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Abstract

Background Sex disparities in the association between epicardial adipose tissue volume (EATV) and cardiovascular
disease have been reported. The sex-dependent effects of EATV on left atrial (LA) size have not been elucidated.

Methods Consecutive 247 subjects (median 65 [interquartile range 57, 75] years; 67% of men) who underwent
multi-detector computed tomography without significant coronary artery disease or moderate to severe valvular
disease were divided into two groups: patients with sinus rhythm (SR) or atrial fibrillation (AF). Sex differences in the
association between the EATV index (EATVI) (mL/m?) and LA volume index (LAVI) in 63 SR (28 men and 35 women)
and 184 AF (137 men and 47 women) patients were evaluated using univariate and multivariate regression analyses.

Results In overall that includes both men and women, the relationship between EATVI and LAVI was not significantly
correlated for patients with SR and AF. The relationship between EATVI and LAVI differed between men and women

in both SR and AF groups. In SR patients, there was a positive relationship between EATVI and LAVI in men, but not

in women. In contrast, in patients with AF, a negative relationship was found between EATVI and LAVI in women,
whereas no association was found in men.

Conclusions We evaluated sex differences in the association between EATVI and LAVI in patients with either SR or AF,
and found a positive relationship in men with SR and a negative relationship in women with AF. This is the first report

to evaluate sex differences in the relationship between EATVI and LAVI, suggesting that EAT may play a role, at least in

part, in sex differences in the etiology of AF.

Keywords Epicardial adipose tissue, Left atrial volume index, Sex difference, Atrial fibrillation

*Correspondence:
Michio Shimabukuro
mshimabukuro-ur@umin.acjp

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-023-03569-1&domain=pdf&date_stamp=2024-1-4

Yamaguchi et al. BMC Cardiovascular Disorders (2024) 24:46

Introduction
Epicardial adipose tissue (EAT) is a metabolically active
tissue that structurally neighbors the myocardium and
the coronary arteries [1, 2]. EAT volume (EATV), as well
as visceral adipose tissue, increases in obese patients
and correlates with the presence and incidence of coro-
nary artery disease (CAD) independent of traditional
CAD risk factors [3, 4]. EATV has been reported to be
an independent predictor of left ventricular (LV) remod-
eling and LV diastolic dysfunction in patients with CAD
or metabolic syndrome [5-7]. Excessive accumulation of
EAT might have a paracrine or mechanical burden on the
coronary microcirculation and myocardium [5].
Previously, we found that the EATV index (EAVTI;
EATVI=EATV/body surface area, mL/m?) was strongly
associated with the prevalence of paroxysmal atrial fibril-
lation (PAF) and persistent atrial fibrillation (PeAF) in
a model adjusted for known atrial fibrillation (AF) risk
factors [8]. An association between the EAT and AF
prevalence has also been reported [8, 9]. Mahabadi et
al. reported that EATV was significantly associated with
prevalent AF, independent of AF risk factors; however,
this effect was considerably reduced when corrected for
left atrial (LA) size [9].
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Sex disparities in the association between EATV and
cardiovascular disease have been reported. We previ-
ously reported that EATV was a discriminator in men
but not in women in patients with CAD [10] or in those
who underwent coronary artery bypass graft surgery
[11]. Until now, the sex-dependent impact of EATV on
LA size has not been elucidated. In addition, there are
no reports regarding sex disparities in the association
between EATV and AF.

This study evaluated sex differences in the association
between EATVI and LA volume index (LAVI) in patients
with sinus rhythm (SR) or AF.

Materials and methods

Participants and data collection

We retrospectively reviewed 267 consecutive Japanese
patients who had undergone multi-detector cardiac com-
puted tomography (MDCT) between May 2010 and April
2016 at Tomishiro Central Hospital, Okinawa, Japan,
or at the Tokushima University Hospital, Tokushima,
Japan (Fig. 1, flowchart of patient recruitment). The sub-
jects had undergone MDCT if they had had symptoms
suggestive of symptomatic or asymptomatic coronary
artery disease (CAD) in a moderate-to-high CAD risk
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Fig. 1 Flowchart of patient recruitment. MDCT: multi-detector row computed tomography; LAV: left atrial volume; EATV: epicardial adipose tissue vol-

ume. See the detail in the text
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category [12] or dyspnea suggestive of paroxysmal or
chronic AF. The major exclusion criteria were as follows:
LV ejection fraction (LVEF)<50%; serum creatinine lev-
els>1.5 mg/dL; CAD, if>1 major coronary artery branch
stenosis>50%; class III or IV heart failure; iodine-based
allergy; overt liver disease; hypothyroidism; and mod-
erate to severe valvular disease. Of the 267, 20 patients
were excluded because of hypertrophic cardiomyopathy
(n=7), unmeasured LA volume (n=9), and unmeasured
EATV (n=4). The remaining 247 patients (165 men and
82 women) were enrolled in the full analysis set. The
patients were divided into the SR and AF groups. Clini-
cal data, including CT and echocardiographic datasets,
were collected from the electrical records by MM, KO,
and GM, and anonymous datasets were analyzed offline
by SY and MSh.

Ethics approval and consent to participate

The ethical committees approved the present study
(Fukushima Medical University #2019—182, Tomishiro
Central Hospital RO1R027). The need for informed con-
sent was waived by the Ethics Committee/Institutional
Review Board of Fukushima Medical University and
Tomishiro Central Hospital because of the retrospective
nature of the study and the lack of direct patient contact
or intervention. All methods were carried out in accor-
dance with the declaration of Helsinki.

Multi-detector computed tomography

Cardiac CT was performed using a 320-slice CT scanner
(Aquilion One; Toshiba Medical Systems, Tokyo, Japan)
with 0.275-ms rotation and 0.5/320/0.25 collimation. CT
images were acquired using a retrospective, nonhelical
electrocardiogram-triggered acquisition mode protocol
(tube voltage, 120 kV; tube current, 450 mA X 5 ms) with
a thickness of 5-mm slices [10, 13, 14]. All reconstructed
CT image data were transferred to an offline workstation
(Synapse Vincent, ver. 4.4, Fuji Film, Tokyo, Japan). For
measurement of EATYV, the pericardium was manually
traced in each trans-axial slice, and then automated pro-
cessing detected the voxels with a density range of -190
to -30 Hounsfield units beneath the pericardium. The
cranial and caudal borders of the epicardial adipose tis-
sue were set at the edge of the left pulmonary artery ori-
gin and the left ventricular apex.

Transthoracic echocardiography

Experienced technicians performed comprehensive
transthoracic echocardiography according to the Ameri-
can Society of Echocardiography guidelines [15, 16].
Under the guidance of staff cardiologists, the left atrium
was traced in the apical 4-chamber and 2-chamber views
at the mitral valve level in end-systole, with care taken
to exclude the left atrial appendage and pulmonary
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veins. LA volume (mL) was calculated using the biplane
area-length method, and LAVI (mL/m?) was divided by
body surface area [16]. LVEF was measured using the
modified Simpson’s biplane method. Transmitral flow
(TMEF) velocity was recorded from the apical long-axis
or 4-chamber view, and the peak early diastolic (E) TMF
velocities were measured. The mitral annular motion
velocity pattern was recorded using the apical 4-chamber
view with the sample volume located at the lateral or sep-
tal side of the mitral annulus using pulsed tissue Doppler
echocardiography. The mean peak early diastolic mitral
annular velocity (E’) was measured on the septal and lat-
eral sides, and the E to E’ ratio (E/E’) was calculated as
a marker of LV filling pressure, as described previously
[14].

Statistical analysis

Continuous variables were expressed as meanztstan-
dard deviation for normal distribution and median [25%,
75%] for non-normal distribution. Categorical variables
were expressed as the number of patients with percent-
ages. The t-test and Mann-Whitney U test were used for
continuous variables, and Fisher exact test for categori-
cal variables for two-group comparisons. Our patients
were a different population, with an SR group suggesting
symptomatic or asymptomatic CAD and an AF group
with dyspnea suggesting paroxysmal or chronic atrial
fibrillation. For this reason, inter-group comparisons
were not made between the SR and AF groups but only
intra-group comparisons were made. Univariate and
multivariate linear regression models were performed to
determine factors associated with left atrial volume index
in the overall, SR, and AF groups after being divided into
men and women. For multivariate analysis, the selected
variables were Model 1 (age, BMI, men gender, and
EATVI) and Model 2 (Model 1+LVEF, antihyperten-
sive drug). Univariate and multivariate linear regression
models to estimate LAVI were also performed in the fol-
lowing subgroups: <65 and >65-year-old, BMI<25 and
>25 kg/m?, diabetes mellitus yes or no, and hypertension
yes or no. Statistical analysis were done by using Explor-
atory 6.9.4.1 (Exploratory Inc., Mill Valley, CA, USA),
Prism 9.3.1 (GraphPad Software Inc., La Jolla, CA, USA),
and R 4.0.2 (R Foundation for Statistical Computing,
Vienna, Austria). All statistical tests were two-tailed, and
statistical significance was set at P <0.05.

Results

General characteristics

Overall General characteristics were shown in both men
and women (Table 1). Overall, 247 patients had a mean
age of 65 years; 67% were men, 26% had SR, and 74% had
AFE.
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Table 1 General characteristics of studied patients
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Overall Men Women
Allrhythm SR AF Allrhythm SR AF
n=247 n=165 n=28 n=137 P1 n=82 n=35 n=47 P1 P2
Age, yo 65 [57,72] 63 [55,711**  68[59,74] 63[55,70] 0.18 6962, 73]** 66[57,78] 701[65,73] 034 0.001
Men, n (%) 165/247 (67) <0.001
Body mass index, 258+4.1 26.1+34 26.1+3.2 261435 >099 25153 251+6.0 252+47 0.95 0.1
kg/m?
EAT, mL 1254+47.2 131.8+483* 1209+524 134+473 0.19 11254423 103+42.1 1196+416 0.082 0.002
EATVI, mL/m? 718+257 716+253 674+283 724+246 034 722+266 66.9+272 761+258 0.12 0.87
Atrial fibrillation, 184/247 (74)  137/165 0/28 (0) 137/137 <0.001 47/82 (57)*** 0/35(0) 47/47 (100) <0.001 <0.001
n (%) (83)*** (100)
Type 2 diabetes mel-  69/247 (28) 52/165(32) 11/28(39)  41/137(30) 045 17/82 (21) 10/35(9) 7/47(15) 0.22 0.1
litus, n (%)
Hypertension, n (%)  176/247 (71)  113/165(69) 19/28 (68)  94/137(69) >0.99 63/82(77) 29/35(83) 34/47(72) 039 0.22
Antihypertensive 193/247 (78)  127/165(77) 15/28(54) 112/17(82) 0003  66/82 (81) 23/35(66) 43/47(92) 0009  0.64
drug, n (%)
ACE or ARB, n (%) 109/247 (44)  75/165 (46) 7/28 (25) 68/137 (50) 0.029  34/82(42) 12/35(34) 22/47 (47) 036 0.65
Calcium blocker, 101/247 (41)  59/165 (36)*  5/28 (18) 54/137(39)  0.051 42/82 (51)* 13/35(37) 29/47 (62) 0.048  0.029
n (%)
Beta blocker, n (%) 91/247 (37) 69/165 (42) 3/28 (11) 66/137 (48)  0.001 22/82 (27) 3/35(86) 19/47 (40)  0.003 0.031
LVEF, % 66 [61,71] 65 (60, 71] 63[60,66] 66[60,72] 0.1 67[62,728] 65[62,69] 69[63,74] 0017 0062
Left atrial volume, mL 54.9[42,713] 60[44,78** 5321[419, 61[45,78] 0.17 51[384,601** 43.2[353, 54[435, 0.01 0.001
64.2] 53.1] 62.5]
Left atrial volume 321[24.1,419] 324245, 2950220, 330[243, 031 31[26,386] 28[225, 3591281, 0015 071
index, mL/m? 42.2] 38] 42.4] 34.5] 44.1]
E/E 9.0[7.0,120] 9.0[7.0,120]* 6.7[53,7.8] 9.0[7.0, <0.001 10.0[8.0, 80170, 11.5[9.0, <0.001 0.032
12.0] 12.47* 10.4] 14.0]

P1 between SR vs. AF in each sex; P2 between all-rhythm men vs. women

Men vs. women (all rhythm) Men who had combined
SR and AF (n=165) were younger than women (Table 1).
EATYV was larger in men than in women (men, 131.8+£48.3
vs. women, 112.5+42.3; P=0.002); however, EATVI was
comparable between men and women. The use of antihy-
pertensive drugs, angiotensin-converting enzyme (ACE)
inhibitors, or angiotensin II receptor antagonists (ARB)
was similar, while the use of calcium blockers was lower,
and the use of beta-blockers was higher in men. The LA
volume was higher in men than in women, and the LAVI
was comparable between men and women. E/E’ was lower
in men than in women.

SRvs. AF In men, age, BMI, EAT, and EATVI were com-
parable between the SR and AF groups. The prevalence
of type 2 diabetes mellitus and hypertension was similar
between the SR and AF groups; however, the use of anti-
hypertensive drugs was higher in the AF group. LVEE, LA
volume, and LAVI were comparable between the SR and
AF groups; however, E/E’ was lower in patients with SR. In
women, age, BMI, EAT, and EATVI were similar between
the SR and AF groups. The prevalence of type 2 diabetes
mellitus and hypertension was comparable between the
SR and AF groups; however, the use of antihypertensive
drugs was higher in the AF group. LVEF and LAVI were

comparable between the SR and AF groups; however, E/E’
was lower in patients with SR.

Comparison of EATVI and LAVI between SR and AF groups
Overall, EATVI and LAVI were higher in the AF group
than in the SR group (Fig. 2). In men, EATVI and LAVI
were comparable between the SR and AF groups. In
women, EATVI was comparable between the SR and AF
groups, whereas LAVI was higher in the AF group than
in the SR group.

The relationship between EATVI and LAVI

All rhythm Univariate analysis showed that EATVI was
positively correlated with LAVI in men, but not in women
(Fig. 3, left panel).

SR In overall patients, univariate analysis showed that
only age was positively correlated with LAVI (Fig. 3,
middle panel, and Table 2 A). In men, univariate analysis
showed that only EATVI was positively correlated with
LAVI (Fig. 3, middle panel, and Table 2 A). Multivariate
analysis revealed that EATVI was not associated with
LAVT after correcting for confounding factors (Models 1
and 2)(Table 2 A). In women, univariate and multivari-
ate analyses showed that no significant factors were cor-
related with LAVI (Fig. 2; Table 2).
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Fig. 2 Comparison of EATVI and LAVI between SR and AF in overall, men, and women. Values are presented as mean +SD. P values were obtained by a
two-tailed unpaired t-test. EATVI, epicardial adipose tissue volume index; SR, sinus rhythm; AF, atrial fibrillation; EATV, epicardial adipose tissue volume;

LAVI, left atrial volume index

AF Univariate analysis showed that age and beta-blocker
use were positively correlated with LAVI in overall
patients (Table 2B). Univariate and multivariate analyses
showed no significant correlation between EATVI and
LAVI (Fig. 3, right panel, and Table 2B). In men, the uni-
variate analysis showed that the use of antihypertensive
drugs was positively correlated with LAVI (Table 2B).
Univariate and multivariate analyses showed no signifi-

cant correlation between the EATVI and LAVI (Fig. 3,
right panel). In women, there was a negative correlation
between EATVI and LAVI, not significantly, but a trend
(Fig. 3, right panel). Univariate analysis showed no signifi-
cant factors correlated with LAVI (Table 2B). However,
multivariate analysis showed that age was positively cor-
related and EATVI was negatively correlated with LAVI
(Models 1 and 2)(Table 2B).
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Fig. 3 Association between EATVI and LAVI in overall, SR and AF. EATVI, epicardial adipose tissue volume index; LAV, left atrial volume index; SR, sinus
rhythm; AF, atrial fibrillation. Univariate linear regression models showed the relationship between EATVI and LAVI in overall, SR and AF groups. The r and
P-values are shown in men (blue circles and lines) and women (red circles and lines)

Subgroup analysis

Overall EATVI was positively correlated with LAVI for
BMI<25 in patients with SR (Fig. 4, upper row in the col-
umn of all rhythm). However, EAT VI was not correlated
with LAVI for all subgroups in patients with all rhythms
or AF (Fig. 4, upper row in the column of SR and AF).

Men In all rhythms (Fig. 4, middle row in the column of
all rhythm), EATVI was positively correlated with LAVI
in the subgroups of SR, DM (no), and HT (yes). In SR, the
EATVI was positively correlated with the LAVI in patients
aged =65 years (Fig. 4, middle row in the column of SR).
No significant factors were associated with LAVI in AF
(Fig. 4, middle row in the column of AF).

Women In all rhythms (Fig. 4, lower row in the column of
all rhythm), EATVI was negatively correlated with LAVI
in the subgroup of patients aged>65 years. There were
no significant factors associated with LAVI in SR (Fig. 4,
lower row in the column of SR) In AF, EATVI was nega-
tively correlated with LAVI in the subgroups of age>65
years, BMI>25, and HT (yes) (Fig. 4, lower row in the col-
umn of AF).

Discussion

In this study, we evaluated sex differences in the associa-
tion between EATVI and LAVI in patients with either
SR or AF, and found two major findings. First, in over-
all, that includes both men and women, EATVI and LAVI
were not significantly correlated with SR and AF. Second,
when analyzed separately in men and women, the rela-
tionship between EATVI and LAVI differed between
men and women. In patients with SR, there was a positive
relationship between EATVI and LAVI in men, but not in
women. In contrast, in patients with AF, a negative rela-
tionship was found between EATVI and LAVI in women,
whereas no association was found in men. This is the
first report to evaluate sex differences in the relationship

between EATV and LAVI, suggesting that the effect of
EAT on LAVI may differ between men and women.

Relationship between EATVI and LAVI in overall patients
EATYV has been reported to be associated with the inci-
dence and prevalence of AF [17, 18]. EATV has also been
associated with an increased LA size [19]. The prevalence
and incidence of AF and LA size are closely and mutu-
ally related [9, 19]. In other words, the larger the LA size,
the more AF will develop; conversely, when AF develops,
LA size will increase [17, 18]. This study showed that
EATYV and LAVI were not significantly correlated with
SR and AF. These results are not consistent with those of
previous reports. However, as discussed below, the rela-
tionship between EATVI and LAVI was found to be sig-
nificant when analyzed separately by sex.

Sex differences in the association between EATVI and LAVI
in patients with SR

The relationship between the EATVI and LAVI differed
between men and women in both the SR and AF groups.
Sex differences in the degree of EATV and its clinical sig-
nificance have been reported. The relationship between
increased EATV and the presence of CAD [1] or a history
of coronary artery bypass graft surgery [11] was found in
men, but not in women. In our patients with SR, there
was a positive relationship between EATVI and LAVI in
men, but not in women. Fox et al. showed that in patients
with SR, EATV correlated with LA dimension in men but
not in women, which is in agreement with our results
[19]. Fox et al. [19] and our results support that EATV is
involved in LA size or LAVI in men, but not in women.

Sex differences in the association between EATVI and LAVI
in patients with AF

Few studies have reported sex differences in the relation-
ship between EATV and AF. van Rosendael et al. showed
that EATV was a factor in the development of AF only
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Fig. 4 Sub-analysis for the association between EATVI and LAVI in all rhythm, SR and AF. The interaction between men and women for the association
between EATVI and LAVI was evaluated using linear regression models for all rhythm, SR, and AF. EATVI, epicardial adipose tissue volume index; LAVI, left

atrial volume index; SR, sinus rhythm; AF, atrial fibrillation

in men, even after correcting for AF risk factors [20]. We
also reported that EATV was a factor in the development
of both PAF and PeAF in men [8]. To our knowledge, this
is the first report to examine the association between
EATV and LA structure, such as LA size or LAVI, in
patients with AF. Our results showed a negative rela-
tionship between EATVI and LAVI in women with AF,
suggesting that a larger EATVI suppresses the increase
in LAVI in women with AF. Because this was a cross-
sectional study, cause-and-effect relationships could not
be determined. However, the sex difference in EATVI
and LAVI in patients with AF is an interesting result and
prompts further investigation in future studies.

Potential mechanisms of sex differences in the relationship
between EATVI and LAVI

In men, there was a significant correlation between
EATVI and LAVI in the SR group (Table 2). These cor-
relations were found in the SR and DM (no) subgroups
for all rhythms and in those aged>65 years in the SR
group (Fig. 4); however, no correlations were found in
the AF group. Theoretically, the deleterious effects of
EATVI on LA size might be observed more clearly in
patients with SR than in those with AF [19], since AF
strongly affects LA function and size [21]. In contrast, in

women, EATVI was not correlated with LAVI in the SR
group but was negatively correlated with LAVI in the AF
group (Table 2). Currently, there are no reasonable expla-
nations for this; however, we have attempted to provide
hypothetical explanations. In women with AF, EATVI
was negatively correlated with LAVI in the subgroups
of age>65 years, BMI>25, and HT (yes). Therefore, it
can be assumed that EATVI inhibits LA enlargement in
preobese elderly women. Ovarian estradiol inhibits left
ventricular remodeling and protects against LA diastolic
dysfunction [22]. However, the present study found a
negative link between EATVI and LAVI in menopausal
women, indicating effects other than those of ovarian
estradiol. There are two possible mechanisms through
which EAT VI inhibits the increase in LAVI. First, EATVI
may be linked to the favorable effects of estradiol and
the protective adipocytokine profiles. Estradiol declines
rapidly after the loss of ovarian function in menopause;
however, it is continuously produced in the subcutaneous
(SAT) and visceral adipose tissue (VAT) [23] in EAT [24].
We previously showed that anti-inflammatory adiponec-
tin was largely produced, and proinflammatory IL1B and
NLRP3 were less abundant in SAT and VAT of meno-
pausal women than of men [25]. The anti-inflammatory
and anti-fibrotic patterns of estradiol and adipocytokines
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in menopausal women with a larger EAT VI could be pro-
tective against LA function. However, previous reports
are against the protective effects of EAT on cardiac func-
tion in menopausal women [26, 27]. Second, sex differ-
ences in heart cells, including myocytes, endothelial cells,
smooth muscle cells, macrophages, fibroblasts, and valve
cells, may be linked to the association between EATVI
and LAVI [28]. Quantitative and qualitative differences
in the local EAT and whole-body adiposity may differ-
entially affect LA function in men and women. However,
the sex differences and underlying mechanisms observed
in the current study should be reconfirmed in future
studies. If there are sex differences in the effect of EATV
on LA size and LA function, it suggests that measures to
prevent cardiovascular events related to LA abnormali-
ties need to be considered separately for men and women
[29].

Limitations

First, the cross-sectional design of this study limited the
interpretation of causality. Second, the predominantly
Japanese patient sample in two recruit location could be
biased and limits the generalizability of our findings to a
broader population. Third, we did not measure waist cir-
cumference or waist-to-hip ratio, which may have added
incremental information on local versus systemic adipos-
ity effects. Fourth, AF frequently develops in elderly indi-
viduals, who are typically lean. Our study subjects were
relatively young and obese, which may have biased the
results. Finally, the small subgroup sizes limited the num-
ber of adjusted variables in the binary logistic regression
models to avoid overfitting the models. Furthermore,
the small subgroup sizes could make [ error and tend
to yield extreme data with no reproducibility. This is the
first report on sex differences in EATVI and LAVI, with
an exploratory analysis of the hypothesis not performed
a priori. This study is not a conclusive design and we
should be careful in the interpretation of this finding.
Therefore, future large, unbiased and prospective stud-
ies, including external validation, are required to address
these conclusions and detailed mechanisms.

Conclusion

We evaluated the sex differences in the association
between EATV and LAVI in patients with either SR or
AF. We found a positive relationship among men with SR,
and a negative relationship among women with AF. This
is the first report to evaluate the relationship between
EATYV and LAVI, divided by sex, and may suggest clinical
implications of sex differences in the etiology of AF.
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