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Abstract 
Sleep disordered breathing (SDB) is an independent risk factor for cardiovascular disease. It is 
known to be associated more frequently with men than women, particularly in the premenopausal 
age range. The goal of this study is to evaluate gender differences among Korean patients diag-
nosed with SBD. This study included 309 patients who visited our Sleep Clinic due to sleep-related 
symptoms and were diagnosed with SDB by overnight polysomnography (PSG). We analyzed age, 
gender, body mass index, various PSG indices including sleep stages, apnea-hypopnea index (AHI) 
and AHI ratio in rapid eye movement (REM) versus non-REM (NREM) sleep stages (R:N ratio). Of 
those 309 patients diagnosed with obstructive sleep apnea, 217 (70.2%) were men (mean age 
51.05 ± 12.64 years) and 92 (29.8%) were women (mean age 64.53 ± 10.43 years). The mean AHI 
during total sleep time was 30.34 ± 21.17 in men and 21.47 ± 17.14 in women (P < 0.001). The AHI 
in NREM sleep was higher in men than in women (30.97 ± 22.39 versus 20.19 ± 18.17, P < 0.001), 
whereas the AHI in REM sleep was not significantly different between men and women (25.73 ± 
21.61 versus 28.00 ± 21.76, P = 0.402). REM SDB with R:N ratio higher than 2.0 was more fre-
quently observed in women than in men, 34.8% (32/92) of women, compared with 11.9% 
(26/217) in men (P < 0.001). Interestingly, the mean R:N ratio tended to decrease with increasing 
age in women, but remained relatively constant in men. The prevalence of REM SDB was higher in 
women than in men, and the gender difference was the most prominent in women with the age < 
60 years old compared to age-matched and older men or women > 60 years old. These findings 
suggest the possibility of different pathophysiologic mechanisms of SDB between genders and also 
between NREM versus REM sleep, which can be partly explained by the influence of female sex 
hormones. 
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1. Introduction 
Sleep disordered breathing (SDB) is an independent risk factor for cardiovascular disease. It is well known from 
previous epidemiological studies that men have higher prevalence of SDB or obstructive sleep apnea (OSA) 
than women, although the incidence in women increased dramatically in postmenopausal age [1] [2].  

Rapid eye movement (REM) sleep-related SDB is a phenomenon that sleep apnea and hypopnea appear pre-
dominately during the period of REM sleep, and defined as that the ratio of apnea-hypopnea index (AHI) be-
tween REM and non-REM (NREM) sleep (R:N ratio) is higher than 2.0 [3]-[6]. REM SDB has been estimated 
to be in wide range, between 7% and 62% of all OSA patients [1]-[5]. Interestingly, these studies have suggested 
that the REM SDB has a unique prevalence in different age and gender groups, which might be influenced by 
obesity and/or anatomical differences of upper airway between genders or during REM sleep.  

Previous literature suggest that upper airway muscle tension could be decreased most during REM sleep, and 
airway resistance increased, and thus could induce airway collapse [6] [7]. Airway tension during REM sleep 
could be the lowest as compared to other sleep stages since it is associated with a decrease of chemical receptor 
responses to hypoxia and hypercapnia in the medulla oblongata. OSA patients could have more SDB related to 
low oxygen saturation during REM sleep [8] [9], therefore extending our knowledge related to REM SDB has a 
clinical significance. However, data related to the difference in REM SDB between gender and age groups are 
still lacking in Asia, especially in Korea. This study aimed to compare sleep indices related SDB and to analyze 
various clinical factors, especially age and gender in Korean patients who were diagnosed with OSA based on 
overnight polysomnography (PSG). Our study revealed a comparable finding to the previous epidemiological 
studies in North American and European countries which showed women, especially during the premenopausal 
age, having higher percentage in REM SDB [1]-[5]. 

2. Methods 
2.1. Subjects 
This study recruited 309 patients diagnosed with SDB among those 1030 subjects who had visited Sleep Clinic 
due to various sleep related symptoms and performed overnight PSG at Ewha Womans University Medical 
Center between July 1, 2005 and July 1, 2014.  

Inclusion criteria were: 1) complete clinical and PSG records; 2) confirmed diagnosis of OSA based on clini-
cal and PSG findings; and 3) age between 30 - 79 years. Exclusion criteria were: 1) age less than 29 or older 
than 80 years old; 2) other cardiopulmonary disorders such as chronic heart failure or chronic obstructive pul-
monary diseases; and 3) any other neurological or psychological disorders, such as neurodegenerative diseases, 
major depression or schizophrenia. However, women with oral contraceptives, hormonal replacement therapy, 
or history of total abdominal hysterectomy with salpingo-oophorectomy were not excluded in the current study. 

2.2. Sleep Questionnaires and Night Polysomnogram (PSG) 
Subjects completed a self-administered sleep questionnaire, the Pittsburgh Sleep Quality Index (PSQI) [10], the 
Stanford Sleepiness Scale (SSS) [11], the Epworth Sleepiness Scale (ESS) [12], and the Beck Depression In-
ventory (BDI) [13] based on experiences over the previous month.  

We performed one night in-lab attended PSG (Comet XL Lab-based PSG, TWin PSG software, Grass-Tele- 
factor, RI, USA). All nighttime sleep recordings started after lights off according to the usual bedtime of sub-
jects and ended at their wake-up time the next morning. Cardiorespiratoroy monitoring was applied including 
bilateral monopolar central and occipital EEG with 4 channels (C3-A2, C4-A1, O1-A2, O2-A1), electro-oculo- 
gram (left outer canthus-A1, right outer canthus-A2), chin and bilateral tibialis anterior surface electromyogra-
phy (EMG), thermistor, pressure transducer air flow (PTAF), snoring sound registration by microphone, thoracic 
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and abdominal belts to measure respiratory movements (respiratory inductance plethysmography), electrocardi-
ogram (modified V2 lead), finger pulse oximetry, and body position sensor. 

Sleep staging and detection of respiratory events were based on Rechtschaffen and Kales Method [14]. Sleep 
apnea was defined as absence of respiration longer than 10 seconds, and hypopnea was defined as obvious re-
duction of respiration associated with EEG arousal or decreased oxygen saturation more than 3%. OSA was di-
agnosed when the apnea-hypopnea index (AHI) was higher than 5 per hour. REM SDB was determined by cal-
culating the REM AHI to NREM AHI ratio (R:N) and defined as R:N ≥ 2 and NREM AHI ≤ 15.  

We analyzed sleep stages, gender, body mass index, and other PSG indices including apnea-hypopnea index 
(AHI) and AHI ratio in REM versus NREM sleep stages (R:N ratio).  

2.3. Statistical Analysis 
Student t-test was used to compare clinical and sleep variables between men and women, between REM and 
NREM sleeps. Chi-square test was used to compare the prevalence of REM SDB and NERM SDB between men 
and women. All the statistical analyses were performed using the SPSS version 11.0 (SPSS Inc., Chicago, IL, 
USA). The level of significance was set at 0.05 allowing for 5% of alpha error.  

3. Results 
3.1. Clinical Sleep Characteristics of Patients Compared by Gender 
The clinical and sleep characteristics of all patients are summarized in Table 1. Of those 309 patients diagnosed 
with OSA, 217 (70.2%) were men and 92 (29.8%) were women. The mean age was older in women than in men 
(P < 0.001), but body mass index (BMI) was not different between men and women, nor between patients with 
REM SDB and NREM SDB. The mean AHI during total sleep time were 30.34 ± 21.17 in men and 21.47 ± 
17.14 in women (P < 0.001). The AHI in NREM sleep was higher in men than in women (30.97 ± 22.39 versus 
20.19 ± 18.17, P < 0.001), whereas the AHI in REM sleep was not significantly different between men and 
women (25.73 ± 21.61 versus 28.00 ± 21.76, P = 0.402). The mean R:N ratio was significantly higher in women 
than men (P < 0.001). In addition, REM SDB with R:N ratio higher than 2.0 was more frequently observed in 
34.8% (32/92) of women, compared with 11.9% (26/217) in men (P < 0.001) (Figure 1).  

3.2. Polysomnographic Findings of Patients 
Respiratory events recorded from PSG according to age and gender were summarized in Table 2. Although the 
AHI was higher in men than in women both age groups < 60 and ≥ 60 years old (P = 0.003 and P = 0.020, re-
spectively), the differences of mean value of AHI between men and women dramatically decreased from 12.53 
to 7.89 with increasing age. Interestingly, the mean R:N ratio tended to decrease with increasing age in women, 
but remained relatively constant in men (Figure 2). 
 
Table 1. Clinical and sleep characteristics of patients according to gender. 

 Total 
(N = 309) 

Men 
(n = 217) 

Women 
(n = 92) P-value REM SDB 

(n = 58) 
NREM SDB 

(n = 251) P-value 

Age (years) 55.06 ± 13.50 51.05 ± 12.64 64.53 ± 10.43 <0.001** 53.12 ± 13.60 54.11 ± 14.52 0.915 

BMI (kg/m2) 25.56 ± 3.81 25.70 ± 3.46 24.19 ± 4.15 0.170 24.91 ± 4.41 25.76 ± 3.58 0.077 

ESS 8.53 ± 7.28 9.49 ± 7.65 6.10 ± 5.55 <0.001** 7.30 ± 5.64 8.60 ± 7.60 0.208 

AHI 27.70 ± 20.43 30.34 ± 21.17 21.47 ± 17.14 <0.001** 21.28 ± 19.71 26.75 ± 21.31 0.008** 

REM AHI 26.40 ± 21.65 25.73 ± 21.61 28.00 ± 21.76 0.402 25.80 ± 21.36 22.15 ± 22.93 0.032* 

NREM AHI 27.76 ± 21.76 30.97 ± 22.39 20.19 ± 18.17 <0.001** 7.54 ± 3.10 31.74 ± 21.39 <0.001** 

R:N ratio 1.82 ± 1.81 1.21 ± 1.59 2.11 ± 2.14 <0.001** 4.77 ± 2.19 0.83 ± 0.71 <0.001** 

Abbreviation: NREM SDB, non rapid eye movement sleep disordered breathing; REM SDB, rapid eye movement sleep disordered breathing; BMI, 
body mass index; AHI, apnea-hypopnea index; R:N ratio, REM AHI:NREM AHI ratio, *P < 0.05, **P < 0.01. 
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Table 2. Polysomnographic sleep indices of patients according to age and gender. 

 Age < 60 years Age ≥ 60 years 

 Men Women Difference P-value Men Women Difference P-value 

AHI (total) 30.08 ± 21.48 17.70 ± 12.37 12.53 0.003** 31.53 ± 19.93 23.25 ± 18.56 7.89 0.020* 

REM AHI 25.43 ± 21.37 25.59 ± 19.38 0.16 0.850 27.02 ± 22.63 29.52 ± 22.65 2.49 0.550 

NREM AHI 30.76 ± 23.01 16.08 ± 13.23 14.53 <0.001** 31.62 ± 21.14 22.09 ± 20.09 9.53 0.008** 

R:N ratio 1.26 ± 1.68 2.61 ± 1.88 1.03 0.012* 1.07 ± 1.26 1.92 ± 2.27 0.91 0.003** 

Abbreviation: AHI, apnea-hypopnea index; REM, rapid eye movement sleep; NREM, non rapid eye movement sleep, R:N ratio, REM AHI : NREM 
AHI ratio, *P < 0.05, **P < 0.01. 
 

 
Figure 1. Prevalence of REM-SDB between men and women 
with SDB. 

 

 
Figure 2. The mean AHI ratio in REM versus NREM sleep stages 
(R:N ratio) by age in men and women with SDB. 

4. Discussion 
This study was performed to investigate the age and gender differences in Korean patients with REM SDB. 
Overall, the prevalence of REM-related OSA was higher in women than in men, and the gender difference was 
the most prominent in women before the age of 60 years, compared with age-matched and older men or women 
older than 60 years. Interestingly, mean R:N ratio tended to decrease with increasing age in women, but re-
mained relatively constant in men.  

In our study, 32 patients (34.8%) from 92 women diagnosed with OSA had REM SDB while 26 patients 
(11.9%) from 217 men had REM SDB, which showed lower prevalence than a previous study that showed 62% 
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for women and 24% for men [1], but slightly higher than the study result from another study that reported 24.5% 
for women and 7.9% for men [4]. Most other studies reported with the range of 10% - 36% of REM SDB, which 
was comparable with our results [2] [3] [5]. We assume that such difference of prevalence could be affected by 
the demographic differences of previous studies. Also, women showed a tendency of R:N ratio decrease as they 
get older but men maintained an even level without any big difference in our study. In addition to the fact that 
women had more frequent REM SDB than men unlike the prevalence of overall OSA, the difference in women 
with different ages suggest possibility of influences from sex hormones, BMI or other factors in REM SDB.  

Regarding female hormones, estrogen and progesterone have been shown to increase the activity of the ge-
nioglossus muscle, the upper airway dilator [15], with the highest peak phasic and tonic activity in the luteal 
phase when progesterone effect is dominant. Another study revealed that upper airway resistance was also the 
lowest in the luteal compared with the follicular phase [16]. Moreover, progesterone has been reported to in-
crease ventilatory reaction to hypoxia and hypercapnia [17] [18], and could induce a protective action regarding 
SDB and could thus lead to the low overall percentage of women with SDB. But, overall muscle relaxation oc-
curs in REM and thus female hormones’ effects on upper airway muscle may decrease. Additionally, the upper 
airway in women could collapse easily than men due to the smaller relative size of the female upper airway, and 
its anatomical structure [19]. These factors may make women more vulnerable to SDB during REM. As ex-
plained before, a decrease in the chemical receptor responses of medulla oblongata to hypoxia and hypercapnia 
occurs in REM along with a decrease in the effect of progesterone, could work together to produce a protective 
effect for women during SDB. Therefore, a gender difference in REM SDB (women having higher prevalence 
than men) occurred and also the decreased prevalence along with the increase of age in women was believed to 
occur because of a relative decrease of R:N ratio in older postmenopausal women who could not benefit from 
the protective effect of female hormones against SDB, during all the cycles of sleep, as do women before me-
nopause, and thus their susceptibility to SDB might increase not only during REM but in NREM sleep as well. 
Conversely, we could apply the reason to men’s result that a relatively even R:N ratio was maintained for them 
without beneficial effects of female sex hormones throughout the various age groups. 

Obesity is a well-known risk factor for OSA [20]. During the process of upper airway collapse in NREM, fe-
male hormones increase the tension of the upper airway and thus can induce protective effects but, such effects 
would be less than optimal during REM. As a result, the level of obesity required to induce SDB should be 
greater in NREM than REM and we can expect women with NREM SDB to have a higher BMI than those with 
REM SBD. In this study, however, BMI between patients with REM SDB and NREM SDB were not different, 
nor between men and women.  

This study has several limitations. First, the subjects were recruited in the single hospital. Second, female 
hormones were not measured during the research and there was no investigation into the menstrual cycles or use 
of hormone therapy and related medications that could affect female hormone secretion. Hormonal replacement 
therapy, oral contraceptives, history of total abdominal hysterectomy with salpingo-oophorectomy, or hormonal 
replacement therapy in pre- and postmenopausal women might have some influences on gender differences in 
SDB. Despite of such limitations, we observed a relatively higher percentage of women with REM SDB com-
pared with men, especially in younger age group < 60 years. Therefore, this study is meaningful and these re-
sults raise awareness for the importance of customized treatments for individual patients with OSA especially in 
different gender and age groups, which needs more attention for every day clinical practice in sleep clinics. 

5. Conclusion 
In conclusion, the prevalence of REM RDB was higher in women than in men in Korea, and the gender differ-
ence was the most prominent in women with younger age before 60 years old, compared with age-matched and 
older men or women older than 60 years old. These findings suggest different pathophysiologic mechanisms of 
SDB between gender and also between REM and NREM sleep, which can be partly explained by the influence 
of female sex hormones. 
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