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Obstructive sleep apnea has historically been considered a male disease. Although most studies have
shown male predominance, obstructive sleep apnea is highly prevalent in women, increasing with age
and varying with physiologic status among other factors. 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. This review will discuss the epidemiology, pathophysiology, clinical presentation, diagnostic
findings, and treatment of obstructive sleep apnea, focusing on sex and gender differences.

INTRODUCTION

Obstructive sleep apnea (OSA) is the most common
sleep-related breathing disorder and is characterized by
intermittent episodes of complete or partial collapse of
the upper airway. The diagnosis of OSA is made when at
least five obstructive events (apneas or hypopneas) occur
per hour of sleep [1]. OSA presents with a variety of signs
and symptoms including snoring, excessive daytime
sleepiness, headache, and insomnia. Downstream effects
of untreated OSA include hypertension, stroke, arrhyth-
mia, automobile accidents, impaired cognition, metabolic
syndrome, and diminished quality of life (Figure 1) [2-
10]. Untreated OSA is associated with increased medical
expenses, primarily due to the cost of associated cardio-
vascular comorbidities [11,12]. Historically thought of as
a “male disease,” women have been underrepresented in
clinical trials addressing OSA. While OSA does tend to
affect men more than women, its prevalence is high in
both sexes and increases with age [13,14]. OSA is gen-

erally underdiagnosed, but more so in women than men
[15]. Diagnosis of OSA is particularly important in wom-
en as several studies have demonstrated that women with
OSA experience higher rates of functional impairment at
work, disability, adverse cardiovascular events, and sick
leave compared to those without OSA [10,16-18]. In this
review, we will address the epidemiology, pathophysiolo-
gy, presentation, diagnosis, and treatment of OSA with an
emphasis on sex- and gender-related differences.

TOPICS

Epidemiology

The prevalence of OSA is high despite under-diag-
nosis of the disorder [19-21], particularly in women [22].
Prevalence varies widely among studies in part related
to the criteria used to define respiratory disturbances, the
diagnostic test employed, and the population studied.
Additionally, the majority of large epidemiological trials
are biased toward men, making conclusions challenging
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* Diminished quality of life

¢ Increased medical expenses
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® Arrhythmia
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Figure 1. Pathogenesis and Potential Consequences of Obstructive Sleep Apnea. Abbreviations: CNS = central

nervous system, OSA = obstructive sleep apnea.

to generalize. A review of the literature from 2003-2013
found that overall, 22% of men and 17% of women had
OSA [13], likely an underestimate. The Wisconsin Sleep
Cohort Study, which mostly consisted of non-Hispan-
ic whites, found that 34% of men and 17% of women
between the ages of 30 and 70 had OSA present on
polysomnography [23]. When the subset of older men
and women ages 50 to 70 were studied, the prevalence
increased to 43% and 28%, respectively [23]. Another
population-based study, which focused on African Amer-
ican adults, found that nearly 54% had at least mild OSA;
the prevalence of OSA in men was 12% higher than in
women [24].

At all ages, OSA is more common in men than wom-
en, but the prevalence increases throughout life in both
sexes [14]. Franklin and colleagues sought to determine
the prevalence of OSA in women in the general popu-
lation and found that up to 50% of women between the
ages of 20 and 70 had OSA [25]. Presence of OSA did
not correlate with reported sleepiness. The difference in
prevalence between men and women narrows in older
individuals (> age 50) due to the increased prevalence of
OSA in women after menopause [26].

Pathogenesis

Pathophysiology: OSA is characterized by intermit-
tent episodes of upper airway collapse during sleep, which
correlate with absent or diminished airflow during respi-
ratory effort. These apneas or hypopneas lead to a cycle
of abnormal physiology that includes intermittent hypox-
ia, sympathetic activation, hemodynamic disturbance,
and sleep architecture disruption [27,28]. The patency
of the upper airway in humans is largely maintained by

muscle activation and surrounding soft tissue structures
[29]. Pharyngeal patency is promoted by activation of the
pharyngeal dilator muscles and increases in lung volume.
The genioglossus muscle contracts with each inspiration
to prevent collapse of the posterior aspect of the tongue
while the levator and tensor palatine muscles elevate
the soft palate and the geniohyoid and stylopharyngeus
muscles oppose medial collapse of the lateral pharyngeal
walls [30]. Collapse can occur with inspiration (negative
pressure) and extrinsic compression (positive pressure).
Thus, a predisposition to OSA hinges on perturbations in
this fine balance.

Many individuals with OSA have functionally
narrow upper airways due to obesity and/or structural
abnormalities of the face and jaw, such as retrognathia
or micrognathia [31,32]. Endoscopy studies performed
in patients with and without OSA demonstrated smaller
pharyngeal airways and increased collapsibility in those
with OSA [33]. Another study found that, compared to
women, men had longer upper airways, which were as-
sociated with increased collapsibility [34]. Of note, this
finding is not present until after puberty, suggesting an
effect of sex hormones. Additionally, it has been shown
that aging is associated with increasing pharyngeal air-
way collapsibility during sleep, independent of body
mass index and sex, which supports the finding that OSA
prevalence increases with age [35].

The Role of Hormones: Estrogen, progesterone, and
androgens play a role in the regulation of breathing [36].
Progesterone increases ventilatory responsiveness to
hypoxia and hypercapnia [37]. In fact, high levels of pro-
gesterone in pregnancy are responsible for the increased
ventilation during this physiologic state. It is thought
that the “female” hormones, estrogen and progesterone,
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Figure 2. Female-Specific Obstructive Sleep Apnea Characteristics. Abbreviations: AHI = apnea-hypopnea index,
REM = rapid eye movement, OSA = obstructive sleep apnea.

are protective against OSA due to their effect on the
upper-airway dilator muscles [38]. Among women, the
pre-menopausal period is the lowest risk for OSA and
post-menopausal is highest [39]. Interestingly, polycystic
ovary syndrome—a high androgen state—increases risk
in pre-menopausal women and hormone replacement
therapy decreases risk in post-menopausal women, sup-
porting the notion that these hormones play an important
role [39,40]. In the field of transgender medicine, there
is a growing interest in the role of hormonal therapies on
sleep. One case series described resolution of OSA in a
transgender woman after initiation of estradiol and spi-
ronolactone [41]. Additionally, the authors described two
cases of transgender men with pre- and post-testosterone
polysomnograms demonstrating development of OSA
following testosterone therapy.

Clinical Symptomatology

Presentation: The classic hallmark symptoms of
OSA include snoring, gasping, and apneas. Women,
however, tend to present in an atypical fashion with less
frequent reports of snoring or witnessed apneas (Figure
2) [42,43]. At least one large study found that women are
more likely than men to come to a clinical interview un-
accompanied by their partner, raising the possibility that
sociocultural factors may in part explain this finding [44].
Women are more likely to report non-specific symptoms
of OSA, such as mood disturbance, lack of energy, day-
time fatigue, morning headache, nightmares, and insom-
nia [42,45-48]. This discrepancy likely contributes to the
underdiagnosis and delay in diagnosis of OSA in women
relative to their male counterparts [49]. Additionally,
although the prevalence of OSA significantly increases
following menopause, the non-specific OSA symptoms
commonly experienced by women are often attributed

to menopausal symptoms, further delaying diagnosis
of OSA [39,50]. Furthermore, one study found that the
presence of severe vasomotor symptoms in menopause
is an independent risk factor for OSA, highlighting the
complexity of the relationship between menopause and
OSA [51].

Questionnaires: Due to logistical challenges and
cost, polysomnographic sleep evaluation is not possible
in all patients with OSA risk factors. Thus, many tools
and questionnaires have been created and validated to
highlight those individuals at high risk who would most
benefit from objective evaluation (Table 1). The Epworth
Sleepiness Scale (ESS) was designed to objectively as-
sess sleepiness. Questionnaires, such as STOP-BANG
[52] and the Berlin questionnaire [53], have been created
and validated to predict the likelihood of sleep-disordered
breathing. Of note, the 2017 American Academy of Sleep
Medicine guidelines strongly recommend against the use
of clinical tools and questionnaires to diagnose OSA in
the absence of objective sleep testing. The task force did,
however, support their utility in non-sleep clinic settings
to identify patients who are at increased risk for OSA
[54].

The ESS is an eight-item tool designed to measure
sleep propensity and may also be used to assess response
to treatment [55]. It is often used in the primary care
setting to screen for sleep-disordered breathing. Sub-
jects are asked to rate their likelihood of falling asleep in
different situations, and a point value of 0-3 is assigned
to each question. A score of >10 is suggestive of a high
burden of sleepiness. One study specifically looking at
sex-related differences in ESS found that the tool did not
correlate with the presence of mild-to-moderate OSA in
women [56]. Furthermore, in those with severe OSA, the
ESS had a smaller association in women relative to men.
While this discrepancy suggests that routine screening for
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Table 1. Common Obstructive Sleep Apnea Screening Tools

Tool Description

Intended Use

Scoring

Assesses likelihood of
falling asleep in 8 scenarios.

Epworth Sleepiness
Scale

Objective assessment of
sleepiness (not specific for

Score 210 indicates
excessive sleepiness.

OSA).

STOP-BANG
Questionnaire

8 items that address
snoring, fatigue, apneas,
hypertension, BMI, age,
neck circumference, and
sex.

Berlin Questionnaire 3 categories:

(1) snoring/apnea
(2) somnolence
(3) presence of

hypertension/obesity

Pre-operative screening for
OSA.

Screening for OSA in the
primary care setting.

Score of 23 suggests high
risk of OSA.

One or more point in 22
categories suggests high
risk of OSA.

Abbreviations: OSA = obstructive sleep apnea, BMI = body mass index

Table 2. Diagnostic Testing for Obstructive Sleep Apnea

Testing Modality Parameters

Intended Use Additional Factor

Polysomnography Electroencephalogram,
eye movements, chin tone,
thoracic and abdominal
excursion, airflow, pulse

oximetry.

Home Sleep Apnea Test  Different types of devices
available

Most common device
includes: Airflow, respiratory

effort, pulse oximetry.

Criterion-standard tool for
diagnosis of OSA and other
sleep disorders.

Expensive; requires in-lab
overnight stay.

Often first-line test in
patients with high pre-test
probability of OSA.

Lower cost; does not
differentiate between sleep
and awake states; false
negatives occur.

Abbreviations: OSA = obstructive sleep apnea

sleepiness in the primary care setting might erroneously
sway providers from referring women for objective OSA
testing, one study looking at ESS in pregnant women
found a higher rate of unnecessary referral based on ESS
score [57].

The STOP-BANG (Snoring, Tiredness, Observed
apneas, high blood Pressure, Body mass index (BMI),
Age, Neck circumference, and Gender) questionnaire
was designed for preoperative screening. A meta-analysis
performed demonstrated an overall acceptable perfor-
mance of the questionnaire in the sleep clinic and surgical
population for screening of OSA [52]. The authors found
that higher scores correlated with greater probability of
diagnosis of moderate-to-severe OSA on definitive test-
ing. A more recent study aimed at comparing sex-specific
diagnostic characteristics of the STOP-BANG question-
naire screened men and women with the questionnaire
followed by objective testing with polysomnography
[58]. The authors found that the sensitivity of the STOP-
BANG questionnaire was unacceptably low in women
as compared to men. The authors suggested sex-specific

cut-offs for STOP-BANG and other questionnaires due to
their skew toward men.

The Berlin questionnaire, designed as a screening
tool in primary care, consists of 10 questions divided
into three categories, including snoring/apnea, daytime
somnolence, and presence of obesity or hypertension. A
positive score in two or more categories suggests high
risk for OSA [53]. A systemic review and meta-analy-
sis demonstrated that the Berlin questionnaire has good
overall sensitivity for detecting clinically relevant OSA
in many patient populations, including the outpatient sur-
gical, sleep, and primary care populations [59]. One study
evaluated the effect of adding sex as a fourth category and
assigned an additional point for male sex [60]. The au-
thors found improved specificity and negative predictive
value with the addition of sex in the score, however, they
found overall insufficient validity to warrant use of the
Berlin questionnaire.

Diagnostic Testing

Objective testing for OSA (Table 2) is recommend-
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Table 3. Obstructive Sleep Apnea Treatment Options

Treatment Description

Benefits

Disadvantages

Weight Loss Goal of 210% decrease in

total body weight.

Modest improvement in
OSA severity in obese

Hard to maintain over time;
lower efficacy than CPAP.

patients; many additional
cardiovascular benefits.

Continuous Positive
Airway Pressure
(CPAP)

Continuous positive pressure
through airway to prevent
collapse.

Highly effective (criterion-
standard); improves quality
of life, sleepiness, and blood

Requires adherence for
benefit.

pressure.

Mandibular
Advancement Device

Dental appliance that
advances the mandible
forward during sleep.

Upper Airway
Surgery

Surgical resection of
pharyngeal soft tissue
structures.

Neurostimulation Implanted electrode that
stimulates the hypoglossal
nerve to reduce airway

collapse during inspiration.

Well-tolerated in those who
are intolerant of CPAP.

Improvement in OSA
severity; ensures adherence.

Effective in select patients;
well-tolerated.

Lower efficacy than CPAP;
requires adequate dentition;
variable insurance coverage.

Lower efficacy than CPAP;
invasive and higher risk than
alternatives.

Lower efficacy than CPAP;
Highly selected patient
population; requires
favorable anatomy, BMI <32.

Abbreviations: OSA = obstructive sleep apnea, CPAP = continuous positive airway pressure, BMI = body mass index

ed in patients with unexplained poor sleep or excessive
daytime fatigue and should be considered in patients with
nocturnal gastroesophageal reflux symptoms, headaches,
recurrent persistent insomnia, and resistant hypertension.
Given lack of consensus on utility of treatment in asymp-
tomatic disease, the US Preventive Services Task Force
does not recommend screening in asymptomatic patients
[61]. Many experts agree, however, that consideration
should be given to those who hold a commercial driver’s
license [62]. These clinical guidelines are largely based
on presentation characteristics stemming from male-pre-
dominant studies, which may drive underdiagnosis of
OSA in women.

The criterion-standard diagnostic test for OSA is the
in-lab polysomnogram, which monitors sleep and respi-
ratory patterns [1]. An in-lab polysomnogram requires an
overnight stay at a sleep center and monitors nasal and
oral air flow, respiratory and abdominal muscle efforts,
oxygenation, heart rhythm, movements, and sleep stages.
Disease severity is measured using the apnea-hypopnea
index (AHI), ie, the average number of apneic and hy-
popneic events per hour. Apneas are defined as breathing
pauses that last at least 10 seconds and hypopneas are
reductions in airflow with associated desaturation by 3 or
4% or arousal from sleep. Home sleep apnea testing is a
more cost-effective tool that is often used as an objective
screening test for patients at high risk of OSA. While
home sleep apnea testing can be more affordable and
convenient, it is known to underestimate OSA presence
and severity [63].

There are differences in polysomnographic findings

in women compared to men (Figure 2). For example,
women tend to have lower AHIs, shorter apneic episodes,
less severe desaturations, a lower proportion of positional
OSA, and apneas predominantly occurring during rapid
eye movement (REM) sleep with relatively fewer respira-
tory disturbances in non-REM sleep [64-67]. Respiratory
disturbances in women are less commonly associated
with full collapse of the upper airway [64]. With regard
to sleep architecture, one study found that women took
longer to fall asleep than men but had fewer nighttime
awakenings and more slow-wave sleep [66]. Despite a
more benign-appearing polysomnographic phenotype,
women do have significant OSA symptoms and comor-
bidities. Women tend to be symptomatic at lower AHIs
than men. Possible explanations for this finding include
more REM disruption or more episodes of partial upper
airway obstruction in women compared with men [68].

Treatment and Outcomes

OSA is a chronic disease. The goals of treatment are
to reduce symptoms, improve sleep quality, and poten-
tially thwart the undesirable downstream cardiovascular
effects associated with OSA. Untreated sleep apnea poses
significant health risks, particularly for women who are
at significantly increased risk of cardiovascular disease,
diabetes, hyperlipidemia, and cognitive impairment
[66,69,70].

Treatment of OSA is indicated in individuals with
an AHI >5 and <I5 plus symptoms or comorbidities
caused or exacerbated by OSA or in those with an AHI
>15 regardless of symptoms or comorbidities [71]. The
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most common treatment options (Table 3) include life-
style modification, continuous positive airway pressure
(CPAP) therapy, mandibular advancement devices, and
surgery [27]. Since the decision to treat is based on AHI
and women tend to have lower AHIs with more REM-pre-
dominant disease, women may be less likely to meet
criteria for treatment. Underdiagnosis of OSA in women
is even more pronounced when the threshold oxygen de-
saturation to define respiratory events is higher (ie, 4%)
compared with a more inclusive definition of respiratory
disturbances (ie, 3% or arousal) [67]. Conclusive data
regarding sex-specific treatment outcomes is limited.

Lifestyle modification with weight loss should be
recommended to overweight patients with OSA [72].
Weight loss of 10% total body weight has been shown
to modestly improve the severity of OSA, however, it is
challenging to maintain over time [73]. Meta-analyses
looking at the role of bariatric surgery on OSA severity
demonstrated a reduction in AHI following surgery, but
residual average AHI consistent with moderate OSA [74-
76]. There is significant gender disparity in weight loss
surgery. Despite similar obesity rates in men and women,
women comprise 80% of bariatric surgical patients [77].
In an observational cohort study comparing outcomes of
bariatric surgery in men and women, of those with OSA
preoperatively, 77.5% (31/40) men and 90% (36/40)
women were able to discontinue CPAP postoperatively
[78].

CPAP therapy is the criterion standard and most
frequently prescribed treatment for OSA due to its high
efficacy and safety [27]. As the name suggests, CPAP
provides continuous positive pressure to the airway
through the nose or mouth to improve airway collaps-
ibility and decrease obstructive respiratory disturbances.
Adherence and efficacy data can be objectively moni-
tored to optimize therapy. A recent meta-analysis showed
that patients with OSA treated with CPAP therapy had
significant reduction in OSA severity, sleepiness, blood
pressure, motor vehicle accidents, and sleep-related qual-
ity of life [79]. Despite these benefits, CPAP adherence,
defined as use of the device for at least 4 hours per night
for at least 70% of nights, remains a significant barrier
[80]. Estimates of adherence in the literature range from
25-50%, but several studies have demonstrated improve-
ment in CPAP adherence with the use of educational,
behavioral, troubleshooting, and telemonitoring interven-
tions [79,81]. Gender has been evaluated as a predictor
of CPAP adherence, but results have not been consistent
[82,83]. In a small study examining predictors of CPAP
adherence in women (n=29), more symptomatic OSA
(but not OSA severity by AHI) was associated with high-
er adherence. Additionally, adherent women were more
likely than nonadherent women to be unmarried [84,85].

Mandibular advancement devices are an alternative
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therapy that can be considered in patients with OSA who
do not tolerate CPAP [86]. Individual characteristics, such
as lower BMI, lower AHI, small neck circumference, and
female sex are predictors of positive response to mandib-
ular advancement device treatment [87]. A meta-analysis
comparing outcomes with CPAP versus mandibular ad-
vancement device found more significant AHI reduction
with CPAP but better adherence with the mandibular ad-
vancement device [88]. The authors found no difference in
quality of life, functional outcomes, or cognitive function
between the two therapies. In a prospective study of oral
appliance therapy in OSA, women were more likely to be
successfully treated (defined as AHI <10) compared with
men; gender did not impact adherence to therapy [89].
Rietz and colleagues assessed the impact of mandibular
advancement devices on blood pressure in women versus
men [90]. The authors found that women who used the
device had a significant reduction in nocturnal systolic
blood pressure compared to women who received a sham,
whereas men had none [90]. The clinical relevance of this
finding remains to be determined.

Surgical interventions for the treatment of OSA can
be considered in patients who cannot tolerate first-line
therapy or as an adjunct to CPAP in particularly severe
cases [91]. Surgical candidacy depends on factors that
include patient desire for surgery, medical fitness, and
the existence of a surgically correctable problem. Upper
pharyngeal procedures, such as uvulopalatopharyngo-
plasty, can be used to correct and reduce oropharyngeal
structures leading to airway compromise during sleep. A
systematic review and meta-analysis of uvulopalatopha-
ryngoplasty demonstrated reduction in AHI on polysom-
nography, reduction in daytime sleepiness, and improved
quality of life following surgery [92]. The vast majority
of studies were male-predominant and the role of gender
was not described. Maxillomandibular advancement and
multilevel airway surgery may also be effective in care-
fully selected patients [93], but there is little data on the
role of gender in surgical decision-making or outcomes.

More recently, upper airway neurostimulation with
an implantable neurostimulator device has been offered
to carefully selected patients with promising results [94].
Those eligible for the neurostimulator include adults
with body mass index <32 with moderate or severe OSA,
predominantly obstructive events, CPAP failure or intol-
erance, and no anatomical findings that would compro-
mise performance of the device. The device stimulates
both the upper and lower pharyngeal airway by activating
the protrusion muscles of the tongue via branches of the
hypoglossal nerve to open the lower pharyngeal airway.
Most subjects in published studies have been male and
the role of gender as a possible predictor of response has
not been studied [95-97].
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CONCLUSIONS AND OUTLOOK

Obstructive sleep apnea is a highly prevalent disease
that causes significant morbidity if left untreated. Previ-
ously thought of as a predominantly male disease, OSA
has more recently been shown to affect women at higher
rates than previously thought. Furthermore, the incidence
increases with increasing age. Additionally, women are
less likely to be referred for diagnosis and treatment than
their male counterparts [98]. Anatomical and physiolog-
ical differences between men and women impact clinical
symptomatology and utility of commonly used screening
and diagnostic tests. Clinicians, therefore, should limit
both implicit and explicit biases regarding OSA when
evaluating patients with possible OSA. 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-re-
lated phenotypes, biomarkers, diagnostic criteria, and
treatment decision-making and outcomes.
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