Gzoz ‘Tz Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Circulation

W) Check for updates

AHA STATISTICAL UPDATE

Heart Disease and Stroke Statistics—

2020 Update

A Report From the American Heart Association

WRITING GROUP MEMBERS

Salim S. Virani, MD, PhD, FAHA, Chair Pamela L. Lutsey, PhD, MPH, FAHA

Alvaro Alonso, MD, PhD, FAHA

Emelia J. Benjamin, MD, ScM, FAHA

Marcio S. Bittencourt, MD, PhD, MPH

Clifton W. Callaway, MD, FAHA

April P. Carson, PhD, MSPH, FAHA

Alanna M. Chamberlain, PhD

Alexander R. Chang, MD, MS

Susan Cheng, MD, MMSc, MPH,
FAHA

Francesca N. Delling, MD, MPH

Luc Djousse, MD, ScD, MPH

Mitchell S.V. Elkind, MD, MS, FAHA

Jane F. Ferguson, PhD, FAHA

Myriam Fornage, PhD, FAHA

Sadiya S. Khan, MD, MSc

Brett M. Kissela, MD, MS

Kristen L. Knutson, PhD

Tak W. Kwan, MD, FAHA

Daniel T. Lackland, DrPH, FAHA

Tené T. Lewis, PhD

Judith H. Lichtman, PhD, MPH, FAHA

Chris T. Longenecker, MD

Matthew Shane Loop, PhD

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757

Each chapter listed in the Table
of Contents (see next page) is

a hyperlink to that chapter. The
reader clicks the chapter name to
access that chapter.

Seth S. Martin, MD, MHS, FAHA

Kunihiro Matsushita, MD, PhD, FAHA

Andrew E. Moran, MD, MPH, FAHA

Michael E. Mussolino, PhD, FAHA

Amanda Marma Perak, MD, MS

Wayne D. Rosamond, PhD, MS, FAHA

Gregory A. Roth, MD, MPH, FAHA

Uchechukwu K.A. Sampson, MD,
MBA, MIPH, FAHA

Gary M. Satou, MD, FAHA

Emily B. Schroeder, MD, PhD, FAHA

Svati H. Shah, MD, MHS, FAHA

Christina M. Shay, PhD, FAHA

Nicole L. Spartano, PhD

Andrew Stokes, PhD

David L. Tirschwell, MD, MS, MSc,
FAHA

Lisa B. VanWagner, MD, MSc, FAST

Connie W. Tsao, MD, MPH, Vice Chair

On behalf of the American Heart
Association Council on Epidemiology
and Prevention Statistics Committee
and Stroke Statistics Subcommittee

Key Words: AHA Scientific Statements
m cardiovascular diseases

m epidemiology ® risk factors

| statistics ® stroke

© 2020 American Heart Association, Inc.

https://www.ahajournals.org/journal/circ

March 3,2020 e139


https://www.ahajournals.org/journal/circ
http://crossmark.crossref.org/dialog/?doi=10.1161%2FCIR.0000000000000757&domain=pdf&date_stamp=2020-01-29

AND GUIDELINES

(7]
—
—
Ll
=
=
=
w
—
<t
=
=
—
o

Gzoz ‘Tz Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

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),” 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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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." AHA indicates American Heart Association;
HDL, high-density lipoprotein cholesterol; and
LDL, low-density lipoprotein cholesterol. Copy-
right © 2019, American Heart Association, Inc.

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 >20000 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

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757

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)

e 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.

e 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.
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e 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.

e 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)
e 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%

e142 March 3, 2020

Heart Disease and Stroke Statistics—2020 Update: Summary

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%
Cl, 0.73-1.00]; P=0.05) and lower CVD (HR, 0.92
[95% Cl, 0.85-0.99]; P=0.03).

In the Cancer Prevention Study Il, 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% Cl, 0.81-0.89]) or 45%
(HR, 0.55 [95% Cl, 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)
e 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
25871 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% ClI,
0.85-1.12]; marine n-3 fatty acids: HR, 0.92 [95%
Cl, 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 [Ul], 10-12 million; 22% of all deaths) and
255 million disability-adjusted life-years (95% U,
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% UIl, 1-5
million deaths), low whole grain intake (3 mil-
lion deaths; 95% Ul, 2-4 million deaths), and low

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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fruit intake (2 million deaths; 95% Ul, 1-4 million
deaths). Age-standardized diet-related death rates
decreased between 1990 and 2017 from 406
(95% Ul, 381-430) to 275 (95% UI, 258-292)
deaths per 100000 population, although the pro-
portion of deaths attributable to dietary risks was
largely stable.

In a pooled analysis of 30904 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% Cl,
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% Cl,
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)
e 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 Ill obesity or a body mass index =40 kg/
m? (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.

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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e 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)

e 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%
Cl, 39.6%-44.7%) to 51.4% (95% Cl, 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% Cl, 21.5%-24.7%) to 19.2% (95%
Cl, 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%
Cl, 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% Cl, 1.06-1.44]) and the highest high-density
lipoprotein cholesterol level (=77 mg/dL; HR, 1.25
[95% Cl, 0.97-1.62]).

High Blood Pressure (Chapter 8)

e Data from 13160 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% Cl, 84.1%-88.1%) for black males,
85.7% (95% Cl, 84.0%-87.5%) for black females,
83.8% (95% Cl, 82.5%-85.0%) for white males,
and 69.3% (95% Cl, 67.8%-70.7%) for white
females.

Among 60027 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% Cl, 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) Suefio 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%
10 5.6%.

Metabolic Syndrome (Chapter 10)
e 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% Cl, 4.14%-8.36%])
and West (6.31% [95% Cl, 4.73%-7.89%])
regions and higher in the South (7.57% [95% (I,
5.80%-9.33%]) and Midwest (11.42% [95% Cl,
8.11%-14.72%)).
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e 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 260 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
Il 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~"-1.73 m~2 or albu-
min/creatinine ratio 230 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.

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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artery disease, hypertension, and stroke was
higher in males (11.8%, 7.2%, 26.0%, and 3.3%,

Sleep (Chapter 12)

* A systematic review estimated the prevalence of
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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% Cl, 55%-69%), and the pooled prevalence
of severe obstructive sleep apnea (apnea-hypop-
nea index >30) was 30% (95% Cl, 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% Cl, 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% Cl, 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% Cl, 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% Cl, 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.

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, 2813503 resident deaths were registered
in the United States, which exceeds the 2016 figure
by 69255 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% Cl, 17.5-18.0 mil-
lion) deaths were attributed to CVD globally,
which amounted to an increase of 21.1% (95%
Cl, 19.7%-22.6%) from 2007. The age-adjusted
death rate per 100000 population was 233.1 (95%
Cl, 229.7-236.4), which represents a decrease of
10.3% (95% Cl, =11.4% to —9.3%) from 2007.
Overall, the crude prevalence of CVD was 485.6
million cases (95% Cl, 468.0-505.0 million) in
2017, an increase of 28.5% (95% Cl, 27.7%—
29.4%) compared with 2007. However, the age-
adjusted prevalence rate was 6081.6 (95% Cl,
5860.8-6320.8) per 100000, an increase of 0.2%
(95% Cl, —0.4% to 0.80%) from 2007.
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Total Cardiovascular Diseases
(Chapter 13)

¢ On the basis of the 2017 National Health Interview
Survey, the age-adjusted prevalence of all types

Stroke (Cerebrovascular Disease)
(Chapter 14)

¢ Despite encouraging data about declining stroke

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
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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% Cl, 6.2%—
11.5%) after accounting for the competing risk of
death of any cause other than stroke.

A mendelian randomization study among almost
500000 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 81714 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% Cl, 1.02-1.47]) and ischemic stroke
(adjusted HR, 1.31[95% ClI 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 10800

Heart Disease and Stroke Statistics—2020 Update: Summary

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% Cl, 4.0-
8.0]) and higher risk of stroke (OR, 2.4 [95% ClI,
1.8-3.3]), according to a meta-analysis.

Racial disparities exist in the treatment of patients
with AF. In the ORBIT-AF Il 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)

e In 2017, primary-cause sudden cardiac death

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% Cl, 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.

(SCD) mortality was 18835, and any-mention SCD
mortality in the United States was 379133. The
any-mention age-adjusted annual SCD rate is 97.1

(95% Cl, 96.8-97.4) per 100000 population.

¢ SCD appeared among the multiple causes of death
on 13.5% of death certificates in 2017 (379133
of 2813503), which suggests that 1 of every 7.4
people in the United States died of SCD.

Congenital Cardiovascular Defects and
Kawasaki Disease (Chapter 15)

e Increasingly, social determinants are being identi-

Gzoz ‘Tz Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

fied as playing an important role in outcomes from
congenital cardiovascular defects. One recent,
large review of >15000 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
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Incidence of emergency medical services—treated
out-of-hospital cardiac arrest in people of any age
is 74.3 individuals per 100000 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

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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of either cardiac arrest or ventricular fibrillation/
flutter was 183629 (rate of 56.8 per 100000
people). Of these, 15.8% (29096) were admit-

Heart Disease and Stroke Statistics—2020 Update: Summary

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

ted to the same hospital or transferred to another

hospital. Cardiomyopathy and Heart Failure

(Chapter 20)

¢ The prevalence of HF continues to rise over time,
with aging of the population. An estimated 6.2
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Subclinical Atherosclerosis (Chapter 18)
e 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.

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.

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

* The awareness of 5 common heart attack symp-

Valvular Diseases (Chapter 21)
¢ In high-risk patients with severe aortic stenosis,
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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% Cl, 1.72-1.82]; P<0.001)
and below-median income (OR, 1.08 [95% (I,
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% Cl, 1.02-1.18]) and major bleeding
(OR, 1.10[95% Cl, 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

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757

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 1220000 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 23329 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)

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

e Arecent 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.

e 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% Cl,
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)
e Data from the Society of Thoracic Surgeons

Congenital Heart Surgery Database indicate that
a total of 122459 congenital heart surgeries were
performed from July 2014 to June 2018.

e 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.

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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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.

e 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

Click here to return to the Table of Contents

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:

e ACC NCDR's Chest Pain—-MI Registry (formerly the

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

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

Ml 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
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¢ GBD—qglobal disease prevalence and mortality

e GCNKSS—stroke incidence rates and outcomes
within a biracial population

¢ GWTG—quality information for resuscitation, HF,
and stroke

e HCUP—hospital
procedures

e 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

e 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

inpatient  discharges  and

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

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
estimates* 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 /CD-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 /CD revisions, comparability ratios computed by
the CDC/NCHS are applied as noted.> Effective with
mortality data for 1999, ICD-10 is used.® Beginning in
2016, ICD-10-CM is used for hospital inpatient stays
and ambulatory care visit data.”

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.® 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 /CD
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
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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.?

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://Awvww.
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

Click here to return to the Table of Contents

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%."

This impact goal introduced a new concept of CVH,
characterized by 7 components (Life's Simple 7),?
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

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

cl 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

HbA, hemoglobin A, (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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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.” 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.

e 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.?

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 frailty*; and
with cognitive decline and depression.*> Similar
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relationships have also been seen in non-US
populations.4 ™
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.™
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.™
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."?
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."
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." The HRs for people with 6 or 7
ideal health metrics compared with 0 ideal health
components were 0.49 (95% Cl, 0.33-0.74) for
all-cause mortality, 0.24 (95% Cl, 0.13-0.47) for
CVD mortality, and 0.30 (95% Cl, 0.13-0.68) for
IHD mortality.™
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% Cl, 0.37-0.80]),
cardiovascular mortality (RR, 0.25 [95% Cl, 0.10-
0.63]), CVD (RR, 0.20 [95% Cl, 0.11-0.37]), and
stroke (RR, 0.31 [95% Cl, 0.25-0.38]) compared
with individuals with the lowest number of ideal
components.’
The adjusted PAFs for CVD mortality for individ-
ual components of CVH have been reported as
follows':
— 40.6% (95% Cl, 24.5%-54.6%) for HBP
— 13.7% (95% Cl, 4.8%-22.3%) for smoking
— 13.2% (95% Cl, 3.5%-29.2%) for poor diet
— 11.9% (95% Cl, 1.3%—-22.3%) for insufficient
PA
— 8.8% (95% Cl, 2.1%-15.4%) for abnormal
glucose levels
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¢ The adjusted PAFs for IHD mortality for individual

components of CVH were as follows™:
— 34.7% (95% Cl, 6.6%-57.7%) for HBP
— 16.7% (95% Cl, 6.4%-26.6%) for smoking
— 20.6% (95% Cl, 1.2%-38.6%) for poor diet
— 7.8% (95% Cl, 0%-22.2%) for insufficient PA
— 7.5% (95% Cl, 3.0%-14.7%) for abnormal
glucose levels
Several studies have been published in which
investigators have assigned individuals a CVH score
ranging from O 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% Cl, 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% Cl, 0.87-0.98]) participants.'®
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 21 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.”
Better CVH as defined by the AHA is associated
with lower incidence of HF,'® less subclinical vascu-
lar disease, %% better global cognitive performance
and cognitive function,?'?? lower prevalence? and
incidence?* of depressive symptoms, lower loss of
physical functional status,? longer leukocyte telo-
mere length,?® less ESRD,?” less pneumonia, less
chronic obstructive pulmonary disease,?® less VTE/
PE,?° lower prevalence of aortic sclerosis and ste-
nosis,3° lower risk of calcific aortic valve stenosis,'
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 AHA3* 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.%
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.®
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.?” Having more ideal CVH components in
middle age is also associated with lower non-CVD
and CVD healthcare costs in later life.3® An investi-
gation of 4906 participants in the Cooper Center
Longitudinal Study reported that participants with
>5 ideal CVH components exhibited 24.9% (95%
Cl, 11.7%-36.0%) lower median annual non-CVD
costs and 74.5% (95% Cl, 57.5%-84.7%) lower
median CVD costs than those with <2 ideal CVH
components.®

A more recent report from a large, ethnically diverse
insured population®* 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.®® 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 unadijusted 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
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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 26 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 25 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%).

March 3,2020 e157

o
=
==
S8
o
Swn
o=
= =
Cm
—

= o
P»n=
-
(7]




AND GUIDELINES

(7]
—
—
(¥7]
=
=
=
(7]
—l
<T
=
=
—
o

Gzoz ‘Tz Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Virani et al

— 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%,).

e 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 25 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 25 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
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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% t0 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.

e 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.#' 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).#

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%," 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.

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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e 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.**4

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.

March 3,2020 e159

(]
-
==
S8
oD
S w
o=
=E
Cm
—

m o
«»=
=
(7]




Virani et al Heart Disease and Stroke Statistics—2020 Update: Chapter 2

N Table 2-1. Definitions of Poor, Intermediate, and Ideal for Each Component of CVH
(=
S« Level of CVH for Each Metric

Ll
E = Poor Intermediate Ideal
=
ﬁ (=] Current smoking
[7- ) .
E| (-] Adults 220 y of age Yes Former 212 mo Never or quit >12 mo

(=]
= Children 12-19 y of age* Tried during the prior 30 d Never tried; never smoked whole
=< cigarette
S

BMI+
Adults 220 y of age >30 kg/m? 25-29.9 kg/m? <25 kg/m?

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 >150 min/wk moderate or >75
1-74 min/wk vigorous or min/wk vigorous or 2150 min/wk
1-149 min/wk moderate + 2x vigorous moderate + 2x vigorous
Children 12-19 y of age None >0 and <60 min of moderate or >60 min of moderate or vigorous
vigorous every day 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 220 y of age >240 200-239 or treated to goal <200
Children 6-19 y of age >200 170-199 <170

Blood pressure

Adults 220 y of age

SBP 2140 mmHg or DBP 290 mmHg

SBP 120-139 mmHg or DBP 80-89
mmHg or treated to goal

<120 mmHg/<80 mmHg

Children 8-19y of age

>95th percentile

90th-95th percentile or SBP 2120
mmHg or DBP 280 mmHg

<90th percentile

Diabetes mellitus§

Adults >20 y of age

FPG 2126 mg/dL or HbA, 26.5%

FPG 100-125 mg/dL or HbA,
5.7%-6.4% or treated to goal

FPG <100 mg/dL or HbA, <5.7%

Children 12-19 y of age

FPG 2126 mg/dL or HbA,_26.5%

FPG 100-125 mg/dL or HbA,
5.7%-6.4% or treated to goal

FPG <100 mg/dL or HbA,_<5.7%

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

*Age ranges in children for each metric depend on guidelines and data availability.

tRepresents 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 HbA, 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." Copyright © 2010, American Heart Association, Inc.
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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 12-19y Age 220 y* Age 20-39y Age 40-59 y Age 260 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)
26 Ideal 7.2(1.1) 5.3(0.5) 11.0(1.0) 2.2(0.6) 0.7 (0.4)
>5 |deal 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 mmHg 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 HbA, <5.7% 86.2 (1.4) 58.4(1.4) 79.3(1.1) 51.2 (2.5) 32.4(1.6)
|deal 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/m? 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 mett 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 1-0z/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 24 svg/wk 36.7 (2.4) 52.4(1.7) 48.9 (3.0) 549 (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; HbA, , hemoglobin A, (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.
tScaled 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.%°

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

Cardiology Foundation.
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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 HbA, based on data availability.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.4°
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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 2016.4°
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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% Cl.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.%°
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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% Cl.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.%°
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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% Cl.
NH indicates non-Hispanic.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2013 to 2014.4°
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Chart 2-7. Prevalence of meeting >5 criteria for ideal cardiovascular health among US adults 220 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% Cl.
NH indicates non-Hispanic.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2007 to 2008 and 2015 to 2016.4°
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Chart 2-8. Prevalence of meeting idea criteria for 25 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% Cl.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2007 to 2008 and 2015 to 2016.%°
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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% Cl.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2015 to 2016.%°
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Chart 2-10. Age-standardized prevalence of meeting ideal criteria for 25 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.%°
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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% Cl. 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.%°
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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 (220 years of age), 1999 to 2000 through 2015 to 2016.

Error bars represent 95% Cl. 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.%°
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Chart 2-13. Age-standardized trends in prevalence of meeting ideal criteria for 25 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% Cl.
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.%°
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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% Cl.

Grad indicates graduate.

Source: Unpublished American Heart Association tabulation using National Health and Nutrition Examination Survey, 2003 to 2004 through 2015 to 2016.%°
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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.*' Copyright © 2012, American Heart Association, Inc.
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3. SMOKING/TOBACCO USE
See Table 3-1 and Charts 3-1 through 3-6

Click here to return to the Table of Contents

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.” The AHA has identified

Abbreviations Used in Chapter 3

ACS acute coronary syndrome

AHA American Heart Association

BRFSS Behavioral Risk Factor Surveillance System

CcbC Centers for Disease Control and Prevention

CHD coronary heart disease

cl confidence interval

CVH cardiovascular health

CVvD 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

ul uncertainty interval

WHO World Health Organization
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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 NYTS? for adolescents and from the NHIS* 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.> 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.® 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.
e In 20183

— 27.1% (95% Cl, 25.3%-29.0%) of high
school students (corresponding to 4040000
users) and 7.2% (95% Cl, 6.3%-8.1%) of
middle school students (corresponding to
840000 users) used any tobacco products.
Additionally, 8.1% (95% Cl, 7.1%-9.3%)
of high school students (1180000 users)
and 1.8% (95% Cl, 1.4%-2.2%) of middle
school students (200000 users) smoked cig-
arettes in the past 30 days.

— 5.9% (95% Cl, 5.0%-7.0%) high school
students (870000 users) and 1.8% (95%
Cl, 1.5%-2.3%) of middle school students
(210000) used smokeless tobacco in the past
30 days.
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— 7.6% (95% Cl, 6.7%-8.6%) of high school
students (1100000 users) and 1.6% (95%
Cl, 1.3%-2.1%) of middle school students
(190000 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% Cl, 17.1%-
22.0%) of high school students (corresponding
to 230000 users) and 12.8% (95% Cl, 10.0%-
16.3%) of middle school students (corresponding
to 30000 users) reported smoking cigarettes every
day in the past 30 days.’

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% Cl, 8.5%-11.6%) in NH white youth com-
pared with 3.2% (95% Cl, 2.3%—-4.6%) in black
and 7.2% (95% Cl, 5.8%-8.8%) in Hispanic youth.
For cigars, the respective percentages were 7.8%
(95% Cl, 6.7%-9.1%), 9.2% (6.8%—12.4%), and
7.3% (95% Cl, 5.9%-9.1%).3

The percentage of high school students who used
e-cigarettes (20.8% or 3050000 users) exceeded
the proportion using cigarettes (8.1% or 1180000
users) in 2018 (Chart 3-2).

Adults
e According to the NHIS 2017 data, among adults

>18 years of age*:

— 14.0% (95% Cl, 13.4%-14.6%) of adults
reported cigarette use “every day” or “some
days.”

— 15.8% (95% Cl, 15.0%-16.7%) of males
and 12.2% (95% Cl, 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 <$35000 income
compared with 15.3% of those with income
of $35000 to $74999, 11.8% with income
$75000 to $99999, and 7.6% with income
>$100000.

— In adults =25 years of age, the percentage
reporting current cigarette use was 23.1%
for those with <12 years of education and
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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.®
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).°
In 2017, smoking prevalence was higher among
adults 218 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.*
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%)."° 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
e 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).™
Of new smokers in 2017, 604000 (31.8%) were
12 to 17 years of age, 817000 (43.0%) were 18
to 20 years of age, and 335000 (17.7%) were 21
to 25 years of age; only 142000 (7.5%) were 226
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)."

¢ 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% ClI, 2.97-5.63]) and past 30-day
use (OR, 2.75 [95% ClI, 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."
Approximately 45000 new current smokers may
have started smoking cigarettes after initiating
e-cigarette use over the 2-year period between
2013 t0 2014 and 2015 to 2016."

Lifetime Risk
Youth
e 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)."

— 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)."
Similar to the patterns in youth, lifetime risk of
tobacco products varied by demographic factors:

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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— 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%).

e In 2017, the lifetime use of smokeless tobacco for

adults 218 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."

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.# 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.™

¢ 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."™ 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.

e 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%."

CVH Impact

e 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.' There is a sharp increase in CVD
risk with low levels of exposure to cigarette smoke,
including secondhand smoke, and a less rapid fur-

Smoking Prevention

Tobacco 21 laws increase the minimum age of sale for
tobacco products from 18 to 21 years.
e Such legislation would likely reduce the rates of
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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."’

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.'®

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

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% Cl, 1.12-1.39])."

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.?®

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.?’

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

Short-term exposure to water pipe smoking is
associated with a significant increase in SBP and
heart rate compared with nonsmoking control
subjects,? 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.?*

The CVD risks associated with e-cigarette use are
not known.?>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 .28

e Genetics might also modify adverse CVH out-

comes among smokers, with variation in
ADAMTS7 associated with loss of cardioprotec-
tion in smokers.?®

e174 March 3, 2020

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.3°

In several towns where Tobacco 21 laws have been
enacted, 47% reductions in smoking prevalence
among high school students have been reported.>’
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.%

As of May 17, 2019, 14 states (Hawaii, California,
New Jersey, Oregon, Maine, Massachusetts,
lllinois, Virginia, Delaware, Arkansas, Vermont,
Maryland, Washington, and Utah) and at least
470 localities (including New York City, New
York; Chicago, lllinois; 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.*?

Awareness, Treatment, and Control

Smoking Cessation
e According to NHIS 2015 data, 59.1% of adult

ever-smokers had stopped smoking.>?

— 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%).

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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— 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.343>

— 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.” 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.**

e Cessation medications (including sustained-release

bupropion, varenicline, and nicotine gum, lozenge,
nasal spray, and patch) are effective for helping
smokers quit.?637

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.®

The EAGLES trial*® 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
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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.®

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

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.3342

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 =179099 QALYs,
and prevented =17000 premature deaths in the
United States.*

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.*

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% Cl, 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.*

Mortality
e 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.% Overall mortality
among US smokers is 3 times higher than that for
never-smokers.3*
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e 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. 44

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% ClI,
1.82-2.36) compared with never-smokers and
1.37 (95% ClI, 1.25-1.49) compared with former
smokers.*8

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.*

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.>®

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

Heart Disease and Stroke Statistics—2020 Update: Chapter 3

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.*?

Among US adults, awareness and use of e-ciga-
rettes has increased considerably.>® 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%).5
According to BRFSS 2016, current use of e-ciga-
rettes in adults =18 years of age was higher in sex-

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

e Electronic nicotine delivery systems, more com-

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-
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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.>!

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% (570000) 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
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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%).>

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

Secondhand Smoke
e 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%.®

— 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.*®

e 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.>’
A meta-analysis of 24 studies demonstrated that
secondhand smoke can increase risks for preterm
birth by 20%.8

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.3?
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% Cl, 0.86-0.94]).>
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).%°

Cost
e 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).™

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).®'

In 2016, $9.5 billion was spent on marketing
cigarettes and smokeless tobacco in the United
States.5?
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249 billion cigarettes were sold in the United
States in 2017, which is a 3.5% decrease from the
number sold in 2016.%

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.%

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.5*

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% U,
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.®
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%
Ul, 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.%¢
Worldwide, =80% of smokers live in low- and
middle-income countries.®’

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.6485

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.®® 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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¢ 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)

Heart Disease and Stroke Statistics—2020 Update: Chapter 3

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.>45°

Table 3-1. Deaths Caused by Tobacco Worldwide, by Sex, 2017

Both Sexes (95% Ul)

Males (95% Ul)

Females (95% Ul)

Total number (millions) deaths

8.1(7.81t08.4)

6.2 (6.0t06.4)

1.9(1.81t02.1)

Percent change in total number, 2007 to 2017

11.3(9.1t0 13.4)

12.6 (10.1 to 15.1)

7.3(4.0t0 10.4)

Percent change in total number, 1990 to 2017

20.8(17.1 t0 24.6)

27.9(23.91t031.9)

2.5(-2.8t08.4)

Mortality rate per 100000

103.2 (99.0 to 107.3)

173.5(166.9 to 180.1)

44.7 (41.5 t0 48.2)

Percent change rate, 2007 to 2017

-15.9(-17.6 to -14.4)

-15.6 (-17.5t0 -13.8)

-19.1(-21.5t0 -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(13.9t0 15.0)

20.4(19.7 to 21.1)

7.5(6.9t0 8.0)

Percent change in PAF, 2007 to 2017

1.9(0.3t03.5)

3.2(1.6t04.9

-2.0(-4.5t00.4)

0.4(-2.41t03.2)

4.8(2.1t07.5)

-13.5(-17.8t0 -8.9)

Percent change in PAF, 1990 to 2017

PAF indicates population attributable fraction; and Ul, uncertainty interval.

Source: Data derived from Global Burden of Disease Study 2017, Institute for Health Metrics and Evaluation, University of Washington.®* Printed with

permission. Copyright © 2018, University of Washington.
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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/ethnicityt (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?”

tBlacks, 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 21
day in the past 30 days.

§Any combustible tobacco product use was defined as use of cigarettes, cigars, hookahs, pipe tobacco, or bidis on 21 day in the past 30 days.

IUse 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.?
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Chart 3-2. Estimated percentage of US high school students who currently use any tobacco product,* any combustible tobacco product,t >2 tobacco
product types,f and selected tobacco products (NYTS, 2011-2018).519]

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.

tAny combustible tobacco product use was defined as use of cigarettes, cigars, hookahs, pipe tobacco, or bidis on >1 day in the past 30 days.

FUse of >2 tobacco product types was defined as use of 22 of the following tobacco products: e-cigarettes, cigarettes, cigars, hookahs, smokeless tobacco, pipe
tobacco, or bidis on 21 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).

IDuring 2011 to 2018, current use of combustible tobacco products, 22 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.

fIBeginning 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

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.°
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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.°

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."?
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Chart 3-6. Age-standardized global mortality rates attributable to tobacco per 100000, 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; FI, 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.®* Printed with permission.
Copyright © 2018, University of Washington.
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Abbreviations Used in Chapter 4 Continued

4. PHYSICAL INACTIVITY

o
T
See Charts 4-1 through 4-13 NHANES National Health and Nutrition Examination Survey ; §
NHIS National Health Interview Survey g |E
Click here to return to the Table of Contents NIH-AARP National Institutes of Health-American Association of g <
Retired Persons m =
Physical inactivity is a major risk factor for CVD (eg, OR odds ratio ==
CHD, stroke, PAD, HF)." Achieving the guideline recom- PA physical activity «» =
; ; ; b
me_ndatlons for PA is one_o1c the AHA's 7 components oAD peripheral artery disease
of ideal CVH for both children and adults.? The AHA oAF opulation attibutable fracion
. . ulatl ou I
and 2018 federal guidelines for PA recommend that
QALY quality-adjusted life-year

children get at least 60 minutes of PA daily (including
aerobic and muscle- and bone-strengthening activity).? RCT

randomized controlled trial
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In 2017, on the basis of survey interviews,* only 26.1% REGARDS Reasons for Geographic and Racial Differences in
Stroke
Abbreviations Used in Chapter 4 RR relative risk
ACC American College of Cardiology SBP systolic blood pressure
AF atrial fibrillation SES socioeconomic status
AHA American Heart Association VTE venous thromboembolism
AMI acute myocardial infarction WC waist circumference
app application WHI Women'’s Health Initiative
BMI body mass index WHO World Health Organization
BP blood pressure WHS Women'’s Health Study
CAD coronary artery disease YRBSS Youth Risk Behavior Surveillance System
CER cost-effectiveness ratio
CHD coronary heart disease of high school students reported achieving at least 60
cl confidence interval minutes of daily PA, which is likely an overestimation
CPS-I Cancer Prevention Study Il of those actually meeting the guidelines.>® The 2018
oY L
oD cardiovascular disease federal guidelines® and the 2019 ACC/AHA Guideline
. on the Primary Prevention of Cardiovascular Disease’
CVH cardiovascular health .

— recommend that adults get at least 150 minutes of
pep diastolic blood pressure moderate-intensity or 75 minutes of vigorous-intensity
DM diabetes mellitus aerobic activity (or an equivalent combination) per week
ED emergency department and perform muscle-strengthening activities at least 2
EF ejection fraction days per week. In a nationally representative sample of
FINGER Finnish Geriatric Intervention Study to Prevent aqUHS, iny 24-3% reported participating ”_7 adqua_te

Cognitive Impairment and Disability leisure-time aerobic and muscle-strengthening activity
GBD Global Burden of Disease to meet these criteria (Chart 4-1),® but they were not
HBP high blood pressure asked to report activity accumulated during occupa-
. - ) tional, transportation, or domestic duties.
HDL-C high-density lipoprotein cholesterol . . . . .
" —— Being physically active is an important aspect of
t . .

eart farure overall health. Meeting recommendations for PA not
AR hazard ratio only reduces premature mortality but also improves risk
LDL-C low-density lipoprotein cholesterol factors for CVD (such as HBP, type 2 DM, and high cho-
LIFE Lifestyle Interventions and Independence for Elders lesterol) and reduces the likelihood of diseases related
MET metabolic equivalent to CVD, including CHD, HF, stroke, and aging-related

1 ia 7.9-11 i
MetS metabolic syndrome diseases, such as dementia. . Bengﬂts frqm PA are
— seen for all ages and groups, including children and
Mi myocardial infarction . .
: — older adults, pregnant women, and people with dis-
MSA Metropolitan Statistical Area abilities and chronic conditions. Therefore, the 2018
NAVIGATOR Long-term Study of Nateglinide + Valsartan to Prevent federal gu|de||nes recommend belng as phy5|ca||y
or Delay Type Il Diabetes Mellitus and Cardiovascular . e "
Complications active as abilities and conditions allow and that some
N PA is better than none.> The PA Guidelines Advisory
NH non-Hispanic
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Committee published a scientific report providing a
clearer message for individuals not meeting the 150
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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.?

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).> 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.>

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.>612

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/7domains might be
less likely to be identified as meeting the guidelines.

PA and cardiorespiratory fitness provide distinct
metrics in assessment of CVD risk." Poor cardiorespi-
ratory (or aerobic) fitness might be a stronger predic-
tor of adverse cardiovascular outcomes than traditional
risk factors.’ 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.' 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. 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
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plan to approach cardiorespiratory fitness globally with
a goal to reduce the prevalence of insufficient PA by
15% by 2030."3'6 Such additional data on the cardiore-
spiratory fitness levels of populations could give a fuller
and more accurate picture of physical fitness levels.?

Prevalence

Youth
Meeting the Activity Recommendations
(See Charts 4-2 through 4-5)
¢ On the basis of self-reported PA (YRBSS, 2017)*

— 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 260 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).

— Inthe 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).

e With regard to objectively measured moderate
to vigorous PA (based on age-specific criteria for

accelerometer cut points; NHANES, 2003-2004)":

— 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.

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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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)'8:

— 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)*:

— 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

Heart Disease and Stroke Statistics—2020 Update: Chapter 4

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).?' 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.
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of the week. Adults N ,
Meeting the Activity Recommendations

(See Charts 4-1 and 4-7 through 4-12)
¢ With regard to self-reported leisure-time aerobic

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).#

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).*

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.

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).

e 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-

Television/Video/Computers
(See Chart 4-6)
¢ Research suggests that screen time (watching tele-
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vision or using a computer) can lead to less PA
among children.?® In addition, television viewing
time is associated with poor nutritional choices,
overeating, and weight gain (Chapter 5, Nutrition).

e In 2017 (YRBSS)*:

— 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

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757

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 225 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% Cl, —0.95 to -0.75]) among 136526
participants 51 to 70 years of age.?
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)¢:
— The number of individuals meeting the fed-

Heart Disease and Stroke Statistics—2020 Update: Chapter 4

of PA,* 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).®

¢ 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.%7

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.?® 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.?®

eral PA guidelines, including all moderate to Structured Activity Participation in Leisure-Time,
vigorous PA as recommended by the 2018 PA  Domestic, Occupational, and Transportation Activities
guidelines, declines from middle age (57% of ~ and Sitting Time

40- to 49-year-olds) to older age (26% of 60- ¢ Individuals from urban areas who participated in
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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).?

— 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.?®

— 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),® but the magnitude of difference var-
ies widely if using a different accelerometer
definition of moderate to vigorous PA."?

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

e188 March 3, 2020

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.2®
— 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.?®
At this time, it is unclear which construct of PA
(domestic, occupational, or transportation) con-
tributes to the higher objectively measured PA3
but lower subjectively measured PA%* 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

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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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.?!

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

Heart Disease and Stroke Statistics—2020 Update: Chapter 4

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%.3
e The age-adjusted percentage of US adults who
reported meeting both the muscle-strengthening
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Secular Trends and aerobic guidelines increased from 14.4% in
Youth 199810 21.4% in 2015 and 24.4% in 201724 The

In 2017 (YRBSS)*: o o percentage of US adults who reported meeting
¢ Among students nationwide, there was a signifi-
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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%).43
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
10 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%,%' 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%).**3
— 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%).% 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."®
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the aerobic guidelines increased from 40.1% in
1998 t0 49.7% in 2015 and 54.0% in 2017243
e 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% 10 52.1% (2005 to 2015).3¢
¢ 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)®” to 2017 (2 hours 28 minutes per
day)?® 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

e 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.* Moving to a walkable neighborhood was
associated with a lower risk for incident hyperten-
sion in the Canadian Community Health Survey.*°

e 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.*’

e 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.?*

¢ 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.*?

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. 344

Family History and Genetics

e |tis 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.*

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
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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.*

In a pooled study of >600000 participants,*® an
inverse dose-response relationship was observed
between level of self-reported leisure-time PA (HR,
0.80[95% Cl, 0.78-0.82] for less than the recom-
mended minimum of the PA guidelines; HR, 0.69
[95% Cl, 0.67-0.70] for 1-2 times the recom-
mended minimum; and HR, 0.63 [95% Cl, 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% Cl, 0.59-0.62]). Furthermore,
there was no evidence of harm associated with
performing =10 times the recommended mini-
mum (HR, 0.68 [95% Cl, 0.59-0.78]).>°

Similarly, a population-based cohort in New South
Wales, Australia, of 204542 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% (I, 0.61-0.71) for those reporting 10 to 149
min/wk, 0.53 (95% Cl, 0.48-0.57) for those report-
ing 150 to 299 min/wk, and 0.46 (95% Cl, 0.43-
0.49) for those reporting =300 min/wk of activity.>'
In the WHS (N=28879; 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% Cl, 0.65-0.82]; HR, 0.71 [95% Cl, 0.62—
0.82]; and HR, 0.81 [95% Cl, 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% ClI, 0.77-1.56])
because of very wide Cls.>?

A meta-analysis also revealed an association
between participating in more transportation-
related PA and lower all-cause mortality risk.> In
contrast, higher occupational PA has been asso-
ciated with higher mortality in males but not
females.>* 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 263540 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.>

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% Cl, 1.09-1.41]).
This association was more pronounced at lower
levels of PA than at higher levels.®

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.>’

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 127554 males and females free of
chronic disease at baseline.>®

Using an isotemporal substitution approach in a
subsample of the CPS-Il, 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%
Cl, 0.81-0.89]) or 45% (HR, 0.55 [95% Cl, 0.47-

Heart Disease and Stroke Statistics—2020 Update: Chapter 4

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.®

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% Cl, 1.60-4.30) and longer sedentary bouts
(HR, 1.96 [95% Cl, 1.31-2.93]).%?

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

sis conducted on 16533 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.®3

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.5*

In a retrospective cohort study of 57085 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.®
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0.62]) lower mortality, respectively. For the indi-
viduals with the highest PA levels, substitution was
not associated with differences in mortality risk.>®

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

Objectively Measured Physical Inactivity/
Sedentary Time and Mortality
¢ In a subsample of NHANES 2003 to 2006 (partici-
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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% Cl, 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% (I,
0.86-0.96]).%°

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

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757

with the highest levels of PA had lower SBP, lower
glucose levels, and lower insulin levels than partici-
pants in the lowest PA group.®®

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.®’

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

In a study of 36956 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.%°

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

Heart Disease and Stroke Statistics—2020 Update: Chapter 4

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.”” 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.”

Cardiovascular Events
¢ In a dose-response meta-analysis of 9 prospec-
Adults tive cohort studies (N=720425), higher levels of
Cardiovascular and Metabolic Risk sedentary time were associated with greater risk
* In a meta-analysis of 11 studies investigating the of CVD in a nonlinear relationship (HR for high-

follow-up.”®
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role of exercise among individuals with MetS,
aerobic exercise significantly improved DBP (-1.6
mmHg, 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).”"
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%).7?
Engaging in active transport to work has been
associated with lower cardiovascular risk factors.
— In a large Swedish cohort of 23732 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.”
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.”
In a dose-response meta-analysis of 29 studies
with 330222 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% Cl, 0.92-0.96]).7°
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% Cl, 0.53-0.83]).7°
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
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est versus lowest sedentary time, 1.14 [95% Cl,
1.09-1.19]).%°

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.®’

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.8

In a prospective cohort study of 130843 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% ClI,
0.69-0.82]; moderate versus low, 0.86 [95% Cl,
0.78-0.93]; high versus moderate, 0.88 [95% Cl,
0.82-0.94]) over an average 6.9 years of follow-up
time.®

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.8

In a dose-response meta-analysis of 12 prospective
cohort studies (N=370460), 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.®>
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.
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.®
In the WHI, every hour per day more of light-inten-
sity PA was associated with lower CHD (HR, 0.86
[95% Cl, 0.73-1.00]; P=0.05) and lower CVD (HR,
0.92 [95% Cl, 0.85-0.99]; P=0.03).58
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.®® However, higher occupational PA has
recently been associated with higher Ml incidence
in males 19 to 70 years old.>**° These relationships
require further investigation, because a protective
association of occupational activity with Ml has
been reported in young males (19-44 years).*®

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.”!

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.®?

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

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

— 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%
Cl, 0.74-0.93]).%4

Lower levels of cardiorespiratory fitness have also

been associated with higher risk of HF in a recent

study of 21080 veterans, with a 91% higher risk
of HF noted among low-fitness participants (HR,

1.91[95% Cl, 1.74-2.09]).°°
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¢ In a Swedish cohort of 773925 young males with-

out history of VTE, cardiorespiratory fitness was
associated with a reduced risk of VTE (HR, 0.81
[95% Cl, 0.78-0.85]) at =20 years of follow-up.®®
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%
Cl, 0.76-0.82]).”"

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.®
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.%
In a prospective cohort study of 15486 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.'®
— 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.™"
— 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% Cl,
0.50-0.83])."%2
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% Cl, 1.16-
3.22] for poor versus high PA and HR, 1.84 [95%
Cl, 1.02-3.31] for intermediate versus high PA) and
cardiovascular mortality (HR, 4.36 [95% ClI, 1.37-
13.83] for poor versus high PA and HR, 4.05 [95%
Cl, 1.17-14.04] for intermediate versus high PA).'3
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 Ml was significantly lower in patients
who participated in supervised (n=593) versus
unsupervised (n=531) exercise programming.'%
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e Early mortality after a first Ml was lower for

patients who had higher exercise capacity before
the Ml 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.'% 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% Cl, 1.21-1.55]).70¢

A recent study of participants included in the WHI
observational study who experienced a clinical Ml
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% (I,
0.36-0.86]) or with sustained high PA levels (HR,
0.52 [95% Cl, 0.36-0.73])."%

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.'%®

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.°

One of Life's Simple 7 strategies promotes achieve-
ment of adequate PA. Results from a meta-analysis
including >33000 participants suggest that indi-
viduals who self-report high PA levels have a 38%
lower risk of cognitive decline.'® Results from inter-
vention trials have been more inconsistent.!*-"3
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."°
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% Cl, 0.14-0.47]) in a meta-analysis rep-
resenting data from 736 participants.’" 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% Cl, 0.55-0.66]),
with similar results in both low- and high-intensity
and volume rehabilitation programs.'>

e194 March 3, 2020

Heart Disease and Stroke Statistics—2020 Update: Chapter 4

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.'"®

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."”

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).""®

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).’®

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.?

Interventions and community strategies to increase

PA have been shown to be cost-effective in terms

of reducing medical costs'™":

— Nearly $3 in medical cost savings is realized
for every $1 invested in building bike and
walking trails.

— The incremental CER ranges from $14000 to
$69000 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% Cl, 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%

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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Cl, 23.9%-33.9%). Critically, it appears that the
number of women reporting insufficient PA is 8%

higher than men, globally.’?

e 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.'?* Mortality rates attributable to low
PA are highest in North Africa and the Middle East

and in Central and Eastern Europe (Chart 4-13).

Heart Disease and Stroke Statistics—2020 Update: Chapter 4

e Physical inactivity is among the leading behav-

ioral risk factors for global death, responsible for
1.3 million deaths annually.”®* 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 130843 participants
without preexisting CVD.#
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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 218 years of age.
NH indicates non-Hispanic.

Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2017.

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757

March 3,2020 e195

()
-
==
S8
oD
S w
o=
m 35
Cm
—

m o
«»=
=
(7]




Virani et al Heart Disease and Stroke Statistics—2020 Update: Chapter 4

70

AND GUIDELINES

(7]
—
—
Ll
=
=
=
(7]
—l
<t
—
=
—
(3]

Percent of Population

NH White NH Black Hispanic NH White NH Black Hispanic

Male Female
B25 days WAl 7 days

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 260 min/d on
all 7 days preceding the survey.

NH indicates non-Hispanic.

Source: Data derived from Kann et al* using Youth Risk Behavior Surveillance System, 2017.
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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 al* using Youth Risk Behavior Surveillance System, 2017.
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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 260 min/d on

all 7 days preceding the survey.

Source: Data derived from Kann et al* using Youth Risk Behavior Surveillance System, 2017.
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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 al'® using National Health and Nutrition Examination Survey, National Youth Fitness Survey, 2012.

Circulation. 2020;141:e139-e596. DOI: 10.1161/CIR.0000000000000757

March 3,2020 e197

> =
=

S s
o~
S w
o=
SE
Cm
—

= o
\»=
=
(7]




Virani et al Heart Disease and Stroke Statistics—2020 Update: Chapter 4

60

50 A

AND GUIDELINES

(7]
—
—
Ll
=
=
=
(7]
—l
<t
—
=
—
(3]

Percent of Population
w
o

20 1

Male BNH White BNH Black OHispanic | eMae

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 al* using Youth Risk Behavior Surveillance System, 2017.
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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 2150 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, 2017.2?
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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 2150 min/wk or vigorous activity 275 min/wk or an equivalent combination.

Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2017.
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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 2150 min/wk or vigorous activity 275 min/wk or an equivalent combination.

MSA indicates metropolitan statistical area.

Source: Data derived from Healthy People 20208 using National Health Interview Survey, 2017.

Circulation. 2020;141:e139-e596. DOI: 10.1161/CIR.0000000000000757 March 3,2020 e199



Virani et al Heart Disease and Stroke Statistics—2020 Update: Chapter 4

A Adults below 100% poverty B Adults 100% to <200% poverty
3.1 3.0

AND GUIDELINES

(7]
—
—
Ll
=
=
=
(7]
—l
<t
—
=
—
(3]

@ Met both full guidelines @ Met both full guidelines
@ Met neither guideline B Met neither guideline
O Met full aerobic guideline only @ Met full aerobic guideline only
@ Met full muscle-strengthening guideline only @ Met full muscle-strengthening guideline only
C Adults 200% poverty or higher
3.6

@ Met both full guidelines

@ Met neither guideline

@ Met full aerobic guideline only

@ Met full muscle-strengthening guideline only

G20z ‘Tz Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Chart 4-10. Prevalence of meeting the aerobic and muscle-strengthening guidelines for the 2018 Physical Activity Guidelines for Americans among
US adults 218 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.
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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 218 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 2150 min/wk or vigorous activity =75 min/wk or an equivalent combination.

Source: National Health Interview Survey, 2017.24
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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.
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Chart 4-13. Age-standardized global mortality rates attributable to low physical activity per 100000, 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; FI, 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.'? Printed with permission.
Copyright © 2018, University of Washington.

8. Office of Disease Prevention and Health Promotion. Healthy People 2020:
Data 2020. HealthyPeople.gov website. https:/Awww.healthypeople.
gov/2020/data-search. Accessed March 27, 2019.
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2019.

GBD Risk Factor Collaborators. Global, regional, and national compara-
tive risk assessment of 84 behavioural, environmental and occupational,
and metabolic risks or clusters of risks for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease
Study 2017 [published corrections appear in Lancet. 2019;393:132
and Lancet. 2019;393:e44]. Lancet. 2018;392:1923-1994. doi:
10.1016/50140-6736(18)32225-6
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5. NUTRITION

See Tables 5-1 through 5-3 and Charts 5-1
through 5-6

Click here to return to the Table of Contents

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,

Abbreviations Used in Chapter 5

AHA American Heart Association

AHEI Alternate Healthy Eating Index

ALA a-linoleic acid

ASCVD atherosclerotic cardiovascular disease
BMI body mass index

BP blood pressure

CER cost-effectiveness ratio

CHD coronary heart disease

cl confidence interval

CVvD 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

HbA, hemoglobin A, _(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)

Ml myocardial infarction

MUFA monounsaturated fatty acid

MVMM multivitamin/mineral

NA not available

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey
PREDIMED Prevencién con Dieta Mediterranea
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

ul uncertainty interval

WHI Women'’s Health Initiative
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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," 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.’

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.? 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
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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
1in 3 whites, 1in 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
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American males consumed <6.5% of total energy
intake from added sugars.

e 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.

e 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.*

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 below?:

¢ 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.

e 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.

e 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.

e 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.

e 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.

e 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.

e 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.

e 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.

e 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.
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e 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.? 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.” 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.% 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.° One-third of the
improvement was attributable to reduction in empty
calorie intake; other HEIl 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=98256 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.'®
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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.”” The \Women,
Infants, and Children food package revisions were asso-
ciated with significant improvements in HEI-2010 score
(3.7-higher HEI points [95% Cl, 0.6-6.9]), with the great-
est improvement coming from a 3.4-fold increase (95%
Cl, 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.'? 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.'* 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%)." 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."

¢ 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.™®

e 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, lllinois;
Minneapolis, Minnesota; and Oakland, California),
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past neighborhood-level income was inversely
associated with current density of convenience
stores.” 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.?°

Genetics/Family History

¢ Genetic factors may contribute to food preferences
and modulate the association between dietary
components and adverse CVH outcomes.?'-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.?*

¢ The interactions between a GRS composed of 97
BMl-associated variants and 3 diet-quality scores
were examined in a pooled analysis of 30904 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).?> A 10-U increase in the GRS
was associated with a 0.84-U (95% Cl, 0.72-0.96)
increase in BMI for those in the highest tertile of
AHEI score, compared with a 1.14-U (95% Cl,
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 2012.2° In 2012,
318656 (45.4%) of 702308 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 (59374; 8.5%), high consumption of processed
meats (57 766; 8.2%), low intake of seafood omega-3
fats (54626; 7.8%), low consumption of vegetables
(53410; 7.6%) and fruits (52547; 7.5%), and high con-
sumption of SSBs (51694, 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 MI?” and a large primary pre-
vention trial in Spain among patients with CVD risk
factors.?® 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.?*

¢ 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% Cl, =1.1 to 0.2 cm]) compared with the
control group.® In a subgroup analysis of 3541
patients in PREDIMED without DM, HRs for inci-
dent DM were 0.60 (95% Cl, 0.43-0.85) for the
Mediterranean diet with olive oil arm and 0.82
(95% Cl, 0.61-1.10) for the Mediterranean diet
with nuts arm compared with the control arm.
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e 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 mmHg in adults with base-
line SBP <130, 130 to 139, 140 to 149, and =150
mmHg, respectively.’’

e Compared with a higher-carbohydrate DASH diet,
a DASH-type diet with higher protein lowered BP by
1.4 mmHg, 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 mmHg, increased HDL-C by 1.1
mg/dL, and lowered triglycerides by 10 mg/dL.3?
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 mmHg) and DBP (-4.2 mm Hg), whereas
the Mediterranean diet had an effect on DBP (-1.4
mmHg) but not SBP.34

¢ In a meta-analysis of 8 observational studies (3
Seventh-day Adventist cohorts [N=110723] and 5
other cohorts [N=72598]), vegetarians had a 40%
lower risk of CHD in the Seventh-day Adventist
studies (RR, 0.60 [95% Cl, 0.43-0.80]) and a 16%
lower risk of CHD (RR, 0.84 [95% Cl, 0.74-0.96])
in the other studies.®

e In a cohort of 200272 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% Cl, 0.74-0.87]).¢

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% Cl, -0.63 to
-0.11 kg]), TC (-0.15 mmol/L [95% Cl, -0.22
to —0.07 mmol/L]), and SBP (-1.27 mmHg [95%
Cl, =2.50 to -0.04 mmHg]) and tended to lower
HbA, (-0.54% [95% CI, —1.28% t0 0.20%]).” 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% Cl,
—-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% Cl|,
0.69-0.83]), CHD mortality (RR, 0.69 [95% Cl,
0.60-0.81]), and incident stroke (RR, 0.78 [95%
Cl, 0.69-0.88]).>” Higher whole grain intake was
associated with a lower risk of incident CHD (RR,
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0.80[95% Cl, 0.70-0.91]), CHD mortality (RR, 0.66
[95% Cl, 0.56-0.77]), and stroke death (RR, 0.74
[95% Cl, 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/m? 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.?

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.%®

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.>® Replacing
5% energy from carbohydrates with SFAs gener-
ally had no significant effects, whereas replacing
carbohydrates with unsaturated fats lowered both
HbA,_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.*°

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.*’

In the WHI RCT (N=48835), 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% Cl, 0.88-1.09]), stroke (RR, 1.02 [95%
Cl, 0.90-1.15]), or total CVD (RR, 0.98 [95% Cl,
0.92-1.05]) over a mean follow-up of 8.1 years.*
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% Cl, 0.83-0.97]).4
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.*
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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.*

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% Cl, 0.92-0.99]).4¢

In a prospective study of 512891 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% Cl, 0.58-0.75]),
25% lower risk of ischemic stroke (RR, 0.75 [95%
Cl, 0.72-0.79]), and 36% lower risk of hemorrhagic
stroke (RR, 0.64 [95% Cl, 0.56-0.74]).%

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

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% Cl,
0.94-0.98]).#° The association was stronger in Asian
cohorts than Western cohorts. In the REGARDS studly,
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% Cl, 1.11-2.40]).>°

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% Cl, 1.07-1.89]).°

In a study of 169310 female nurses and 41526
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% Cl, 0.79-0.93])
and CHD (HR, 0.80 [95% Cl, 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.>?

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% Cl, 0.78-0.94]).>3
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.>*
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Sodium and Potassium

In a meta-analysis of 34 RCTs with modest reduc-
tion of sodium for 24 weeks, a 100-mmol/d (2300-
mg/d) reduction in sodium was associated with
a 5.8-mmHg lower SBP>> The effects of sodium
reduction on BP appear to be stronger in individu-
als who are older, hypertensive, and black.6>7
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.>®% 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.®?
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% Cl, 0.57-0.99]) compared with
those randomized to control.

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% Cl, 1.05-1.46]; P=0.01).%
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% Cl, 1.01-1.27]; P=0.04).%%

Dietary Supplements

In an RCT of 15480 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% Cl,
0.87-1.08]) or a composite outcome of first seri-
ous vascular event or revascularization (RR, 1.00
[95% Cl, 0.91-1.09]) or mortality (RR, 0.95 [95%
Cl, 0.86-1.05]) compared with placebo (1 g of
olive oil).%>

In an RCT of 25871 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.%¢ Vitamin D had
no effect on major cardiovascular events (HR, 0.97
[95% ClI, 0.85-1.12]), cancer (HR, 0.96 [95% ClI,
0.88-1.06]), or any secondary outcomes. Marine
n-3 fatty acid supplementation had no effect on
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major cardiovascular events (HR, 0.92 [95% (I,
0.80-1.06)), invasive cancer (HR, 1.03 [95% ClI,
0.93-1.13]), or any secondary outcomes.

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

¢ A meta-analysis of 77917 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% Cl, 0.81-1.03]),
nonfatal MI (RR, 0.97 [95% Cl, 0.87-1.08]), or any
CHD events (RR, 0.97 [95% Cl, 0.93-1.01]).8

¢ 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.®® Meta-
analyses of folic acid RCTs suggested reductions in
stroke risk (RR, 0.80 [95% Cl, 0.69-0.93]) and CVD
(RR, 0.83 [95% Cl, 0.73-0.93]), although the ben-
efit was mainly driven by the China Stroke Primary
Prevention Trial, a large RCT of 20702 adults with
hypertension and no history of stroke or MI.7

Cost

The US Department of Agriculture reported that the
Consumer Price Index for all food increased by 1.4%
in 2018.7" 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.”?

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.”

® Ina 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.”
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).”> 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 1$204 per DALY (95% Cl, 1$149-1$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.” 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).”
In Berkeley, CA, a 1 cent per ounce SSB excise tax was
implemented in January 2015.7® 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.”? 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.
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In a systematic review of population-level sodium
initiatives, reduction in mean sodium intake occurred
in 5 of 10 initiatives.®® 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
2011,8" along with concurrent decreases in BP (3.0/1.4
mmHg) 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)

e 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. 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.® In 2017, an esti-
mated 11 million deaths (95% Ul, 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% Ul, 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%
Ul, 324-369] deaths per 100000 population),
whereas high Socio-demographic Index countries
had the lowest age-standardized rates of diet-
related deaths (113 [95% Ul, 104-122] deaths
per 100000 population). Age-standardized diet-
related death rates decreased between 1990 to
2017 from 406 (95% Ul, 381-430) to 275 (95%
Ul, 258-292) deaths per 100000 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 metricst

Fruits and vegetables 24.5 cups/d# 0 to 24.5 cups/d# 0-10

Fish and shellfish 2 or more 3.5-0z servings/wk 0 to 27 oz/wk 0-10
(=200 g/wk)

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 0to >3 oz/d 0-10

Secondary dietary metricst

Nuts, seeds, and legumes >4 servings/wk (nuts/seeds: 1 oz; 0 to >4 servings/d 0-10
legumes: Y5 cup)

Processed meats 2 or fewer 1.75-0z servings/wk (<100 <3.5to >17.5 oz/wk 10-0
g/wk)

Saturated fat <7% energy <7 to >15 (% energy) 10-0

AHA Diet Score (primary) Ideal: 4 or 5 dietary targets (=80%) Sum of scores for primary metrics 0 (worst) to 100 (best)§

Intermediate: 2 or 3 dietary targets Ideal: 80-100
(40%~-79%) Intermediate: 40-79
Poor: <2 dietary targets (<40%) Poor: <40

AHA Diet Score (secondary) Ideal: 4 or 5 dietary targets (280%) Sum of scores for primary and 0 (worst) to 100 (best)§

Intermediate: 2 or 3 dietary targets secondary metrics Ideal: 80-100
(40%-79%) Intermediate: 40-79
Poor: <2 dietary targets (<40%) 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.

tSelected 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.? 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.

fIncluding up to one 8-0z 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 O to 50 (5 components), and the natural range of the secondary AHA Diet Score is O 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 (280%), 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 77; Lloyd-Jones et al?; Rehm et al.®
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Table 5-2. Trends in Key Dietary Components Among US Adults, NHANES 2003 to 2004 to NHANES 2015 to 2016

Survey-Weighted Mean/Percentages (95% Cl)*
AHA Score 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014 2015-2016 P for Trend
Primary 19.0 19.9 19.5 20.9 21.2 21.0 20.8 <0.001
(18.1-20.0) (19.2-20.6) (18.7-20.3) (20.5-21.4) (20.4-21.9) (20.3-21.7) (19.9-21.6)
Fruits and vegetables 5.0 5.0 4.9 5.1 5.1 4.9 4.8 0.18
(4.7-5.3) (4.8-5.3) (4.7-5.2) (4.9-5.3) (4.9-5.3) (4.7-5.0) (4.5-5.0)
Whole grains 2.1 24 24 2.8 3.1 3.0 3.0 <0.001
(1.9-2.3) (2.3-2.6) (2.2-2.6) (2.7-2.9) (2.9-3.3) (2.8-3.1) (2.8-3.2)
Fish and shellfish 25 2.6 2.5 2.8 2.5 2.5 2.3 0.23
(2.2-2.8) (2.4-2.8) (2.2-2.7) (2.4-3.1) (2.2-2.8) (2.2-2.9) (1.9-2.6)
SSBs 5.6 6.3 6.2 6.6 6.7 6.9 7.1 <0.001
(5.2-6.0) (6.0-6.6) (5.9-6.5) (6.4-6.8) (6.4-7.0) (6.5-7.3) (6.8-7.3)
Sodium 3.8 3.5 35 3.6 3.8 3.8 3.7 0.17
(3.6-3.9) (3.4-3.6) (3.4-3.6) (3.5-3.8) (3.7-3.9) (3.6-3.9) (3.5-3.8)
Secondary 34.6 35.6 35.5 37.3 38.0 37.5 371 <0.001
(33.4-35.8) (34.5-36.6) (34.2-36.7) (36.6-38.0) (36.9-39.2) (36.6-38.3) (35.8-38.3)
Nuts, seeds and 4.1 4.4 4.3 4.4 4.8 47 5.0 <0.001
legumes (3.9-4.4) (4.1-4.7) (3.9-4.7) (4.2-4.6) (4.6-5.0) (4.4-5.0) (4.6-5.4)
Processed meat 6.6 6.5 6.7 6.6 6.7 6.7 6.7 0.09
(6.4-6.8) (6.1-6.8) (6.5-6.9) (6.4-6.9) (6.4-6.9) (6.5-7.0) (6.5-7.0)
Saturated fat 4.9 4.8 5.0 5.3 5.4 5.0 45 0.48
(4.7-5.1) (4.7-5.0) (4.8-5.2) (5.1-5.5) (5.2-5.6) (4.8-5.2) (4.3-4.8)

Diet quality by primary and secondary scores (%)

Primary score

Poor 56.0 52.4 53.9 47.8 458 46.6 47.8 <0.001
(51.6-60.2) (48.3-56.5) (49.9-57.9) (45.3-50.3) (41.8-49.9) (42.7-50.7) (43.1-52.6)
Intermediate 43.4 46.9 45.3 50.7 52.7 51.8 50.8 0.001
(39.2-47.6) (43.0-50.8) (41.5-49.1) (48.0-53.3) (48.8-56.6) (47.7-55.9) (46.2-55.4)
Ideal 0.7 0.7 0.8 1.5 1.5 1.6 1.4 0.001
(0.5-1.0) (0.4-1.3) (0.5-1.6) (1.0-2.2) (0.9-2.4) (1.0-2.5) (1.0-2.1)

Secondary score

Poor 43.7 4.7 41.3 36.1 339 35.8 36.4 <0.001
(39.6-47.8) (38.1-45.4) (37.1-45.7) (34.0-38.3) (31.2-36.7) (33.3-38.3) (32.6-40.4)
Intermediate 55.2 56.8 57.5 61.6 64.1 62.0 62.0 <0.001
(51.2-59.2) (53.1-60.4) (53.1-61.7) (59.3-63.8) (61.6-66.5) (59.5-64.4) (58.1-65.7)
Ideal 1.1 1.5 13 2.3 2.0 2.3 1.6 0.02
(0.7-1.7) (1.0-2.2) (0.9-1.8) (1.5-3.3) (1.4-2.9) (1.8-2.9) (1.0-2.5)

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 O (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 8-0z 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. &
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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

Mexican American Mexican American
NH White Males NH Black Males Males NH White Females NH Black Females Females
% % % % % %
Average | Meeting | Average | Meeting Average Meeting | Average | Meeting | Average | Meeting | Average | Meeting
Consumption |Guideli Consumption|Guidelines | Consumption | Guidelines| C pti idelines|Ci pti idelines| Cor ption|Guideli
Foods
Whole grains, 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
servings/d
Whole fruit, 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
servings/d
Total fruit, servings/d 1.8+1.4 13.7 1.7+2.6 89 2+2.7 16.5 1.9+1.2 12.0 1.9+2.5 14.6 2.2+2.9 18.6
Nonstarchy 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
vegetables, servings/d
Starchy vegetables,t| 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
servings/d
Legumes, servings/ 1.5+2.1 29.9 1.0+£3.4 15.2 3.4+6.4 46.4 1.2+ 1.6 253 1.1+ 3.2 21.2 2.9+5.7 45.6
wk
Fish and shellfish, 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+4.1 245 1.2+4 17.3
servings/wk
Nuts and seeds, 5.8+6.5 37.3 2.849.5 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
servings/wk
Unprocessed red 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
meats, servings/wk
Processed meat, 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
servings/wk
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 3.7+3.6 57.8 3.3+6.8 62.2 4.2+7.6 61.7 4.2+4.1 56.2 3.7x7.2 59.1 4.7+8.5 52.2
desserts, servings/wk
Refined grain, 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
servings/d
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, % 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+£3.7 375
energy
Ratio of (PUFAs + 1.8+0.6 12.6 2.2+1.6 25.1 1.8+1.3 13.6 2.3+0.8 29.7 2.6x2.2 40.0 2.3+1.4 313
MUFAs)/SFAs
Dietary cholesterol, 280+107 66.2 313x216 54.6 331x213 54.9 307+115 61.9 315199 55.6 342+244 543
mg/d
Carbohydrate, % 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
energy
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, % 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
energy

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 a-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, w-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, 1-0z 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 1-0z 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, 21.5 cups/wk; fish or shellfish, 2 or more 100-g (3.5-0z) servings/wk; nuts and seeds, 4 or more 1-0z servings/wk; processed meats (bacon, hot dogs, sausage, processed deli
meats), 2 or fewer 100-g (3.5-0z) servings/wk (1/4 of discretionary calories); sugar-sweetened beverages (defined as 250 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/d®'; ALA, 21.6/1.1 g/d (males/females); saturated fat, <10% energy;
dietary cholesterol, <300 mg/d; dietary fiber, 228 g/d; sodium, <2.3 g/d; ratio of (PUFAs + MUFASs)/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.

tIncluding 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 2016.5
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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.%°
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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.%
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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 al®® using NHANES 2013 to 2014.8°
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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.> Copyright © 2017, American Heart Association, Inc.
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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.™

Chart 5-6. Age-standardized global mortality rates attributable to dietary risks per 100000, 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.®? Printed with permission.
Copyright © 2018, University of Washington.
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6. OVERWEIGHT AND OBESITY
See Table 6-1 and Charts 6-1 through 6-8

Heart Disease and Stroke Statistics—2020 Update: Chapter 6

Abbreviations Used in Chapter 6 Continued

Click here to return to the Table of Contents

Overweight and obesity are major risk factors for CVD,
including CHD, stroke,'? AF,* VTE,*> 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.>® The
AHA has identified BMI <85th percentile in youth (2-19
years of age) and <25 kg/m? in adults (=20 years of age)
as 1 of the 7 components of ideal CVH.? In 2015 to 2016,
60.1% of youth, 32.0% of adults 20 to 49 years of age,

Abbreviations Used in Chapter 6

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

ul uncertainty interval

VTE venous thromboembolism

WC waist circumference

WHI Women'’s Health Initiative

YRBSS Youth Risk Behavior Surveillance System

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 Il Adult Treatment Panel Il

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

cl 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

HbA, hemoglobin A, _(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 Look: Action for Health in Diabetes

AHEAD

MESA Multi-Ethnic Study of Atherosclerosis

MetS metabolic syndrome

MHO metabolically healthy obesity

Ml myocardial infarction

(Continued)
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and 24.4% of adults =50 years of age met these criteria

(Cha

pter 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/m?) and obese
class | (BMI 30-35 kg/m?), class Il (BMI >35-39.9
kg/m?), and class Il (BMI =40 kg/m?). 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.'® For
this reason, lower BMI cutoffs have been recom-
mended to identify increased health risks for Asian
and South Asian populations.™

For youth, sex-specific BMI-for-age 2000 CDC
growth charts for the United States are used,'
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 2120% of
the 95th percentile for age and sex or an absolute
BMI =35 kg/m?, whichever is lower."® 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.'?

Current obesity guidelines define WC 240 inches
(102 cm) for males and =35 inches (88 cm) for

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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females as being associated with increased cardio-
vascular risk'#; however, lower cutoffs have been
recommended for various racial/ethnic groups, for
example, =80 cm for Asian females and =90 cm
for Asian males.'®'> WC measurement is recom-
mended for those with BMI of 25 to 34.9 kg/m?,
to provide additional information on CVD risk.'®

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)
e According to NHANES 2013 to 2016, among US
adults 220 years of age (Table 6-1):
Prevalence — The prevalence of obesity was 38.3% (36.0%
Youth of males and 40.4% of females), including
(See Table 6-1 and Chart 6-1) 7.7% with class Ill obesity (5.5% of males and

e According to 2015 to 2016 data from NHANES, 9.8% of females).
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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).77:18
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).'> 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.?°
— 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%).%°
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%

— 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.”

Females have had a higher prevalence of class lll

obesity and a lower prevalence of overweight than

males in all NHANES surveys from 1999 through

2016 (Chart 6-2).%

In the United States, the prevalence of obesity, as

estimated from self-reported height and weight

in the BRFSS (2017),%* 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).2> 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

in the Midwest region, 18.2% in the Northeast (See Chart 6-7)
region, and 15.8% in the West region.?' Youth
¢ According to self-reported height and weight data ¢ According to NHANES data, overall prevalence of

from the YRBSS 2015,%2 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

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757

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
to0 2008 to 8.4% in 2011 to 2012 and increasing
10 13.9% in 2015 t0 2016.8

March 3,2020 e225



AND GUIDELINES

(7]
—
—
(¥7]
=
=
=
(7]
—l
<T
=
=
—
o

Gzoz ‘Tz Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Virani et al

e 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.™

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.?®

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%, respectively?®; however, during the same
time periods, among children 2 to 5 years of age,
the prevalence of obesity changed from 7.2% in
1988 t0 1994 to 12.5% in 2003 to 2006 to 8.9%
in 2011 to 2014.72% 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%
t0 4.3%) and among adolescents 12 to 19 years of
age (from 2.6% t0 9.1%)."

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.?”

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%.%2

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%S9; however, from 2005
to 2006 through 2013 to 2014, there was a sig-
nificant linear trend for the increase in obesity and
class lll obesity for females (from 35.6% to 41.1%
and from 7.5% to 10.0%, respectively) but not
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males (from 33.4% to 35.1% and from 7.5% to
10.0%, respectively).®

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% Cl, —-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/m?).%®

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.?°

Family History and Genetics
e Overweight and obesity have considerable genetic

components, with heritability estimates ranging
from ~30% to 75%.3%3" 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.*?

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).3

GWASs in diverse populations have implicated
multiple loci for obesity, mostly defined by BMI,
W(C, or waist-hip ratio. The FTO locus is the most
well-established obesity locus, first reported in
2007343 and replicated in many studies with
diverse populations and age groups since
then.36%% The mechanisms underlying the asso-
ciation remain incompletely elucidated but could
be related to mitochondrial thermogenesis' or
food intake.!

Other GWASs have reported numerous additional
loci,*> 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.>4
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.*®

A large GWAS of obesity in >240000 individu-
als of predominately European ancestry revealed
an interaction with smoking, which highlights the
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need to consider gene-environment interactions in
genetic studies of obesity.*

Genetic variants also associate with weight loss
response to dietary intervention.#

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.#8
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obesity were more likely than girls to be misper-
ceived as being “about the right weight” by their
parents (OR, 1.40 [95% Cl, 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%
Cl, 0.29-0.74]; P=0.002) and among Hispanic
males than among white males (OR, 0.58 [95%
Cl, 0.36-0.93]; P=0.02).> Notification of a child’s
unhealthy weight by healthcare practitioners
increased from 22% in 1999 to 34% in 2014.%
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Treatment and Control

¢ The randomized trial Look AHEAD showed that
among adults who were overweight, had obesity,

Prevention
¢ Prenatal environmental exposures related to exces-
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sive gestational weight gain, independent of
maternal obesity, are associated with increased
risk of childhood obesity (OR, 1.21 [95% ClI,
1.05-1.40])*°; 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.>

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.>" 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.>

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.>* Obesity reduction
policies and programs implemented by country are
also available online.>*

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.>

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
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and had type 2 DM, an intensive lifestyle interven-

tion produced a greater percentage of weight loss

at 4 years than DM support education.”’

— 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).>®

— 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.®’

— Intensive lifestyle interventions produced
greater weight loss than education alone
among those with class Ill obesity>® and child-
hood obesity.®°

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% Cl, 0.71-0.95]), but the benefit on
lowering cardiovascular mortality was less clear.®’
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.®? 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.®3

Bariatric Surgery
¢ Lifestyle interventions often do not provide sus-

tained significant weight loss for people with obe-
sity. Among adults with obesity, bariatric surgery
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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.®* 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.®> 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.%®

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.®’

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.®”:¢8

In a large bariatric surgery cohort, the prevalence
of high 10-year predicted CVD risk (using the ATP
Il definition, =10%)%° was 36.5%,”° but 76%
of those with low 10-year risk had high lifetime
predicted CVD risk (defined as predicted lifetime
risk 239%).”" The corresponding prevalence in US
adults is 18% and 56%, respectively.”?

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.”

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.”
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¢ 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.”>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.”’

A recent DM consensus statement recommended
bariatric surgery to treat type 2 DM among adults
with class Ill obesity and recommended it be con-
sidered to treat type 2 DM among adults with class
| obesity.>

The role of bariatric surgery to treat type 2 DM in
adolescence is controversial.”® 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.”

Mortality
e 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% Cl, 1.46-3.62]).%°
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% Cl,
0.91-1.26) for self-reported overweight (not
including obesity), 1.41 (95% Cl, 1.16-1.73)
for obesity, and 2.46 (95% Cl, 1.91-3.16) for
extreme obesity.?’

A systematic review (2.88 million people and
>270000 deaths) showed that relative to normal
BMI (18.5 to <25 kg/m?), all-cause mortality was
lower for overweight individuals (BMI 25 to <30
kg/m2: HR, 0.94 [95% Cl, 0.91-0.96]) and was
not elevated for class | obesity (HR, 0.95 [95% Cl,
0.88-1.01]). All-cause mortality was higher for
obesity overall (HR, 1.18 [95% Cl, 1.12-1.25]) and
for the subset of class Il and Il obesity (HR, 1.29
[95% ClI, 1.18-1.41]).8

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.®

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757



Virani et al

e 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/m? among healthy
never-smokers.®

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.®>

In the APPROACH registry of individuals after
CABG and PCl, overweight and class | obesity
(BMI 20-24.9 kg/m?) were associated with lower
mortality, whereas BMI 240 kg/m? was associated
with elevated mortality.®® According to data from
the National Adult Cardiac Surgery registry from
2002 to 2013, there was lower mortality in over-
weight and obesity class | and Il (OR, 0.81 [95%
Cl, 0.76-0.86] and 0.83 [95% Cl, 0.74-0.94],
respectively) relative to normal-weight individuals
and greater mortality risk with underweight (OR,
1.51[95% Cl, 1.41-1.62), with these results per-
sisting after adjustment for residual confounding
and reverse causation.®

In a study of 22203 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% Cl, 1.23-2.41]).%8
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— 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 HbA, _levels.®"?

— 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.%

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.**

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.®%

o
=
==
S8
o
Swn
o=
= =
Cm
—

= o
P»n=
-
(7]

Complications * Analyses of continuous BMI show the risk of type
Youth 2 DM increases with increasing BMI.%*
e According to the National Longitudinal Study of * A systematic review and meta-analysis of 37 stud-
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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.®

A systematic review and meta-analysis of 15 pro-
spective cohort studies with 200777 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.>®
Children and adolescents who are overweight
and have obesity are at increased risk for future
adverse health effects, including the following®:

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757

ies showed that high childhood BMI was associ-
ated with an increased incidence of adult DM (OR,
1.70 [95% Cl, 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.*

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% Cl, 3.9-6.1) for death
attributable to CHD, 2.6 (95% Cl, 1.7-4.1) for
death attributable to stroke, 2.1 (95% Cl, 1.5-2.9)
for sudden death, and 3.5 (95% Cl, 2.9-4.1) for
death attributable to total cardiovascular causes,
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after adjustment for sex, age, birth year, sociode-
mographic characteristics, and height.®’
Cardiovascular risks are even higher with class |ll
obesity than with class | or class Il obesity.?® Among
156775 postmenopausal females in the WHI,
for severe obesity versus normal BMI, HRs (95%
Cls) 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 lll obesity, and CHD incidence
was similar by race/ethnicity with adjustment for
differences in BMI and CVD risk factors.*
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.?® 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.'®

A recent meta-analysis of 10 case-referent studies

and 4 prospective cohort studies (including ARIC)®

reported that when individuals with BMI =30 kg/

m? were compared with those with BMI <30 kg/

m?, obesity was associated with a significantly

higher prevalence (OR, 2.45 [95% Cl, 1.78-3.35])

and incidence (RR, 2.39 [95% Cl, 1.79-3.17]) of

VTE, although there was significant heterogeneity

in the studies.*

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% Cl, 1.59-
1.87]) or obese (OR, 3.15[95% Cl, 2.96-3.35])
in a systematic review of 23 studies including
1.4 million females.

— The risk of gestational hypertension was higher
among females with obesity (OR 2.91[95% (I,
2.76-3.07]) than among females with a nor-
mal prepregnancy BMI."%?

— The risk of gestational DM was 2.14 (95% Cl,
1.82-2.53), 3.56 (95% Cl, 3.05- 4.21), and
8.56 (95% Cl, 5.07-16.04) among overweight,
obese, and severely obese females, respectively
compared with females with normal prepreg-
nancy BMI.1%

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
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and 1.26 for overweight, respectively, and 2.04 and
1.64 for obesity, respectively.’® 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.'®
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.8>10%
The ARISTOTLE trial reported that in adjusted
analyses, higher BMI was associated with lower
all-cause mortality (overweight HR, 0.67 [95% C],
0.59-0.78]; obesity HR, 0.63 [95% Cl, 0.54-0.74]),
similar to an earlier study from the AFFIRM trial.'%
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% Cl, 1.52-2.85),
1.52 (95% Cl, 0.89-2.58), and 2.32 (95% (I,
1.55-3.48), respectively.%®
In a study of 189672 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.®
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=163517 peo-
ple) reported that the prevalence of MHO var-
ied from 7% to 28% in females and from 2%
to 19% in males.™®
— 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.'®
— 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)."" Among older adults in MESA,
approximately half of participants with MHO
developed MetS and had increased odds of
CVD (OR, 1.60[95% Cl, 1.14-2.25]) compared
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with those with stable MHO or healthy normal
weight.'?

— 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% Cl, 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% Cl, 1.99-2.69]).>

— 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.''3114
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¢ A recent study recommended the use of $19000

(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.'?®

According to the 2006 NHDS, the incidence of bar-
iatric surgery was estimated at 113000 cases per
year, with costs of nearly $1.5 billion annually.’'
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
$10960, respectively.’?? However, when expressed
per QALY, only $6600 was gained for laparoscopic
gastric bypass, $6200 for laparoscopic adjustable
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Cost

Obesity costs the healthcare system, healthcare payers,
and individuals with obesity.
¢ In the United States, the estimated annual medical

gastric band, and $17300 for open Roux-en-Y
gastric bypass, none of which exceeded the stan-
dard $50000 per QALY gained.'? Two other recent
large studies failed to demonstrate a cost benefit
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cost of obesity in 2008 was $147 billion; the annual
medical costs for individuals with obesity were
$1429 higher than for normal-weight individuals."*
A more recent study estimated mean annual per
capita healthcare expenses associated with obesity
were $1160 for males and $1525 for females.'®
According to NHANES | data linked to Medicare
and mortality records, 45-year-old individuals with
obesity had lifetime Medicare costs of $163000
compared with $117000 for those who were at
normal weight at 65 years of age.””

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."®
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.'"®

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).™?

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757

for bariatric surgery versus matched patients over
6 years of follow-up.'2412>

The cost effectiveness of bariatric surgery among
individuals with DM is unclear, with 2 studies
showing cost savings'?%'?” but a recent study dem-
onstrating no improvement compared with inten-
sive lifestyle and medical interventions.'?®

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 ($19222/QALY in the severely
obese), which suggests that subsets of indications
for bariatric surgery may be more cost-effective.'?°

Global Burden
(See Chart 6-8)

e 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.™°
— 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/m? in males and from 22.1 to 24.4 kg/m? in
females.’" 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% Ul, 36.3%—-37.4%) among males and
from 29.8% (95% Ul, 29.3%-30.2%) to 38.0%
(95% Ul, 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.'? 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.'3

¢ Between 1980 and 2013, the prevalence of over-

weight and obesity rose by 27.5% for adults."** 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

Heart Disease and Stroke Statistics—2020 Update: Chapter 6

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.'**

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.'>
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.™3®

g
2
% Table 6-1. Prevalence of Overweight, Obesity, and Severe Obesity in Youth and Adults, United States, 2013 to 2016
% Prevalence of Prevalence of
= Overweight and Prevalence of Obesity,* Overweight and Prevalence of Obesity,* | Prevalence of Extreme
g Obesity,* Age 2-19 y Age 2-19y Obesity,* Age 220 y Age 220 y Obesity,* Age 220 y
_g nt % nt % nt % nt % nt %
§ Total 25396610 34.2 13218119 17.8 168124846 69.9 73776304 38.3 17971151 7.7
‘%' Male 12976634 34.2 6867751 18.1 85319221 73.2 35712352 36.0 6315689 55
o
a Female 12456292 34.3 6355251 17.5 82831254 66.9 38070753 40.4 11798284 9.8
8 NH white
Qa
g Male 6181303 30.9 3060645 15.3 57009715 73.6 23603229 35.8 4147532 5.5
S Female 5408658 28.5 2675862 14.1 52655558 64.3 23508364 37.8 7306654 9.4
g NH black
< Male 1696311 324 937159 17.9 9135568 69.1 3939550 37.0 968527 7.2
N
= Female 2146338 42.2 1169805 23.0 12095004 79.5 6100089 55.3 2328852 15.3
S Hispari
by ispanic
Male 3973860 43.8 2204676 24.3 14518219 80.8 6303729 40.1 1053598 5.6
Female 3818241 43.8 1996295 22.9 13722325 77.8 6667 145 48.4 1869623 10.3
NH Asian
Male 432521 24.2 212686 11.9 2964505 48.8 676746 1.1 23956 0.4
Female 335568 19.2 129334 7.4 2503175 36.3 912116 13.5 20574 0.3

NH indicates non-Hispanic.

*Qverweight and obesity in adults is defined as body mass index (BMI) =25 kg/m?. Obesity in adults is defined as BMI 230 kg/m?. Extreme obesity is defined as BMI 240 kg/m?.
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.'® Prevalence estimates for youth are unadjusted.

tn 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.¢
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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.
'Significantly different from those 2 to 5 years of age.
Source: Reprinted from Hales et al'” using National Health and Nutrition Examination Survey, 2015 to 2016.

Chart 6-2. Overweight and obesity among US adults 220 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) 225.0 to 29.9 kg/m?2. Grade 1 obesity is a BMI >30.0 to 34.9 kg/m?,
grade 2 obesity is a BMI from 35.0 to 39.9 kg/m?, and grade 3 obesity is a BMI 240.0 kg/m?.

Source: Reprinted from Health, United States, 20177 using data from National Health and Nutrition Examination Survey, 1999 to 2016.
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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) 230%.

Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using BRFSS, 2015 to 2017.2°

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) 230%.
Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using Behavioral Risk Factor Surveillance System, 2015 to 2017.2°
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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) 230%.
Source: Reprinted from Centers for Disease Control and Prevention, Obesity Prevalence Map using Behavioral Risk Factor Surveillance System, 2015 to 2017.%

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 2017.2°
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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.
'Significant increasing linear trend from 1999 to 2000 through 2015 to 2016.

Source: Reprinted from Hales et al'” using National Health and Nutrition Examination Survey, 1999 to 2016.

Chart 6-8. Age-standardized mortality rates attributable to high body mass index (BMI) per 100000, 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; FI, 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."° Printed with permission.
Copyright © 2018, University of Washington.
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7. HIGH BLOOD CHOLESTEROL AND
OTHER LIPIDS
See Table 7-1 and Charts 7-1 through 7-5

Click here to return to the Table of Contents

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

Abbreviations Used in Chapter 7

ACC American College of Cardiology

ACS acute coronary syndrome

AHA American Heart Association

apoB apolipoprotein B

ASCVD atherosclerotic cardiovascular disease

ATP Il Adult Treatment Panel Il

BMI body mass index

CAC coronary artery calcification

CAD coronary artery disease

CASCADE FH Cascade Screening for Awareness and Detection of FH
CHD coronary heart disease

cl confidence interval

CvD cardiovascular disease

CVH cardiovascular health

DALY disability-adjusted life-year

DM diabetes mellitus

FH familial hypercholesterolemia

GBD Global Burden of Disease

GWAS genome-wide association study

HDL high-density lipoprotein

HDL-C high-density lipoprotein cholesterol

HR hazard ratio

LDL low-density lipoprotein

LDL-C low-density lipoprotein cholesterol

MACE major adverse cardiovascular events

Ml myocardial infarction

NH non-Hispanic

NHANES National Health and Nutrition Examination Survey
NHLBI National Heart, Lung, and Blood Institute
NNT number needed to treat

OR odds ratio

PCSK9 proprotein convertase subtilisin/kexin type 9
PESA Progression of Early Subclinical Atherosclerosis
QALY quality-adjusted life-year

RCT randomized controlled trial

REGARDS Reasons for Geographic and Racial Differences in Stroke
RR relative risk

SE standard error

TC total cholesterol

ul uncertainty interval

VLDL very-low-density lipoprotein

WHO World Health Organization
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of cholesterol in 2018." 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.?

Prevalence of High TC

Youth
(See Chart 7-1)

e 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
to0 20162 was as follows (unpublished NHLBI tabu-
lation using NHANES?):

— 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

e Among adolescents 12 to 19 years of age,? 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
NHANES?):

— 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% Cl, 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% Cl, 69.0%-73.8%; Chart 7-1).2
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)
e Among adults 220 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 NHANES?):

— 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 NHANES?):

— 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 2200 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.?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).> 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).°
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— 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 NHANES?).

e Conversely, ideal levels of LDL-C (<110 mg/dL)

were present in 84.1% (95% Cl, 79.8%-88.4%)
of all adolescents in 2013 to 2014 (Chart 7-1).2

Adults
® In 2013 to 2016 (unpublished NHLBI tabulation

using NHANES?), 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 NHANES?).

HDL Cholesterol

Youth
e 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 NHANES?):

— 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

Prevalence of Abnormal Levels of Lipid

Subfractions — For Hispanics, 55.9 mg/dL for males and 52.2
LDL Cholesterol mg/dL for females
Youth — For NH Asians, 58.1 mg/dL for males and 54.4
e There are limited data available on LDL-C for chil- mg/dL for females
dren 6 to 11 years of age. ¢ Among children 6 to 11 years of age, low levels of
e Among adolescents 12 to 19 years of age, the HDL-C (<40 mg/dL) occurred in 6.9% of males and
mean LDL-C level in 2013 to 2016 was 86.7 mg/ 10.8% of females in 2013 to 2016 (unpublished
dL (males, 85.6 mg/dL; females, 87.8 mg/dL). The NHLBI tabulation using NHANES?).
racial/ethnic breakdown was as follows (unpub- ¢ Among adolescents 12 to 19 years of age, the
lished NHLBI tabulation using NHANES?): mean HDL-C level was 51.8 mg/dL. For males,
— For NH whites, 86.7 mg/dL for males and 87.9 it was 49.9 mg/dL, and for females, it was 53.8
mg/dL for females mg/dL. The racial/fethnic breakdown was as

mg/dL for females
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follows (NHANES 2013-2016,% 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 NHANES?).

Conversely, ideal levels of HDL-C (>45 mg/dL)

were present in 75.4% (95% Cl, 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 NHANES?), 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,” 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 NHANES?):

— Among NH whites, 63.8 mg/dL for males and
61.6 mg/dL for females
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— 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