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Abstract
Objective: To investigate the correlation between different 
anthropometric measures and sleep disorder breathing (SDB) 
as measured by apnea / hypopnea index (AHI) in obstructive 
sleep apnea (OSA) patients. Also to find out the most correlated 
anthropometric measure with SDB. 

Methods: We evaluated 80 patients with suspected OSA underwent 
polysomnography and anthropometric measurements including 
body mass index (BMI), waist–hip ratio (WHR), waist to height 
ration (WHtR), waist, and hip circumference. 

Results: A statistically significant correlation was found between 
the anthropometrics variables (BMI, WHtR, W, and WHR) relative 
to the AHI (r = 0.516, p< 0.001; r = 0.477, p = 0.002; r = 0.333, 
p=0.024; and r = 0.302, p=0.042 respectively) in men. These 
correlations were confirmed by observed significant negative 
correlation of the mentioned anthropometrics variables and oxygen 
saturations (SMED, SMIN). No significant correlation was found 
between anthropometrics and SDB in women. The step-wise linear 
regression showed that increasing BMI has the most effect on 
severity of AHI followed by WHR in men (Beta = 0.469, and 0.22 
respectively). 

Conclusion: BMI is the most reliable obesity indicator that 
significantly correlated with SDB. BMI is more appropriate indicator 
than WHtR or W to predict SDB. 
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Introduction
The Obstructive Sleep Apnea-hypopnea Syndrome (OSAHS) is 

a common disorder experienced by 4% of men and 2% of women. 
It is caused by structural and functional abnormalities that promote 
obstruction of the upper airways during sleep [1]. Clinical symptoms 
associated with this disorder include obesity, high daily sleepiness, 
night snoring, and neuropsychiatric disorders. The prevalence of 
obstructive sleep apnea increases with age with its maximum in 
middle-aged adults [2]. This Sleep Disordered Breathing (SDB) can 
reduce sleep quality and therefore affect the quality of daily function 
[3]. Obesity is a major risk factor of OSAHS [1,4]. Epidemiological 
studies have shown that there is a strong relationship between OSAHS 
and obesity. OSAHS prevalence was 30% in obese and 50 – 98% in 
morbidly obese subjects [5]. There are several anthropometric 
methods for measuring obesity such as Body Mass Index (BMI), 
Neck Circumference (NC), Abdominal Circumference (AC), Waist 
Circumference (WC), Waist to Hip Ratio (WHR) and Mallampati 
grades. Thus, it is important to determine which anthropometric and 
obesity measures best correlate with OSAHS [6].

There have been various studies. In two different studies of 
Turkish and Brazilian populations, the researchers found the most 
significant correlation to be between NC and SDB [7,8]. In a Korean 
population the WHR had the most significant correlation with OSA in 
both sexes [9]. In a San Diego - California study, the WC, NC, WHR 
and BMI were significantly correlated with SDB in both sexes with the 
strongest correlation related to WC followed by NC in both sexes [6]. 
Moreover, in the study of Korean men, BMI and WHR showed the 
strongest correlation with Apnea-Hypopnea Index (AHI) respectively 
in both the whole group and the BMI < 25 group [10]. Several other 
studies have reported the BMI to be the appropriate indicator of 
obesity to correlate with SDB [11-13]. However, other influences 
including ethnicity, craniofacial and cephalometric deviation on SDB 
are reported too [1,14].

For example, a Japanese study discusses the prevalence of anomaly 
in craniofacial morphology in normal weight subjects with mild SDB 
[15]and in another study, Chinese OSA patients had more craniofacial 
deviations than Caucasians with similar OSA severity [1].

The findings in different populations are not consistent and 
different studies have introduced different obesity measures that best 
correlate with SDB. There were no studies in Iran to demonstrate the 
effect of anthropometric measurement on SDB. Therefore, the aim of 
this study was to find out the obesity measures that best correlate with 
SDB in Iranian obstructive sleep apnea patients. 

Subjects and Methods
Subject 

Eighty adult subjects (47 male and 33 female) suspected of having 
OSAS were recruited from among 150 subjects screened. In the first 
medical visit, subjects answered the Epworth sleep disorder screening 
questionnaire [16]. Those with a score ≥ 10 indicating excessive day 
time sleepiness were included in the study [17]. Subjects were excluded 
if they had a self- reported current history of chronic diseases such as 
heart and lung disease, diabetes, thyroid disorder, pregnancy and if 
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they were under 18 years old. The study was approved by the Human 
Research Committee of Qazvin University of Medical Science. 
Written informed consent for publishing patient information was 
obtained from participants.

Polysomnography

Full night polysomnography (using a DeVilbiss-USA sleep system) 
with an International 10–20 electrode placement (F4/M1, C4/M1, O2/
M1), leg electromyogram (to exclude limb movement disorders), left 
and right electrooculogram and submental electromyogram recording, 
was performed.The Respiratory Inductance Plethysmography method 
(respiratory effort band) was used to evaluate pulmonary ventilation 
by measuring the movement of the chest and abdominal wall. The 
respiratory flow (through an oronasal thermal sensor) and nasal 
pressure were both monitored for detection of apnea and hypopnea 
respectively. All polysomnography and respiratory event recording 
was performed on the familiarization night and subsequently on the 
study night and evaluated for sleep stages and respiratory events. 
A respiratory event was considered to be apnea if the peak signal 
excursion dropped by ≥ 90% of the pre-event baseline for a duration 
≥ 10 seconds. Hypopnea was defined as abnormal breathing if the 
nasal pressure sensor peak signal excursion dropped by ≥ 30% of the 
pre-event baseline for a duration ≥ 10 seconds and there was a > 3% 
peripheral capillary oxygen desaturation from the pre-event baseline 
or the event was associated with an arousal. The AHI was defined as 
the number of apneal and hypopnea events that occurred per hour of 
sleep and scored using AASM guideline [18].

Anthropometric Measurements

All anthropometric parameters were measured before 
familiarization overnight polysomnography. To evaluate BMI (kg/
m2), we measured height (m) and weight (kg). The NC was measured 
horizontally at just inferior the Adam’s apple. The WC was measured 
at the narrowest part of the trunk of the body. Hip circumference was 
determined as the maximum value over the buttocks. The position 
of the tongue relative to the palate, was evaluated using the modified 
Mallampati index (Patients were classified as follows: class I = 
complete visualization of uvula, tonsils, and palatal arches; class II = 
complete visualization of the uvula while the tonsils and arches are 
partly hidden; class III = visualization of some of the soft palate but 
not tonsils, pillars, distal soft palate, or base of the uvula; and class IV 
= only the hard palate is visible [19].

Waist to Hip Ratio (WHR), Waist to height ratio (WHtR), BMI 
were calculated using the following formulae: WHtR = WC (cm)/
height (cm); WHR = WC (cm)/HC (cm); BMI = weight (kg)/height 
(m2).

Statistical Analysis

A sample size calculation was based on a correlation coefficient 
obtained between AHI and body mass index (r = o.3) powered 
at 80% and with a confidence of 95% in Pinto’s (2011) study of 
anthropometric data as predictors of obstructive sleep apnea severity 
[7]. We estimated that a sample size of 80 would be appropriate for our 
study. Normality of distribution of data was inspected before using 
parametric statistics with SPSS version 16. Data were reported as 
Mean ± SDs. Pearson's correlation coefficient was used to determine 
the effect of the anthropometric measurement on the SDB parameter. 
Repeated measurement analysis of variance (ANOVA) was conducted 
to explore the effect of the Mallampati on SDB. 

Results
Sleep recording on the study night was performed from 11 PM 

to 5 AM. The participants included 47 males (58.8%) and 33 females 
(41.2%) with age range of 21 - 83 years. One male patient was excluded 
from the study due to an observed artefact in sleep recording. The 
mean values for age, anthropometric measures and SDB parameters 
as measured by AHI are shown in (Table 1). A statistically significant 
correlation was found between the anthropometric variables (BMI, 
WHtR, WC, and WHR) with AHI (r = 0.516, p< 0.001; r = 0.477, p 
= 0.002; r = 0.333, p=0.024; and r = 0.302, p=0.042 respectively) in 
men. This correlation was confirmed by observed significant negative 
correlation of the mentioned anthropometric variables and oxygen 
saturations (SMED, SMIN). No significant correlation was found 
between anthropometrics and AHI in women (Table 2). The step-wise 
linear regression showed that increasing BMI has the most effect on 
severity of AHI in men (β = 0.469) (Table 3). 

The Mallampati measurements classified as grade 1 (n=0), grade 
2 (n=11, 13.8%), grade 3 (n=27, 33.8%) and grade 4 (n=41, 52.5%). 
Mean AHI and respiratory disturbance index (RDI) increased more 
than twofold among total patients in grade 3 and 4 compared to grade 
2 of the Mallampati (Table 4). The AHI and RDI severity significantly 
increased in grade 3 and 4 compared to grade 2 of the Mallampati in 
total patients (P= 0.044, and 0.039 respectively) (Table 4).

Variable Female Male
M±SD M±SD
(n=33) (n=47)

Age 54.6±11.3 45.4±12.8
BMI (body mass index) 34.2±8.2 30.2±5.8
WHtR (Waist to height ratio) % 67.7±12.3 60.3±6.9
WHR (Waist to hip ratio) 0.89±0.04 0.91±0.07
Waist circumference 107.3±15.9 104.3±11.1
Neck circumference 43.0±4.4 44.2±4.1
AHI (Apnea hypopnea index) 30.4±18.4 34.0±18
SMED (Mean oxygen saturation) 89.0±6.4 90.2±5.2
SMIN (Minimum oxygen saturation) 74.3±12.9 74.2±12.6
Mallampati   
I - -
II 4 (12.1%) 7 (14.9%)
II 9 (27.3%) 18 (38.3%)
IV 20 (60.6%) 22 (46.8%)
Note: AHI= apnea–hypopnea index; SMED= mean oxygen saturation; SMIN = 
minimum oxygen saturation.

Table 1: Description of scalar variables.

SMIN SMED AHI Gender Variable
r (p) r (p) r (p)

-0.089 (0.550) -0.168 (0.258) 0.113 (0.455) Male Age
-0.449 (0.009) -0.223 (0.212) 0.358 (0.041) Female
-0.410 (0.004) -0.251 (0.089) 0.516 (0.000) Male BMI
-0.266 (0.134) -0.175 (0.329) 0.265 (0.136) Female
-0.416 (0.004) -0.332 (0.023) 0.333 (0.024) Male waist 

circumference-0.215 (0.230) -0.299 (0.091) 0.185 (0.303) Female
-0.367 (0.011) -0.457 (0.001) 0.302 (0.042) Male Waist hip ratio
-0.111 (0.538) -0.255 (0.152) -0.203 (0.256) Female
-0.484 (0.001) -0.457 (0.001) 0.447 (0.002) Male WHtR
-0.240 (0.179) -0.282 (0.112) 0.166 (0.355) Female
Note:  SDB: Sleep disordered breading; Pearson Correlation coefficient 
(P-Value)

Table 2: Correlation of anthropometric measurements with SDB severity 
separated by gender.
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Discussion
In this study, there were significant correlations of BMI, WHtR, 

WC, and WHR to the AHI. The step-wise linear regression showed 
that increasing BMI has the most effect on severity of AHI in men (β 
= 0.469) (Table 3). 

Different studies have introduced different anthropometric 
measures as the most significant risk factor for SDB. In three 
population studies, Turkish [8], Brazilian - Sao Paulo [7] and Korean 
- Seoul [9] a strong correlation was found between the variables AHI 
and NC [7-9]. In another study of Korean males, BMI showed the 
strongest correlation with AHI across all male subjects [10]. However, 
association between AHI and NC did not differ by ethnicity [20].

Several racial/ethnic international studies including Southerlan 
(2019) and Chen (2016) in the MESA study of the association between 
anthropometric measures and SDB severity, have focused on the BMI 
variable and found a strong significant association between BMI and 
AHI [20-24]. 

Although anthropometric measures strongly correlate with SDB, 
other parameters such as gender, age and race of the population 
may also affect SDB [11]. Davidson and Patel [6]in their California 
population study revealed that only 50% of patients having AHI > 5 
were clinically obese. And the craniofacial factor strongly correlated 
to SDB in leaner Caucasian men [25] and Chinese men and women 
[26]. 

A Japanese study reported that anomalies in craniofacial 
morphology and occlusion are more prevalent in normal weight 

subjects than obese subjects with mild SDB [15] as well as severe 
OSAS patients [27]. Ethnicity influences OSA craniofacial phenotype, 
and comparison of Chinese and Caucasian subjects with similar 
degrees of OSA severity showed that Caucasian patients were more 
obese, while Chinese patients had more craniofacial deviations [1]. 
And magnetic resonance imaging (MRI) cephalometry showed that 
having a small and shallow mandible is an independent risk factor for 
OSA in males [28]. 

In this regard, it has been demonstrated that the mean BMI 
among SDB patients (AHI ≥ 5) of similar age-group in Korean and 
Chinese men and women was 27 Kg/m2. For Indian men it was 31 
and for African American men and women 32 Kg/m2. Caucasian 
men and women with mean BMI = 33 Kg/m2 had the highest BMI 
among the different ethnic groups of the SDB patients [11]. According 
to different studies, Asian OSA patients mainly have craniofacial 
skeletal deviation, African American patients display more obesity 
and enlarged upper airway soft tissue abnormalities, while Caucasians 
show evidence of both skeletal and soft tissue deviation[1]. American 
studies, which have compared Asian and Caucasian OSA patients 
having a similar severe range of AHI, have found that Asian patients 
are younger, with a lower mean BMI than Caucasians (26.6 ± 3.7, 
and 30.7 ± 5.9 Kg/m2 respectively) [23]. Also, it has been reported 
that the severity of illness in Asian OSA patients is greater than that 
in Caucasian patients when matched for age, gender and BMI [29]. 
Craniofacial skeletal deviation between humans has been found to 
be largely due to differing patterns of biological inheritance; cross-
analysis of osteological variables and genome association has identified 
specific genes which control this craniofacial deviation [30]. A recent 
genetic study published in Nature (2019) showed that West Asians 
(Iran, Turkey, Iraq, Afghanistan,) Europeans, Northern Africans and 
South Asians (Caucasoid group), are closely related to each other and 
can be distinguished from Mongoloid and Negroid populations [31]. 
(Figure 1) shows a geographical diversity of racial / ethnic groups. 
There is evidence showing that despite the existence of internal 
heterogeneity in a population, a group can form a geographical cluster 
[31-33]. Several studies, International included, have confirmed the 
influence of ethnicity / craniofacial deviation on SDB. (Figure 2)
shows the influence of ethnicity / craniofacial deviation in several 
studies conducted among various ethnic groups. Asians / Chinese of 
similar or younger age than Caucasians and with lower BMI/Kg/m2 
demonstrated higher AHI than Caucasians in comparison studies [20, 
21, 23, 34]. And incremental changes in BMI were associated with 
larger increases in AHI among Chinese than Caucasian [21,34]. Also, 
in Arnardottir (2016) and Kim (2004), two separate community-
based studies performed in Iceland (Caucasian) and Korea, (with 
nearly similar age and BMI groups), the Korean group showed higher 
AHI than the Caucasian group [35,36]. 

parameters B SE β T P
BMI 2.952 1.229 0.469 2.403 0.02
WC 0.082 1.052 0.025 0.078 0.94
WHR 104.23 71.526 0.22 1.457 0.15
WHtR -0.701 166.37 -0 -0 1
Constant -137.68 59.506  -2.31 0.03
R= 0.564a R SQUARED = 0.318 Adjusted R Squared = 30.59062
Note: A. Predictors: (Constant); B. Unstandardized coefficients; Beta: Standardized coefficient

Table 3: Evaluation of effect of anthropometric measures on SDB using step-wise linear regression analysis.

 MLPT N Mean SD P

AHI

2 11 17 5

0.04
3 27 36.22 15
4 41 38 14

Total 79 32 20

SMIN

2 11 80 6.44

0.28
3 27 73.62 12.4
4 42 73.21 13.8

Total 80 74.28 12.7

SMED

2 11 91.48 2.99

0.38
3 27 90.24 4.57
4 42 88.95 6.86

Total 80 89.73 5.77
RDI 2 11 24.01 23.4

0.04
 3 27 53.92 33.6
 4 41 49.78 34.6
 Total 79 47.61 34
Note: RDI= Respiratory disturbance index (AHI + respiratory-effort related 
arousals).

Table 4: Association between the modified Mallampati grades and SDB 
parameters in total patients
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Other studies conducted in Istanbul, Sao Paolo, California and 
France having a mean range BMI = 28-37, showed a mean range of 
AHI = 34-37. Our findings in this current study are consistent with 
these studies and the four Caucasian comparison studies in (Figure 2). 

While there is internal heterogeneity in the Iranian population, it 
forms a geographical cluster [31-33]. The Iranian population comprises 
numerous ethnic groups. The Persians in Central Iran and Azeri’s 
in Northern Iran are Caucasian and make up around 81% of Iran's 
population [33]. These two groups along with 3 other small groups 
(Kurds, Lures and Arabs) make up the existence of a Central Iranian 
Cluster (CIC) and amount to about 96% of the Iranian population 
[32]. The genetic diversity found in the CIC Group is comparable with 
the population groups found in the South Caucasus, Anatolia and 
Europe [32]. The CIC Group forms a distinct genetic entity, despite 
internal heterogeneity and on a global scale it is identified as being 
close to European [32]. The population we studied is in the city of 
Qazvin (Central Iran), 120 km north west of the Capital Tehran and 
within the CIC. The subject population’s genetic ethnic diversity and 
craniofacial structure is accordingly representative of the CIC. 

Clinical study of association between anthropometrics measures 
and SDB in Iran is rare. To our knowledge, this is the first attempt 
(in the region of our study) to survey the racial/ethnic differences in 
the association between anthropometric measures and the severity 
of SDB using an ethnographic map. Importantly, our data reveals an 
ethnic / craniofacial similarity between the population in this current 
study with the European and Turkish population (Figure 1) [31,32] 
and consistency of SDB severity between our study subjects and the 

European population (Figure 2). We expect that our finding will be 
useful to future mapping studies which in turn will contribute to a 
better global understanding of the association of ethnicity and SDB, 
informing SDB protocols and definitions. We anticipate it may help 

Figure 2: The developed system to record an averaged depth between a 
camera and a participant.

Figure 1: Ethnographic map. Race / ethnicity diversity.



Citation: Veisi Hampa F, Javadi M, Jalilolghadr S, Yazdi Z, Javadi A (2020) Various Anthropometric Measures and Sleep-Disordered Breathing in Obstructive 
Sleep Apnea Patients in Qazvin Province, Iran. J Sleep Disor: Treat Care 9:3.

• Page 5 of 6•Volume 9 • Issue 5 • 1000241

doi: 10.37532/jsdtc.2020.9(5).241

those involved in comparing and interpreting data and determining 
the anthropometric predictors of SDB.

Conclusion
We are aware of ways in which our study could be expanded. 

The female sample sizes were small due to recruitment difficulties. 
Because of this we were unable to find any true correlation of 
anthropometric measures with SDB in this group of patients. We did 
not exclude patients with previous upper airway surgery or upper 
airway malformations. Finally, although not currently available in a 
suitable format for this paper, a future study might utilize more recent 
ethnographic data.
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