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A B S T R A C T

Sleep-disordered breathing is a highly prevalent disorder with negative impact on healthcare systems worldwide. 
This condition has detrimental effects on cardiovascular health and quality of life, and is frequently associated 
with a variety of comorbidities, including cardiovascular disease, heart failure, diabetes and atrial fibrillation. 
Nevertheless, it remains frequently undiagnosed and undertreated, especially in specific populations. Studies on 
sleep-disordered breathing have been conducted mainly on male patients, and the prevalence and severity of this 
disorder in women are underestimated. Recently, some clinical and laboratory evidence has highlighted the 
epidemiological and pathophysiological differences between men and women with sleep-disordered breathing. 
In this review, we discuss sex-related mechanisms of sleep-disordered breathing in frequently associated disor
ders, to improve clinical understanding of this condition and to simplify the practical application of targeted 
interventions. The aim is to improve prognosis among female patients and guarantee a better quality of life and a 
reduction in healthcare costs.

1. Introduction

Sleep-disordered breathing (SDB) is a common condition, associated 
with multiple comorbidities including cardiovascular (CV) and meta
bolic diseases [1]. According to the latest classification of the American 

Academy of Sleep Medicine, SDB comprises a wide range of sleep- 
related breathing disorders, including obstructive sleep apnea syn
drome (OSAS), central sleep apnea, and sleep-related hypoventilation 
[2]. SDB prevalence differs according to sex categories, as it is more 
prevalent in men than women. For example, OSAS has a 3 to 1 
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prevalence ratio for men compared to women. This epidemiological 
consideration shifted the researchers’ attention away from the female 
population [3–6]. Nevertheless, under-diagnosis and the related under- 
treatment has penalized SDB female patients, because in the last decade, 
women have represented up to 40–50 % of presentations at sleep clinics 
[7,8] (Table 1).

The sex-specific cardiovascular (CV) risk profile differs between men 
and women, particularly when all the peculiar CV risk factors are 
properly considered [9]. Alongside traditional CV risk factors, sex/ 
gender-specific ones have been included in recent years, which are 
important in the cardiovascular risk stratification of men and women 
[10,11]. The sex-specific CV risk factors which clinicians should take 
into account are, for men, hypogonadism, while for women, hyperten
sion during pregnancy and gestational diabetes, preterm delivery, fetus’ 
excess or deficit of weight at birth, polycystic ovary syndrome, history of 
breast cancer treated with cardiotoxic chemotherapic agents (e.g. 
anthracyclines or trastuzumab) or chest radiotherapy, systemic auto
immune diseases (more frequent among women), depression, together 
with other known risk factors related to the female gender, which 
impact on behavior, lifestyle, and access to healthcare assistance 
[10–16].

Among the too often little considered CV risk factors, OSAS must 
certainly be included, undoubtedly widespread among men and women 
in different proportions according to age groups, but rarely considered 
as a risk factor in female patients [17] (Table 1).

The prevalence of SDB and comorbidities was increased in post
menopausal women [18] and in women with polycystic ovary syndrome 
[19,20], suggesting estrogen may play an important, possibly beneficial 
role.

As known, overweight and obesity are among the most predisposing 
factors of SDB [21]. Women after menopause often show a body weight 
increase, due to hormonal changes (namely, sarcopenic obesity). This 
specific risk factor, together with the loss of estrogens’ protection, leads 
to an increased CV risk. For this reason, it is necessary to examine this 
condition with a sex/gender perspective, to better characterize female 
patient CV risk, especially in the post-menopausal age. This narrative 
review assesses the “state of the art” about OSAS among women, eval
uating if this should be included among the sex/gender specific risk 
factors.

2. Methods

This narrative review is based on a literature search conducted in 
October 2024. No restrictions in terms of publication date, language or 
sample size were applied. Electronic databases (Pubmed, MEDLINE, 
EMBASE, Clinicaltrials.gov) were searched for OSAS topic. Specifically, 
the authors included in the review all the most recent studies, reviews 
and meta-analyses that investigated the relationship between OSA and 
cardiovascular disease in the female population. Older studies were 
included in the review when considered milestones on the topic 
discussed.

2.1. OSAS as a cardiovascular risk factor in men and women

The OSAS is a chronic sleep-related breathing disorder characterized 
by recurrent episodes of a partial or complete collapse of the upper 
airway, resulting in reduced or absent airflow lasting for at least 10 s 
[22]. These phenomena leads both to acute adaptations, with sleep 
fragmentation, fall in blood oxygen saturation, significant variations of 
intrathoracic pressure and increased sympathetic activity, and long- 
term negative effects, such as reduced quality of life and social func
tioning, cognitive impairment, excessive day time sleepiness, and 
increased incidence of cardiovascular disease (CVD), metabolic diseases, 
and cerebrovascular events [21]. Moreover, a strong association be
tween OSAS and premature death exists [23].

.Chronic obstructive pulmonary disease (COPD) and OSAS are two 

Table 1 
Main studies elucidate the OSAS role in cardiometabolic risk profile among 
women.

Articles Article type Main evidences Conclusions

Bublitz, M 
et al. Life 
2022 [8]

Narrative 
review

Rates of SDB are higher 
among men, likely 
driven by differences 
in symptom 
presentation between 
men and women, with 
women presenting 
with more “atypical” 
symptoms, and lack of 
sensitivity in SDB 
screening tools to 
detect SDB in women.

More research is 
needed. An increased 
awareness among 
health care providers 
and the lay public of 
the SDB-specific sex 
and gender differences 
will serve to minimize 
disparities.

Moghtaderi I 
et al. Sleep 
Breath 
2022 [17]

Original 
article 
319, one 
center study 
among 
veterans 
women

Findings support the 
need for increased 
attention to 
identification and 
management of SDB in 
women veterans, 
especially those with 
conditions associated 
with elevated SDB risk.

Wimms A, 
et al. 
Biomed Res 
Int. 2016 
[29]

Review Prevalence data do 
show that more men 
than women are 
affected by OSA; 
however, these 
differences are not 
reflected in clinical 
populations. This 
indicates that females 
are being diagnosed 
and treated for OSA 
less frequently than 
males.

Better knowledge of 
gender differences in 
OSA will help to 
improve the awareness 
and diagnosis of OSA in 
women, and the 
development and 
availability of 
therapeutic options.

Geer JH, et al. 
Yale J Biol 
Med. 2021 
[30]

Review Obstructive sleep 
apnea is associated 
with significant 
symptoms and health 
consequences in 
women yet remains 
underdiagnosed in 
women in part due to 
differences in 
presenting symptoms, 
differences in 
polysomnographic 
findings, and/or 
sociocultural factors.

Future guidelines and 
screening tools should 
incorporate emerging 
data on sex and gender- 
related differences in 
OSA presentation since 
the literature is biased 
toward male subjects, 
which limits the 
generalizability of 
conclusions. 
Additionally, there is a 
need for investigators 
to focus on gender- 
related phenotypes, 
biomarkers, diagnostic 
criteria, and treatment 
decision-making and 
outcomes.

Hegner P, 
et al. Front 
Physiol. 
2021 [32]

Review Recent clinical and 
basic science evidence 
increasingly points to 
different mechanisms 
in men and women 
with sleep-disordered 
breathing. SDB is 
associated with a 
variety of 
comorbidities, 
including 
cardiovascular disease, 
heart failure, diabetes, 
and atrial fibrillation.

Women with SDB 
rather are more likely 
to develop HFpEF and 
men HFrEF..

Fabozzi A, 
et al. Sleep 
Breath. 
2024 [39]

Original 
article

Females presented a 
significantly higher 
frequency of 
hypopneas than men, 
as well as a lower 
number of 

These differences in the 
nocturnal home sleep 
cardiorespiratory 
monitoring could 
reflect different 
pathophysiological 

(continued on next page)
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common chronic diseases with increasing incidence worldwide, 
frequently with a simultaneous presentation, imposing great costs to the 
healthcare systems [24]. Moreover, both COPD and OSAS represent a 
remarkable risk factor for CVD [25] for men and women, as stated in 
recent guidelines on CVD prevention endorsed by the European Society 
of Cardiology (ESC) [26].

.The actual prevalence of OSAS is a matter of debate, as methodo
logical differences exist between the epidemiological studies carried out 
to date. According to the Wisconsin Sleep Cohort study, the prevalence 
of moderate to severe OSAS (i.e., apnea-hypoxia index, AHI, ≥15 events 
per hour) among 30–70 years old participants is about 10 % (13.0 % in 
the male subgroup and 5.6 % in the female subgroup) with a 30 % in
crease between 1990 and 2010, and an absolute increase respectively of 
7.5 % in men and 4.2 % in women [27]. The same study showed a 
significant increase in prevalence of OSAS with age, from 26.6 % in men 
and 8.7 % in women aged 30 to 49 years to 43.2 % and 27.8 % in the 
same groups aged 50 to 70 years.

Apart from age, there is a relevant association between OSAS and 
overweight, with an increase of OSAS prevalence from 7.0 % in a male 
population aged 30 to 49 years with a body mass index (BMI) <25, to 
44.6 % in a same aged male population but with a BMI of 30–39.9, and 
an increase from 1.4 % to 13.5 % in female populations with the same 
characteristics [25,28]. Sex-specific anatomical differences in adipose 
tissue deposition and airway size may account for some of the 

discrepancies in sleep apnea prevalence and severity.
Further reports using contemporary scoring and sleep study 

recording systems reported a much greater prevalence of moderate to 
severe OSAS up to 50 % in men and 23 % in women [5].

.The difference in prevalence of OSAS between sex groups has not 
been confirmed in clinical populations, and it could be the result of 
frequent misdiagnosis or under-diagnosis in female population due to 
different reported symptoms and inability of physicians to respond to 
OSAS symptoms in women [29] (Table 1). In particular, women are 
more likely to experience unspecific symptoms of OSA, such as 
insomnia, mood disorders, overtiredness, and morning headache. Thus, 
they may be easily and frequently treated for other conditions, such as 
depression, thyropathy, and sleep disorders. Moreover, as the above
mentioned symptoms are usually attributed to menopausal manifesta
tions in older women, this may further delay the diagnosis of OSA [30] 
(Tables 1 and 2).

Historically, the so called “big three” risk factors for OSAS are male 
sex, greater body mass index, and greater age [31]. Nevertheless, OSAS 
has been now identified as a not-at-all-rare condition in women, and 
OSAS prevalence in older women becomes closer to that of men [5,32] 
(Table 1).

A recent study by Fietze et al. [33] on 1208 participants (median age 
54 years, 54 % men) confirmed a continuous increase of OSAS with age 
both for men and women, but with a later onset for women, and iden
tified several clinical and demographic factors associated with OSAS, 
including sex, age, BMI, waist-to-hip ratio, snoring, and self-reported 
CVD. Alcohol consumption was associated with OSAS only in the fe
male subgroup. The abovementioned associations were stronger in the 
female group, confirming that gender plays a significant role into both 
OSAS pathophysiological mechanisms and therapy responsiveness. 
OSAS acts not only as a CVD risk factor, but also as a worsening factor in 
outcomes related to CVD. However, as OSAS and CVD share several 
comorbidities and risk factors, the demonstration of a causative link 
between these two conditions has been extremely hard [34]. A recent 
meta-analysis confirmed a positive and continuous association between 
OSAS severity and relative CVD risk, independently from the charac
teristics of the specific populations but more relevant if a longer follow- 
up was considered [35].

.However, the current standard-of-care treatment of OSAS with 
positive airway pressure (PAP) did not improve hard CV outcomes in 
patients with CVD, suggesting that a differential pathophysiological link 
probably exists between OSAS and specific CVD. In this regard, recent 
ESC guidelines suggest interventions associated with significant 
behavior to PAP [26,36,37].

Similarly, the effect of gender on the development of CV complica
tions in OSAS is still unclear. As the prevalence of OSAS is at least twice 
in men than in women, it is not possible to adequately stratify clinical 
data by sex [38]. Recent studies specifically analyzed the consequences 
of OSAS in a female population, and demonstrated that women with 
OSAS generally have more comorbidities (i.e., CVD, hyperlipidemia, 
diabetes) and are more prone to develop cognitive issues and brain 
matter injury [39] (Tables 1 and 2). Additionally, female OSAS patients 
generally complain about poorer life quality, which is in turn related to 
clinical depression, the latter being greatly associated with increased CV 
risk [40].

.Hormone replacement therapy seems to not clearly modify the hy
pertensive pattern evolution during menopause transition, as recently 
described [41]. Therefore, the risk factors and cardiometabolic profile 
related to OSAS and hypertension in women should be fully understood.

Moreover, women show weaker autonomic responses, possibly 
associated with worse blood pressure regulation and brain perfusion 
[29].

.The anatomical peculiarities of women and the changes outlined in 
the airways’ anatomy and physiology during specific conditions (e.g. 
pregnancy and after menopause), that increase the risk of snoring and 
SDB, have not been adequately approached from a therapeutic point of 

Table 1 (continued )

Articles Article type Main evidences Conclusions

desaturation events per 
hour.

mechanisms of OSAS 
onset between the two 
sexes, which should be 
investigated in future 
scientific studies.

Snyder B, 
et al. 2018 
[71]

Review Sleep apnea is 
diagnosed more 
frequently in men than 
women, suggesting a 
role of sex hormones in 
the pathology of the 
disease. Furthermore, 
there are sex 
differences in the 
development and 
progression of 
comorbid diseases 
associated with sleep 
apnea.

While the impact sleep 
apnea has on 
cardiovascular events 
has been the subject of 
many research studies, 
the role of sleep apnea 
in neurodegeneration is 
less established. Risk 
factors for sleep apnea 
and the implications of 
the observed sex 
differences in this 
disease.

Lebek S. al 
Front. Med. 
2021 [72]

Review Women are often 
underrepresented in 
current HF guidelines, 
and recent trials with 
HFpEF patients were 
negative but suggest a 
potential sex 
difference. Thus, a 
better understanding 
of gender-dependent 
mechanisms of 
diastolic dysfunction is 
urgently warranted.

We suggest that there 
may be a gender 
difference with respect 
to myocardial ACE2 
expression in response 
to SDB-dependent 
hypoxia, favoring 
hypertrophy and 
subsequent HFpEF 
development in 
women.

Lavalle S 
et al. Life 
2024 [123]

Review OSAS-related 
complications include 
cardiovascular 
disorders, neurological 
impairments, 
metabolic dysfunction, 
and a potential link to 
cancer.

The comprehensive 
analysis of biomarkers 
provides insights into 
the complex interplay 
between OSAS and 
systemic 
complications, offering 
avenues for future 
research and 
therapeutic 
advancements in this 
multifaceted sleep 
disorder.
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view with specific intervention programs for women.
In summary, there are many gender-related differences in clinical 

presentation and manifestations of OSAS that could substantially impact 
on short and long-term outcomes, and much scientific evidence 
demonstrating that female OSAS patients may experience more adverse 
CV outcomes, as they suffer from a greater burden of CV risk factors and 
systemic inflammatory status. Moreover, women with OSAS more 
frequently experience depressive symptoms and complain of reduced 
life quality. Finally, female gender was identified as an independent 
significant predictor of CVD in younger and nonobese patients with 
OSAS (Fig. 1).

2.2. Endothelial dysfunction and oxidative stress

Endothelial dysfunction is considered the “primum movens” for CV 
disease development, especially among women who suffer from micro 
vessels damage more often than from large arterial vessels disease 
[42,43]. In a study by Faulx and colleagues, an increase in the AHI and a 
reduction in flow-mediated dilatation and peak blood flow were 
observed following transient occlusion of the brachial artery cuff. 
Because this interaction was sex-specific for women, the authors 
concluded that women with SDB may be more susceptible to SDB- 
related early CVD than men [44] (Table 2).

Endothelial dysfunction is also associated with thrombosis [30,45]. 
According to data from Arzt et al., an increased risk of deep vein 
thrombosis and pulmonary embolism exist in SDB patients, regardless of 
the established risk factors for thromboembolic events [46].

As is well known, menopause is a turning point not only for a 
woman’s reproductive life [47]. Indeed, the progressive reduction of the 
ovarian estrogens production begins years before actual menopause. 
The physiological reduction of estrogens causes numerous effects on the 
endothelium and cardiomyocytes (which host estrogens receptors). In 
particular, the beta-receptor for estrogens modulates, in the endothelial 
cells, the production of nitric oxide, which in turn determines arteriolar 
vasodilation; moreover, it regulates the diapedesis of poly
morphonuclear cells, reducing, when present, inflammation of the 
vascular wall. Furthermore, it demonstrated apoptotic and oxidative 
stress regulation activity mediated by nicotinamide adenine dinucleo
tide phosphate (NADPH) oxidase. Therefore, after menopause, the 
regulation of these systems in the vascular system is considerably 
reduced. In cardiomyocytes estrogens modulate hypertrophy and 
ameliorate contraction throughout sarcoplasmic reticulum activity 
(using phosphokinase A regulation) [48]. Estrogens reduction nega
tively impacts on sleep respiratory profile even during menopause 
transition [49], while moderate and severe OSAS rates were signifi
cantly greater in the menopausal group.

2.3. Arterial hypertension

Among CV conditions, the causal link between arterial hypertension 
(AH) and OSAS is the most widely studied. In particular, OSAS severity 
at baseline and the relative risk of developing AH during follow-up share 
a linear, dose-dependent relationship, especially for resistant AH cases 
[50,51]. Two prospective community-based studies, the Sleep Heart 
Health Study (SHHS) and the Vitoria Sleep Cohort Study (VSCS) did not 
confirm this association, probably reflecting methodological differences, 
despite that all data were adjusted for all the possible confounders such 

TABLE 2 
Main differences in female and male patients with SDB.

Age  CVD prevalence increases with age, both in men and in 
women. In the female population, the first CV event 
related to coronary artery disease generally develops 
10 years later that in the male population, due to 
diminished estrogen levels [30].

Family HTx of CVD  The effects of genetic risk in CVD are more significant 
in women with a strong family history as compared to 
men. Premature death due to CV complications is more 
frequent in patients who have a strong paternal history 
as compared to a maternal history [30].

Smoking  A recent meta-analysis reported that in women >45 
years old, smoking determines a 25 % increased risk for 
CVD compared to men. In pregnant women, it is 
associated to increased risk of preterm birth and low 
weight at birth. Moreover, smoking increases the risk of 
premature menopause, and the combination of 
smoking with the use of oral contraceptives has a 
complementary effect on the CV risk [44].

Sedentarism and physical 
inactivity  

According to the World Health Organization data, 
physical inactivity (PI) is more frequent and severe in 
the female population for all age groups, with a global 
average of 31.7 % for inactive women vs. 23.4 % for 
inactive men. In childhood, PI is associated to the 
accumulation of numerous harmful habits in 
adulthood, with the strongest association documented 
in females. In fertile women, PI correlates with many 
cardio-metabolic risk factors, that are strongly 
associated with adverse pregnancy outcomes, which 
predicts the risk of subsequent CVD. In older adults, PI 
and sedentary behavior influence CV health status and 
this correlation is more significant in older female as 
compared to older male [104,105].

Obesity  Obesity is an independent risk factor for CVD. Globally, 
it is more prevalent in women than in men. Data from 
the Framingham Heart Study shows that obesity 
increases the risk of coronary artery disease by 64 % in 
women when compared with 46 % in men [100–103].

Dyslipidemia  Under the age of 35, total cholesterol levels are similar 
for both sexes, while after the age of 50 women have 
higher levels of total cholesterol, LDL-C and lipoprotein 
a [Lp(a)] compared to men, the latter accounting for 
increasing CV risk in postmenopausal women. 
Furthermore, it seems that hypertriglyceridemia acts as 
a more potent CV risk factor in women than in men, as 
every increase of 1 mmol/L in triglyceride levels lead to 
an increase of 32 % and 76 % of CV risk, respectively, in 
men and women. Finally, conditions such as polycystic 
ovarian syndrome and familiar hypercholesterolemia 
determine higher cardiovascular risk for young women. 
Dyslipidemia in pregnancy also leads to worse 
outcomes for patients and creates increased 
cardiovascular risk at an older age. Dyslipidemia 
remains under-screened and undertreated compared to 
men [39].

Hypertension  Hypertension affects more men than women until 45 
years of age, as for the protective effects of estrogen, 
while after the age of 55 the prevalence of hypertension 
higher in women than in men. The association between 
hypertension and poor CVD outcomes is stronger in 
women than in men. Moreover, women experience sex- 
specific risk factors for hypertension, such as 
gynecological disorders and adverse pregnancy 
outcomes [51–63].

Diabetes mellitus and 
insulin resistance  

Insulin resistance is associated to obesity, dyslipidemia, 
hypertension and impaired glucose tolerance, the latter 
potentially evolving into type 2 diabetes mellitus 
(T2DM). T2DM determines a 2-fold higher hazard ratio 
for CVD, with women experiencing a relative risk for 
CVD 44 % greater than men and a higher adjusted 
hazard ratio of fatal events [32,39].

Sex-specific CV risk 
factors  

Sex-specific risk factors unique to women include: 
breast cancer treatment; Adverse Pregnancy Outcomes 
(APO, such as hypertensive disorders of pregnancy, 
gestational diabetes mellitus, preterm delivery, and 
newborn size for gestational age); gynecological  

TABLE 2 (continued )

conditions (such as premature menarche, menopause, 
polycystic ovarian syndrome, and infertility). 
Moreover, autoimmune diseases, thrombophylic 
conditions, stress and depression are more prevalent in 
women and enhance women’s CV risk factors across the 
lifespan [80,82,88].

CVD: cardiovascular disease, SDB: sleep disorders of breathing.
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Fig. 1. Main links between SDB and CVD. 
SDB, sleep-disordered breathing; AF, atrial fibrillation; OSA, obstructive sleep apnea; AH, arterial hypertension; PH, pulmonary hypertension; CAD, coronary artery 
disease; HFrEF, heart failure with reduced ejection fraction; BMI, body mass index; HFpEF, heart failure with preserved ejection fraction; HDL, high-density 
lipoproteins.
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as age, BMI, and sex [52,53]. There are conflicting results about the 
effect of gender on the risk of developing AH, with markedly obese men 
showing nearly 2-fold greater AH risk than women [54]. However, a 
post-hoc analysis of VSCS, using a more rigorous end point for incident 
AH, confirmed the association between moderate and severe OSAS and 
more severe AH forms, but only in the male subgroup [55]. A potential 
explanation is that 81 % of the female sample in the VSCS were young 
and had normal weight, and 67 % were premenopausal at the baseline 
[56]. Conversely, as in the real-world clinical scenario most women 
referred for OSAS evaluation are more obese and older than referred 
men, they could have a greater prevalence of AH than the male sub
group, as subsequently confirmed by Mokhlesi et al. [57].

Thus, long-term exposure to chronic intermittent hypoxia is a car
dinal feature of sleep apnea syndrome and is sufficient to cause 
sympathetic-excitation and elevated blood pressure in human subjects 
and various animal models [58].

In contrast, the contribution of SDB to hypertension is lesser in 
women than in male patients [46]. While an increased OR for hyper
tension of 3.7 was reported for men with an AHI in the greatest third of 
the population, no significant risk increase was observed in similar fe
male patients [59].

Furthermore, much evidence confirmed that OSAS is associated with 
a 5-fold greater risk of developing resistant AH, regardless of other 
related risk factors, with 83 % of OSAS patients referring to a resistant 
AH clinic and a prevalence between 63 % and 80 % of OSAS in patients 
admitted to a resistant AH clinic [60,61]. Female sex represents a well- 
known, independent risk factor for resistant AH, which is in turn asso
ciated with a remarkable increased long-term risk of major adverse 
events, according to data from the WISE study [62].

This suggests that CVD risk is mediated differently in female SDB 
patients than in men, and a sex/gender specific approach in further 
studies is needed.

2.4. Cardiac rhythm abnormalities

Epidemiological data have demonstrated that some of the most sig
nificant association of SDB and cardiac outcomes are with cardiac ar
rhythmias, which are linked with both OSAS and CSA, with a strong 
causal association. SDB contributes to cardiac arrhythmogenesis with 
acute, subacute, and long-term mechanisms. SDB acute effects comprise 
autonomic nervous system fluctuations, recurrent hypoxia, alterations 
in carbon dioxide/acid-base status, and disrupted sleep architecture; 
moreover, the intrathoracic pressure alterations directly affect cardiac 
function. Subacute effects include direct cardiac mechanical damage 
leading to atrial distension and increase in left ventricular pressure and 
transmural gradient, as well as electrophysiological alterations and in
flammatory status. Chronic effects determine cardiac structural and 
electrophysiologic substrate alterations and remodeling, including 
increased fibrosis and metabolic dysregulation [63,64].

In this regard, SDB treatment is associated with improved 
arrhythmias-related outcomes.

These data support the need to consider SDB as a modifying risk 
factor for cardiac arrhythmias, as highlighted by the latest scientific 
statement from the American Heart Association [65]. However, there 
are also clear bidirectional interactions between SDB and cardiac ar
rhythmias, as CVD can itself worsen SDB, and most of the available data 
are observational, highlighting the need for rigorous, adequately pow
ered, randomized interventional trials in this clinical scenario.

Going further into details, both bradyarrhythmias and ventricular 
arrhythmias are more prevalent in patients with OSA, with a prevalence 
of 18 % and 14–74 %, respectively [3].

Furthermore, OSAS acts as a consistent and well-recognized risk 
factor for the onset, progression, and persistence of atrial fibrillation 
(AF), as it negatively affects the maintenance of sinus rhythm after 
cardioversion or catheter ablation. OSAS prevalence varies from 21 % to 
74 % in patients with AF and both conditions share common risk factors 

(i.e. obesity, male gender, age, smoking, alcohol intake, heart failure) 
and independent association with unfavorable CV outcomes [66]. The 
incidence of significant AF detected in an unselected pacemaker popu
lation is greater in patients with severe SA than in patients with non- 
severe SA (25.0 % vs 13.9 %, p = 0.002) [67].

The potential effects of continuous positive airway pressure venti
lation (CPAP) on AF management are still under study. So far, there are 
not specific data about gender differences on AF prevalence, burden, and 
therapy.

2.4.1. Atrial fibrillation
As Monahan and colleagues have previously highlighted [68], life- 

threatening arrhythmias’ risk was increased in SDB patients. Specif
ically, AF and its recurrence are greater in patients with OSAS than in 
those without diagnosed OSAS, even after interventional therapy with 
pulmonary vein isolation [69]. In particular, SDB is associated with 
increased diastolic sarcoplasmic reticulum (SR) calcium (Ca++) leak, 
increased late I-Na + current, and reduced connexin-43 expression 
[70,71] (Table 1). Estrogens have recently been implicated in Na +
current regulation and Ca++ store handling [72] (Table 1). SR Ca++

leak and increased Na + influx are important in the development of AF 
and arrhythmias in SDB patients [24,73]. Estrogen has recently been 
implicated in Na current regulation and Ca store handling, in humans 
and animal models [56]. Notably, SR Ca leak and late Ina, increased in 
ovariectomized animals, inverted to physiologic behavior after estradiol 
replacement therapy [56].

2.4.2. Repolarization abnormalities and ventricular arrhythmias
Differences in some repolarization markers among men and women 

were investigated [74,75]. Increase in diastolic pressure due to greater 
intrathoracic pressures during SDB could promote and induce mechan
ical and bio humoral alterations leading to myocardial hypertrophy 
[76]. In addition to its role in heart failure, Calcium/calmodulin- 
dependent protein kinase II (CaMKII) is associated with the develop
ment of arrhythmias, and there are already several CaMKII inhibitors 
preclinically tested as antiarrhythmic drugs [77–79].

CaMKII expression appears strictly related to sex-hormone concen
trations, allowing for some of the sex-specific variation in SR Ca++ leak 
and late INa regulation [80] (Table 2). Increased late INa and SR Ca leak 
can trigger arrhythmias by enhancing the frequency of early-after- 
depolarizations (EAD) and delayed-after-depolarizations (DAD) in the 
cardiac action potential [81]. These conditions share the pathophysio
logical basis with chronic heart failure and its bio humoral alterations.

2.5. Pulmonary hypertension

Pulmonary hypertension (PH) coexists in about 10–20 % of patients 
with moderate-to-severe OSAS and, in contrast, OSAS prevalence in 
patients with PH ranges from 70 to 80 %.

A strong pathophysiological link between these two conditions ex
ists: even though PH secondary to OSAS is usually mild, OSAS in turn 
leads to subsequent worsening of pulmonary vascular resistance and is 
associated with increased mortality, especially in patients with severe 
PH. Moreover, the effect of CPAP is quite limited in this population [18]. 
Chronic thromboembolic pulmonary hypertension (CTEPH) could be 
related to SDB among women. The SpO2 mean was shown as an inde
pendent predictor for pulmonary vascular resistance and cardiac output 
in women (p = 0.001, p < 0.001, p = 0.001, respectively) [82] (Table 2). 
The authors combined T90%, SaO2, and minimal SpO2 to develop a new 
composite parameter, called the hypoxemia scoring index (HSI), which 
showed in female patients great capacity for predicting CTEPH risk.

2.6. Coronary artery disease

OSAS prevalence in patients with coronary artery disease (CAD) is 
estimated between 38 % and 65 %, and the association between these 
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two conditions has been highlighted in many observational and cross- 
sectional studies. However, longitudinal studies showed discordant re
sults, with the association between OSAS and incident CAD being 
weakened after correction for common risk factors and being confirmed 
only in some groups, i.e. in a younger male subgroup as shown in the 
SHHS [83].

However, in patients with pre-existent CAD, OSAS presence in
creases CV mortality, even if OSAS treatment is not associated with a 
relevant reduction of hard CV outcomes [84].

.Recently it was underlined that a sex/gender-specific approach to 
ischemic heart disease in women is necessary [85]. The specific symp
toms and peculiar clinical presentation reduce the recognition of 
ischemic heart disease (IHD) in women by clinicians. CV risk stratifi
cation must include sex/gender specific risk factors. SDB must also be 
considered as a risk factor among women who suffer from IHD.

2.7. Heart failure

SDB prevalence in patients with heart failure (HF) is greater than in 
the general population, and ranges from 50 to 70 %, with OSAS ac
counting for a minor portion of cases.

While the epidemiology of SDB in patients with HF with reduced 
ejection fraction (HFrEF) has been widely analyzed and estimated be
tween 12 and 53 %, with older age, male sex, and greater BMI being 
major risk factors, poor data are available about patients with HF with 
preserved ejection fraction (HFpEF) [86].

However, the causal relationship between OSAS and HF is still a 
matter of debate, as traditional scores for SDB analysis, i.e. AHI, showed 
inadequacy in the prediction of incident HF. The sleep apnea-specific 
hypoxic burden (SASHB) has been recently proposed as an alternative, 
more comprehensive score, best reflecting the disease burden associated 
both with OSAS and HF, especially in male subgroups [87].

So far, little is known about gender differences in HF and OSAS. Roca 
et al. showed that greater OSAS severity was more strongly associated 
both with greater high-sensitive-cardiac troponin T (hs-TnT) levels and 
with incident HF after >13 years of follow-up in women compared to 
men. These results suggest that greater attention to screening of women 
for OSAS may help to reduce their risk of developing CVD [88] (Table 2).

Lebek et al. [89] preoperatively evaluated 377 patients for SDB, 
approximately 84 % were men undergoing elective coronary artery 
bypass graft surgery. HFpEF was significantly more common among SDB 
patients compared to those without SDB (28 vs. 17 %). The HFpEF was 
more frequent in female SDB patients (48 % vs. only 25 % in male). 
Intriguingly, significantly decreased angiotensin converting enzymes-2 
expression was preferentially observed in women with SDB (2.66 ±
0.42 vs. 4.01 ± 2.47 in men with SDB, p value = 0.005). Echocardio
graphic characteristics of HFpEF were also significantly correlated with 
SDB severity, as female patients with SDB were significantly more likely 
to exhibit impaired diastolic left ventricular filling (echocardiographic 
E/e’) compared with men, and minimum oxygen saturation and time of 
oxygen saturation < 90 % were significantly correlated with E/e’.

2.8. Stroke and neurodegenerative diseases

As highlighted in a recent study [90] SDB is strictly related to 
hypercoagulation, increased platelet count, clotting factors, and to 
inflammation and oxidative stress, as abovementioned. This condition 
could be connected to blood brain barrier alteration and to neuro
degeneration, which is highly frequent among old patients, especially 
among old women [91]. Moreover, SDB severity is mainly reflected by a 
greater AHI, with reduced gray matter volume in the entorhinal cortex 
and hippocampus in amyloid-positive individuals. This aspect demon
strates that SDB is strictly linked to a greater risk of cognitive decline 
[92]. A recent retrospective study by Edrissi et al. explored the clinical 
characteristics associated with gender differences in a subject popula
tion with acute ischemic stroke and OSAS history. The authors 

highlighted those patients with peripheral vascular disease, depression 
[93], greater body mass index, and greater high-density lipoprotein 
levels were associated with increasing odds of being women, whereas no 
clinical risk factor was associated with being men [94]. Conversely, it 
seems that male gender is associated with a higher risk for experiencing 
poor functional outcomes at 90-days after acute ischemic stroke [95]. 
Furthermore, there is a growing body of evidence supporting the role of 
OSAS in the risk, manifestation and possibly progression of dementia, 
particularly Alzheimer’s disease, potentially mediated by oxidative 
stress and chronic neuroinflammation, with menopause playing a likely 
relevant role in the acceleration of OSAS-related cognitive decline 
[96–98]. To date, the treatment of OSAS on dementia seems to positively 
mitigate cognitive decline [99]. However, further data are needed, 
especially regarding gender differences in the relationship between SDB 
and dementia in terms of primary and secondary prevention.

2.9. Primary and secondary prevention of OSAS: the paramount role of 
diet and physical activity

Among the well-known risk factors for OSAS, obesity is probably the 
most important and modifiable one. This condition, defined as a 
“chronic, progressive, relapsing and treatable multi-factorial, neuro
behavioural disease” according to the Obesity Medicine Association 
2021, is globally and rapidly increasing [100] (Table 2). The so-called 
“globesity” represents a major issue for healthcare worldwide, with 
38 % of the global population being currently overweight or obese and 
the 53 % of the adult European population having a body mass index 
(BMI) ≥ 25. Female gender is linked to a doubled risk of being over
weight or obese, which starts early during reproductive decades and 
increases proportionally with age [100]. Moreover, obese women 
experience a doubled mortality risk as compared with obese men and are 
more commonly exposed to obesity-related comorbidities, especially in 
terms of noncommunicable diseases and mental health [101]. In this 
regard, the Women’s Preventive Services Initiative developed an exec
utive summary for counseling midlife women to prevent obesity [102]. 
Similarly, the International Federation of Gynecology and Obstetrics 
(FIGO) recently published an updated best practice advice about obesity 
management across women’s life courses, underscoring the need for a 
prompt and effective global call for action in terms of obesity prevention 
and management, from the pre-conception decades until menopause, 
especially for the lifelong health implications associated with obesity. 
The most relevant tools in this scenario are nutrition and exercise [103]. 
On this point, we must face the dramatic statistics regarding the global 
epidemiology of physical inactivity, which is more frequent and severe 
in the female population for all age groups, with a worldwide average of 
31.7 % for inactive women vs. 23.4 % for inactive men [104]. This 
gender gap in physical activity begins early in life and determines sig
nificant short-term and long-term adverse effects on female health 
outcomes [105] (Table 2).

In OSAS patients, obesity increases mechanical respiratory loads, 
worsening airflow narrowing and obstruction, and determines an in
crease in leptin resistance, inflammatory status, and oxidative stress, 
further deteriorating ventilatory response and upper airway neuro
muscular control [105] (Table 2). As a condition significant OSAS is 
present in about 40 % of obese subjects, and about 70 % of patients with 
OSAS are obese. The American Academy of Sleep Medicine strongly 
recommends lifestyle improvement for OSAS, including dietary-induced 
weight loss and physical exercise [106]. In this regard, much more 
attention should be paid to promoting targeted intervention for weight 
control and against sedentary lifestyle in the female population since 
women are more frequently overweight or obese and more sedentary 
than men, as discussed.

Furthermore, gender strongly influences the body’s adaptations to 
exercise and different nutrients. In particular, the specific hormonal 
changes in women significantly impact their interaction with food, and 
this relationship is strongly affected by mental health status and stress, 
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as recently demonstrated by the COVID-19 pandemic. Thus, promoting a 
gender-medicine based approach to any dietary program, focused on the 
specific women’s life stage, is mandatory [107], especially after meno
pause [108,109].

The benefits of different dietary patterns (e.g., lower-carbohydrate 
diet, Mediterranean diet) were evaluated in the OSAS population, and 
the positive effects of these approaches may exceed the well-known 
benefits of weight reduction, contributing to a remarkable improve
ment of cardiometabolic risk profile, which may in turn positively 
impact CV risk. Melaku et al. demonstrated that in a population of 
>14,000 subjects from the National Health and Nutrition Examination 
Survey, the participants with the healthiest diet quality had 28 % 
reduced odds of being at high risk of sleep apnea compared with those 
with the most inferior diet quality. In contrast, those with the greatest 
Dietary Inflammatory Index had 55 % greater odds of being at increased 
risk for sleep apnea [110] (Table 2). Similarly, Zuraikat et al. high
lighted, in a prospective cohort study of 432 US women from the 
American Heart Association Go Red for Women, that greater adherence 
to a Mediterranean diet is associated with fewer sleep disturbances 
[111]. Physical exercise, likewise, seems to play a similar role, both in 
terms of OSAS prevention and improvement. First, scientific evidence 
demonstrated that physically active subjects have a reduced risk of 
OSAS compared to sedentary subjects [112,113]. Moreover, the Wis
consin Sleep Cohort Study showed, in a population of 1521 randomly 
selected adults, an association between exercise hours and reduced 
incidence of mild and moderate OSAS, with a decrease in exercise 
adherence being associated with worsening OSAS [114]. These positive 
effects may be mediated by fluid redistribution and central adiposity 
reduction. Furthermore, exercise can reduce oxidative stress, inflam
mation, and sympathetic activation that occur in OSAS patients [115]. A 
recent meta-analysis by Peng et al. demonstrated that exercise reduces 
OSAS severity, especially when aerobic training is combined with 
resistance training, and ameliorates cardiopulmonary fitness and sleep 
quality [116]. However, there is still a lack of data regarding the role of 
gender differences in this clinical scenario, in terms of tailored dietary 
strategies and physical exercise protocols. The abovementioned findings 
support the part of a gender-focused, personalized approach to improve 
high-quality and anti-inflammatory dietary strategies and promote 
healthy behavior, with strong adherence to physical exercise (apart from 
calorie restriction and simple weight loss), to reduce sleep apnea risk 
and ameliorate CV and OSAS-related outcomes [117], among patients of 
all ages [118] (Table 2).

2.10. Future perspectives and new trends

More research is needed to better define the unique pathophysiology 
and clinical presentation of SDB in women. Also, an increased awareness 
among health care providers and the lay public of the SDB-specific sex 
and gender differences will serve to minimize disparities in identifica
tion and treatment of SDB in women.

More population-based [119–121] and case-control [122,123] 
(Table 1) studies are needed for a correct clinical-therapeutic approach 
to OSAS in both sexes. A significant help in understanding the basic 
pathophysiological mechanisms (oxidative stress and inflammation 
markers) [124] that regulate the pathology in men and women could 
come from animal models, as already highlighted in some studies 
[125,126]. Moreover, the use of machine learning and artificial intelli
gence tools could be promising for a correct risk stratification of SBD in 
adult patients, ensuring a correct global therapeutic approach [127].

.The correct stratification of primary and secondary cardiovascular 
risk could allow targeted intervention planning, aimed at improving the 
prognosis among male and female patients, guaranteeing better life 
quality and reducing healthcare costs.

3. Discussion

In women, OSAS are less frequent than in man, but prevalence in
creases after menopause and in specific comorbid conditions (e.g. 
obesity). OSAS among post-menopausal women should be evaluated 
alongside other cardiovascular risk factors to enable a more accurate 
stratification of individual risk. This comprehensive approach ac
knowledges that OSAS does not occur in isolation but often coexists with 
other conditions, such as hypertension, diabetes, and metabolic syn
drome, which collectively contribute to cardiovascular risk.

As abovementioned, men and women affected by OSAS often have 
similar comorbidities, but with different nuances. OSAS are the clinical 
expression of a complex cardiometabolic decompensation. In the pres
ence of hypertension disorders resistant to therapy, metabolic syndrome 
and visceral obesity, OSAS should always be suspected and investigated, 
especially in post-menopausal women. Undoubtedly, reducing body 
weight and the adoption of a healthier lifestyle have been demonstrated 
efficacious in CV risk reduction. Moreover, the use of specific drugs 
aimed to improve the cardiometabolic risk (e.g. GLP1 receptor agonists) 
can significantly improve not only CV general outcomes, but also SDB 
[128,129].

By integrating OSAS into a broader cardiovascular risk profile, cli
nicians can better identify high-risk individuals, as recognizing OSAS as 
part of a constellation of cardiovascular risk factors can help pinpoint 
women who may be at higher risk for adverse cardiovascular outcomes. 
The development of tailored interventions is mandatory, combining the 
effect of OSAS and other risk factors enables more targeted, individu
alized intervention strategies that address the cumulative risk burden, 
rather than treating OSAS in isolation. This integrated approach can lead 
to more effective prevention and treatment strategies, reducing both 
cardiovascular morbidity and mortality among women with OSAS.
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