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Abstract 
Background: Obstructive Sleep Apnea (OSA) is prevalent in obese patients. 
OSA should be evaluated because it might increase mortality. We aimed to 
evaluate the risk for OSA in obese Korean adults, and to examine the obesity 
indices most strongly associated with OSA. Method: Anthropometric mea-
surements, fat computed tomography (CT) and dual energy X-ray absorpti-
ometry (DEXA) were performed in 30 obese patients. All patients were di-
vided into low or high risk group of OSA using Berlin Questionnaire. We 
compared differences between the groups in obesity-related indices. Result: 
Eleven of the 30 patients (36.7%) were in the low OSA risk group and 19 
(63.3%) were in the high OSA risk group. The correlation coefficients for 
BMI, neck circumference, and neck-to-height ratio × 100(%) in the high-risk 
group versus the low-risk group were 1.03, 1.96, and 4.04, respectively (P = 
0.03). Conclusion: The obesity index most strongly associated with OSA was 
neck circumference to height ratio. 
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1. Introduction 

Obesity causes chronic disease including cardiovascular disease, diabetes and can-
cer, and 40% - 90% of obese patients also exhibit signs and symptoms of sleep 
apnea [1]. Obesity-related obstructive sleep apnea (OSA) refers to repeated pha-
ryngeal obstruction during sleep, which not only leads to negative consequences, 
such as fatigue, reduced cognitive ability, headache, depression and sexual dys-
function, but also increases the risk for hypertension, cardiovascular disease, 
arrhythmia, and heart failure. OSA, therefore, is one of the most important 
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diseases to be assessed early in obese patients [2]. Risk factors associated with 
OSA include obesity, male sex, older age, neck circumference, facial dysmor-
phism, genetic factors, and thyroid disease [2]. 

Body mass index (BMI) is widely used as a measure of obesity; however, be-
cause it does not reflect the extent of obesity, it is difficult to use for diagnosing 
and evaluating the severity of OSA. Obesity and regional fat distribution, meas-
ured by neck fat mass percentage using dual-energy X-ray absorptiometry 
(DEXA), might correlate with obstructive sleep apnea (OSA) severity in adults 
[3], but Martin et al. reported the lack of correlation between DEXA measure-
ments changes and the changes in the apnea hypopnea index [4]. There are still 
conflicting opinions among researchers regarding the factors that enable easy 
assessment of OSA, and a lack of research in this regard in Korea remains. Ac-
cordingly, the present study aimed to evaluate the risk for OSA in obese Korean 
adults, and to examine the obesity indices most strongly associated with OSA. 

2. Methods 
2.1. Subjects 

Obese adults who visited the obesity clinic at a single university hospital for an 
initial consultation between March and July 2013 were investigated. Thirty-four 
patients underwent an initial consultation during the study period; however, 
DEXA could not be performed in 4 individuals due to super-morbid obesity; 
therefore, 30 patients were included in the final analysis. 

2.2. Anthropometric Measurements, DEXA, and Fat Computed  
Tomography 

Patient height, weight, neck circumference, and waist circumference were meas-
ured at the first visit. Neck circumference was adjusted by separately calculating 
the neck-to-height ratio (neck circumference divided by height [both in cm]). 
Anthropometric measurements were each performed twice by a trained special-
ist, and the average of the two measurements was used. Height was measured in 
cm and weight was measured in kg. Neck circumference was measured in cm, in 
the horizontal plane passing through the center of the cricothyroid membrane; 
waist circumference was measured in cm at the widest point below the navel. 

Fat computed tomography (CT) and DEXA were performed in all patients. 
For fat CT, an Aquilion ONE (Toshiba, Otawara, Japan) device scanned a trans-
verse section at the level of the navel (transverse cut), the Terarecon iNtuition 
program was used to select fat as areas of −190 to −30 Hounsfield units, and the 
areas of visceral and subcutaneous fat were calculated. Total body fat mass and 
regional fat mass were measured using a fan-beam densitometer (Lunar Prodigy, 
GE Medical Systems, Diegem, Belgium). Body fat corresponded to body weight 
in kg minus lean mass and bone mineral content. Arm, leg, trunk, android, and 
gynoid fat mass were calculated based on specific anatomical position, according 
to guidelines from the manufacturers of the DEXA instrument. To determine 
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the regional distribution of total body fat mass, the regional fat mass values 
measured using DEXA were divided by the total body fat mass and divided by 
100 to obtain a percentage (%). 

2.3. Berlin Questionnaire 

The Berlin questionnaire was used to evaluate OSA risk [5]. This questionnaire 
consists of 10 questions divided into three categories. The first category consists 
of 5 questions on snoring and sleep apnea; answering positively to at least 2 
questions is considered to be a positive result for the category. The second cate-
gory consists of 4 questions on weekly tiredness; answering positively to at least 
2 questions is considered to be a positive result for the category. The third cate-
gory queries whether the subject has hypertension or a BMI of at least 30 kg/m2. 
Subjects with positive results in at least 2 of the 3 categories are classified as high 
risk for OSA, and other subjects are classified as low risk [1] [5]. Because most of 
the subjects in the present study were severely obese, the BMI criterion was arbi-
trarily set at 30 kg/m2. 

2.4. Statistical Analysis 

Patients in this study were divided into two groups according to OSA risk, and 
the Mann-Whitney test was used to compare differences between the groups in 
obesity-related indices. Correcting for age and sex, a logistic regression analysis 
was performed to examine the effects of obesity-related indices on OSA risk, and 
the regression coefficients and significance probabilities were calculated for each 
variable. SAS version 8.1 (SAS Institute, Cary, NC, USA) was used for statistical 
analysis and P < 0.05 was considered to be statistically significant. 

3. Results 
3.1. Comparison between Males and Females 

The 30 adult obese patients were divided according to sex, and the mean and 
standard deviation were calculated for each variable (Table 1). For males and 
females, respectively, the mean ages were 32.4 ± 13.0 years and 36.8 ± 10.5 years; 
the mean BMI was 33.3 ± 4.4 kg/m2 and 30.5 ± 3.8 kg/m2. The mean neck cir-
cumferences for males and females, respectively, were 43.2 ± 2.7 cm and 36.1 ± 
2.8 cm, the mean neck-to-height ratios were 0.25 ± 0.02 and 0.23 ± 0.01, and the 
mean waist circumferences were 109.9 ± 12.8 cm and 100.6 ± 8.8 cm. Abdominal 
visceral fat area, as measured by fat CT, was 197.1 ± 72.7 cm2 for males and 
143.4 ± 64.3 cm2 for females. Body fat percentage measured using DEXA was 
33.1% ± 5.1% in males and 41.3% ± 5.2% in females, the leg fat distribution was 
28.9% ± 4.2% and 32.2% ± 5.7% in males and females, respectively, and the 
trunk fat distribution was 59.7% ± 3.5% and 56.0% ± 5.7%. 

3.2. Comparison between High and Low OSA Risk Groups 

Based on the Berlin questionnaire, 11 of the 30 patients (36.7%) were in the low  
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Table 1. Basic characteristics of subjects. 

 Male (n = 10) Female (n = 20) 

Age, y 32.4 ± 13.0 36.8 ± 10.5 

Height, cm 174.1 ± 8.4 158.8 ± 6.2 

Body weight, kg 101.0 ± 18.3 77.1 ± 13.0 

BMI, kg/m2 33.3 ± 4.4 30.5 ± 3.8 

Neck circumference, cm 43.2 ± 2.7 36.1 ± 2.8 

Neck to height ratio† 0.25 ± 0.02 0.23 ± 0.01 

Waist circumference, cm 109.9 ± 12.8 100.6 ± 8.8 

Abdomen viasceral fat area‡, cm2 197.1 ± 72.7 143.4 ± 64.3 

Abdomen subcutaneous fat area‡, cm2 336.1 ± 145.9 311.0 ± 67.4 

Visceral to subcutaneous fat ratio‡,§ 0.7 ± 0.3 0.5 ± 0.2 

Fat massII, kg   

Arm 2.8 ± 0.8 2.8 ± 0.8 

Leg 10.1 ± 4.2 10.4 ± 3.0 

Trunk 20.2 ± 6.2 17.8 ± 4.1 

Android 3.8 ± 1.4 3.0 ± 0.9 

Gynoid 5.6 ± 2.0 5.6 ± 1.3 

Total 34.0 ±11.0 32.0 ± 7.1 

Fat distributionII,¶, %   

Arm 8.4 ± 0.9 8.5 ± 1.1 

Leg 28.9 ± 4.2 32.2 ± 5.7 

Trunk 59.7 ± 3.5 56.0 ± 5.7 

Android 11.1 ± 1.2 9.3 ± 1.5 

Gynoid 16.3 ± 1.3 17.4 ± 2.0 

Total 33.1 ± 5.1 41.3 ± 5.2 

Abbreviations: BMI, body mass index calculated as weight in kilograms divided by height in meters 
squared. †Neck to height ratio calculated as neck circumference in centimeters divided by height in centi-
meters. ‡Measurements by fat computed tomography. §Visceral to subcutaneous fat ratio calculated with 
abdomen visceral fat area in centimeters squared divided by abdomen subcutaneous fat area in centimeters 
squared. IIMeasurements bydual energy X-ray absorptiometry scan. ¶Fat distribution calculated as each re-
gional fat mass divided by total fat mass and multiplied by 100. 

 
OSA risk group and 19 (63.3%) were in the high OSA risk group (Table 2). The 
mean age was 31 ± 9.0 years in the low OSA risk group and 37.8 ± 12.0 years in 
the high OSA risk group, and the proportion of males was 18% and 42%, respec-
tively. BMI was 29.3 ± 3.8 kg/m2 in the low risk group and 32.6 ± 4.0 kg/m2 in 
the high risk group, neck-to-height ratio was 0.22 ± 0.01 and 0.24 ± 0.02, respec-
tively, and waist circumference was 99.3 ± 11.3 cm and 106.2 ± 10.3 cm. Abdo-
minal visceral fat area was 125.3 ± 39.1 cm2 in the low OSA risk group and 
182.1 ± 77.3 cm2 in the high OSA risk group, while the abdominal viscer-
al-to-subcutaneous fat ratio was 0.4 ± 0.2 and 0.6 ± 0.3, respectively. The leg fat 
distribution was 33.8% ± 5.5% in the low risk group and 29.5% ± 4.8% in the 
high risk group, the trunk fat distribution was 54.8% ± 5.3% and 58.6% ± 4.9%  
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Table 2. The comparison of variables according to OSA risk. 

 
OSA low risk  

(n = 11) 
OSA high risk  

(n = 19) 
P* 

Number (male, female) 2, 9 8, 11  

Age, y 31.0 ± 9.0 37.8 ± 12.0 0.13 

Height, cm 161.8 ± 9.4 165.0 ± 10.5 0.35 

Body weight, kg 78.0 ± 20.2 89.1 ± 16.9 0.04 

BMI, kg/m2 29.3 ± 3.8 32.6 ± 4.0 0.02 

Neck circumference, cm 35.9 ± 3.6 40.0 ± 4.1 0.01 

Neck to height ratio† 0.22 ± 0.01 0.24 ± 0.02 <0.01 

Waist circumference, cm 99.3 ± 11.3 106.2 ± 10.3 0.04 

Abdomen viasceral fat area‡, cm2 125.3 ± 39.1 182.1 ± 77.3 0.03 

Abdomen subcutaneous fat area‡, cm2 316.7 ± 114.8 320.8 ± 91.4 0.43 

Visceral to subcutaneous fat ratio‡,§ 0.4 ± 0.2 0.6 ± 0.3 0.03 

Fat massII, kg    

Arm 2.5 ± 0.6 2.9 ± 0.8 0.16 

Leg 10.7 ± 3.3 10.1 ± 3.4 0.85 

Trunk 17.4 ± 5.1 19.3 ± 4.8 0.07 

Android 2.9 ± 1.3 3.4 ± 1.1 0.06 

Gynoid 5.7 ± 1.5 5.6 ± 1.6 0.85 

Total 31.6 ± 8.4 33.3 ± 8.7 0.25 

Fat distributionII,¶, %    

Arm 8.1 ± 1.1 8.7 ± 0.9 0.11 

Leg 33.8 ± 5.5 29.5 ± 4.8 0.03 

Trunk 54.8 ± 5.3 58.6 ± 4.9 0.04 

Android 9.1 ± 1.6 10.3 ± 1.5 0.04 

Gynoid 17.9 ± 2.0 16.5 ± 1.6 0.06 

Total 40.7 ± 3.9 37.4 ± 7.4 0.29 

*P value from Mann-Whitney test. Subjects with positive results in at least 2 of the 3 categories of Berlin 
questionnaire were classified as high risk for OSA, and other subjects were classified as low risk. Abbrevia-
tions: OSA, Obstructive sleep apnea. BMI, body mass index calculated as weight in kilograms divided by 
height in meters squared. †Neck to height ratio calculated as neck circumference in centimeters divided by 
height in centimeters. ‡Measurements by fat computed tomography. §Visceral to subcutaneous fat ratio 
calculated as abdomen visceral fat area in centimeters squared divided by abdomen subcutaneous fat area in 
centimeters squared. IIMeasurements by dual energy X-ray absorptiometry scan. ¶Fat distribution was cal-
culated with each regional fat mass divided by total fat mass and multiplied by 100. 

 
respectively, and the android fat distribution was 9.1% ± 1.6% and 10.3% ± 1.5%. 

3.3. Regression Analysis 

The results of regression analysis of obesity-related indices on OSA risk are 
summarized in Table 3. The correlation coefficients for BMI, neck circumfe-
rence, and neck-to-height ratio × 100(%) in the high-risk group versus the 
low-risk group were 1.03, 1.96, and 4.04, respectively. 
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Table 3. Logistic regression analysis of obesity indices on OSA risk. 

 
Regression 
coefficient 

P* 95% CI 

Body weight, kg 1.07 0.12 0.98 - 1.16 

BMI, kg/m2 1.03 0.03 1.03 - 2.03 

Neck circumference, cm 1.96 0.04 1.02 - 3.75 

Neck to height ratio†, % 4.04 0.03 1.20 - 13.65 

Waist circumference, cm 1.09 0.14 0.97 - 1.21 

Abdomen visceral fat area‡, cm2 1.02 0.16 0.99 - 1.04 

Abdomen visceral to subcutaneous fat ratio‡,§ 8.93 0.35 0.91 - 874.21 

Fat distributionII,¶, %    

Leg 0.91 0.38 0.74 - 1.12 

Trunk 1.06 0.61 0.86 - 1.30 

Android 1.31 0.43 0.67 - 2.57 

*P value from logistic regression analysis adjusted by age and sex. Abbreviations: OSA, Obstructive sleep 
apnea. BMI, body mass index calculated as weight in kilograms divided by height in meters squared. CI, 
Confidence interval. †Neck to height ratio (%) calculated as neck circumference divided by height and mul-
tiplied by 100. ‡Measurements by fat computed tomography. §Visceral to subcutaneous fat ratio calculated 
as abdomen visceral fat area in centimeters squared divided by abdomen subcutaneous fat area in centime-
ters squared. IIMeasurements by dual energy X-ray absorptiometry scan. ¶Fat distribution was calculated 
with each regional fat mass divided by total fat mass and multiplied by 100. 

4. Discussion 

In the present study, we used the Berlin questionnaire to examine 30 adult pa-
tients with obesity at a single university hospital, and found that 19 (63%) were 
in the high OSA risk group. Compared with the low OSA risk group, the 
high-risk group exhibited a greater proportion of male patients and older age; 
however, these differences were not statistically significant. BMI, neck circumfe-
rence, neck-to-height ratio, abdominal visceral fat area, abdominal visceral-to- 
subcutaneous fat ratio, trunk fat distribution, and android fat distribution were 
all significantly higher in the high OSA risk group. 

Accurate diagnosis of OSA requires subjects to undergo polysomnography 
and be assigned a score of at least 5 on the apnea hypopnea index (AHI); how-
ever, the costs, in terms of time and money, make this impractical in primary 
care settings. For this reason, various studies have explored methods to replace 
polysomnography. In the present study, we used the Berlin questionnaire to 
classify OSA risk. This questionnaire was developed at the Conference on Sleep 
in Primary Care, held in Berlin (Germany) in 1996 and, to date, is the most 
widely used questionnaire for OSA screening. There have been numerous stu-
dies investigating the predictive accuracy of the Berlin questionnaire for OSA, 
and its utility has been demonstrated in a study involving the general population 
in Korea [6]. However, the results were not significant in a study involving pa-
tients at a sleep clinic [7], and studies involving obese patients have yet to be 
conducted. 
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In studies investigating OSA, BMI and neck circumference have been reported 
to be the strongest predictive factors for apnea-hypopnea [8] [9] [10] [11]. 
Meanwhile, other studies have reported that body fat and abdominal circumfe-
rence are the factors that best reflect OSA risk [12] [13]. In one investigation, the 
index most closely related to OSA risk was abdominal visceral fat in middle-age 
males and neck circumference in females [14]. 

Unlike previous studies, our study revealed no significant difference between 
the OSA risk groups in sex ratio or age; we believe this reflected the characteris-
tics of the subject population. In one study [8], the mean age of the patients was 
the sixth decade of life (i.e., 50 s), and the majority were male. In our study, the 
mean age of the patients was the fourth decade of life (i.e., 30 s), and there were 
twice as many females as males. However, the previous study [8] involved pa-
tients who visited a sleep clinic for snoring, whereas our study focused on pa-
tients visiting an obesity clinic for weight loss. Because most of the patients at 
the sleep clinic were not obese, their complaints were more likely to be the result 
of anatomical issues in the head and neck, such as tonsillar hypertrophy or a 
small mandible, which may explain the difference in results. 

Considering the nature of the obese patient group in the present study, we 
performed a regression analysis corrected for sex and age, which have been 
shown to affect OSA in previous studies. The variable that exhibited the largest 
significant correlation coefficient in the high OSA risk group was neck-to-height 
ratio × 100(%). The reason for converting neck-to-height ratio into a percentage 
(by multiplying by 100) is because, without this change, the correlation coeffi-
cient was too large, in the order of 1060. Because the regression coefficient for 
the neck-to-height ratio (%) was 4, this means that an increase in the neck cir-
cumference equal to 1% of the height will increase the likelihood of inclusion in 
the high OSA risk group by four-fold. One possible reason for patients with 
larger necks having an increased risk for OSA is the relationship with local fat 
accumulation. Because our study involved patients with a BMI of ≥25 kg/m2, 
accumulation of fat in the tongue and laryngopharynx could constrict the di-
ameter of the trachea, potentially leading to obstruction during sleep [14]. We 
did not observe significant results for abdominal visceral fat area or regional fat 
distribution. 

We attempted a stepwise regression analysis using variables other than age 
and sex; however, the results were not statistically significant. Consequently, it is 
difficult to determine which variables are the strongest predictors. Because other 
variables that are potential covariates are, in large part, obesity-related indices, 
there is some overlap, which can cause problems in the regression formula. For 
example, an individual with high body weight will likely have a broader abdo-
minal fat area, while in DEXA results, trunk fat includes android fat. These is-
sues will need to be analyzed in a study involving a larger sample size. 

One of the strengths of our study was that all the subjects were obese, with a 
mean BMI > 30 kg/m2. Because previous studies have mostly focused on sleep 
clinic patients, the results cannot be directly applied to obese patients. Based on 
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the results of our study, we confirmed that 60% - 70% of obese Korean patients 
are at high risk for OSA. Moreover, given that there is a close association be-
tween high OSA risk and neck-to-height ratio, and that conducting polysomno-
graphy in all obese patients is impractical, measuring neck circumference could 
be helpful in predicting OSA risk. Second, previous research reporting that ab-
dominal obesity is the strongest predictive factor for OSA [5] used abdominal 
circumference and bioelectrical impedance analysis. However, in our study, we 
were able to analyze fat distribution more precisely using DEXA, which is con-
sidered to be the standard method for body fat analysis, and fat CT, which can 
separately determine areas of abdominal visceral and subcutaneous fat. Third, in 
previous studies that used DEXA measurements to investigate fat distribution 
[15] [16], the distribution was calculated as regional fat weight/regional weight × 
100(%), or as regional fat weight/total body weight × 100(%). In contrast, our 
study used regional fat weight/total body fat weight × 100(%). Calculating the 
regional fat distribution as a percentage of total body fat has the effect of norma-
lizing according to total body fat, enabling meaningful comparisons of fat dis-
tribution according to region, even among patients with the same total body fat. 
This differentiates our study from others and improves the validity of our re-
sults. 

Our study also had some limitations, the first of which were the small sample 
size and the low proportion of male subjects. Second, because this was a 
cross-sectional study, we were unable to clearly demonstrate causality. Third, we 
were unable to use polysomnography to accurately diagnose OSA; therefore, we 
used the Berlin questionnaire instead. Although the Berlin questionnaire is the 
best method to replace polysomnography for OSA screening, the effectiveness of 
the questionnaire for testing obese Korean patients has not yet been demon-
strated, which limits the interpretation and applicability of our results. In addi-
tion, because the Berlin questionnaire evaluates OSA risk as a categorical varia-
ble (high risk versus low risk), we were only able to perform a logistic regression 
analysis. If polysomnography had been used to obtain AHI values, it would be 
possible to derive more precise results using linear regression analysis. Because 
of these limitations, further research will need to be conducted in the future, 
studying more patients and over a longer duration. To investigate whether larger 
neck circumference in the high OSA risk group was actually due to fat distribu-
tion in the neck, neck fat would need to be measured and analyzed using DEXA, 
similar to the study by Simpson et al. [14]. In addition, follow-up observation of 
the patients in this study to investigate changes in obesity-related factors with 
weight loss would help to verify whether this also reduces OSA risk. 

The effectiveness of the Berlin questionnaire needs to be demonstrated in ob-
ese Korean patients. The second category of the survey was shown to have a 
weaker association with OSA in a study by Kang et al. [7]. If this category was 
excluded and the other questions were combined to calculate scores, we believe 
the Berlin questionnaire could be used widely for convenient screening of pa-
tients―without polysomnography―to determine the course of future examina-
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tions, and to evaluate the effects of intervention(s). 
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