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Abstract

Purpose Obstructive sleep apnea (OSA) is underdiagnosed in
females due to different clinical presentation. We aimed to
determine the effect of gender on clinical and polysomno-
graphic features and identify predictors of OSA in women.
Methods Differences in demographic, clinical, and polysom-
nographic parameters between 2052 male and 775 female
OSA patients were compared.

Results In female OSA patients, age (56.1 £ 9.7 vs.
50.4 £ 11.6 years, p < 0.0001) and body mass index
(36.3+£8.6vs.31.8+5.9 kg/mz,p < 0.0001) were increased,
whereas men had higher waist-to-hip ratio and neck circum-
ference (p < 0.0001). Hypertension, diabetes mellitus, thyroid
disease, and asthma were more common in females
(p < 0.0001). Men reported more witnessed apnea
(p < 0.0001), but nocturnal choking, morning headache, fa-
tigue, insomnia symptoms, impaired memory, mood
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disturbance, reflux, nocturia, and enuresis were more frequent
in women (p < 0.0001).

The indicators of OSA severity including apnea-hypopnea

index (AHI) (p < 0.0001) and oxygen desaturation index
(p = 0.007) were lower in women. REM AHI (p < 0.0001)
was higher, and supine AHI (p < 0.0001) was lower in fe-
males. Besides, women had decreased total sleep time
(p = 0.028) and sleep efficiency (p = 0.003) and increased
sleep latency (p < 0.0001). In multivariate logistic regression
analysis, increased REM AHI, N3 sleep, obesity, age, morn-
ing headache, and lower supine AHI were independently as-
sociated with female gender.
Conclusions These data suggest that frequency and severity
of sleep apnea is lower in female OSA patients, and they are
presenting with female-specific symptoms and increased med-
ical comorbidities. Therefore, female-specific questionnaires
should be developed and used for preventing underdiagnosis
of OSA.
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Abbreviations
AHI apnea-hypopnea index

BMI body mass index

CI confidence interval

CPAP continuous positive airway pressure
ESS Epworth sleepiness score

FEV, forced expiratory volume in one second
FVC forced vital capacity

N non-rapid eye movement

ODI oxygen desaturation index

OR odds ratio

OSA obstructive sleep apnea
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PaCO, arterial partial pressure of carbon dioxide
PaO, arterial partial pressure of oxygen

REM rapid eye movement

SWS slow wave sleep

SpO, oxygen saturation

Introduction

Obstructive sleep apnea (OSA) is a common disorder which is
characterized by instability of the upper airway during sleep
resulting in reduction or elimination of airflow, oxygen
desaturation, and sleep disruption. The prevalence of OSA
defined at an apnea-hypopnea index (AHI) >5 was a mean
0f22% in men and 17% in women in epidemiological studies,
and OSA with excessive daytime sleepiness occurred in 6% of
men and in 4% of women [1]. There is convincing data to
support OSA as an independent risk factor for cardiovascular
disorders including hypertension, congestive heart failure,
coronary heart disease, arrhythmias, stroke, and fatal and non-
fatal cardiovascular events [2—4]. In addition, several studies
have assessed potential independent contribution of OSA to
the pathogenesis of metabolic abnormalities, including type 2
diabetes, glucose intolerance, insulin resistance, metabolic
syndrome, and nonalcoholic fatty liver disease [5, 6]. Sleep
apnea consequences are associated with increased morbidity
and mortality, and early diagnosis and management of OSA
are very important.

Obstructive sleep apnea was previously described as a dis-
ease primarily of men. It is now widely recognized that OSA
in women is not as rare as was originally believed. However, it
is clinically underdiagnosed as women manifest OSA differ-
ently [7, 8]. Men are predominantly referred to sleep clinics
with classical symptoms, namely, sleepiness, snoring, and
witnessed apneas. However, female OSA patients more fre-
quently report different symptoms, such as insomnia, depres-
sion, morning headache, nightmare, fatigue, and mood distur-
bance and thus are less likely to be referred for the evaluation
of sleep disordered breathing. So, the diagnosis of OSA may
be missed in women, and they may have worse clinical out-
comes. Knowledge about these gender-related differences in
clinical features of OSA may contribute to an increased aware-
ness, improved diagnosis, and its therapeutic consequences
[9-11]. Polysomnographic features of female OSA patients
are also different than males. Women have less severe syn-
drome with lower AHI, and their AHI is lower in supine po-
sition compared to men. Besides, AHI during rapid eye move-
ment (REM) sleep is higher, and sleep efficiency and latency
are worse than males [12, 13].

Numerous sleep studies have been conducted in men, and
the most generally accepted characteristics and the clinical
guidelines established for evaluation and diagnosis of OSA
are based primarily on studies in male patients.
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Understanding gender differences in OSA is currently a criti-
cal area of exploration [7]. Therefore, the present study was
undertaken to clarify the clinical under-recognition in females
by examining the differences in clinical presentation and poly-
somnographic findings between male and female OSA pa-
tients. The objectives of this study were to evaluate the effect
of gender on demographic, clinical, and polysomnographic
features and to identify predictors of OSA in females in a large
number of patients with OSA.

Methods
Study population

In this observational study, we retrospectively evaluated 3272
consecutive subjects admitted to the sleep laboratory of a uni-
versity hospital for evaluation of presumed sleep-breathing
disorder and underwent in-laboratory polysomnography be-
tween September 2006 and September 2015. The subjects
with an AHI of <5 events/h (n = 445) were excluded. Out of
2827 OSA patients, 2052 (72.6%) were men and 775 (27.4%)
were women. Flow chart of the study is presented in Fig. 1.

Demographic data (age, gender, smoking history, alcohol
and psychotropic drug use), anthropometric measurements
[height, weight, body mass index (BMI), circumferences of
neck, waist, and hip], and medical history were evaluated.
Pulmonary function tests, arterial blood gas analysis, and
full-night in-laboratory polysomnography were performed in
all patients as routine investigations of our sleep laboratory.
The symptoms of insomnia including difficulty initiating
sleep, maintaining sleep, and early morning awakenings were
evaluated during medical history. Besides, the patients with
OSA and insomnia symptoms and sleep onset latency
>30 min and/or sleep efficiency <85% were considered as
“comorbid insomnia and OSA.” Subjective daytime sleepi-
ness was assessed by using the Turkish version of Epworth
Sleepiness Scale (ESS), and scores higher than 10 were con-
sidered as sleepiness [14]. Demographic and anthropometric
features, pulmonary function tests, blood gas analysis, and
polysomnographic findings of female OSA patients were
compared to male patients. The relationship between gender
and other variables was examined with univariate and multi-
variate logistic regression analysis.

All procedures performed in this study were in accordance
with the ethical standards of the institutional research commit-
tee (Ethics Committee of Ege University School of Medicine)
and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. Informed consent was
obtained from all individual participants included in the pres-
ent study. All authors certify that they have no affiliations with
or involvement in any organization or entity with any financial
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Fig. 1 Flow chart of the study.
AH]I apnea-hypopnea index, OSA
obstructive sleep apnea, PSG
polysomnography

Subjects performed PSG
(n=3272)

Non-OSA (AHI <5/h)

(n=445) (n=2827)

‘ OSA (AHI>5/h) ’

Male Female
(n=252) (n=193)

interest or nonfinancial interest in the subject matter or mate-
rials discussed in this manuscript.

Polysomnography

All patients underwent full-overnight in-laboratory
polysomnography (Compumedics E Series, Australia or
Alice 5 Diagnostic Sleep System, Philips, Respironics,
USA). The electrodes of electroencephalography were posi-
tioned according to the international 10-20 system.
Polysomnography consisted of monitoring of sleep by elec-
troencephalography, electrooculography, electromyography,
airflow, and respiratory muscle effort and included measures
of electrocardiographic rhythm and blood oxygen saturation.
Thoracoabdominal plethysmograph, oro-nasal temperature
thermistor, and nasal-cannula-pressure transducer system
were used to identify apneas and hypopneas. Transcutaneous
finger pulse oximeter was used to measure oxygen saturation.
Sleep was recorded and scored according to the standard
method, and alternative criteria were used for hypopnea defi-
nition [15]. AHI was the sum of the number of apneas and
hypopneas per hour of sleep.

Statistical analysis

Statistical analysis was performed with IBM SPSS 20.0 for
Windows packaged software. All analyses comparing the
study groups were performed to compare female and male
OSA patients. Numerical variables were summarized with
mean + standard deviation and categorical variables with fre-
quency and percentage. The significance of differences among
groups was assessed by Student’s ¢ test, and analysis of cate-
gorical variables was examined by chi-square test. A value of
p < 0.05 was considered significant for all statistical analysis.
Multiple logistic regression analysis was used to determine the
relationship between the demographic, anthropometric, and
polysomnographic parameters with AHI in both groups.
Besides, odds ratio (OR) and 95% confidence intervals
(95% CI) were calculated to show the association.

Male
(n=2052)

Female
(n=775)

Characteristics of female and male OSA patients

Results

OSA was predominant in males with a male-to-female ratio of
2.6:1. The baseline characteristics of the patients were com-
pared according to gender, and it was observed that women
were older (56.1 + 9.7 vs. 50.4 + 11.6 years, respectively,
p < 0.0001) and more obese (36.3 + 8.6 vs. 31.8 + 5.9 kg/
m?, respectively, p < 0.0001) than men. The percentage of
obese women was also higher (75.9 vs. 57.9%, p < 0001).

Although the circumferences of waist (p = 0.007) and hip
(p <0.0001) were higher in female OSA patients, waist-to-hip
ratio (p < 0.0001), neck circumference (p < 0.0001), and neck/
height ratio (p = 0.001) were significantly increased in males.
We also compared all the anthropometric parameters in wom-
en before and after menopause and found no significant dif-
ference. The rates of cigarette (p < 0.0001) and alcohol
(p <0.0001) consumption were higher in men, whereas wom-
en used more psychotropic drugs (p < 0.0001).

In spirometry, lung volumes were lower (p = 0.002), and in
blood gas analysis, mean PaO, was decreased in women
(p = 0.001). Mean Epworth sleepiness scores (10.2 &+ 5.8 vs.
10.4 £ 5.9, p > 0.05) and patients with scores greater than 10
were similar in female and male patients (47 vs. 48%,
p > 0.05). The percentage of women with hypertension, dia-
betes mellitus, thyroid disease, and asthma was higher
(p < 0.0001), whereas COPD observed more frequently in
men (p < 0.0001). The rates of coronary artery disease and
congestive heart failure were similar in both groups. The char-
acteristics of the patients are shown in Table 1.

Sleep apnea-related symptoms of female and male OSA
patients

As shown in Table 2, there was no difference in terms of
daytime sleepiness and snoring symptoms between genders,
but bedpartners of male patients reported more witnessed ap-
neas compared to females (p < 0.0001). However, nocturnal
choking (p < 0.0001), morning headache (p < 0.0001),
nonrestorative sleep (p < 0.0001), impaired concentration
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Table 1 Characteristics of the
female and male OSA patients

(p=0.019), impaired memory (p < 0.0001), and mood chang-
es and irritability (p < 0.0001) observed more common in
women. Additionally, women reported morning dry mouth
(p = 0.030), nocturnal reflux (p < 0.0001), nocturia

Female OSA (n = 775) Male OSA (n =2052) P

Age (years) 56.1+9.7 504 +11.6 <0.0001
Current smokers, n (%) 124 (16) 602 (29) <0.0001
Alcohol consumption, 7 (%) 9 (1) 352 (17) <0.0001
Psychotropic drug use, n (%) 245 (32) 275 (13) <0.0001
Body mass index (kg/m?) 36.3£8.6 31.8+5.9 <0.0001
Neck circumference (cm) 38.7+3.5 43.1+3.3 <0.0001
Neck/height ratio 0.247 +£0.025 0.250 +£0.022 0.001
Waist circumference (cm) 113.0 = 15.6 111.2+13.2 0.007
Waist/hip ratio 0.941 £0.074 1.005 £ 0.069 <0.0001
Comorbidities, 7 (%)

Hypertension 454 (59) 749 (37) <0.0001

Diabetes mellitus 255 (33) 385 (19) <0.0001

Thyroid disease 119 (15) 67 (3) <0.0001

COPD 26 (3) 144 (7) <0.0001

Asthma 102 (13) 40 (2) <0.0001
FEV, (%) 96.8 £20.3 94.1 £19.1 0.002
FEV//FVC (%) 79.9+73 78.5+8.0 <0.0001
PaO, (mmHg) 84.4+14.6 86.6 +13.8 0.001
Epworth sleepiness score 10.2+£5.8 104 +5.9 0.436

Values are expressed as mean + SD, unless otherwise stated

COPD chronic obstructive pulmonary disease, FEV; forced expiratory volume in one second, FVC forced vital
capacity, OSA obstructive sleep apnea, PaO; arterial partial pressure of oxygen

(p <0.0001), and enuresis (p < 0.0001) more frequently.

Table 2 Sleep apnea symptoms

of the female and male OSA
patients

@ Springer

Female OSA patients reported higher percentage of insom-
nia symptoms including difficulty initiating sleep, maintaining
sleep, and early morning awakenings than males (34 vs. 23%),
p <0.0001). The patients with insomnia symptoms and sleep
onset latency >30 min and/or sleep efficiency <85% were

Female OSA (n =775) Male OSA (n = 2052) P
Snoring 765 (99) 2032 (99) 0.465
Witnessed apneas 617 (80) 1816 (89) <0.0001
Excessive daytime sleepiness 477 (62) 1212 (59) 0.230
Nocturnal choking 493 (64) 1134 (55) <0.0001
Morning headache 474 (61) 724 (35) <0.0001
Nonrestorative sleep 640 (83) 1529 (75) <0.0001
Insomnia® 265 (34) 466 (23) <0.0001
Impaired concentration 290 (37) 672 (33) 0.019
Impaired memory 578 (75) 1242 (61) <0.0001
Mood changes, irritability 309 (40) 462 (23) <0.0001
Nocturnal sweating 435 (56) 1145 (56) 0.875
Morning dry mouth 511 (66) 1262 (62) 0.030
Gastroesophageal reflux 341 (44) 699 (34) <0.0001
Nocturia 421 (54) 845 (41) <0.0001
Enuresis 157 (20) 110 (5) <0.0001

Values are expressed as number (%)

#Insomnia symptoms includes difficulty initiating sleep, maintaining sleep, and early morning awakenings

OSA obstructive sleep apnea
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compared in terms of comorbid insomnia and OSA diagnosis,
and it was observed that women also had higher rates of co-
morbid insomnia than men (21 vs. 12%, p < 0.0001).

Sleep parameters of female and male OSA patients

The indicators of OSA severity including AHI and oxygen
desaturation index (ODI) were lower in women (p < 0.0001
and p = 0.007, respectively) compared to men. OSA severity
increased in both genders with age, but the difference in AHI
between women and men decreased after the age of 60 years
(Fig. 2). In fact, comparison of AHI and ODI of the postmen-
opausal women with men of the same ages showed no signif-
icant difference. We also evaluated OSA severity in women
before and after menopause and found that females after men-
opause had significantly higher AHI (38.4 £ 28.7 vs.
31.6 £ 32.4, p = 0.034) and ODI (37.6 £ 29.9 vs.
30.7 &+ 33.0, p = 0.049) than those before menopause.

In the other polysomnographic parameters, the lowest noc-
turnal oxygen saturation (SpO,) (%) was lower (p = 0.001),
and sleep time with SpO, <90% (%) were higher in women
(p = 0.058). Supine AHI was decreased (p < 0.0001), and
REM AHI was increased in female patients (p < 0.0001).
Total sleep time (p = 0.028) and the percentage of sleep effi-
ciency (p = 0.003) were decreased, and sleep latency
(p < 0.0001) was increased in female OSA patients. In addi-
tion, the percentages of stages N1 and N2 sleep were lower

(p <0.0001), but N3 sleep was higher in women (p < 0.0001).
The sleep parameters are shown in Table 3.

Predictive factors for OSA in females

The relationship between female gender and other variables
was examined with univariate logistic regression analysis.
Twenty one variables [witnessed apnea, nocturnal choking,
morning headache, nonrestorative sleep, insomnia symptoms,
mood changes, AHI, ODI, REM AHI, supine AHI, sleep ef-
ficiency (%), sleep latency, N1 sleep (%), N2 sleep (%), N3
sleep (%), lowest SpO, (%), obesity, different age groups
(239, 4049, 50-59, 60—69 years)] were selected for multi-
variate logistic regression analysis. Consequently, increased
REM AHI, N3 sleep, obesity, age, morning headache, and
lower supine AHI were found to be independently associated
with female gender in multivariate analysis (Table 4).

Discussion

Clinical presentation and polysomnographic features of sleep
apnea in females are quite different than males. Knowledge
about gender-related differences may contribute to an in-
creased awareness and improved diagnosis. In the present
study, we assessed the differences in clinical and polysomno-
graphic findings between 2052 male and 775 female OSA

Fig. 2 Apnea-hypopnea index
vs. age groups in female and male 50,0
OSA patients. AHI apnea-
hypopnea index, OSA obstructive
sleep apnea
40,0
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Table 3 Sleep parameters of the

female and male OSA patients Female OSA (n =775) Male OSA (n =2052) P
AHI (events/h) 37.0+29.7 42.5+283 <0.0001
ODI (events/h) 36.2 +30.7 39.6 +£28.8 0.007
REM AHI (events/h) 4324272 38.5+26.6 <0.0001
Supine AHI (events/h) 43.9+£32.0 55.1+294 <0.0001
Total sleep time (min) 3594 +554 364.9 £58.2 0.028
Sleep efficiency (%) 81.6+13.3 83.1+11.0 0.003
Sleep latency (min) 21.2+24.7 16.1£19.9 <0.0001
N1 sleep (%) 48+5.6 59+6.0 <0.0001
N2 sleep (%) 48.0+17.4 55.0+16.6 <0.0001
N3 sleep (%) 36.3+17.9 27.9+16.8 <0.0001
REM sleep (%) 11.0+7.1 11.2+6.7 0.369
Mean SpO, (%) 90.7 + 6.1 90.9+5.6 0.348
Lowest SpO, (%) 74.6 £ 13.3 76.4 +12.1 0.001
Sleep time with SpO, <90% (%) 15.8 +24.6 13.8+19.9 0.058

Values are expressed as mean + SD, unless otherwise stated

AH]I apnea-hypopnea index, N non-rapid eye movement, ODI oxygen desaturation index, OSA obstructive sleep
apnea, REM rapid eye movement, SpO, oxygen saturation

patients and observed that more diagnoses of OSA were ren-
dered in males. Female OSA patients were older and more
obese than men. Women presented with increased medical
comorbidities and female-specific sleep apnea symptoms.
Besides, female patients had less severe sleep apnea syndrome
in all ages, and sleep quality was worse in women. The present
study suggests that women are presenting with quite different
OSA phenotype compared to males.

In many studies, it was shown that men had a higher rate of
OSA compared to women, especially at ages corresponding to
premenopausal women, and the male-to-female ratio is approx-
imately 2:1 or 3:1 [16-18]. We found that more men were
rendered more OSA diagnoses than women in a large number
of patients with OSA seen in a university hospital. The diag-
nostic rates of OSA were 80% in females and 89% in males

Table 4 Multivariate logistic regression analysis between female
gender and other variables

B p value Exp (B) 95% CI for Exp (B)

Morning headache 1.062 <0.0001 2.893  3.342-3.575
REM AHI (events/h)  0.017 <0.0001 1.017  1.013-1.022
N3 sleep (%) 0.028 <0.0001 1.028 1.022-1.035
Supine AHI (events’/h) 0.022 <0.0001 0.979  0.974-0.983
BMI >30 kg/m* 0.699 <0.0001 2.012  1.588-2.548
Age groups

<39 years 0.662 0.003 1.939  1.260-2.985

4049 years 1.706 <0.0001 5.509  3.688-8.229

50-59 years 1.827 <0.0001 6.216  4.050-9.539

6069 years 1.841 <0.0001 6.305  3.632-10.943

AHI apnea-hypopnea index, BMI body mass index, N non-rapid eye
movement, REM rapid eye movement

@ Springer

referred for polysomnography. It has long been recognized that
men have greater vulnerability than women toward developing
OSA, but it was also estimated that 93% of women with
moderate-to-severe sleep apnea have not been clinically diag-
nosed [19]. Several explanations exist for lower diagnostic rate
in women. First, premenopausal and postmenopausal women
are included together in the studies, and the rate is lower in
premenopausal period. Second, bedpartners of female patients
do not complain of snoring or observe breathing pauses in
sleep, and this may contribute to the clinical under-
recognition of the disorder in women. Finally, it is known that
men and women with OSA have distinct symptom profiles,
with women possibly not reporting the classical symptoms,
namely, loud snoring, sleepiness, and witnessed apneas.
Shepertycky et al. [20] assessed 130 female and 130 male
OSA patients. They found that snoring and sleepiness were
similarly common in women and men, but women more often
described their main presenting symptom as insomnia and ad-
mitted less often with a primary complaint of witnessed apnea.
Quintana-Gallego et al. [21] also showed in a large cohort that
frequency of snoring and daytime sleepiness was similar in
both genders, although witnessed apneas were more frequent
in males. Besides, they found that fatigue, morning headache,
insomnia symptoms, and depression were more frequent in
women. The results of the present study were similar, and there
was no difference in terms of daytime sleepiness and snoring
symptoms between genders, but male patients presented with
more witnessed apneas. Additionally, other symptoms of OSA,
such as morning headache, fatigue, impaired concentration,
impaired memory, mood changes, irritability, dry mouth, noc-
turnal reflux, nocturia, and enuresis observed more frequently
in females. OSA patients with insomnia symptoms and/or
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altered sleep architecture in polysomnography indicating in-
somnia (such as increased sleep latency, decreased sleep effi-
ciency, increased wake after sleep onset) have been diagnosed
as comorbid insomnia and OSA. There has been a growing
recognition of co-occurring insomnia disorder and sleep apnea,
and the rate of insomnia has been reported as 39-58% in OSA
patients [22, 23]. In the present study, female OSA patients
with insomnia symptoms and also women with insomnia
symptoms as well as polysomnographic parameters indicating
insomnia disorder were significantly higher than men. Thus,
increased complaints of insomnia, fatigue, headache, and dis-
satisfaction with life could lead primary care physicians to un-
der or misdiagnose OSA in women [8].

Obesity is an important risk factor for OSA. It was shown
that women with OSA are more likely to be obese than men
with OSA of similar severity. However, there are different
findings in terms of correlation between BMI and AHI in
women [18, 24-26]. Mazzuca et al. [27] showed that BMI
and waist circumference were the most useful anthropometric
variables associated with OSA in men, whereas hip circum-
ference was the best marker of OSA in women. In another
study, women had less severe OSA compared to men despite
having a higher BMI and age, and waist-to-hip ratio was more
predictive of severity of OSA in men than in women [28]. In
our study, it was also observed that female OSA patients were
older and more obese than males. Thus, in order to prevent
potential diagnostic delays, women with a BMI >30 kg/m>
and age >50 should be considered at risk for OSA, even in
the absence of typical OSA symptomatology. In addition,
waist-to-hip ratio, neck circumference, and neck/height ratio
were significantly lower in females. These findings suggest
that there is a gender difference in fat distribution, and men
have mainly central obesity. So, it can be postulated that
weight loss in women may not be associated with as much
marked improvement in OSA severity as men like it was
found by Newman et al. [29] in a large population.

In many studies, comorbidities like depression, cardiac dis-
ease, hypertension, diabetes mellitus, hypothyroidism, and
asthma were found to be more common in female OSA pa-
tients, although women had milder OSA compared to men
[20, 21, 25, 30]. The present results also demonstrated that
female patients experienced more hypertension, diabetes
mellitus, thyroid disease, and asthma than males. Men had
increased tobacco abuse and COPD, whereas the rates of cor-
onary artery disease and congestive heart failure were similar
in both genders. In a prospective study of 1116 women for
88 months, severe OSA independently associated with cardio-
vascular mortality, and that adequate continuous positive air-
way pressure (CPAP) therapy reduced cardiovascular death in
female OSA patients [31]. Therefore, early diagnosis and
management of OSA in women are very important.

O’Connor et al. [16] assessed the influence of gender on
polysomnographic features of OSA in a large population.

They found that OSA was less severe in women because of
milder OSA during NREM sleep, and women had a greater
clustering of respiratory events during REM sleep than men.
Subramanian et al. [32] studied the effect of slow wave sleep
(SWS) on OSA and showed that the difference between REM
AHI and SWS AHI was greater in women than in men.
Evaluation of the polysomnographic parameters in our study
revealed that supine AHI was lower, REM AHI was higher,
and sleep efficiency and latency were worse in females than
males. Besides, indicators of OSA severity, namely, AHI and
ODI were lower in female patients. OSA severity increased in
both genders with age, but the difference in AHI between
women and men decreased after the age of 60 years. We also
compared OSA severity in women before and after meno-
pause and found that postmenopausal females had significant-
ly higher AHI and ODI than those before menopause, al-
though their obesity parameters were similar. These observa-
tions were in agreement with previous studies demonstrated
that women have less severe sleep apnea and worse sleep
quality compared to men [13, 30].

The most important strength of our study is that it was one
of the largest studies performed in a university hospital where
demographic and anthropometric features, blood gas analysis,
spirometry, and polysomnographic data were available in all
patients. A potential weakness of the present study is referral
bias resulting from our clinic population not being represen-
tative of the community. However, our population sample size
was very large, and the population was accumulated over a
long period, with more moderate-to-severe OSA patients.
Second, we evaluated all classical and other symptoms of
sleep apnea during recoding medical history of the patients,
but we usually asked classical symptoms at the admission to
the sleep laboratory. Therefore, PSG may not have been per-
formed in some women with nonclassical OSA symptoms.
Third, this was an observational study with a cross-sectional
design, and data were evaluated retrospectively. We could
have included only male OSA patients matched for age,
BMI, and AHI in the study, but in this case, the number of
the study population would have been smaller.

In conclusion, it was demonstrated in the present study
that at the time of diagnosis, female OSA patients are older,
more obese, have a higher rate of medical comorbidities,
and they are referred to sleep clinics with different clinical
presentation. Although there may be delays in referrals of
women for OSA evaluation, they have less severe sleep
apnea syndrome in all ages and worse sleep quality than
men. Our findings suggest that females are a different OSA
phenotype; they are symptomatic at relatively low AHI and
have a different symptom profile. Therefore, primary care
physicians should be aware of different clinical presenta-
tion of OSA in women, and female-specific questionnaires
should be developed and used for preventing underdiagno-
sis of OSA.
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Comments

This study reports gender associated differences in a cohort of patients
with severe OSA. There are many significant differences in clinical pre-
sentation and polysomnographic variables between the male and female
patients. Women were older, had a higher BMI, increased rate of medical
comorbidities and lower AHI; yet, the question is, do these findings
accurately characterize OSA in females or are only the most severely
affected women referred for polysomnography. It is increasingly recog-
nized that women do not necessarily manifest the characteristic symptoms.
of OSA. Symptoms not necessarily indicative of OSA but more
so insomnia were significantly higher in women than men in this study.

Additionally, the increased use of psychotropic medications in women
suggests they were treated for a behavioral medicine disorder, insomnia
or both. This further suggests women with sleep disturbances refractory
to treatment made up a substantial proportion of the female cohort.
Current screening questionnaires are likely inadequate in women, which
could contribute to delays in diagnosis. Sleep medicine professionals
must educate providers to have a heightened clinical suspicion for OSA
in women, especially those with insomnia or behavioral medicine disor-
ders that are not responding to treatment.

Vincent Mysliwiec
Tacoma, WA, USA
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