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We examined whether the sex differences in atrial fibrillation (AF) is related to difference
in risk factors leading to AF or due to a differential impact of the same risk factors in
11,806 participants (55.2 % women) from the REGARDS study. Incident AF was ascer-
tained by electrocardiograms and medical history at a follow-up examination. Backwards
elimination logistic regression was used to identify AF risk factors in men and women, sep-
arately. Over a median follow-up of 9.0 years, 588 (11.1%) men and 428 (6.6 %) women (p
value <0.001) developed AF. Men had a higher risk of AF than women (age and race
adjusted odds ratio [OR] [95% confidence interval (CI)]: 1.61 [1.26, 1.75]). Age, white
race, height, weight, use of blood pressure lowering medications and history of cardiovas-
cular disease were identified by backward elimination as AF risk factors shared by both
sexes. On the other hand, diabetes was an AF risk factor in women but not in men. Among
the shared risk factors between men and women, only age showed a stronger association
in women than in men [Interaction p-value = 0.003]. Adjustment for the shared risk factors
eliminated the sex difference in AF risk (OR [95% CI]: 0.90 [0.74, 1.09]), which was more
noticeable in those younger than the median age (62 years) compared to those who were
older (interaction p value 0.003). In conclusion, women and men share several AF risk fac-
tors, and these shared risk factors explain the sex differences. However, age association
with AF differs by sex, and age modifies the associations between sex and other AF risk

factors. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:1453—1457)

The incidence of atrial fibrillation (AF) has been esti-
mated to be 1.5 to 2.0-fold higher in men than in women.'
The Framingham Heart Study and the Olmstead County,
Minnesota study have shown that AF incidence in men is
2.4-fold and 1.7-fold, respectively, the incidence in
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women.” Similar to the pattern of sex differences in AF
incidence, men showed 1.4 to 1.6-fold higher prevalence of
AF than women.'**” Several AF risk factors already have
been identified including older age, obesity, higher blood
pressure (BP) and use of BP lowering medications, diabe-
tes, valvular heart disease, heart failure, and coronary heart
disease (CHD).Z’(’ It is unclear, however, whether sex dif-
ferences in the distribution of these risk factors or a differ-
ential impact of the same risk factors between sexes
explain the increased risk of AF in men compared to
women. We addressed these questions using data from the
REasons for Geographic And Racial Differences in Stroke
(REGARDS) study.

Methods

The methodology and design for REGARDS study have
been previously published.” The REGARDS study was
designed to investigate the mechanisms behind black-white
and regional differences in stroke mortality. Study partici-
pants (n=30,239) were enrolled between January 2003 to
October 2007 with oversampling of blacks from the stroke
belt (North Carolina, South Carolina, Georgia, Alabama,
Mississippi, Tennessee, Arkansas, and Louisiana) using
commercially available postal and telephone records. Ver-
bal consent was obtained, followed by an initial assessment
by computer-assisted telephone interview (CATI) along
with an in-home physical examination. During the tele-
phone interview, demographics, and medical history were
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obtained. Blood and urine sample collection, electrocardio-
gram, medication information, height and weight measure-
ments, and blood pressure recording were performed
during the in-home examination. Informed written consent
was obtained from all participants and the study was
approved by the Institutional Review Boards of all partici-
pating universities.

Approximately 10 years after the baseline assessment,
15,517 REGARDS participants completed a follow-up
examination similar to the baseline visit. Of those, we
excluded individuals with baseline AF, missing AF at fol-
low-up visit or missing any baseline covariate data leaving
a sample of 11,806 which was included in the analysis.

Incident AF was identified by the study electrocardio-
gram and also from a self-reported medical history of a
physician diagnosis during the CATI surveys, as previously
described and validated.® The electrocardiograms were
read and coded at a central reading center (Epidemiological
Cardiology Research Center, Wake Forest School of Medi-
cine, Winston-Salem, NC) by analysts who were blinded to
other REGARDS data. Self-reported AF was defined as an
affirmative response to the following question: “Has a phy-
sician or a health professional ever told you that you had
atrial fibrillation?”

Age, race, sex, education, region of residence, smoking
status, physical activity, and previous medical history of
diabetes, dyslipidemia and cardiovascular disease (heart
failure, coronary heart disease and stroke) as well as use of
blood pressure and lipid lowering medications were 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. Electrocardiographic
left ventricular hypertrophy (LVH) was defined by the
Sokolow-Lyon Ceriteria.

Potential baseline AF risk factors and participant charac-
teristics mentioned above were compared between men and
women using ¢ test for continuous variables and chi-square
test for categorical variables.

Logistics regression analysis was used to compute odds
ratios (OR) and 95% confidence intervals (95% CI) for the
association between AF risk factors and participant charac-
teristics with incident AF in men and women, separately.
Backwards elimination was used to identify risk factors
associated with AF in each sex separately, eliminating vari-
ables with a p-value >0.05. Significant similar risk factors
remained in the model after backwards elimination in men
and women were identified and referred to as “shared risk
factors.” To examine if these shared risk factors have differ-
ential impact on AF risk by sex, multiplicative interaction
terms between each of these risk factor and sex were tested.
We also examined whether these shared risk factors explain
the increased risk of AF in men compared to women by
examining the magnitude of attenuation of the association
between sex and AF after adjusting for shared risk factors.

Sex-specific population attributable fractions (PAF) and
95% CI of AF risk factors were computed. The PAF repre-
sents 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 risk
factor will vary by sex. Statistical significance for all

comparisons including interactions was defined as p <0.05.
SAS Version 9.4 (Cary, North Carolina) was used for all
analyses.

Results

A total of 11,806 participants (mean age 63.0 = 8.4
years; 55.2 % women; 36.1 % black) were included in this
analysis. The baseline characteristics of the study partici-
pants, overall and stratified by sex, are shown in Table 1.
Compared to women, men were more likely to be older,
white, with a college degree or higher, taller, and obese
(manifested as higher values in weight and waist circumfer-
ence), although they appeared to exercise more frequently
than women. Higher prevalence of previous cardiovascular
disease and use of blood pressure lowering medications,
lipid lowering medications and aspirin were observed in
men compared to women (Table 1).

During an average of 9.3 years (median 9.0 years), 1016
(8.6%) participants developed AF. A higher proportion of
men developed AF than women (588 [11.1%] vs 428
[6.6%], respectively, p value <0.001).

Using backwards elimination logistic regression models
in men and women separately, the following risk factors
remained in the models in both sexes: age, race, height,
weight, use of blood pressure lowering medications and his-
tory of cardiovascular disease. On the other hand, diabetes
remained in the model as a significant AF risk factor in
women but not in men. Among the shared risk factors
between men and women, only age showed a stronger asso-
ciation in women than in men (Interaction p value = 0.003)
(Table 2).

Adjustment for the shared risk factors eliminated the
higher AF risk in men versus women (OR [95%CI] for men
vs women 0.90 [0.74, 1.09]) compared to a model adjusted
for age and race only (OR [95%CI] 1.61 [1.26, 1.75]).
However, this was more pronounced in those older than the
median age (62 years) compared to those who were youn-
ger (interaction p-value 0.003) (Table 3).

Age- and race-adjusted PAFs for height, weight and use
of blood pressure medication tended to be higher in men
than women, whereas PAFs of the previous cardiovascular
disease seemed to be comparable in both sexes. On the
other hand, PAFs of diabetes, which was not a significant
risk factor in men using backwards elimination logistic
regression, were higher in women than men (Table 4).

Discussion

In this analysis from the REGARDS study we examined
whether the increased risk of AF in men is related to the
sex difference in distribution of risk factors or the differen-
tial impact of these risk factors. We showed that women
and men share several AF risk factors, and that these shared
risk factors explain the sex differences. We also showed
that age association with AF differs by sex, and age modi-
fies the associations between sex and other AF risk factors.

The AF risk factors identified in our analysis of men and
women are in agreement with the established risk factors
reported by several epidemiological studies.”*” Although
adjusting for these risk factors in our models attenuated the
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Table 1
Baseline participant characteristic
Characteristic* Total (n=11,806) Men (n=5,290) Women (n=6,516) p Value
Age (years) 63.0+ 8.4 63.42+8.14 62.65 + 8.51 <.001
Black (%) 4266 (36.1%) 1562 (29.5%) 2704 (41.5%) <.001
Region <.001

Stroke belt 3954 (33.5%) 1745 (33.0%) 2209 (33.9%)

Stroke buckle 2596 (22.0%) 1046 (19.8%) 1550 (23.8%)

Non-belt 5256 (44.5%) 2499 (47.2%) 2757 (42.3%)
Education <.001

Less than high school 854 (7.2%) 320 (6.1%) 534 (8.2%)

High school graduate 2729 (23.1%) 1095 (20.7%) 1634 (25.1%)

Some college 3132 (26.5%) 1295 (24.48) 1837 (28.19)

College graduate and above 5091 (43.1%) 2580 (48.8%) 2511 (38.5%)
Exercise (times/week) <.001

1t03 4623 (39.2%) 2095 (39.6%) 2528 (38.8%)

4 3735 (31.6%) 2001 (37.8%) 1734 (26.61)

0 3448 (29.2%) 1194 (22.6%) 2254 (34.6%)
Systolic blood pressure (mm Hg) 1255+ 15.5 1269 £ 14.9 1245 £ 159 <.001
Dyslipidemia 6070 (51.4%) 2760 (52.2%) 3310 (50.8%) 0.14
Waist circumference (cm) 95.1+£15.2 99.7 £ 13.3 91.3+15.6 <.001
Height (inch) 66.9 + 3.9 70.0 2.8 643 +2.7 <.001
Weight (kg) 84.4 +18.8 90.8 +17.2 79.2 +18.5 <.001
Current smoking 1300 (11.0%) 585 (11.1%) 715 (11.0%) 0.88
Diabetes mellitus 2035 (17.2%) 943 (17.8%) 1092 (16.8%) 0.13
Use of blood pressure medications 5790 (49.0%) 2442 (46.2%) 3348 (51.4%) <.001
Lipid-lowering therapies 3762 (31.9%) 1877 (35.5%) 1885 (28.9%) <.001
Regular use of aspirin 4893 (41.5%) 2603 (49.2%) 2290 (35.1%) <.001
Left ventricular hypertrophy 962 (8.2%) 414 (7.8%) 548 (8.4%) 0.25
Prior cardiovascular disease 2886 (24.5%) 1431 (27.1%) 1455 (22.3%) <.001
Incident atrial fibrillation 1016 (8.6%) 588 (11.1%) 428 (6.6%) <.001

* Values expressed as mean =+ standard deviation or n (%).
Dyslipidemia = total cholesterol >240 mg/dl or low-density lipoprotein (LDL) >160 mg/dl or high-density lipoprotein (HDL) <40 mg/dl or current use of choles-

terol-lowering medication; Diabetes = fasting plasma glucose >126 mg/dl, nonfasting plasma glucose >200 mg/dl or current use of antidiabetic medications.

association between sex and AF, the exact etiology for the
sex differences in the AF risk and AF risk factors remains
unclear, and possibly involves a combination of underlying
genetic, structural, and hormonal differences. >~ 16
Previous studies have shown that the age-adjusted incidence
and prevalence of AF is higher in men compared to
women.”*”"” Advancing age is considered the most significant
risk factor for AF with data to suggest a two fold increase in AF

Table 2

incidence with every 10-year increase.” However, it has been
noted that women with AF are usually older than men.””'® The
reasons for this finding are unclear but since women have more
longevity than men, the absolute number of women with AF
exceeds men.” This may explain the stronger association of age
with AF in women compared to men in our study.

In a sub-study from the CHARGE-AF consortium, after
adjusting for height and other risk factors, the incidence of

Atrial fibrillation risk factors identified by backwards elimination logistic regression in men and women

Odds ratio (95% confidence interval)

Risk factor* Men Women p Value for interaction '
Age (per decade) 1.78 (1.58, 2.00) 2.27 (2.00, 2.58) 0.003
Race (White vs. Black) 2.29(1.82,2.89) 2.44 (1.93, 3.09) 0.57
Height (per10 inches) 1.87 (1.32,2.65) 1.91 (1.30, 2.81) 0.50
Weight (per 1 kg) 1.02 (1.01, 1.02) 1.01 (1.01, 1.02) 0.19
Use of blood pressure lowering meds 1.46 (1.22,1.76) 1.25 (1.00, 1.56) 0.55
History of cardiovascular disease 1.59 (1.32,1.92) 1.68 (1.34, 2.09) 0.69
Diabetes'' N/A 1.34 (1.04, 1.75) N/A

* Backwards elimination approach was used to identify AF risk factors in each sex separately from the list of variables in Table | eliminating variables with

a p value >0.05. The shaded areas denote variables unshared by both sexes.

T p value for interaction between each of the shared risk factors with sex in the association with atrial fibrillation in a model adjusted for other shared factors.
f Odds ratio (95% confidence interval) of diabetes in men is 1.13 (0.91, 1.42), adjusting for age, race, height, weight, use of blood pressure lowering medi-
cations, and cardiovascular disease. p value for interaction between diabetes and sex is 0.55, adjusting for age, race, height, weight, and use of blood pressure

lowering medications.
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Table 3

Association between sex and atrial fibrillation overall and in age stratified analysis

QOdds ratio (95% confidence interval) for AF in men vs. women

Model 1* Model 2! Interaction p value'!
Total sample (n=11,806) 1.61(1.41, 1.84) 0.90 (0.74, 1.09) N/A
Age >62 years (median) (n =5894) 1.45 (1.23, 1.70) 0.83 (0.65, 1.05) 0.003

Age <=62 years (median) (n=5912) 1.95 (1.54, 2.46)

1.39(0.99, 1.96)

*Model 1: Adjusted for age and race. For the age stratified analysis, model 1 is adjusted for race only.
"Model 2: Adjusted for model 1 variables plus atrial fibrillation risk factors in men and women (race, height, weight, use of blood pressure lowering medica-

tion, and history of previous cardiovascular disease and diabetes).
b value from model 2.

Table 4

Age- and race-adjusted population attributable fraction of atrial fibrillation risk factors by sex

Population attributable fraction (95% confidence interval)

Risk factor Men Women
Height 18.0% (11.0%, 25.0%) 11.6% (2.5%, 20.6%)
Weight 25.9% (18.5%, 33.3%) 23.7% (14.7%, 32.7%)

Use of blood pressure lowering meds
Cardiovascular disease
Diabetes *

22.3% (15.3%, 29.3%)
15.2% (10.1%, 20.3%)
6.86% (2.9%, 10.8%)

19.6% (10.4%, 28.8%)
15.0% (9.5%, 20.6%)
9.9% (5.4%, 14.5%)

* Diabetes was not a risk factor in men using backward elimination.

AF among men was no longer significant.'” These findings
suggest that the increased risk of AF in men is likely related
to body size. Likewise, in our study population, men had
higher age- and race-adjusted PAF’s for height and weight,
suggesting that increased body mass index (BMI) leads to a
higher AF risk. The role of BMI is supported by two recent
large population-based studies from Europe. Results from
the BiomarCaRE consortium showed that BMI is related to
a higher incidence of AF in men™ whereas the Tromso
study revealed that increased BMI led to a higher risk of
AF in both men and women.”' This points towards a role
for exercise and risk factor modification in both sexes to
reduce the risk of future development of AF.

In women, diabetes remained a significant risk factor in
the multivariable model and the PAF for diabetes was
higher, as well. These findings are supported by previous
studies which show that diabetes in women is associated
with higher risk of incident AF.?>>* Furthermore, women
with AF have a higher risk for myocardial infarction,”” AF-
related stroke and thromboembolism”® >’ and some studies
suggest increased mortality as well.””*" The higher risk of
AF-related complications warrants aggressive preventive
and treatment strategies in women.

Our results should be interpreted in the context of certain
limitations. Self-reported questionnaires were used to obtain
some of the baseline characteristics which could subject our
study to recall bias. Also, a significant proportion of the partic-
ipants did not attend the follow up exam which could subject
our sample to selection bias. It is possible we missed cases of
paroxysmal AF since we utilized resting ECG and self-
reported history of AF. Although we adjusted for several risk
factors, residual confounding remains a possibility. Finally,
we focused on the established risk factors for AF and cardio-
vascular disease. It is possible that there are other factors con-
tributing and explaining the sex differences which we did not

include in our analysis. Our study has several strengths as
well such as the large sample size, racial diversity, and well-
ascertained variables and outcomes. These strengths enabled
us to adequately demonstrate that women and men share sev-
eral AF risk factors which explain the sex differences, and
that age association with AF differs by sex and modifies the
associations between sex and other AF risk factors.
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