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Abstract
The authors examined whether differential associations of risk factors with atrial fibrillation (AF)
by race could explain the lower AF incidence in blacks. Baseline risk factor information was
obtained from interview, clinic examination, and echocardiography in 4774 white and 911 black
Cardiovascular Health Study participants ≥65 years old without history of AF at baseline in 1989–
90 or 1992–93. Incident AF was determined by hospital discharge diagnosis or annual study
electrocardiogram. Cox regression was used to assess associations of risk factors and race with
incident AF. During a mean 11.2 years of follow-up, 1403 whites and 182 blacks had incident AF.
Associations of all examined risk factors were similar in both races, except left ventricular
posterior wall thickness, which was more strongly associated with AF in blacks (per 0.2 cm, HR
for blacks: 1.72, 95%CI: 1.44, 2.06; whites: 1.30, 95%CI: 1.18, 1.43). Overall, the relative risk of
AF was 25% lower in blacks than whites after adjustment only for age and sex (HR: 0.75, 95%CI:
0.64, 0.87), and 45% lower after adjustment for all considered risk factors (HR: 0.55, 95%CI:
0.35, 0.88). Differential associations of the risk factors considered with incident AF by race do not
explain the lower AF incidence in blacks.

Keywords
Atrial fibrillation; race; incidence; risk factors

Corresponding Author: Paul Jensen, 1730 Minor Ave, Suite 1360, Seattle Washington 98101, 206-287-2777 (tel), 206-287-2662
(fax), pnjensen@uw.edu. Alternate Corresponding Author: Susan Heckbert, heckbert@uw.edu.

Conflict of Interest: The editor in chief has reviewed the conflict of interest checklist provided by the authors and has determined that
the authors have no financial or any other kind of personal conflicts with this paper.

Author Contributions: All authors meet the criteria for authorship stated in the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals. Paul Jensen was responsible for developing the research question of interest, performing the literature review
and data analysis for the project, and writing the manuscript. Susan Heckbert was the senior investigator on the project. She
supervised all activities and aided in all aspects of the project, including development of the research question, analysis, and writing
the manuscript. Evan Thacker, Sascha Dublin, and Bruce Psaty assisted in the development of the analytic methods, and critically
reviewed all drafts of the manuscript.

NIH Public Access
Author Manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2014 February 01.

Published in final edited form as:
J Am Geriatr Soc. 2013 February ; 61(2): . doi:10.1111/jgs.12085.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Atrial fibrillation (AF) is the most common cardiac arrhythmia, currently affecting over 2
million people in the US and expected to affect 12 million by 2050.1–3 The prevalence of
AF increases with age, and AF is associated with a 5-fold increase in the relative risk of
ischemic stroke and a 1.5 to 2.0 fold increase in the relative risk of death.1, 4, 5

Most studies examining AF have been performed on predominantly white populations, and
relatively less is known about AF incidence and risk factors among non-white populations.
Available studies suggest that despite a higher level of traditional cardiovascular risk factors
and a higher incidence of stroke, blacks have a lower incidence of AF than whites.6–8 A
1997 analysis in the Cardiovascular Health Study (CHS) reported a lower incidence rate of
AF among blacks than among other participants (12.0 vs 19.5 per 1000 person-years,
respectively). However, that study was limited to the relatively small number of black
participants in the original CHS cohort and was based on an average follow-up of only 3
years; it did not include participants in the large black cohort added to CHS in 1992–93. The
goals of this analysis were to determine the age and sex-specific incidence of AF in white
and black participants in both CHS cohorts with up to 19 years of follow-up, and to
determine whether AF risk factors differed between blacks and whites. If so, such a finding
might explain the reported lower AF incidence in blacks.

METHODS
Study design and setting

The Cardiovascular Health Study is a prospective cohort study of risk factors for
cardiovascular disease in community-dwelling adults 65 years or older. In 1989–90, 5201
participants, including 246 blacks, were recruited from four field centers, located in Forsyth
County, NC; Sacramento County, CA; Washington County, MD; and Pittsburgh, PA. In
1992–93, an additional 687 black participants were recruited. The CHS design and
recruitment are described in detail elsewhere.9, 10

Baseline examination
Participants underwent a baseline study examination that included height and weight
measurement, lung function examination, blood pressure measurement by a random-zero
sphygmomanometer, and 12-lead resting electrocardiogram (ECG). Race was determined by
self-report. Information was collected on medication use, and blood was collected with the
participant in the fasting state, from which glucose, N-terminal proBNP (N-terminal pro-B-
type natriuretic peptide), and cystatin C levels were measured.11, 12 Hypertension was
determined by systolic blood pressure ≥140mmHg, diastolic blood pressure ≥90mmHg, or
use of antihypertensive medications by a participant who reported a physician diagnosis of
hypertension. Diabetes was determined by either a fasting glucose level of ≥126mg/dl or use
of an oral hypoglycemic agent or insulin. Forced expiratory volume in 1 second was
measured upon entry to the study in the original cohort, and after one year of follow-up in
the black cohort. Left ventricular (LV) posterior wall thickness, percent fractional
shortening, and left atrial dimension were determined by echocardiography, which was
performed upon entry to the study in the original cohort and after two years of follow-up in
the black cohort.13

Identification of incident atrial fibrillation
The outcome of incident AF was defined as including both incident AF and incident atrial
flutter. Incident AF was ascertained during follow-up from two sources. First, participants
underwent annual study ECGs between 1989 and 1999 that were read by the CHS
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Electrocardiography Reading Center. Second, hospital discharge International Classification
of Disease, revision 9 (ICD-9) codes were reviewed for a diagnosis code for AF or atrial
flutter (427.3, 427.31, or 427.32). Previous validation of hospital discharge ICD-9 codes
among CHS participants revealed a positive predictive value of 98% and a sensitivity of
71% for AF.14 AF that occurred during a hospitalization for open-heart surgery was
excluded; however, if subsequent hospitalizations or study examinations revealed AF
unrelated to heart surgery, the date of the subsequent AF occurrence was used as the date of
incident AF.

Statistical analyses
Analyses were limited to white and black participants without prevalent AF at baseline.
Hispanics were included in the analyses if they self-identified as white or black. Age and sex
specific incidence rates of AF in white and black participants were calculated as the number
of cases divided by the number of person years in each age-sex-race category. Participants
began accruing time at risk upon their baseline CHS examination and were followed to the
earliest of: diagnosis of AF, death, or June 30, 2008. Age- and sex-adjusted Cox
proportional-hazards models were used to assess the association between potential risk
factors and incident AF. Models for forced expiratory volume in one second (FEV1) and left
ventricular mass were also adjusted for height. Because in the black cohort pulmonary
function tests were administered after one year of follow-up, and echocardiograms after two
years, models of FEV1 and echocardiographic variables were left censored at the date of the
relevant exam for this cohort. Continuous risk factors were scaled to their standard deviation
to facilitate comparisons of hazard ratios across risk factors measured on different scales.
NT-proBNP was log-transformed because its distribution was right skewed (median: 260 pg/
dL; range: 5 – 23,445 pg/dL). To evaluate racial differences in the associations of risk
factors with incident AF, we tested interaction terms for each risk factor with race. A
significance threshold of P < 0.003 was used to account for multiple comparisons (n=15).
Scaled Schoenfeld residuals plotted over time were used to assess the assumption of
proportional hazards in each model. Cox regression was used to estimate the relative risk of
AF in blacks versus whites after adjustment for all risk factors.

RESULTS
Of the 5888 participants in CHS, 167 had prevalent AF at baseline, and a further 36 were not
white or black and were excluded from the analyses. Baseline characteristics of the
remaining 5685 participants are shown in Table 1. Blacks had higher prevalence of
hypertension and diabetes, a higher average BMI, and lower average educational attainment
and family income than whites.

During an average of 11.2 years of follow-up, there were 1585 incident AF cases identified,
1403 among whites and 182 among blacks. During the period when participants underwent
annual ECG examinations (1990–99), the proportion of AF cases first identified by study
ECG rather than ICD-9 code was similar by race (19% for whites, 17% for blacks). Age and
sex specific incidence rates are detailed in Table 2. The incidence of AF increased with age,
was higher for men than women, and was lower for blacks than whites.

Table 3 summarizes the results of individual age- and sex-adjusted Cox models for each risk
factor, stratified by race, and the hazard ratio for interaction by race. For both whites and
blacks, high levels of body mass index (BMI), systolic blood pressure, NT-proBNP, cystatin
C, and larger left ventricular posterior wall thickness and left atrial dimension were
associated with a higher relative risk of AF. Additionally, higher levels of FEV1 were
associated with a lower relative risk of AF for both races. None of the risk factors was more
weakly associated with AF in blacks than whites; conversely, left ventricular posterior wall
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thickness was more strongly associated with incident AF in blacks than in whites. There was
no evidence of non-proportional hazards for any of the covariates, thus the hazard ratios
presented approximate relative risks.

After adjustment for age and sex, the relative risk of AF was 25% lower in blacks than in
whites (hazard ratio (HR): 0.75, 95% confidence interval (CI): 0.64, 0.87). After additional
adjustment for all of the risk factors in Table 3, the relative risk of AF was 45% lower in
blacks (HR 0.55, 95%CI: 0.35, 0.88).

DISCUSSION
During an average of 11.2 years of follow-up, the relative risk of AF was 25% lower in
blacks than whites after adjustment for only age and sex, and was 45% lower after full risk
factor adjustment. The risk factors for AF examined in this study do not explain the lower
incidence of AF in blacks than whites. Only the association of left ventricular posterior wall
thickness with AF was stronger in blacks than whites; all other risk factors examined were
similarly associated with AF in the two race groups.

Strengths of the study include the large population of elderly participants, the large number
of black participants, and the detailed and thorough assessment of risk factors. This study
also includes a number of limitations. Because AF is often transient, annual study ECGs
might not detect it, and because AF may be asymptomatic, participants who experienced AF
may not have sought medical care.15 Thus, because we identified cases from annual ECGs
and hospitalization records, we may have failed to identify some cases of incident AF.
Additionally, the date of AF onset is difficult to estimate accurately, as participants may
have been in AF for some time prior to detection.

Race specific incidence rates from CHS for both whites and blacks were similar to those
reported in ARIC.8 Incidence rates in CHS among whites were similar to those reported
from Olmstead County, Minnesota,3 but consistently higher than those reported from the
Framingham Heart Study.16 The differences may be due to less frequent study ECGs in the
Framingham Study (every two years, as opposed to every year in CHS), increasing AF
incidence over time,[12] and greater clinical recognition of AF during the period of the
present study compared with the earlier period of time (1948–1986) covered in the
Framingham report.

Despite higher prevalence of hypertension and diabetes, and higher values on average for
BMI, blacks in CHS were less likely than whites to develop AF. Reasons for this apparent
paradox are unclear. Less frequent use of medical care by blacks would decrease the
opportunity for AF detection. Indeed, on average, US blacks have poorer access to health
care than whites, and among those over age 65 who are Medicare eligible, blacks are more
likely than whites to have no supplemental insurance coverage (16% vs 10% in 2007).17

Differences in access to or use of health care may account in part for lower rates of AF
detection in blacks.

Past studies have shown that between 12 and 47% of new-onset AF cases are
asymptomatic,14, 18 and such cases are unlikely to be detected by means other than ECG
screening. It has been hypothesized that blacks may suffer a disproportionately high rate of
asymptomatic AF and are thus less likely than whites to seek medical care for AF.19 In this
study, the fact that screening ECGs accounted for a similar proportion of incident AF cases
in blacks as in whites does not provide support for this explanation. Further study within a
large, racially diverse population undergoing longer-term routine ECG screening is needed
to determine whether there indeed may be racial differences in the incidence of
asymptomatic AF.
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An analysis in CHS and ARIC examining the association between European ancestry and
incident AF suggests a possible genetic explanation for the lower rate of AF among blacks.
Among blacks, each 10% increase in European ancestry was associated with a 17% higher
relative risk of incident AF,20 suggesting that perhaps whites are genetically predisposed to
AF; however, further study exploring genetic variants among both races is needed.

Conclusions
This analysis suggests that differences in the associations of a wide variety of risk factors
with AF by race do not explain the lower incidence of AF in blacks. Further study,
potentially incorporating frequent, routine ECG monitoring and a consideration of genetic
variation, is needed to further understand the racial difference in AF incidence.

Acknowledgments
We thank the study participants and the Cardiovascular Health Study Coordinating Center.

FUNDING: This work was supported by grants R01 HL068986, R01 HL102214, and by training grant T32
HL007902 (PI: Siscovick; Trainees: Jensen, Thacker), all from the National Heart, Lung and Blood Institute; the
Cardiovascular Health Study was supported by contracts HHSN268201200036C, N01-HC-85239, N01-HC-85079
through N01-HC-85086, N01-HC-35129, N01 HC-15103, N01 HC-55222, N01-HC-75150, N01-HC-45133, and
grant HL080295 from the National Heart, Lung, and Blood Institute, with additional contribution from the National
Institute of Neurological Disorders and Stroke. Additional support was provided through AG-023629, AG-15928,
AG-20098, and AG-027058 from the National Institute on Aging. Dr. Dublin was funded by National Institute on
Aging grant K23AG028954. A full list of principal CHS investigators and institutions can be found at http://
www.chs-nhlbi.org/pi.htm.

Dr. Dublin received a Merck/American Geriatrics Society New Investigator Award

Sponsor’s Role: The content is solely the responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

REFERENCES
1. Feinberg WM, Blackshear JL, Laupacis A, et al. Prevalence, age distribution, and gender of patients

with atrial fibrillation. Analysis and implications. Arch Intern Med. 1995; 155:469–473. [PubMed:
7864703]

2. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in adults: national
implications for rhythm management and stroke prevention: The AnTicoagulation and Risk Factors
in Atrial Fibrillation (ATRIA) Study. JAMA. 2001; 285:2370–2375. [PubMed: 11343485]

3. Miyasaka Y, Barnes ME, Gersh BJ, et al. Secular trends in incidence of atrial fibrillation in Olmsted
County, Minnesota, 1980 to 2000, and implications on the projections for future prevalence.
Circulation. 2006; 114:119–125. [PubMed: 16818816]

4. Benjamin EJ, Wolf PA, D'Agostino RB, et al. Impact of atrial fibrillation on the risk of death: The
Framingham Heart Study. Circulation. 1998; 98:946–952. [PubMed: 9737513]

5. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: the
Framingham Study. Stroke. 1991; 22:983–988. [PubMed: 1866765]

6. Kissela B, Schneider A, Kleindorfer D, et al. Stroke in a biracial population: The excess burden of
stroke among blacks. Stroke. 2004; 35:426–431. [PubMed: 14757893]

7. Borzecki AM, Bridgers DK, Liebschutz JM, et al. Racial differences in the prevalence of atrial
fibrillation among males. J Natl Med Assoc. 2008; 100:237–245. [PubMed: 18300541]

8. Alonso A, Agarwal SK, Soliman EZ, et al. Incidence of atrial fibrillation in whites and African-
Americans: The Atherosclerosis Risk in Communities (ARIC) study. Am Heart J. 2009; 158:111–
117. [PubMed: 19540400]

9. Fried LP, Borhani NO, Enright P, et al. The Cardiovascular Health Study: Design and rationale. Ann
Epidemiol. 1991; 1:263–276. [PubMed: 1669507]

Jensen et al. Page 5

J Am Geriatr Soc. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.chs-nhlbi.org/pi.htm
http://www.chs-nhlbi.org/pi.htm


10. Tell GS, Fried LP, Hermanson B, et al. Recruitment of adults 65 years and older as participants in
the Cardiovascular Health Study. Ann Epidemiol. 1993; 3:358–366. [PubMed: 8275211]

11. Patton KK, Ellinor PT, Heckbert SR, et al. N-terminal pro-B-type natriuretic peptide is a major
predictor of the development of atrial fibrillation: The Cardiovascular Health Study. Circulation.
2009; 120:1768–1774. [PubMed: 19841297]

12. Shlipak MG, Sarnak MJ, Katz R, et al. Cystatin C and the risk of death and cardiovascular events
among elderly persons. N Engl J Med. 2005; 352:2049–2060. [PubMed: 15901858]

13. Gardin JM, Wong ND, Bommer W, et al. Echocardiographic design of a multicenter investigation
of free-living elderly subjects: The Cardiovascular Health Study. J Am Soc Echocardiogr. 1992;
5:63–72. [PubMed: 1739473]

14. Psaty BM, Manolio TA, Kuller LH, et al. Incidence of and risk factors for atrial fibrillation in older
adults. Circulation. 1997; 96:2455–2461. [PubMed: 9337224]

15. Healey JS, Connolly SJ, Gold MR, et al. Subclinical atrial fibrillation and the risk of stroke. N Engl
J Med. 2012; 366:120–129. [PubMed: 22236222]

16. Benjamin EJ, Levy D, Vaziri SM, et al. Independent risk factors for atrial fibrillation in a
population-based cohort. The Framingham Heart Study. JAMA. 1994; 271:840–844. [PubMed:
8114238]

17. Foundation, KF., editor. Examining Sources of Supplemental Insurance and Prescription Drug
Coverage Among Medicare Beneficiaries: Findings from the Medicare Current Beneficiary Study.
2007.

18. Rose G, Baxter PJ, Reid DD, McCartney P. Prevalence and prognosis of electrocardiographic
findings in middle-aged men. Br Heart J. 1978; 40:636–643. [PubMed: 656238]

19. Soliman EZ, Goff DC Jr. Paradox of racial distribution of atrial fibrillation. J Natl Med Assoc.
2008; 100:447–448. [PubMed: 18484116]

20. Marcus GM, Alonso A, Peralta CA, et al. European ancestry as a risk factor for atrial fibrillation in
African Americans. Circulation. 2010; 122:2009–2015. [PubMed: 21098467]

Jensen et al. Page 6

J Am Geriatr Soc. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jensen et al. Page 7

Table 1

Baseline Characteristics* of White and Black Cardiovascular Health Study Participants Without a History of
Atrial Fibrillation, 1989–90, 1992–93

Whites
(n=4,774)

Blacks
(n=911)

Characteristic
Mean
or % SD

Mean
or % SD

Age, y 72.7 5.5 72.9 5.7

Male 43% 37%

BMI (kg/m2) 26.3 4.5 28.5 5.5

Height (cm) 165 9.5 165 9.2

Systolic blood pressure (mmHg) 135 21 143 23

Hypertension 63% 77%

Fasting glucose (mg/dl) 109 32 119 55

Diabetes 14% 26%

PR interval (ms) 169 31 173 33

≥1 Alcoholic drink/week 53% 34%

Drinks/week** 4.9 8.1 4.6 9.7

Natural log of NT-proBNP 5 1.1 5 1.3

FEV1 (L) 2.1 0.7 1.8 0.6

Cystatin C (mg/L) 1.1 0.3 1.1 0.5

High school graduate 74% 55%

LV fractional shortening (%) 42 8.2 42 9.5

LV posterior wall thickness in diastole (cm) 0.8 0.1 0.9 0.2

Left atrial dimension (cm) 3.9 0.7 3.9 0.6

BMI indicates body mass index; FEV1, forced expiratory volume in 1 second; LV, left ventricular; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; SD, standard deviation. Data were missing in 2% or fewer of participants for all characteristics except diabetes (missing in 27 whites and
34 blacks), fasting glucose (29 and 47), NT-proBNP (1131 and 195), cystatin C (607 and 67), left ventricular wall thickness (1682 and 342), and
left atrial dimension (181 and 199).

*
FEV1 was ascertained at baseline in the original cohort, and after one year of follow-up in the black cohort. Echocardiography was performed at

baseline in the original cohort and after two years of follow-up in the black cohort.

**
Among those with ≥1 drink/week.
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