include 30-day readmission rates. According to 
national Medicare data from July 2015 through 
June 2016, the median (IQR) hospital RSMR for 
MI was 13.1% (12.6%, 13.5%), and the median 
(IQR) risk-standardized 30-day readmission rate 
was 15.8% (15.5%, 16.2%).13

•	 Mathews and colleagues14 examined post-MI 
medication adherence as a hospital-level variable 
using data from 347 US hospitals participating in 
the ACTION Registry–GWTG. They observed that 
postdischarge use of secondary prevention medi-
cations varied significantly across US hospitals and 
was inversely associated with 2-year outcomes at 
the hospital level.

•	 Two recent studies examined the association of 
the HRRP with mortality among Medicare fee-for-
service beneficiaries ≥65 years of age and hospital-
ized with AMI. 
—	 The study by Khera et al15 spanned 2006 to 

2014 and included 1.7 million hospitaliza-
tions for AMI. Before the HRRP announce-
ment, monthly postdischarge mortality was 
stable for AMI (slope for monthly change, 
0.002% [95% CI, −0.001% to 0.006% per 
month]), with no change inflection in slope 
around HRRP announcement or implementa-
tion (P>0.05). In-hospital mortality decreased 
for AMI from 10.4% to 9.7%, and 30-day 
postdischarge mortality decreased from 7.4% 
to 7.0% (P for trend<0.001).

—	 The study by Wadhera et al16 spanned 2005 
to 2015 and included 1.8 million hospitaliza-
tions for AMI. Evaluating outcomes in rela-
tion to announcement and implementation 
of the HRRP, the study evaluated 4 time peri-
ods. Periods 1 and 2 were before the HRRP: 
April 2005 to September 2007 and October 
2007 to March 2010. Periods 3 and 4 were 
after HRRP announcement (April 2010 to 
September 2012) and HRRP implementation 
(October 2012 to March 2015). The HRRP 
announcement was associated with a reduc-
tion in 30-day postdischarge mortality in 
patients with AMI (0.18% pre-HRRP increase 
versus 0.08% post-HRRP announcement 
decrease; difference in change, −0.26%; 
P=0.01) and did not significantly change after 
HRRP implementation.

•	 A 20-year evaluation from January 1, 1995, to 
December 31, 2014, evaluated AMI outcomes 
in older adults.17 The sample included 4 367 485 

Medicare fee-for-service beneficiaries ≥65 years 
of age cared for at 5680 US hospitals. The rate 
of AMI hospitalization decreased from 914 to 566 
per 100 000 beneficiary-years, with improvements 
in 30-day mortality from 20.0% to 12.4%, 30-day 
all-cause readmissions from 21.0% to 15.3%, and 
1-year recurrent AMI from 7.1% to 5.1%.

Heart Failure 
(See Tables 24-5 and 24-6)

•	 Current US HF quality data are best captured by 
the widespread but voluntary GWTG–HF program 
(Tables 24-5 and 24-6).

•	 In a study based on the GWTG–HF program linked 
with Medicare data, the association between 
30-day readmission rates and 3-year mortality and 
median survival was not significant at the hospi-
tal level. The HR for 3-year mortality comparing 
the top and bottom quartiles for readmission was 
0.9 (95% CI, 0.90–1.01), whereas median survival 
time was highest for the bottom quartile.18

•	 In an evaluation of the validity of use of hospital 
volume as a structural metric for quality of HF care, 
Kumbhani and colleagues19 examined the relation-
ship between admission volume, process-of-care 
metrics, and short- and long-term outcomes in 
patients admitted with acute HF in the GWTG–HF 
registry with linked Medicare inpatient data. In 
their cohort of 125 595 patients at 342 hospitals, 
they found that hospital volume correlated with 
process measures but not with 30-day outcomes 
and only marginally with outcomes up to 6 months 
of follow-up. Lower-volume hospitals were sig-
nificantly less likely to be adherent to HF process 
measures than higher-volume hospitals. On mul-
tivariable modeling, higher hospital volume was 
not associated with a difference in the in-hospital 
mortality (OR, 0.99 [95% CI, 0.94–1.05]; P=0.78), 
30-day mortality (HR, 0.99 [95% CI, 0.97–1.01]; 
P=0.26), or 30-day readmissions (HR, 0.99 [95% 
CI, 0.97–1.00]; P=0.10).

•	 In a national cohort study including 241 533 
patients admitted with HF at all 591 acute care 
institutions in Canada, authors found inverse asso-
ciations between in-patient mortality and hospital 
volume, with 11.3% mortality in low-volume cen-
ters versus 17.3% in high-volume centers, with an 
adjusted OR of 0.90 (95% CI, 0.80–1.00) and with 
a similar trend for 30-day readmissions (OR, 0.91 
[95% CI, 0.85–0.97]).20

•	 Gupta and colleagues21 examined the associa-
tion of the HRRP with readmission and mortal-
ity outcomes among patients hospitalized with 
HF. Among a cohort of 115 245 fee-for-service 
Medicare beneficiaries discharged after HF 
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hospitalizations, the 1-year risk-adjusted readmis-
sion rate declined from 57.2% to 56.3% (HR, 0.92 
[95% CI, 0.89–0.96]), and the 1-year risk-adjusted 
mortality rate increased from 31.3% to 36.3% 
(HR, 1.10 [95% CI, 1.06–1.14]) after the HRRP 
implementation.

•	 However, in an interrupted time-series analysis 
of the HRRP evaluating the changes in slope for 
HF-related mortality from 2006 to 2014, no signifi-
cant increase in in-hospital mortality was noted, 
despite a reduction in readmissions after HRRP 
implementation.15

•	 In a longitudinal cohort study of 48 million hos-
pitalizations among 20 million Medicare fee-for-
service patients across 3497 hospitals, Desai and 
colleagues22 showed that patients at hospitals 
subject to penalties under the HRRP had greater 
reductions in readmission rates than those at non-
penalized hospitals. Reductions in readmission 
rates were greater for target versus nontarget con-
ditions for patients at the penalized hospitals but 
not at nonpenalized hospitals.

•	 Chatterjee and Joynt-Maddox6 examined pat-
terns in 30-day mortality from HF as they relate to 
public reporting of these outcomes. In data from 
2009 to 2015 from 3796 hospitals with publicly 
reported mortality data for HF, they showed base-
line poor performers (worst quartile in 2009 and 
2010 in public reporting, before value-based pay-
ment) improved over time (from 13.5% to 13.0%; 
−0.12% per year; P<0.001), but mean mortality 
among all other HF hospitals increased during the 
study period (from 10.9% to 12.0%; 0.17% per 
year; P<0.001, Pinteraction<0.001).

•	 Yet another evaluation of the HRRP among 
Medicare beneficiaries suggested an increase in 
30-day mortality after hospitalization after HF but 
no association between HRRP and mortality within 
45 days of admission. The authors concluded that 
further research is needed to better understand 
whether the increase in 30-day mortality is related 
to the implementation of the HRRP.16

•	 In a secondary analysis of the TOPCAT and 
HF-ACTION trials focused on patient-reported 
outcomes, Pokharel and colleagues23 observed 
that the most recent of a series of Kansas City 
Cardiomyopathy Questionnaire scores was most 
strongly associated with subsequent death and 
cardiovascular hospitalization.

•	 Among 106 304 patients hospitalized with HF at 
317 centers in the GWTG–HF registry, there was a 
graded inverse association between 30-day RSMR 
and long-term mortality (quartile 1 versus quartile 
4: 5-year mortality, 73.7% versus 76.8%). Lower 
hospital-level 30-day RSMR was associated with 
greater 1-, 3-, and 5-year survival for patients with 

HF. These differences in 30-day survival continued 
to accrue beyond 30 days and persisted long term, 
which suggests that 30-day RSMR could be a use-
ful HF performance metric.24

•	 Pandey et al9 reported results from the GWTG−HF 
registry evaluating the association between HF ERR 
and performance measures, as well as in-hospital 
and 1-year clinical outcomes. They stratified par-
ticipating centers into groups with low (HF ERR 
≤1) versus high (HF ERR >1) risk-adjusted readmis-
sion rates. There were no differences between the 
low and high risk-adjusted 30-day readmission 
groups in median adherence rate to all perfor-
mance measures (95.7% versus 96.5%, P=0.37) 
or median percentage of defect-free care (90.0% 
versus 91.1%, P=0.47). The composite 1-year out-
come of death or all-cause readmission rates was 
also not different between the 2 groups (median 
62.9% versus 65.3%; P=0.10). The high HF ERR 
group had higher 1-year all-cause readmission 
rates (median 59.1% versus 54.7%; P=0.01); 
however, 1-year mortality rates were lower among 
the high versus low group, with a trend toward 
statistical significance (median 28.2% versus 
31.7%; P=0.07). The authors concluded that the 
quality of care and clinical outcomes were compa-
rable among hospitals with high versus low risk-
adjusted 30-day HF readmission rates.

•	 According to national Medicare data from July 
2015 through June 2016, the median (IQR) hospi-
tal RSMR for HF was 11.6% (10.8%, 12.4%), and 
the median (IQR) risk-standardized 30-day read-
mission rate was 21.4% (20.8%, 22.1%).13

•	 Krumholz and colleagues25 examined readmis-
sion outcomes among patients who had multiple 
admissions at >1 hospital within a given year to 
attempt to separate hospital from patient effects. 
They found the observed readmission rate to be 
consistently higher among patients admitted to 
hospitals in a worse-performing quartile than 
among those admitted to hospitals in a better-
performing quartile, but the only statistically sig-
nificant difference was observed when one was in 
the best-performing quartile and the other was in 
the worst (absolute difference in readmission rate 
2.0 percentage points [95% CI, 0.4–3.5]).

•	 In a Medicare cohort comprising almost 3 mil-
lion admissions for HF and 1.2 million for MI, 
Dharmarajan and colleagues26 studied the asso-
ciation between changes in hospital readmission 
rates and changes in mortality rates. They observed 
that among Medicare fee-for-service beneficiaries 
hospitalized for HF and AMI, reductions in hos-
pital 30-day readmission rates were weakly but 
significantly correlated with reductions in hospital 
30-day mortality rates after discharge.
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•	 Home time after admission for HF may be calcu-
lated as the time spent alive outside a hospital, 
skilled nursing facility, or rehabilitation facility 
after discharge. In a study using GWTG–HF data 
between 2011 and 2014, home time 30 days and 
1-year after discharge was highly correlated with 
survival and survival free from HF readmissions.27

•	 In the GWTG–HF registry, discharge to hospice 
after HF admissions increased from 2.0% in 2005 
to 4.9% in 2014. For individuals discharged to hos-
pice, the median postdischarge survival was 11 days, 
with 34.1% mortality within 3 days and a 15.0% 
survival after 6 months. Among those discharged 
to hospice, the readmission rate (4.1%) was signifi-
cantly lower than for other patients with advanced 
HF (27.2%) or other HF in the registry (22.2%).28

Prevention and Risk Factor Modification 
(See Table 24-7)

•	 The National Committee for Quality Assurance 
Healthcare Effectiveness Data and Information Set 
consists of established measures of quality of care 
related to CVD prevention in the United States 
(Table 24-7).29

•	 Pokharel and colleagues30 examined practice-level 
variation in statin therapy among patients 40 to 75 
years of age with DM and no CVD between May 
2008 and October 2013 from the ACC’s PINNACLE 
Registry. Among 215 193 patients (582 048 
encounters) from 204 cardiology practices, statins 
were prescribed in 61.6% of patients with DM. 
Among 182 practices with ≥30 patients with 
DM, the median practice statin prescription rate 
was 62.3%, with no noticeable change over time. 
There was a 57% practice-level variation in statin 
use for 2 similar patients that was not affected by 
adjustment for patient-related variables, which 
suggests that practice- or clinician-related factors 
primarily determined variation in statin use.

•	 Using data from the PINNACLE Registry, Hira and 
colleagues31 showed that among 27 533 patients 
receiving prasugrel, 13.9% (n=3824) had a con-
traindication to prasugrel use (ie, history of TIA or 
stroke). This was considered inappropriate prasug-
rel use. A further 4.4% of patients (n=1210) were 
receiving it for a nonrecommended indication (>75 
years of age without history of DM or MI or weight 
<60 kg). Both inappropriate and nonrecommended 
prasugrel use showed wide practice-level variation 
(median rate ratio of 2.89 [95% CI, 2.75–3.03] 
and 2.29 [95% CI, 2.05–2.51], respectively).

•	 In an analysis from the PINNACLE Registry, Hira and 
colleagues32 showed that among 68 808 patients 
receiving aspirin therapy for primary prevention, 
roughly 11.6% (7972 of 68 808) were receiving 

inappropriate therapy (10-year risk of CVD <6%). 
There was significant practice-level variation in inap-
propriate aspirin use (range, 0%–71.8%; median, 
10.1%; IQR, 6.4%) for practices with an adjusted 
median rate ratio of 1.63 (95% CI, 1.47–1.77).

•	 Using aspirin dosing data from 221 199 patients with 
MI enrolled in the ACTION Registry–GWTG, Hall and 
colleagues33 showed a 25-fold variation in the use of 
high-dose aspirin (325 mg/d) across participating cen-
ters. Overall, 60.9% of patients were discharged on 
high-dose aspirin. High-dose aspirin was prescribed 
to 73% of patients treated with PCI and 44.6% of 
patients managed medically; 56.7% of patients with 
an in-hospital bleeding event were also discharged on 
high-dose aspirin. Among 9075 patients discharged 
on aspirin, thienopyridine, and warfarin, 44.0% 
were prescribed high-dose aspirin therapy. Given the 
increased risk of bleeding with high-dose aspirin and 
its unclear benefit, these findings may have implica-
tions for future quality improvement efforts.

•	 Data from the PINNACLE Registry showed that 
among 156 145 patients with CAD in 58 prac-
tices, just over two-thirds (n=103 830, or 66.5%) 
of patients were prescribed the optimal combina-
tion of medications (β-blockers, ACE inhibitors or 
angiotensin receptor blockers, statins) for which 
they were eligible. After adjustment for patient 
factors, the practice median rate ratio for prescrip-
tion was 1.25 (95% CI, 1.20–1.32), which indi-
cates a 25% likelihood that any 2 practices would 
differ in treating identical CAD patients.34

•	 Using data from MEPS, Salami and colleagues35 
described trends in statin use and related out-of-
pocket expense from 2002 to 2013. Although 
statin use increased overall and among those with 
established ASCVD, use in higher-risk groups was 
suboptimal. Statin use was significantly lower in 
females (OR, 0.81 [95% CI, 0.79–0.85]) and racial/
ethnic minorities (OR, 0.65 [95% CI, 0.61–0.70]). 
Gross domestic product–adjusted total cost for 
statins decreased from $17.2 billion (out-of-pocket 
cost, $7.6 billion) in 2002 to 2003 to $16.9 bil-
lion (out-of-pocket cost, $3.9 billion) in 2012 to 
2013, and the mean annual out-of-pocket costs 
for patients decreased from $348 to $94.

Atrial Fibrillation
•	 Of all CVD, AF may have the largest quantity of 

registries, with at least 10 non–industry-funded 
and 6 industry-funded registries.36 These largely 
emerged after the introduction of DOACs, and 
performance measures and use of anticoagulation 
have been a major focus.

•	 In 2016, the ACC and AHA revised the clinical per-
formance and quality measures for AF and atrial 
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flutter.37 The 3 pairs of inpatient and outpatient 
performance measures include documentation 
of CHA2DS2-VASc score, oral anticoagulant pre-
scription, and planned or monthly international 
normalized ratio testing for warfarin. The 18 
quality measures reflect metrics for appropriate 
medications for comorbidities (HF), inappropriate 
prescription of specific anticoagulant drugs and 
antiarrhythmic drugs in specific clinical scenarios, 
and documentation of shared decision making.

•	 Over the past decade, the proportion of patients 
with AF receiving oral anticoagulants has increased 
from ≈67% to >80%.36 The highest uptake is 
reported in US and European registries (90%) and 
the lowest in Asia (58%). However, methodologi-
cal factors are likely a major source of difference in 
estimates, including selection bias of both numer-
ator and denominator (patient, clinician, site, and 
in some registries, requirement of informed con-
sent), patient characteristics, and oral anticoagu-
lant ascertainment methodology. For example, in 
the outpatient, electronic health record–based 
PINNACLE-AF US registry, oral anticoagulant pre-
scription for those with CHA2DS2-VASc score ≥2 in 
2014 was 48%. In the industry-funded, informed-
consent, postmarketing GLORIA-AF international 
registry, oral anticoagulant prescription between 
2011 and 2014 was 80%.38 The AHA GWTG–AF 
program has been designed to track the 2016 
performance measures.39 An analysis of data from 
the AHA GWTG–AF program examined prescrip-
tion of oral anticoagulation therapy at discharge 
in 33 235 patients with a CHA2DS2-VASc score ≥2 
hospitalized for AF at one of 115 sites from 2013 
to 2017. Oral anticoagulation use increased con-
sistently over time, and there was a high level of 
adherence, with 93.5% of eligible patients with-
out contraindications being prescribed oral antico-
agulation therapy for stroke prevention in AF.40

•	 Potential overuse in low-risk patients remains 
a concern, with oral anticoagulants adminis-
tered to AF patients with no stroke risk factors.36 
Methodological limitations of comorbidity ascer-
tainment could lead to overestimation of overuse.

•	 Inappropriate use of aspirin for patients at mod-
erate to high risk of stroke remains a concern. In 
PINNACLE-AF, which examined the use of aspirin 
rather than guideline-recommended oral antico-
agulants for patients with CHA2DS2-VASc score ≥2, 
40% of patients were treated with aspirin alone, 
and this was influenced by CHD comorbidities.41

•	 Treating specialty can influence likelihood of ther-
apy and resultant outcomes. In the Veterans Health 
Administration, the largest integrated healthcare 
system in the United States, provision of cardiology 
outpatient care within 90 days of newly diagnosed 

AF was associated with a reduced adjusted risk of 
stroke (HR, 0.91 [95% CI, 0.86–0.96]) and death 
(HR, 0.89 [95% CI, 0.88–0.91]), although with an 
increased risk of arrhythmia-related hospitalization 
(HR, 1.38 [95% CI, 1.35–1.42]).42 This finding was 
statistically mediated by an increase in 90-day oral 
anticoagulant prescription.

Other Treatments
Data from AHA GWTG–AF on use of rate versus 
rhythm control, appropriate and inappropriate use of 
antiarrhythmic drugs, and procedural factors related to 
catheter ablation are expected to be forthcoming. The 
NCDR AF ablation and left atrial appendage occlusion 
registries have also not yet published data.

Stroke 
(See Tables 24-4 and 24-8)

•	 The AHA GWTG–Stroke program (Tables 24-4 and 
24-8) remains the largest stroke quality improve-
ment program. The US-based program is an ongo-
ing, voluntary hospital registry and performance 
improvement initiative for acute stroke and sup-
plies most of the quality data for acute stroke care.

•	 Care processes that would lead to best functional 
outcomes after acute stroke are poorly understood. 
A study of 2083 patients with ischemic stroke from 
82 hospitals with data in both the AVAIL registry 
and GWTG–Stroke found that one-third of patients 
with acute stroke were functionally dependent or 
dead at 3 months after stroke. Functional rates var-
ied considerably across hospitals, which indicates 
the need to understand which process measures 
could be targeted to minimize hospital variation 
and improve poststroke functional outcomes.43

•	 Door-to-needle time for tPA administration 
decreased on average by 10 minutes, from 77 
minutes (IQR, 60–98 minutes) to 67 minutes (IQR, 
51–87 minutes), after implementation of Target: 
Stroke Phase I, the first stage of the AHA’s GWTG–
Stroke quality improvement program. During this 
period, in-hospital all-cause mortality declined 
(from 9.93% to 8.25%; adjusted OR, 0.89 [95% 
CI, 0.83–0.94]), and discharge to home became 
more frequent (37.6% versus 42.7%; adjusted 
OR, 1.14 [95% CI, 1.09–1.19]; P<.001).44

•	 Target: Stroke Phase II was launched in April 2014 
to promote further reduction in door-to-needle 
time. There was significant site variation in door-
to-needle time, and 16 strategies were identified 
that were significantly associated with reduced 
door-to-needle time. It was estimated that door-
to-needle time could be reduced on average by 
an additional 20 minutes if all strategies were 
implemented.45
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•	 A study of 204 591 patients with ischemic and hem-
orrhagic strokes admitted to 1563 GWTG–Stroke 
participating hospitals between April 1, 2003, and 
June 30, 2010, showed that 63.7% of the patients 
arrived at the hospital by EMS. Older patients, 
those with Medicaid and Medicare, and those with 
severe strokes were more likely to activate EMS. 
Conversely, minority race/ethnicity (black, Hispanic, 
Asian) and living in rural communities were asso-
ciated with a lower likelihood of EMS use. EMS 
transport was independently associated with an 
onset-to-door time ≤3 hours, a higher proportion 
of patients meeting door-to-imaging time of ≤25 
minutes, more patients meeting a door-to-needle 
time of ≤60 minutes, and more eligible patients 
being treated with tPA if onset of symptoms was 
≤2 hours. The authors concluded that although 
EMS use was associated with rapid evaluation and 
treatment of stroke, more than one-third of stroke 
patients fail to use EMS.46

•	 Because of the poor survival after stroke, interven-
tions related to improvement in end-of-life care 
are desirable to improve quality of care for those 
patients. In a study using GWTG–Stroke data, it 
was demonstrated that discharge from a Medicare 
Shared Savings Program hospital or alignment with 
a related organization was associated with a 16% 
increase in the odds of hospice enrollment (OR, 1.16 
[95% CI, 1.06–1.26]) for patients with high mortal-
ity risk, with absolute rates of 20% versus 22%. 
However, a reduction in patient conform measures 
or hospice enrollment in individuals at lower mortal-
ity risk was noted in the same organizations, from 
9% to 8% (OR, 0.82 [95% CI, 0.74–0.91]).47

•	 In an analysis comparing individuals presenting with 
stroke at institutions participating in the GWTG–
Stroke program versus institutions not enrolled in 
the program, those in the GWTG–Stroke program 
were more likely to receive intravenous tPA (RR, 
3.74 [95% CI, 1.65–8.50]), to receive education 
on risk factors (RR, 1.54 [95% CI, 1.16–2.05]), to 
be evaluated for swallowing (RR, 1.25 [95% CI, 
1.04–1.50]), to receive a lipid evaluation (RR, 1.18 
[95% CI, 1.05–1.32]), and to be evaluated by a 
neurologist (RR, 1.12 [95% CI, 1.05–1.20]).48

Implantable Defibrillators
•	 In a comparative effectiveness study of single- ver-

sus dual-chamber implantable cardioverter-defi-
brillators using data from the ACC’s Implantable 
Cardioverter Defibrillator Registry, Peterson and 
colleagues49 found that among patients receiving 
an implantable cardioverter-defibrillator for pri-
mary prevention without indications for pacing, 
the use of a dual-chamber device compared with a 

single-chamber device was associated with a higher 
risk of device-related complications and similar 
1-year mortality and hospitalization outcomes. In a 
propensity-matched cohort, rates of complications 
were lower for single-chamber devices (3.51% ver-
sus 4.72%; P<0.001; risk difference, −1.20 [95% 
CI, −1.72 to −0.69]), but device type was not sig-
nificantly associated with 1-year mortality (unad-
justed rate, 9.85% versus 9.77%; HR, 0.99 [95% 
CI, 0.91–1.07]; P=0.79), 1-year all-cause hospital-
ization (unadjusted rate, 43.86% versus 44.83%; 
HR, 1.00 [95% CI, 0.97–1.04]; P=0.82), or hospi-
talization for HF (unadjusted rate, 14.73% versus 
15.38%; HR, 1.05 [95% CI, 0.99–1.12]; P=0.19).

Resuscitation 
(See Table 24-9)

•	 Quality measures in resuscitation have targeted 
inpatient care settings. Started in 1999, the AHA 
GWTG–Resuscitation Registry remains the domi-
nant source of US quality improvement data 
(Table  24-9). GWTG–Resuscitation is a voluntary 
hospital registry and performance improvement 
initiative for IHCA.

•	 Process measures for in-hospital resuscitation are 
generally based on time to correct administration 
of specific resuscitation and postresuscitation pro-
cedures, drugs, or therapies. Recent findings are 
discussed here.

•	 Among Medicare beneficiaries participating in 
GWTG–Resuscitation, 1-year survival after IHCA 
has increased modestly over the past decade50 
However, despite an overall improvement in sur-
vival, there remains lower survival in IHCA during 
off-hours (nights and weekends) compared with 
on-hours events.51

•	 Of 103 932 IHCAs between 2000 and 2014, 12.7% 
had delays to epinephrine administration, with 
marked variation across hospitals. The delay was 
inversely correlated to risk-standardized survival. 
Whether reduction in this process measure could 
improve outcomes has not yet been demonstrated.52

•	 A composite performance score for in-hospital 
arrest varied significantly across hospitals (89.7% 
[IQR, 85.4%–93.1%]). Hospital process composite 
quality performance was associated with risk-stan-
dardized discharge rates and favorable neurologi-
cal status at discharge.53

•	 Stub et al54 reported a post hoc secondary analysis 
of a large, partial factorial trial of interventions for 
patients with OHCA. The quality of hospital-based 
postresuscitation care given to each patient was 
assigned an evidence-based quality score that con-
sidered (1) initiation of temperature management; 
(2) achievement of target temperature 32°C to 
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34°C; (3) continuation of temperature management 
for >12 hours; (4) performance of coronary angi-
ography within 24 hours; and (5) no withdrawal of 
life-sustaining treatment before day 3. These were 
aggregated as hospital-level composite performance 
scores, which varied widely (median [IQR] scores from 
lowest to highest hospital quartiles, 21% [20%–
25%] versus 59% [55%–64%]). Adjusted survival to 
discharge increased with each quartile of composite 
performance score (from lowest to highest: 16.2%, 
20.8%, 28.5%, and 34.8%; P<0.01). Adjusted rates 
of favorable neurological outcome also increased 
(from lowest quartile to highest: 8.3%, 13.8%, 
22.2%, and 25.9%; P<0.01). Hospital score was sig-
nificantly associated with outcome after risk adjust-
ment for established baseline factors (highest versus 
lowest adherence quartile: adjusted OR of survival, 
1.64 [95% CI, 1.13–2.38]).54

Social Determinants
•	 In NCDR data collected at 586 hospitals from July 

2008 to December 2013, Udell et al55 examined 
AMI care in 390 692 patients stratified by neigh-
borhood SES. They reported longer median arrival-
to-angiography time in lower SES neighborhoods 
(lowest, 8.0 hours; low, 5.5 hours; medium, 4.8 
hours; high, 4.5 hours; and highest, 3.4 hours; 
P<0.0001), and a higher proportion of patients with 
STEMI treated with fibrinolysis (lowest, 23.1%; low, 
20.2%; medium, 18.0%; high, 14.2%; and high-
est, 5.9%; P<0.0001). Although overall defect-free 
acute care appeared similar after controlling for 
covariates, patients from lower SES neighborhoods 
had greater independent risk of in-hospital mortal-
ity, major bleeding, and a lower quality of discharge 
care. These results indicate further opportunities to 
improve the quality of AMI care in patients from 
the most disadvantaged neighborhoods.

•	 Graham et al56 assessed the degree to which non-
race characteristics explain survival differences 
between white and black patients with AMI in a 
prospective registry study across 31 US hospitals 
from 2003 to 2008. Propensity scores associated 
with black race were calculated using 8 domains 
of patient characteristics. Among 6402 patients 
with AMI, 5-year mortality occurred in 28.9% of 
black patients (476 of 1648) and 18.0% of white 
patients (856 of 4754; HR, 1.72 [95% CI, 1.54–
1.92]; P<0.001). Controlling for propensity asso-
ciated with being a black patient, no difference 
in mortality by race was observed (adjusted HR, 
1.09 [95% CI, 0.93–1.26]; P=.37). These findings 
suggest that most of the mortality rate difference 
between black and white patients is mediated by 
patient characteristics.

•	 Healthcare insurance coverage may influence oral 
anticoagulant and novel oral anticoagulant use. 
An analysis of 363 309 patients with prevalent AF 
from the PINNACLE-AF outpatient registry found 
considerable variation in oral anticoagulant use 
across insurance plans.57 Relative to Medicare, 
Medicaid insurance was associated with a lower 
odds of oral anticoagulant prescription and of 
novel oral anticoagulant use.

•	 Before HRRP implementation, there was a continuous 
trend in the reduction of racial disparities for MI and 
HF, particularly in safety-net hospitals. For example, 
although blacks had 13% higher odds of readmission 
if treated in safety-net hospitals in 2007, this differ-
ence decreased to 5% in 2010. Data suggest those 
improvements persisted after HRRP implementation.58

•	 Using NIS data, Ziaeian and colleagues59 showed HF 
hospitalization rates decreased 30.8% between 2002 
and 2013. The ratio of males to females increased 
from 20% greater to 39% greater (Ptrend=0.002) 
over that time. Black males and black females had 
hospitalization rates that were 229% (Ptrend=0.141) 
and 240% (Ptrend=0.725) those of whites in 2013. 
Hispanic males had rates that were 32% greater in 
2002, and the difference narrowed to 4% greater 
(Ptrend=0.047) in 2013 relative to whites. For Hispanic 
females, the rate was 55% greater in 2002 and nar-
rowed to 8% greater (Ptrend=0.004) in 2013 relative to 
whites. Asian/Pacific Islander males had a 27% lower 
hospitalization rate in 2002, which improved to 43% 
lower (Ptrend=0.040) in 2013 relative to whites. For 
Asian/Pacific Islander females, the hospitalization 
rate was 24% lower in 2002 and improved to 43% 
lower (Ptrend=0.021) in 2013 relative to whites.

•	 In an analysis from GWTG–Stroke, Asian American 
individuals presented with more severe strokes, 
with an OR of 1.35 (95% CI, 1.30–1.40; P<0.001) 
for an NIHSS score >16, and were less likely to 
receive intravenous tPA (OR, 0.95 [95% CI, 0.91–
0.91]; P=0.003). They also had higher in-hospital 
mortality (OR, 1.14 [95% CI, 1.09–1.19]; P<0.001) 
and more symptomatic hemorrhage after tPA (OR, 
1.36 [95% CI, 1.20–1.55]; P<0.001) than white 
patients, although the mortality was in fact lower 
after adjustment for stroke severity (OR, 0.95 
[95% CI, 0.91–0.99]; P=0.008). Additionally, Asian 
American patients had better adherence to reha-
bilitation (OR, 1.27 [95% CI, 1.18–1.36]; P<0.001) 
and intensive statin therapy (OR, 1.14 [95% CI, 
1.10–1.18]; P<0.001).60

•	 In a temporal trend evaluation of survival to dis-
charge after IHCA across races, there was a signifi-
cant increase in survival in blacks (11.3% in 2000 
versus 21.4% in 2014) and in whites (15.8% ver-
sus 23.2%), although a reduction in the difference 
between races was noted (Pinteraction<0.001).61
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Table 24-1.  AMI Quality-of-Care Measures, 2018

Quality-of-Care Measure

Chest Pain – MI Registry*

STEMI NSTEMI

Aspirin within 24 h of arrival† 98.5 98.0

Aspirin at discharge‡ 99.3 98.7

β-Blockers at discharge 98.1 97.0

Lipid-lowering medication at discharge§ 99.7 99.3

ARB/ACE inhibitor at discharge for patients with LVEF <40% 92.4 89.6

ACE inhibitor at discharge for AMI patients 58.6 46.5

ARB at discharge for AMI patients 16.6 20.0

Adult smoking cessation advice/counseling 98.2 98.1

Cardiac rehabilitation referral for AMI patients 87.8 80.5

Values are percentages. ACE indicates angiotensin-converting enzyme; AMI, acute myocardial infarction; ARB, angiotensin 
receptor blocker; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSTEMI, non–ST-segment–elevation myocardial 
infarction; and STEMI, ST-segment–elevation myocardial infarction.

*Chest Pain – MI Registry: STEMI and NSTEMI patients are reported separately. Patients must be admitted with acute ischemic 
symptoms within the previous 24 hours, typically reflected by a primary diagnosis of STEMI or NSTEMI. Patients who are admitted for 
any other clinical condition are not eligible. Data reported include data from the first quarter of 2018 to the fourth quarter of 2018.

†Effective January 1, 2015, this measure was updated in the Chest Pain – MI Registry to exclude patients who were taking 
dabigatran, rivaroxaban, or apixaban (novel oral anticoagulant medications) at home.

‡Effective January 1, 2015, this measure was updated in the Chest Pain – MI Registry to exclude patients who were prescribed 
dabigatran, rivaroxaban, or apixaban (novel oral anticoagulant medications) at discharge.

§Denotes statin use at discharge. Use of nonstatin lipid-lowering agent was 3.4% for STEMI patients and 5.9% for NSTEMI 
patients in the Chest Pain – MI Registry.

Source: Data from the American College of Cardiology’s Chest Pain - MI Registry.7

This table 
lists quality of 
care measures 
recorded in the 
Chest Pain-MI 
Registry™ for ST-
segment–eleva-
tion myocardial 
infarction and 
non- ST-
segment–eleva-
tion myocardial 
infarction. 
Percentages are 
presented for 
patients given 
aspirin within 
24 hours of 
arrival, aspirin 
at discharge, 
beta blockers 
at discharge, 
lipid-lowering 
medication at 
discharge, angio-
tensin receptor 
blockers for 
left ventricular 
ejection fraction 
less than 40%, 
angiotensin-
converting 
enzyme inhibitor 
and angiotensin 
receptor blocker 
for acute myo-
cardial infarction 
patients, smok-
ing cessation 
advice, and 
cardiac rehabilita-
tion referrals for 
acute myocar-
dial infarction 
patients. Table 24-2.  Time Trends in the Chest Pain – MI Registry’s CAD Quality-of-Care Measures, 2010 to 2018

Quality-of-Care Measure 2010 2011 2012 2013 2014 2015 2016 2017 2018

Aspirin within 24 h of arrival* 97 97.6 97.8 95.4 98.1 98.6 98.5 98.5 98.7

Aspirin at discharge† 98 98.3 98.4 98.4 98.7 98.7 98.7 98.7 98.9

β-Blockers at discharge 96 96.7 97.1 97.1 97.6 97.5 97.5 97.4 97.4

Statin use at discharge 92 98.4 98.8 98.8 99.1 99.2 99.4 99.4 99.5

ARB/ACE inhibitor at discharge for patients with LVEF <40% 86 87.8 89.7 90.0 91.2 90.2 91.0 90.3 90.9

Adult smoking cessation advice/counseling 98 98.4 98.4 98.4 98.6 98.0 98.1 98.0 98.2

Cardiac rehabilitation referral for AMI patients 75 76.5 77.3 77.2 79.4 77.8 78.6 80.4 83.3

Values are percentages. ACE indicates angiotensin-converting enzyme; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; CAD, coronary artery 
disease; LVEF, left ventricular ejection fraction; and MI, myocardial infarction.

*Effective January 1, 2015, this measure was updated in the Chest Pain – MI Registry to exclude patients taking dabigatran, rivaroxaban, or apixaban (novel oral 
anticoagulant medications) at home.

†Effective January 1, 2015, this measure was updated in the Chest Pain – MI Registry to exclude patients who were prescribed dabigatran, rivaroxaban, or 
apixaban (novel oral anticoagulant medications) at discharge.

Source: Data from the American College of Cardiology’s Chest Pain – MI Registry.7

This table details 
coronary artery 
disease quality 
of care measures 
from the Chest 
Pain-MI Registry 
™.  Percentages 
are presented for 
patients given 
aspirin within 
24 hours of 
arrival, aspirin 
at discharge, 
beta blockers at 
discharge, statin 
use at discharge, 
angiotensin 
receptor blockers 
or angiotensin-
converting 
enzyme inhibitor 
for left ven-
tricular ejection 
fraction less than 
40%, smoking 
cessation advice, 
or cardiac reha-
bilitation referrals 
for coronary 
artery disease 
patients.
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Table 24-3.  Additional Chest Pain – MI Registry Quality-of-Care Metrics for AMI Care, 2018

Quality Metrics Overall STEMI NSTEMI

ECG within 10 min of arrival 68.6 77.3 65.1

Aspirin within 24 h of arrival 98.7 98.5 98.0

Any anticoagulant use* 96.1 97.3 95.3

Dosing errors

 ��� UFH dose 43.2 41.2 43.3

 ��� Enoxaparin dose 9.8 7.3 10.0

 ������� Glycoprotein IIb/IIIa inhibitor dose 4.3 4.5 3.8

Discharge

 ��� Aspirin at discharge 98.9 99.3 98.7

 ������� Prescribed statins on discharge 99.5 99.7 99.3

 ������� Adult smoking cessation advice/counseling 98.2 98.2 98.1

 ������� Cardiac rehabilitation referral 83.3 87.8 80.5

 ������� In-hospital mortality† (95% CI) 4.12 (3.96–4.39 6.30 (5.96–6.97) 2.65 (2.51–2.88)

Values are percentages. Data reported include data from the first quarter of 2018 to the fourth quarter of 2018. 
AMI indicates acute myocardial infarction; MI, myocardial infarction; NSTEMI, non–ST-segment–elevation myocardial 
infarction; STEMI, ST-segment–elevation myocardial infarction; and UFH, unfractionated heparin.

*Includes UFH, low-molecular-weight heparin, or direct thrombin inhibitor use.
†Includes all patients.
Source: Data from the American College of Cardiology’s Chest Pain – MI Registry.7

This table pro-
vides additional 
quality of care 
measures beyond 
those in table 
24-1 from the 
Chest Pain-MI 
Registry™ for ST-
segment–eleva-
tion myocardial 
infarction and 
non- ST-
segment–eleva-
tion myocardial 
infarction. These 
measures include 
electrocardio-
gram within 
10 minutes of 
arrival, any an-
ticoagulant use, 
dosing errors, 
prescribed statins 
on discharge, 
and in-hospital 
mortality.

Table 24-4.  Timely Reperfusion for AMI and Stroke

Quality-of-Care Measure

GWTG–Stroke (for 
Stroke) 7/1/2017–

6/30/2018

Chest Pain 
– MI Registry: 
STEMI, 2018

STEMI

 ������� Thrombolytic agents within 
30 min

N/A 56.1

 ��� PCI within 90 min* N/A 96.0

Stroke

 ������� IV tPA in patients who arrived 
<2 h after symptom onset, 
treated ≤3 h

89.8† N/A

 ������� IV tPA in patients who arrived 
<3.5 h after symptom onset, 
treated ≤4.5 h

83.7†‡ N/A

 ������� IV tPA door-to-needle time 
≤60 min

82.4† N/A

Values are percentages. AMI indicates acute myocardial infarction; IV, 
intravenous; MI, myocardial infarction; N/A, not applicable; PCI, percutaneous 
coronary intervention; STEMI, ST-segment–elevation myocardial infarction; and 
tPA, tissue plasminogen activator.

*Excludes transfers.
†Reflects analysis performed for the Heart Disease and Stroke Statistics—2020 

Update.
‡The “IV tPA in patients who arrived <3.5 h after symptom onset, treated 

≤4.5 h” measure was changed in 2016 to include in-hospital strokes in the 
denominator.

Source: Chest pain data from the American College of Cardiology’s 
Chest Pain – MI Registry.7 Stroke data from unpublished data, Get With The 
Guidelines–Stroke, July 1, 2017, to June 30, 2018.

This table lists 
quality of care 
measures for 
Chest Pain-MI 
Registry™ ST-
segment–eleva-
tion myocardial 
infarction includ-
ing thrombolytic 
agents within 
30 minutes and 
percutaneous 
coronary inter-
vention within 90 
minutes.   Using 
data from Get 
With the Guide-
lines-Stroke, this 
table lists the 
percentage of 
patients arriving 
within 2 hours of 
symptom onset 
and treated 
within  IV tissue 
plasminogen 
activator within 
3 hours, as well 
as the percent-
ages of patients  
arriving within 
3.5 hours of 
symptom onset 
and treated 
within  IV tissue 
plasminogen 
activator within 
4.5 hours, and 
finally the per-
centage of stroke 
patients whose 
door-to-needle 
time for IV tissue 
plasminogen 
activator is less 
than 60 minutes.

Table 24-5.  HF Quality-of-Care Measures, July 1, 2017, to June 30, 
2018

Quality-of-Care Measure AHA GWTG–HF

LVEF assessment 98.6

ARB/ACE inhibitor at discharge for patients with LVSD 92.4

Complete discharge instructions 93.4

β-Blockers at discharge for patients with LVSD, no 
contraindications

98.0

Anticoagulation for AF or atrial flutter, no 
contraindications

87.6

Values are percentages. ACE indicates angiotensin-converting enzyme; 
AF, atrial fibrillation; AHA, American Heart Association; ARB, angiotensin 
receptor blocker; GWTG–HF, Get With The Guidelines–Heart Failure; HF, heart 
failure; LVEF, left ventricular ejection fraction; and LVSD, left ventricular systolic 
dysfunction.

Source: Unpublished American Heart Association tabulation, GWTG–HF, July 
1, 2017, to June 30, 2018.

This table lists 
various quality of 
care measures for 
US heart failure 
patients, includ-
ing the percent-
age of patients 
who receive 
left ventricular 
ejection fraction 
assessment, 
angiotensin 
receptor blocker 
or angiotensin-
converting 
enzyme inhibitor 
at discharge for 
patients with 
left ventricular 
systolic dysfunc-
tion.
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Table 24-7.  National Committee for Quality Assurance Healthcare Effectiveness Data and Information Set on CVD, DM, Tobacco, Nutrition, 
and Lifestyle, 2017

Commercial Medicare Medicaid

HMO PPO HMO PPO HMO

CVD

 ������� β-Blocker persistence after MI* 85.4 84.0 90.0 90.7 78.5

 ��� BP control† 62.2 54.4 70.9 72.0 56.9

 ������� Statin therapy for patients with CVD 80.4 80.9 79.0 79.1 76.1

DM

 ��� HbA1c testing 91.2 89.8 93.7 93.5 87.6

 ��� HbA1c >9.0% 31.7 41.2 25.4 22.3 40.5

 ������� Eye examination performed 55.0 49.0 71.9 71.1 57.2

 ������� Monitoring nephropathy 90.4 88.2 95.7 95.1 90.1

 ��� BP <140/90 mm Hg 62.2 50.3 67.4 63.6 62.7

 ������� Statin therapy for patients with DM 61.5 60.1 72.3 69.6 61.4

Tobacco, nutrition, and lifestyle

 ������� Advising smokers and tobacco users to quit 75.9 72.5 86.2 84.5 77.0

 ������� BMI percentile assessment in children and adolescents (3–17 y of age) 70.3 56.6 N/A N/A 72.5

 ������� Nutrition counseling (children and adolescents [3–17 y of age]) 64.3 52.9 N/A N/A 67.1

 ������� Counseling for PA (children and adolescents [3–17 y of age]) 59.5 47.8 N/A N/A 60.6

 ������� BMI assessment for adults 18–74 y of age 80.3 67.1 95.0 94.6 84.5

 ������� PA discussion in older adults (≥65 y of age) (2016 data) N/A 55.1 58.4 N/A

 ������� PA advice in older adults (≥65 y of age) (2016 data) N/A 52.0 51.2 N/A

Values are percentages. BMI indicates body mass index; BP, blood pressure; CVD, cardiovascular disease; DM, diabetes mellitus; HbA1c, hemoglobin A1c; 
HMO, health maintenance organization; MI, myocardial infarction; N/A, not available or not applicable; PA, physical activity; and PPO, preferred provider 
organization.

*β-Blocker persistence: received persistent β-blocker treatment for 6 months after hospital discharge for acute myocardial infarction.
†Adults 18 to 59 years of age with BP <140/90 mm Hg, adults 60 to 85 years of age with a diagnosis of DM and BP <140/90 mm Hg, and adults 60 to 

85 years of age without a diagnosis of DM and BP <150/90 mm Hg.
Source: Healthcare Effectiveness Data and Information Set, 2017.29

This table lists 
the national 
committee for 
quality assurance 
healthcare ef-
fectiveness data 
and information 
set quality 
measures falling 
in the categories 
of cardiovascular 
disease, diabetes, 
tobacco, 
nutrition, and 
lifestyle. Each 
specific qual-
ity measure is 
broken down by 
health mainte-
nance organiza-
tion or preferred 
provider 
organization 
within Commer-
cial, Medicare, 
and Medicaid 
categories for US 
patients.

Table 24-6.  Quality of Care by Race/Ethnicity and Sex in the GWTG–HF Program, July 1, 2017, to June 30, 2018

Quality-of-Care Measure

Race/Ethnicity Sex

White Black Hispanic Males Females

Postdischarge appointment* 82.42 79.96 78.82 80.95 81.21

Complete set of discharge instructions 92.07 93.75 94.07 93.41 91.67

Measure of LV function* 99.14 98.98 98.62 98.96 98.80

ACE inhibitor or ARB at discharge for patients with LVSD, no 
contraindications*

92.21 92.97 92.23 92.58 92.06

Smoking cessation counseling, current smokers 91.36 92.96 91.01 91.83 91.79

Evidence-based specific β-blockers* 93.01 95.20 93.40 94.01 93.11

β-Blockers at discharge for patients with LVSD, no contraindications 98.03 97.96 97.47 98.04 97.74

Hydralazine/nitrates at discharge for patients with LVSD, no contraindications† 0.00 32.49 0.00 34.07 29.42

Anticoagulation for AF or atrial flutter, no contraindications 87.96 85.78 85.23 87.65 87.19

Composite quality-of-care measure (using discharge instructions and β-blocker 
at discharge)

96.09 96.15 96.07 96.08 95.76

Values are percentages. ACE indicates angiotensin-converting enzyme; AF, atrial fibrillation; ARB, angiotensin receptor blocker; GWTG–HF, Get With The 
Guidelines−Heart Failure; LV, left ventricular; and LVSD, left ventricular systolic dysfunction.

*Indicates the 4 key achievement measures targeted in GWTG–HF.
†For black patients only.
Source: Unpublished American Heart Association tabulation, GWTG–HF, July 1, 2017, to June 30, 2018.

This table lists 
various quality 
of care measures 
for US patients 
with heart failure 
broken down by 
race, ethnicity, 
and sex including 
the percentage 
of patients with 
postdischarge 
appointments, 
complete set of 
discharge instruc-
tions, measure 
of left ventricular 
function, smok-
ing cessation 
counseling, 
evidence-based 
specific beta 
blockers, beta 
blockers at 
discharge for 
patients with 
left ventricular 
systolic dysfunc-
tion, and other 
measures.
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Table 24-8.  Quality of Care by Race/Ethnicity and Sex in the GWTG–Stroke Program, July 1, 2017, to June 30, 2018

Quality-of-Care Measure

Race/Ethnicity Sex

White Black Hispanic Males Females

IV tPA in patients who arrived ≤2 h after symptom onset, treated ≤3 h* 87.17 86.57 87.55 87.85 86.62

IV tPA in patients who arrived <3.5 h after symptom onset, treated ≤4.5 h† 81.28 81.30 83.23 82.14 81.04

IV tPA door-to-needle time ≤60 min 83.91 83.50 83.24 84.64 83.14

Thrombolytic complications: IV tPA and life-threatening, serious systemic 
hemorrhage

9.17 10.78 7.18 9.81 8.35

Antithrombotic agents <48 h after admission* 97.21 96.76 96.48 97.25 96.80

DVT prophylaxis by second hospital day* 99.25 99.27 98.99 99.24 99.21

Antithrombotic agents at discharge* 98.90 98.72 98.26 98.89 98.64

Anticoagulation for AF at discharge* 96.43 95.55 96.92 96.58 96.20

Therapy at discharge if LDL-C >100 mg/dL or LDL-C not measured or on 
therapy at admission*

98.44 98.78 98.26 98.75 98.24

Counseling for smoking cessation* 97.33 97.01 96.69 97.11 97.19

Lifestyle changes recommended for BMI >25 kg/m2 50.81 53.79 55.11 52.00 51.88

Composite quality-of-care measure 97.95 97.91 97.50 98.04 97.72

Values are percentages. AF indicates atrial fibrillation; BMI, body mass index; DVT, deep vein thrombosis; GWTG, Get With The Guidelines; IV, intravenous; LDL-C, 
low-density lipoprotein cholesterol; and tPA, tissue-type plasminogen activator.

*Indicates the 7 key achievement measures targeted in GWTG–Stroke.
†This measure was changed in 2016 to include in-hospital strokes in the denominator.
Source: Unpublished American Heart Association tabulation, GWTG–Stroke, July 1, 2017, to June 30, 2018.

This table lists 12 
specific quality 
of care measures 
related to stroke 
and reported by 
race, ethnicity, 
and sex in the 
US.

Table 24-9.  Quality of Care of Patients With IHCA Among GWTG–
Resuscitation Hospitals, 2018

Adults Children

Event outside critical care setting 45.8 13.0

All objective CPR data collected 99.0 99.6

End-tidal co2 monitoring used during arrest 11.6 40.3

Induced hypothermia after resuscitation 
from shockable rhythm

7.8 8.8

Values are mean percentages. CPR indicates cardiopulmonary resuscitation; 
GWTG, Get With The Guidelines; and IHCA, in-hospital cardiac arrest.

Source: GWTG-Resuscitation Registry unpublished data, 2018.

This table lists 4 
quality of care 
measures for 
patients with in-
hospital cardiac 
arrest in the US.
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25. MEDICAL PROCEDURES
See Tables 25-1 and 25-2 and Charts 25-1 through 
25-4

Trends in Operations and Procedures 
(See Tables 25-1 and 25-2 and Charts 25-1 
and 25-2)

•	 The mean hospital charges for cardiovascular 
procedures in 2014 ranged from $43 484 for 
CEA to $808 770 for heart transplantations 
(Table 25-1).

•	 The trends in the numbers of 5 common cardio-
vascular procedures in the United States from 
1993 to 2014 are presented in Chart 25-1. Of 
the 5 procedures, cardiac catheterization was the 
most common procedure for all years presented 
(Chart 25-1).

•	 Of the 10 leading diagnostic groups in the United 
States, the greatest number of surgical procedures 
were cardiovascular and obstetric procedures 
(Chart 25-2).

•	 The total number of inpatient cardiovascu-
lar operations and procedures decreased 6%, 
from 8 461 000 in 2004 to 7 971 000 in 2014 
(Table 25-2).

•	 Data from the HCUP were examined by the NHLBI 
for trends from 1997 to 2014 for use of PCI and 
CABG,1 as discussed in this chapter.

Coronary Artery Bypass Grafting
•	 The number of inpatient discharges for CABG 

decreased from 683 000 in 1997 to 371 000 in 
2014 (Chart 25-1).

•	 In 1997, the number of inpatient discharges for 
CABG was 484 000 for males and 199 000 for 
females; these numbers declined to 276 000 and 
94 000, respectively, in 2014 (Table 25-2).1

Inpatient Cardiac Catheterization and PCI 
(See Tables 25-1 and 25-2 and Chart 25-1)

•	 Inpatient PCI discharges decreased from 359 000 
for males and 190 000 for females in 1997 to 
325 000 and 155 000, respectively, by 2014 
(Table 25-2).

•	 Data on Medicare beneficiaries undergoing a cor-
onary revascularization procedure between 2008 
and 2012 indicate that the rapid growth in non-
admission PCIs (from 60 405 to 106 495) has been 
more than offset by the decrease in PCI admissions 
(from 363 384 to 295 434).2

•	 In 2014, the mean inpatient hospital charge for 
PCI was $84 813 (Table 25-1).

•	 From 2004 to 2014, the number of inpatient car-
diac catheterizations decreased from 1 486 000 to 
1 016 000 annually (Chart 25-1).

•	 In 2014, an estimated 480 000 inpatient PCIs (pre-
viously referred to as percutaneous transluminal 
coronary angioplasty) procedures were performed 
in the United States (Chart 25-1).

•	 In 2014, ≈68% of PCI procedures were performed 
on males, and ≈50% were performed on people 
≥65 years of age (Table 25-2).

•	 Inpatient hospital deaths for PCI increased from 
0.8% in 2004 to 2.1% in 2014 (Table  25-1). In 
2014, ≈82% of stents implanted during PCI were 
drug-eluting stents compared with 18% that were 
bare-metal stents.

•	 The rate of any cardiac stent procedure per 10 000 
population rose by 61% from 1999 to 2006, then 
declined by 27% between 2006 and 2009.3

Cardiac Open Heart Surgery
•	 Data from the STS Adult Cardiac Surgery Database, 

which voluntarily collects data from ≈80% of 
all hospitals that perform CABG in the United 
States, indicate that a total of 159 869 procedures 
involved isolated CABG in 2016.4

•	 Among other major procedures in 2016, there 
were 28 493 isolated aortic valve replacements 
and 7706 isolated mitral valve replacements; 
17 507 procedures involved both aortic valve 
replacement and CABG, whereas 2935 proce-
dures involved both mitral valve replacement 
and CABG.4

Congenital Heart Surgery, 2013 to 2016
According to data from the STS Congenital Heart 
Surgery Database5:

•	 There were 122 459 congenital heart surger-
ies performed from July 2014 to June 2018. The 
in-hospital mortality rate was 2.9% during that 
time period. The 5 most common diagnoses were 

Click here to return to the Table of Contents

Abbreviations Used in Chapter 25

ASD atrial septal defect

AV atrioventricular

CABG coronary artery bypass graft

CEA carotid endarterectomy

HCUP Healthcare Cost and Utilization Project

HLHS hypoplastic left heart syndrome

ICD-9-CM International Classification of Diseases, 9th Revision, 
Clinical Modification

NHLBI National Heart, Lung, and Blood Institute

PCI percutaneous coronary intervention

STS Society of Thoracic Surgeons

VSD ventricular septal defect
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type 2 VSD (6.3%), open sternum with open skin 
(5.9%), HLHS (5.8%), patent ductus arteriosus 
(4.2%), and secundum ASD (4.0%).

•	 The 5 most common primary procedures were 
delayed sternal closure (8.3%), patch VSD repair 
(6.3%), mediastinal exploration (3.5%), patch 
ASD repair (3.2%), and complete AV canal (ASD) 
repair (2.8%).

Heart Transplantations 
(See Charts 25-3 and 25-4)
According to data from the Organ Procurement and 
Transplantation Network6:

•	 In 2018, 3408 heart transplantations were per-
formed in the United States (Chart 25-3). There 
are 256 transplantation hospitals in the United 
States, 143 of which performed heart transplanta-
tions in 2018.

•	 Of the recipients in 2018, 69.8% were male, and 
62.6% were white; 21.6% were black, 10.4% were 
Hispanic, and 3.9% were Asian. Heart transplanta-
tions by recipient age are shown in Chart 25-4.

•	 For transplantations that occurred between 2008 
and 2015, the 1-year survival rate was 90.5% for 
males and 91.1% for females; the 5-year survival 
rates based on 2008 to 2015 transplantations were 
78.4% for males and 77.7% for females. The 1- and 
5-year survival rates for white cardiac transplanta-
tion patients were 90.7% and 79.1%, respectively. 
For black patients, they were 90.7% and 74.1%, 
respectively. For Hispanic patients, they were 90.1% 
and 80.0%, respectively. For Asian patients, they 
were 91.4% and 80.1%, respectively.

•	 As of July 22, 2019, 3779 patients were on the 
transplant waiting list for a heart transplant, 
and 46 patients were on the list for a heart/lung 
transplant.

Table 25-1.  Mean Hospital Charges, In-Hospital Death Rates, and Mean Length of Stay for Various Cardiovascular 
Procedures, United States, 2014

Procedure
Mean Hospital 

Charges, $
In-Hospital Death 

Rate, %
Mean Length of 

Stay, d ICD-9-CM Procedure Codes

Total vascular and cardiac 
surgery and procedures

90 215 3.34 6.3 35–39, 00.50–00.51, 00.53–
00.55, 00.61–00.66

CABG 168 541 1.78 9.3 36.1–36.3

PCI 84 813 2.07 3.5 00.66, 17.55, 36.01, 36.02, 
36.05

Cardiac catheterization 57 494 1.42 4.2 37.21–37.23

Pacemakers 83 521 1.46 5.1 37.7–37.8, 00.50, 00.53

Implantable defibrillators 171 476 0.69 6.3 37.94–37.99, 00.51, 00.54

CEA 43 484 0.27 2.6 38.12

Heart valves 201 557 3.36 9.7 35.00–35.14, 35.20–35.28, 
35.96, 35.97, 35.99

Heart transplantations 808 770 7.84 45.4 37.51

Principal procedure only. CABG indicates coronary artery bypass graft; CEA, carotid endarterectomy; ICD-9-CM, International Classification 
of Diseases, Clinical Modification, 9th Revision; and PCI, percutaneous coronary intervention. 

Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Healthcare Cost and Utilization Project, 2014.1

This table lists 
the mean 
hospital charges, 
in-hospital death 
rate percent-
ages, and mean 
lengths of stay 
for 9 cardiovas-
cular procedures 
in the US. The 
condition with 
the highest mean 
hospital charge 
in 2014 was 
heart transplants 
at $809,000, 
followed by 
heart valves at 
$202,000.
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Table 25-2.  Estimated* Inpatient Cardiovascular Operations, Procedures, and Patient Data by Sex and Age (in Thousands), United States, 2014

Operation/Procedure/ 
Patients

ICD-9-CM Procedure 
Codes All

Sex Age, y

Male Female 18–44 45–64 65–84 ≥85

Heart valves 35.00–35.14, 35.20–35.28, 
35.96, 35.97, 35.99

156 92 63 11 40 83 16

PCI 00.66, 17.55, 36.01, 36.02, 
36.05

480 325 155 26 213 212 28

PCI with stents 36.06, 36.07 434 294 140 24 194 191 25

CABG 36.1–36.3 371 276 94 10 148 204 9

Cardiac catheterization 37.21–37.23 1016 625 391 68 432 455 54

Pacemakers 37.7, 37.8, 00.50, 00.53 351 185 166 9 57 197 85

  Pacemaker devices 37.8, 00.53 141 72 69 3 19 80 38

  Pacemaker leads 37.7, 00.50 210 114 97 7 38 117 47

Implantable defibrillators 37.94–37.99, 00.51, 00.54 60 43 17 4 21 30 3

CEA 38.12 86 51 35 0 20 60 6

Total vascular and cardiac 
surgery and procedures†‡

35–39, 00.50–00.51, 
00.53– 00.55, 00.61–00.66

7971 4602 3368 777 2860 3402 558

These data do not reflect any procedures performed on an outpatient basis. Many more procedures are being performed on an outpatient basis. Some of the lower 
numbers in this table compared with 2006 probably reflect this trend. Data include procedures performed on newborn infants. Some of the ICD-9-CM procedure 
codes may have changed over the years. CABG indicates coronary artery bypass graft; CEA, carotid endarterectomy; ICD-9-CM, International Classification of 
Diseases, Clinical Modification, 9th Revision; and PCI, percutaneous coronary intervention.

*Breakdowns are not available for some procedures, so entries for some categories do not add to totals. These data include codes for which the estimated 
number of procedures is <5000. Categories with such small numbers are considered unreliable by the National Center for Health Statistics and in some cases may 
have been omitted.

†Totals include procedures not shown here.
‡This estimate includes angioplasty and stent insertions for noncoronary arteries.
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Healthcare Cost and Utilization Project, 2014.1

This table lists 
the number of 
cardiovascular 
operations for 9 
different types 
of operations 
or procedures, 
further divided 
by sex and age 
categories. 
The procedure 
most commonly 
performed was 
cardiac catheriza-
tion with 1,016 
procedures in 
2014, followed 
by percutaneous 
coronary inter-
vention with 480 
procedures.
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Chart 25-1. Trends in cardiovascular procedures, United States, 1993 to 2014; inpatient procedures only. 
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Healthcare Cost and Utilization Project, 1993 to 2014.1

This chart shows 
that the number 
of inpatient car-
diac catheteriza-
tions was higher 
than any other 
cardiovascular 
procedure listed 
on the chart at 
all time periods 
and increased 
between 1993 
and 2003 and 
declined to 2014.  
The number of 
coronary artery 
bypass grafts 
increased from 
1993 to 2000 
and declined to 
2014.  The num-
ber of percutane-
ous transluminal 
coronary angio-
plasties increased 
from 1993 to 
2006 and then 
declined to 2014. 
The number 
of cardiac 
pacemaker pro-
cedures remained 
relatively stable 
from 1993 to 
2014. The num-
ber of cardiac 
endarterectomy 
procedures re-
mained relatively 
stable from 1993 
to 2014 and 
had the lowest 
number of proce-
dures of all those 
previously listed 
for this chart.
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Chart 25-3. Trends in heart transplantations, United States, 1975 to 2018. 
Source: Data derived from the Organ Procurement and Transplantation Network, 1975 to 2018.6

This chart shows 
that the number 
of heart trans-
plants increased 
from 1975 with 
22 transplants to 
1995 with 2,363 
transplants, 
then decreased 
slightly through 
2005 with 2,125 
transplants, 
then increased 
again until 2018 
with 3,408 
transplants.
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Chart 25-2. Number of surgical procedures in the 10 leading diagnostic groups, United States, 2014. 
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Healthcare Cost and Utilization Project, 2014.1

This chart shows 
that the number 
of surgical 
procedures for 
the cardiovascu-
lar system and 
obstetrics were 
higher at 7.4 mil-
lion discharges 
each than for 
any of the other 
10 leading diag-
nostic groups in 
2014, followed 
by surgical pro-
cedures for the 
digestive system, 
musculoskeletal 
system, respira-
tory system and 
nervous system, 
integumentary 
system, urinary 
system, female 
genital organs, 
and lastly the 
hemic and 
lymphatic system 
covering 400,000 
surgical proce-
dures.
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Chart 25-4. Heart transplantations by recipient age, United States, 2018.  
Source: Data derived from the Organ Procurement and Transplantation Network, 2018.6

This chart shows 
that the percent 
of heart trans-
plants in 2018 
was less than 
5% for all age 
categories under 
age 11, then 
increased with 
age until 50 to 
64 years of age, 
which accounted 
for 41 percent of 
heart transplants, 
then decreased 
for those 65 
years of age or 
older. 
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26. ECONOMIC COST OF 
CARDIOVASCULAR DISEASE
See Tables 26-1 and 26-2 and Charts 26-1  
through 26-6

Using data from MEPS (2014–2015),1 the annual direct 
and indirect cost of CVD in the United States is an esti-
mated $351.3 billion (Table 26-1 and Chart 26-1). This 
figure includes $213.8 billion in expenditures (direct 
costs, which include the cost of physicians and other 
professionals, hospital services, prescribed medications, 
and home health care, but not the cost of nursing 
home care) and $137.5 billion in lost future productivity 
(indirect costs) attributed to premature CVD and stroke 
mortality in 2014 to 2015.

The direct costs for CVD and stroke for 2014 to 
2015 (average annual) are available on the website of 
the nationally representative MEPS of the Agency for 
Healthcare Research and Quality.1 Details on the advan-
tages or disadvantages of using MEPS data are pro-
vided in the “Heart Disease and Stroke Statistics–2011 
Update.”2 Indirect mortality costs are estimated for 2014 
to 2015 (average annual) by multiplying the number of 
deaths for those years attributable to CVD and stroke, in 
age and sex groups, by estimates of the present value of 
lifetime earnings for those age and sex groups as of 2014 
to 2015. Mortality data are from the NVSS of the NCHS.3 
The present values of lifetime earnings are unpublished 
estimates furnished by the Institute for Health and 
Aging, University of California, San Francisco, by Wendy 
Max, PhD, on April 4, 2018. Those estimates incorporate 
a 3% discount rate, which is the recommended percent-
age.4 The discount rate removes the effect of inflation in 
income over the lifetime of earnings. The estimate is for 
2014, inflated to 2015 to account for the 2014 to 2015 
change in hourly worker compensation in the business 
sector reported by the US Bureau of Labor Statistics.5 

The indirect costs exclude lost productivity costs attribut-
able to chronic, prevalent nonfatal CVD and stroke illness 
during 2014 to 2015 among workers, people keeping 
house, people in institutions, and people unable to 
work. Those morbidity costs were substantial in very old 
studies, but because of the lack of contemporary data, 
an adequate update could not be made.

Most Costly Diseases 
(See Tables 26-1 and 26-2 and Charts 26-2 
and 26-3)
CVD accounted for 14% of total US health expendi-
tures in 2014 to 2015, more than any major diagnostic 
group.1 By way of comparison, CVD total direct costs 
shown in Table 26-1 are higher than the 2014 to 2015 
Agency for Healthcare Research and Quality estimates 
for cancer, which were $84.0 billion (55% for outpa-
tient or doctor office visits, 32% for inpatient care, and 
9% for prescription drugs).1

Table 26-2 shows direct and indirect costs for CVD 
by sex and by 2 broad age groups. Chart 26-2 shows 
total direct costs for the 21 leading chronic diseases on 
the MEPS list. HD is the most costly condition.6

The estimated direct costs of CVD in the United 
States increased from $103.5 billion in 1996 to 1997 to 
$213.8 billion in 2014 to 2015 (Chart 26-3).

Economic Value of CVD Risk Factor 
Control
Cutler et al7 analyzed individual-level Medicare and non-
Medicare healthcare spending captured by Medicare 
Current Beneficiary Survey data from 1999 to 2012. 
Overall, increased use of lipid-lowering, antihyperten-
sive, and anti-DM medications over time accounted for 
a combined 51% of the reduction in individual spend-
ing on CVD.7

Projections 
(See Charts 26-4 through 26-6)

•	 The AHA developed methodology to project future 
costs of care for HBP, CHD, HF, stroke, and all other 
CVD.8 The methods used for the projections are very 
different from those used to derive the other direct 
and indirect costs in this chapter. For example, the pro-
jections estimates include the direct costs of nursing 
home care and the indirect costs of CVD morbidity.

•	 By 2035, 45.1% of the US population is projected 
to have some form of CVD.8

•	 Between 2015 and 2035, total direct medical costs 
of CVD are projected to increase from $318 bil-
lion to $749 billion (2015 dollars in billions). Of 
this total in 2035, 55.5% will be attributable to 
hospital costs, 15.3% to medications, 15.0% to 

Click here to return to the Table of Contents

Abbreviations Used in Chapter 26

AHA American Heart Association

CHD coronary heart disease

CHF congestive heart failure

COPD chronic obstructive pulmonary disease

CVD cardiovascular disease

DM diabetes mellitus

ED emergency department

GI gastrointestinal (tract)

HBP high blood pressure

HD heart disease

HF heart failure

MEPS Medical Expenditure Panel Survey

NCHS National Center for Health Statistics

NVSS National Vital Statistics System
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physicians, 7.2% to nursing home care, 5.5% to 
home health care, and 1.5% to other costs.8

•	 Indirect costs (attributable to lost productivity) for all 
fatal and nonfatal CVDs are estimated to increase 
from $237 billion in 2015 to $368 billion in 2035 
(2015 dollars in billions), an increase of 55%.8

•	 Between 2015 and 2035, the total costs are expected 
to increase for total CVD, HBP and HBP as a risk fac-
tor, CHD, CHF, stroke, and other CVDs (Chart 26-4).

•	 Between 2015 and 2035, the projected total (direct 
and indirect) costs of total CVD are estimated to 
remain relatively stable for 18- to 44-year-olds, 

increase slightly for 45- to 64-year-olds, and 
increase sharply for 65- to 79-year-olds and adults 
≥80 years of age (Chart 26-5).

•	 Whereas the direct costs of CVD for home health care, 
nursing homes, healthcare professionals, and medica-
tions are estimated to rise steadily between 2015 and 
2035, projected hospital costs are estimated to more 
than double in this same time frame (Chart 26-6).

•	 These data indicate that CVD prevalence and costs 
are projected to increase substantially unless CVD 
incidence is reduced or short-term and long-term 
CVD care costs are better controlled.‍‍‍

Table 26-1.  Estimated Direct and Indirect Costs (in Billions of Dollars) of CVD and Stroke, United States, Average Annual, 
2014 to 2015

HD* Stroke
Hypertensive 

Disease†

Other 
Circulatory 
Conditions‡ Total CVD

Direct costs§

  Hospital inpatient stays 59.4 17.4 7.9 12.8 97.5

  Hospital ED visits 6.3 0.8 1.3 1.0 9.4

  Hospital outpatient or office-based provider visits 22.6 2.4 13.7 7.9 46.6

  Home health care 11.1 6.6 8.2 1.6 27.5

  Prescribed medicines 10.0 0.8 20.2 1.8 32.8

  Total expenditures 109.4 28.0 51.3 25.1 213.8

Indirect costs‖

  Lost productivity/mortality 109.3 17.5 4.6 6.1 137.5

Grand totals 218.7 45.5 55.9 31.2 351.3

Numbers do not add to total because of rounding. CVD indicates cardiovascular disease; ED, emergency department; and HD, 
heart disease.

*This category includes coronary HD, heart failure, part of hypertensive disease, cardiac dysrhythmias, rheumatic HD; cardiomyopathy, 
pulmonary HD, and other or ill-defined HDs.

†Costs attributable to hypertensive disease are limited to hypertension without HD.
‡Other circulatory conditions include arteries, veins, and lymphatics.
§Medical Expenditure Panel Survey (MEPS) healthcare expenditures are estimates of direct payments for care of a patient with the given 

disease provided during the year, including out-of-pocket payments and payments by private insurance, Medicaid, Medicare, and other 
sources. Payments for over-the-counter drugs are not included. These estimates of direct costs do not include payments attributed to 
comorbidities. Total CVD costs are the sum of costs for the 4 diseases but with some duplication.

‖The Statistics Committee agreed to suspend presenting estimates of lost productivity attributable to morbidity until a better estimating 
method can be developed. Lost future earnings of people who died in 2015 to 2016, discounted at 3%.

Sources: Unpublished National Heart, Lung, and Blood Institute tabulation using Household Component of the MEPS for direct costs (average 
annual 2014 to 2015).6 Indirect mortality costs are based on 2014 to 2015 counts of deaths by the National Center for Health Statistics and 
an estimated present value of lifetime earnings furnished for 2014 by Wendy Max (Institute for Health and Aging, University of California, San 
Francisco, April 4, 2018) and inflated to 2015 from change in worker compensation reported by the US Bureau of Labor Statistics.5

This table lists 
the estimated 
direct and 
indirect costs 
from 2014 to 
2015 of specific 
cardiovascular 
diseases and 
stroke including 
categories for 
hospital inpatient 
stays, emergency 
department 
visits, hospital 
outpatient or 
office-based 
provider visits, 
home health 
care, prescribed 
medicine, and 
lost productivity 
and mortality.

Table 26-2.  Costs of Total CVD and Stroke in Billions of Dollars by Age 
and Sex, United States, Average Annual, 2014 to 2015

Total Males Females
Age 

<65 y
Age 

≥65 y

All direct 213.8 122.4 91.4 85.5 128.3

Indirect: mortality only 137.5 102.3 35.2 115.6 21.9

Total 351.3 224.7 126.6 201.1 150.2

Numbers may not add to total because of rounding. CVD indicates 
cardiovascular disease.

Source: Unpublished National Heart, Lung, and Blood Institute tabulation 
using Medical Expenditure Panel Survey, average annual 2014 to 2015 (direct 
costs) and mortality data from the National Vital Statistics System and present 
value of lifetime earnings from the Institute for Health and Aging, University of 
California, San Francisco (indirect costs).3,6

This table lists 
the direct costs 
and indirect 
mortality costs 
of total cardio-
vascular disease 
and stroke, 
further divided 
by sex and age 
categories below 
and above 65 
years of age.
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Chart 26-2. The 21 leading diagnoses for direct health expenditures, United States, average annual 2014 to 2015 (in billions of dollars). 
COPD indicates chronic obstructive pulmonary disease; and GI, gastrointestinal (tract).  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Medical Expenditure Panel Survey data and excluding nursing home costs.1

This chart shows 
the 21 leading 
diagnoses for 
average an-
nual direct health 
expenditures 
from 2014 to 
2015.  The top 
seven costly 
diagnoses were 
heart disease at 
109 billion dol-
lars, followed by 
mental disorders 
at 104 billion 
dollars, trauma-
related disorders 
at 101 billion 
dollars, diabetes 
mellitus at 91 
billion dollars, 
cancer at 84 
billion dollars, 
osteoarthritis at 
81 billion dollars, 
and chronic 
obstructive pul-
monary disease 
and asthma at 81 
billion dollars.
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Chart 26-1. Direct and indirect costs of CVD (in billions of dollars), United States, average annual 2014 to 2015. 
CVD indicates cardiovascular disease.  
Source: Unpublished National Heart, Lung, and Blood Institute tabulation using Medical Expenditure Panel Survey data and mortality data from the National Vital 
Statistics System.1,3

This chart shows 
that the average 
annual direct and 
indirect costs of 
cardiovascular 
disease from 
2014 to 2015 
were highest for 
heart disease 
at 219 billion 
dollars, followed 
by hypertension 
at 56 billion 
dollars, stroke at 
46 billion dollars, 
and lastly other 
cardiovascular 
disease at 31 
billion dollars.
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Chart 26-4. Projected total costs of CVD, United States, 2015 to 2035 (2015 dollars in billions). 
CHD indicates coronary heart disease; CHF, congestive heart failure; CVD, cardiovascular disease; and HBP, high blood pressure.  
Source: Data from RTI International.8 Copyright © 2016, American Heart Association, Inc.

This chart 
shows that the 
projected costs 
of cardiovascular 
disease will 
continue to rise 
through 2035.  
Coronary heart 
disease, which 
started off with 
the highest costs 
in 2015, will 
have the highest 
costs in 2035, 
followed by high 
blood pressure 
as a risk factor, 
other cardiovas-
cular disease, 
high blood pres-
sure, stroke and 
lastly congestive 
heart failure. 
Projections were 
not continued 
past 2035.
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Chart 26-3. Estimated direct cost (in billions of dollars) of cardiovascular disease, United States, average annual (1996–1997 to 2014–2015). 
Sources: Unpublished National Heart, Lung, and Blood Institute tabulation using Medical Expenditure Panel Survey for direct costs (average annual 1996–1997 to 
2014–2015).1

This chart shows 
that the esti-
mated direct cost 
of cardiovascular 
disease increased 
over time from 
approximately 
100 billion 
dollars in 1996 
to 1997, to 
over 210 billion 
dollars in 2014 
to 2015.  The in-
crease in overall 
direct cost was a 
function of shift-
ing, and mostly 
increasing, direct 
costs within the 
categories shown 
on this chart of 
heart disease, 
hypertensive dis-
ease, stroke, and 
other circulatory 
conditions.

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e588

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

March 3, 2020� Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 26

0

50

100

150

200

250

300

350

400

450

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

)snoilli
B ni( srallo

D latoT

Home Health Hospital Nursing Home Physician Medications

Chart 26-6. Projected direct costs of total cardiovascular disease by type of cost, United States, 2015 to 2035 (2015 dollars in billions). 
Source: Data from RTI International.8 Copyright © 2016, American Heart Association, Inc.

This chart 
shows that the 
projected direct 
costs of total 
cardiovascular 
disease from 
2015 to 2035 
will increase the 
most for hospital 
costs, which 
started out at 
181 billion dol-
lars in 2015 and 
were projected to 
reach 416 billion 
dollars in 2035. 
Other types 
of costs were 
not projected 
to increase as 
rapidly, although 
they were all 
projected to 
increase.  After 
hospital costs, 
the next costly 
categories were 
physicians and 
medications, fol-
lowed by nursing 
homes, and lastly 
home health.
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Chart 26-5. Projected total (direct and indirect) costs of total cardiovascular disease by age, United States, 2015 to 2035 (2015 dollars in billions). 
Source: Data from RTI International.8 Copyright © 2016, American Heart Association, Inc.

This chart shows 
that the pro-
jected total costs, 
both direct and 
indirect, of total 
cardiovascular 
disease from 
2015 to 2035 
will increase the 
most for adults 
65 to 79 years of 
age and 80 years 
of age or older.  
The total costs 
were projected 
to be highest in 
2035 for adults 
65 to 79 years of 
age, followed by 
45 to 64 years 
of age, 80 years 
of age and older, 
and lastly 18 to 
44 years of age. 
Projections were 
not continued 
past 2035.
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27. AT-A-GLANCE SUMMARY TABLES
See Tables 27-1 through 27-3

Sources: See the following summary tables for com-
plete details:

•	 Prevalence of Overweight, Obesity, and Severe 
Obesity in Youth and Adults, United States, 2013 
to 2016—Table 6-1

•	 High TC and LDL-C and Low HDL-C, United States, 
2013 to 2016 (Age ≥20 Years)—Table 7-1

•	 HBP in the United States—Table 8-1
•	 DM in the United States—Table 9-1
•	 CVDs in the United States—Table 13-1
•	 Stroke in the United States—Table 14-1
•	 CCDs in the United States—Table 15-1
•	 CHD in the United States—Table 19-1; AP in the 

United States—Table 19-2
•	 HF in the United States —Table 20-2‍‍‍‍‍

Click here to return to the Table of Contents

(Continued )

Table 27-1.  Males and CVD: At-a-Glance Table

Diseases and Risk Factors Both Sexes Total Males
NH White 

Males
NH Black 

Males
Hispanic 

Males
NH Asian 

Males

NH American 
Indian/Alaska 

Native*

Overweight and obesity

 ��� Prevalence, 2013–2016

  ���  Overweight and obesity, BMI ≥25.0 kg/m2† 168.1 M (71.1%) 85.3 M (74.3%) 75.6% 69.8% 81.3% 49.5% …

  ���  Obesity, BMI ≥30.0 kg/m2† 73.8 M (31.2%) 35.7 M (31.1%) 31.3% 30.1% 35.3% 11.3% …

Blood cholesterol

 ��� Prevalence, 2013–2016

  ���  Total cholesterol ≥200 mg/dL‡ 92.8 M (38.2%) 41.2 M (35.4%) 35.4% 29.8% 39.9% 38.7% …

  ���  Total cholesterol ≥240 mg/dL‡ 28.5 M (11.7%) 12.4 M (10.7%) 10.5% 8.9% 13.0% 11.7% …

  ���  LDL-C ≥130 mg/dL‡ 69.6 M (28.9%) 34.8 M (30.1%) 29.4% 29.5% 33.5% 32.2% …

  ���  HDL-C <40 mg/dL‡ 45.6 M (19.2%) 33.7 M (29.0%) 29.7% 19.8% 32.6% 25.9% …

HBP

 ��� Prevalence, 2013–2016† 116.4 M (46.0%) 58.7 M (49.0%) 48.2% 58.6% 47.4% 46.4% …

 ��� Mortality, 2017§‖ 90 098 43 127 (47.9%)¶ 29 086 8690 3478 1269# 568

DM

 ��� Prevalence, 2013–2016

  ���  Diagnosed DM† 26.0 M (9.8%) 13.7 M (10.9%) 9.4% 14.7% 15.1% 12.8% …

  ���  Undiagnosed DM† 9.4 M (3.7%) 5.5 M (4.6%) 4.7% 1.7% 6.3% 6.1% …

  ���  Prediabetes† 91.8 M (37.6%) 51.7 M (44.0%) 43.7% 31.9% 48.1% 47.1% …

 ��� Incidence, diagnosed DM, 2015** 1.5 M … … … … … …

 ��� Mortality, 2017§‖ 83 564 46 302 (55.4%)¶ 31 343 7494 5054 1612# 1114

Total CVD

 ��� Prevalence, 2013–2016† 121.5 M (48.0%) 61.5 M (51.2%) 50.6% 60.1% 49.0% 47.4% …

 ��� Mortality, 2017§‖ 859 125 440 460 (51.3%)¶ 340 026 54 780 29 366 11 891# 4554

Stroke

 ��� Prevalence, 2013–2016† 7.0 M (2.5%) 3.2 M (2.5%) 2.4% 3.1% 2.0% 1.1% …

 ��� New and recurrent strokes§ 795.0 K 370.0 K (46.5%)¶ 325.0 K†† 45.0 K†† … … …

 ��� Mortality, 2017§ 146 383 61 645 (42.1%)¶ 45 078 8566 5073 2442# 737‡‡

CHD

 ��� Prevalence, CHD, 2013–2016† 18.2 M (6.7%) 9.4 M (7.4%) 7.7% 7.2% 6.0% 4.8% …

 ��� Prevalence, MI, 2013–2016† 8.4 M (3.0%) 5.1 M (4.0%) 4.0% 4.0% 3.4% 2.4% …

 ��� Prevalence, AP, 2013–2016† 9.4 M (3.6%) 4.3 M (3.5%) 3.8% 3.6% 2.6% 2.0% …

 ��� New and recurrent MI and fatal CHD§§ 1.05 M 610.0 K 520.0 K†† 90.0K†† … … …

 ��� New and recurrent MI§§ 805.0 K 470.0 K … … … … …

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e591

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 27

 ��� Mortality, 2017, CHD§‖ 365 914 213 295 (58.3%)¶ 168 868 22 167 14 195 5721 2032

 ��� Mortality, 2017, MI§‖ 110 346 64 436 (58.4%)¶ 51 155 6595 4437 1693# 593

HF

 ��� Prevalence, 2013–2016† 6.2 M (2.2%) 3.0 M (2.4%) 2.2% 3.5% 2.5% 1.7% …

 ��� Incidence, 2014‖‖ 1.0 M 495.0 K 430.0 K†† 65.0 K†† … … …

 ��� Mortality, 2017§‖ 80 480 36 824 (45.8%)¶ 30 076 4068 1820 633# 339

AP indicates angina pectoris (chest pain); BMI, body mass index; CHD, coronary heart disease (includes MI, AP, or both); CVD, cardiovascular disease; DM, diabetes 
mellitus; ellipses (…), data not available; HBP, high blood pressure; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; K, thousands; LDL-C, low-density 
lipoprotein cholesterol; M, millions; MI, myocardial infarction (heart attack); and NH, non-Hispanic.

*Both sexes.
†Age ≥20 years.
‡Total data for total cholesterol are for Americans ≥20 years of age. Data for LDL-C, HDL-C, and all racial/ethnic groups are age adjusted for age ≥20 years.
§All ages.
‖Mortality for Hispanic, NH American Indian or Alaska Native, and NH Asian and Pacific Islander people should be interpreted with caution because of inconsistencies 

in reporting.
¶These percentages represent the portion of total incidence or mortality that is for males vs females.
#Includes Chinese, Filipino, Hawaiian, Japanese, and other Asian or Pacific Islander.
**Age ≥18 years.
††Estimates include Hispanics and non-Hispanics. Estimates for whites include other nonblack races.
‡‡Estimate considered unreliable or does not meet standards of reliability or precision.
§§Age ≥35 years.
‖‖Age ≥55 years.

Table 27-1.  Continued

Diseases and Risk Factors Both Sexes Total Males
NH White 

Males
NH Black 

Males
Hispanic 

Males
NH Asian 

Males

NH American 
Indian/Alaska 

Native*

Table 27-2.  Females and CVD: At-a-Glance Table

Diseases and Risk Factors Both Sexes
Total

Females
NH White 
Females

NH Black 
Females

Hispanic 
Females

NH Asian 
Females

NH American
Indian/Alaska 

Native*

Overweight and obesity

 ��� Prevalence, 2011–2014

  �������  Overweight and obesity, BMI ≥25.0 kg/m2† 168.1 M (71.1%) 82.8 M (68.1%) 66.3% 80.5% 77.8% 36.5% …

  ���  Obesity, BMI ≥30.0 kg/m2† 73.8 M (31.2%) 38.1 M (31.3%) 29.6% 40.6% 37.8% 13.3% …

Blood cholesterol

 ��� Prevalence, 2013–2016

  ���  Total cholesterol ≥200 mg/dL‡ 92.8 M (38.2%) 51.6 M (40.4%) 41.8% 33.1% 38.9% 39.6% …

  ���  Total cholesterol ≥240 mg/dL‡ 28.5 M (11.7%) 16.1 M (12.4%) 13.6% 9.0% 10.1% 10.8% …

  ���  LDL-C ≥130 mg/dL, 2011–2014‡ 69.6 M (28.9%) 34.8 M (27.6%) 29.7% 23.4% 23.8% 25.1% …

  ���  HDL-C <40 mg/dL, 2013–2016‡ 45.6 M (19.2%) 11.9 M (9.9%) 9.3% 8.1% 13.1% 7.9% …

HBP

 ��� Prevalence, 2013–2016† 116.4 M (46.0%) 57.7 M (42.8%) 41.3% 56.0% 40.8% 36.4% …

 ��� Mortality, 2017§‖ 90 098 46 971 (52.1 %)¶ 33 396 8387 3282 1538# 568

DM

 ��� Prevalence, 2013–2016

  ���  Diagnosed DM† 26.0 M (9.8%) 12.3 M (8.9%) 7.3% 13.4% 14.1% 9.9% …

  ���  Undiagnosed DM† 9.4 M (3.7%) 3.9 M (2.8%) 2.6% 3.3% 4.0% 2.1% …

  ���  Prediabetes† 91.8 M (37.6%) 40.1 M (31.3%) 32.2% 24.0% 31.7% 29.4% …

 ��� Incidence, diagnosed DM, 2015** 1.5 M … … … … … …

 ��� Mortality, 2017§‖ 83 564 37 262 (44.6%) ¶ 23 773 7304 4162 1435# 1114

Total CVD

 ��� Prevalence, 2013–2016† 121.5 M (48.0%) 60.0 M (44.7%) 43.4% 57.1% 42.6% 37.2% …

 ��� Mortality, 2017§‖ 859 125 418 665 (48.7%)¶ 326 447 52 528 25 309 11 242# 4554

(Continued )
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Stroke

 ��� Prevalence, 2013–2016† 7.0 M (2.5%) 3.8 M (2.6%) 2.5% 3.8% 2.2% 1.6% …

 ��� New and recurrent strokes§ 795.0 K 425.0 K (53.5%)¶ 365.0 K†† 60.0 K†† … … …

 ��� Mortality, 2017§ 146 383 84 738 (57.9%)¶ 64 960 10 522 5702 2988# 737‡‡

CHD

 ��� Prevalence, CHD, 2013–2016† 18.2 M (6.7%) 8.8 M (6.2%) 6.1% 6.5% 6.0% 3.2% …

 ��� Prevalence, MI, 2013–2016† 8.4 M (3.0%) 3.3 M (2.3%) 2.2% 2.2% 2.0% 1.0% …

 ��� Prevalence, AP, 2013–2016† 9.4 M (3.6%) 5.1 M (3.7%) 3.8% 3.8% 3.6% 1.6% …

 ������� New and recurrent MI and fatal CHD§§ 1.05 M 445.0 K 370.0 K†† 75.0 K†† … … …

 ��� New and recurrent MI§§ 805.0 K 335.0 K … … … … …

 ��� Mortality, 2017, CHD§‖ 365 914 152 619 (41.7%)¶ 119 151 18 055 10 041 4103 2032

 ��� Mortality, 2017, MI§‖ 110 346 45 910 (41.6%)¶ 35 720 5458 3113 1271# 593

HF

 ��� Prevalence, 2013–2016† 6.2 M (2.2%) 3.2 M (2.1%) 1.9% 3.9% 2.1% 0.7% …

 ��� Incidence, 2014‖‖ 1.0 M 505.0K 425.0 K‡‡ 80.0 K‡‡ … … …

 ��� Mortality, 2017§‖ 80 480 43 656 (54.2%)¶ 36 004 4683 1960 752# 339

AP indicates angina pectoris (chest pain); BMI, body mass index; CHD, coronary heart disease (includes MI, AP, or both); CVD, cardiovascular disease; DM, diabetes 
mellitus; ellipses (…), data not available; HBP, high blood pressure; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; K, thousands; LDL-C, low-density 
lipoprotein cholesterol; M, millions; MI, myocardial infarction (heart attack); and NH, non-Hispanic.

*Both sexes.
†Age ≥20 years.
‡Total data for total cholesterol are for Americans ≥20 years of age. Data for LDL-C, HDL-C, and all racial/ethnic groups are age adjusted for age ≥20 years.
§All ages.
‖Mortality for Hispanic, NH American Indian or Alaska Native, and NH Asian and Pacific Islander people should be interpreted with caution because of inconsistencies 

in reporting.
¶These percentages represent the portion of total incidence or mortality that is for males vs females.
#Includes Chinese, Filipino, Hawaiian, Japanese, and other Asian or Pacific Islander.
**Age ≥18 years.
††Estimates include Hispanics and non-Hispanics. Estimates for whites include other nonblack races.
‡‡Estimate considered unreliable or does not meet standards of reliability or precision.
§§Age ≥35 years.
‖‖Age ≥55 years.

Table 27-2.  Continued

Diseases and Risk Factors Both Sexes
Total

Females
NH White 
Females

NH Black 
Females

Hispanic 
Females

NH Asian 
Females

NH American
Indian/Alaska 

Native*
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Table 27-3.  Children, Youth, and CVD: At-a-Glance Table

Diseases and Risk Factors
Both 
Sexes

Total 
Males

Total 
Females

NH Whites NH Blacks Hispanic NH Asian

Males Females Males Females Males Females Males Females

Overweight and obesity

 ��� Prevalence, 2011–2014

  �������  Overweight and obesity, 
ages 2–19 y*

25.4 M 
(34.2%)

13.0 M 
(34.2%)

12.5 M 
(34.3%)

30.9% 28.5% 32.4% 42.2% 43.8% 43.8% 24.2% 19.2%

  ���  Obesity, ages 2–19 y* 13.2 M 
(17.8%)

6.9 M 
(18.1%)

6.4 M 
(17.5%)

15.3% 14.1% 17.9% 23.0% 24.3% 22.9% 11.9% 7.4%

Blood cholesterol, 2013–2016

 ��� Mean total cholesterol, mg/dL

  ���  Ages 6–11 y 157.8 157.9 157.7 157.1 159.1 158.8 158.2 158.7 153.9 160.1 161.5

  ���  Ages 12–19 y 154.4 151.6 157.5 150.6 157.2 150.8 156.0 152.7 156.0 155.4 170.2

 ��� Mean HDL-C, mg/dL

  ���  Ages 6–11 y 56.0 57.4 54.5 56.6 54.7 62.5 58.1 55.9 52.2 58.1 54.4

  ���  Ages 12–19 y 51.8 49.9 53.8 49.2 53.5 54.4 56.9 49.6 52.2 52.8 56.6

 ��� Mean LDL-C, mg/dL

  ���  Ages 12–19 y 86.7 85.6 87.8 86.7 87.9 81.7 88.4 85.0 84.2 81.7 103.3

Congenital cardiovascular defects (all age groups: children and adults)

  ���  Mortality, 2017†‡§‖ 2906 1583 
(54.5%)§

1323 
(45.5%)§

923 779 273 225 301 239 62 59

CVD indicates cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; M, millions; and NH, non-Hispanic.
*In children, overweight and obesity are based on body mass index (BMI)-for-age values at or above the 85th percentile of the 2000 Centers for Disease Control 

and Prevention (CDC) growth charts. Obesity is based on BMI-for-age values at or above the 95th percentile of the CDC growth charts.
†All ages.
‡Mortality for Hispanic, American Indian or Alaska Native, and Asian and Pacific Islander people should be interpreted with caution because of inconsistencies in 

reporting.
§These percentages represent the portion of total congenital cardiovascular mortality that is for males vs females.
‖NH American Indian/Alaska Native, Mortality: 38.
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28. GLOSSARY

•	 Age-adjusted rates—Used mainly to compare the 
rates of ≥2 communities or population groups or 
the nation as a whole over time. The American 
Heart Association (AHA) uses a standard popu-
lation (2000), so these rates are not affected by 
changes or differences in the age composition of 
the population. Unless otherwise noted, all death 
rates in this publication are age adjusted per 
100 000 population and are based on underlying 
cause of death.

•	 Agency for Healthcare Research and Quality 
(AHRQ)—A part of the US Department of Health 
and Human Services, this is the lead agency charged 
with supporting research designed to improve the 
quality of health care, reduce the cost of health 
care, improve patient safety, decrease the number 
of medical errors, and broaden access to essen-
tial services. The AHRQ sponsors and conducts 
research that provides evidence-based information 
on healthcare outcomes, quality, cost, use, and 
access. The information helps healthcare decision 
makers (patients, clinicians, health system leaders, 
and policy makers) make more informed decisions 
and improve the quality of healthcare services. The 
AHRQ conducts the Medical Expenditure Panel 
Survey (MEPS; ongoing).

•	 Body mass index (BMI)—A mathematical formula 
to assess body weight relative to height. The mea-
sure correlates highly with body fat. It is calculated 
as weight in kilograms divided by the square of the 
height in meters (kg/m2).

•	 Centers for Disease Control and Prevention/
National Center for Health Statistics (CDC/NCHS)—
The CDC is an agency within the US Department of 
Health and Human Services. The CDC conducts the 
Behavioral Risk Factor Surveillance System (BRFSS), 
an ongoing survey. The CDC/NCHS conducts or has 
conducted these surveys (among others):
—	 National Health Examination Survey (NHES I, 

1960–1962; NHES II, 1963–1965; NHES III, 
1966–1970)

—	 National Health and Nutrition Examination 
Survey I (NHANES I; 1971–1975)

—	 National Health and Nutrition Examination 
Survey II (NHANES II; 1976–1980)

—	 National Health and Nutrition Examination 
Survey III (NHANES III; 1988–1994)

—	 National Health and Nutrition Examination 
Survey (NHANES; 1999 to …) (ongoing)

—	 National Health Interview Survey (NHIS; 
ongoing)

—	 National Hospital Discharge Survey (NHDS; 
1965–2010)

—	 National Ambulatory Medical Care Survey 
(NAMCS; ongoing)

—	 National Hospital Ambulatory Medical Care 
Survey (NHAMCS; ongoing)

—	 National Nursing Home Survey (periodic)
—	 National Home and Hospice Care Survey 

(periodic)
—	 National Vital Statistics System (ongoing)

•	 Centers for Medicare & Medicaid Services—The 
federal agency that administers the Medicare, 
Medicaid, and Child Health Insurance programs.

•	 Comparability ratio—Provided by the NCHS to 
allow time-trend analysis from one International 
Classification of Diseases (ICD) revision to another. 
It compensates for the “shifting” of deaths from 
one causal code number to another. Its applica-
tion to mortality based on one ICD revision means 
that mortality is “comparability modified” to be 
more comparable to mortality coded to the other 
ICD revision.

•	 Coronary heart disease (CHD) (ICD-10 codes 
I20–I25)—This category includes acute myocar-
dial infarction (I21–I22); certain current complica-
tions following acute myocardial infarction (I23); 
other acute ischemic (coronary) heart disease (I24); 
angina pectoris (I20); atherosclerotic cardiovascu-
lar disease (I25.0); and all other forms of chronic 
ischemic (coronary) heart disease (I25.1–I25.9).

•	 Death rate—The relative frequency with which 
death occurs within some specified interval of 
time in a population. National death rates are 
computed per 100 000 population. Dividing the 
total number of deaths by the total population 
gives a crude death rate for the total population. 
Rates calculated within specific subgroups, such as 
age-specific or sex-specific rates, are often more 
meaningful and informative. They allow well-
defined subgroups of the total population to be 
examined. Unless otherwise stated, all death rates 
in this publication are age adjusted and are per 
100 000 population.

•	 Diseases of the circulatory system (ICD-10 codes 
I00–I99)—Included as part of what the AHA calls 
“cardiovascular disease” (“Total cardiovascular 
disease” in this Glossary).

•	 Diseases of the heart (ICD-10 codes I00–I09, 111, 
113, 120-151)—Classification the NCHS uses in 
compiling the leading causes of death. Includes 
acute rheumatic fever/chronic rheumatic heart 
diseases (I00–I09); hypertensive heart disease 
(I11); hypertensive heart and renal disease (I13); 
CHD (I20–I25); pulmonary heart disease and dis-
eases of pulmonary circulation (I26–I28); heart 
failure (I50); and other forms of heart disease 

Click here to return to the Table of Contents

D
ow

nloaded from
 http://ahajournals.org by on January 21, 2025



e595

CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2020;141:e139–e596. DOI: 10.1161/CIR.0000000000000757� March 3, 2020

Virani et al� Heart Disease and Stroke Statistics—2020 Update: Chapter 28

(I30–I49, I51). “Diseases of the heart” are not 
equivalent to “total cardiovascular disease,” 
which the AHA prefers to use to describe the 
leading causes of death.

•	 Hispanic origin—In US government statistics, 
“Hispanic” includes people who trace their ances-
try to Mexico, Puerto Rico, Cuba, Spain, the 
Spanish-speaking countries of Central or South 
America, the Dominican Republic, or other Spanish 
cultures, regardless of race. It does not include 
people from Brazil, Guyana, Suriname, Trinidad, 
Belize, or Portugal, because Spanish is not the first 
language in those countries. Most of the data in 
this update are for all Hispanics, as reported by 
government agencies or specific studies. In certain 
time-trend charts and tables, data for Mexican 
Americans are shown because data are not avail-
able for all Hispanics.

•	 Hospital discharges—The number of inpatients 
(including newborn infants) discharged from short-
stay hospitals for whom some type of disease was 
the principal diagnosis. Discharges include those 
discharged alive, dead, or “status unknown.”

•	 International Classification of Diseases (ICD) 
codes—A classification system in standard use 
in the United States. The ICD is published by the 
World Health Organization. This system is reviewed 
and revised approximately every 10 to 20 years to 
ensure its continued flexibility and feasibility. The 
10th revision (ICD-10) began with the release of 
1999 final mortality data. The ICD revisions can 
cause considerable change in the number of 
deaths reported for a given disease. The NCHS 
provides “comparability ratios” to compensate 
for the “shifting” of deaths from one ICD code to 
another. To compare the number or rate of deaths 
with that of an earlier year, the “comparability-
modified” number or rate is used.

•	 Incidence—An estimate of the number of new 
cases of a disease that develop in a population, 
usually in a 1-year period. For some statistics, new 
and recurrent attacks, or cases, are combined. 
The incidence of a specific disease is estimated by 
multiplying the incidence rates reported in com-
munity- or hospital-based studies by the US popu-
lation. The rates in this report change only when 
new data are available; they are not computed 
annually.

•	 Infective endocarditis—An infection of the heart’s 
inner lining (endocardium) or of the heart valves. 
The bacteria that most often cause endocarditis 
are streptococci, staphylococci, and enterococci.

•	 Major cardiovascular diseases—Disease classi-
fication commonly reported by the NCHS; rep-
resents ICD-10 codes I00 to I78. The AHA does 
not use “major cardiovascular diseases” for any 

calculations. See “Total cardiovascular disease” in 
this Glossary.

•	 Metabolic syndrome—Metabolic syndrome is 
defined as the presence of any 3 of the following 
5 diagnostic measures: Elevated waist circumfer-
ence (>102 cm in males or >88 cm in females), 
elevated triglycerides (≥150 mg/dL [1.7 mmol/L] or 
drug treatment for elevated triglycerides), reduced 
high-density lipoprotein cholesterol (<40 mg/dL 
[0.9 mmol/L] in males, <50 mg/dL [1.1 mmol/L] in 
females, or drug treatment for reduced high-den-
sity lipoprotein cholesterol), elevated blood pressure 
(≥130 mm Hg systolic blood pressure, ≥85 mm Hg 
diastolic blood pressure, or drug treatment for 
hypertension), and elevated fasting glucose (≥100 
mg/dL or drug treatment for elevated glucose).

•	 Morbidity—Incidence and prevalence rates are 
both measures of morbidity (ie, measures of vari-
ous effects of disease on a population).

•	 Mortality—Mortality data for states can be 
obtained from the NCHS website (http://cdc.gov/
nchs/), by direct communication with the CDC/
NCHS, or from the AHA on request. The total 
number of deaths attributable to a given disease in 
a population during a specific interval of time, usu-
ally 1 year, are reported. These data are compiled 
from death certificates and sent by state health 
agencies to the NCHS. The process of verifying and 
tabulating the data takes ≈2 years.

•	 National Heart, Lung, and Blood Institute (NHLBI)—
An institute in the National Institutes of Health in 
the US Department of Health and Human Services. 
The NHLBI conducts such studies as the following:
—	 Framingham Heart Study (FHS; 1948 to …) 

(ongoing)
—	 Honolulu Heart Program (HHP; 1965–2002)
—	 Cardiovascular Health Study (CHS; 1989 to 

…) (ongoing)
—	 Atherosclerosis Risk in Communities (ARIC) 

study (1987 to …) (ongoing)
—	 Strong Heart Study (SHS; 1989 to …) 

(ongoing)
—	 Multi-Ethnic Study of Atherosclerosis (MESA; 

2000 to …) (ongoing)
•	 National Institute of Neurological Disorders and 

Stroke (NINDS)—An institute in the National 
Institutes of Health of the US Department of 
Health and Human Services. The NINDS sponsors 
and conducts research studies such as these:
—	 Greater Cincinnati/Northern Kentucky Stroke 

Study (GCNKSS)
—	 Rochester (Minnesota) Stroke Epidemiology 

Project
—	 Northern Manhattan Study (NOMAS)
—	 Brain Attack Surveillance in Corpus Christi 

(BASIC) Project
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•	 Physical activity—Any bodily movement produced 
by the contraction of skeletal muscle that increases 
energy expenditure above a basal level.

•	 Physical fitness—The ability to perform daily tasks 
with vigor and alertness, without undue fatigue, 
and with ample energy to enjoy leisure-time pur-
suits and respond to emergencies. Physical fitness 
includes a number of components consisting of 
cardiorespiratory endurance (aerobic power), skel-
etal muscle endurance, skeletal muscle strength, 
skeletal muscle power, flexibility, balance, speed of 
movement, reaction time, and body composition.

•	 Prevalence—An estimate of the total number of 
cases of a disease existing in a population during a 
specified period. Prevalence is sometimes expressed 
as a percentage of population. Rates for specific 
diseases are calculated from periodic health exami-
nation surveys that government agencies conduct. 
Annual changes in prevalence as reported in this 
Statistical Update reflect changes in the popula-
tion size. Changes in rates can be evaluated only 
by comparing prevalence rates estimated from sur-
veys conducted in different years. Note: In the data 
tables, which are located in the different disease 
and risk factor chapters, if the percentages shown 
are age adjusted, they will not add to the total.

•	 Race and Hispanic origin—Race and Hispanic ori-
gin are reported separately on death certificates. 
In this publication, unless otherwise specified, 
deaths of people of Hispanic origin are included 
in the totals for whites, blacks, American Indians 
or Alaska Natives, and Asian or Pacific Islanders 
according to the race listed on the decedent’s 
death certificate. Data for Hispanic people include 
all people of Hispanic origin of any race. See 
“Hispanic origin” in this Glossary.

•	 Stroke (ICD-10 codes I60–I69)—This category 
includes subarachnoid hemorrhage (I60); intrace-
rebral hemorrhage (I61); other nontraumatic intra-
cranial hemorrhage (I62); cerebral infarction (I63); 
stroke, not specified as hemorrhage or infarction 
(I64); occlusion and stenosis of precerebral arter-
ies not resulting in cerebral infarction (I65); occlu-
sion and stenosis of cerebral arteries not resulting 
in cerebral infarction (I66); other cerebrovascular 
diseases (I67); cerebrovascular disorders in diseases 
classified elsewhere (I68); and sequelae of cerebro-
vascular disease (I69).

•	 Total cardiovascular disease (ICD-10 codes I00–
I99)—This category includes rheumatic fever/
rheumatic heart disease (I00–I09); hypertensive 
diseases (I10–I15); ischemic (coronary) heart dis-
ease (I20–I25); pulmonary heart disease and dis-
eases of pulmonary circulation (I26–I28); other 
forms of heart disease (I30–I52); cerebrovascular 
disease (stroke) (I60–I69); atherosclerosis (I70); 
other diseases of arteries, arterioles, and capillar-
ies (I71–I79); diseases of veins, lymphatics, and 
lymph nodes not classified elsewhere (I80–I89); 
and other and unspecified disorders of the circu-
latory system (I95–I99).

•	 Underlying cause of death or any-mention cause 
of death—These terms are used by the NCHS 
when defining mortality. Underlying cause of 
death is defined by the World Health Organization 
as “the disease or injury which initiated the chain 
of events leading directly to death, or the cir-
cumstances of the accident or violence which 
produced the fatal injury.” Any-mention cause of 
death includes the underlying cause of death and 
up to 20 additional multiple causes listed on the 
death certificate.
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