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Abstract  

Objective: To compare the anthropometric and polysomnographic data between obese and non-obese 

subjects with obstructive sleep apnea (OSA). 

Materials and  Methods: A prospective parallel group comparative study was conducted by analyzing the 

anthropometric and polysomnographic data in 50 subjects with suspected OSA who underwent a sleep study 

from October 2013 to September 2015. Of these, 25 patients were obese (body mass index [BMI] ≥30 kg/m
2
) 

and 25 were not (BMI <30 kg/m
2
). The anthropometric and polysomnographic data were evaluated and 

compared between the two groups using either chi-squared tests or unpaired t-tests. 

Results: After study completion, 39 subjects (78%; 17 non-obese and 22 obese) were diagnosed with OSA 

(apnea-hypopnea index [AHI] ≥5). The mean AHI per hour was significantly higher in obese than in non-

obese subjects (67.6 ± 28.6 vs. 16.7 ± 5.99, P value 0.000). Anthropometric measurements were significantly 

higher in obese than in non-obese subjects with OSA. Moreover, the Epworth Sleepiness Scale, arousal index, 

and snoring index scores were significantly higher in obese than in non-obese subjects with OSA. The oxygen 

desaturation parameters, total sleep time, sleep efficiency, and N3 and rapid-eye movement stages of sleep 

were significantly decreased in obese subjects compared to in non-obese subjects with OSA. Overall, the OSA 

in obese subjects was more severe compared to that in non-obese subjects. 

Conclusion: OSA was more common in obese than in non-obese subjects; however, some non-obese subjects 

also had OSA. This finding contrasts with theories suggesting OSA is confined only to obese subjects. 

Therefore, when a non-obese person presents with the clinical characteristics of OSA, the diagnostic 

possibility should not be underestimated and should be evaluated thoroughly. 

Keywords: body mass index, obesity, obstructive sleep apnea, apnea-hypopnea index. 
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Introduction 

Obstructive sleep apnea (OSA) is defined as the 

cessation of airflow for more than 10 s, despite 

continuing ventilatory effort, for five or more 

times per hour of sleep, and is usually associated 

with a decrease in arterial oxygen saturation 

(SaO2) of more than 4%.
[1]

 The prevalence of 

OSA varies worldwide, as presented in Table 1. 

Obesity is a well-recognized risk factor for a 

variety of medical conditions including OSA.
[2]

  

Globally, between 1980 and 2013, the proportion 

of adults with a body mass index (BMI) of 25 

kg/m
2
 or greater increased from 28·8% (95% 

uncertainty interval [UI]: 28·4–29·3) to 36·9% 

(95% UI: 36·3–37·4) in men, and from 29·8% 

(95% UI: 29·3–30·2) to 38·0% (95% UI: 37·5–

38·5) in women.
[3]

 Studies show that nearly 60–

90% of patients with OSA are obese.
[4,5]

 Non-

obese people can also have OSA, but the 

occurrence of OSA in non-obese patients may be 

related to different structural abnormalities than 

those found in obese patients with OSA.
[6,7]

 

The American Academy of Sleep Medicine 

(AASM) recommends performing polysomno-

graphy to determine the severity of sleep apnea 

and to evaluate the patient’s response to 

treatment.
[8]

 However, data regarding the 

prevalence and characteristics of OSA among 

non-obese patients is scarce, and the OSA in non-

obese patients may exhibit different characteristics 

than the OSA in obese patients. Therefore, the 

present study was designed to compare the 

anthropometric and polysomnographic data 

between obese and non-obese patients with OSA. 

 

Materials and Methods 

This prospective parallel group comparative study 

was conducted for a period of two years (October 

2013 to September 2015) in order to evaluate and 

compare the characteristics of OSA between obese 

and non-obese subjects. This study was conducted 

after approval by the local research ethics 

committee. All subjects gave informed consent to 

participate in the study. 

 

Subjects 

Fifty individuals suspected of having OSA were 

enrolled in the present study. Of these, 25 were 

obese and 25 were non-obese. The inclusion 

criteria were as follows: males and females, age 

>15 years, BMI ≥18.5, history of snoring, and 

Epworth Sleepiness Scale (ESS) score ≥10. 

Subjects were excluded if they had any of the 

following: pulmonary tuberculosis, chronic 

obstructive pulmonary disease, bronchial asthma, 

interstitial lung disease, neuromuscular disorders, 

history of drug abuse, chronic renal failure, 

congestive heart failure, pregnant, or receiving 

treatment for psychiatric conditions. 

 

Evaluations 

ESS:
[9]

 We used ESS to provide a subjective 

assessment of excessive daytime sleepiness 
 

 

Anthropometric measurements: The following 

data were collected from each subject: BMI, neck 

circumference, waist circumference, hip 

circumference, thyromental distance, and 

Mallampati score.
[10]

 

 

Polysomnographic recordings:
[11]

 All subjects 

underwent a sleep study consisting of an overnight 

polysomnographic examination. During the 

examination the following items were recorded: 

electroencephalograms (C3–A2, C4–A1, O2–A1, 

and O3–A2), bilateral electrooculograms, chin and 

lower leg electromyograms, nasal and mouth 

airflow, thoracic and abdominal respiratory 

movements, electrocardiograms, and oxygen 

saturation measured by finger oximetry. For this 

study, a computerized polysomnography machine 

manufactured by Recorders and Medicare 

Systems, with 16 channel inputs, was used. 

All 50 individuals were subjected to an 8-h, 

overnight polysomnography. Polysomnographic 

recording was performed from 22:00 to 06:00. All 

of the subjects were asked to empty their bladder 

before the recording. Before applying the 

electrodes, the skin was prepared with spirit.  
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Polysomnographic data, including the sleep 

stages, snoring index, arousal index, oxygen 

saturation parameters, and abnormal movements 

were scored manually . 

 

Sleep apnea severity:
[12]

 The severity of sleep 

apnea was assessed with the apnoea-hypopnoea 

index (AHI), which counts the number of apneas 

and hypopneas per hour of sleep. According to the 

AASM recommendations, OSA is defined as an 

AHI ≥5, and is classified as follows: mild OSA, 

AHI of 5 to 15; moderate OSA, AHI of 16 to 30; 

and severe OSA, AHI of >30. In the present study, 

subjects were diagnosed with OSA if their AHI 

was ≥5 events/h.  

After completion of polysomnography, a total of 

39 subjects had AHIs ≥5 and were diagnosed with 

OSA. These 39 (17 non-obese and 22 obese) 

subjects with OSA were included in the study and 

final analysis after fulfilling the abovementioned 

criteria. 

 

Statistical Analysis 

The anthropometric and polysomnographic data 

were evaluated and compared between the two 

groups. Data were analyzed using the Statistical 

Package For the Social Sciences (SPSS Version 

16.0). Comparisons of continuous normal data 

between the two groups were performed using 

unpaired t-tests while comparisons for continuous 

non-normal data/ordinal data were performed 

using Wilcoxon rank-sum tests. The association 

between two variables for categorical data was 

examined using chi-squared tests. Continuous data 

are presented as the mean and standard deviation. 

Ordinal data are presented as the median and 

inter-quartile range. Categorical data are presented 

as counts and percentages. P values of less than 

0.05 were considered statistically significant. 

 

Results 

Obstructive sleep apnea was diagnosed in 39 of 

the 50 subjects (78%). Of these, 17 (68%) subjects 

were non-obese and 22 (88%) were obese. The 

anthropometric data and the results of the 

comparisons between the groups are summarized 

in Table 2. Statistically significant differences in 

the anthropometric measurements, including the 

BMI, thyromental distance, and circumferences of 

the neck, waist, and hip, were observed between 

non-obese and obese subjects with OSA, with 

these measures being significantly higher in the 

obese group than in the non-obese group. Eight 

(47.1%) non-obese and 11 (50%) obese subjects 

with OSA had Class III Mallampati scores.  

In addition, we found statistically significant 

differences in the mean ESS scores between the 

groups, with obese subjects with OSA having a 

higher mean ESS than non-obese subjects with 

OSA. Table 3 summarizes the polysomnographic 

data for each group and shows the results of the 

comparisons between the two groups. The snoring 

and arousal indexes were significantly increased 

in obese subjects compared to in non-obese 

subjects with OSA. Eight (47.1%) of the non-

obese subjects had moderate OSA and 19 (86.4%) 

of the obese subjects had severe OSA. Notably, 

we found that the OSA severity increased with the 

level of obesity. The oxygen desaturation 

measurements were significantly higher in obese 

subjects than in non-obese subjects with OSA. 

Moreover, statistically significant decreases in the 

total sleep time and sleep efficiency were 

observed in obese subjects with OSA compared to 

in non-obese subjects with OSA. The sleep stages 

were also significantly decreased in the obese 

subjects with OSA compared to in the non-obese 

subjects with OSA. 
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Table 1: Prevalence of obstructive sleep apnea in different studies  
Study Number of subjects AHI ≥ 5 AHI ≥ 15 OSA 

Wisconsin, USA 

1993
[13]

 

Men: 352 

Women: 250 

(Age: 30–60 years) 

Men: 24% 

Women: 9% 

Men: 9% 

Women: 4% 

Men: 4% 

Women: 2% 

Pennsylvania, USA 

1998, 2001
[15,16]

 

Men: 741 

Women: 1000 

(Age: 20–100 years) 

Men: 17% 

Women: 5% 

Men: 7% 

Women: 2% 

Men: 3.3% 

Women: 1.2% 

Spain 2001
[14]

 Men: 325 

Women: 235 

(Age: 30–70 years) 

Men: 26% 

Women: 28% 

Men: 14% 

Women: 7% 

Men: 3.4% 

Women: 3% 

Australia 1995
[17]

  Men: 294 

(Age: 40–65 years) 

Men: 25.9% 

 

Men: 10% 

 

Men: 3.1% 

 

Hong Kong, China 

2001, 2004
[18,19]

 

Men: 153 

Women: 106 

(Age: 30–60 years) 

Men: 8.8% 

Women: 3.7% 

Men: 5.3% 

Women: 1.2% 

Men: 4.1% 

Women: 2.1% 

Korea 2004
[20]

 Men: 309 

Women: 148 

(Age: 40–69 years) 

Men: 27% 

Women: 16% 

Men: 10.1% 

Women: 4.7% 

Men: 4.5% 

Women: 2.1% 

India 2004
[21]

 Men: 250 

(Age: 35–65 years) 

Men: 19.5% Men: 8.4 Men: 7.5% 

 

India 2006
[22]

 Men: 88 

Women: 63 

(Age: 30–60 years) 

Men: 19.7% 

Women: 7.4% 

n/a Men: 4.9% 

Women: 2.1% 

             AHI, apnea-hypopnea index 

 

Table 2: Comparison of anthropometric measurements of non-obese and obese subjects with obstructive 

sleep apnea 
Parameter Group Mean ± SD P Value 

BMI (kg/m
2
) 

Non obese 27.0 ± 2.1 0.000
a 

 Obese 36.5 ± 3.2 

Neck circumference (cm) 
Non obese 38.3 ± 3.2 0.000

a 

 Obese 42.0 ± 2.6 

Waist circumference (cm) 
Non obese 96.0 ± 8.6 0.000

a 

 Obese 107.2 ± 7.3 

Hip circumference (cm) 
Non obese 100.2 ± 8.7 0.002

a 

 Obese 108.4 ± 6.3 

Thyromental distance (cm) 
Non obese 59.1 ± 5.2 0.000

a
 

Obese 67.4 ± 3.3 

Mallampati score 
Non obese 2

c 
± (1 to 3)

d
 0.053

b 

 Obese 3
c 
± (2 to 3)

d
 

a
Unpaired t-test; 

b
Mann Whitney U test/ Wilcoxon Rank Sum test; 

c
Median; 

d
Inter Quartile Range (IQR). 

Obese subject (n = 22) and non-obese subjects (n = 17). 

 

Table 3: Comparison of polysomnographic measurements from non-obese and obese subjects with 

obstructive sleep apnea 
Parameter Group Mean ± SD P value 

AHI 
Non-Obese 16.7 ± 5.99  

0.000
b
 Obese 67.6 ± 28.6 

Snoring index (events/h) 
Non-Obese 88.7 ± 34.2 

0.012
a
 

Obese 125.4 ± 48.0 

Arousal index (events/h) 
Non-Obese 15.3 ± 3.5 

0.000
b
 

Obese 33.6 ± 11.5 

%TST <90% SaO2 
Non-Obese 11.4 ± 2.2 

0.000
b
 

Obese 18.5 ± 4.3 

Oxygen desaturation index (events/h) 
Non-Obese 25.8 ± 9.7 

0.000
b
 

Obese 70.2 ± 28.7 
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Total sleep time 
Non-Obese 380 ± 36 

0.006
a 

Obese 348 ± 32 

Sleep stage 1 (%TST) 
Non-Obese 12.5 ± 3.8 

0.030
a
 

Obese 15.5 ± 4.1 

Sleep stage 2 (%TST) 
Non-Obese 55.5 ± 4.5 

0.023
a
 

Obese 59.4 ± 5.5 

Sleep stage 3 (%TST) 
Non-Obese 14.3 ± 4.2 

0.110
b
 

Obese 12.1 ± 2.6 

REM stage (%TST) 
Non-Obese 17.6 ± 3.9 

0.000
a
 

Obese 12.1 ± 3.3 
a
Unpaired t-test; 

b
Mann Whitney U test/ Wilcoxon Rank Sum test. Non-obese patients (n = 17) and obese patients (n = 22). 

Mean %TST <90% SaO2, Mean percentage of the total sleep time spent with oxygen saturation at <90%; %TST, percentage of 

the total sleep time; REM, rapid eye movement 

 

Table 4: Comparison of study results with previous work 

Measurement Study Non-obese Obese P value 

Neck Circumference Chierakul et al.
[12]

  37. 0 ± 2.9 41.6 ± 3.5 <0.001 

 Present study  38.3 ± 3.2 42.0 ± 2.6  <0.001  

Thyromental Distance Chierakul et al.
[12] 

56.4 ± 11.7  61.4 ± 11.2  0.006  

 Present study  59.1 ± 5.2  67.4 ± 3.3  <0.0001  

Arousal Index Chierakul et al.
[12] 

19.5 ± 14.9  27.1 ± 22.4  <0.001  

 Present study  15.3 ± 3.5  33.6 ± 11.5  <0.0001  

Mean AHI Garg et al.
[22]

 24.36 ± 12.17  50.09 ± 29.49  <0.001  

 Chierakul et al.
[12]

  32.7 ± 20.5  48.7 ± 28.1  <0.001  

 Present study  16.7 ± 5.9  67.5 ± 28.5  <0.001  

Oxygen desaturation index Garg et al.
[22]

 30.63 ± 15.63  48.32 ± 13.08  <0.001  

 Chierakul et al.
[12]

  24.6 ± 23.5  51.6 ± 34.2  <0.001  

 Present study  25.8 ± 9.7  70.2 ± 28.7  <0.0001  

%TST with SaO2 <90% Chierakul et al.
[12] 

4.7 ± 7.2  26.3 ± 27.4  <0.001  

 Present study  11.4 ± 2.2  18.5 ± 4.3  <0.0001  

Total sleep time Garg et al.
[22]

  333.59 ± 78.36  313.45 ± 58.83  0.19  

 Present study  380.0 ± 36.0  348.0 ± 342.0  0.006 

N1 stage Antczak et al.
[23] 

21.1 ± 10.4  33.3 ± 13.1  0.02  

 Present study  12.5± 3.8  15.5 ± 4.1  0.030 

N2 stage Antczak et al.
[23] 

36.0 ± 10.4  31.2 ± 12.0  0.72  

 Present study  55.5 ± 4.5  59.4 ± 5.5  0.022  

N3 stage Antczak et al.
[23] 

14.5 ± 9.8  7.6 ± 11.1 0.03  

 Present study  14.3 ± 4.2  12.1 ± 2.6  0.045  

REM stage Antczak et al.
[23]

 8.5 ± 4  5.3 ± 4.5  <0.05  

 Present study  17.6 ± 3.9 12.1 ± 3.0  <0.0001  

AHI, apnea-hypopnea index; %TST <90% SaO2, percentage of the total sleep time spent with oxygen saturation at <90%; REM, 

rapid eye movement  
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Discussion 

Here, we found that the OSA of obese subjects 

was significantly more severe than the OSA of 

non-obese subjects according to various 

parameters such as the AHI, oxygen desaturation 

indices, snoring index, arousal index, sleep stages, 

and sleep efficiency. Additionally, the severity of 

OSA increased with the level of obesity. Of the 

non-obese subjects with OSA, most of them had 

structural abnormalities including a lower 

thyromental distance than obese subjects with 

OSA, and the non-obese subjects had Class II and 

Class III abnormalities according to the 

Mallampati scores. Non of the non-obese subjects 

with  OSA had class IV abnormalities while 18% 

of the obese subjects with OSA did.. Previous 

studies in obese subjects have linked the etiology 

of OSA to anatomical alterations that predispose 

these individuals to upper airway obstruction 

during sleep. The findings of the present study 

were similar to the results of other studies and  

such similarities are summarized in Table 4. 

There are some potential limitations to this study. 

One such limitation is that we used 

anthropometric measurements such as the neck 

circumference, thyromental distance, and 

Mallampati score for the cephalometric analyses 

despite the availability of multiple imaging 

techniques including cephalometric radiography, 

computed tomography, magnetic resonance 

imaging, and fluoroscopy. However, we chose to 

use the abovementioned anthropometric 

measurements rather than imaging, as they are 

easy and inexpensive to perform and correlate 

well with the severity of OSA. Another limitation 

is our small sample size. The findings of the 

present study need to be confirmed using a larger 

sample size. 

In conclusion, OSA was more common in obese 

subjects than it was in non-obese subjects. 

However, some non-obese subjects also had OSA, 

which is contrary to an earlier theory that 

suggested OSA is confined only to obese subjects. 

Therefore, when a non-obese person presents with 

the clinical characteristics of OSA, the diagnostic 

possibility should not be under estimated and 

should be evaluated thoroughly. 
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