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Abstract

Introduction—Obesity is a well-recognized risk factor for atrial fibrillation (AF) yet adiposity
measures other than body mass index (BMI) have had limited assessment in relation to AF risk.

We examined the associations of adiposity measures with AF in a biracial cohort of older adults.
Given established racial differences in obesity and AF, we assessed for differences by black and
white race in relating adiposity and AF.

Methods—We analyzed data from 2,717 participants of the Health, Aging, and Body
Composition Study. Adiposity measures were BMI, abdominal circumference, subcutaneous and
visceral fat area, and total and percent fat mass. We determined the associations between the
adiposity measures and 10-year incidence of AF using Cox proportional-hazards models, and
assessed for their racial differences in these estimates.
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Results—In multivariable-adjusted models, 1-standard deviation increases in BMI, abdominal
circumference and total fat mass were associated with a 13-16% increased AF risk (hazard ratio
[HR]: 1.14, 95% confidence interval [CI]: 1.02-1.28, HR: 1.16, 95%CI: 1.04-1.28, and HR: 1.13,
95% CI: 1.002-1.27). Subcutaneous and visceral fat areas were not significantly associated with
incident AF. We did not identify racial differences in the associations between the adiposity
measures and AF.

Conclusion—BMI, abdominal circumference, and total fat mass are associated with risk of AF
over 10 years among white and black older adults. Obesity is one of a limited number of
modifiable risk factors for AF; future studies are essential to evaluate how obesity reduction can
modify the incidence of AF.
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Introduction

Atrial fibrillation (AF) has increasing incidence in older adults.l AF risk doubles with each
progressive decade of age, reaching 11-18% in those age >85 years.2 3 With improved
survival and the overall aging of the population, it is estimated that the incidence of AF will
increase from 1.2 million cases in 2010 to 2.6 million cases in 2030, with a corresponding
rise in AF prevalence from 5.2 million in 2010 to 12.1 million in 2030.# AF is associated
with increased morbidity, mortality, and healthcare-associated expenses.>~7 Identifying and
studying modifiable risk factors is a critical step for primary and secondary prevention of
AF8

Obesity is a well-established risk factor for AF.% Body mass index (BMI - or its
components) is part of two prominent prediction models for new-onset AF, and is one of a
limited number of modifiable risk factors for AF.10-13 |n a meta-analysis of 16 studies,
obesity was associated with a 49% increased risk of AF (mean age of participants 50-68
years); the elevated risk was proportionate to BMI.14 Waist circumference and waist-to-hip
circumference ratio also have been associated with higher risk of AF.15-18 Higher body fat
mass has been associated with a 29-40% increase in AF risk over 13.5 years.1® Visceral
adiposity is associated with incident cardiovascular disease independently of generalized
adiposity.19 Yet, there are limited data assessing whether risk of AF is related to body fat
distribution (subcutaneous versus visceral adiposity) or total fat mass. Body fat distribution
and total fat mass are not fully captured by BMI or waist and hip circumference, and may
have additional associations with prospective risk of AF.

The associations between obesity and AF risk have been studied predominantly in middle-
aged cohorts that are primarily of European ancestry, with limited data existing in older
adults and non-whites. Although the prevalence of obesity in blacks is higher compared to
whites, 20 the incidence of AF in blacks is lower.21: 22 Qur study had 2 objectives: first, we
sought to determine the associations between adiposity measures and 10-year risk of
incident AF, and second, to examine if the associations between adiposity measures and AF
varied by race. To pursue these objectives, we examined BMI, abdominal circumference,
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abdominal subcutaneous and visceral fat area, total fat mass and total percent fat in the
Health, Aging, and Body Composition Study (Health ABC), a prospective biracial cohort of
community-dwelling older adults. We hypothesized that adiposity measures other than BMI
are associated with an increased risk of AF. Second, given the decreased incidence of AF in
blacks despite the higher prevalence of obesity,20-22 we hypothesized that the associations
between adiposity measures, and incident AF would be attenuated in Health ABC
participants of black race.

Material and Methods

The Health Aging and Body Composition Study cohort

Health ABC is a longitudinal, community-based, biracial cohort study of 3,075 older adults,
designed to examine the association of body composition with health outcomes. The details
of the study have been reported previously.23 24 Participants were recruited from a random
sample of white Medicare beneficiaries residing in the Pittsburgh, Pennsylvania, and
Memphis, Tennessee metropolitan areas and all age-eligible black residents in the same zip
codes. Enrollment criteria were: age 70-79 years, white or black race, ability to perform
mobility-related activities of daily living, absence of functional disability or life-threatening
iliness, and planning to remain in the geographic area for at least 3 years.2>

Participants were evaluated during a baseline clinic visit and then prospectively with annual
clinic visits and semi-annual telephone interviews. As part of the baseline clinic visit (1997-
98), cohort participants had a set of standardized measures, including anthropometric
measurements, electrocardiogram, imaging including computed tomography, and dual X-ray
absorptiometry, as well as laboratory, neurocognitive, and mobility assessments. Blood
samples were obtained after an 8-hour fast. Medications taken within the two weeks
preceding baseline and follow-up clinical visits were brought to the visits and classified
according to the lowa Drug Information System.26

In the present analysis, participants with prevalent AF (n=134), BMI < 18.5 kg/m? (n=37),
missing covariates of interest (n=151), or lacking Center for Medicare and Medicaid data
(n=36) were excluded from analysis. Health ABC’s study protocols were approved by the
Institutional Review Boards at the University of Pittsburgh, University of Tennessee; the
current study was approved by Boston University Medical Center. All participants provided
written informed consent.

Measures of adiposity

In the present analysis measures of adiposity were collected during the baseline clinical
visit. Health ABC adiposity measures are described in detail elsewhere.2”- 28 |n brief, body
weight and height were measured without shoes in a hospital gown on a calibrated balance-
beam scale and stadiometer. BMI was calculated by dividing weight by height squared.
Abdominal circumference was measured between the lower margin of the last palpable rib
and the top of the iliac crest, at the level of maximum circumference using a flexible
inelastic fiberglass tape, with the tape parallel to the floor. Subcutaneous and visceral
abdominal fat areas were quantified by computed tomography (University of Tennessee
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Health Science Center: Somatom Plus 4, Siemens, Erlangen, Germany, and PQ 2000S,
Marconi Medical Systems, Cleveland, OH, USA; University of Pittsburgh: 9800 Advantage,
General Electric, Milwaukee, WI, US). Total fat mass was measured using whole-body dual
X-ray absorptiometry (Hologic QDR 4500 software, versions 8.2-12.5 Bedford, MA, USA)
and percent fat mass was calculated by dividing total fat mass by total body mass.

Incident AF in Health ABC

Incident AF was determined by analysis of records linked to Health ABC through the Center
for Medicare and Medicaid Services. Health ABC participants with International
Classification of Diseases, Ninth Revision (ICD-9) principal or concomitant diagnosis codes
of 427.31 (AF) or 427.32 (atrial flutter) acquired from the outpatient or inpatient setting
from study baseline through 2008 were identified. Incident AF was identified when the
ICD-9 codes 427.31 or 427.32 were identified during a hospitalization or twice during
ambulatory visits within 12 months. This approach has been reliably used to identify AF by
CMS coding.22 29 The earliest date of onset was used as the date of incident AF. Health
ABC study investigators did not have routine access to participants’ electrocardiograms or
other rhythm assessments outside of the study and AF was not an adjudicated outcome in the
study.

Covariates

Age, sex, race, and smoking status (current/former vs. non-smoker) were determined by
self-report. Blood pressure was the average of two consecutive measurements in the seated
position. Use of anti-hypertensive medications was determined by medication review. Total
and high density lipoprotein cholesterol levels were measured in EDTA treated plasma using
standardized assays (Ortho-Clinical Diagnostics, Rochester, NY). Prevalent congestive heart
failure at the baseline exam was determined by self-reported history or use of diuretics,
vasodilators, or digitalis. Coronary heart disease was determined by self-reported history of
angina, myocardial infarction, percutaneous coronary intervention, coronary artery bypass
graft surgery, or presence of diagnostic Q-waves on electrocardiogram. Diabetes status was
determined by self-reported history, use of medications to treat diabetes (including insulin),
or fasting glucose =126 mg/dL. A baseline 12-lead electrocardiogram was performed to
assess for heart rate, left ventricular hypertrophy, and PR interval using a standard approach
(Marquette Electronics MAC PC, GE Healthcare, Wauwatosa, WI). Electrocardiogram
tracings were analyzed by the St. Louis University Core Electrocardiography Laboratory (St.
Louis, Missouri) as previously described.30 Electrocardiographic left ventricular
hypertrophy was defined on the basis of R wave amplitude >2.6 mV in leads V5 or V6, >2.0
mV in leads I, I, I1l or aVF, or >1.2 mV in lead aVL. The PR interval was measured in lead
I using digital magnification and was averaged between 2-3 consecutive beats.31

Statistical analysis

We determined descriptive statistics for baseline continuous variables as means + standard
deviation (SD) and categorical variables as absolute number (percentage). We calculated
thel0-year AF incidence rate and its 95% confidence intervals (Cl). We stratified AF
incidence using standard World Health Organization BMI categories (18.5-25, 25.1-30,
30.1-40 and >40 kg/m?2) and quartiles of abdominal circumference, abdominal subcutaneous
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and visceral fat, and total and percent fat mass. We calculated the correlations between the
varying adiposity measures using Spearman’s rho.

We utilized 3 pre-specified, multivariable-adjusted Cox proportional hazards models to
relate the adiposity measures to the 10-year risk of incident AF. Model 1 included age, sex,
race, and site. Model 2 included model 1 variables plus smoking, systolic and diastolic blood
pressure, antihypertensive medication use, total to high density lipoprotein cholesterol ratio,
heart rate, electrocardiographic left ventricular hypertrophy, PR interval, prevalent
congestive heart failure, coronary heart disease and diabetes. Model 3 included model 2
variables plus BMI. Given the strong association of BMI with AF, we utilized model 3 to
determine whether the distinct associations of adiposity measures with incident AF would
persist after adjusting for BMI. Adiposity measures that were strongly correlated with BMI
(rho>0.5) were excluded from model 3 to avoid multicollinearity. The proportionality of
hazards assumption was verified.

To determine whether associations between adiposity measures and AF risk differ by race,
we introduced two-way interaction terms for race with each adiposity measure in our Cox
models. We also examined for interactions between sex and adiposity measures in regards to
AF risk. Last, we examined for interactions between race and adiposity measures in sex-
stratified models.

We examined the relations between adiposity measures and AF with restricted cubic splines
using the cohort median of each adiposity measure as reference and incorporating knots at
25t 50t and 75% percentiles. The splines were adjusted for the same covariates included
in model 2. A 2-sided P<0.05 was considered statistically significant. All statistical analyses
were performed with SAS version 9.3 (SAS Institute, Cary, NC).

Research support

Results

This research was supported by National Institute on Aging (NIA) Contracts N01-
AG-6-2101, NO1-AG-6-2103 and N01-AG-6-2106 and the Intramural Research Program of
the NIH/NIA; NIH grants R01-AG028050, 5R03-AG045075, R01-NR012459,
2R01HL092577 and NINR grant R01-NR012459. Dr. Magnani is further supported by a
Boston University School of Medicine Department of Medicine Career Investment Award.
The authors are solely responsible for the design and conduct of this study, all study
analyses, the drafting and editing of the paper and its final contents. The content does not
necessarily represent the official views of the National Institutes of Health or National
Institutes of Ageing.

Following exclusions, the analysis included 2,717 Health ABC participants (41.4% blacks,
51.7% women). The cohort’s mean age at baseline was 74+3 years. Mean BMI was
27.6%4.7 kg/m? and mean abdominal circumference was 100.1+12.9 cm. Baseline
characteristics of the cohort are presented in Table 1. Over 10-year follow-up, 371
participants developed AF (158 women, 111 blacks). The overall 10-year AF incidence was
16.6 (95% CI: 14.9-18.3) per 1000 person-years. The 10-year AF incidence was lower in
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blacks (12.1 per 1000 person-years 95% ClI: 9.9-14.4), compared to whites (19.7 per 1000
person-years, 95% Cl: 17.3-22.1). Table 2 presents the 10-year AF incidence rate per 1000
person-years across different BMI categories and quartiles of other adiposity measures. AF
incidence was lower in blacks compared to whites across all BMI categories and other
adiposity measures quartiles (Supplemental table 1).

In multivariable-adjusted Cox proportional hazards models, a 1-SD (4.7 kg/m?) increase in
BMI was associated with a 14% increase in 10-year AF risk (HR: 1.14, 95% ClI: 1.02 to
1.28). A 1-SD (12.9 cm) increase in abdominal circumference was associated with a 16%
increase in 10-year AF risk (HR: 1.16, 95% CI: 1.04 to 1.28). Figure 1 presents restricted
cubic splines of multivariable-adjusted AF hazard ratios across BMI and abdominal
circumference percentiles. AF risk increases linearly as BMI and abdominal circumference
increase without a significant interaction by race (Figure 1).

A 1-SD (9 kg) increase in total fat mass was associated with a 13% increase in 10-year AF
risk (HR: 1.13, 95% CI: 1.002 to 1.27). Abdominal circumference and total fat mass were
strongly correlated with BMI (rho=0.79 and 0.87, p<0.01) and thus adjustment of the effect
of total fat mass for BMI was not performed to avoid multi-collinearity. Visceral fat area
was positively associated with 10-year AF risk in age-, race-, sex- and site-adjusted analysis
(HR 1.11, 95% CI 1.003 to 1.23), but not in multivariable-adjusted models. Subcutaneous
abdominal fat and percent fat mass were not associated with incident AF (Table 3).

The sum of subcutaneous and visceral fat areas was positively associated with AF risk in
age-, race-, sex- and site-adjusted analysis (HR 1.13, 95% CI 1.003-1.26), but not in
multivariable-adjusted models. The sum of subcutaneous and visceral fat areas was
moderately associated with abdominal circumference (rho=0.76, p<0.01) and strongly
associated with BMI and total fat mass (rho=0.84 and 0.93, both p<0.01). There were no
statistically significant interactions between adiposity measures and race with the outcome
of AF when examining the whole cohort (all p-values >0.14, Supplemental table 2), and in
sex-stratified analysis (all p-values >0.14, Supplemental table 3). There were no statistically
significant interactions between adiposity measures and sex with the outcome of AF (all p-
values >0.64).

Discussion

The present study examined the associations of obesity, anthropometric, body composition,
and fat distribution parameters with the10-year AF risk in a biracial cohort of older adults.
We found that BMI, abdominal circumference, and total fat mass are associated with a
modest (13-16%) increase in risk of AF risk over 10-year follow-up.

Our results expand on findings from prior studies of obesity and AF to older individuals of
both white and black race. Most of the available data to date have been collected from
younger cohorts than Health ABC that have been comprised primarily of individuals of
European ancestry. Furthermore, there has been limited assessment of associations between
different types of obesity (visceral vs. subcutaneous) and AF. In a range of community-
based cohorts, obesity and increased BMI have been associated with increased AF risk (HR:
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1.65-2.35) in follow-up spanning 6 to 14 years.2} 32-35 |n the Women’s Health Study (mean
age 56+7 years) each 1 mg/kg? increase in BMI was associated with a 4.7% increased risk
of AF over 13-year follow-up.32 In the Women’s Health Initiative study (mean age 637
years) overweight status was identified as a risk factor for AF, contributing a 10-year
population attributable risk of 12.1%.21 Blacks had a lower AF incidence rate by 41%
compared to whites in the Women’s Health Initiative study.2! BMI >35 is also associated
with increased AF risk by a HR of 3.50 in young (30.6+4.7 years), otherwise healthy
women, in a nation-wide cohort study from Denmark.36

Waist and hip circumference, as well as waist-to-hip circumference ratio have been
associated with AF risk.15:17.18 |n community-dwelling cohorts, increased waist
circumference and waist-to-hip circumference ratio have been associated with higher risk of
AF, by 11-13% over a 13 to 15-year follow-up period.1> 17:34 Elevated body fat mass has
been recently associated with increased AF risk by 29% during a 13.5-year follow-up.1® In
our analysis, conducted in Health ABC participants, we determined a lower hazard for
incident AF than the analyses conducted in younger cohorts that are summarized here. First,
we examined BMI as a continuous variable, rather than stratifying by BMI categories.
Second, obesity and adiposity measures may compete with other risk factors for AF in older
adults. It is possible that obesity is less prominent risk factor in older adults due to
cumulative insults from aging and other prominent risk factors for AF (e.g. hypertension).
Last, Health ABC enrolled only patients older than 70 years without known AF, so a
survival bias may exist.

Several mechanisms may underlie the associations of obesity and adiposity measures with
AF risk. Increased BMI is associated with increased left atrial size.3”: 38 Increased left atrial
size is associated with higher AF risk in whites and blacks.3° Second, inflammation is
strongly associated with AF and has been proposed to have a pivotal role in the initiation
and perpetuation of AF.40 Obesity is recognized as a chronic, low-grade systemic
inflammatory state,*1 42 which may partially contribute to the association of obesity with
AF. Third, increased epicardial fat thickness has been described in obese individuals*3 and
has been associated with altered atrial electrophysiology** and sympathovagal imbalance of
the atria.*® In small case-control studies, increased epicardial fat has been associated with
AF.46’ 47

Visceral obesity is associated with a more unfavorable metabolic phenotype, enhanced
systemic inflammation, and higher cardiovascular risk compared to subcutaneous obesity.48
In our study, although visceral obesity was associated with AF risk in age-, sex-, race-, and
site-adjusted analysis, it was not associated with AF in multivariable models. Our results
suggest that increased BMI, rather than adipose distribution, has a strong association with
AF risk. Last, obesity is associated with inter-atrial conduction delay and increased P-wave
duration, terminal force,4® and PR interval3! that constitute intermediate phenotypes for
AF.50

Studies have identified multiple exposures as associated with increased risk of AF.
However, obesity is one of the few that are modifiable. Understanding the associations of
obesity and different adiposity measures with AF has implications for public health.
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Treatment of obesity with weight loss has been associated with reduced AF episodes
frequency, duration and severity.>! BMI is a universally available, easy to obtain
measurement. It provides a measure that can be modified and followed prospectively, and
does not require sophisticated testing. Whether changes in BMI are associated with changes
in AF risk needs to be evaluated in future studies. Whether changes in the other adiposity
measures examined here likewise modifies AF risk also merits investigation.

Our study has several strengths. Health ABC employs standardized protocols that facilitated
accurate collection of adiposity measures and covariates. Health ABC’s biracial design
enabled assessing for statistical interaction by race and conducting race-stratified analyses.
Our study has several limitations. The most important limitation of our study is that Health
ABC was not designed to identify incident AF. AF outcomes were based on Center for
Medicare and Medicaid data and outcome adjudication was not performed. The reliance on
Center for Medicare and Medicaid data for our outcome ascertainment could potentially
introduce misclassification for AF.22 Inclusion of individuals with a good functional status
may limit generalizability of our results to sicker or functionally impaired older adults who
may have an increased risk for AF. However there is an increasing number of well-
functioning older adults in the community thereby increasing the generalizability of our
findings. We further note that abdominal circumference was associated with AF risk while
the sum of subcutaneous and visceral adipose tissue was not. It may be that intramuscular fat
or non-adipose tissue contributed towards the association between abdominal circumference
and AF. We were not able to quantify intramuscular fat content or non-adipose tissue, and
hence are unable to explore this finding. Last, although we adjusted for available covariates,
we cannot exclude residual confounding.

In conclusion, we established that anthropometric, body composition and fat distribution
parameters were associated with incident AF in a community-dwelling cohorts of older
adults. As obesity prevalence continues to rise, it is essential to develop a deeper
understanding of the associations and mechanisms that link obesity with AF and its
associated morbidity. Obesity is one of the very few risk factors for AF that can be
modified. Future studies are required to enhance our understanding of how weight loss and
reducing obesity can affect the incidence, progression, and course of AF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Multivariable-adjusted restricted cubic splines relating (a) BMI (b) abdominal circumference

and risk of AF in whites and blacks participants of the Health ABC cohort. A BMI of 27
mg/kg? and an abdominal circumference of 99 cm were used as a reference since they
represent the median of each variable’s distribution. The solid line demonstrates a
progressively increased AF risk in whites and the dashed line demonstrates a progressively
increased AF risk in blacks. AF risk increases linearly as BMI and abdominal circumference
increase, while there is no significant interaction by race. The shaded areas indicate the 95%
confidence intervals.
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Table 1

Health ABC, baseline participant characteristics, overall and by race.

Demographic Characteristics
Age, years

Men, N (%)

Site: Memphis N (%)

Smoking (current or former), N (%)
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Antihypertensive medication, N (%)
Total/HDL cholesterol Ratio

Heart failure, N (%)

Coronary heart disease, N (%)
Stroke, N (%)

Diabetes, N (%)

Heart rate, beats per minute

ECG LVH, N (%)

PR interval, ms

Adiposity Measures

Body mass index, Kg/m?2

Abdominal circumference (cm)

Abdomen subcutaneous fat area (cm?)

Abdomen visceral fat area (cm?)
Total fat (kg)
Total percent fat (%)

Overall (N = 2717)

Whites (N = 1591)

Blacks (N = 1126)

74%3
1406 (51.7%)
1385 (51%)
1519 (55.9%)
136421
71£12
1444 (53.1%)
41+13
59 (2.2%)
540 (19.9%)
208 (7.7%)
396 (14.6%)
6511
230 (8.5%)
172429

27.6+4.7
100+13
290+120
145+67
27+9
3548

74%3
762 (47.9%)
837 (52.6%)
899 (56.5%)
13420
70+11
749 (47.1%)
42+13
25 (1.6%)
311 (19.5%)
110 (6.9%)
161 (10.1%)
64+10
74 (4.7%)
17130

26.7+4.1
99+12

269+102

154+69
26+7
35+7

73£3
644 (57.2%)
548 (48.7%)
620 (55.1%)
13922
74+12
695 (61.7%)
3.9+13
34 (3%)
229 (20.3%)
98 (8.7%)
235 (20.9%)
6611
156 (13.9%)
172429

28.9+5.3
101+13
319+137
132461
29+10
36+9

Values are means + SD for continuous variables and absolute number (percentage) for categorical variables. HDL indicates high density

lipoprotein; LVH, left ventricular hypertrophy.
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Table 2

Page 14

Ten-year atrial fibrillation incidence rate in Health ABC participants included in the analysis, per 1000 person-

years follow-up (95% CI), across BMI categories and other adiposity measures quartiles.

BMI Category

Adiposity Measure

Abdominal circumference
Subcutaneous abdominal fat

Visceral abdominal fat

Total Fat mass

Total percent fat

18.5 to 25 kg/m?

25.1 to 30 kg/m?

30.1 to 40 kg/m?

>40.1 kg/m?

16.6 (13.6, 19.7)
15t Quartile

15.7 (13.2, 18.2)

2" Quartile

18.3 (14.2, 22.3)
3 Quartile

17.3 (11.0, 23.6)
4t Quartile

14.0 (10.8, 17.1)
19.7 (15.8, 23.6)
12.0 (9.1, 14.9)
17.9 (14.3, 21.6)
18.5 (14.8, 22.2)

17.8 (14.3, 21.3)
14.8 (11.6, 18.1)
17.2 (13.8, 20.7)
15.9 (12.6, 19.2)
20.1 (16.3, 23.9)

14.8 (11.6, 18.0)
15.7 (12.3, 19.0)
16.3 (12.9, 19.7)
15.0 (11.8, 18.2)
14.0 (10.9, 17.1)

19.9 (16.1, 23.6)
14.6 (11.3, 17.8)
18.7 (15.0, 22.3)
17.2 (13.8, 20.6)
13.2 (10.2, 16.2)

Health ABC indicates Health, Aging and Body Composition Study; BMI, body mass index; 95% CI, 95% confidence interval.
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Table 3

Page 15

Multivariable Cox proportional hazard models for AF per 1-SD increase in adiposity.

Model 1 Model 2
HR (95%Cl) p-value HR (95%Cl) p-value

Anthropometry

BMI 1.16 (1.04, 1.29) 0.01 1.14 (1.02, 1.28) 0.03

Abdominal circumference 1.16 (1.05, 1.27) <0.01 1.16 (1.04, 1.28) 0.01
Computerized Tomography

Subcutaneous abdominal fat 1.12 (0.98, 1.27) 0.10 1.11(0.97,1.27) 0.13

Visceral abdominal fat 1.11 (1.003, 1.23) 0.04 1.07 (0.96, 1.19) 0.25

Sum of subcutaneous and visceral abdominal fat  1.13 (1.003, 1.26) 0.04 1.10 (0.98, 1.25) 0.11
DXA scan

Total fat mass 1.15(1.03, 1.29) 0.01 1.13(1.002, 1.27) 0.04

Total percent fat 1.06 (0.90, 1.24) 0.52 1.03 (0.87, 1.22) 0.77

Model 1: adiposity measure, age, sex, race, and site. Model 2: model 1 + smoking, systolic and diastolic BP, treatment for hypertension, total to
HDL cholesterol ratio, heart rate, ECG LVH, PR interval, prevalent heart failure, coronary artery disease, and diabetes. DXA, dual-energy X-ray

absorptiometry; HR, hazard ratio; 95% CI, 95% confidence interval.
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