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Background and Objectives Female are less likely to be diagnosed with obstructive sleep
apnea (OSA) than male are and their symptoms are more likely to be overlooked because fe-
male usually show less typical classic symptoms of OSA, such as snoring, witnessed apnea,
and daytime sleepiness. In this study, we identified sex effects among patients who com-
plained of snoring or sleep apnea with adjusting for age.
Subjects and Method This study design was retrospectively conducted to compare sex and
age differences in 255 Korean patients complaining of snoring or sleep apnea by evaluating
medical history, rhinomanometry, physical examination, and polysomnography.
Results The sex difference in the apnea-hypopnea index decreased after 50 years of age. Fe-
male OSA patients complained of mild-to-moderate OSA with atypical symptoms. Male OSA
patients showed Berlin questionnaire scores, retropalatal Muller maneuver grade, and high
body mass index (BMI) as significant risk factors for OSA after adjusting for age. Female
OSA patients showed retropalatal Muller maneuver grade and high BMI as significant risk
factors. Berlin score was a typical risk factor in old male OSA patients.
Conclusion Anatomical and hormonal factors were thought to be risk factors for OSA espe-
cially in females, but contrary to expectations, there were no risk factors in old females when
adjusted for age. A careful approach should be taken to avoid overlooking sleep apnea in female.
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Introduction

Obstructive sleep apnea (OSA) can be diagnosed using ap-
nea-hypopnea index (AHI) or respiratory disturbance index

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

(RDI) values of >15 events per hour in an asymptomatic pa-
tient or AHI or RDI >5 events per hour in a patient with symp-
toms or signs of disturbed sleep.”

In the general population, the prevalence of OSA has been
reported to range from 9% to 38%” and almost 1 billion peo-
ple globally are estimated to be affected.” The prevalence of
OSA is also known to be affected by many risk factors includ-
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ing age, sex, and weight.” Age is a very important risk factor.
Although the prevalence of OSA peaks in middle age, the
prevalence of sleep apnea is known to increase with age. It is
also noted that the severity of sleep apnea decreases with age.”

Besides age, OSA shows a unique clinical picture by sex.
First, OSA is more common in male than female and the male-
to-female ratio of OSA is usually estimated to range from 3:1
to 5:1 in the general population.” However, as age increases,
this gap in OSA prevalence between males and females de-
creases because the prevalence of female OSA patients in-
creases after menopause.” This may be associated with chang-
es in the level of hormones such as progesterone or estrogen.”

Second, the severity and symptoms of OSA patients differ
by sex. In general, male have more severe OSA and female
have less severe symptoms at all ages.” Male OSA patients
complain more commonly of classic symptoms, such as sleep-
iness, snoring, or witnessed apnea. However, female OSA
patients complain of atypical symptoms, such as insomnia or
morning headache.'” This is one of the reasons why female
OSA patients are often undiagnosed.

Third, not only the symptoms were shown to differ with
sex but differences were seen in polysomnographic data. Male
OSA patients were found to have severe OSA with higher
AHI values and higher supine AHI values than female OSA
patients,"” but the rapid eye movement AHI values were re-
ported to be higher in females.'"”

Considering the above, it is important to understand the dif-
ferences between male and female OSA patients and consider
the differences in clinical features before and after menopause
in female for proper diagnosis and treatment. However, no
studies have examined the effects of menopause on OSA in
a large Asian OSA patient group without adjusting age.

This study aimed to identify the differences in OSA risk
factors by sex and the effect of menopause on OSA by analyz-
ing OSA-related questionnaires scores, physical findings like
tonsil size, palatal position, and Muller maneuver grade re-

sults using 2 age-matched sex groups after adjusting for age.

Subjects and Method

Data collection

This study was comprised of a sample of 255 patients in a
single-center who complained of sleep apnea or snoring based
on a retrospective review of medical records from January
2015 to May 2020. Demographic data such as age, medical
history, smoking history, and comorbidities were also collect-
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ed from the medical records. The medical records also include
symptoms confirmed with yes/no such as morning headache,
snoring, witnessed sleep apnea, mouth breathing, frequent
night awakeness, difficulty in falling asleep and re-falling
asleep, limb movement during sleep and daytime sleepiness/
fatigue/nap. All patients were administered the Berlin ques-
tionnaire, Epworth Sleepiness Scale (ESS) test, laryngoscope
test, thinomanometry, and overnight full-attended polysom-
nography (PSG) examination. Patients who failed to take
overnight PSG examinations were excluded and 255 patients
were finally included in the study.

The protocol for this study was approved by Institutional
Review Committee, St. Vincent Hospital, the Catholic Uni-
versity, Suwon, Republic of Korea (VC20RISI0194).

Physical examination

All patients underwent physical examination including la-
ryngoscopic examination in a sitting position. The tonsil size
was evaluated on a 4-point scale by oral examination: none
(0), small inside the tonsillar fossa (1+), laterally extending to
the tonsillar pillar (2+), hypertrophic but to the midline. Not
large (3+), large enough to touch the midline (4+). The posi-
tional relationship between palate and tongue was evaluated
with a 4-point grade by Frieman’s modification of Mallam-
pati classification.”

The modified Muller’s maneuver evaluated the collapsibility
of the pharyngeal wall with the patient’s nose and mouth com-
pletely closed and forced inspiration. The degree of obstruc-
tion was evaluated with the Fujita classification as follows:"”
type 1) upper pharyngeal obstruction, type 2) oropharyngeal
and hypopharyngeal obstruction, type 3) hypopharyngeal
obstruction.”

Body composition parameters

Body mass index (BMI, kg/m®) was calculated by dividing
the weight (kg) by the square of height (m). The neck, waist,
and hip circumferences were measured by 2 nurses in our
department.

Rhinomanometry

Active anterior rhinomanometry was used to measure the
patient’s nasal resistance and patency. An experienced tech-
nician measured the patients’ nasal resistance and flow with
the Rhinomanometrie 300 (ATMOS Medizin Technik GmbH
& Co. KG, Lenzkirch, Germany). The nasal resistance was
measured at each nostril by dividing the nasal pressure by the
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natural airflow (V). The nasal resistance (Pa/cm’/second) was
calculated according to the Standardization Committee on Ob-

jective Assessment of the Nasal Airway recommendations.

PSG

Overnight full-attended PSG was performed with Rem-
Logic-E ver.3.4.1 software and recorded with Embla N7000/
S7000 hardware (Embla Systems, Inc., Broomfield, CO, USA)
at the sleep center of St. Vincent Hospital.

OSA was defined as an AHI or RDI value of >5 events per
hour on an overnight full-attended PSG examination in a pa-
tient with symptoms or signs.

All PSG data were scored by the 2 sleep technicians and
reviewed by the same sleep specialist. Sleep stages, respirato-
ry events, arousals, movements, and sleep-related events index
were scored according to the criteria in the American Acad-
emy of Sleep Medicine Scoring Manual version 2.4."” The
sleep specialist diagnosed the severity of OSA.

Statistical analysis

The data were presented as n (%) for categorical variables
or mean value=*standard deviation for continuous variables.
The baseline variables were analyzed by independent t-test
based on normality, Wilcoxon rank sum test, or chi-square
test. The associations between OSA and independent vari-
ables were confirmed through univariable and multivariable
logistic regression analysis. All data analyses were performed
using the SPSS 20 (IBM Corp., Armonk, NY, USA). p<0.05
was considered statistically significant.

Results

The characteristics between male and female
subjects

The data from 255 age-matched patients were analyzed ret-
rospectively. According to the OSA severity, the subjects were
divided into 4 subgroups, normal, mild, moderate, and severe
subgroup. The numbers of male and female subjects in each
subgroup are shown in Fig. 1. There were more female pa-
tients than male patients in normal (»p=0.225), mild (p=0.452),
and moderate OSA patients’ group (p=0.028), but more male
patients had severe OSA patients’ group (p=0.001).

Although the mean age, ESS, and Berlin questionnaire re-
sults between the groups were not significantly different,
smoking history and symptoms like witnessed sleep apnea,
limb movement during sleep, and daytime sleepiness or fa-
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Fig. 1. Prevalence of OSA group in male & female patients with
snoring and sleep apnea. *p value<0.05 for difference. OSA, ob-
structive sleep apnea.

tigue were significantly different between the male and female
subjects.

Many body composition parameters were significantly
higher in the male group, such as neck, waist, and hip circum-
ferences, the neck-to-height ratio, BMI, and total nasal resis-
tance of under 75 pascals before or after mucosal constric-
tion was significantly higher in female than male subjects.

Different OSA risk factors between male and female
patients

Table 1 presents the OSA risk factors in all subjects, the
male group, and the female group. Age (older than 50 years),
ESS and Berlin questionnaire results, and the results of the
tonsil size, the palatal position and Muller maneuver were
significantly different between the non-OSA and OSA sub-
groups. Rhinomanometry results showed no significant dif-
ference between non-OSA and OSA subgroups for male as
well as female patients in Table 1.

The logistic regression results in Table 2 show that age (old-
er than 50 years), hypertension, lower Muller maneuver grade,
neck-height ratio, and BMI (>25 kg/m’) were highly related
to OSA in all subjects. However, after adjusting for age, high
Berlin scores (odds ratio [OR] 2.82, 95% confidence interval
[C1] 1.11-7.18, p=0.030), Muller maneuver grade I (OR 8.97,
95% CI 1.37-58.68, p=0.022), and high BMI were highly re-
lated to OSA in the male OSA patients. In the female OSA pa-
tients, Muller maneuver grade I (OR 11.46, 95% CI 1.95—67.20,
p=0.007) and morbid obesity with high BMI (>30 kg/m’, OR
23.27, 95% CI 1.15-469.5, p=0.040) were highly related to
OSA.

In conclusion, there was no difference in risk factors for
OSA between the male and female groups except for Berlin
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Table 1. Associations between multiple factors and OSA (AHI or RDI 25)

All patients (n=255) Male (h=127) Female (n=128)
Non OSA OSA Non OSA OSA Non OSA OSA
n=37) (=218 PV (215 (n=n12) PYAY® (hm22)  (n-10¢) P YOS

Age (years, >50) 6(16.2) 168(77.1) <0.001* 1(6.7) 86 (76.8) <0.001* 5(22.7) 82 (77.4) <0.001*
Comorbidities

Hypertension 2 (5.4) 84 (38.5) <0.001* 01(0.0) 46 (41.1) 0.002*  2(9.1) 38 (35.8) 0.014*

Diabetes 2(5.4) 32(147) 0189  1(6.7) 14(12.5 >0.999 1(4.5) 18(17.00  0.193

Dyslipidemia 1(2.7) 20 (9.2) 0.328 0(0.0) 4(3.6)  >0999 1(4.5 16 (15.1)  0.302

COPD or asthma 1(2.7) 732 >0.999 0(0.0) 1(0.9) >0.999 145 6(5.7) >0.999

Cardiovascular disease 0(0.0) 11 (5.0) 0.375 0(0.0) 6 (5.4) >0.999  0(0.0) 5(4.7) 0.587

Cerebellar vascular disease 0 (0.0) 9 (4.1) 0.365  0(0.0) 5(4.5 >0.999 0(0.0) 4(3.8  >0.999
Scoring

ESS (>10) 4(18.2) 82(39.6) 0.048* 1(10.0) 44 (40.4) 0.087 3(25.0) 38(38.8) 0.529

Berlin 5.6+29  82+37 0.017* 3.0+1.4 8.2+38 0.025* 6.3+28 8.2+3.46 0.119
Physical examinations

Tonsil grade 0 0(0.0) 3(1.4) <0.001* 0(0.0) 3(27) <0.001* NA NA <0.001*

Tonsil grade 1 3(8.1) 81(37.2) 0(0.0) 28 (25.0) 3(13.6)  53(50.0)

Tonsil grade 2 9(24.3) 110 (50.5) 2(13.3)  65(58.0) 7 (31.8) 45 (42.5)

Tonsil grade 3 25(67.6)  23(10.6) 13(86.7) 15(13.4) 12 (54.5) 8(7.5)

Tonsil grade 4 0(0.0) 1(0.5 <0.001* 0(0.0) 1009 <0.001* NA NA 0.001*

Palatal position 1 28(75.7)  37(17.0) 13(86.7) 13(11.6) 15 (68.2) 4(22.6)

Palatal position 2 3(8.1) 65(29.8) 1(6.7) 37 (33.0) 2(9.1) 8 (26.4)

Palatal position 3 6(16.2) 114(52.3) 1(6.7) 61 (54.5) 5(22.7) 3 (50.0)

Palatal position 4 0(0.0) 1(0.5) NA NA 0(0.0) ( 9)

Muller maneuver 1 33(89.2) 82(37.8) <0.001* 14(93.3) 42(37.5) 0.001* 19 (86.4) 40 (38.1) <0.001*

Muller maneuver 2 2(5.4) 100 (46.1) 1(6.7) 49 (43.8) 1(4.5) 51 (48.6)

Muller maneuver 3 2(5.4) 29 (13.4) 0(0.0) 19(17.0) 2(9.1) 10 (9.5)
Body composition

Neck circumferences (cm) 30.3+8.0 38.1+4.4 <0.001* 30.2+6.6 40.3+3.7 0.001* 30.3+9.1 35.8+3.7 0.025*

Waist circumferences (cm) 75.9+14.2 93.6+11.3 <0.001* 71.8+£152 96.4+9.7 0.002* 78.9+13.8 90.5+12.2 0.013*

Hip circumferences (cm) 84.5+14.2 102.2+9.5 <0.001* 76.4+16.8 103.8+7.7 0.001* 90.3+9.3 100.4+11.0 0.027*

Neck height ratio 0.20+£0.05 0.23+0.02  0.001* 0.22+0.02 0.24+£0.02 0.042* 0.20+0.06 0.23+0.02  0.022*

BMI (>30 kg/m?) 0(0.0) 47 (21.6) <0.001* 0(0.0) 26(23.2) <0.001* 0(0.0) 21(19.8) 0.001*
Rhinomanometry (total nasal cavity resistance before mucosal constriction, mean +sd)

Under 75 Pa 0.15£0.04 0.15£0.11  0.410 0.17+0.01 0.13+0.12  0.291 0.15+0.05 0.17+0.10 >0.999

Under 150 Pa 0.21+£0.06 0.23+0.15 0.638 0.23+0.01 0.22+0.16 0.420 0.21+0.08 0.24+0.13  0.952

Data are presented as n (%) or mean + standard deviation. *p value <0.05 for difference were determined using chi-square or
Wilcoxon rank sum test. OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; RDI, respiratory disturbance index; COPD,
chronic obstructive pulmonary disease; ESS, Epworth Sleepiness Scale; BMI, body mass index; Pa, pascal

questionnaire scores, retropalatal Muller grade, neck circum-
ference, and high BMI after adjusting for age.

OSA risk factors related to age in male and female
OSA patients

In the Republic of Korea, the mean age of menopause is as
early as 50 years old and so the age of 50 was used as the cut-
off point between young and old patients to analyze the ef-
fect of menopause on OSA in female patients.

The significant association between multiple factors and

sex according to 50 years old age is summarized in Table 3.
After adjusting for age, only obesity was highly correlated
with young male OSA patients. In the old male OSA patients,
only high Berlin questionnaire scores were highly related to
OSA. However, these factors are not significant risk factors
in old and young female OSA patients.

Especially for age, the gap between the average AHI values
in male and female subjects decreased after the age of 50 be-
cause the AHI values of older male OSA patients decreased
and the AHI values of female OSA patients slightly but steadi-
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Table 3. Univariable logistic regression analyses by sex and interaction (sexXpredictor) in the <50, 250 age group

<50 age (n=81)

>50 age (n=174)

Male Female . Male Female .
- - Interaction - - Interaction
Adjusted OR P Adjusted OR  p p value Adjusted OR P Adjusted OR  p p value
(95% CI)  value (95% Cl)  value (95% CI)  value (95% Cl)  value
3<Berlin score N/A N/A 56.48 0.151 0.197 102.8 0.031* 1.59 0.821 0.577
<8 (0.23-13823) (1.53-6887) (0.03-90.72)
Berlin score >8 3.84 0.448 4.43 0.409 104.4 0.030* 7.84 0.337
(0.12-124.5) (0.13-151.3) (1.58-6921) (0.12-524.6)
BMI>25-30 29.85 0.049* 1.47 0.758 0.317 8.36 0.194 1.63 0.592 0.675
(kg/m?) (1.02-874.3) (0.13-17.25) (0.34-206.3) (0.27-9.62)
(ref : <25)
BMI>30 40.40 0.071 6.38 0.275 4.22 0.405 3.25 0.470
(kg/m?) (0.73-2245) (0.23-177.9) (0.14-124.8) (0.13-79.87)
(ref: <25)

OR, odds ratio; Cl, confidence index; BMI, body mass index

60 -
— Male Female
50 -
40
30

20 -

Number of patients

<20 20-39 40-49 50-59 60—-69 >70

Average AHI (per hour)

Fig. 2. Comparison of AHI between male and female group ac-
cording to the age groups. AHI, apnea-hypopnea index.

ly increased (Fig. 2).

Discussions

This study aimed to analyze the differences in Korean male
and female sleep-disordered breathing patients visiting a sin-
gle-center according to sex and age and identify the associa-
tion between OSA and sex-specific factors after adjusting for
age. For this purpose, we used multiple parameters and re-
sults from the patient’s history, clinical features, and parame-
ters, the evaluation with parameters like ESS and Berlin ques-
tionnaire scores, physical examinations, body composition,
rhinomanometry, and PSG examinations.

In the general population, the prevalence of moderate-to-se-
vere OSA is higher in male than in female after corrections
for age and BML'® Similar to previous studies,'” typical OSA
symptoms like witnessed sleep apnea and daytime sleepiness
were observed more in male patients with statistically signifi-
cant differences in this study.

Age (=50 years) and hypertension were significantly asso-
ciated with OSA in both sexs but hypertension was not sig-
nificantly related to OSA in male and female group after ad-
justing for age, contrary to previous studies."”

The prevalence of female OSA seems to be sex hormone-
dependent, so postmenopausal female are more likely to visit
clinical practices for sleep-disordered breathing. However, our
results showed that OSA was more prevalent in middle-aged
male and female, contrary to other studies showing that OSA
was more prevalent in elderly than middle-aged female.” This
may be because postmenopausal women show less typical
OSA symptoms than middle aged women. Postmenopausal
women may have more changes in body composition affect-
ing OSA than middle aged women. Similar to previous stud-
ies, our results also showed the prevalence of severe OSA
was higher in male than in female."”

In our study, the gap between the average AHI values for
male and female OSA patients look similar to that from pre-
vious study. Other studies reported that the difference in AHI
values between male and female OSA patients decreased af-
ter the ages of 60—62 years."” Perger, et al.” reported that the
differences in OSA severity depending upon sex tended to
be attenuated in postmenopausal patients and the prevalence
of postmenopausal OSA patients increased. One possible ex-
planation for this difference is obesity and fat distribution,
which are affected by age and sex (by sex hormones).”” How-
ever, many studies have shown inconsistent results for the
association of OSA with sex-related obesity. Some studies
reported that BMI in male and female OSA patients was not
very different,” and other studies reported that the BMI of
female OSA patients was higher than that of male OSA pa-
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tients Some studies showed that male OSA patients were sig-
nificantly younger than female patients and had lower BMI
values. Our findings showed that the average age of the male
and female patients was similar at around 49 years old, and
the BMI was significantly higher in male patients. Both male
and female OSA patients were significantly older than 50 years
old. The logistic regression results showed that the OR for old
age and high BMI in male OSA patients was greater than in
female OSA patients. In particular, a high BMI from 25 to 30
kg/m* was identified as a significant risk factor for OSA in
young male OSA patients under the age of 50 after adjusting
for age. A previous study demonstrated differences in neck
fat deposition between males and females, which, together
with the greater overall soft tissue loading in the airway of
male, may be factors in the sex distribution of OSA.”"

After adjusting for age, only obesity and high Berlin ques-
tionnaire scores were significant risk factor for young male
and old male OSA patients, respectively. Unlike previous stud-
ies, where anatomical and hormonal factors were thought to
be risk factors for OSA, especially in female patients, when
adjusting for age, there were no risk factors in elderly female
patients. Non-anatomical factors like neuromuscular/respira-
tory dysfunction may be more important in female patients.

The ESS and Berlin questionnaires were very useful screen-
ing tools for sleepiness and OSA. Pataka, et al.” reported that
the Berlin questionnaires scores in female OSA patients were
relatively lower than in male patients and ESS did not differ
between the sexs. In general, there were no sex differences in
the prevalence of excessive daytime sleepiness scores of more
than 10, but extreme daytime sleepiness scores of more than
16 were more prevalent in male OSA patients.” In our study,
the Berlin questionnaire scores were identified as a signifi-
cant risk factor for OSA especially in old male OSA patients
with high OR.

Friedman, et al."” reported that big tonsils and uvula, a nar-
row oropharyngeal space, and low-lying soft palate were as-
sociated with OSA in obese patients. However, these pharyn-
geal structures may not play a significant role in patients with
snoring because the success rate of uvulopalatopharyngoplas-
ty is only 40.7%.*" Wu, et al.*” also reported that tonsil size,
uvula, and soft palate redundancy in male and female OSA
patients were not significant risk factors for OSA. Consider-
ing the above findings, the inconsistency of our results with
the common beliefs that bigger tonsils might be closely re-
lated to OSA might suggest that anatomical factors play less-
essential roles in OSA pathophysiology. Dynamic airway
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obstruction found by the Muller maneuver was significant in
both sexs, which was different from the results of Wu, et al.>
that a high retropalatal Muller grade was a significant risk
factor in non-obese male OSA patients.

Neck and waist circumferences, and the associated ratios
of male patients were larger than female patients with snor-
ing or sleep apnea. Both male and female OSA patients had
higher neck, waist, hip circumferences, and neck-height ratio
then non OSA patients with statistical significance. These fac-
tors are also identified in univariable logistic regression as
significant risk factors for OSA with low OR. However, after
adjusting for age, no body compositional factor was signifi-
cant risk factor for OSA in young and old group except BMI.
Contrary to our results, Kang, et al.® and Amra, et al.”” re-
ported that anthropometric indices such as neck circumfer-
ences and waist circumferences were risk factors for OSA.

Multiple factors such as fat distribution, upper airway struc-
ture, and sex hormones have been reported to affect the prev-
alence of OSA by sex.”™ Thus, we hypothesized that females
under and over the age of 50 years might show different body
composition features because the mean age of menopause in
the Republic of Korea is around the age of 50 years, which
was not confirmed in our study.

In our study, there are no statistically significant differences
in thinomanometry results between normal and OSA, young-
er and older female group. Avci, et al.” also reported that
there was no correlation between the nasal resistance mea-
sured by passive rthinomanometry, AHI, and other polysom-
nographic parameters. However, the correlation between nasal
stuffiness and apnea severity has been described differently
in several studies.”™" The importance of nasal stuffiness and
apnea severity is unclear and needs further study.

This study had several limitations. First, a further prospec-
tive longitudinal study is required to identify the effects of
OSA on the severity of variables such as ESS and Berlin ques-
tionnaire scores, and other physical findings. Second, a large-
scale further study enrolling more normal controls without
OSA is required. Third, although the effect of menopause in
the female group was considered in this study, it is necessary
to confirm menopausal status through hormone level confir-
mation or history-taking for female OSA patients, and not
simply assume menopausal status according to age. Lastly,
the results of the ESS and Berlin questionnaire may vary de-
pending upon the patient’s understanding of sleep symptoms
and OSA.

In conclusion, we confirmed that severe OSA and typical
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Significant risk factors:

old age (=50 years old)*, hypertension, Berlin questionnaire score,
Tonsil grade 3, Palatal position lI-Ill, Muller maneuver grade I*, neck,
waist and hip circumferences*, neck height ratio, high BMI (> 25 kg/m?)*

Y

Significant risk factors: OSA patients - .
Berlin questionnaire score, Male OSA patients Female OSA patients Significant risk factors:
Muller maneuver grade |,
Muller maneuver grade I, neck, 3 young male Old male Young female Old female < ) .
. . waist and hip circumferences,
waist and hip circumferences, OSA patients OSA patients OSA patients OSA patients high BMI (=30 kg/m?)
high BMI (>25 kg/m?) (<50yearsold) | (=50yearsold) | (<50yearsold) | (=50 years old) .

{ 1

Significant risk factor:
high BMI
(25—30 kg/m?)

high Berlin

Significant risk factor:

questionnaire score

Fig. 3. Multiple risk factors for OSA patients depending on sex and age from univariable logistic regression analysis with adjusting for age.

*univariable logistic regression analysis, p<0.001.

OSA symptoms had a high prevalence in male patients, where-
as mild-to-moderate OSA was more prevalent in the female
patients in Korean population. The gap in average AHI values
between male and female OSA patients was relatively high
in patients under 50 years old and low in those over 50 years
old. Multiple risk factors for OSA patients depending on sex
and age were summarized in Fig. 3. There were no risk fac-
tors in old female patients after adjusting age. Non-anatomi-
cal factors like neuromuscular/respiratory dysfunction may
effect on risk factors for female OSA patients. Evaluation
tools for OSA such as sleep-related questionnaires and phys-
ical examinations should be chosen depending upon the pa-
tient. Young female, young male, old female, and old male-
specific screening tools for OSA could be helpful for early
diagnosis and individualized treatment.
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