Epidemiology and Significance of
Atrial Fibrillation
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Atrial fibrillation (AF) is the most common sustained
arrhythmiaq, affecting an estimated 2.2 million adults in
the United States. The median age of people with AF is
75, and it affects 8.8% of the US population >80 years
of age. Prevalence data from other countries are pre-
sented. Direct comparisons are limited by study design,
but rough comparisons suggest that the prevalence of
AF in Europe is similar to the prevalence in the United
States, whereas the prevalence in Asia may be lower.
The limited comparative data underscore our lack of
understanding of AF risk factors and complications in
racial subgroups and in developing countries. AF in-
creases stroke risk 5-fold. The clinical features that pre-

tension, advancing age, diabetes, and congestive heart
failure. Predicting which patients with atrial fibrillation
are at the highest risk of stroke remains a challenge.
Echocardiographic findings have been investigated to
assist in the risk stratification of patients with AF. Despite
evidence from clinical trials that anticoagulation with
warfarin reduces stroke incidence and even mortality,
anticoagulation remains underutilized, especially in the
elderly. Improvement in the rate of anticoagulation in
patients with AF at risk of stroke can be expected to
decrease the complications and mortality of AF. ©1999
by Excerpta Medica, Inc.
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dict higher risk of stroke in AF are prior stroke, hyper-

t is estimated that 2.2 million adults in the Uniteclectrocardiogram for AF diagnosis revealed a preva-

States have intermittent or chronic atrial fibrillatiorience of only 1.398.
(AF),* making it the most common sustained arrhyth- Furthermore, the number of AF cases may be un-
mia. Although once considered to be only a marker faterestimated because of the exclusion of unrecog-
other cardiovascular disease in its relation to stfokenized, asymptomatic AF. In the Cardiovascular Health
AF is now recognized to be an independent predict&tudy, 12% of AF cases were diagnosed solely by
of morbidity and even mortality-> Because AF in- annual electrocardiographic screening and presumably
creases in prevalence with a@éF and its cerebro- were asymptomatit® A study of 8 patients with
vascular complications will have major societal costenown AF who were continually monitored for 30
as the population agésThis article reviews the prev- days showed that 1 patient never had symptoms while
alence, incidence, risk factors, and complications aigr AF, and 5 of the other patients had both symptom-
sociated with AF to identify those subgroups most aftic and asymptomatic episodes of AF.
risk for AF and its complications. Estimates from different data sets: In 4 major pop-
ulation-based studies (Cardiovascular Health Sgé3dy,
Framingham Heart Study (FHS),Western Australia
study4 and Rochester, MN studs), the overall prev-
nce of AF was 1.5-6.2% (Table °}2-27 Using
a from these 4 studies, Feinberg ét @lculated

INCIDENCE AND PREVALENCE OF AF
Selection of AF cases: Estimates of the incidence |
and prevalence of AF vary based on the characterist%i

of population studied and how AF is ascertaine
Variations in the age and severity of illness in th halt/lﬂiarlc% gfﬁ Igr]: JCV?SZ%SO‘\{?ﬁéSeS{ngrﬁi 3%3 g\fiF

opulation studied, diligence with which medica : :
Eecpords are sought, du?ation of follow-up, and fres based on predominantly white cohorts. In the Car-

quency of electrocardiograms affect the reported pre§iovascular HealthhStudy, 5% of the cohort wals Af-
alence of AF. For example, there was a 22% prevican American. There was a trend toward a lower
lence of AF in one study of ill, hospitalized, eIderI))nC'denCOe of AF in African Americans (relative risk
patientst whereas a community study in middle-aged-#7. 95% confidence intervals 0.22-1.63).

to elderly Japanese patients that relied upon a Siﬂg}g r‘:F;sv?/igi;e:;rﬁg;?:)}ssigi?:;sngJggge;talﬁr;e;hlgea;?eva-

lence of AF is increasing. The National Ambulatory
Medical Care Surveys demonstrated that the annual
number of visits for AF nearly tripled between 1980
and 1992, from 1.3 million to 3.1 millioR8 Addition-

ally, the National Hospital Discharge Survey showed
that AF increased as a hospital discharge diagnosis
between 1982 and 1993 from 30.6 per 10,000 to 59.5
per 10,00®° Although these discharge data are sug-
gestive, there was no adjustment for change in age
composition in the>65 years category over time, so
this could also reflect a higher proportion of the very
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elderly in the datum set from 1993. Furthermoregheumatic heart disease was the most common cause
clinical practice data may be susceptible to biases sughAF .33
as upcoding and a secular trend toward an increase inRough comparisons between data from Europe and
telemetry and routine electrocardiograms. the United States suggest a similar prevalence of AF.
Data from the FHS also support an increase in tt@ne group of investigators explored the prevalence of
prevalence of AF over time in men. Between 1968 amil- in whites and other ethnic groupss0 years of age
1989, the prevalence of AF in men in the FHS popun England. In a largely white population, the preva-
lation nearly tripled, from 3.2% to 9.1%.When the lence of AF was 2.4%¢% whereas South Asians in the
analysis was restricted to electrocardiograms pesame area had a prevalence of AF of only 0%%.
formed at routine biennial examinations, thereby elinfFhese values are not adjusted for age, so it cannot be
inating ascertainment and upcoding bias, there wastated with certainty that South Asians have a lower
trend toward an increase in prevalence of AF overevalence of AF.
time in men2° At first glance, it appears that the prevalence of AF
A clinical factor behind the increase in prevalences much lower in Asia compared with the United
of AF may be recent improvements in survival afteBtates. Comparisons need to made cautiously, how-
myocardial infarction. In myocardial infarction survi-ever, because all 3 of the studies from Asia relied upon
vors, the increase in AF over time was dramatic; thengle electrocardiograms performed in healthy or am-
prevalence of AF increased from 4.9-17.4% betwedmlatory populations. The study from Japan was dis-
1968 and 19899 Additionally, an increase in the cussed previously.More remarkable are numbers
performance of cardiothoracic surgeries, which afeom elderly centers in Hong Kong, in which only
associated with a high rate of postoperative AF, likel¥.3% of people aged 60-94 years had AR.ower
contributes to the increase in prevalefee. still are numbers from residents in a Himalayan vil-
AF is a disease of the elderly: The incidence of AF lage, in which only 0.1% (& 1) of the population had
increases dramatically with increasing &j€.Data AF.27 A number of factors may have contributed to the
from the FHS shows that the risk factor-adjusted oddisw prevalence of AF in this study, including a low
ratio for developing AF approximately doubled withprevalence of ischemic heart disease (by electrocar-
each decad@3! which resulted in a rapid increase indiograph), the young age of the samptel6 years
AF prevalence with advancing age. Whereas onbld), and the ascertainment of AF based on a single
0.5%3-0.99%9° of those 50-59 years old had a hiselectrocardiograra?
tory of AF, between 6.7% and 13.2%° of those
in their ninth decade have had AF. This increase RISK FACTORS FOR ATRIAL
borne out in multiple population-based studies (TabEIBRILLATION
[).12.14,15.19 This section draws from population-based studies
Gender differences in AF: Men developed AF at 1.5 that utilize multivariate analysis to determine risk
times the rate of women, even after adjustment fdactors associated with AF. Multivariate analysis is
potential confounders.The etiology of this gender helpful to tease out the independent contribution of
difference was unclear. Although the incidence anehch risk factor for the development of AF. For ex-
prevalence of AF was greater in men, because of taeple, myocardial infarction and AF share common
greater longevity in women, women made up thantecedents. Multivariate analysis can determine if
majority of AF cases. It is estimated that 53% of alinyocardial infarction independently contributes to AF
people affected by AF are femdle. after controlling for the other risk factors like hyper-
AF in the remainder of the world: Population-based tension or diabetes that are associated with both out-
epidemiologic data from Europe, Iceland, Australiazomes.
Asia, and the United States are presented in Table I. Cardiac disease as a risk factor for AF: Congestive
Analysis of epidemiologic information from these dif-heart failure and valvular heart disease conferred a
ferent areas are complicated by the inclusion difigh risk of developing AF in the FHSthe Cardio-
younger people in some studies as well as differemascular Health Stud$2 and the Manitoba Follow-Up
methods of ascertainment of AF, as discussed pre@tudy, a longitudinal study of men fit for pilot training
ously. A review of the literature underscores the de{Table II)5 Myocardial infarction occurred prior to or
icit in our understanding of the epidemiology of AF imat the diagnosis of AF in 26% of men and 13% of
various ethnic groups and in much of the developingomen in the FHS. A history of prior myocardial
world. Comparisons of AF epidemiology are imporinfarction significantly increased the risk of AF in
tant in that they may provide insight into environmenmen?6 AF complicated up to 10% of acute myocar-
tal and genetic factors that contribute to the develoglial infarctiong4 and occurred in the setting of more
ment of AF and its complications. For example, in aevere infarctiond® Thrombolysis has been shown to
hospital-based study of patients of various ethnioecrease the incidence of AF in the setting of acute
groups with AF in England, black and Afro-Caribbeainfarction36
patients had hypertension as the major underlying risk Cardiac and noncardiac surgery: AF is a common
factor for AF, whereas South Asian patients had ischand costly complication of surgery, occurring in
mic heart disease as the major risk fad®Rheumatic nearly 4% of noncardi&¢ and 33% of coronary artery
heart disease is now an infrequent cause of AF in tlhgpass graft surgerié8.AF significantly lengthened
United States, but in a clinic-based study in Ethiopidospital sta§”-38 and led to over 10,000 dollars in
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extra costs after coronary artery bypass graftfhg.disability#6.47and were more likely to have recurrent
Since an estimated 367,00 people in the United Statgsokes?®
underwent coronary artery bypass grafting in 1996, AF and other cerebral complications: Atrial fibrilla-
AF leads to enormous excess costs. tion may even contribute to dementia. In a prospective
Cardiovascular disease risk factors and AF: Diabetes study in Rotterdam, dementia was twice as common in
and obesity increased the risk of AF in some stughresence of AF, even after adjustment for other de-
ies3.6.12 Hypertension consistently was associateaientia risk factorg?
with an increased risk of AF:12(Table Il). Because A possible mechanism by which AF contributes to
hypertension occurs in a large percentage of the pagementia is through “silent infarcts.” Data from the
ulation, it is not surprising that potentially 14% ofStroke Prevention in Nonrheumatic Atrial Fibrillation
cases of AF in men and women would be eliminate(EPINAF) trial show that 15% of the trial sample with
if hypertension were eradicatéd. a normal neurologic exam had occult strokes on base-
Other medical conditions and AF: Lung disease was line computerized tomography scan. It is possible that
an independent risk factor for AF in the Cardiovasciweonditions associated with AF, like hypertension,
lar Health Stud$® but not in the FHS. Subclinical could have been the cause of the infarcts, but over half
hyperthyroidism increased the risk of AF (odds ratiof the silent infarcts were consistent with embli.
3.7) in the FHSW Surprisingly, alcohol consumption
was associated with a lower risk of AF in the Cardio-
vascular Health Studi® However, binge drinking, STROKE RISK FACTORS
even in the absence of alcoholisis associated with ~ Among patients with AF, the risk of stroke de-
AF 41,42 pends on the presence of other stroke risk factors. The
Genetic: Familial AF is undoubtedly rare, but theidentification of patients with AF at relatively higher
existence of a family in Spain in which AF appearednd lower risk for complications of AF may assist in
to segregate in an autosomal dominant fashion priglentifying which patients would most benefit from
vided evidence that there may be a genetic suscegiticoagulation, so as not to expose low-risk sub-
bility to AF.43 Nearly half of the living family mem- groups to the inconvenience of monitoring and the risk
bers had AF. Genetic linkage localized the responsibdé hemorrhage?
gene to chromosome 168 Whether the defect rep-  Clinical risk factors: The combination of data from 5
resents an isolated rare familial type of AF or iprospective trials of anticoagulation in AF provides
suggestive of a molecular basis for AF remains umdequate numbers to perform multivariate analysis to
clear#4 determine independent risk factors for stroke in pa-
Echocardiographic risk factors: Echocardiographic tients with AF3° The results should be applied cau-
abnormalities increased the risk of AF even aftarously, because the mean age in the AF trials was 69
adjustment for clinical AF risk factors. Left atrial sizeyearss°® compared with the median age of 75 years in
was an independent predictor of AF45Left ventric- the United States.Additionally, not all AF patients
ular abnormalities, specifically diminished left venwere eligible for the trials; in the Stroke Prevention in
tricular fractional shortening (an indicator of systoliAtrial Fibrillation (SPAF) trial, for example, only 7%
dysfunction) and increased left ventricular wall thickef those screened were enrolfgd.

ness, also independently contributed to 4&F. The AF investigators identified 4 risk factors that
independently contributed to stroke: (1) prior history

CEREBRAL COMPLICATIONS OF of stroke or transient ischemic attack; (2) hyperten-

ATRIAL FIBRILLATION sion; (3) age; and (4) diabef€gTable IIl). A recent

AF is an independent risk factor for stroke: It is history of congestive heart failure was another risk
estimated that 15% of strokes occur in the setting fdctor identified in the SPAF study.
AF.32 Whereas the age-adjusted incidence of stroke Factors that did not prove to be independent risks
approximately doubled with coronary artery diseasé&r stroke included gender and duration of AF. Inter-
trebled with hypertension, and quadrupled in the presiittent AF, that was severe enough to lead to enroll-
ence of congestive heart failure, AF conferred a neantgent in an anticoagulation trial, was not associated
5-fold risk of stroket3 As the cohort in the FHS aged,with an increase or decrease in risk of stroke com-
the percentage of strokes attributable to AF increasqzhred with chronic AF9
In the youngest age group (50-59 years), the percent-Low-risk subgroups: It is possible to identify low-
age of strokes that would be prevented if AF could bésk subgroups with AF, whose risk of stroke is less
eliminated as a risk factor was quite low at 1.5%han the risk of major complications with anticoagu-
versus nearly 50% from hypertension. In the oldesttion. The AF investigators found that patiert$5
age group (80—89 years), the percentage of strokgmars old without stroke risk factors had a low stroke
attributed to AF had increased dramatically to 23.5%ate of 1% per year. This contrasts with a yearly stroke
whereas the percentage of strokes attributed to hypeate of 8.1% in the subgroup that was’5 years old
tension and coronary artery disease had decré&secand had=1 risk factor (Table IV)}°

AF causes more severe strokes: Stroke in the setting  Stroke risk in racial subgroups: It is noteworthy that
of AF was nearly twice as likely to be fatal comparedhe percentage of ethnic minorities in the atrial fibril-
with stroke from other causé8.Survivors of stroke lation trials is quite low. Whether the rate of stroke in
who had AF had longer hospital stay/sincreased AF is different in ethnic minorities in the United
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0.5%
1.8%

4.8%
8.8%

50-59:

=50

Yes

Biennial surveys, 1948-1982

Framingham, MA, USA  Invited all residents

Wolf et al (FHS)3

60-69:
70-79:

Prevalence of a history of AF

80-89:

6.2% m; 4.8% f

65-69: 5.9% m; 2.8%f

Overall:

57%

=65

No

Single ECG and self-report

Random sample of Medicare recipients

Furberg et al (CHS)'2 4 communities in USA

70-79: 5.8% m; 5.9% f

8.0% m; 6.7% f

2.8%

=80:
Overall:

Yes

Medical record review

Stratified, random sample of population

Rochester, MN, USA

Phillips et al15

25-34: 0.0%

45-54: 0.5% m; 0.5% f

1.0% m; 1.5%f

65-74: 6.0% m; 3.0% f

55-64:

16.1% m; 12.2% f

=75:

CHS = Cardiovascular Health Study; f = female; FHS = Framingham Heart Study; m = male.

*Specified by age, if available.

TABLE Il Significant Multivariable Risks for Developing Atrial
Fibrillation

Odds Ratio (95% Cl)

FHS6* CHs12+7
(per 10 yr) (per 7 yr) MFUSs*
Age
Overall - 1.03 -
Male 2.1 (1.8-2.5) — -
Female 2.2 (1.9-2.6) - -
CHF
Overall — 2.67 3.37 (2.29-4.96)
Male 4.5 (3.1-6.6) - —
Female 5.9 (4.2-8.4) - -
VHD
Overall - 3.27 3.15 (1.99-5.00)
Male 1.8(1.2-2.5) - —
Female 3.4 (2.5-4.5) - -
Prior MI
Overall - NS 3.62 (2.59-5.07)
Male 1.4 (1.0-2.0) - —
Female NS - -
HTN
Overall — 1.39 1.42 (1.10-1.84)
Male 1.5 (1.2-2.0) - —
Female 1.4(1.1-1.8) - -
Diabetes
Overall - NS NS
Male 1.4 (1.0-2.0) - -
Female 1.6 (1.1-2.2) _ _
Obesity
Overdll NS - 1.28 (1.02-1.62)

*FHS, CHS, and MFUS data adjusted for age, cardiovascular disease, and
cardiac risk factors.

TCHS data also adjusted for sex and echocardiographic findings.

CHF = congestive heart failure; CHS = Cardiovascular Health Study; Cl =
confidence interval; FHS = Framingham Heart Study; HTN = hypertension;
MFUS = Manitoba Follow-Up Study; MI = myocardial infarction; NS = not
significant; VHD = valvular heart disease.

TABLE Ill Multivariate Analysis of Predictors of Stroke

Relative Annual Stroke
Variable Risk Event Rate (%)
Prior stroke/transient 2.5 11.7
ischemic attack
History of 1.6 5.6
hypertension
Age (per decade) 1.4
History of diabetes 1.7 8.6

Adapted from Arch Intern Med.50

TABLE IV Annual Event Rate and 95% Confidence Interval
(Cl) per Age Group and Risk Factors

Event Rate, %

Risk Categories* (95% Cl)
Age (yr)
<65 No risk factors 1.0 (0.3-3.1)
One or more risk factors 4.9 (3.0-8.1)
65-75 No risk factors 4.3 (2.7-7.1)
One or more risk factors 5.7 (3.9-8.3)
>75 No risk factors 3.5(1.6-7.7)
One or more risk factors 8.1 (4.7-13.9)

*Risk factors are a history of hypertension, a history of diabetes, and a
history of prior stroke or transient ischemic attack.
Adapted from Arch Intern Med.50

A SYMPOSIUM: CARDIAC ARRHYTHMIAS  135R



States and whether the risk factors for stroke vary TRIAL FIBRILLATION AND
ethnicity remains poorly understood. MORTALITY

Does echocardiography add anything to clinical risk Recent evidence from multiple studies supports an
factors?: It is controversial whether echocardiographindependent effect of AF on all-cause mortafty.14
provides useful information beyond clinical risk facin the FHS, AF remained a predictor of mortality in
tors in determining which subsets of patients with Afen (OR 1.5) and women (OR 1.9) after adjusting for
are at risk of thromboembolism. The AF investigatordde, cardiovascular disease, and cardiovascular risk
addressed this issue by pooling data from 3 anticodgctors. Even in low-risk patients without cardiovas-
ulation trials (the Boston Area Anticoagulation Triafular disease or valvular heart disease prior to the
for Atrial Fibrillation [BAATAF], SPAF, and SPI- diagnosis of AF, AF more than doubled the risk of
NAF).53 After adjustment for clinical factors, moder-death? Within subsets of patients with congestive
ate to severe left ventricular systolic dysfunction rgl€art failure, acute myocardial infarction, or acute
mained a strong predictor of stroke (RR 2.5). HowZ0Ke: 57A*\E9b mcreasehd §T25r'[6%|f[g’2 in some  stud-
ever, the transthoracic echocardiographic findings dfg> ut not others:=.

not have any value in defining low-risk SUbgrOUpf’REVALENCE OF ANTICOAGULATION
beyond clinical data. In patients65 years of a0€  The AF investigators estimated that warfarin re-
wnhogt cllnl'cal risk factors, the stroke rate was O/QUced the rate of stroke by 68% and death by 38%.
even including the small number of patients withoWyntortynately, the majority of AF patients do not
clinical heart failure but with echocardiographic evizgceive anticoagulation. Data from the National Am-
dence of left ventricular systolic dysfunctiéd. bulatory Medical Care Surveys demonstrated that
The role of transesophageal echocardiograpiyarfarin use was increasing between 1989 and 1993,
(TEE) in risk-stratifying patients with AF is also con-from 13% to 40%, but plateaued thereafter. Ag80
trOVGrSIaI_. TEE is SUperlor to transthoracic eChocar%ars was a risk factor for not receiving anticoagula-
ography in the evaluation for spontaneous echo cofjon 28
trast, atrial thrombus, and aortic plaque, yet TEE is A low rate of warfarin use in the elderly is seen in
more costly and invasive. TEE is used in some centexsvide variety of setting&-64In a study in the United
to evaluate patients with AF for early cardioversidn. Kingdom that included outpatients and nursing home
TEE’s potential may lie in the prediction of whichresidents, the lowest use of warfarin was among
patients with AF are at extremely high risk of thromwomen over>75 years old, in whom use was a mere
boembolism. The SPAF investigators reported on p42%?2* Data from community, tertiary care, and aca-
tients at high risk for stroke that were assigned tdemic hospitals, in which the patients would theoret-
adjusted-dose warfarin or to aspirin plus low-intensitizally be more prone to thromboembolic complica-
anticoagulatior$* Complex aortic plaque was associtions, also demonstrated a low rate of anticoagula-
ated with a high risk of stroke, and the absence §Pn.°>6¢ Again, patient age correlated with the
plaque was associated with a low risk of stroke (1.1decision to withhold anticoagulation. Twice as many
1.2%). In the presence of both complex plaque arR@tients aged 45-54 years received anticoagulation
other atrial abnormalities, the event rate we20% in compared with those aged 75-84 ye#rs.
the combination therapy group. Interestingly, if an Why do physicians underuse anticoagulation in the

atrial thrombus was seen at study entry, patients gaderly, although the elderly account for the majority

signed to adjusted-dose warfarin with a target intef! AF-related strokes? A survey of physicians at ac-
demic medical centers revealed that over half be-

national normalized ratio (INR) of 2.0 to 3.0 had ieved the risk of hemorrhage outweighed the benefit
I 0,
substantial 17.9% annual stroke r&telhe presence of stroke prevention in the elderfy. The issue of

of atrial thrombus may mandate even more aggressiya - ce hemorrhagic risk in the elderly is controver-
therapy than this INR rang€.However, in a separate o, | SPAF |1, those>75 years old had a higher risk
study that enrolled younger patients who were n@k naior hemorrhage than the younger patients with
necessarily high risk, thrombus of the left atrium ocgjmijar INR values:® Conversely, in a large retrospec-
curred infrequently and was not an independent prgge study of patients referred to a university antico-

dictor of future thromboembolic everfts. agulation clinic, there was no relation between bleed-
ing complications and adeé.
COSTS OF ATRIAL FIBRILLATION UMMARY

Little is known about the overall economic costs of  AF is a common arrhythmia, and its prevalence

cardiac surgery. The American Heart Association rghe’ risk of stroke with AF increase with age, the
cently estimated that AF was a discharge diagnosis figiirden of AF will increase with the expected increase
325,000 hospitalization®.A prospective cohort study in the elderly in the United States. The association of
of hospitalized Medicare patients with and without ARAF with dementia will increase the morbidity from AF
suggests that total Medicare spending was 9-238¢en further.

greater in men and 10-11% greater in women with AF Information on the epidemiology of AF in racial
compared with those without A, subgroups and in developing countries is limited.
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Therefore, it is unclear whether the risk factors thafoffman A. Atrial fibrillation and dementia in a population-based study: The

: : : . tterdam StudyStroke1997;28:316-321.
predlspose to AF in white populatlons have the Saniz . Langenberg M, Hellemons BSP, van Ree JW, Vermeer F, Lodder J, Schouten
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