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Abstract

Background—Despite a higher prevalence of risk factors, atrial fibrillation (AF) is less prevalent
in blacks than whites. To address this paradox, we examined racial differences in the magnitude of
AF risk associated with common risk factors.

Corresponding Author: Wesley T. O’Neal, MD, Department of Medicine, Division of Cardiology, Emory University School of
Medicine, 101 Woodruff Circle, Woodruff Memorial Building, Atlanta, GA 30322, Phone: +1.404.727.2273,
wesley.oneal@emory.edu.

Conflictsof Interest: The authors declare no conflicts of interest in the writing of this manuscript.

Ethical approval: All procedures performed in studies involving human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Informed consent: Informed consent was obtained from all participants included in the study.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

O’Neal et al. Page 2

Methods—13,688 participants (mean age=63+8.4 years; 56% female; 37% black) from the
REasons for Geographic And Racial Differences in Stroke study who were free of baseline AF
were included. Incident AF was identified at a follow-up examination by electrocardiogram and
self-reported medical history. Poisson regression was used to compute relative risk (RR) and 95%
confidence intervals (CI) for the association between risk factors and incident AF in blacks and
whites, separately. Age- and sex-adjusted population attributable fractions (PAF) of modifiable AF
risk factors were computed.

Results—After median follow-up of 9.4 years, 997 (7.3%) incident AF cases were detected.
Black race was associated with a lower risk of AF (RR=0.46, 95%CI=0.39, 0.53). Significant risk
factors for AF were age, male sex, hypertension, obesity, and cardiovascular disease. A differential
association was detected for smoking by race, with the association being stronger in blacks
(RR=1.41, 95%CI=1.07, 1.85) compared with whites (RR=1.01, 95%CI=0.88, 1.16; p-
interaction=0.030). The PAFs for hypertension (blacks=27.4%; whites=19.4%), obesity
(blacks=16.9%; whites=11.8%), and smoking (blacks=17.9%; whites=2.5%) were higher for
blacks than whites.

Conclusion—Moadifiable risk factors are important in AF development among blacks despite a
lower risk of the arrhythmia. Racial differences in the magnitude of the association of individual
AF risk factors do not explain the AF paradox.
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INTRODUCTION

Despite a higher prevalence of well-known risk factors for atrial fibrillation (AF), this
arrhythmia is less common in blacks compared with whites [1-4]. This phenomenon is
known as the AF race paradox [5, 6]. One of the proposed explanations for this paradox is
the differential impact of AF risk factors in blacks and whites [7]. Hence, examining racial
differences in the magnitude of AF risk associated with these factors may provide insight
into why blacks are protected from AF or why whites are more susceptible to develop the
arrhythmia.

Prior studies attempted to address the differential impact of AF risk factors in blacks and
whites [8-10]. However, these studies possibly were unable to detect racial differences, as
they were limited to populations of older adults [8, 9], and women [10]. Therefore, the
purpose of this analysis was to examine the association of common AF risk factors with the
development of AF in blacks and whites from the REasons for Geographic And Racial
Differences in Stroke (REGARDS) study.

METHODS

Study Population and Design

Details of REGARDS have been published previously [11]. Briefly, REGARDS is a
prospective cohort study designed to identify causes of regional and racial disparities in
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stroke mortality. The study over sampled blacks and persons residing in the Stroke Belt
(North Carolina, South Carolina, Georgia, Alabama, Mississippi, Tennessee, Arkansas, and
Louisiana) between January 2003 and October 2007. This included participants from the
stroke buckle (coastal plains of North Carolina, South Carolina and Georgia) as this region
experiences a stroke mortality rate higher than other regions of the stroke belt [12]. A total
of 30,239 participants aged 45 years and older were recruited from a commercially available
list of residents using postal mailings and telephone data. Demographic information and
medical histories were obtained using a computer-assisted telephone interview (CATI) that
was conducted by trained interviewers. Additionally, a brief in-home physical examination
was performed 3 to 4 weeks after the telephone interview. During the in-home visit, trained
staff collected information regarding medications, blood and urine samples, and a resting
electrocardiogram.

Approximately 10 years after the baseline assessment, 15,517 REGARDS participants
completed a follow-up examination similar to the baseline visit. Of these, 1,048 had baseline
AF and 781 with missing baseline covariates were excluded. All participants provided
written informed consent and the study was approved by all participating institutional review
boards.

Atrial Fibrillation

Covariates

Incident AF was identified by the study electrocardiogram and also from a self-reported
medical history of a physician diagnosis during the CATI surveys. The electrocardiograms
were read and coded at a central reading center (Epidemiological Cardiology Research
Center, Wake Forest School of Medicine, Winston-Salem, NC, USA) by analysts who were
blinded to other REGARDS data. Self-reported AF was defined as an affirmative response to
the following question: “Has a physician or a health professional ever told you that you had
atrial fibrillation?”, a question that has been shown to be a reliable predictor of incident
stroke events [13].

Age, sex, race, household income, exercise, and smoking status were self-reported. Income
was dichotomized at $20,000. Exercise was classified as none versus one or more times per
week. Smoking was defined as ever (e.g., current and former) or never smoker. Fasting
blood samples were obtained and assayed for total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, and serum glucose. Diabetes was defined as
a fasting glucose =126 mg/dL (or a non-fasting glucose =200 mg/dL among those failing to
fast), or self-reported diabetes medication use. The current use of aspirin, antihypertensive
medications, and lipid-lowering therapies was self-reported. After the participant rested for 5
minutes in a seated position, blood pressure was measured using a sphygmomanometer. Two
values were obtained following a standardized protocol and averaged. Hypertension was
defined as systolic blood pressure 2140 mmHg or a diastolic blood pressure =90 mmHg, or
by the self-reported use of antihypertensive medications. Body mass index was computed as
the weight in kilograms divided by the square of the height in meters. Obesity was defined
as body mass index values >30 kg/m2. Dyslipidemia was defined as total cholesterol =240
mg/dL, high-density lipoprotein cholesterol <40 mg/dL, low-density lipoprotein cholesterol
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>160 mg/dL, or by the self-reported use of lipid lowering therapies. Using baseline
electrocardiogram data, left ventricular hypertrophy (LVVH) was defined by the Sokolow-
Lyon Criteria [14]. Coronary heart disease (CHD) was ascertained by self-reported history
of myocardial infarction, coronary artery bypass grafting, coronary angioplasty or stenting,
or if evidence of prior myocardial infarction was present on the baseline electrocardiogram.
Prior stroke was ascertained by participant self-reported history. Cardiovascular disease was
defined as the composite of CHD and stroke.

Statistical Analyses

Baseline characteristics were compared between black and white participants. Categorical
variables were reported as frequency and percentage while continuous variables were
reported as mean = standard deviation (SD). Statistical significance for categorical variables
was tested using the chi-square method and the student’s t-test procedure for continuous
variables.

Multivariable Poisson regression with robust variance estimates was used to compute
relative risk (RR) and 95% confidence intervals (Cl) for the association between common
AF risk factors and incident AF in blacks and whites, separately [15]. The multivariable
model included the following covariates: age, sex, income, smoking, diabetes, hypertension,
obesity, exercise, dyslipidemia, LVH, and cardiovascular disease. To examine if racial
differences existed between risk factors and incident AF, multiplicative interaction terms
between each risk factor and race were tested.

Race-specific population attributable fractions (PAF) of modifiable AF risk factors
(hypertension, diabetes, obesity, and smoking) were computed. The PAF represents the
fraction of the event rate or risk in a given period that is attributable to the exposure of
interest, and we hypothesized that the magnitude of the PAF for each modifiable risk factor
will vary by race. Age- and sex-adjusted PAFs were computed using indirect standardization
with the standardized mortality ratio using the SAS® procedure STDRATE.

Statistical significance for all comparisons including interactions was defined as p <0.05.
SAS® Version 9.4 (Cary, NC) was used for all analyses.

RESULTS

A total of 13,688 (mean age=63+8.4 years; 56% female; 37% black) participants were
included in the final analysis. There were 8,611 (63%) white participants and 5,077 (37%)
black participants. The baseline characteristics are shown in Table 1.

After a median follow-up of 9.4 years, 997 (7.3%) AF cases were detected. Of these, 224
(22%) were detected on the follow-up electrocardiogram and 773 (78%) were ascertained by
a self-reported medical history. AF was detected more frequently in white (n=781, 9.1%)
compared with black (n=216, 4.3%) participants. Black race was associated with a lower
risk of AF development (RR=0.46, 95%CI=0.39, 0.53). The RRs of AF associated with
common risk factors for all participants are shown in Figure 1.
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Table 2 shows the results of the multivariable RR estimates for AF risk factors stratified by
race. Significant risk factors for AF were age, male sex, hypertension, obesity, and
cardiovascular disease, which did not differ by race. An interaction was detected by
smoking, with this variable demonstrating a positive association in blacks but not whites.

We computed the age- and sex-adjusted PAFs of common AF risk factors in blacks and
whites (Table 3). The PAF for diabetes was significant in whites but not blacks. In contrast,
the PAFs for hypertension, obesity, and smoking were higher for blacks compared with
whites.

DISCUSSION

The findings of the current analysis failed to explain the AF race paradox by differences in
the magnitude of risk associated with common AF risk factors between blacks and whites.
Despite a lower risk of AF among blacks, associations with traditional risk factors for AF
were similar between these two races. A differential association was observed between
smoking and AF by race, with smoking being significantly associated with AF in blacks but
not whites. Additionally, the PAFs of hypertension, obesity, and smoking were higher for
blacks than whites, suggesting a role for risk factor modification strategies to reduce AF
burden in blacks.

Several reports have examined the race-specific impact of AF risk factors between blacks
and whites [8-10]. Data from the Southern Community Cohort Study (SCCS) demonstrated
that age, male sex, obesity, and CHD were associated with incident AF in blacks and whites
[8]. The associations of hypertension and diabetes with AF were significant in whites but not
blacks. Data from the Cardiovascular Health Study also have shown that body mass index
and hypertension are predictive of incident AF after adjustment for age and sex, but diabetes
was associated with AF in whites but not blacks [9]. A report from the Women’s Health
Initiative (WHI) also has shown that the hazards of AF from hypertension, diabetes, obesity,
heart failure and coronary artery disease are similar across race-ethnic groups of women
[10]. The findings in this analysis support that common AF risk factors exist in both races,
and suggest that smoking is a significant risk factor for AF in blacks but not whites. This
conflicts with data from the SCCS which did not find an association between smoking and
AF in blacks or whites [8]. The aforementioned reports also were limited to populations of
older adults (e.g., =65 years) [8, 9], and women [10]. Therefore, the findings in the current
analysis are more generalizable, as we included men and women aged 45 years and older.

The findings of the current study suggest that modifiable risk factors play an important role
in AF development among blacks despite a lower prevalence of the arrhythmia. We observed
racial differences in PAF estimates for common modifiable AF risk factors. A higher PAF
estimate in blacks was observed for hypertension, obesity, and smoking, but not diabetes.
Our findings are similar to results from the Multi-Ethnic Study of Atherosclerosis (MESA)
which demonstrated increased PAF estimates for hypertension and current smoking among
blacks compared with whites [16]. In contrast, we observed a higher PAF for obesity in
blacks but this was not observed in MESA. This inconsistency may relate to the larger
sample size in REGARDS yielding the power to detect a significant difference. Our results
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also are consistent with PAF estimates from WHI [9]. In that study, blacks had higher PAF
estimates for hypertension, body mass index >25 kg/m2, diabetes, and smoking. Although
we did not observe a higher PAF for diabetes, the participants in WHI were limited to
women and our cohort included men and women.

Due to the higher prevalence of common AF risk factors (e.g., hypertension, diabetes,
obesity) in blacks compared with whites, a higher risk of AF in blacks would be expected.
However, our findings confirm that the racial differences in the rate of AF between blacks
and whites are not explained by the individual risk associated with each risk factor [1-4].
Several explanations for this paradox have been proposed. Larger left atrial dimensions by
echocardiography have been observed in whites compared with blacks, suggesting that
whites are more susceptible to adverse atrial remodeling [17]. It also is possible that other
factors, such as genetic susceptibility, vary between blacks and whites to explain this
paradox [18, 19]. Additionally, blacks may be more likely to develop intermittent cases (e.qg.,
paroxysmal) of AF, which go undetected in epidemiological studies [20]. Furthermore,
poorer access to medical care possibly limits the detection of AF in blacks (e.g., less likely
to self-report a prior diagnosis), as lack of access to medical care would result in fewer black
participants being informed of their diagnosis [21]. It also is possible that a survival bias
exists in whites in which they live longer and subsequently have more AF detected [22].
Although we offer several explanations for the AF race paradox, further research is needed
to fully understand this common epidemiologic phenomenon.

Although the association between smoking and AF development remains controversial, with
several reports demonstrating a positive association [23-25], and others showing no
association [26], the findings of the current analysis suggest that smoking has a differential
impact on AF risk by race. This finding is supported by a prior report form REGARDS
which demonstrated that environmental tobacco smoke is more strongly associated with AF
in blacks than whites [27]. Potentially, racial differences in susceptibility to tobacco smoke
explain this finding, as black patients with chronic obstructive pulmonary disease have been
reported to lose more lung function per pack-year compared with whites [26]. Additionally,
lower levels of thyrotropin, a sensitive indicator of thyroid function, are associated with an
increased risk for AF [28], and smoking has been associated with lower concentrations of
thyrotropin [29]. This suggests that thyroid dysfunction is worsened by smoking, and racial
differences in thyroid function possibly explain the increased risk of AF in blacks who
smoke compared with whites. Therefore, smoking cessation strategies potentially are able to
reduce the occurrence of AF in blacks.

Our results should be read in the context of certain limitations. Several baseline
characteristics were self-reported and subjected our analysis to recall bias. Certain cases of
AF possibly were missed due to the time-dependent nature of AF events (e.g., paroxysmal).
Also, the majority of AF cases were ascertained by self-report, and access to medical care
possibly influenced the likelihood of reporting a prior diagnosis. Due to the fact that blacks
are less likely to be aware of their AF diagnosis than whites [30], this possibly resulted in
the underdetection of incident AF in blacks. Additionally, we adjusted for several AF risk
factors but acknowledge that other unmeasured factors possibly influenced our results.
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In conclusion, we have demonstrated that traditional risk factors account for a similar
proportion of AF risk in blacks and whites. Our data also suggest that smoking has a greater
influence on AF risk in blacks compared with whites. Further studies are needed to identify
other factors that explain the racial differences in AF risk.
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Characteristic RR (95%Cl)
Black —_— 0.46 (0.39, 0.53)
Age (per 10-year increase) —— 1.62(1.51,1.74)
Male —_— 1.47 (1.29, 1.68)
Income, <$20,000 . E— 1.00 (0.83, 1.22)
Ever smoker ——— 1.08 (0.96, 1.22)
Diabetes —— 1.16 (0.99, 1.36)
Hypertension —_— 1.28 (1.12, 1.46)
Obesity — 1.38(1.22,1.57)
No regular exercise —t 1.00 (0.88,1.14)
Dyslipidemia —_—— 0.95 (0.84, 1.08)
Left ventricular hypertrophy —_—— 1.05 (0.85, 1.29)
Cardiovascular disease — 1.61(1.40, 1.84)
0.&5 0.;50 1.00 2.60 4.60
Relative Risk

Figure 1. Multivariable Relative Risk Estimates for AF Risk Factors

AF=atrial fibrillation.
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Baseline Characteristics (N=13,688)

Table 1

Characteristic

White (n=8,611)

Black (n=5,077)  p.yalue"

Age, mean (SD), years
Male (%)
Region
Stroke belt (%)
Stroke buckle (%)
Non-belt (%)
Income, <$20,000 (%)
No regular exercise (%)
Ever smoker (%)
Diabetes (%)
Systolic blood pressure, mean (SD), mm Hg
Hypertension (%)
Body mass index, mean (SD), kg/m?
Obesity (%)
Total cholesterol, mean (SD), mg/dL
HDL cholesterol, mean (SD), mg/dL
LDL cholesterol, mean (SD), mg/dL
Dyslipidemia (%)
Aspirin (%)
Left ventricular hypertrophy (%)

Cardiovascular disease (%)

63 (8.5)
4,165 (48)

2,919 (34)
1,928 (22)
3,764 (44)
695 (8.1)
2,428 (28)
4,358 (51)
1,002 (12)
124 (15)
3,898 (45)
28 (5.4)
2,662 (31)
193 (38)
52 (16)
113 (33)
5,028 (58)
3,844 (45)
468 (5.4)
1,295 (15)

63 (8.3)
1,842 (36)

1,715 (34)
985 (19)
2,377 (47)
1,036 (20)
1,709 (34)
2,592 (51)
1,253 (25)
129 (16)
3,423 (67)
31(6.4)
2,509 (49)
194 (40)
54 (16)
118 (35)
2,659 (52)
1,868 (37)
644 (13)
729 (14)

<0.001
<0.001

<0.001
<0.001
<0.001
0.62
<0.001
<0.001
<0.001
<0.001
<0.001
0.23
<0.001
<0.001
<0.001
<0.001
<0.001
0.28
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*
Statistical significance for categorical variables tested using the chi-square method and for continuous variables the student’s t-test was used.

HDL=high-density lipoprotein; LDL=low-density lipoprotein; SD=standard deviation.
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Table 3
Age- and Sex-Adjusted PAF of Modifiable AF Risk Factors by Race

Characteristic PAF (%)(95%CI)

White Black
Diabetes 5.2 (2.4,7.9) 6.2 (-1.2, 13.0)
Hypertension 19.4 (14.3,24.3) 27.4(15.6, 37.6)
Obesity 11.8(7.7,15.8)  16.9 (6.7, 25.9)
Smoking 25(-25,73)  17.9(7.2,27.3)

AF=atrial fibrillation; Cl=confidence interval; PAF=population attributable fraction.
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