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Sex Differences in Obstructive Sleep Apnea
by Bioelectrical Impedance Analysis
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Background and Purpose Obesity is known of one of the risk factors for obstructive sleep
apnea (OSA). Although body mass index (BMI) can be an indicator for obesity, it does not
represent the actual body composition of fat or muscle. We hypothesized that bioelectrical
*Department of Neurology, impedance analysis (BIA) can help analyze the fat and muscle distributions in males and fe-

Neuroscience Center, males with OSA.

Samsung Medical Center, Methods This study screened subjects who visited the Department of Neurology, Samsung
Sungkyunkwan University

School of Medicine, Seoul, Korea Medical Center, Seoul, Korea due to sleep disturbances with symptoms suggestive of OSA from
®Department of Neurology, December 2017 to December 2019. All subjects underwent overnight type I polysomnography

Inje University College of Medicine, (PSG) and BIA.

llsan Paik Hospital, Goyang, Korea Results PSG and BIA were completed in 2,064 OSA patients who had an apnea-hypopnea

index (AHI) of =5/hour (77.1% males and 22.9% females). The females had remarkably
higher fat indicators and lower muscle indicators. The AHI was significant correlated with all
BIA parameters in all OSA patients: body fat mass (p=0.286, p<0.001), percentage body fat (p=
0.130, p<0.001), visceral fat area (VFA) (p=0.257, p<0.001), muscle mass (p=0.275, p<0.001),
and skeletal muscle mass (SMM) (p=0.270, p<0.001). The correlations in males were similar to
those in all patients, where those in females were not. In females with OSA, all of the BIA fat in-
dicators were correlated with AHI, whereas the muscle indicators were not. Adjusting age and
BMI when analyzing the SMM/VFA ratio showed a strong correlation in males with OSA (p=
0.015) but not in females with OSA (p=0.354).

Conclusions This study has revealed that the body composition of fat and muscle has different
patterns in OSA patients. The SMM/VFA as measured using BIA is the factor most significantly
associated with AHI in males but not in females after adjusting for age and BML.
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of 23.0 to 24.9 kg/m” indicates overweight, and a BMI of >25
kg/m?” indicates obesity in Korea. However, BMI has limita-
tions in assessing the actual body composition because it does
not accurately reflect the true body fat composition,** and
hence may underestimate obesity-related risks for patients
with normal BMI.

Accurate obesity assessments need to be based on body
composition measurements, including measurements of body
fat and body muscle.*"' Bioelectrical impedance analysis (BIA)
is an easy, convenient, and widely used method for analyzing
the body composition. It measures various aspects of the body
composition including BMI and the muscle and fat distribu-
tions. The reproducible results have shown high accuracies
and strong correlations with dual-energy X-ray absorptiom-
etry assessments of body fat.">"> However, the relationships
between OSA and parameters measured by BIA have not
been well investigated. There have been attempts to screen
OSA in type 2 diabetes mellitus patients using BIA," with re-
sults indicating that the body muscle-to-fat ratio as measured
with BIA can be used to screen for OSA.

OSA is more prevalent in males, which is largely explained
by sex hormones."” Sleep apnea in females exhibits different
trends depending on their menopausal state,*'® with it tend-
ing to be less severe in premenopausal females and females
receiving hormone replacement treatment than in untreat-
ed postmenopausal females.">'"”""* However, males tend to
have a higher mean body weight, free fat mass, and neck cir-
cumference (NC) compared with females,” and hence there
may be distinctive differences in the body composition be-
tween the sexes aside from the hormonal state.

This study aimed to determine the relationship between
OSA severity and body composition using BIA measure-
ments, and further determine differences therein between
males and females.

METHODS

Study population and study protocol

We analyzed subjects who visited the Department of Neurol-
ogy, Samsung Medical Center, Seoul, Korea due to sleep dis-
turbances with symptoms suggestive of OSA. The subjects
were consecutively enrolled from December 2017 to Decem-
ber 2019. We selected patients with suspected symptoms of
OSA by self-reported or witnessed snoring or apnea during
sleep, morning headache, dry mouth, or excessive daytime
sleepiness. Those who had OSA-compatible symptoms with
oropharyngeal examination findings and completed over-
night type I polysomnography (PSG) and BIA were included
in the study. Subjects who were diagnosed with OSA accord-
ing to criteria of the American Academy of Sleep Medicine
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(AASM) were finally enrolled.”’ We excluded subjects who
were aged <18 years, who could not remain standing to have
an elementary body composition test, and who did not un-
dergo PSG and BIA. Written informed consent was obtained
from all participants. The study was conducted in accordance
with the Declaration of Helsinki, and the study protocol was
approved by the Human Ethics Review Committee of Sam-
sung Medical Center (protocol registration system ID: 2019-
01-051).

Polysomnography

All subjects underwent overnight type I PSG. PSG was con-
ducted using six-channel electroencephalography, two-chan-
nel electrooculography, and a minimum of four-channel elec-
tromyography for the chin, intercostals muscles, right and left
anterior tibialis, sleep stages, arousals, apneas/hypopneas,
and rapid-eye-movement sleep without atonia as analyzed
manually according to the AASM criteria. PSG was conducted
by PSG technicians, with the obtained data reviewed by certi-
fied sleep specialists. Apnea was defined as decrease of >90%
in the thermistor-based airflow in the presence of continued
respiratory effort lasting at least 10 seconds. Hypopnea is
defined as a decrease of >30% in the nasal pressure signal
lasting for at least 10 seconds, accompanied by a decrease of
23% in oxygen saturation or an arousal. The apnea-hypop-
nea index (AHI) is a ratio of the sum of apnea and hypopnea
episodes to the total hours of sleep, with the values used to di-
vide subjects into normal (AHI<5), mild (5<AHI<15), mod-
erate (15<AHI<30), and severe (AHI=>30) groups.

Measurement of body composition

The human body is composed of water, protein, fat, and min-
erals, which have different bioelectrical impedances.”” BIA
using the InBody770 device (Biospace, Seoul, Korea) was ap-
plied when subjects visited for PSG investigations. This an-
alyzer uses a direct segmental multifrequency BIA method to
investigate the body composition using 30 impedance mea-
surements at 6 frequencies (1, 5, 50, 250, 500, and 1,000 kHz)
on each arm, each leg, and the trunk. BIA is an easy and non-
invasive method; after 3 hours of fasting, the subject empties
their bladder and then holds the detection handles and re-
mains stationary, with data being obtained automatically. The
parameters consisted of weight, BMI, BEM, percentage body
fat (PBF), segmental BFM, visceral fat area (VFA), muscle
mass (MM), skeletal muscle mass (SMM), segmental MM,
and skeletal muscle mass index. Segmental means were ob-
tained for parameters measured on each limb (right arm,
right leg, left arm, and left leg).



Measurement of anthropometric parameters
Segmental circumferences were measured using a flexible
plastic measuring tape. The head circumference was measured
at 2.5 cm above the ears, at 7.5 cm above the eyebrows, and
at the middle of the occipital bone. NC was measured from
the level just below the laryngeal prominence perpendicular
to the axis of the neck. The waist circumference (WC) was
measured horizontally at the midline between the costal mar-
gin and iliac crest. The hip circumference (HC) was measured
at the widest part of the hip. The waist-to-hip ratio (WHR)
was calculated as WC/HC. Segmental circumferences includ-
ing both arms and legs were measured at the midpoint of the
upper arm and 5 cm below the top of the inner leg.

Statistical analyses

Statistical analyses were performed using the Statistical Pack-
age for the Social Sciences (version 22.0, IBM Corp., Ar-
monk, NY, USA). Categorical variables are given as numbers
and percentages, and continuous variables are given as meant
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standard-deviation values. In univariate analyses, the x’ test
or Fishers test was used for comparisons of categorical vari-
ables. Students ¢ test or the Mann-Whitney U test was used
for comparing continuous data between two groups, while
one-way analysis of variance (ANOVA) or the Kruskal-Wallis
test was performed when more than two groups were com-
pared. Correlation analysis was performed using Spearman’s
rank correlation coeflicient. In multivariate analyses, ANO-
VA with a general linear model was used to investigate the
differences in BIA measurements with adjustment for con-
founders in different sexes. A probability value of p<0.05
was considered statistically significant.

RESULTS

Baseline clinical characteristics of the study patients
This study initially enrolled 2,616 subjects who had sleep dis-
turbances with suspected symptoms of OSA. Among them,
26 subjects who were younger than 18 years and 111 who

Table 1. Characteristics of obstructive sleep apnea patients according to sex

Total (n=2,064)

Males (n=1,591)

Females (n=473) p (males vs. females)

Age, years 54.0+139
Anthropometric measurements
Height, cm 167.8£8.8
Weight, kg 75.3%£15.0
BMI, kg/m? 26.6+4.3
NC, cm 37.1%3.4
WC, cm 89.7£11.9
HC, cm 100.3%7.3
Waist-to-hip ratio 0.89+0.06
Polysomnography
AHI, nfhour 33.0+232
Mild 525 (25.4)
9.6129
Moderate 614 (297)
21.814.3
925 (44.8)
Severe
53.8£19.0
Total arousal index, n/hour 29.4+16.7
Respiratory arousal index, nfhour 21.4%185
BIA
BFM, kg 21.7485
PBF, % 284175
VFA, cm? 96.7140.3
MM, kg 50.619.6
SMM, kg 29.8+6.2
SMM/VFA, kg/cm? 0.36+0.17

52.6114.0 58.8%12.2 <0.001
1711164 156.6%6.4 <0.001
79.1£13.7 62.6112.0 <0.001
27.0%4.1 255%47 <0.001
380+2.7 33.8%35 <0.001
91.4+11.6 83.7+10.6 <0.001
101.71638 95.8+7.1 <0.001
0.90%0.06 0.87+0.06 <0.001
3584235 23.81+19.6 <0.001
330 (20.7) 195 (41.2)
9.7+29 94428 0142
456 (28.7) 158 (33.4)
219+43 21.6+4.4 0444
805 (50.6) 120 (25.4)
54.3+18.6 50.1+21.0 0025
315+17.3 22.0+119 <0.001
2414192 1252119 <0.001
214185 226186 <0.010
26.4%6.4 35.2%7.1 <0.001
92.7438.2 110.2+44.2 <0.001
54.4%7.0 37.6149 <0.001
32.3+45 21.4%3.1 <0.001
0.40%0.17 0.23+0.10 <0.001

Data are mean=standard deviation or n (%) values.

AHI: apnea-hypopnea index, BFM: body fat mass, BIA: bioelectrical impedance analysis, BMI: body mass index, HC: hip circumference, MM: muscle
mass, NC: neck circumference, PBF: percentage body fat, SMM: skeletal muscle mass, VFA: visceral fat area, WC: waist circumference.
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had inappropriate sleep data were excluded. PSG and BIA
were completed in 2,479 patients, of which 2,064 [1,591 males
(77.1%), 473 females (22.9%)] were finally enrolled in the
study analysis after excluding 415 (169 males, 246 females)
who had AHI <5/hour.

The severity of OSA in the 2,064 patients was as follows:
525 (25.4%) mild (55AHI<15/hour), 614 (29.7%) moder-
ate (15<AHI<30/hour), and 925 (44.8%) severe (AHI>30/
hour). The other baseline characteristics along with the PSG
and BIA results are presented in Table 1. The enrolled pa-
tients were aged 54.0113.9 years and had an AHI of 33.0+
23.2/hour and a BMI of 26.614.3 kg/m”. The BIA results were
PBF=28.4+7.5%, VFA=96.7+40.3 cm’, and MM=50.619.6 kg.

Anthropometric measurements and PSG results
according to sex

There was a preponderance of males in the study (n=1,591,
77.1%). The sex differences in the anthropometric measure-
ments and PSG findings are presented in Table 1. Male pa-
tients were significantly taller and heavier than female pa-
tients, with higher BMI, along with significantly higher values
of NC, WC, HC, and WHR. PSG revealed that the AHI and
the respiratory arousal index were higher in male patients than
in female patients. The sex differences were only significant
in the severe-OSA group.

Sex differences in BIA results

The BIA results were also revealed significant sex differences
in the muscle and fat distributions. The females with OSA
had remarkably higher fat indicators and lower muscle indi-
cators than did the males with OSA. The BFM, PBE and VFA
were significantly higher in females than in males (21.4%8.5
kg vs. 22.6£8.6 kg, p<0.01; 26.416.4% vs. 35.217.1%, p<
0.001; and 92.7+38.2 cm? vs. 110.2+44.2 cm’, p<0.001). But,
the MM, SMM, and SMM/VFA were significantly higher in
males than in females (54.41+7.0 kg vs. 37.6+4.9 kg, p<0.001;
32.3%4.5 kg vs. 21.4+3.1 kg, p<0.001; and 0.40+0.17 kg/cm’
vs. 0.23+0.10 kg/cm’; p<0.001) (Table 1).

Body composition analysis and Spearman’s rank
correlation analysis for AHI

In Spearman’s rank correlation coefficient analysis, all BIA
measurements were significantly positively correlated with
AHI (Table 2): BEM (p=0.286, p<0.001), PBF (p=0.130, p<
0.001), VFA (p=0.257, p<0.001), MM (p=0.275, p<0.001),
and SMM (p=0.270, p<0.001). However, the correlations
varied with sex, with their significance being was greater in
males. The correlations were consistently seen in the males
with OSA, whereas for the females with OSA, BIA for all of
the fat measurements revealed significant positive correla-
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Table 2. Simple correlations between AHI and anthropometric or BIA
parameters

Total Males Females
(n=2,064) (n=1,591) (n=473)
BMI 0.370* 0.361* 0.302*
NC 0.371* 0.305* 0.272*
Chest circumference 0.370* 0.305* 0.261*
WC 0.356* 0.320* 0.260*
HC 0.358* 0.313* 0.240*
Right arm circumference 0.376" 0.332* 0.280*
Left arm circumference 0.377* 0.332% 0.283*
Right leg circumference 0.317* 0.270* 0.176*
Left leg circumference 0.316" 0.270* 0.171*
BIA
BFM 0.286* 0.331* 0.271*
Right arm BFM 0.246" 0.321* 0.273*
Left arm BFM 0.246* 0.320* 0.267*
Trunk BFM 0.307* 0.335* 0.278*
Right leg BFM 0.250* 0318 0.251*
Left leg BFM 0.245* 0.315* 0.249*
PBF 0.130* 0.304* 0.277*
VFA 0.257* 0.333" 0.292*
MM 0.275* 0.166* 0.077
SMM 0.270% 0.160* 0.064
Right arm MM 0.308* 0.212* 0.171*
Left arm MM 0.310* 0.212* 0.184*
Trunk MM 0.300* 0.201* 0.141%
Right leg MM 0.247* 0.130* 0018
Left leg MM 0.245* 0.126* 0.004
SMM/VFA -0.11* -0.302* -0.278*

*p<0.001, Fp<0.05.

AHI: apnea-hypopnea index, BFM: body fat mass, BIA: bioelectrical
impedance analysis, BMI: body mass index, HC: hip circumference,
MM: muscle mass, NC: neck circumference, PBF: percentage body fat,
SMM: skeletal muscle mass, VFA: visceral fat area, WC: waist circum-
ference.

tions with AHI, but not for the following muscle measure-
ments: MM, SMM, right leg MM, and left leg MM. Further
analysis of SMM/VFA revealed negative correlations in all
patients, male OSA patients, and female OSA patients.

Multiple regression analysis of correlations between
AHI and BIA parameters

Considering the presence of multicollinearity, multiple re-
gression analysis was performed with selected parameters
(Table 3, Fig. 1). After adjusting for covariates, age, sex, and
BMI, and SMM/VFA were related to AHI in all of the en-
rolled OSA patients (Model 1). Similar findings were obtained
in males with OSA (Model 2). However, in the females, after
adjusting confounding factors of age, sex and BMI, SMM/
VFA was no longer associated with AHI (Model 3).



Table 3. Results of multivariate regression analysis of AHI
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Model 1 (R?>=0.218)

Model 2 (R?>=0.162)

Model 3 (R>=0.210)

Variable Beta (95% ClI) p Beta (95% ClI) p Beta (95% Cl) p
Age 0.012 (0.001 t0 0.014) <0.001 0.011 (0.008 to 0.013) <0.001 0.017 (0.012 t0 0.023) <0.001
Sex, male 0.467 (0.361 to 0.551) <0.001 Males only Females only
BMI 0.062 (0.054 to 0.071) <0.001 0.064 (0.053 to 0.075) <0.001 0.064 (0.048 to 0.081) <0.001
SMM/VFA -0.289 (-0.520 to -0.058) 0.014 -0.309 (-0.557 to -0.061) 0.015 0.393 (-0.440 to 1.226) 0.354

Model variables included demographics (age and sex) and BMI.

AHI: apnea-hypopnea index, BMI: body mass index, Cl, confidence interval, SMM: skeletal muscle mass, VFA: visceral fat area.
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Fig. 1. Ratio of SMM to VFA according to the AHI in female and male patients with OSA. After adjusting confounding factors, SMM/VFA was sig-
nificantly related to AHI in all OSA patients and in male OSA patients, but not in female OSA patients. AHI: apnea-hypopnea index, OSA: obstruc-

tive sleep apnea, SMM: skeletal muscle mass, VFA: visceral fat area.

DISCUSSION

OSA is a repetitive upper airway obstruction, and parame-
ters associated with airway narrowing contribute as risk fac-
tors. Obesity is the most important risk factor, and BMI has
been a good indicator. However, performing meticulous as-
sessments of individual patients are problematic. More ac-
curate assessments of body composition can be achieved us-
ing computed tomography, magnetic resonance imaging,
dual-energy X-ray absorptiometry, and BIA,"" and BIA has
been found to be a convenient and cost-effective method.
To our best knowledge, this is the first large cross-sectional
study to analyze the BIA results in OSA patients, including
assessments for different sexes in the Korean population.
The incidence of OSA is higher in males than in females
(4% vs. 2%).2** Several factors contribute to the male pre-
dominance in the prevalence of OSA, including the anatomic
size, collapsibility, and resistance of the upper airway, hor-

monal changes, different clinical presentation, and tolerance
of symptoms.”> Moreover, the body composition (especially
the fat distribution) varies between males and females, with
females generally having a higher PBE. In the present study,
the males with OSA had higher BMI, WC, MM, and SMM,
but lower BFM, PBE and VFA than did the females with
OSA. The correlation analysis revealed that fat and muscle
parameters were correlated in all of the OSA patients, with a
similar pattern in males. However, in females the fat param-
eters were correlated with OSA severity whereas the muscle
parameters were not.

Previous studies have revealed that visceral fat accumula-
tion is associated with OSA.**”” Another study demonstrat-
ed that the primary type of fat associated with OSA is vis-
ceral adiposity in males but global adiposity in females.”® A
VFA assessment using computed tomography indicated that
despite similar BMI and WC, males had larger VFA and more-
severe OSA than females, with an independent association.”
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The present study found that AHI was positively correlated
with BEM, PBE and VFA in both females and males, with the
correlations being stronger in males.

This study also revealed significant differences in muscle
parameters between males and females with OSA. Male OSA
patients exhibited significant correlations with MM, SMM,
and segmental MM, whereas females with OSA showed
correlations only for the trunk, right- and left arm MM, and
not for any other muscle indicators. One study has investigat-
ed the associations between OSA and skeletal muscle mea-
surements using computed tomography, and found positive
correlations between muscle parameters and AHL* In our
study, while visceral fat had similar patterns in males and fe-
males with OSA, the muscle parameters exhibited patterns
that differed with sex. The significance of this finding was fur-
ther supported after adjusting for age and BMI, with SMM/
VFA being significantly negatively correlated in males but
not in females. Certain parameters of the body composition
were significantly correlated in males with OSA but not in
females.

BIA assessments have previously been used in OSA, but
mostly with a focus on analyzing the overnight fluid shift.*"**
OSA patients have a higher baseline fluid content in both
legs, and their overnight shifts may aggravate airway narrow-
ing during sleep as compared with non-OSA subjects.” Only
one study has investigated the body composition using BIA
in OSA patients with diabetes mellitus, and the results sug-
gested that the muscle-to-fat ratio obtained by BIA can be used
to screen for OSA in patients with inadequately controlled
type 2 diabetes mellitus: the area under the curve was 0.70
(p<0.001)." Our study further revealed that the ratio between
muscle and fat is different in OSA patients of different sexes.

This study had some limitations. First, this was a cross-
sectional observation study, and so it could not reveal the
exact causative relationships between OSA and BIA param-
eters. However, we were able to report apparent associations.
Second, we did not compare BIA data with data from other
assessments. Computed tomography and magnetic reso-
nance imaging are the gold standards for quantitative as-
sessments of fat or muscle, and so future studies are needed
to confirm the accuracy of BIA data. Third, we did not dis-
tinctly analyze data on the menopause status of females, de-
spite hormonal effects being important in OSA. Fourth, our
population was restricted to males and females living in Ko-
rea, and so the results might not be applicable to other pop-
ulations.

In conclusion, this study has revealed significant sex dif-
ferences in the body composition of fat and muscle in OSA
patients. The ratio of SMM to VFA as measured by BIA could
be the most significant factor that is negatively associated
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with AHI in males but not in females with OSA after adjust-
ing for age and BML
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