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Background: Obstructive sleep apnea (OSA) is a risk factor for atrial fibrillation (AF); however, it is unclear
whether AF increases the risk of OSA. Furthermore, sex differences among patients with both AF and OSA remain
unclear. We aimed to determine the association between an increased AF burden and OSA and investigate the
differences in clinical characteristics between women and men with AF and OSA.

Methods: This was a descriptive, cross-sectional analysis from a prospective cohort study. Patients with non-
valvular AF were recruited from the cardiac electrophysiology clinic of a tertiary center; they underwent a
home sleep apnea test and 14-day ambulatory electrocardiography. Moderate-to-severe OSA was defined as an
apnea-hypopnea index of >15.

Results: Of 320 patients with AF, 53.4% had moderate-to-severe OSA, and the mean body mass index (BMI) was
25.6 kg/mz. Less women (38.2%) had moderate-to-severe OSA than men (59.3%) (p < 0.001). In the multivariate
analysis, age, being a man, and BMI were significantly associated with moderate-to-severe OSA. AF burden was
associated with moderate-to-severe OSA only in men (odds ratio: 1.008; 95% confidence interval: 1.001-1.014).
Women and men with OSA had similar BMI (p = 0.526) and OSA severity (p = 0.754), but women were older
than men (70.1 £ 1.3 vs. 63.1 + 0.9 years, p < 0.001). Women with moderate-to-severe OSA had a lower AF
burden than men did (27.6 + 7.1 vs. 49.5 &+ 3.9%, p = 0.009).

Conclusions: AF burden is a sex-specific risk factor for OSA and is limited to men. In contrast, women with both
AF and OSA have a lower AF burden than men, despite being older and having similar OSA severity and body
habitus. Thus, AF may develop later in women with OSA than in men.

1. Introduction modification has been suggested as a key strategy for AF management,

along with anticoagulation, rhythm control, and rate control [1,9].

Atrial fibrillation (AF) is associated with a 1.5- to 3.5-fold increase in
mortality and increases the risk of stroke by approximately five times
[1,2]. More than 60% of the patients with AF report impaired quality of
life, and related healthcare expenses impose a substantial socioeconomic
burden [3-5]. Despite advances in pharmacological and ablative treat-
ments, mortality has not improved [6], and the prevalence of AF is
projected to increase 2.5-fold by 2050 [7]. The lifetime risk of AF has
increased from one in four to one in three individuals, highlighting the
need for novel approaches to curtail the AF epidemic [8]. Risk factor
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Obstructive sleep apnea (OSA) is a risk factor for AF [10,11], and
recently updated guidelines recommend screening for and treating OSA
in patients with AF [1]. Therefore, risk factor assessment is important to
identify OSA in these patients. Observational studies have shown a
higher prevalence of OSA in patients with persistent AF than in those
with paroxysmal AF [12,13]; therefore, it is conceivable that AF severity
could be a risk factor for OSA. Although the risk of AF increases with
OSA severity, it is unclear whether AF severity contributes to the risk of
OSA [14]. Studies involving paroxysmal or non-paroxysmal AF and their
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associations with OSA have yielded mixed results. A study by Tanaka
et al. revealed that non-paroxysmal AF is a predictor of OSA [15], while
another study failed to reveal a significant association between the two
[16]. This conflicting result may be partly attributed to the binary
approach used to evaluate AF, which focuses on the presence of AF or
the distinction between paroxysmal and nonparoxysmal AF. This
approach may not capture the complexity of AF completely, especially
regarding the AF burden. The American Heart Association has suggested
incorporating long-term electrocardiogram (ECG) monitoring to provide
a structured characterization of the AF burden [17]. This monitoring can
provide detailed information on the frequency, duration, and severity of
AF episodes as well as the response to treatment. This nuanced approach
may help improve our understanding of the relationship between AF and
OSA and lead to better management of both conditions.

In addition, previous studies have highlighted the importance of sex
differences in patients with OSA and cardiovascular conditions, such as
heart failure [18]. However, researchers have not investigated the
impact of differences between sexes on the clinical features in patients
with both AF and OSA. AF may pose a greater risk of cardiovascular
morbidity and mortality in women than in men, thus warranting
exploring potential sex differences in this population [19]. Indeed, a
knowledge gap exists regarding sex-specific risk factors for AF and their
management [1]. Such investigations could emphasize the sex-specific
risk factors and treatment strategies for AF and OSA management.

Therefore, the purpose of our study was twofold. First, we aimed to
determine whether an increased AF burden is associated with the
presence of OSA; second, we aimed to explore differences in the clinical
characteristics between women and men with AF and OSA.

2. Methods

This was a cross-sectional analysis of baseline data from the single-
center, prospective, and ongoing “Atrial Fibrillation Trial To Eliminate
Risk-factors” (AFTTER) registered at ClinicalTrials.gov (identifier:
NCT05718336), which has been designed to reduce complications in
patients with AF. All patients provided written informed consent prior to
their enrollment in AFTTER. Furthermore, this study was approved by
the National Taiwan University Hospital (NTUH) Institutional Com-
mittee on Human Research (202003090RINA).

2.1. Participants

All patients aged > 18 years who were referred to the Cardiac
Electrophysiology Clinic of NTUH for AF management were enrolled
prospectively in AFTTER. All patients had a documented diagnosis of AF
on a 12-lead ECG or single-lead strip reviewed by an electrophysiologist.
The study patients were recruited by the cardiac electrophysiologists at
the clinic. Prior to their enrollment, all patients underwent preliminary
testing, which included blood sampling and echocardiography. They
also underwent a sleep assessment that was performed using the
Epworth Sleepiness Scale (ESS). The inclusion criterion was as follows:
patients with AF aged > 18 years (irrespective of their OSA symptoms or
ESS scores). The exclusion criteria were as follows: (1) unwillingness or
the inability to provide informed consent, (2) receiving treatment for
OSA, (3) physical or cognitive impairment that restricted the ability to
undergo the home sleep apnea test (HSAT), (4) heart failure with a
reduced ejection fraction (<45%), (5) end-stage renal disease (ESRD),
(6) history of abnormal thyroid function, and (7) primary valvular heart
disease.

2.2. Measurements of AF burden

All patients underwent a 14-day ambulatory ECG (EZYPRO; Sigknow
Biomedical Co., Ltd., Taipei, Taiwan) using a single lead positioned on
the left upper chest to evaluate AF. We instructed them to maintain their
daily activities, including work and exercise. They were allowed to
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bathe because ECG patch was waterproof and firmly attached to their
chest. Furthermore, the patients could report any subjective symptoms
experienced during the 14-day period using a recorder button. After that
period, the patients or research assistants removed the patch, and the
recorder was sent to the technicians for a preliminary analysis and signal
interpretation by an electrophysiologist. The AF burden was defined as
the percentage of time spent in AF.

2.3. Sleep study

OSA was detected using ApneaLink Plus (ResMed, San Diego, CA,
USA) (HSAT), a three-channel device consisting of a digital pulse ox-
imeter, nasal cannula with a pressure transducer, and chest belt to
measure the respiratory effort. The patients, guided by a research as-
sistant who is a nurse, were instructed to complete the test at home. Raw
data were initially processed using the AUTO AASM scoring system
provided by ApneaLink Plus and manually reviewed by a board-certified
sleep physician blinded to the patient characteristics. AUTO AASM and
manual scoring methods accurately identify sleep apnea, as demon-
strated by in-laboratory polysomnography (PSG) [20] and in people
with AF [21]. Apnea was scored as a > 90% decrease in the peak signal
excursion from the baseline lasting for at least 10 s. Conversely, hypo-
pnea was scored as a > 30% decrease in the peak signal excursion from
the baseline for at least 10 s, followed by a > 3% reduction in oxygen
saturation. Central apnea or hypopnea was scored in the absence of
respiratory effort or Cheyne-Stokes respiration. We did not include raw
data in the final analysis if > 50% of the respiratory events were central.
The apnea-hypopnea index (AHI) was calculated by dividing the sum of
apneic and hypopneic events by the total recording time. Sleep studies
with recording time < 4 h were deemed inadequate and repeated for the
analysis. The OSA severity was classified according to AHI (mild OSA,
>5 and < 15; moderate, >15 and < 30; and severe, AHI > 30).
Moderate-to-severe OSA was considered “significant OSA” based on a
previous randomized control trial that used this criterion to recruit the
patients [22].

2.4. Statistical analysis

Patient characteristics are presented as mean + standard error or
percentage. We performed the Student’s t-test and Pearson’s chi-square
test for continuous and categorical variables, respectively. We compared
the baseline characteristics between patients with and without
moderate-to-severe OSA and between women and men. Additionally, we
also compared the clinical characteristics between both women and men
with and without moderate-to-severe OSA. Then, we conducted a
multivariate logistic regression analysis to identify the independent risk
factors for moderate-to-severe OSA using patients with no or mild OSA
as the reference group. Subsequently, we further analyzed women and
men separately using a multivariate logistic regression analysis to
identify the independent risk factors for moderate-to-severe OSA. We
evaluated sex, age, body mass index (BMI), hypertension (based on
previously reported factors associated with OSA [13,15,16]), and AF
burden as candidate risk factors using SPSS software (version 25; IBM
Corp., Armonk, NY, USA). Statistical significance was defined as p <
0.05.

3. Results
3.1. Patient characteristics

From May 2020 to March 2023, 327 eligible patients visited the
Cardiac Electrophysiology Clinic of NTUH and used ApneaLink Plus at
home after receiving respective instructions at the hospital. All of them
undertook the HSAT. Five patients failed to complete the HSAT after
multiple attempts and withdrew from the study. Furthermore, two pa-
tients were excluded because of Cheyne-Stokes respiration. A total of
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320 patients were included in the final analysis.

The mean age of the cohort was 62.0 &+ 0.6 years, which comprised
72.2% of men and 70.0% patients with paroxysmal AF. The mean BMI
was 25.6 + 0.2 kg/mz, and the mean CHA2DS,-VASc score was 1.6 +
0.1. The majority of patients (82.8%) did not have excessive daytime
sleepiness (ESS < 10), with a mean ESS of 7.1 + 0.2. The mean AHI was
18.9 + 0.8. A total of 262 (81.9%) patients had AHI > 5, and 53.4% had
moderate-to-severe OSA. Table 1 summarizes the clinical characteristics
of the study population stratified by moderate-to-severe OSA. Compared
with patients who had no or had mild OSA, those with moderate-to-
severe OSA were characterized by advanced age, were predominantly
men, had a higher BMI, and greater prevalence of comorbidities.
Furthermore, patients with moderate-to-severe OSA demonstrated a
higher AF burden and an increased left atrial diameter.

3.2. Sex-based patient characteristics

Table 2 summarizes the sex-specific clinical characteristics of the
patients. Women were older (p = 0.003) and had lower BMI (p = 0.01)
than men. We observed no significant differences in the underlying
comorbidities or ESS values between the sexes, except for a lower per-
centage of coronary artery disease in women (p = 0.014). On echocar-
diography, women had a smaller left atrial diameter (p = 0.009) and
higher left ventricular ejection fraction (p = 0.046) than men did. In
addition, women had a lower OSA severity (p = 0.001) and AF burden (p
= 0.018) than men did.

We compared the clinical characteristics among women with and
without moderate-to-severe OSA, men with and without moderate-to-
severe OSA, and women and men with moderate-to-severe OSA
(Fig. 1). The degree of OSA severity was similar between men and
women (28.8 £ 2.0 vs. 29.5 + 1.0, p = 0.754). Women with moderate-

Table 1
Clinical characteristics of patients with AF with and without moderate-to-severe
OSA.

All Mild orno  Moderate-to- p-value
patients OSA severe OSA
(n = 320) (n =149) (n=171)
Male, n (%) 231 94 137 (80.1%) <0.001
(72.2%) (63.1%)
Age, years 62.0 + 59.1 £09 64.5+0.8 <0.001
0.6
BMI, kg/m? 25.6 + 246 +0.2 26.4+0.3 <0.001
0.2
Hypertension, n (%) 117 43 74 (43.3%) 0.008
(36.6%) (28.9%)
Diabetes mellitus, n 49 13 (8.7%) 36 (21.1%) 0.002
(%) (15.3%)
Heart failure, n (%) 17 3 (2.0%) 14 (8.2%) 0.014
(5.3%)
Stroke, n (%) 17 5 (3.4%) 12 (7.0%) 0.145
(5.3%)
Coronary artery 37 12 (8.1%) 25 (14.6%) 0.067
disease, n (%) (11.6%)
Paroxysmal AF, n 224 116 108 (63.2%) 0.004
(%) (70.0%) (77.9%)
Ablation, n (%) 58 27 31 (18.1%) 0.999
(18.1%) (18.1%)
AF burden (%) 38.7 £ 31.4+34 45.1 + 3.5 0.005
2.5
ESS 7.2+02 69+03 7.4 +0.3 0.181
Left atrial diameter 4.1 £0.0 4.0+0.1 43+0.1 0.001
(cm)
LVEF (%) 69.6 + 70.0 £0.7  69.3 +0.7 0.431
0.5
AHI, event/h 18.9 + 7.0 + 0.4 29.4 + 0.9 <0.001
0.8

AF, atrial fibrillation; AHI, apnea-hypopnea index; BMI, body mass index; ESS,
Epworth Sleepiness Scale; LVEF, left ventricular ejection fraction; and OSA,
obstructive sleep apnea.
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Table 2
Sex-based comparison of the clinical characteristics in patients with AF.
Women Men p-value
(n = 89) (n =231)
Age, years 649 +1.1 60.9 + 0.7 0.003
BMI, kg/m? 24.7 £ 0.5 25.9 + 0.2 0.010
Hypertension, n (%) 26 (29.2%) 91 (39.4%) 0.090
Diabetes mellitus, n (%) 13 (14.6%) 36 (15.6%) 0.828
Heart failure, n (%) 4 (4.5%) 13 (5.6%) 0.685
Stroke, n (%) 6 (6.7%) 11 (4.8%) 0.479
Coronary artery disease, n (%) 4 (4.5%) 33 (14.3%) 0.014
Paroxysmal AF, n (%) 68 (76.4%) 156 (67.5%) 0.121
AF burden (%) 29.6 + 4.4 42.3 £ 2.9 0.018
Ablation, n (%) 14 (15.7%) 44 (19.0%) 0.490
ESS 6.8 £ 0.4 7.3+£0.3 0.281
Left atrial diameter (cm) 4.0 +0.1 4.2+0.0 0.009
LVEF (%) 71.2+ 1.0 69.0 £+ 0.6 0.046
OSA 34 (38.2%) 137 (59.3%) 0.001
AH], event/h 148 +£1.4 20.5+ 0.9 0.001

AF, atrial fibrillation; AHI, apnea-hypopnea index; BMI, body mass index; ESS,
Epworth Sleepiness Scale; LVEF, left ventricular ejection fraction; and OSA,
obstructive sleep apnea.

to-severe OSA were older than those without moderate-to-severe OSA
(70.1 £ 1.3 vs. 61.7 + 1.4 years, p < 0.001) and men with moderate-to-
severe OSA (70.1 &+ 1.3 vs. 63.1 + 0.9 years, p < 0.001). Both women
and men with moderate-to-severe OSA had significantly higher BMI
than those without moderate-to-severe OSA (26.1 & 0.9 vs. 23.9 + 0.5
kg/m? [p = 0.022] and 26.6 + 0.3 vs. 25.0 + 0.3 kg/m? [p < 0.001],
respectively). Notably, women and men with moderate-to-severe OSA
had similar BMI (26.1 + 0.9 vs. 26.6 + 0.3 kg/mz, p = 0.526). We
observed no differences in the ESS values and presence of hypertension,
or diabetes mellitus between the sexes.

Regarding cardiovascular characteristics, the left atrial diameter was
significantly larger in men with moderate-to-severe OSA than in those
without moderate-to-severe OSA (4.3 + 0.1 cm vs. 4.1 + 0.1 cm, p =
0.009). Conversely, the left atrial diameter was similar between women
with and without moderate-to-severe OSA (4.1 &+ 0.1 vs. 3.9 + 0.1 cm, p
= 0.137). The AF burden did not differ significantly between women
with and without moderate-to-severe OSA (27.6 & 7.1 vs. 30.8 + 5.6%,
p = 0.727), whereas it was significantly higher in men with moderate-to-
severe OSA than in those without moderate-to-severe OSA (49.5 + 3.9
vs. 31.7 &+ 4.2%, p = 0.002). Notably, women with moderate-to-severe
OSA had a lower AF burden than men with moderate-to-severe OSA
did (27.6 + 7.1 vs. 49.5 &+ 3.9%, p = 0.009).

3.3. Sex-based risk factors for moderate-to-severe OSA

We performed the multivariate analysis to evaluate risk factors
associated with moderate-to-severe OSA. After adjusting for hyperten-
sion, BMI, sex, age, and AF burden, we found that age, being a man, and
BMI were associated with moderate-to-severe OSA (Table 3). To
examine the influence of sex on the risk factors for moderate-to-severe
OSA, separate analyses were conducted in women and men. The
dependent variable was moderate-to-severe OSA, and independent
variables were hypertension, BMI, age, and AF burden. The AF burden
was independently associated with moderate-to-severe OSA only in men
(Table 4).

4. Discussion

In this prospective study, the patients with AF were recruited from
the cardiac electrophysiology clinic. We used HSAT to diagnose OSA.
Increased AF burden was significantly associated with OSA only in men,
highlighting the importance of considering sex-specific risk factors when
evaluating patients with AF. Moreover, this novel study compared sex
differences in patients with AF, including their age, BMI, left atrial size,



C.-H. Lin et al.

1JC Heart & Vasculature 50 (2024) 101320

A B P<0.001
- f |
757
P<0.001 P<0.001 P<0.001
30 1
| I 704 [
x | [
Q
o
£
= 7 65 P<0.001
g 20 — g ] [
Q 7 |
z ® ] I
3 60 - |
<
& ]
10 — |
. : 55 |
i
0 50
Women Women Men Men Women Women Men Men
with OSA  without OSA with OSA  without OSA with OSA  without OSA with OSA  without OSA
c NS D NS
307 ’ | 4.5 [ | p-0.009
P=0.022 P<0.001 NS
1
- ] } _ I I
E | €
= 254 1 = u l l
K . 1 5 4.0 l
o] ! £ l
E 3
9 =
© =
= 2
> &
3 20 3 3.5
o
15 3.0 Women Women Men Men
M M
e e i oSN oL DeA with OSA  without OSA with OSA  without OSA

Fig. 1. Intra- and inter-sex comparisons among patients with AF, with and without OSA (A) The severity of OSA does not differ between women and men (p =
0.754). (B) Women with OSA have a higher mean age than those without OSA (p < 0.001) and men with OSA (p < 0.001). (C) The BMI is similar in men and women
with OSA (p = 0.526). Women with OSA have a significantly higher BMI than those without OSA (p = 0.022). Men with OSA have higher BMI than those without OSA
(p < 0.001). (D) Men with OSA have a larger left atrial diameter than those without OSA (p = 0.009). Conversely, the left atrial diameter is similar in women with and
without OSA (p = 0.137) and in men with OSA (p = 0.144). AF, atrial fibrillation; BMI, body mass index; OSA, obstructive sleep apnea.

Table 3
Multivariate logistic regression analysis of risk factors for moderate-to-severe
OSA in patients with AF.

Table 4
Sex-specific multivariate logistic regression analysis of risk factors for OSA in
patients with AF.

Moderate-to-severe OSA Adjusted odds ratio p-value
(95% CI)
BMI, 1-unit increase 1.169 (1.085-1.259) <0.001
AF burden, 1% 1.004 (0.998-1.010) 0.160
increase
Hypertension, yes vs. 1.147 (0.676-1.946) 0.611
no
Sex, male vs. female 2.699 (1.516-4.804) 0.001
Age, 1-year increase 1.063 (1.037-1.090) <0.001

AF, atrial fibrillation; BMI, body mass index; CI, confidence interval, OSA,
obstructive sleep apnea.

and AF burden. Our findings have implications for the diagnosis and
management of AF and OSA in clinical practice.

In our study, we found no significant correlation between the AF
burden and OSA. However, we observed a sex difference in this asso-
ciation, with a significant correlation between the AF burden and OSA
only in men. One possible explanation for this disparity is the sex-based
difference in the phenomenon of rostral fluid shifting, which has been
suggested as a factor for “AF begets OSA.” [23] Men are more susceptible
to upper airway collapse caused by overnight fluid shifting from the
lower extremities than women [24]. This condition can increase the
neck circumference and OSA severity and has been documented in non-

Moderate-to-severe p-value Moderate-to-severe ~ p-
OSA in women with OSA in men with value
AF,Adjusted odds AF,Adjusted odds
ratio ratio
(95% CI) (95% CI)
BMI, 1-unit 1.147 0.032 1.173 0.001
increase (1.012-1.301) (1.066-1.290)
AF burden, 1% 0.995 0.438  1.008 0.027
increase (0.982-1.008) (1.001-1.014)
Hypertension, 0.500 0.255 1.563 0.159
yes vs. no (0.152-1.650) (0.840-2.909)
Age, 1-year 1.121 <0.001 1.051 0.001

increase (1.052-1.194) (1.022-1.081)

AF, atrial fibrillation; BMI, body mass index; CI, confidence interval; OSA,
obstructive sleep apnea.

obese healthy individuals [25] and in patients with heart failure or renal
failure, primarily in men [26,27]. This sex-based disparity in OSA
severity may be attributed to the redistribution of fluid from the legs to
the neck or peripharyngeal space in men. Conversely, fluid is redis-
tributed to the gonadal venous system in women [28].

Because we did not measure the fluid status of the patients, we could
not confirm the theory of rostral fluid shifting as an explanation for the
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sex-based differences in the association between the AF burden and
OSA. However, men with moderate-to-severe OSA had greater left atrial
enlargement than those without moderate-to-severe OSA, which may
have contributed to the association between the AF burden and OSA in
men. Respiratory chemosensitivity supposedly increases with an
enlarged left atrium, which may be attributed to stretch receptors in the
left atrium or pulmonary vein or indirectly through pulmonary edema
via the juxtacapillary receptors or pulmonary C-fibers [29,30]. In
addition, left atrial enlargement is a common consequence of AF, and
this relationship, apart from rostral fluid shift theory, may mediate the
correlation between AF burden and OSA severity. This increased
ventilatory response may create a positive feedback loop, predisposing
men to a higher degree of AHI severity. This is because loop gain is one
of the major mechanisms underlying OSA development [31]. Supporting
this finding, Lyons et al. demonstrated a positive correlation between
the left atrial size and AHI in only male patients with ESRD, providing
further evidence for the correlation between left atrial enlargement and
AHI, suggesting that this relationship may be sex-specific [32].

Women generally exhibit a lower OSA severity than men do. In
contrast, we demonstrated that OSA severity was similar in men and
women with both AF and OSA. One explanation for this finding is that
women with moderate-to-severe OSA were on average 7 years older
than men with moderate-to-severe OSA. This is because OSA severity
increases with age. The age difference between men and women may
explain why women typically develop OSA later in life than men. The
anatomy in women is typically more protective against OSA owing to a
greater gynoid distribution of fat. Thus, this protection is attenuated
after menopause, which shifts fat accumulation to the neck, chest, and
abdomen, thereby increasing the risk of OSA by causing pharyngeal
narrowing and airway collapse [33]. Specifically, the odds of developing
OSA increase by 7% each year after menopause [34]. Notably, women
typically experience a later onset of OSA. However, they exhibit a
greater increase in the AHI every 5 years than men, which may account
for the reduction in the severity gap of the AHI between women and men
after the age of 60 years [35,36].

Furthermore, a comparable body habitus may contribute to the
similar OSA severity in women and men. Women typically have a lower
average BMI than men do; however, in our study the BMI was similar in
both men and women with moderate-to-severe OSA. This finding was
consistent with a previous study indicating that older women with OSA
had a BMI equivalent to that in men with OSA [37]. Moreover, it sup-
ports the theory that women develop OSA later in life because of
increased BMI and central obesity that often occur after menopause
[38], both of which are strongly associated with the development of
OSA.

Our study demonstrated an intriguing finding regarding the rela-
tionship between AF and OSA in women and men. Despite similarities in
OSA severity and body habitus, women with AF and moderate-to-severe
OSA were approximately 7 years older than men, yet they exhibited a
lower AF burden. This discrepancy suggests sex-based differences in the
interplay between AF and OSA.

This lower AF burden in women with OSA contributes substantive
evidence to suggest that AF has a later onset in women. Women received
a diagnosis of AF or were referred for ablation at an older age; this may
be attributed to factors such as under-referral, women’s hesitancy to
seek medical attention, or a delayed diagnosis of AF due to the more
frequent presentation of atypical AF symptoms in women [1]. Given the
temporal progression of AF from a paroxysmal to a persistent status, a
higher AF burden in men with OSA could be indicative of a longer
duration of AF. This inference is further substantiated by the comparable
size of the left atrium between women with and without OSA in our
study, which implies that the course of AF is not long enough to manifest
an enlarged remodeled left atrium as is observed in men with OSA. This
is further corroborated by the findings of a recent prospective study,
which involved 7-day Holter ECG monitoring and revealed a positive
association between the left atrial size and temporal evolution of the AF
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burden [39].

This potential temporal distinction in the onset of AF between
women and men with OSA provides valuable insights that further our
understanding of sex differences in the mechanism of AF development
and its clinical impact. OSA onset occurs at a later time in women than in
men, resulting in a shorter period of exposure to OSA in women than in
men. It is plausible that this shorter exposure period leads to a later onset
of AF and a lesser AF burden in women than in men. This mechanism
further substantiates the pivotal role of risk factors in the development
of AF and the AF burden, thereby supporting an integral approach to
identifying and managing risk factors in patients with AF, as suggested
by the guidelines [1]. Moreover, this sex-difference can also help un-
derstand the exact reason for a higher risk of stroke in women with AF
aged > 65 years than in similarly aged men with AF [1,40]. Given that
OSA is an independent risk factor for stroke and mortality [41], our data
reveal a plausible scenario wherein OSA assumes a greater relevance as
an intrinsic sex-specific risk factor as the age of the patients with AF
increases. Specifically, women over the age of 60 began to experience a
pronounced increase in OSA severity [35,36]. As a result, the clinical
impact of OSA is not yet evident in women under the age of 65. In
contrast, men with OSA over the age of 60 may have suffered from end-
stage complications of OSA (such as stroke and death), which is
corroborated by the plateauing of the OSA prevalence after the age of 65
years [42].

Thus, the age-dependent significance of OSA as a sex-specific risk
factor has crucial implications in clinical practice. This is particularly
noteworthy because structured testing for OSA in patients with AF is
infrequently performed [43], and the current screening tool prioritizes
male sex as a key risk factor for OSA. In addition, the optimal testing
time for patients with OSA remains unclear, as indicated by the guide-
lines [1]. Our data justify assessing the presence of OSA in older women
with AF, who are at a higher risk for stroke than men. Moreover,
repeated testing for OSA in younger women with AF may be necessary,
considering the accelerated deterioration in OSA severity after the age of
60 years [35,36].

Therefore, given that current guidelines recommend equal diag-
nostic assessments in both sexes to prevent stroke or AF-related com-
plications [1], future research should focus on a more proactive
approach to screen for and diagnose OSA in women with AF. This is
important because compared to men, women with OSA and AF are more
likely to possess a less remodeled AF substrate; owing to this, such
women may respond to OSA treatment more effectively, since they may
have been exposed to OSA for a shorter period. Additionally, considering
the poorer outcomes of ablation in women with AF [1], early detection
and management of OSA would constitute a rational treatment strategy
for this population. Interestingly, studies have demonstrated a reduced
AF burden after implementing strategies for risk factor reduction
(including OSA treatment); these studies enrolled a higher percentage of
women than the usual female representation in general AF studies or
populations [44,45]. This suggests that women may exhibit a more
favorable response to treatment strategies aimed at risk factor reduction.
Therefore, further studies are imperative to elucidate whether OSA
treatment exerts different effects on AF in women and men.

Our study had several limitations. First, we could not perform PSG,
the gold standard diagnostic test; therefore, we could not accurately
distinguish central sleep apnea from OSA. In addition, the current
diagnostic guidelines do not provide strong recommendations for HSAT
use in patients with AF. However, we excluded patients with heart
failure and reduced ejection fraction or ESRD, suggesting that the per-
centage of patients with central sleep apnea was likely low. ApneaLink
Plus is the only validated HSAT for patients with AF; therefore, PSG use
was less likely to significantly alter the percentage of each category of
sleep apnea severity or the prevalence of central sleep apnea. Further-
more, a single AHI measurement might be insufficient because previous
research has demonstrated considerable night-to-night variability in the
AHI scores among patients with AF [23]. However, nocturnal AHI
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variability is generally less severe in patients with moderate or severe
sleep apnea than in those with mild sleep apnea [23]. The patients had
moderate-to-severe OSA with a mean AHI of 18.9, making a single sleep
study less likely to exert a significant impact. Second, the study had a
cross-sectional design, relied on a single assessment of 14-day ECG data,
and involved a one-time sleep study; these may have limited our ability
to infer causality between the AF burden and OSA.

5. Conclusions

An increased AF burden was associated with OSA only in men. In
addition, women with OSA had a lower AF burden than men with OSA
did, despite being older and having similar OSA severity and body
habitus. Despite not being a longitudinal study, our study showed sex
differences between women and men with AF and OSA, emphasizing the
need for personalized approaches to evaluate and manage OSA in both
sexes. In addition, this finding underscores the importance of consid-
ering the impact of sex on AF and OSA for future research.
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