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ORIGINAL RESEARCH

Joint Associations Between Body Mass 
Index and Waist Circumference With Atrial 
Fibrillation in Men and Women
Michiel H. F. Poorthuis , MD; Paul Sherliker, BA; Gert J. de Borst , MD, PhD; Jennifer L. Carter , PhD;  
Kin Bong Hubert Lam , PhD; Nicholas R. Jones , MSc; Alison Halliday , MS*; Sarah Lewington , DPhil*; 
Richard Bulbulia , MA, MD, FRCS*

BACKGROUND: Associations between adiposity and atrial fibrillation (AF) might differ between sexes. We aimed to determine 
precise estimates of the risk of AF by body mass index (BMI) and waist circumference (WC) in men and women.

METHODS AND RESULTS: Between 2008 and 2013, over 3.2 million adults attended commercial screening clinics. Participants 
completed health questionnaires and underwent physical examination along with cardiovascular investigations, including an 
ECG. We excluded those with cardiovascular and cardiac disease. We used multivariable logistic regression and determined 
joint associations of BMI and WC and the risk of AF in men and women by comparing likelihood ratio χ2 statistics. Among 
2.1 million included participants 12 067 (0.6%) had AF. A positive association between BMI per 5 kg/m2 increment and AF was 
observed, with an odds ratio of 1.65 (95% CI, 1.57– 1.73) for men and 1.36 (95% CI, 1.30– 1.42) for women among those with 
a BMI above 20 kg/m2. We found a positive association between AF and WC per 10 cm increment, with an odds ratio of 1.47 
(95% CI, 1.36– 1.60) for men and 1.37 (95% CI, 1.26– 1.49) for women. Improvement of likelihood ratio χ2 was equal after adding 
BMI and WC to models with all participants. In men, WC showed stronger improvement of likelihood ratio χ2 than BMI (30% 
versus 23%). In women, BMI showed stronger improvement of likelihood ratio χ2 than WC (23% versus 12%).

CONCLUSIONS: We found a positive association between BMI (above 20 kg/m2) and AF and between WC and AF in both men 
and women. BMI seems a more informative measure about risk of AF in women and WC seems more informative in men.
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The prevalence of obesity has increased over re-
cent decades, affecting over 2.5 billion people (al-
most 40% of the global population).1,2 Individuals 

who are overweight or obese are at higher risk of car-
diovascular disease, type 2 diabetes mellitus, cancer, 
and premature death.3,4

Atrial fibrillation (AF) is the most frequent sustained 
cardiac arrhythmia in clinical practice and its prevalence 
is increasing.5 The estimated prevalence of AF in 2009 in 
the United States was 5.3 million of which 0.7 million were 
undiagnosed cases.6 The increasing burden of disease 

has been attributed mainly to aging populations but also 
to an increased AF incidence, related to the rise in preva-
lence of established AF risk factors such as hypertension 
and obesity.7 AF is associated with higher cardiovascular 
and cerebrovascular morbidity and mortality, including 
a 5- fold higher risk of ischemic stroke.8 People with AF 
who are also overweight or obese are at even higher risk 
of ischemic stroke, thromboembolism, or death, com-
pared with people with AF and healthy weight.9

Body mass index (BMI) has mainly been used to as-
sess the relationship between adiposity measures and 
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AF. Waist circumference (WC), a measure of abdomi-
nal or central adiposity, has received less attention than 
BMI yet may provide additional information on the risk 
of AF.10– 14 Furthermore, whether the risk of AF varies 
across different adiposity measures and between sexes 
remains uncertain. For example, the association be-
tween WC and AF might differ across sexes as a result 
of differences in the distribution of adipose tissue. In this 
study, we used a large screened population to deter-
mine whether either BMI or WC alone or in combination 
better estimated the risk of AF risk in men and women.

METHODS
This study adhered to the STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) 
statement (Table S1).

Data Sharing
Data from large population- based studies conducted 
by the Nuffield Department of Population Health can 
be shared with bona fide researchers on application 
to the principal investigators of this study. Details of 
the departmental data access policy can be found at 
https://www.ndph.ox.ac.uk/data- access.

Study Participants
This cross- sectional study consisted of self- referred 
and self- funded individuals who attended a commercial 

vascular screening clinic between 2008 and 2013 in 
the United States and the United Kingdom.15 All par-
ticipants completed an extensive questionnaire with 
information on their age, sex, height and weight, smok-
ing status, alcohol use, history of diabetes mellitus, hy-
pertension, vascular disease (coronary artery disease, 
stroke, transient ischemic attack, and peripheral ar-
terial disease), congestive heart failure, valvular heart 
disease, left ventricular hypertrophy, and medication 
use (antiplatelet, antihypertensive, and lipid- lowering 
medication).

BMI was calculated from self- reported height and 
weight. Self- reported anthropometric data showed to 
be suitable for use in analyses.16 We found a high cor-
relation between reported height and measured height 
in a subset of 295 282 participants with a Spearman’s 
rho of 0.9461 (P<0.0001). We also found a high correla-
tion between reported weight and measured weight in 
a subset of 292 176 participants with a Spearman’s rho 
of 0.9675 (P<0.0001). WC was measured by trained 
personnel using an inelastic tape measure. WC was 
defined as the smallest perimeter located between the 
last rib and the iliac crest, rounded to the nearest inch. 
Abdominal obesity was defined as WC of >102 cm in 
men or >88 cm in women.

In this study, we included 2 088 728 participants 
in whom BMI or WC was recorded and with ECG 
measurement, without a history of vascular disease 
(reported history of stroke, transient ischemic attack, 
coronary artery disease, or peripheral arterial dis-
ease), history of congestive heart failure, valvular heart 
disease, left ventricular hypertrophy, chronic obstruc-
tive pulmonary disease, or missing values for sex or 
smoking status (the full sample; Tables  S2 and S3). 
Those with a history of vascular and cardiac disease 
were excluded to minimize reverse causation. BMI 
was available in 2  078  630 (99.5%) individuals and 
WC was available in 299 479 (14.3%) individuals BMI 
and WC were both recorded in 289 381 individuals. 
(Figure  S1). Resurvey measurements for BMI were 
available for 8626 individuals rescreened at median 
2.3 (interquartile range, 1.2– 2.4) years later. Resurvey 
measurements for WC were available for 184 individu-
als rescreened at median 1.2 (interquartile range, 1.2– 
1.5) years later.

Outcome and Its Ascertainment
The primary outcome was the prevalence of AF, meas-
ured with a single 12- lead ECG. All ECGs were evalu-
ated by physicians who received in- house training.

Statistical Analysis
BMI was categorized as follows: <20  kg/m2, 20 to 
<25 kg/m2, 25 to <30 kg/m2, 30 to <35 kg/m2, 35 to 
<40 kg/m2, and ≥40 kg/m2. WC was converted from 

CLINICAL PERSPECTIVE

What Is New?
• This large study describes, with unique reliabil-

ity, the importance of obesity as a potentially 
modifiable risk factor for atrial fibrillation: body 
mass index being a more informative measure 
of atrial fibrillation risk in women and waist cir-
cumference in men.

What Are the Clinical Implications?
• The obesity epidemic sweeping across both 

high and low/middle income countries could 
drive up rates of atrial fibrillation and atrial 
fibrillation- related strokes, and our findings 
make public health interventions to avoid weight 
gain increasingly pressing.

Nonstandard Abbreviations and Acronyms

WC waist circumference
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inches to centimeters and categorized into quintiles. 
We calculated quintiles for men and women separately.

Baseline characteristics are presented as means 
and SD for continuous variables and as absolute 
numbers and percentages for categorical variables. 
Logistic regression models were used to estimate 
odds ratios (ORs) and 95% CI for AF. Models were 
adjusted for age at screening (with 5- year intervals), 
sex, and country (“basic adjustment”) and addition-
ally for smoking status (never, ever), alcohol use 
(never, 1– 7 units, 8+units weekly), history of diabetes 
mellitus, history of hypertension, history of hypercho-
lesterolemia, and use of antihypertensive medication 
and lipid- lowering medication (“full adjustment”). We 
included 896 120 individuals in this multivariable 
model with full adjustment for BMI and the risk of 
AF, and 205 574 participants for WC and the risk of 
AF. Although some of these variables, like hyperten-
sion or cardiovascular medications, could be on the 
causal pathway between BMI and WC and the risk 
of AF, we controlled for them as confounders as we 
were interested in examining independent associa-
tions of these adiposity measures outside of these 
pathways.

For comparison of BMI and WC categories, the 
variance of the log odds in each group was calculated 
from the variances and covariances of the log ORs. 
This provides group- specific CIs, which allow com-
parison between the BMI and WC categories without 
the choice of a reference group.17,18 We also calculated 

ORs per 5 kg/m2 increment in BMI where the associ-
ation was log- linear (excluding the lowest BMI group). 
The ORs for WC were calculated for an equivalent 
multiple of the SD of BMI to facilitate the comparison 
between BMI and WC.

ORs were corrected for regression dilution using 
resurvey measurements for BMI and WC.19,20 This 
correction accounts for measurement error and 
changes in BMI and WC between baseline and re-
survey measures. ORs for each risk factor group 
were plotted against the mean of the resurvey val-
ues (ie, estimated “usual value”), and summary log 
ORs (and their SEs) were divided by the regression 
dilution ratio.19 The regression dilution ratios were 
calculated as Spearman self- correlation regression 
dilution ratios (Table S4).

We compared the goodness- of- fit, using likelihood 
ratio (LR) χ2 statistics, to directly compare the associ-
ations between both BMI and WC and the risk of AF. 
These analyses were performed using the 193 140 par-
ticipants in whom both BMI and WC were recorded, with 
BMI ≥20 kg/m2 and without missing values of covariates 
included in the multivariable model with full adjustment 
(the nested sample). The LR χ2 statistics were calculated 
as twice the increase in the log- likelihood on the addi-
tion of extra terms of the logistic models after adding 
BMI and WC to the fully adjusted logistic model (without 
adiposity measures). With this we quantified the extent 
to which BMI and WC improve prediction of the preva-
lence of AF. We also compared the LR χ2 statistics of 

Table 1. Baseline Characteristics

Participants With AF  
(N=12 067)

Participants Without AF  
(N=2 076 661)

All Participants  
(N=2 088 728)

Age, y 72.7±9.4 63.6±10.1 63.6±10.1

Female sex 4957 (41.1) 1 348 707 (64.9) 1 353 664 (64.8)

Height in men, m 1.79±0.1 1.78±0.1 1.78±0.1

Height in women, m 1.63±0.1 1.63±0.1 1.63±0.1

BMI, kg/m2‡ 28.7±5.7 27.8±5.3 27.8±5.3

WC, cm§ 102.6±16.4 94.1±15.3 94.1±15.3

Male sex ever smoker|| 3598 (50.6) 320 997 (44.1) 324 595 (44.2)

Female sex ever smoker|| 1635 (33) 474 811 (35.2) 476 446 (35.2)

Current alcohol use 2660 (44.8) 403 545 (43.2) 406 205 (43.2)

Hypertension or antihypertensive therapy 7070 (63) 877 658 (45.7) 884 728 (45.8)

Diabetes mellitus 1826 (16.6) 200 901 (10.5) 202 727 (10.6)

Hypercholesterolemia or lipid- lowering therapy 5588 (51) 971 451 (50.7) 977 039 (50.7)

Creatinine, mg/dL¶ 0.9±0.3 0.8±0.3 0.8±0.3

Values are mean±SD for continuous variables and n (%) for categorical variables. AF indicates atrial fibrillation.; BMI, body mass index; and WC, waist 
circumference.

‡Mean BMI was 28.3±4.6 kg/m2 in all men, 29.0±5.2 kg/m2 in men with AF, and 28.3±4.6 kg/m2 in men without AF. Mean BMI was 27.6±5.6 kg/m2 in all 
women, 28.4±6.3 kg/m2 in women with AF, and 27.6±5.6 kg/m2 in women without AF.

§Mean WC was 100.9±13.2 cm in all men, 105.9±14.9 cm in men with AF, and 100.8±13.1 cm in men without AF. Mean WC was 90.3±15.1 cm in all women, 
96.9±17.2 cm in women with AF, and 90.3±15.1 cm in women without AF.

||Ever smoker was defined as current or former smoker.
¶Creatinine was measured in a subset of 92 534 participants.
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the logistic models after adding BMI to the fully adjusted 
logistic model with WC, and after adding WC to the lo-
gistic model with BMI to quantify the extent to which 
BMI and WC provide additional useful information.21 We 
performed these comparisons in all participants and in 
men and women separately.

We performed subgroup analyses by age, smoking 
status, alcohol use, history of diabetes mellitus, history 
of hypertension, or use of antihypertensive medication 
in participants in whom both BMI and WC were re-
corded (the nested sample).

STATA version 15.1 was used for statistical analyses 
and R version 3.5.1 was used for plotting figures.

Ethical Approval
The University of Oxford Medical Sciences Inter- 
Divisional Research Ethics Committee approved the 
study. All individuals consented for the data collected 
at the screening to be used for research purposes.

RESULTS
Baseline characteristics of 2 088 728 individuals are 
shown in Table  1 (full sample). The mean age was 
63.6 (SD, 10.1), 65% were female, and ever smoking 
prevalence was 44% in men and 35% in women. A 
history of hypertension or use of antihypertensives 
was reported in 63% of the participants with AF and 
46% of the participants without AF. A history of di-
abetes mellitus was reported in 17% of the partici-
pants with AF and 11% of the participants without AF. 
Mean BMI was 27.8 (SD, 5.3) kg/m2 in participants 
with BMI recorded and 28.7 (SD, 5.7) kg/m2 in 11 976 
participants with AF. Mean WC was 94 (SD, 15.3) cm 
in participants with WC recorded and 103 (SD, 16.4) 
cm in 1521 participants with AF (Table 1). Mean BMI 
in participants in whom both BMI and WC was re-
corded was 28.2 (SD, 5.4) kg/m2. Baseline character-
istics of participants with both BMI and WC recorded 
are provided in Table S5.

Figure 1. Prevalence of atrial fibrillation in men and women, by age.
The vertical lines on the top of the bars represent the 95% CI.
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Overall, 0.6% of the participants had AF (n=12 067). 
The prevalence rose steeply with age and was 2 to 
3 times higher in men compared with women for 
each decade of age (Figure 1). Multivariable analy-
ses of 896 120 participants showed a positive as-
sociation between usual BMI per 5 kg/m2 increment 
(excluding the lowest BMI group) and AF, with an 
OR of 1.65 (95% CI, 1.57– 1.73) for men and 1.36 
(95% CI, 1.30– 1.42) for women (Ptrend<0.0001). 
Absolute risks were higher in men compared with 
women and the relationship was stronger in men 
(Figure  2 and Table  S6). We found a significantly 
higher risk of AF with higher usual WC in 205 574 
participants, with an OR of 1.74 (95% CI, 1.55– 1.95) 
for men per 14 cm increase and 1.52 (95% CI, 1.36– 
1.71) for women per 13 cm increase (Ptrend<0.0001) 
(Figure 2). Abdominal obesity was also associated 
with a higher risk of AF, with an OR of 1.83 (95% CI, 
1.56– 2.15) for men and 1.84 (95% CI, 1.46– 2.32) for 

women when compared with no abdominal obesity 
(Table S7). We found similar results restricting these 
analyses to participants in whom both BMI and WC 
were recorded.

In the analyses of 193  140 participants of the 
nested sample, there was a stronger improvement of 
LR χ2 for WC than BMI (30% versus 23%, respec-
tively) in men. In contrast, for women BMI showed a 
stronger improvement of LR χ2 than WC (23% versus 
12%).

Adding BMI to the fully adjusted models plus WC 
showed a marginal improvement of LR χ2 in men (1%) 
and showed 9% improvement in women. Adding WC 
to the fully adjusted models plus BMI showed 6% im-
provement of LR χ2 in men but no improvement in 
women (Table 2).

Subgroup analyses found consistent results across 
age, smoking status, alcohol use, and reported his-
tory of diabetes mellitus. The positive association of 

Figure 2. Risk of atrial fibrillation by usual BMI and WC for men and women, using the fully adjusted model. For BMI, women 
with BMI 20 to 25 kg/m2 were used as reference group.
For WC, we used the first quintile of WC in women as reference group. ORs of each BMI and WC category were plotted against the 
mean of the resurvey values (ie, estimated “usual value”). We used group- specific CIs. The size of the boxes is relative to the total 
number of participants in each category. The ORs for usual BMI are provided per 5 units increment in participants with BMI ≥20 kg/
m2. The ORs for usual WC are provided per 14 cm increment for men and 13 cm for women, being the equivalent multiple of the SD of 
BMI. The number of atrial fibrillation cases and total number of participants per category, the risk estimates, and 95% CI are provided 
in Table S6 for BMI and Table S7 for WC. BMI indicates body mass index; OR, odds ratio; and WC, waist circumference.
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both BMI and WC with the risk of AF was higher in 
participants with reported hypertension or use of an-
tihypertensive therapy compared with no reported hy-
pertension/antihypertensive therapy (Phet=0.007 and 
Phet=0.01, respectively) (Figure 3).

DISCUSSION
In this large cross- sectional study, including over 2 
million screened participants, we found a positive log- 
linear association between BMI (except for the low-
est BMI group) and WC and the risk of AF. We found 
higher risks of AF in men than women. BMI is more 
informative about risk of AF in women whereas WC is 
more informative in men.

The risk of AF is higher in men compared with 
women, but the difference in AF incidence attenuates 
in older patients aged 80 and above.22 Reasons for 
these differences include sex- specific atrial electro-
physiologic properties, atrial remodeling, and mecha-
nisms of atrial fibrosis. BMI has been identified as a risk 
factor for AF. A recent meta- analysis including 25 stud-
ies found a nonlinear relationship between BMI and AF 
risk, with higher BMI values associated with a steeper 
increase in risk.23 In their meta- analysis, a 5- unit in-
crement in BMI was associated with a 28% increased 
relative risk of AF (RR, 1.28; 95% CI, 1.20– 1.38).23 Their 
subgroup analysis showed a stronger association in 
men compared with women, with an RR of 1.39 (95% 
CI, 1.30– 1.48) for men compared with 1.30 (95% CI, 
1.14– 1.48) for women.

WC has previously been shown to provide additional 
predictive information on all- cause mortality beyond 
BMI.24 Only a limited number of studies have looked 
at the association between WC and AF risk.10– 14 When 
pooled in a meta- analysis, these results appeared to 
show a roughly linear relationship with a summary risk 
ratio for a 10 cm increase in WC of 1.18 (95% CI, 1.12– 
1.25).23 Two studies that provided risk estimates by 
sex showed that the risk in men seems higher than 
women.10,13 In addition, we found that BMI is more in-
formative about risk of AF in women, whereas WC is 
more informative in men.

Strengths and Limitations
Our study is one of the largest to date to assess the 
association between adiposity measures and AF. We 
were able to compare BMI, WC, and their association 
with AF both individually and in combination and we 
determined sex- specific analyses. We adjusted for re-
gression dilution bias and excluded participants with 
cardiovascular and cardiac disease to minimize the 
risk of reverse causation. Standardized measurement 
of outcome was used, including a 12- lead ECG to con-
firm a diagnosis of AF, reviewed by physicians who re-
ceived in- house training.

Using single time point ECG is likely to underes-
timate the true prevalence of AF in the population, 
as cases of paroxysmal and persistent AF may be 
missed and were consequently included in the "no 
AF" group. This might have contributed to a lower 
prevalence of AF compared with other populations. 

Table 2. Comparison of Predictive Strengths for Atrial Fibrillation Odds Ratios of Adding Adiposity Measures

All Participants*  
(N=193 140)

Men*  
(N=69 404)

Women*  
(N=123 736)

Model (+ Added adiposity 
measure) LR χ2

Improvement of LR 
χ2 (%) LR χ2

Improvement of LR 
χ2 (%) LR χ2

Improvement of LR 
χ2 (%)

Fully adjusted model without 
adiposity measures†

843.9 … 359.4 … 228.8 …

+ BMI 982.8 139 (16) 443.6 84 (23) 280.5 52 (23)

+ WC 976.3 132 (16) 467.1 108 (30) 256.4 28 (12)

Fully adjusted model with WC‡ 976.3 … 467.1 … 256.4 …

+ BMI 997.1 21 (2) 469.7 3 (1) 280.6 24 (9)

Fully adjusted model with BMI§ 982.8 … 443.6 … 280.5 …

+ WC 997.1 14 (1) 469.7 26 (6) 280.6 0 (0)

The χ2 value is twice the improvement in the log- likelihood on addition of extra variables. BMI indicates body mass index; LR, likelihood ratio; and WC, waist 
circumference.

*Analyses were restricted to 193 140 complete cases in whom both BMI and WC were recorded and with BMI ≥20 kg/m2 (nested sample).
†Improvement in LR χ2 by the addition of the adiposity measures (either BMI continuous or WC continuous) to the model with full adjustment in which the 

odds ratio depends on sex (in the analysis of all participants), age groups, country, history of hypertension, diabetes mellitus, smoking status, alcohol use, 
hypercholesterolemia, and use of antihypertensive medication and lipid- lowering medication.

‡Improvement in LR χ2 by the addition of BMI continuous to the model with WC continuous in which the odds ratio depends on WC, sex (in the analysis of all 
participants), age groups, country, history of hypertension, diabetes mellitus, smoking status, alcohol use, hypercholesterolemia, and use of antihypertensive 
medication and lipid- lowering medication.

§Improvement in LR χ2 by the addition of WC continuous to the model with BMI continuous in which the odds ratio depends on BMI, sex (in the analysis of all 
participants), age groups, country, history of hypertension, diabetes mellitus, smoking status, alcohol use, hypercholesterolemia, and use of antihypertensive 
medication and lipid- lowering medication.
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Other reasons might be the inclusion of relatively 
young participants and a high proportion of female 
participants in our study as well as the exclusion of 
participants with cardiovascular disease. The prev-
alence was, however, comparable with the prev-
alence of 0.5% found in the STROKESTOP study 
that included participants aged 75 to 76  years.25 
We were not able to validate the diagnosis of AF 
and reported comorbidities, for example via health 
records. Similarly, there may have been confound-
ing factors missed that contribute to the observed 
relationship between underweight and increased 
AF risk, such as muscle wasting conditions or hy-
perthyroidism. Participants were self- referred and 
self- funded, which might influence generalizability to 
other populations. However, relative measures (as-
sociations with risk factors) tend to be less affected 
by selection bias.26 Recall bias should be considered 
for characteristics that were self- reported. The type 

of antihypertensive agent was not recorded. BMI 
was based on self- reported weight and height, but 
reporting errors might not affect suitability for anal-
yses.16 However, others found that the accuracy of 
self- reported height and weight was different for men 
and women.27 WC was available in a subset of par-
ticipants but we performed comparative analyses 
in the subset of participants in whom both BMI and 
WC were recorded (Table 2). Relying on BMI and WC 
may not fully account for differences in proportion 
of muscle mass and adipose tissue. The number of 
participants with resurvey measurement was small 
and this might affect the preciseness of the correc-
tion for regression dilution, and this number was too 
small to perform analysis of change in measures of 
adiposity and risk of AF. Sensitivity analyses showed 
that the shape of the associations between BMI and 
WC and the risk of AF was constant across levels 
of the confounders, but collapsibility bias is always 

Figure 3. Forest plot of the risk of atrial fibrillation in subgroups, by BMI and WC.
Forest plot showing the risk of atrial fibrillation in subgroups, by BMI and WC. Analyses were restricted to 193 140 participants in 
complete cases in whom both BMI and WC were recorded and with BMI ≥20 kg/m2 and without missing values of covariates included 
in the multivariable model with full adjustment (nested sample). The ORs for BMI are shown per 5 units increment and the ORs for WC 
are shown for an increase of 10 cm. Ever smoker was defined as either current or former smoker. Hypertension was defined as either 
a reported history of hypertension or use of antihypertensive therapy. BMI indicates body mass index; OR, odds ratio; and WC, waist 
circumference.
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possible with logistic regression. The cross- sectional 
study design may underestimate the importance of 
previous weight change as obesity in early life ap-
pears to confer a long- term increase in risk of AF 
even after accounting for subsequent weight loss.28

Implications for Practice
Our cross- sectional data highlight the important rela-
tionship between increasing weight and AF risk and 
the difference in informativeness of adiposity meas-
ures in men and women. When assessing adiposity 
measures in clinical practice, WC might be a more in-
formative measure about risk of AF in men and BMI in 
women. This stresses the importance of sex- specific 
risk prediction of AF.29 Longitudinal data showed 
weight gain over time increases the risk of AF, irre-
spective of baseline weight status and sex.30 Among 
15  214 participants in the HUNT (Nord- Trøndelag 
Health Study), overweight and obesity were asso-
ciated with an increased risk of AF compared with 
healthy weight, but so too was both weight loss 
and weight gain over a median of 8 years follow- up 
when compared with people with stable weight.28 
Interventions to prevent weight gain and promote 
healthy weight might therefore help reduce the bur-
den of AF in the population.

The LEGACY (Long- Term Effect of Goal- Directed 
Weight Management on Atrial Fibrillation Cohort: A 
5- Year Follow- Up Study) randomized controlled trial 
demonstrated that intentional weight loss through a goal- 
directed weight management program could help reduce 
AF symptom burden in people who were overweight at 
baseline.31 However, as yet there is no consistent evi-
dence that nonsurgical weight loss leads to a reduction in 
AF incidence.32 Although weight reduction in overweight 
or obese individuals is likely to have cardiovascular ben-
efits beyond the risk of AF, the current evidence base 
supports public health strategies that promote mainte-
nance of a healthy weight. Further research is needed to 
confirm the sex- specific associations between adiposity 
measures and AF risk so that interventions can be tar-
geted at appropriate populations and risk prediction of 
AF should consider sex- specific differences.

CONCLUSIONS
Our study highlights the importance of overweight 
and obesity as potentially modifiable AF risk factors. 
BMI may be a more informative measure of AF risk in 
women and WC in men. This stresses the importance 
of sex- specific risk prediction of AF. Clinicians should 
consider measuring and addressing adiposity where 
possible. Interventional studies are required to dem-
onstrate whether intentional weight loss can reduce 

the risk of AF. At present public health strategies and 
health promotion should advise individuals to maintain 
a healthy weight and avoid weight gain.
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Table S1. STROBE checklist for cross-sectional studies. 

Section/Topic Item Checklist Item Page 

Title and abstract 

 1 

(a) Indicate the study’s design with a commonly used term in the title or 

the abstract 

(b) Provide in the abstract an informative and balanced summary of what 

was done and what was found 

✓ Title & 

Abstract 

Introduction 

Background/ 

rationale  

2 Explain the scientific background and rationale for the investigation being 

reported 
✓ Intro 

Objectives 3 State specific objectives, including any prespecified hypotheses ✓ Intro 

Methods 

Study design 4 Present key elements of study design early in the paper ✓ M&M 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 
✓ M&M 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 

participants 
✓ M&M 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 

and effect modifiers. Give diagnostic criteria, if applicable 
✓ M&M 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods 

of assessment (measurement). Describe comparability of assessment 

methods if there is more than one group 

✓ M&M 

Bias 9 Describe any efforts to address potential sources of bias ✓ M&M 

Study size 10 Explain how the study size was arrived at ✓ M&M 

Quantitative 

variables 

11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why 
✓ M&M 

Statistical 

methods 

12 (a) Describe all statistical methods, including those used to control for 

confounding 

✓ M&M 

(b) Describe any methods used to examine subgroups and interactions 

(c) Explain how missing data were addressed 

(d) If applicable, describe analytical methods taking account of sampling 

strategy 

(e) Describe any sensitivity analyses 

Results 

Participants 13* 

(a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included 

in the study, completing follow-up, and analysed 

✓ M&M 

(b) Give reasons for non-participation at each stage ✓ Results 

(c) Consider use of a flow diagram NA 

Descriptive 

data  
14* 

(a) Give characteristics of study participants (eg demographic, clinical, 

social) and information on exposures and potential confounders 
✓ Results 

(b) Indicate number of participants with missing data for each variable of 

interest 
✓ Table 1 

Outcome data 15* 
Report numbers of outcome events or summary measures 

✓ Table 1 

Main results 16 

(a) Give unadjusted estimates and, if applicable, confounder-adjusted 

estimates and their precision (eg, 95% confidence interval). Make clear 

which confounders were adjusted for and why they were included 

✓ Results (b) Report category boundaries when continuous variables were 

categorized 

(c) If relevant, consider translating estimates of relative risk into absolute 

risk for a meaningful time period 

Other analyses 17 
Report other analyses done—eg analyses of subgroups and interactions, 

and sensitivity analyses 

✓ Results & 

Table 3 

Discussion 

Key results 18 Summarise key results with reference to study objectives ✓ Discussion 

Limitations 
19 

Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any potential 

bias 

✓ 

Discussion 



Interpretation 

20 

Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

✓ Discussion 

Generalisability 21 Discuss the generalisability (external validity) of the study results ✓ Discussion 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study.  ✓ 

*Give information separately for exposed and unexposed groups.  



Table S2. Number of excluded participants, with reasons for exclusion. 

Reason for exclusion Number of 

participants* 

Reported history of CVD (CHD, stroke or TIA, PAD) 336,339 

Reported history of congestive heart failure 20,591 

Reported history of valvular disease or left ventricular hypertrophy 89,844 

Reported history of COPD 64,275 

No ECG 332,195 

BMI and WC not recorded 82,602 

Missing sex 11,431 

Missing smoking history 250,134 

  

Total number included in our study 2,088,728 

* Sequential exclusion.  

CVD indicates cardiovascular disease; CHD, coronary heart disease; COPD, chronic obstructive pulmonary 

disease; ECG, electrocardiogram; PAD, peripheral arterial disease; TIA, transient ischemic attack. 

 

 

 

  



Table S3. Missing data in our cohort. 

Variable Percentage of participants 

with missing 

Age 0 

Sex 0 

Smoking status 0 

Height 0.2 

BMI 0.5 

Hypertension or antihypertensive therapy 7.5 

Hypercholesterolemia or lipid-lowering therapy 7.8 

Diabetes 8.3 

Alcohol use 55.0 

Waist circumference 85.7 

BMI, body mass index. 

  



Table S4. Overview of regression dilution ratios. 

Exposure Analysis Spearman regression dilution ratio 

BMI In men 0.86 

 In women 0.89 

WC In men 0.79 

 In women 0.82 

BMI indicates body mass index; WC, waist circumference 

 

  



Table S5. Baseline characteristics in participants with both BMI and WC 

recorded. 

 Participants 

with AF 

(n = 1430) 

Participants 

without AF 

(n = 287,951) 

All Participants 

(n = 289,381) 

Age (y) 67.8 ± 8.7 61.0 ± 9.3 61.0 ± 9.3 

Female sex 517 (36.2) 184,039 (63.9) 184,556 (63.8) 

Height in males (m) 1.80 ± 0.1 1.78 ± 0.1 1.78 ± 0.1 

Height in females (m) 1.64 ± 0.1 1.63 ± 0.1 1.63 ± 0.1 

BMI (kg/m2) 29.9 ± 5.9 28.2 ± 5.4 28.2 ± 5.4 

WC (cm) 102.5 ± 16.3 93.9 ± 15.0 93.9 ± 15.1 

Male ever smoker1 473 (51.8) 46,414 (44.7) 46,887 (44.7) 

Female ever smoker1 190 (36.8) 69,364 (37.7) 69,554 (37.7) 

Current alcohol use 494 (48.3) 90,790 (44.4) 91,284 (44.4) 

Hypertension or 

antihypertensive medication 

774 (56.9) 108,738 (38.7) 109,512 (38.8) 

Diabetes mellitus 179 (13.4) 20,541 (7.5) 20,720 (7.5) 

Hypercholesterolemia or 

lipid-lowering medication 

672 (49.2) 126,048 (45) 126,720 (45) 

Creatinine (mg/dL) 0.9 ± 0.3 0.8 ± 0.2 0.8 ± 0.2 

Values are mean ± SD for continuous variables and n (%) for categorical variables. 

AF indicates atrial fibrillation; BMI, body mass index; SD, standard deviation; WC, waist 

circumference. 
1 Ever smoker was defined as current or former smoker. 

 
 
 



Table S6. Odds ratios of AF by BMI in men and women. 

 Women Men 

 Number of events / 

female participants 

 Mean 

usual BMI 

OR (95% CI) Number of events 

/ male 

participants 

Mean usual 

BMI 

OR (95% CI)1 

BMI category2       

  <20 kg/m2 114 / 26,493 20.2 1.14 (0.95-1.37) 54 / 4406 20.6 3.23 (2.46-4.23) 

  20-<25 kg/m2 644 / 191,149 23.5 1.00 (0.92-1.08) 551 / 61,563 23.9 2.29 (2.10-2.50) 

  25-<30 kg/m2 755 / 203,806 27.5 1.16 (1.08-1.24) 1365 / 143,554 27.4 3.08 (2.91-3.25) 

  30-<35 kg/m2 489 / 110,304 31.7 1.54 (1.41-1.69) 741 / 64,977 31.4 4.52 (4.20-4.87) 

  35-<40 kg/m2 213 / 43,295 36.2 2.00 (1.74-2.29) 293 / 18,829 35.2 7.11 (6.31-8.00) 

  ≥40 kg/m2 138 / 21,569 40.2 3.08 (2.60-3.65) 113 / 6175 38.2 10.01 (8.28-12.11) 

  Total 2353 / 596,616 - - 3117 / 299,504 - - 

Trend test (in participants with BMI 

≥20 kg/m2) 

  X2(1)=194.99 

P<0.0001 

  X2(1)=407.78 

P<0.0001 

       

Usual BMI per 5 units increment (in 

participants with BMI ≥20 kg/m2) 

 2239 / 570,123 - 1.36 (1.30-1.42) 3063 / 295,098 - 1.65 (1.57-1.73) 

Model with full adjustment for adjustment for age groups, country, history of hypertension, diabetes, smoking status, alcohol use, hypercholesterolemia, use of anti-

hypertensive medication and lipid-lowering medication. We used group-specific confidence intervals. 

BMI indicates body mass index; CI, confidence interval; OR, odds ratio. 
1 BMI 20-<25 kg/m2 in women was as reference category. 2 BMI was categorized according to baseline BMI values.  

  



Table S7. Odds ratios of AF by WC in men and women. 

 Women Men 

 Number of events / 

female participants 

Mean usual 

WC 

OR (95% CI)1 Number of events / 

male participants 

Mean usual 

WC 

OR (95% CI) 

WC category2 

  WC quintile 1 47 / 27,540 74.6 1.00 (0.75-1.34) 68 / 14,506 87.7 2.72 (2.14-3.47) 

  WC quintile 2 64 / 35,261 84.1 0.97 (0.76-1.24) 128 / 18,797 95.4 3.54 (2.97-4.22) 

  WC quintile 3 40 / 17,871 90.2 1.15 (0.84-1.57) 95 / 11,858 100.4 4.06 (3.32-4.98) 

  WC quintile 4 106 / 27,722 96.1 1.92 (1.58-2.33) 120 / 13,089 105.2 4.57 (3.81-5.48) 

  WC quintile 5 119 / 24,838 109.4 2.51 (2.08-3.02) 220 / 14,092 116.4 8.12 (7.07-9.32) 

  Total 376 / 133,232 - - 631 / 72,342 - - 

Trend test   X2(1)=50.08 

P<0.0001 

  X2(1)=89.60 

P<0.0001 

Usual WC per 13 cm increment3 376 / 133,232 - 1.52 (1.36-1.71) - - - 

Usual WC per 14 cm increment3 - - - 631 / 72,342 - 1.74 (1.55-1.95) 

Baseline abdominal obesity vs. not4 376 / 133,232 - 1.84 (1.46-2.32) 631 / 72,342 - 1.83 (1.56-2.15) 

Model with full adjustment for age groups, country, history of hypertension, diabetes, smoking status, alcohol use, hypercholesterolemia, use of anti-hypertensive 

medication and lipid-lowering medication. We used group-specific confidence intervals. 

CI indicates confidence interval; OR, odds ratio; WC, waist circumference. 
1 WC quartile 1 in women was as reference category. 
2 Quintiles were categorized according to baseline WC values. In men, quintiles were <89, 89-97, 97-102, 102-109, and >109 cm. In women, quintiles were < 76, 76-86, 

86-91, 91-102, and >102 cm. 
3 Usual WC was calculated per 14 cm increment in men and 13 cm in women, since these are an equivalent multiple of the standard deviation as BMI. For men, the SD of 

BMI was 4.6 and of WC was 13.2. The WC OR for men is calculated for a change of 5 ÷ 4.6 × 13.2 = 14 𝑐𝑚. For women, the SD of BMI was 5.6 and of WC was 15.1. 

The WC OR for women is calculated for a change of 5 ÷ 5.6 × 15.1 = 13 𝑐𝑚. 
4 Abdominal obesity was defined as WC of >102 cm in men or >88 cm in women. 

 
  



Figure S1. Flow diagram of patients included in the analysis. 
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