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a B S T r a c T
Sleep-disordered breathing (SdB) is a group of sleep-related breathing disorders which includes obstructive sleep apnea 
(OSa), central sleep apnea (cSa), and obesity hypoventilation syndrome (OHS). OHS is characterized by a combination 
of obesity, daytime hypercapnia and hypoxemia, and sleep-disordered breathing without other known hypoventilation 
causes, such as severe obstructive or restrictive parenchymal lung disease, kyphoscoliosis, severe hypothyroidism, neu-
romuscular disease, or congenital central hypoventilation syndrome. Four hundred ninety potentially eligible references 
were identified; of these, 462 abstracts or full texts were excluded because they did not fulfil inclusion criteria. We 
reviewed the full text of the remaining 38 papers which fulfilled the inclusion criteria. The role of gender in SDB and par-
ticularly in OHS is not well known. in general, the diseases are under-recognized in women and only a few studies have 
reported the impact of gender on clinical presentation and treatment outcome. On the other hand, there is often a delay 
in diagnosing these diseases in women as compared to men; therefore, they are often more advanced when diagnosed in 
women. Better understanding and clinical awareness of the higher OHS prevalence in postmenopausal women may lead 
to earlier diagnosis and a more timely and appropriate treatment. Further studies are needed to assess the prevalence of 
OHS in women, the effect of menopause on OHS, and the increased risk of OHS, which will hopefully lead to optimizing 
OHS patient care.
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Sleep-disordered breathing (SdB) includes a 
group of sleep-related breathing disorders, 

such as obstructive sleep apnea (OSa), central 
sleep apnea (cSa), and obesity hypoventilation 
syndrome (OHS). in general, as is the case in 
many other diseases, SdB is under-recognized 
in women.1 SdB is a common, under-diagnosed, 
and treatable syndrome. in developed countries, 
it is reported that it affects between 3-7% of 
middle-aged men and 2-5% of women.2, 3 Stud-

ies assessing gender differences in patients with 
SdB have reported differences in prevalence, 
clinical presentation, polysomnographic fea-
tures, and treatment of SdB.4 OHS and OSa are 
often comorbid conditions.3, 4 compared with 
patients with either OHS or OSa alone, those 
with both diseases commonly experience higher 
levels of hypoxemia and cO2 retention, as well 
as an accelerated onset of pulmonary artery hy-
pertension and cor pulmonale development.1, 3 
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these, 462 abstracts or full texts were excluded 
because they did not fulfil our inclusion criteria. 
We reviewed the full text of the remaining 38 pa-
pers which fulfilled the inclusion criteria. Figure 
1 shows the study flow chart.

OHS and OSA: similarities 
and differences and the obesity 
related sleep hypoventilation

OHS is defined as the combination of obesity 
(BMI≥30 kg·m-2), sleep disordered breathing, 
and daytime hypercapnia (arterial carbon dioxide 
tension [PacO2]≥45 mmHg at sea level) during 
wakefulness, occurring in the absence of an alter-
native neuromuscular, mechanical, or metabolic 
explanation for hypoventilation. OHS is typi-
cally diagnosed during an episode of acute-on-
chronic hypercapnic respiratory failure or when 
symptoms lead to pulmonary or sleep consulta-
tion in stable conditions.8 approximately 90% of 
patients with OHS have OSA, which is defined 
by an Apnea-Hypopnea Index (AHI)≥5 events/
hour. Nearly 70% of patients have concomitant 
severe OSA (AHI≥30 events/hour).8, 9 The re-
maining patients have non-obstructive sleep hy-
poventilation with no or mild OSa. The ameri-
can academy of Sleep Medicine has arbitrarily 
defined sleep hypoventilation in adults with the 
following criteria: PacO2 (or a PacO2 surrogate, 

OHS is not as commonly prevalent in men, and 
several previous sleep clinic studies have found 
that women appear to be more affected by OHS.5 
in fact, OHS may be more prevalent in women 
than in men (15.6% and 4.5%, respectively), 
even after adjusting for Body Mass index (BMi) 
differences. However, these data have generally 
not been confirmed with statistical analyses.6 it 
is also unclear whether there are differences in 
the clinical presentation and treatment outcomes 
between men and women with SdB. Studies 
dealing with the gender perspective in OHS are 
sparse, and many of them have been performed 
at sleep clinics on participants with SdB, where 
men are over-represented.7 Similar to other SdB 
conditions, it has been hypothesized that gender 
plays a role in OHS prevalence and clinical pre-
sentation. The aim of this review was to identify 
and analyze gender differences in patients with 
OHS, in order to help reduce the occurrence of 
poor clinical outcomes.

Literature search
Data source

We searched the following electronic databases 
from January 1990 to March 2022: Medline, 
embase, ciNHaiL, cochrane central register 
of controlled Trials (ceNTraL), database of 
abstracts of reviews of effectiveness, cochrane 
database of Systematic reviews, and the ameri-
can Journal of Physicians Journal club database. 
No language restriction was applied: non-eng-
lish publications were professionally translated 
into English. We identified “sex differences, 
gender differences, sleep related breathing disor-
ders, obesity hypoventilation syndrome” as key 
words, which had to be present in the article title 
or abstract.

Study selection

We found 1994 papers, including clinical trials, 
comparative studies, controlled clinical trials, 
reviews and case reports. Through reviewing ab-
stracts, we excluded articles which were clearly 
not relevant to the purpose of this review and 
identified other useful studies for our analysis 
among the references of the selected works. We 
identified 490 potentially eligible references; of 

Figure 1.—Study flow chart.
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lation without awake hypercapnia. OrSH had a 
prevalence of 13% in an outpatient setting which 
included a population of 94 subjects with a Body 
Mass index >40 kg/m.2, 13 Gender differences in 
OSa have been studied. as we have previously 
mentioned, OSa is approximately three times 
more prevalent in men than in women.16 This 
difference between women and men has been 
attributed to differences in anatomical and func-
tional factors, such as variations in craniofacial 
morphology, fat deposition, hormones, and ven-
tilatory responses.17, 18 The different distribution 
of fat in women, namely peripheral deposition, 
may protect them from developing OSa.19 in 
addition, upper airway collapsibility is greater 
in men than in women. The female airway is 
short and wide, with a lower critical closing 
pressure, and is therefore less collapsible. Some 
reports support the hypothesis that upper airway 
resistance during sleep is higher in men than in 
women.20, 21 Hormonal status may also have an 
impact on sleep apnea susceptibility, particularly 
in women. Progesterone and estrogens protect 
against OSa, and previous studies have shown 
that menopause is a major risk factor for OSa 
in women.18, 22 indeed, postmenopausal women 
demonstrate an increase in sleep apnea preva-
lence and severity compared with premenopaus-
al women.23 regarding ventilatory control, men 
appear to be more susceptible to the influence of 
certain chemical factors, with a greater hypoxic 
and hypercapnic response (a higher loop gain). 
The polysomnographic profile also differs ac-
cording to sex. Women have a lower AHI with 
a predominance of reM episodes and less de-
saturation.24 They have more partial obstruction 
and more airflow limitation, while in men there 
is a predominance of positional OSa and a high-
er aHi. The symptoms in men and women with 
OSa are also different. Overall, women appear 
to be more symptomatic, with lower aHi scores 
than men. Women are more likely to complain of 
daytime fatigue, lack of energy, insomnia symp-
toms, morning headaches, mood disturbances, 
and nightmares compared to men.18, 20, 24-26 Men 
present with “typical” symptoms, namely snor-
ing, excessive daytime sleepiness and apnea.26, 27 
in fact, even the epworth score for assessing ex-
cessive daytime sleepiness has not been validated 

such as end-tidal carbon dioxide tension or trans-
cutaneous carbon dioxide) >55 mmHg for >10 
minutes or an increase in PacO2 (or surrogate) 
>10 mmHg compared to an awake supine value 
>50 mmHg for >10 minutes.7 OHS is considered 
to be the most severe form of SdB.7, 10 recent 
developments in defining OHS include proposed 
classification systems of severity and demon-
strating the value of using serum bicarbonate to 
exclude OHS in patients with a low index of sus-
picion.11-13 The exact prevalence of OHS in the 
general population remains unknown; the inci-
dence of OHS increases significantly as obesity 
incidence increases. in the USa, the estimated 
prevalence of OHS is 0.15-0.30% of the adult 
population;10 however, its prevalence among pa-
tients who are referred to sleep clinics is report-
edly from 10- 31% in hospitalized patients with 
a BMi>35 kg/m.2, 10, 14, 15 OHS is a disease entity 
distinct from simple obesity and OSa. Patients 
in whom OHS is diagnosed consume greater 
levels of healthcare resources than eucapnic pa-
tients with OSa14 due to, among other reasons, 
the associated comorbidities. OHS is usually 
associated with OSa, pulmonary hypertension, 
and right heart failure. Major clinical features are 
hypersomnia, dyspnea, and headache combined 
with polycythemia.15 There are many similarities 
between OHS and OSa, and the clinical presen-
tations are similar as well: excessive daytime 
sleepiness, fatigue, or morning headaches. Fur-
thermore, 11-15% of obese OSa patients present 
with hypercapnia, and a majority of the hyper-
capnic obese patients manifest OSa. Hypercap-
nia is more frequent in obese than in non-obese 
OSa patients.7, 14-16 a transition from OSa to 
Ohs has been studied by Treml et al. but the pre-
liminary data obtained did not allow a charac-
terization of different stages in the development 
from OSa to OHS although a small fraction of 
patients showed indication of being in a transi-
tory state.17 Further studies identified isolated 
hypoventilation during sleep in obese patients 
(obesity related sleep hypoventilation, OrSH) 
is now considered as an early stage of OHS.9, 13 
OrSH has a similar prevalence of OHS. awake 
oxygen saturation and partial pressure of carbon 
dioxide performed in the supine position may 
help predict obese patients with sleep hypoventi-
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non-elective LTMV more frequently than men. 
despite this, improvements in blood gases and 
survival rates were similar to that of men.5 after 
comparing postmenopausal women with age-
matched men with OHS, it was observed that the 
prevalence of OHS remained significantly higher 
(four times higher) in postmenopausal women, 
with no significant differences observed in age, 
aHi, or BMi. in Bahammam et al.’s prospective 
study, differences in the clinical characteristics 
of women and men with OHS were assessed in 
a large cohort of 1973 patients with OSa who 
were referred to a sleep clinic. Women with OHS 
were significantly older than men with OHS 
(mean age 61.5 vs. 49.1 years; P<0.001), and 
women were found to suffer from significantly 
more comorbidities, with a higher prevalence of 
hypertension, diabetes, and hypothyroidism. im-
portantly, the prevalence of hypertension (83% 
vs. 47%, P=0.003) and diabetes (64.1% versus 
31.6%, P=0.03) remained significantly higher 
in women than in age-matched men.29 The un-
derlying cause of the higher prevalence of OHS 
among women is not known. To explain this dif-
ference, several potential mechanisms have been 
proposed. Some authors have postulated a theory 
on leptin resistance. Leptin acts as a powerful re-
spiratory stimulant, and obese individuals have 
significantly higher serum leptin levels than lean 
individuals.34 recent advances shed light on the 
molecular pathways related to the central che-
moreceptor function in health and disease Leptin 
signaling in the nucleus of the solitary tract ret-
rotrapezoid nucleus, hypoglossal nucleus, and 
dorsomedial hypothalamus, and anatomical pro-
jections from these nuclei to the respiratory con-
trol centers, may contribute to OHS35.Gender dif-
ferences in leptin concentration in obese patients 
have been reported .recent human studies sug-
gested a role of leptin in the modulation of neural 
compensatory mechanisms at the level of the up-
per airway.36 Since obese women have been re-
ported to have up to four times higher leptin lev-
els than obese men,30 leptin represents a potential 
protective factor against upper airway obstruc-
tion in obese women.37 The therapeutic use of 
intranasal leptin has been successfully tested in 
obese animals.38 it is possible that obese women 
develop a greater resistance to the central effects 

in women. in view of these differences between 
men and women in OSa and its association we 
should consider whether the same factors could 
influence OHS. The pathophysiology of OHS 
is known to be more severe than that of OSa. 
Patients with OHS have significantly impaired 
respiratory system mechanics with a restrictive 
ventilatory pattern, and the ventilation-perfusion 
mismatch secondary to pulmonary atelectasis 
contributes to hypoxemia. There are three lead-
ing hypotheses for the pathogenesis of chronic 
daytime hypoventilation in OHS: 1) impaired 
respiratory mechanics due to obesity; 2) leptin 
resistance leading to central hypoventilation; 
and 3) impaired compensatory response to acute 
hypercapnia in OSa. Multiple mechanisms con-
tribute to the development of OHS and include 
abnormal pulmonary mechanics, altered hypoxic 
and hypercapnic ventilatory responses due to 
chronic hypoxemia and poor sleep quality, upper 
airway obstruction, and possibly the influence of 
leptin.28 Patients with OHS may clinically pres-
ent with unexplained hypoxemia or with symp-
toms similar to those of OSa, such as excessive 
daytime sleepiness, fatigue, loud habitual snor-
ing, nocturnal choking episodes, and morning 
headaches. in contrast to patients with OSa, 
dyspnea, lower extremity oedema, and low oxy-
gen saturation measured by pulse oximetry dur-
ing wakefulness are common in OHS. a restric-
tive defect is often seen on pulmonary function 
tests and is caused by obesity.29 if left untreated, 
pulmonary hypertension and right-sided conges-
tive heart failure can develop in patients with 
OHS.28, 30-32

Comparison of women 
and men with OHS

The diagnosis of OHS is often delayed in women 
compared to men, and the disease is more ad-
vanced when diagnosed.1, 3, 5, 33 in the Swed-
ish National registry, women with OHS were 
older, more obese, and had a higher incidence 
of comorbid chronic obstructive pulmonary 
disease and pulmonary disease than men. Fur-
thermore, women had greater changes in blood 
gases at the time of long-term mechanical ven-
tilation (LTMV) initiation and were subjected to 
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leviate OSa. Therefore, there is no evidence that 
menopause has a direct effect on SdB. due to 
the strong association of age and SdB preva-
lence, it is a real challenge to further investigate 
the role of menopause, since the age range for 
premenopausal women is biologically limited.42 
Gender-affirming treatment can add additional 
complexity to understanding the role of sex hor-
mones.17, 43 another potential hypothesis for the 
underlying cause of gender differences in OHS 
is associated with the functional status of the 
thyroid. The prevalence of hypothyroidism is 
significantly higher in women than in men with 
OHS. Hypothyroidism suppresses the ventilatory 
response to hypercapnia and hypoxia. Therefore, 
hypothyroidism may impair ventilatory respons-
es, which could in turn predispose patients to hy-
poventilation.

On management and treatment of OHS

There are only a few studies which primarily 
aimed to investigate the sex differences in treat-
ment responses in OHS and OSa patients.44 The 
goals of care should be to treat respiratory sleep 
disturbances, diurnal hypercapnia and hypox-
emia, which may persist after correcting alveo-
lar hypoventilation. according to the Pickwick 
study, which is the largest multicenter study with 
the longest follow-up period of patients with se-
vere OHS and OSa, in the stable phase of hy-
percapnic respiratory failure,8, 45 non-invasive 
ventilation (NiV) and cPaP seem to have a 
similar long-term effect. as cPaP is cheaper and 
easier to manage, it may be preferable as a first-
line treatment in stable patients with OHS and 
severe OSa.46 In the OHS specific phenotype 
without severe OSa, NiV was the most effective 
treatment for reducing PacO2.47-49 in the Pick-
wick study, there were no statistically significant 
differences between the two treatment groups 
(cPaP and NiV) between men and women.47The 
study which used the data from the National reg-
istry in Sweden for assessing gender differences 
in patients undergoing long-term home NiV for 
OHS, showed that OHS diagnosis in women is 
more delayed and the disease is more advanced 
at the time of LTMV initiation. approximately 
40% of OHS patients initially present with acute 

of leptin than men and therefore have a higher 
risk of hypoventilation and hypercapnia, result-
ing in an increased OHS prevalence. a previous 
study that assessed the effects of postmenopausal 
hormone replacement therapy (pHT) on a large 
sample of healthy postmenopausal women dem-
onstrated that leptin concentrations were signifi-
cantly higher in obese postmenopausal women 
than in counterparts with normal weight, and 
that neither pHT nor serum estradiol concentra-
tions influenced leptin concentrations, even after 
adjustment for BMi.36 another possible expla-
nation for the gender differences in OHS is the 
difference in hormonal profiles between men and 
women. Similar to previously reported findings 
for OSa, female hormones could play a critical 
role in OHS. Progesterone is a known respiratory 
stimulant,39 and previous studies have shown that 
it increases alveolar ventilation, lowers PacO2, 
and augments hypercapnic and hypoxic ventila-
tory responses.40 Therefore, it is possible that the 
withdrawal of progesterone during menopause 
may contribute to the increased prevalence of 
hypoventilation in postmenopausal women with 
OHS, compared with premenopausal women 
with OHS, through a reduced respiratory drive 
and respiratory pathway relaxation. in a placebo-
controlled, double-blind trial of postmenopausal 
women with OSa on continuous positive airway 
pressure (cPaP) therapy, women were randomly 
assigned either medroxyprogesterone acetate 
(MPa) or a placebo for two weeks after cPaP 
discontinuation. Fourteen days after discontinu-
ing the use of cPaP, nocturnal oxygen satura-
tion remained higher and PacO2 remained lower 
(P<0.001) in the MPa treated group.41 These re-
sults may support the theory of the role of pro-
gesterone in the development of hypercapnia.17 
However, a randomized controlled trial is nec-
essary to determine whether treatment with pro-
gesterone can reverse hypercapnia. The possible 
protective role of hormone replacement therapy 
(HrT) in post-menopausal women with OSa 
was assessed in studies with small numbers of 
subjects.17 The available data do not clearly sup-
port the hypothesis that sex hormone changes 
during menopause are an independent cause of 
SdB, and, in peri- and postmenopausal women, 
HrT has not been unambiguously proven to al-
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Thoracic Society clinical Practice Guideline. am J respir 
crit care Med 2019;200:e6–24. 
13. Sivam S, Yee B, Wong K, Wang D, Grunstein R, Piper 
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Sleep Med 2018;14:1477–84. 
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zansky WS, Gaudio JC, et al. Obesity-associated hypoventila-
tion in hospitalized patients: prevalence, effects, and outcome. 
am J Med 2004;116:1–7. 
15. Lin cM, davidson TM, ancoli-israel S. Gender differ-
ences in obstructive sleep apnea and treatment implications. 
Sleep Med rev 2008;12:481–96. 
16. Schwartz ar, Patil SP, Laffan aM, Polotsky V, Schneider 
H, Smith PL. Obesity and obstructive sleep apnea: pathogenic 
mechanisms and therapeutic approaches. Proc am Thorac Soc 
2008;5:185–92. 
17. Treml M, Anduleit N, Dohrn W, Priegnitz C, Randerath 
W. Transition from obstructive sleep apnea (OSA) to obesity 
hypoventilation syndrome (OHS). eur respir J 2015;46.
18. Zaw M, Hein L, Martinez ac, ascher KB, abreu 
ar, chediak ad. Gender differences in Sleep disordered 
Breathing—a review of Literature. curr Pulmonol rep 
2021;10:121–8. 
19. Bixler eO, Vgontzas aN, Lin HM, Ten Have T, rein J, 
Vela-Bueno a, et al. Prevalence of sleep-disordered breath-
ing in women: effects of gender. am J respir crit care Med 
2001;163:608–13. 
20. resta O, carpanano Ge, Lacedonia d, di Gioia G, Gilib-
erti T, Stefano a, et al. Gender difference in sleep profile of 
severely obese patients with obstructive sleep apnea (OSa). 
respir Med 2005;99:91–6. 
21. Gharibeh T, Mehra r. Obstructive sleep apnea syndrome: 
natural history, diagnosis, and emerging treatment options. 
Nat Sci Sleep 2010;2:233–55.
22. resta O, caratozzolo G, Pannacciulli N, Stefàno a, Gi-
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decompensation and hypercapnic respiratory 
failure. This acute presentation is more com-
mon in women, indicating that OHS is under-
recognized in women until acute decompensa-
tion develops. indeed, more women than men 
start treatment with long-term mechanical ven-
tilation in an acute setting. Furthermore, in the 
aforementioned study, the five-year survival rate 
was found to be 68.2% (95% ci: 63.6-72.3%) in 
men vs. 59.3% (95% ci: 54.2-64.0%) in women; 
these data collectively indicate increased disease 
severity in women. conversely, another French 
study reported that women with OHS had better 
survival rates than men, however, after adjusting 
for potential confounders, the gender differences 
in the survival rate disappeared.8 Therefore, pres-
ently there is no clear evidence that gender drives 
the differences in survival rates among patients 
with OHS treated with long-term NiV.45, 47-49 
Other treatment options, such as mandibular re-
positioning splints (MrS), have been studied in 
both men and women. in mild OSa and OHS, 
MrS use is higher in women compared to men, 
although the percentage of women is generally 
low in published studies.32

Conclusions

Better understanding and clinical awareness of 
the higher OHS prevalence in postmenopausal 
women may lead to earlier diagnosis and a more 
timely and appropriate treatment. Further studies 
are needed to assess the prevalence of OHS in 
women, the effect of menopause on the patho-
physiology of OHS, and the increased risk and 
comorbidities of OHS, which will hopefully lead 
to optimizing OHS patient care.
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