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Abstract

Purpose—We studied incident atrial fibrillation (AF) in the prospective community-based
Multi-Ethnic Study of Atherosclerosis (MESA). Reportedly, non-Hispanic blacks (NHBs) have a
lower AF burden compared with their non-Hispanic white (NHW) counterparts. Information on
the epidemiology of AF in Hispanic and Asian populations is much more limited.

Methods—We excluded participants with a history of AF at enrollment. A total of 6721 MESA
participants were monitored for the first AF event ascertained according to hospital discharge
International Classification of Diseases, Ninth Revision, codes. Age- and sex-adjusted incidence
rates (IRs) of AF were calculated per 1000 person-years of observation. IR ratios were calculated
using NHWs as the reference group. Age- and sex-adjusted population attributable fractions
(PAFs) of established modifiable AF risk factors were ascertained.

Results—In the MESA cohort, 47.2% was male; at baseline, 25.7% had hypertension; 12.5%
had diabetes. Three hundred five incident hospitalized AF events occurred over a mean follow-up
of 7.3 years. Age- and sex-adjusted IRs and IR ratios showed that overall AF incidence was
significantly lower among Hispanics, NHBs and Chinese compared with NHWs (all P < .001).
Among participants 65 years of age or greater, Hispanics, Chinese, and blacks had significantly
lower AF incidence than NHWs (all P > 01), but IRs were similar among participants under age
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65 years. The PAF for smoking was 27% among NHBs but lower among other race—ethnic
groups. Among NHWs, the PAF for hypertension was 22.2%, but this was higher among NHBs
(33.1%), Chinese (46.3%), and Hispanics (43.9%).

Conclusions—Overall, the incidence of hospitalized AF was significantly lower in Hispanics,
NHBs, and Chinese than in NHWSs. A larger proportion of AF events appear to be attributable to
hypertension among nonwhite populations compared with NHWSs.
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Atrial fibrillation (AF) is the most common presenting sustained arrhythmia in clinical
practice. More than 2.3 million adults in the United States have AF, and the number is
expected to more than double over the next five decades [1]. Planning and budgeting for
future health care expenditure imposed by AF requires clear understanding of the
epidemiology of AF in the fast-growing nonwhite races/ethnicities in the United States and
Europe. Current understanding of the pathophysiology and epidemiology of AF is based
primarily on studies in non-Hispanic whites (NHWSs) populations with limited data on the
nonwhite populations. The few previous studies that addressed the risk of AF across
different races/ethnicities focused on non-Hispanic black (NHB) versus NHW populations
[2-8]. These few studies have consistently reported that NHB individuals have lower AF
burden compared with their NHW counterparts.

In the Cardiovascular Health Study, black race/ethnicity was associated with lower risk of
incident AF (hazard ratio: 0.55; 95% confidence interval [CI]: 0.35-0.88) compared with
white race/ethnicity after adjustment for all considered AF risk factors) [7]. Data from the
Atherosclerosis Risk in Communities study showed that compared with white participants,
black participants had a lower age- and sex-adjusted risk of being diagnosed with AF (RR =
0.59; 95% Cl, 0.38-0.92) despite AF risk factors being more prevalent among the latter [3].
In the Northern Manhattan Stroke Study, NHB patients had a 50% lower prevalence of AF
than white patients [5]. Significantly less AF has been noted among NHBs compared with
NHWs in a population of heart failure patients [4] as well as postoperatively in a large
consecutive series of patients undergoing coronary artery bypass [6].

Information on AF incidence in Hispanic and Asian populations is much more limited.
Currently 52 million Hispanics reside in the United States. At 16.7% of the total US
population, the number of Hispanics now exceeds that of NHBs, Asian Americans, and
Native Americans. By 2050, Hispanics are expected to make up at least 25% of the US
population and the aging growth trend is greater for Hispanics. That is, although the NHW
population over the age of 65 years is expected to grow by 83% between 2000 and 2030,
Hispanics of this same age group are projected to grow by 328%, making Hispanics the
fastest growing aging population in the United States [9,10]. Further knowledge regarding
AF incidence in the Hispanic population will be important from a public health perspective.
Furthermore, little is known about the differential contributions of AF risk factors in
Hispanics and Asians versus NHW populations.
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Our aims were to (1) examine the incidence of AF stratified by racial/ethnic group; and (2)
explore the population attributable fractions (PAFs) of established key modifiable AF risk
factors (hypertension, diabetes, smoking, and obesity) [2,11-18] with AF incidence across
the race/ethnic groups. The Multi-Ethnic Study of Atherosclerosis (MESA) is uniquely
suited to address our aims given its multi-ethnic composition inclusive of Hispanic and
Chinese participants for adequate statistical comparisons and its longitudinal single cohort
design with prospective collection of AF data.

MESA is a population-based multicenter longitudinal cohort investigating prevalence,
correlates, and progression of subclinical cardiovascular disease. The cohort includes men
and women (~50% each sex) of NHW (38%), NHB (28%), Hispanic (22%), and Chinese
origin (12%), aged 45 to 84 years and without known clinical cardiovascular disease at
baseline. Participants were recruited from six regions in the United States. Visit 1 occurred
from 2000 to 2002. Details of MESA's design and objectives have been published [19]. The
institutional review boards at all participating centers approved the study, and all
participants gave informed consent.

Sex, age, body mass index, systolic blood pressure, use of antihypertensive medication,
smoking, and history of diabetes were collected using standardized questionnaires and
examinations at baseline. Height and weight were measured to the nearest 0.1 cm and 0.5
kg, respectively. Body mass index (kilogram per square meter) was used a measure of
overall obesity. Three resting blood pressure readings were measured after 5 minutes in the
seated position using an automated oscillometric method (Dinamap) and appropriate cuff
size. The second and third readings were averaged to obtain the blood pressure levels used
in analyses. Hypertension was defined as a self-report of physician-diagnosed hypertension
along with use of antihypertensive medication or systolic blood pressure of 140 mm Hg or
greater and/or diastolic blood pressure of 90 mm Hg or greater. Participants were
categorized as having diabetes if their fasting blood glucose was 126 mg/dL or greater or
they were taking medication for diabetes. Household annual income and educational
attainment were each classified into four groups (<$20,000; $20,000 to $39 999; $40,000 to
$75,000; and >$75,000) and less than high school; completed high school, technical school
certificate or associate degree; and completed college or more).

All MESA participants are monitored for occurrence of hospitalizations and other health
outcomes during follow-up. Regular follow-up contacts are made with MESA participants
every 9 to 12 months, either by telephone or at field center visits. At these contacts, MESA
staff inquires about all health events, including diagnostic tests and interim hospitalizations.
A report of any hospitalization triggers a request to obtain medical records. A report of a
death (by a participant's next of kin) triggers a request to obtain a death certificate and an
interview with family members.

All discharge diagnoses for hospitalizations are cataloged and International Classification of
Diseases codes are obtained, including codes from the second facility after transfer to
another hospital or health care facility. In approximately 99% of cases, when a participant
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reports a hospitalization, we are able to obtain records of the encounter. In addition to this
MESA follow-up, MESA obtains Medicare inpatient claims data from the Centers for
Medicare and Medicaid Services for MESA participants aged 65 years or older and enrolled
in fee-for-service Medicare. The purpose is to ascertain all hospitalizations including those
not reported by participants as an additional source of information identifying incident AF.
The inpatient files included institutional claims for inpatient services covered under fee-for-
service Medicare on inpatient diagnoses of AF. For this analysis, AF is considered to be
present when a discharge diagnosis code of 427.31 (AF) or 427.32 (atrial flutter) is present
in any position among the hospital discharge diagnosis codes obtained either through MESA
surveillance or from the Medicare claims data. A total of 6814 participants were enrolled at
baseline. For this analysis, 36 participants did not have follow-up information, and 57
participants were identified with prevalent AF at baseline. Thus, the total number of MESA
participants at risk for newly identified incident AF events was 6721. AF incidence was
ascertained according to hospital discharge International Classification of Diseases, Ninth
Revision, codes through December 31, 2010.

Statistical analysis

Continuous data are presented as mean + SD and categorical data are presented as
frequencies (percentages). Continuous variables were compared using unpaired student t
tests and categorical data with the 2 test. Incidence rates (IRs) of AF were ascertained for
the total cohort and by age, sex, and racial-ethnic group per 1000 person-years of
observation. We computed the person-years of follow-up from the date of the baseline
examination to a diagnosis of AF, death, or end of follow-up, whichever came earlier.
Person-years of follow-up were allocated to race—ethnicity and age groups. IRs of AF were
calculated dividing the number of new AF cases in each race—ethnic group by the
corresponding person-years. IR ratios (IRRs) were derived using NHWs as the reference
group. Poisson regression analysis was used to obtain age- and sex-adjusted IRs and IRRs.
Sensitivity analysis was performed with separate models including age-, sex-, and
education-adjusted or age-, sex-, and income-adjusted IRRs.

Race—ethnic PAFs of established AF risk factors were ascertained. The PAF (total incidence
in the population — incidence in the unexposed)/total incidence in the population (containing
both exposed and nonexposed individuals) [20] reflects the fraction of event rate or risk in a
given period that is attributable to exposure, assuming that the risk factor is causal. We
chose key modifiable risk factors for AF including hypertension, diabetes, obesity, and
smoking that have been established in multiple prospective cohort studies [2,11-18]. We
hypothesized that the magnitude of the PAF for each key modifiable risk factor for incident
AF may be different for Hispanics, Chinese and NHBs compared with NHWSs. Age- and
sex-adjusted PAFs were estimated using indirect standardization with the standardized
morbidity ratio (Rgn) as p(Rem— 1/Rgm), Where p denotes the proportion of exposure among
events, using the SAS procedure STDRATE (SAS/STAT version 9.3). To assess for
certainty in the PAF estimates, complementary logarithmic transformation was used to
derive approximate two-sided 95% Cls.[21]
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A total of 6721 MESA participants were included in this analysis. More than 40% of the
cohort was older than 65 years of age and hypertensive. Approximately half were female,
one-third were obese, and over a quarter had prevalent diabetes at baseline. Obesity, current
smoking, hypertension, and diabetes were more prevalent among NHBs and Hispanics
compared with the other groups (Table 1). The proportion of those older than 65 years,
male, with hypertension, diabetes, former alcohol users, or former smokers was higher in
those with incident AF compared with those without (Supplemental Table). These trends
remained similar across all the race—ethnic groups except among the Chinese, where the
majority were women.

Overall, 305 incident hospitalized AF events occurred over a mean follow-up of 6.98 years.
NHWs had the highest AF incidence, followed by decreasing stepwise incidence in
Hispanics, NHBs, and Chinese, respectively. About a quarter of AF events were identified
only by the Medicare claims data and not by MESA follow-up, and this proportion did not
differ across the race—ethnic groups. The age- and sex-adjusted AF IR among NHWSs was
almost double that seen among Hispanics and almost four times greater than among Chinese
participants (Table 2). Unadjusted AF IRs per 1000 person-years increased with increasing
age (Fig. 1). Among those aged 65 to 74 and 75 to 84 years of age, higher age-specific IRs
were seen among NHWSs than the other race—ethnic groups, 13.4 (10.6-16.7) and 19.6
(15.6-24.3) for NHWs; 3.4 (1.4-7.0) and 8.6 (4.6-14.9) for Chinese; 4.9 (3.1-7.3) and 10.6
(7.2-15.1) for NHBs; 7.3 (4.7-10.7) and 9.4 (5.9-14.4) for Hispanics, respectively.
However, among participants aged 45 to 64 years, unadjusted AF IRs were not statistically
different among NHBs, Hispanics, and Chinese compared with NHWSs but were somewhat
lower for Chinese (Fig. 1).

We evaluated the IRRs for AF among MESA participants using NHWs as the referent
group. In age- and sex-adjusted analysis, compared with NHWs, overall Chinese had a 65%
lower AF incidence and NHBs and Hispanics had a 49% and 46% lower incidence,
respectively (Fig. 2). Adjusting the IRRs for income or educational attainment in separate
models did not significantly alter the results (data not shown). In age-specific categories, un-
adjusted IRRs for AF were significantly lower in nonwhite groups compared with NHWs for
ages 65 years and older; 56% to 75% lower among Chinese, 46% to 63% lower among
NHBSs, and 46% to 52% lower among Hispanics (Table 3). Among participants younger than
65 years, unadjusted AF IRRs were not significantly different.

We calculated age- and sex-adjusted PAFs to evaluate the relative contribution of
established major AF risk factors among the different race—ethnic groups (Table 4). The
PAFs for diabetes were quite small. The PAFs were highest among Hispanics for diabetes
and obesity but the Cls crossed zero for all these age- and sex-adjusted estimates. The PAFs
identified hypertension as the most important significant contributor to AF events; 22.2%
among NHWs, and even higher in NHBs, Chinese, and Hispanics. The PAF for smoking
was 27.4% among NHBs but was not significant among the other race—ethnic groups.
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Discussion

There has been an increase in the incidence and prevalence of AF, and the public health
burden of AF is expected to continue to rise [22,23]. There are many potential reasons as to
why AF is estimated to increase [24]. With a growing percentage of the US populace being
nonwhite, we believe it is important to consider race—ethnic differences in future studies of
the societal burden of AF. Our results suggest that most of the population burden of AF
occurs among NHWSs. The IRs for AF in the nonwhite groups were 46% to 65% lower than
in NHWs. This finding was most consistent across the 65+ years age strata where Hispanics,
Asians, and NHBs had a significantly lower incidence of AF compared with NHWs.

To date, we know of few studies comparing incidence of AF across NHWs versus Hispanics
and Asians. Shen et al. [25] studied the records of a California health maintenance
organization and found a greater prevalence of AF among NHWSs compared with blacks,
Hispanics, and Asians. However, that study used Asian/Hispanic surnames to identify race—
ethnicity and was cross-sectional in nature. Dewald et al. [26], using a large hospital-based
retrospective cohort also had similar findings; however, this was a single-center study
without the generalizability of a prospective, multicenter, community-based cohort. Many
studies do suggest that AF is more prevalent among NHWSs compared with NHBs [3,27,28].
In the Northern Manhattan Study, AF prevalence was more common in NHWSs (29%) than
in either NHBs (11%) or Hispanics (11%) [5]. There have been few studies examining AF
risk in an Asian population in the United States. One study of male US veterans found the
age-adjusted prevalence of AF to be 3.6% and 3.0% in Asian and Hispanics, respectively,
compared with 5.7% in NHWs [29]. One European study reported low prevalence of AF on
a study ECG among South Asians and NHBs [30]. Most studies on the Chinese and AF are
from Asia [31,32] and report a low prevalence of AF among Chinese participants (~1%).
However, these studies cannot be easily compared with our US-based study because of
differences in case ascertainment and the fact that we examined AF incidence, not
prevalence.

Although debatable [8], several explanations have been suggested to explain differences in
AF incidence among NHBs and NHWs such as under ascertainment of events because of
poorer access to care among NHBs, differential mortality, or under ascertainment of events
because of a higher incidence of paroxysmal AF in NHBs [27]. In a population of NHBs and
NHWSs, ECG indices such as P wave duration, area, and amplitude did not appear to explain
the race—ethnic differences in AF prevalence [33]. However, there may be
pathophysiological mechanisms that can account for the consistent finding of differences in
AF incidence by race or ethnicity. Racial differences in left atrial size and left atrial
remodeling contributing to the initiation and perpetuation of AF [34] and differences in
atrial automaticity contributing to the proarrhythmic substrate for AF [35] require further
evaluation but may eventually help explain the observed differences in our study.

Our findings demonstrate potential differences in PAF estimates among the race—ethnic
groups. The most significant difference was observed with hypertension, with 24.1% and
21.7% greater PAF estimates among Chinese and Hispanics, respectively, compared with
NHWs. It is interesting that among NHWs, hypertension appeared somewhat less influential
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on AF incidence compared with nonwhite participants. Smoking carried a significant PAF
among NHBs in this cohort but not among the other race—ethnic groups. Prior studies show
a link between smoking and inflammation [36] which could extend to AF. Additionally,
race—ethnic differences in inflammatory markers have been shown [37], supporting the
notion that the axis between smoking, inflammation, and AF in minority populations needs
further study. PAF estimates of AF risk factors have been previously noted to be higher for
NHBs than for NHWs [38]. However, in our study and others [7,8], the race—ethnic
differential distribution of AF risk factors does not explain the lower incidence of AF among
nonwhite participants. Because there appears to be a genetic predisposition among NHWs
for AF [28], our results support continued investigation for unexplained AF risk factors
among NHWs and/or protective factors among nonwhite populations.

There are public health implications to our results. Planning and budgeting for future health
care expenditure imposed by AF requires clear understanding of the epidemiology of AF in
the fast-growing nonwhite groups in the United States. Hispanics are a large and growing
aging population in the United States [9], and although we expect AF prevalence in this
group to increase, it is important to note that among Hispanics as a whole, similar to NHBs,
the disease burden of AF is not as high as that seen in NHWs. Ethnic variability in PAFs
show that hypertension is a more important contributor among nonwhites thus suggesting
that disease prevention strategies should emphasize blood pressure control in these
populations.

A potential limitation of our analysis is incomplete AF ascertainment. Incident AF was
based entirely on hospital discharge codes; so the true incidence of AF is underestimated
because asymptomatic or minimally symptomatic arrhythmias may not require
hospitalization. Such underestimation would generally result in attenuation of the
association and therefore should not explain our significant findings. It is likely that some of
the hospitalizations captured may be symptomatic paroxysmal AF. Upcoming studies using
ambulatory electrocardiography may more accurately demonstrate the community
prevalence of paroxysmal AF and asymptomatic AF and may possibly address race—ethnic
differences. We adjusted for income or educational attainment in separate models, but this
did not significantly alter the results. A prior study comparing race—ethnic differences in AF
IRs by socioeconomic status found that within socioeconomic status strata (with presumably
similar access to health care), NHBs consistently had a lower risk of AF than whites [39].
However, it is still possible that there is differential recording of AF as a discharge diagnosis
by race. Genetic ancestry among Hispanics correlates with information by country of origin
(e.g., Mexican, Puerto Rican, Cuban, and Dominican) [40]. However, we did not have
enough power to study AF incidence by Hispanic nationality or country of origin given the
limited number of AF events among Hispanics. Finally, PAF estimates are useful only if the
risk factors under study are causal. The risk factors we studied are well-established, but it is
difficult to ascertain causality definitively.

In conclusion, in a prospective, multi-ethnic, population-based cohort, we found a
significantly lower incidence of AF among Hispanics and Chinese than in NHWSs, similar to
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what has been previously observed for NHBs. Hypertension appears to be a somewhat more
of a contributor to AF incidence among nonwhites and smoking appears to be more of a
contributor among NHBs. This evidence supports race—ethnic differential AF risk in a fuller
spectrum of the nonwhite US population and reinforces continued study of unexplained AF
risk/protective factors. Future public health estimates of AF should be more inclusive of
nonwhites. Our results also support heightened awareness and control of traditional AF risk
factors, especially hypertension, among all populations.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Age-specific unadjusted AF IRs per 1,000 person-years. IRs of AF for each race—ethnic
group according to increasing age categories.
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Age- and sex-adjusted AF incidence rate ratios. The incidence rate ratio provides a relative
measure of AF IRs using NHWs as the reference groupdshowing that AF incidence is
roughly halved among NHBs and Hispanics compared with NHWSs; Chinese have about
one-third the rate of incident AF events as NHWs.
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Table 1

Baseline characteristics for the total cohort and by race—ethnic group

All participants NHWSs Chinese NHBs Hispanic Pvalue*
n=6721 n = 2580 n=795 n =1868 n = 1478
Mean age (SD.) 62.0 (10.2) 62.4(10.2) 62.3(10.3)  62.0(10.0) 61.2(10.3)  .003
Females (%) 52.8 52.2 51.2 55.2 51.8 A1
BMI >30 (%) 32.3 271.7 43 45.6 38.7 <.001
Mean BMI (SD) 28.3 (5.5) 277(51)  240(33)  302(59)  294(51) <001
Smoking <.001
Never(%) 50.3 44.4 75.2 452 53.8
Former 36.6 44.0 19.1 36.9 32.6
Current 13.1 11.6 5.7 17.9 13.6
Alcohol use <.001
Never (%) 20.4 9.3 53.7 17.2 259
Former (%) 24.0 18.6 14.8 33.1 26.7
Current (%) 55.6 72.1 315 49.7 47.4
Hypertension (%) 44.8 38.4 37.4 59.5 41.5 <.001
Diabetes (%) 26.4 17.2 29.9 324 331 <.001
Mean total cholesterol (SD) (%) 194.2 (35.8) 195.7 (35.2) 1927 (31.9) 189.7(36.3) 198.0(37.4) <.001
Hypertension medication (%) 37.0 328 28.4 50.1 325 <.001
Mean SBP (SD) 126.5 (21.5) 123.3(20.3) 1245(21.6) 131.7(216) 126.7(21.9) <.001
Mean DBP (SD) 71.9 (10.3) 70.2(10.0)  72.0(10.4). 745(10.2) 71.6(10.1)  <.001
Mean glucose mg/dL (SD) 97.3(30.3) 91.3(21.5) 98.8(28.3) 100.0(32.1) 103.6(38.9) <.001
Mean physical activity met min/wk (SD) 5762 (5898) 5704 (5380) 3768 (3875) 6465 (6865) 6051 (6107) <.001
Total caloric intake kcal (SD) 1532 (805) 1561 (726) 1171 (571) 1589 (905) 1622 (875)  <.001

BMI = body mass index.

*
Comparing race-ethnic differences in demographic and clinical characteristics.
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Table 2

Distribution of AF events during follow-up stratified by race and ethnicity

Cases* Person-years Age and sex-adjusted IRs (95% Cls)

NHW 171
Chinese 18
NHB 64
Hispanic 52

18,562 11.23 (9.82-12.84)
5869 3.94 (2.54-6.11)

13528 5.77 (4.75-7.02)

10,856 6.07 (4.71-7.84)

**Per 1000 person-years
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Table 4
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Age- and sex-adjusted PAFs and 95% Cls of established AF risk factors in each stratum of race—ethnicity

PAFs (%) and 95% Cls

Diabetes Hypertension

BMI >30 kg/m?

Current smoking

Chinese 49 (-26.8t028.9) 46.3(24.9t0 76.5)
Hispanics 9.6 (-9.9 to 25.7) 43.9 (20.3 t0 60.5)
NHB 5.0(-11.4t019.0)  33.1(20.6 to 53.8)
NHW 0.2(-65t06.4)  22.2(10.81032.3)

2.2(-9.0t012.3)
17.7 (-1.4 10 33.1)
~0.6 (-16.3 t0 13.0)
2.9 (-6.1t011.9)

~0.7 (-17.7 10 46.9)
-0.9 (21110 15.8)
27.0 (5.8t0 43.5)
6.9 (-1.3t0 14.4)

BMI = body mass index.
95% Cls (lower limit, upper limit).
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