
Association of the Metabolic Syndrome with Atrial Fibrillation
Among US Adults (From the REasons for Geographic And Racial
Differences in Stroke [REGARDS] Study)

Rikki M. Tanner, MPHa, Usman Baber, MDb, April P. Carson, PhDa, Jenifer Voeks, PhDa,
Todd M. Brown, MD, MSPHc, Elsayed Z. Soliman, MDd, Virginia J. Howard, PhDa, and Paul
Muntner, PhDa

aUniversity of Alabama at Birmingham Department of Epidemiology
bMount Sinai School of Medicine
cUniversity of Alabama at Birmingham Department of Medicine
dWake Forest University School of Medicine Department of Epidemiology

Abstract
Both metaxbolic syndrome (MS) and atrial fibrillation (AF) are associated with increased
cardiovascular disease morbidity and mortality. This analysis evaluates the association between
MS and AF in the REasons for Geographic and Racial Differences in Stroke (REGARDS) study.
MS was defined using criteria recommended in the joint interim statement from several
international societies. AF was defined in two ways - by electrocardiogram (ECG) and/or self-
report and by ECG alone. Among individuals with 0, 1, 2, 3, 4 and 5 MS components, the
prevalence of AF by ECG and/or self-report was 5.5%, 7.7%, 8.2%, 9.2%, 9.6% and 11.5%,
respectively (p-trend<0.001). After multivariable adjustment, each of the MS components except
serum triglycerides was significantly associated with AF. The multivariable-adjusted odds ratio
for AF, defined by ECG and/or or self-reported history, comparing those with versus without MS
was 1.20 (95% CI: 1.10 – 1.29). Results were consistent when AF was defined by ECG alone
(OR=1.15, 95% CI: 0.92 – 1.39). In conclusion, MS is associated with an increased prevalence of
AF. Further studies investigating a potential mechanism for this excess risk are warranted.
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Many metabolic syndrome (MS) components (i.e., elevated blood pressure1-3, high
glucose2, 4-7, dyslipidemia8,9, abdominal adiposity10) are also risk factors for atrial
fibrillation (AF). However, there are limited data evaluating the association between MS and
AF. Quantifying the burden of AF among individuals with MS might provide justification
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for further studies investigating potential mechanisms of excess cardiovascular disease risk
in this population. Accordingly, the goal of this analysis was to evaluate the association of
MS with AF in a large population-based national study of US adults. To do so, we analyzed
data from the REasons for Geographic And Racial Differences in Stroke (REGARDS)
study.

Methods
The REGARDS study is a national, population-based, observational study of African-
American and white US adults ≥ 45 years of age. Details of the study design and recruitment
have been published previously.11 In brief, the study was designed to oversample African-
Americans and residents of the geographic region referred to as the “Stroke Belt”, which
consists of North and South Carolina, Georgia, Alabama, Mississippi, Tennessee, Arkansas,
and Louisiana.

The REGARDS study enrolled 30,239 participants between June 2003 and October 2007.
Individuals without electrocardiographic (ECG; n=708), blood pressure (n=78), serum
glucose (n=1,123), serum lipids (n=544), or waist circumference (n=108) data were
excluded from the current analysis. Additionally, participants who did not answer the
question about having a prior diagnosis of AF (n=24) and those not fasting (n=3,638) or
missing fasting status (n=105) and having poor quality ECGs (n=261) were excluded,
leaving data from 23,650 participants for analysis. The REGARDS study protocol was
approved by the Institutional Review Boards governing research in human subjects at the
participating centers and all participants provided written consent.

Data were collected through a computer-assisted telephone interview followed by an in-
home examination. Of relevance to the current analysis, the following demographic and
behavioral information was collected during the interview: age, sex, race, education, annual
household income, frequency of physical activity, smoking status, non-steroidal anti-
inflammatory (NSAID) use, past history of stroke, and current use of antihypertensive and
anti-diabetes medication. The in-home examination included clinical measurements, an
ECG, and the collection of a fasting blood sample and urine sample. Left ventricular
hypertrophy was defined on the basis of Cornell voltage criteria as described previously.12

Clinical data (height, weight, waist circumference, blood pressure) were collected following
standardized protocols. Two blood pressure measurements were taken and averaged for
analysis. Using a spot urine, the albumin to creatinine ratio was calculated and categorized
as no albuminuria (< 30 mg/g), microalbuminuria (30 to 299 mg/g) or macroalbuminuria (≥
300 mg/g). Estimated glomerular filtration rate (eGFR) was calculated via the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.13 C-reactive protein was
measured using a high-sensitivity particle-enhanced immunonepholometric assay with levels
≥ 3 mg/L defined as elevated.

MS was defined using criteria recommended in the joint interim statement of the
International Diabetes Foundation Task Force on Epidemiology and Prevention; National
Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International Association for the Study of
Obesity.14 Specifically, elevated blood pressure was defined by a systolic blood pressure ≥
130 mmHg, diastolic blood pressure ≥ 85 mmHg, or current antihypertensive medication
use; low HDL-cholesterol was defined as < 40 mg/dL in men and < 50 mg/dL in women;
high serum triglycerides was defined as ≥ 150 mg/dL; elevated fasting plasma glucose was
defined as ≥ 100 mg/dL or antidiabetes medication use; and abdominal obesity was defined
as a waist circumference > 102 cm in men and > 88 cm in women. MS was defined as the
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presence of ≥ 3 of the 5 components. In a secondary analysis, C-reactive protein level was
included as a sixth component, with CRP-MetS defined as ≥ 3 of these six components.15

During the initial stages of the REGARDS study, AF was detected from a 7-lead ECG
recording using a single mid-sternal chest lead (n=6,507). However, a standard 12-lead ECG
was used later in the study (n=17,143). Since ECG-diagnosed AF is not affected by the
number of leads, participants with 7-and 12-lead ECGs were included in this analysis. All
ECGs were read and coded at a central reading center by trained personnel masked to the
clinical data collected in the REGARDS study. For the primary analysis, AF was defined via
self-report and/or ECG. This method has been shown to be more sensitive to detection of AF
than standard 12-lead ECGs alone.16 Further, self-report is a common method for AF
ascertainment in epidemiologic studies, and the associations of morbidity and mortality with
self-reported AF are similar to those with ECG-detected AF.17,18 A self-reported history of
AF was defined as answering “yes” to the following question: “Has a physician or a health
professional ever told you that you had atrial fibrillation?” Analyses were also conducted
using AF determined by ECG alone as the outcome.

The percentage of REGARDS study participants having 0, 1, 2, 3, 4, or 5 MS components
was calculated. Characteristics of the study participants with and without MS were
determined. The statistical significance of differences in variables across MS status was
determined using t-tests, chi-square tests, or Mann-Whitney tests, as appropriate. The
prevalence of AF was calculated for study participants with and without each MS
component and according to number of MS components. Odds ratios for AF associated with
each MS component were calculated using logistic regression. These were calculated
unadjusted and after adjustment for age, sex, race, education, income, physical inactivity,
smoking, NSAID use, eGFR, microalbuminuria, macroalbuminuria, and left ventricular
hypertrophy. Due to the strong association between stroke and AF, a sensitivity analysis was
conducted by repeating the main analyses after excluding REGARDS study participants
with a history of stroke. We performed secondary analyses using C-reactive protein level as
a sixth MS component (CRP-MS).15 First, the prevalence of AF was calculated for
participants with and without elevated C-reactive protein. Then, we calculated the
prevalence of AF in those with or without CRP-MS. Additionally, the odds ratio for AF
associated with elevated C-reactive protein and for CRP-MS was calculated after adjustment
as described above. For an additional secondary analysis, the multivariable adjusted odds
ratios for AF associated with each component, number of components, and MS were
calculated for whites and African-Americans separately. Effect modification by race was
assessed by including multiplicative interaction terms in the regression model (e.g., race *
MS). All analyses were conducted using SAS 9.1 (SAS Institute, Cary, NC).

Results
Overall, 39.8% of study participants had MS. The prevalence of 0, 1, 2, 3, 4, and 5 MS
components was 12.4%, 22.5%, 25.2%, 21.7%, 13.4%, and 4.8%, respectively.
Characteristics of the study population by MS status are shown in Table 1.

The prevalence of AF defined by ECG and/or self-report was 8.3%. The prevalence of AF
was higher in participants with versus without each MS component (Table 2). AF was also
more common among those with a greater number of MS components present (Figure 1; p-
trend<0.001). Overall, the prevalence of AF by ECG and/or self-report was 9.6% and 7.5%
for those with and those without MS, respectively (p<0.001).

Each MS component was associated with an increased odds ratio for AF by ECG and/or
self-report in crude analyses (Table 3). After multivariable adjustment, these associations
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were attenuated, but remained statistically significant for each component except elevated
triglycerides. As the number of MS components increased, the odds ratios for AF increased,
in crude analyses and after multivariable adjustment (each p-trend<0.001). The crude and
multivariable adjusted odds ratios for AF comparing those with, to those without, MS were
1.32 (95% CI: 1.20 – 1.45) and 1.20 (95% CI: 1.10 – 1.29), respectively. In a sensitivity
analysis excluding REGARDS study participants with prevalent stroke the multivariable
adjusted odds ratio for AF was 1.23 (95% CI: 1.13 – 1.33).

The prevalence of AF defined by ECG alone was 1.4%. The prevalence of AF defined using
ECG alone was higher among participants with low HDL-cholesterol and high serum
glucose than those without these MS components (Supplemental Table 1). Among
participants with 0, 1, 2, 3, 4, and 5 MS components, the prevalence of AF was 1.0%, 1.3%,
1.4%, 1.4%, 1.4%, and 2.1%, respectively, and the prevalence of AF was 1.5% and 1.3% for
those with and without MS, respectively (p=0.188).

Low HDL cholesterol and abdominal obesity were associated with ECG-defined AF after
multivariable adjustment (Supplemental Table 2). There was a trend for higher odds ratios
for AF as the number of MS components increased in the unadjusted analysis (p-
trend<0.001), but this association was not statistically significant after multivariable
adjustment (p-trend=0.068). The crude and multivariable adjusted odds ratios for AF defined
by ECG only comparing those with versus without MS were 1.16 (95% CI: 0.93 – 1.45) and
1.15 (95% CI: 0.92 – 1.39), respectively. Excluding REGARDS study participants with
prevalent stroke, the multivariable adjusted odds ratio for AF by ECG alone was 1.30 (95%
CI: 1.05 – 1.56).

The prevalence of elevated C-reactive protein was 40.0%. Among those with and without
elevated C-reactive protein, the prevalence of AF by ECG and/or self-report was 9.4% and
7.5%, respectively (p<0.001). The multivariable adjusted odds ratios for AF by ECG and/or
self-report and by ECG alone associated with elevated CRP were 1.23 (95% CI: 1.13-1.33)
and 1.53 (95% CI: 1.29-1.77), respectively. Using the CRP-MS definition, the crude odds
ratios for AF by ECG and/or self-report and by ECG alone were 1.36 (95% CI: 1.24 – 1.49)
and 1.26 (95% CI: 1.01 – 1.57), respectively. The multivariable adjusted odds ratios for AF
by ECG and/or self-report and by ECG alone associated with CRP-MS were 1.24 (95% CI:
1.14 – 1.34) and 1.30 (95% CI: 1.07 – 1.54), respectively.

The association of each MS component and number of MS components with AF was similar
for whites and African-Americans (each p-value for interaction >0.10; data not shown).
Among whites and African-Americans, the multivariable adjusted odds ratios for AF by
ECG and/or self-report associated with MS were 1.15 (95% CI: 1.03 – 1.27) and 1.27 (95%
CI: 1.11 – 1.43), respectively (p-value for interaction = 0.24). Among whites and African-
Americans, the multivariable adjusted odds ratios for AF by ECG alone associated with MS
were 1.12 (95% CI: 0.86 – 1.38) and 1.40 (95% CI: 0.90 – 1.90), respectively.

Discussion
In the present analysis, the prevalence of AF increased with a higher number of MS
components and this association persisted after adjusting for multiple confounders. While
participants with MS were also more likely to have AF defined by ECG alone, this
association was not statistically significant after multivariable adjustment.

Hypertension is the most common etiological factor associated with AF.1 It is associated
with left ventricular hypertrophy, which in turn may lead to diastolic dysfunction, left atrial
dilatation, and eventual AF.1 One prior study indicates that up to 14% of prevalent AF is
attributable to hypertension alone.2 In the current study, a higher prevalence of AF was
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present among REGARDS study participants with elevated blood pressure. These findings
are consistent with previous studies 2,3 and suggest that elevated levels of systolic/diastolic
blood pressure (≥130/85 mmHg) are associated with AF.

Previous studies have reported lower HDL cholesterol levels in individuals with AF.8,9

Annoura and colleagues suggest a causal mechanism through which low HDL cholesterol
leads to abnormalities in atrial myocytes through decreased reverse cholesterol transport.9

This mechanism could partially explain the increased AF prevalence among REGARDS
study participants with low HDL cholesterol. However, we were unable to fully evaluate this
relationship due to lack of REGARDS data on atrial structure. An association between AF
and elevated triglycerides was also present in the current study. Prior studies have shown
inconsistent results with regard to this association and, to our knowledge, an explanatory
mechanism has not been confirmed.8,9

Diabetes is a well-established risk factor for AF.2, 4-6 A study by Nichols, et al4 reported the
odds ratio for AF associated with diabetes to be 1.16 (95% CI: 1.05 - 1.28). Another study
reported an association between insulin resistance and AF.7 Consistent with prior studies, an
increased prevalence of AF was present among REGARDS study participants with elevated
glucose levels.

Several studies have examined the association between body mass index (BMI) and AF, but
considerably fewer have considered waist circumference and AF. Zhang and colleagues10

conducted a study of obesity and AF classifying obesity by both BMI and waist
circumference. They reported that prevalence of AF was higher with increased BMI and
waist circumference. Additionally, the results suggested that waist circumference may be a
stronger predictor of AF than BMI. In the current study, an increased prevalence of AF by
ECG and/or self-report was present among REGARDS study participants with elevated
waist circumference.

MS has previously been associated with increased risk for AF in select populations.19-22 In a
community-based study of over 20,000 Japanese individuals, Watanabe et al. reported a
13% prevalence of MS and an increased risk of AF (HR=1.78; 95% CI: 1.07-2.96) over a
mean follow-up of 4.5 years.19 In the Atherosclerosis Risk in Communities (ARIC) study,
participants with MS also had an increased risk of AF (hazard ratio=1.67; 95% CI:
1.49-1.87) compared to those without MS.22 The ARIC study identified AF cases from
hospital discharge codes and cases not requiring hospitalization were missed. Furthermore,
most of the AF cases were not chronic and therefore may not be typical of AF cases seen in
routine clinical practice.

Potential limitations to this study warrant consideration. ECGs were only performed once,
making detection of paroxysmal AF difficult. Furthermore, standard 12-lead ECG has a
major limitation in detecting paroxysmal AF.6 Consequently, we supplemented the ECG
data with self-reported AF to increase the sensitivity of AF ascertainment. Using the
definition of AF by ECG alone, the prevalence of AF was far lower than using the broader
definition (i.e., including self-report of AF). Although a trend was observed toward an
increased prevalence of AF with an increasing number of MS components in the current
analysis, missed cases of AF due to having only a single ECG would likely attenuate the
association between MS and AF detected by ECG alone. An additional limitation is the
cross-sectional study design, which prevents temporal inference for MS and AF. Despite
these limitations, this study included a large number of white and African-American adults
from throughout the continental US. Additionally, the REGARDS study used a standardized
protocol to collect data.
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Figure 1. Prevalence of atrial fibrillation by electrocardiogram and or self-report according to
number of metabolic syndrome components
p-trend comparing number of components <0.001
p-value comparing metabolic syndrome vs. no metabolic syndrome <0.001
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Table 1
Characteristics of REGARDS study participants with and without the metabolic
syndrome

Variable Metabolic Syndrome P-value

Yes (n=9,421) No (n=14,229)

Age (years) 64.7 (9.0) 64.5 (9.7) <0.001

Women 58.4% 53.1% <0.001

African American 44.6% 36.8% <0.001

High school education 85.5% 90.4% <0.001

Income <$20,000 24.4% 15.8% <0.001

Height (inches) 66.7 (4.4) 66.8 (4.0) <0.001

Weight (kg) 94.0 (19.8) 77.8 (16.2) <0.001

Body mass index (kg/m2) 32.6 (6.1) 27.0 (5.0) <0.001

Physically inactive 40.0% 29.5% <0.001

Currently smoke 14.9% 14.0% 0.07

NSAID* use in the past month 16.6% 13.2% <0.001

Albumin to creatinine ratio (mg/g) 8.7 (5.1, 22.0) 6.5 (4.3, 12.2) <0.001

Microalbuminuria 15.8% 8.7% <0.001

Macroalbuminuria 4.2% 1.5% <0.001

Estimated GFR (mL/min/1.73m2) 83.6 (22.0) 86.8 (18.2) <0.001

C-reactive protein (mg/L) 3.2 (1.5, 6.8) 1.6 (0.8, 3.8) <0.001

Systolic blood pressure (mm Hg) 132.1 (16.5) 124.2 (16.0) <0.001

Diastolic blood pressure (mm Hg) 78.3 (9.9) 75.5 (9.7) <0.001

Currently using antihypertensive medication 72.9% 38.6% <0.001

Plasma glucose (mg/dL) 114.9 (38.8) 93.0 (20.0) <0.001

Serum HDL cholesterol (mg/dL) 44.5 (12.7) 57.4 (16.0) <0.001

Serum LDL cholesterol (mg/dL) 113.4 (36.3) 116.0 (33.5) <0.001

Currently using lipid-lowering medication 40.6% 28.2% <0.001

Serum triglycerides (mg/dL) 150.0 (103.0, 199.0) 94.0 (72.0, 122.0) <0.001

Waist circumference (cm) 104.9 (14.0) 89.7 (13.2) <0.001

Numbers in table are mean (standard deviation) or percent except albumin to creatinine ratio, C-reactive protein, and serum triglycerides, which are

median (25th, 75th percentiles)

*
NSAID: non-steroidal anti-inflammatory drugs

Microalbuminuria defined as an albumin to creatinine ratio of 30 to 300 mg/g

Macroalbuminuria defined as an albumin to creatinine ratio ≥300 mg/g
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Table 2
Prevalence of atrial fibrillation by electrocardiogram and/or self-report among study
participants with and without each component of the metabolic syndrome

Atrial Fibrillation by electrogardiogram and/or self-report

N (Prevalence) P-Value

Systolic/diastolic blood pressure ≥ 130/85 mmHg or use of antihypertensive
medication

 Yes 15,904 (9.2%)
<0.001

 No 7,746 (6.6%)

Serum HDL-cholesterol <40 mg/dL in men and <50 mg/dL in women

 Yes 8,292 (9.4%)
<0.001

 No 15,358 (7.7%)

Serum triglycerides ≥ 150 mg/dl

 Yes 6,192 (9.0%)
0.03

 No 17,458 (8.1%)

Serum glucose ≥ 100 mg/dL or use of glucose lowering medication

 Yes 9,172 (9.4%)
<0.001

 No 14,478 (7.7%)

Waist circumference ≥ 102 cm in males and ≥ 88 cm in females

 Yes 11,381 (8.9%)
0.001

 No 12,269 (7.8%)

Metabolic Syndrome

 Yes 9,421 (9.6%)
<0.001

 No 14,229 (7.5%)

Components of the metabolic syndrome include systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥ 85 mmHg or use of
antihypertensive medication, serum HDL-cholesterol <40 mg/dL in men and <50 mg/dL in women, serum triglycerides ≥ 150 mg/dl, serum
glucose ≥ 100 mg/dL or use of glucose lowering medication, and waist circumference ≥ 102 cm in males and ≥ 88 cm in females.
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Table 3
Crude and multivariable adjusted odds ratios for atrial fibrillation by electrocardiogram
and/or self-report associated with individual or multiple components of the metabolic
syndrome

Variable Odds Ratio (95% CI) for Atrial Fibrillation by Electrocardiogram and/or Self-report

Crude Multivariable adjustedˆ Multivariable adjustedˆˆ

Systolic/diastolic blood pressure ≥130/85 mmHg§ 1.43 (1.29-1.59)*** 1.30 (1.19-1.41)*** 1.21 (1.10-1.32)***

Serum HDL-cholesterol <40 mg/dL in men and
<50 mg/dL in women 1.24 (1.13-1.36)*** 1.22 (1.12-1.32)*** 1.17 (1.07-1.27)**

Serum triglycerides ≥150 mg/dL 1.12 (1.01-1.24)* 1.08 (0.97-1.19) 1.04 (0.93-1.14)

Plasma glucose ≥100mg/dL+ 1.25 (1.14-1.37)*** 1.22 (1.13-1.32)*** 1.17 (1.07-1.27)**

Waist circumference ≥102 cm in men and ≥ 88
cm in women 1.17 (1.06-1.28)** 1.17 (1.07-1.27)** 1.14 (1.04-1.23)*

2 Risk Factors‡ 1.19 (1.05-1.35)** 1.15 (1.02-1.28)* 1.12 (0.99-1.25)

3 Risk Factors‡ 1.36 (1.20-1.55)*** 1.30 (1.17-1.43)*** 1.22 (1.09-1.36)**

4 Risk Factors‡ 1.42 (1.23-1.65)*** 1.35 (1.20-1.50)*** 1.26 (1.11-1.41)**

5 Risk Factors‡ 1.74 (1.42-2.13)*** 1.60 (1.40-1.80)*** 1.42 (1.21-1.63)***

Metabolic Syndrome¶ 1.32 (1.20-1.45)*** 1.27 (1.18-1.36)*** 1.20 (1.10-1.29)***

§
Includes participants taking antihypertensive medication

+
Includes participants taking glucose lowering medication

‡
Compared to those with 0-1 components of the metabolic syndrome

¶
Compared to those with <3 components of the metabolic syndrome

ˆ
Adjusted for age, sex, race, education, income, physical inactivity, smoking, and nonsteroidal anti-inflammatory use

ˆˆ
Adjusted for age, sex, race, education, income, physical inactivity, smoking, nonsteroidal anti-inflammatory use, estimated glomerular filtration

rate, microalbuminuria, macroalbuminuria, and left ventricular hypertrophy

*
p<0.05,

**
p<0.01,

***
p<0.001
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