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ABSTRACT 

Objective: Sleep-disordered breathing (SDB) is currently considered as a unique condition, 

but it has been suggested that the prevalence, clinical presentation, and associated conditions 

may differ by sex or by menopausal status in women. We aimed to assess the prevalence of 

SDB and associated comorbidities in pre- and postmenopausal women compared with men. 

Methods: Participants of the population-based HypnoLaus Sleep Cohort study underwent 

polysomnography in their home environment and had extensive phenotyping for diabetes, 

hypertension, metabolic syndrome, and depression. 

Results: A total of 2121 subjects (age 40–85 [59 ± 11] years, body mass index 25.6 ± 4.1 

kg/m2, 1024 men and 1097 women [769 postmenopausal]) were included. SDB prevalence 

based on an apnea−hypopnea index of >5/h, >15/h, >20/h, and ≥30/h, respectively, was 

83.8%, 49.7%, 37.5%, and 22.0% in men; 35.1%, 8.6%, 3.3%, and 1.3% in premenopausal 

women; and 71.6%, 29.4%, 20.7%, and 10.1% in postmenopausal women. In multivariable 

models, SDB severity was significantly associated with hypertension in women (p = 0.007) 

(mainly in postmenopausal women) but not in men (p=0.065), with diabetes in men (p = 

0.021) but not in women overall (p =0.853) or in postmenopausal women (p = 0.725), with 

metabolic syndrome in men (p = 0.002) and women (p < 0.001), and with depression in 

women (p = 0.007) but not in men (p = 0.853). 

Conclusion: SDB prevalence in this middle-aged to-older population was high, particularly in 

men and postmenopausal women. SDB was associated with hypertension and depression 

exclusively in women, whereas an association with diabetes was present only in men. These 

findings suggest that the SDB definition and management recommendations may need to be 

adapted to these groups’ specificities.  
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1. Introduction 
 

Obstructive sleep apnea is the most common form of sleep-disordered breathing (SDB) and is 

characterized by repetitive complete or partial collapses of the upper airway during sleep. The 

prevalence of SDB has been increasing steadily over time, in part due to the global rise in 

obesity [1−3]. Although SDB has traditionally been considered a predominantly male 

disease, with reported prevalence rates up to 49% in middle-aged to older men and up to 23% 

in middle-aged to older women [4−6], there is increasing interest in female SDB, how this 

differs from the disease in males, and how these differences might influence approaches to 

diagnosis and treatment [7,8].  

It has been suggested that discrepancies between males and females in the prevalence of SDB 

could be a result of women being misdiagnosed or underdiagnosed [9]. This may be because 

women present with different symptoms compared with men [7], because other diagnoses are 

preferentially considered over SDB in women with excessive daytime sleepiness (eg, 

depression) [9], because of lifestyle and sociocultural factors [10], or because men might 

have more severe SDB and are therefore more likely to be diagnosed and referred for 

specialist care [9]. There are also physiological differences between males and females, 

including a shorter upper airway [11] and a less collapsible airway [12] in women, and 

differences in sleep architecture [13,14]. 

There is increasing awareness of the importance of comorbidities in sleep-disordered 

breathing. Women with SDB are more likely than their male counterparts to develop a 

number of comorbid conditions, including mood disturbances (eg, anxiety and depression), 

hypothyroidism, cognitive impairment, and dementia [15,16]. It is also possible that women 

with moderate sleep apnea may be more susceptible to the adverse cardiovascular 

consequences of SDB than men, having been shown to have more marked endothelial 
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dysfunction [17]. A recent analysis of a large health claims database highlighted sex 

differences between SDB patients with respect to the occurrence of different comorbidities 

[18]. Moreover, a prospective epidemiological study with a 13-year follow-up showed that 

SDB was associated with incident heart failure or death among women only [8]. However, 

data regarding the prevalence of SDB and its impact on health among women are scarce, as 

well as the role of menopausal status in women on SDB-related comorbidities.  

The HypnoLaus Sleep Cohort study was designed to assess the prevalence of sleep disorders 

such as SDB using state-of-the-art polysomnographic recording techniques and updated 

definitions in a general unselected population. This analysis determined the prevalence and 

characteristics of SDB in women, as well as the differences in SDB-related comorbidities 

among men, premenopausal women, and postmenopausal women. 

 

2. Patients and methods 

2.1. Study population 

The HypnoLaus Sleep Cohort study, described previously [6], included a random subset of 

the population-based CoLaus/PsyCoLaus cohort [19,20], in whom sleep-related complaints 

and habits were investigated using the Pittsburgh Sleep Quality Index [21], the Epworth 

Sleepiness Scale (ESS) [22], as well as the Berlin questionnaire [23], the NoSAS score [24], 

and the STOP-Bang score [25]. The ethics committee of the University of Lausanne approved 

the CoLaus/PsyCoLaus cohort study and the HypnoLaus Sleep Cohort study. Written 

informed consent was obtained from all participants.  

Within the CoLaus/PsyCoLaus cohort, various clinical tests were performed to investigate the 

association of SDB with cardiovascular, metabolic, and psychiatric comorbidities. We 

measured blood pressure three times on the left arm and calculated the average of the last two 

readings. We defined arterial hypertension as either systolic blood pressure of 140 mm Hg or 
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higher, diastolic blood pressure of 90 mm Hg or higher, or current use of antihypertensive 

drugs. We calculated the waist-to-hip ratio as the ratio of the circumference of the waist to 

that of the hip, as recommended by World Health Organization. We measured neck 

circumference between the mid-cervical spine and the mid-anterior neck, just below the 

laryngeal prominence, if palpable. We obtained a fasting blood sample for various analyses, 

including measurement of glucose concentration and lipids. We defined diabetes as either 

fasting blood glucose of 126 mg/dL or higher or current drug treatment for diabetes. We 

defined metabolic syndrome according to the Adult Treatment Panel III (ATP-III) report 

[26]. Participants self-reported their menopausal status and use of hormonal replacement 

therapy (for women), and alcohol drinking habits and the number of alcoholic drinks taken 

during the evening preceding the polysomnographic recording. We used the semistructured 

Diagnostic Interview for Genetic Studies to diagnose a current major depressive episode, 

which we defined according to criteria of the Diagnostic and Statistical Manual of Mental 

Disorders, 4th edition (DSM-IV). 

 

2.2. Polysomnography 

HypnoLaus participants underwent full polysomnography (PSG) at home between September 

2009 and June 2013 in Lausanne, Switzerland. Certified technicians equipped the subjects 

with a PSG recorder (Titanium, Embla® Flaga, Reykjavik, Iceland) between 17:00 and 20:00 

at the Center for Investigation and Research in Sleep (CIRS, University Hospital of 

Lausanne, Switzerland). All sleep recordings took place in the subjects’ home environment 

and in accordance with the American Academy of Sleep Medicine (AASM) 2007 

recommended setup specifications [27]. Breathing was recorded using nasal pressure sensors. 

Subjects currently being treated for SDB (n = 38) were asked to discontinue their treatment 1 

week prior to the sleep recording. Two trained sleep technicians who were unaware of the 
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results of screening questionnaires manually scored the PSG recordings using Somnologica 

software (Version 5.1.1, Embla® Flaga, Reykjavik, Iceland). Each recording was reviewed 

by an expert sleep physician, and random checks were performed by a second sleep expert. 

Quality control for the concordance rate between the two PSG scorers was implemented 

periodically to ensure that both scorers achieved at least a 90% level of agreement for sleep 

stages and respiratory events and an 85% level of agreement for arousals [28]. Apnea was 

defined as a decrease in airflow of at least 90% from baseline, lasting 10 seconds or longer. 

Hypopneas were scored using the 2012 AASM criteria [29] (≥30% drop in airflow, lasting at 

least 10 seconds associated with either an arousal or a ≥3% fall in oxygen saturation). The 

average number of apneas and hypopneas per hour of sleep (apnea−hypopnea index [AHI]) 

was calculated. As in the previously reported analysis of overall SDB prevalence in the 

HypnoLaus study population [6], this analysis defined significant SDB as an AHI of >20 

events per hour.  

 

2.3. Statistical analysis 

All statistical analyses were performed using Stata version 11 (Stata Corporation, College 

Station, TX, USA) and R software. Data were summarized as the number of participants 

(percentage or 95% confidence interval [CI]), mean (standard deviation [SD]), and median 

(interquartile range [IQR]). Bivariate analyses were performed using the χ2 test, Student t test, 

or Wilcoxon rank-sum test. Logistic regression models were used to assess the associations 

between various demographic and clinical variables and significant SDB (AHI >20/h). AHI 

quartiles were defined as follows: quartile 1, 0–4.2 events per hour; quartile 2, 4.3–9.9 events 

per hour; quartile 3, 10.0–20.6 per hour; quartile 4, >20.6 events per hour). Significant results 

were considered for a two-sided test with p < 0.05. 
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3. Results 

3.1. Study population 

A total of 3043 individuals from the CoLaus/PsyCoLaus study cohort were invited to 

undergo at-home PSG; 2168 (71%) of these individuals accepted the invitation. Of the 2168 

PSG recordings, 60 (3%) had technical problems resulting in insufficient data; 54 participants 

underwent a second recording, and six participants declined. A total of 41 individuals with a 

total sleep time of less than 4 hours were excluded because of the risk of an unbalanced 

representation of different sleep stages and body position; therefore, 2121 PSG recordings 

were included in the analysis. A total of 38 subjects were currently treated with continuous 

positive airway pressure (CPAP), in whom PSGs were performed after 1 week of CPAP 

withdrawal. Of the 769 menopaused women, 143 were taking hormone replacement therapy. 

Demographic and clinical characteristics of the study cohort, by sex and menopausal status, 

are shown in Table 1.  

3.2. Prevalence of SDB 

The prevalence of SDB across a range of AHI cut-off values was higher in men than in 

women, and in postmenopausal versus premenopausal women (Fig. 1). For significant SDB 

(AHI ≥20/h), the SDB prevalence was 37.5% in men, 15.6% in women, 3.3% in 

premenopausal women, and 20.7% in postmenopausal women (Fig. 1). Hypopnea was the 

most common respiratory event in both men (69% of events) and women (72% of events). 

Obstructive, central, and mixed apneas comprised 19%, 4%, and 3% of events in men, 

compared with 16%, 3%, and 1% of events in women, whereas respiratory-related arousals 

(RERAs) made up 5% of respiratory events in men and 8% in women. None of the 

participants had central sleep apnea (defined as a central sleep apnea index >5/h representing 
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>50% of the respiratory events). Overall, the combined proportion of hypopneas and RERAs 

was higher, and full apneas lower, in women compared with men (both p < 0.001).  

Women with significant sleep apnea were older than men and had a slightly lower Epworth 

Sleepiness Scale score and lower risk of sleeping at the wheel. They had more symptoms of 

restless legs syndrome and a higher consumption of sleeping pills (Table 2). Menopausal 

women taking hormone replacement therapy had slightly lower AHI (mean ± SD adjusted for 

age and BMI) than the other menopausal women (12.4 ± 0.4/h vs 10.2 ± 0.7/h, p = 0.006). 

 

Age, neck circumference, and snoring were significantly associated with SDB in men and 

postmenopausal women, but not premenopausal women. Body mass index ≥25 kg/m2 and 

waist circumference in the highest quartile were only significantly associated with significant 

SDB in men (Table 3).  

3.3. Association with comorbidities 

After adjustment for the main confounding variables, increasing AHI (quartiles 2, 3, and 4 

compared with quartile 1) was significantly associated with diabetes and metabolic syndrome 

(but not hypertension and depression) in men, and with depression (especially among 

premenopausal women), hypertension, and metabolic syndrome (but not diabetes) in women 

(Fig. 2a, 2b). The association between AHI and metabolic syndrome in postmenopausal 

women was greater than that in men and premenopausal women (Fig. 2a). 

 

4. Discussion 
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To the best of our knowledge, this is the first report of the prevalence of SDB and risk of 

associated comorbidities according to sex and menopausal status from an unselected general 

population sample using current recording techniques and up-to-date scoring criteria (AASM 

2012) [27]. The prevalence of SDB in this middle-aged to older population was higher in men 

than in women, and in postmenopausal versus premenopausal women, and the clinical 

presentation and associated comorbidities differed between these groups. 

The SDB prevalence rates in our study were higher than previous estimations. In a large, 

population-based cohort from the United States, the prevalence of SDB (AHI ≥10/h) was 

3.9% in men and 1.2% in women [30], much lower than the 49.7% in men and 23.4% in 

women in our analysis even though we used a higher AHI cutoff of 15/h [6]. The two studies 

were similar in that the lowest rate of SDB was found in premenopausal women (0.6% in the 

US cohort and 3.3% in our study). Our prevalence rates were also higher than those reported 

using data from the Wisconsin Sleep Study and the Episono Study [5,31]. In addition to the 

different AHI cut-off values used to define SDB, other factors that might have contributed to 

the different reported prevalence rates include the age of the included subjects and especially 

the increased sensitivity of the respiratory sensors (nasal pressure rather than a thermistor in 

previous studies) and the more inclusive scoring criteria currently recommended for 

respiratory events by the American Academy of Sleep Medicine (AASM 2012) [29], as 

discussed in a previous report about SDB in the HypnoLaus study [6]. This analysis of data 

from the HynoLaus cohort also showed that respiratory events tended to be milder in women 

versus men, with a greater proportion of hypopneas and respiratory effort−related arousals 

(RERAs) and a lower proportion of full apnea events. This may be due to differences in the 

upper airway anatomy between the sexes, with women having a shorter and thus less 

collapsible pharynx and less central obesity compared to men [11,12,32]. Postmenopausal 

women using hormonal replacement therapy had slightly lower adjusted mean AHI compared 
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with those not taking this therapy. Although this difference was statistically significant, the 

absolute difference of 2.2 events/h in AHI is probably not clinically significant.  

Differences between men and women in the prevalence of SDB decrease as age increases, 

primarily because of a marked increase in the prevalence and severity of SDB in women after 

menopause [3,5,30,33]. Our findings confirmed a marked difference in the prevalence of 

SDB in pre- versus postmenopausal women. Comparing anthropometric and demographic 

characteristics of these two groups of women suggested that postmenopausal women tended 

to show physical changes that are more similar to those of men, with a higher BMI, neck 

circumference, and waist-to-hip ratio compared to premenopausal women. It has previously 

been reported that postmenopausal women have a higher fat mass than prior to menopause, 

and fat distribution is more likely to be in the upper body and trunk area compared with the 

lower body [32,34]. Waist circumference has been shown to be associated with SDB in 

postmenopausal women [35], but we were unable to confirm this in our study. Overall, our 

data suggest that SDB in premenopausal women may be due to non−obesity-related causes 

such as upper airway muscle dysfunction, high loop gain, or facial deformities. The pattern of 

airway obstruction in postmenopausal women has recently been shown to be different from 

that of premenopausal women [36]. Available evidence showing marked differences in SDB 

prevalence and manifestations between pre- and postmenopausal women suggest that simply 

comparing subjects on the basis of sex does not provide an accurate picture, and that 

menopausal status in women also needs to be taken into account in future studies of SDB. 

A novel finding of our study was that SDB-related comorbidities differed between men and 

women. The lack of association between SDB severity and hypertension in men was 

unexpected. However, it does provide a potential explanation for the results of studies 

including predominantly male populations in which treatment of SDB has not had dramatic 

effects on blood pressure [37−41]. In the same line, a 13-year follow-up study on 752 men 
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and 893 women free of cardiovascular disease showed an association between SDB and 

incident heart failure or death exclusively in women [8]. Moreover, a recent randomized 

control study on women with moderate to severe sleep apnea in Spain showed that 12 weeks 

of CPAP treatment could yield a significant reduction in diastolic blood pressure, especially 

in sleepy and hypertensive women [42]. This should stimulate further studies focusing on the 

effect of SDB treatment on blood pressure specifically in women, which could yield better 

results than the studies currently available in which mostly men were included.  

The data from our study could also help inform decisions about whether to treat SDB as part 

of comorbidity management. Although SDB severity was significantly associated with the 

metabolic syndrome in all subjects, and particularly postmenopausal women, we found no 

relationship between SDB severity and depression in men, suggesting that reductions in the 

AHI during treatment might have only a minor effect on this comorbidity. Conversely, SDB 

was associated with diabetes exclusively in men, suggesting that SDB treatment could have a 

greater effect in this group. Similarly, the presence of moderate to severe sleep apnea in 

women with a history of hypertension or depression, both of which were significantly 

associated with SDB severity in our study, should trigger a more urgent need for effective 

SDB therapy. This association between mood disorders and SDB in women was also 

confirmed in a recent randomized controlled trial showing that treating symptomatic SDB in 

women with continuous positive airway pressure for 3 months was able to significantly 

improve depression, mood state, and anxiety, as well as daytime sleepiness and quality of 

life, compared with conservative treatment [43]. 

Overall these differences in the prevalence, clinical presentation and comorbidities of SDB 

may question the current concept of a single definition of the disease for both sexes and all 

ages, as proposed by the International Classification of Sleep Disorders (ICSD III). The 

“normal” apnea−hypopnea index may be different and the association with comorbidities will 
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also vary among men, premenopausal women, and postmenopausal women, suggesting that 

the management strategy and treatment recommendations for this condition should probably 

be adapted accordingly. 

The main limitations of this study are the cross-sectional setting and the population studied, 

which was within a prespecified age range (40–80 years), almost exclusively of white 

European origin, and with a low prevalence of obesity. This limits the generalizability of our 

findings to other populations, including those with a younger age, a high prevalence of 

obesity, or higher proportions of subjects from different ethnic backgrounds. Selection bias 

might have resulted from almost one-third of subjects (29%) declining to undergo PSG. 

However, this bias would be very limited, as the characteristics of the HypnoLaus population 

were similar to those included in the wider population-based cohorts from which they were 

identified, suggesting that our sample was representative of the general population in the 

Lausanne area [6]. The interval between clinical assessment and PSG varied between 

subjects. However, given that the comorbidities studied are all chronic conditions, this is 

unlikely to materially influence the study findings. Finally, menopausal status was self-

reported, and women in perimenopausal transition may have misclassified themselves. 

 

5. Conclusion 

Our analysis shows that the prevalence of SDB in an unselected cohort of middle-aged to 

older subjects varied by sex and women’s menopausal status. We also report important 

differences in the relationship between SDB severity and various comorbidities for men and 

pre- versus postmenopausal women. These findings highlight the importance of taking sex 

and women’s menopausal status into account when investigating and treating SDB. 
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Fig. 1. Prevalence of sleep-disordered breathing by in men and women, and by menopausal 
status in women 
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Fig. 2. (a) Estimated risk (odds ratio [OR] with 95% confidence intervals) of diabetes and 

metabolic syndrome according to sleep-disordered breathing severity, sex, and menopausal 

status (the models could not be applied to premenopausal women due to the low prevalence 

of SDB in this group). Model 1, adjusted for age; Model 2, adjusted for age and for alcohol 

and tobacco consumption; Model 3, adjusted for age, alcohol and tobacco consumption, and 

body mass index; Model 4, adjusted for age, alcohol and tobacco consumption, body mass 

index, and neck circumference and waist/hip ratio (diabetes analyses only, because this is part 

of the metabolic syndrome definition). The p value for trend refers to the trend across AHI 

quartiles (quartile [Q] 1, 0–4.2/h; Q2, 4.2–9.9/h; Q3, 9.9–20.6/h, Q4, >20.6/h). 

 

  

Men  

Women (all) 

Menopaused women 

Men  

Women (all) 

Menopaused women 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 25

(b) Estimated risk (odds ratio [OR] with 95% confidence intervals) of hypertension (HTA) 

and depression according to sleep-disordered breathing severity, sex, and menopausal status 

(the models could not be applied to premenopausal women due to the low prevalence of SDB 

in this group). For HTA: Model 1, adjusted for age; Model 2, adjusted for age and for alcohol 

and tobacco consumption; Model 3, adjusted for age, alcohol and tobacco consumption, and 

body mass index; Model 4, adjusted for age, alcohol and tobacco consumption, body mass 

index, and neck circumference and waist/hip ratio. For depression: Model 1, raw data; Model 

2, adjusted for age; Model 3, adjusted for age and benzodiazepine use; Model 4, adjusted for 

age and use of benzodiazepine and antidepressants. Arterial hypertension was defined as 

systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg or current 

use of antihypertensive medication. Diabetes was defined as fasting blood glucose level ≥7 

mmol/L (126 mg/dL) or current use of antidiabetic medication. Metabolic syndrome was 

defined according to the Adult Treatment Panel III report. Diagnosis of depression was made 

based on DSM-IV criteria with information collected using the French translation of the 

semi-structured Diagnostic Interview for Genetic Studies (DIGS). The p value for trend refers 

to the trend across AHI quartiles (quartile [Q] 1, 0–4.2/h; Q2, 4.2–9.9/h; Q3, 9.9–20.6/h, Q4, 

>20.6/h). 
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Table 1 

Subject demographic data and characteristics at baseline. 

  
Men 

(n = 1024) 

Women 

Premenopausal 

(n = 302)a 

Postmenopausal 

(n = 769)a 

Age, years 58 ± 11 47±4 b,c 64±9 b 

Body mass index, kg/m2 26.2 ± 3.7 24.4±4.6 b,c 25.4±4.6 b 

Neck circumference, cm 39.8 ± 2.8 33.8±2.4 b,c 34.2±2.4 b 

Waist-to-hip ratio 0.96 ± 0.06 0.87±0.06 b,c 0.89±0.06 b 

Alcohol use, n (%) 325 (32.2) 66 (22.3) b 160 (21.1) b 

Current smokers, n (%) 192 (18.9) 61 (20.4) 134 (17.6) 

Hypertensiond, n (%) 497 (48.6) 42 (13.9) b,c 330 (43.0) b 

Diabetese, n (%) 145 (14. 2) 4 (1.3) b,c 62 (8.1) b 

Metabolic syndromef, n 

(%) 
366 (35.7) 35 (11.6) b,c 236 (30.7) b 

Depression, n (%) 156 (18.5) 103 (42.0) b,c 186 (28.6) b 

ESS score 6 (4-9) 7 (4-10)  5 (3-7) b 

ESS score >10, n (%) 143 (15.2) 55 (19.2) c 54 (7.7) b 

PSQI score 4 (3-6) 4 (3-7) b 5 (3-8) b 

Apnea−hypopnea index 14.9 (7.1-27-1) 2.8 (1.5-7.3) c 9.0 (4.2-17.1) 

Berlin score ≥2, n (%) 315 (30.9) 43 (15.2) b,c 160 (20.9) b 

STOP-Bang ≥3, n (%) 728 (89.7) 46 (20.0) b,c 292 (58.5) b 

NoSAS ≥8, n (%) 640 (73.6) 20 (8.2) b,c 216 (38.3) b 

Values are mean ± standard deviation, number of subjects (%), or median (25th to 75th 

percentile). ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index.  
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a Menopausal status was unknown for 26 women.  

b Comparison of women (premenopausal or postmenopausal) versus men.  

c Comparison premenopausal women versus postmenopausal women. 

d Arterial hypertension was defined as a systolic blood pressure (SBP) ≥140 mm Hg and/or a 

diastolic blood pressure (DBP) ≥90 mm Hg, or current use of antihypertensive medication. 

e Diabetes was defined as a fasting blood glucose level ≥7 mmol/L (126 mg/dL), or current 

use of antidiabetic medication. 

f Metabolic syndrome was defined according to the Adult Treatment Panel III report (ATP-

III). 
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Table 2 

Characteristics and symptoms of subjects with an AHI > 20/h. 

 

  
Men 

(n = 382) 

Women (n = 167) 

Premenopausal 

(n = 10)a 

Postmenopausal 

(n = 157)a 

Age, y 62(11) 47(3) b,c 68(9) b 

Snoring, n (%) 277 (83.2) 8 (88.9)  95 (86.4)  

ESS score 6 (4-9) 8 (6-10) c 5 (2-8) 

ESS score >10, n (%) 53 (15.3) 2 (20.0) 12 (9.0) 

PSQI score 4 (3-6) 4 (2-13) c 6 (3-8) 

Depression, n (%) 53 (16.9) 5 (71.4) b,c 40 (30.1) b 

Insomnia, n (%) 111 (28.8) 4 (40.0) 50 (31.8) 

Nocturia, n (%) 166 (43.5) 4 (40.0) 76 (48.4) 

Nightmares, n (%) 43 (11.3) 4 (40.0) b,c 20 (12.7) 

Poor sleep quality, n (%) 54 (14.1) 3 (30.0) 27 (17.2) 

Sleeping pill use, n (%) 42 (11.0) 3 (30.0) b 39 (24.8) b 

Witnessed apnea, n (%) 54 (14.1) 2 (20.0) b 11 (7.0) b 

Morning fatigue, n (%) 60 (15.7) 4 (40.0) b 31 (19.7) 

Sleep at the wheel, n (%) 62 (12.6) 1 (10.0) 8 (5.1) b 

RLS, n (%) 37 (12.0) 2 (22.2) 37 (28.9) b 

Values are number of subjects (%) or median (25th to 75th percentile). ESS, Epworth 

Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; RLS, restless legs syndrome. 

a Menopausal status was unknown for 26 women.  

b Comparison of women (premenopausal or postmenopausal) versus men (p < 0.05). 
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c Comparison of premenopausal women versus postmenopausal women (p < 0.05). 
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Table 3 

Risk of significant sleep-disordered breathing (apnea–hypopnea index >20/h) according to related factors. 

 
Men 

Women 

 Premenopausal Postmenopausal 

 OR (95% CI) p OR (95% CI) p OR (95% CI) p 

Age, 1 y 
1.05 (1.04–

1.07) 
<0.001 

1.00 (0.83–

1.20) 
0.986 

1.06 (1.03–

1.09) 
<0.001 

BMI       

≤25 kg/m2 1  1  1  

25–30 kg/m2 
1.60 (1.04–

2.46) 
0.032 

4.30 (0.41–

44.98) 
0.223 

1.31 (0.70–

2.47) 
0.397 

>30 kg/m2 
3.11 (1.65–

5.85) 
<0.001 

2.83 (0.11–

73.67) 
0.532 

1.90 (0.82–

4.40) 
0.136 

Neck 

circumference 

1.10 (1.02–

1.19) 
0.012 

1.22 (0.77–

1.93) 
0.394 

1.13 (1.00–

1.28) 
0.053 

Waist-to-hip       
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ratio 

Q1 1  1  1  

Q2 
1.43 (0.90–

2.27) 
0.128 

0.41 (0.05–

3.15) 
0.391 

1.12 (0.48–

2.62) 
0.800 

Q3 
1.38 (0.85–

2.26) 
0.197 

0.39 (0.05–

2.75) 
0.345 

2.02 (0.95–

4.27) 
0.066 

Q4 
1.88 (1.15–

3.08) 
0.013 NA  

1.63 (0.72–

3.68) 
0.239 

Alcohol use 
1.04 (0.74–

1.45) 
0.818 

1.30 (0.20–

8.46) 
0.784 

1.36 (0.75–

2.47) 
0.307 

ESS 
1.01 (0.97–

1.05) 
0.639 

1.01 (0.81–

1.26) 
0.912 

0.98 (0.91–

1.05) 
0.588 

Snoring 
2.15 (1.41–

3.28) 
0.000 

5.08 (0.53–

48.35) 
0.157 

3.98 (2.03–

7.83) 
<0.001 

BMI, body mass index; CI, confidence interval; ESS, Epworth Sleepiness Scale; NA, not available; OR, odds ratio; Q, quartile. 
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- Sleep disordered breathing (SDB) is currently considered as a unique condition.  

- SDB prevalence was highly different among men, premenopausal women, and 

postmenopausal women. 

- SDB was associated with hypertension and depression only in women and not in men. 

- SDB was associated with diabetes exclusively in men and not in women.  

- Definition and management of SDB may need to be adapted to these groups’ 

specificities.  

 


