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Background: Anthropometric measurements are simple and reachable tools for self-evaluating and 
screening patients with a high risk of obstructive sleep apnea (OSA). However, the accumulated relationship 
of obesity on the anthropometric characteristics of OSA is not well understood. The aim of the study was to 
show the time-dependent trend of OSA patients and compare overall and regional anthropometric between 
two ethnicities.
Methods: A cumulative meta-analysis was performed to assess obesity metrics in patients with and without 
OSA between Asians and Caucasians. We searched PubMed, Web of Science, Embase, and Scopus up to 
Jun 2020. Included studies used body mass index (BMI), neck circumference (NC), waist circumference 
(WC) and waist-to-hip ratio (WHR) as measures of anthropometric features in the adult OSA population 
and controls, utilized in-lab polysomnography or home sleep testing with apnea-hypopnea index (AHI) or 
respiratory disturbance index (RDI) classification, reported ethnicity/race, and were published in English. 
Any studies lacking one of these criteria or sufficient data were excluded.
Results: Forty studies with a total of 19,142 subjects were investigated. Comparison of changes between 
patients with and without OSA showed that OSA patients had a higher BMI [mean difference (MD) 3.12, 95% 
confidence interval (CI): 2.51–3.73], NC (MD 3.10, 95% CI: 2.70–3.51), WC (MD 9.84, 95% CI: 8.42–11.26) 
and waist-hip ratio (MD 0.04, 95% CI: 0.03–0.05) than the control subjects. The accumulated time-dependent 
increase in population with OSA was significantly apparent with all anthropometric features. BMI increased 
from 2000 (MD 0.50) to 2012 (MD 3.08–3.48) and remained stable afterwards (MD 2.70–3.17), NC increased 
from 2000 (MD 0.40) to 2013 (MD 3.09) and remained stable afterwards too (MD 3.06–3.21). WC increased 
from 2000 (MD 2.00) to 2012 (MD 9.37–10.03) and also remained stable afterwards (MD 8.99–9.84). WHR 
was stable from 2000 to 2004 with an MD of 0.01 and then stable from 2007 onwards with an increased MD of 
0.03–0.04. Compared with Caucasian patients, Asian patients had lower obesity relevant variates.
Conclusions: BMI, NC, WC and WHR are associated with OSA in both ethnic groups. Anthropometry 
for overall and regional obesity could facilitate differentiation of patients with OSA from individuals without 
OSA by ethnicity.
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Introduction 

Obstructive sleep apnea (OSA) is one of the most common 
multifactorial and heterogeneous sleep breathing disorders, 
characterized by partial and complete upper airway 
collapsibility, nocturnal hypoxia and disturbed awakenings (1).  
Overweight and obese populations are more likely to develop 
OSA (2). Obese patients with OSA are at higher risk of 
cardiovascular events and metabolic syndromes than non-
obese patients with OSA (3,4). Importantly, there may be a 
genetic predisposition for OSA shown by an increased risk 
in families of OSA patients, and higher OSA prevalence 
in nonobese Asian patients compared to their white 
counterparts (5). Previous studies show that Caucasians with 
OSA are more obese while Asians have more craniofacial 
bony restrictions (6,7). Furthermore, Asian patients are 
more likely to develop more severe OSA than Caucasians 
with similar body mass index (BMI) levels (6,7). Current 
findings have demonstrated that the degree of obesity tends 
to have a greater influence on Asian patients with OSA than 
Caucasians (8). Early epidemiological data shows that a 
similar prevalence of OSA was found in Asian and western 
countries (9). 

However, as of today, the prevalence of obesity is 
increasing rapidly among Asian countries with altered 
lifestyle and dietary aspects (10). Additionally, different 
types of fat distribution such as central and peripheral 
obesity may lead to the development of OSA in varying 
degrees. Obesity and fat distribution are the main factors 
contributing to ethnic differences in OSA prevalence and 
presentation. Global and regional adiposity can easily 
be measured by BMI, neck circumference (NC), waist 
circumference (WC) and waist-hip ratio (WHR). The 
combination of measurements may show the detailed obesity 
patterns among individuals with OSA. The cumulative 
analysis of anthropometric data provided an objective 
assessment to investigate changes in overall and regional 
obesity between two ethnic populations with OSA groups in 
relation to time, regardless of apnea-hypopnea index (AHI) 
classification [measured by overnight polysomnography 
(PSG) and dependent on sex and age]. Thus, it is necessary 
to re-evaluate the correlations and differences of multiple 
anthropometric features in populations with and without 

OSA between Asians and Caucasians. The purpose of the 
study was to elucidate whether different ethnic populations 
share common risk characteristics on anthropometric 
obesity-associated measurements in OSA patients. 
This would improve the understanding of etiology and 
heterogeneity of overweight and obese OSA in relation with 
ethnicity.

We present the following article/case in accordance with 
the PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-1799).

Methods

Search strategy

Two investigators independently searched the articles in 
the databases (PubMed, Web of Science, Embase, and 
Scopus). The reference lists of eligible studies and relevant 
papers were also manually searched and reviewed. Search 
terms included “sleep apnea”, “body mass index”, “neck 
circumference”, “waist circumference”, “waist-hip ratio”, 
“obesity”, “body fat distribution” and “anthropometry”. For 
example, the search strategy used in PubMed was (“sleep 
apnea”) AND (“body mass index” OR “neck circumference” 
OR “waist circumference” OR “waist-hip ratio” OR 
“obesity” OR “anthropometry” OR “body fat distribution”). 
Searching date was from January 1, 1964 to June 23, 
2020. Firstly, we found 16,100 articles (after duplications 
excluded), and then excluded 92 articles by reading the title 
and abstract on the basis of study design, as detailed in the 
exclusion criteria. Finally, 40 articles were left after reading 
the whole article (Figure 1). A similar search strategy was 
applied to the other databases.

Inclusion and exclusion

Inclusion criteria: (I) researched study (randomized 
controlled trials and retrospective study) comparing OSA 
(AHI ≥5 events/h) with non-OSA subjects (AHI <5 events/h);  
(II) primary outcome (BMI) with any secondary outcomes 
(NC, WC and WHR); (III) standard PSG or home sleep 
testing with results of AHI or respiratory disturbance index 
(RDI) classification; (IV) reports of race/ethnicity; (V) only 
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be published in English.
Exclusion criteria: (I) review, case report; (II) was not 

divided into OSA and control group; (III) insufficient data 
in the articles (lack standard deviation, number of subjects 
and so on); (IV) craniofacial deformity, bariatric surgery and 
pregnant women; (V) investigations that do not use AHI <5 
for non-OSA subjects

Data collection 

Two authors independently reviewed the identified abstracts 
and selected articles. The third reviewer addressed the 
discrepancies. For each selected publication, the following 
baseline and study characteristics were extracted: first 
author, publication year, country, participant characteristics 

in the study, and the concluded baseline characteristics of 
these studies (Table 1). Efficacy outcome measures included 
BMI, WC, NC and waist-hip ratio. 

Ethical statement

The authors are accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. Ethical approval and consent to participate was 
not applicable for this study.

Statistical analysis 

We pooled data and used mean deviation (MD), with 95% 
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Table 1 Characteristics of selected studies and subjects with and without obstructive sleep apnea

Study Country OSA/non-OSA (N) Age (year) BMI (kg/m
2
) NC (cm) WC (cm) WHR (cm) AHI (events/h)

Ip et al. 2000, (11) China 30/30 43.6/41.9 27.0/26.5 38.9/38.5 91.9/89.9 0.91/0.90 35.70/1.80

Udwadia et al. 2004, (12) India 93/157 48.3/47.8 30.8/26.7 41.7/38.9 109.7/98.8 0.96/0.95 AHI ≥5/AHI <5

Ip et al. 2004, (13) China 74/31 48.2/42.7 27.2/23.1 34.7/33.1 85.5/77.4 0.85/0.83 AHI ≥5/AHI <5

Kim et al. 2004, (14) Korea 160/327 50.8/48.8 26.6/24.5 NA NA 0.88/0.86 18.67/1.26

Yucel et al. 2005, (15) Turkey 47/24 49.0/46.0 33.0/34.1 39.3/37.4 NA NA 29.60/2.10

Julià-Serdà et al. 2006, (16) Spain 115/92 51.2/45.9 32.6/29.7 43.5/40.6 111.4/102.5 NA 46.00/3.00

Sharma et al. 2007, (17) India 40/80 42.3/42.6 29.8/25.3 39.3/36.1 106.9/92.7 1.00/0.85 32.60/0.85

Martinez-Rivera et al. 2008, (18) Spain 124/68 53.0/49.5 31.4/31.0 42.5/40.5 106.3/100.7 0.98/0.94 38.90/4.95

Nakagawa et al. 2008, (19) Japan 93/18 47.2/43.8 29.2/23.8 NA 97.7/86.7 NA 36.00/2.40

Jelic et al. 2010, (20) USA 38/33 38.0/37.0 35.0/30.0 NA 43.0/38.0 0.93/0.88 36.00/1.00

Angelico et al. 2010, (21) Italy 178/48 53.6/49.8 32.1/29.2 NA 110.0/101.2 0.97/0.94 31.40/1.50

Yusoff et al. 2010, (22) Malaysia 128/161 45.4/42.5 29.4/25.5 40.0/37.4 NA NA AHI ≥5/AHI <5

Chen et al. 2011, (23) China 786/249 46.3/40.4 27.9/23.9 40.8/37.4 NA NA 43.01/1.60

Kawaguchi et al. 2011, (24) Japan 189/30 53.8/44.8 27.3/23.1 40.3/36.8 91.8/78.3 NA 32.60/2.00

Ugur et al. 2011, (25) Turkey 73/24 51.6/47.4 32.4/29.0 41.3/40.5 110.8/102.3 NA 35.40/3.60

Soylu et al. 2012, (26) Turkey 431/68 51.9/42.5 32.2/26.9 43.0/37.7 113.4/96.0 NA 36.45/2.27

Lubrano et al. 2012, (27) Italy 104/67 50.2/42.0 43.4/35.7 NA 129.2/111.5 0.98/0.96 27.22/1.54

Lin et al. 2012, (28) China 113/45 48.1/47.0 22.2/22.4 NA 81.4/80.0 0.94/0.94 27.00/3.20

Li et al. 2012, (29) China 14/14 39.4/42.8 26.5/26.6 46.6/45.4 NA NA 54.30/2.29

Kim et al. 2013, (30) Korea 400/438 58.0/54.7 25.6/24.3 NA 84.9/79.7 NA AHI ≥5/AHI <5

Apaydin et al. 2013, (31) Turkey 67/20 51.8/47.4 31.6/27.4 41.0/30.0 109.7/98.5 0.99/0.94 47.60/2.40

Kang et al. 2014, (32) Korea 316/67 44.0/48.4 26.8/23.1 38.1/34.4 94.5/83.5 NA 35.80/2.00

Liu et al. 2014, (33) China 130/19 50.5/48.7 28.0/24.4 39.3/36.2 NA NA 30.90/3.20

Lim et al. 2014, (34) Korea 120/31 45.4/38.1 23.2/24.5 39.5/36.9 95.5/86.5 0.94/0.88 34.00/1.85

Shen et al. 2015, (35) China 196/104 53.5/54.5 27.3/26.8 NA NA 0.87/0.86 21.00/2.00

Luz et al. 2016, (36) Brazil 39/25 48.0/36.0 28.8/24.1 39.9/35.5 100.8/86.5 NA 9.00/1.30

Xu et al. 2016, (37) China 2,422/561 43.7/39.3 26.3/23.7 39.8/36.2 96.0/85.7 0.95/0.90 39.43/1.50

Wang et al. 2016, (38) China 1,289/600 58.2/54.7 25.4/24.0 38.9/37.4 NA 0.96/0.93 19.20/1.63

Duong-Quy et al. 2016, (39) Vietnam 52/30 54.0/54.2 23.9/21.6 35.2/32.4 87.0/78.6 NA 25.61/3.03

Cao et al. 2016, (40) China 192/56 53.4/49.6 25.8/24.2 NA NA 0.93/0.90 AHI ≥5/AHI <5

Shi et al. 2017, (41) China 43/43 43.0/51.6 29.2/25.5 42.1/38.6 NA NA 59.60/1.40

Tseng et al. 2017, (42) China 40/80 52.5/53.1 27.0/24.3 NA 95.1/87.3 NA 33.40/0.01

Amin et al. 2017, (43) UK 54/51 56.1/52.9 32.3/28.9 40.1/38.1 110.2/101.1 1.01/0.99 AHI ≥5/AHI <5

Unal et al. 2019, (44) Turkey 437/72 49.3/39.4 30.9/25.9 NA 107.9/91.7 0.63/0.55 28.90/2.15

Ragia et al. 2019, (45) Greece 144/32 53.2/47.6 35.4/30.3 44.3/39.6 120.7/104.7 NA AHI ≥5/AHI <5

Table 1 (continued)
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confidence interval (CI) for continuous outcomes: BMI, 
NC, WC and waist-hip ratio. We used a fixed-effect model 
if there was no considerable heterogeneity among studies. 
We used a random-effects model if the I2 statistic was above 
50% and Cochran’s Q statistic had a P value ≤0.1. Subgroup 
analyses were performed to compare BMI, WC, NC 
and waist-hip ratio grouped by the ethnicities (Asian and 
Caucasian). Cumulative meta-analyses were performed to 
test the time-dependent effects of obesity on the incidence 
of OSA. Funnel plots were used to screen for potential 
publication bias. Trim and fill method was used to address 
high publication bias. All statistical analyses were carried 
out with R 3.6.1.

Results

The meta-analysis included 40 eligible studies involving 19,142 
subjects. Studies were published up to 2020, and were conducted 
in 15 countries [China (11,13,23,28,29,33,35,37,38,40-42,49,50), 
Japan (19,24,48), India (12,17), Korea (14,30,32,34), Malaysia (22),  
Vietnam (39), Turkey (15,25,26,31,44), Spain (16,18), United 
States (20), Italy (21,27), Brazil (36), United Kingdom (43), 
Greece (45), Belgium (46), Poland (47)].

Body mass index

For BMI results, we included 40 studies involving a total of 
19,142 subjects (13,509 OSA subjects and 5,633 non-OSA 
subjects). The results of randomized effects model showed that 
OSA patients had a higher BMI than non-OSA subjects (MD 
3.12, 95% CI: 2.51–3.73, I2=95%). The subgroup analysis 
indicated that the Asian population (MD 2.61, 95% CI: 2.09–
3.12, I2=92%) had trends of a lower BMI than the Caucasian 
population (MD 4.24, 95% CI: 2.53–5.95). Cumulative BMI 
was also found to increase with time from 2000 (MD 0.50, 

95% CI: −0.78 to 1.78) to 2019 (MD 2.84–3.12). The study 
in 2000 could be an outlier, but then from 2004 to 2019, BMI 
rose from 2.30–2.90 to 2.84–3.12 (Figure 2).

Neck circumference 

To test the differences of NC, we included in 30 studies 
[China (11,13,23,29,33,37,38,41,49,50), Japan (24,48), India 
(12,17), Korea (32,34), Malaysia (22), Vietnam (39), Turkey 
(15,25,26,31), Spain (16,18), Italy (27), Brazil (36), United 
Kingdom (43), Greece (45), Belgium (46), Poland (47)]  
with a total of 15,903 patients (11,558 OSA subjects and 
4,345 non-OSA subjects), the results of randomized effects 
model demonstrated that OSA patients had a higher NC 
than non-OSA subjects (MD 3.10, 95% CI: 2.70–3.51, 
I2=84%). The subgroup analysis indicated that Asians (MD 
2.83, 95% CI: 2.43, 3.23, I2=78%) had trends of a lower NC 
than Caucasians (MD 3.99, 95% CI: 2.64–5.35). Like BMI, 
cumulative NC was found to increase with time, from 2000 
(MD 0.40) to 2019 (MD 3.10–3.17) with a steady increase 
from 2004 (MD 1.97–1.99) to 2013 (MD 3.09). However, 
cumulative NC appears stable from 2013 to 2019 with an 
MD range of 3.06–3.21 (Figure 3).

Waist circumference 

For WC, we included in 29 studies [China (11,13,28,37,42,49), 
Japan (19,24,48), India (12,17), Korea (30,32,34), Vietnam 
(39), Turkey (25,26,31,44), Spain (16,18), United State 
(20), Italy (21,27), Brazil (36), United Kingdom (43),  
Greece (45), Belgium (46), Poland (47)] involving a total of 
14,405 subjects (10,400 OSA subjects and 4,005 non-OSA 
subjects). The results of randomized effects model showed 
that OSA patients had a higher WC than non-OSA subjects 
(MD 9.84, 95% CI: 8.42–11.26, I2=90%). The subgroup 

Table 1 (continued)

Study Country OSA/non-OSA (N) Age (year) BMI (kg/m
2
) NC (cm) WC (cm) WHR (cm) AHI (events/h)

Bauters et al. 2019, (46) Belgium 816/993 57.6/54.7 34.0/25.2 39.3/36.1 99.6/90.8 NA AHI ≥5/AHI <5

Tażbirek et al. 2019, (47) Poland 31/19 49.4/47.1 35.7/33.1 46.2/43.0 119.6/116.3 NA 45.00/2.16

Kohno et al. 2019, (48) Japan 30/20 61.0/56.9 27.6/21.8 39.9/36.1 96.4/80.5 0.96/0.90 33.12/4.70

Xu et al. 2019, (49) China 3,737/775 43.1/38.0 27.0/23.6 40.0/36.4 96.8/85.8 NA 40.20/1.70

Zheng et al. 2019, (50) China 124/31 53.2/44.9 28.5/27.3 39.8/38.7 NA 0.98/0.94 AHI ≥5/AHI <5

Values are presented as number or mean in obstructive sleep apnea/controls. BMI, body mass index; NC, neck circumference; WC, waist 
circumference; WHR, waist-hip ratio; AHI, apnea-hypopnea index; NA, not available.



1751Journal of Thoracic Disease, Vol 13, No 3 March 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(3):1746-1759 | http://dx.doi.org/10.21037/jtd-20-1799

analysis indicated that Asians (M 9.06, 95% CI: 7.25–10.87, 
I2=92%) had trends of a lower WC than Caucasians (MD 
11.15, 95% CI: 8.46–13.84, I2=84%). WC was also found to 
increase with time, from 2000 (MD 2.00) to 2019 (MD 9.61–
9.84) with a steady increase between 2004 (MD 6.48–6.99) 
to 2012 (MD 9.37–10.03), after which it appears stable (MD 
8.99–9.84) (Figure 4).

Waist-hip ratio

To test the differences of waist-hip ratio, we included in 20 
studies (11-14,17,18,20,21,27,28,31,34,35,37,38,40,43,44,48,50) 
with a total of 8,317 patients (5,885 OSA subjects and 2,432 
non-OSA subjects), the results of randomized effects model 
demonstrated that OSA patients had a higher WHR than 
non-OSA subjects (MD 0.04, 95% CI 0.03–0.05, I2=96%). 
The subgroup analysis indicated that Asians (MD 0.04, 95% 
CI: 0.02–0.05, I2=76%) had trends of a lower WHR than 
Caucasians (MD 0.05, 95% CI: 0.02–0.07, I2=77%). WHR has 

a trend unlike the other anthropometric features. From 2000 to 
2004, WHR has an MD of 0.01. In 2007, this rose to 0.04 and 
until 2019 has remained stable at 0.03–0.04 (Figure 5). 

Publication bias 

There was publication bias in the studies included in the 
meta-analysis (Figure 6). Trim and fill methods were used 
for addressing the high publication bias (Figure 7), and the 
results showed that BMI (MD 2.480, 95% CI: 1.802–3.157), 
NC (MD 3.541, 95% CI: 3.115–3.967), WC (MD 8.857, 
95% CI: 7.434–10.279), and waist-hip ratio (MD 0.014, 
95% CI: 0.002–0.026) also had significantly higher values in 
OSA patients than controls. 

Discussion

To our knowledge, we are the first to analyze the 
time-dependent trend of the anthropometric obesity-

A B

Figure 2 The forest plot for body mass index (BMI) in cumulative meta-analysis of patients with obstructive sleep apnea (OSA) compared to 
controls without OSA (A), and the forest plot for BMI in meta-analysis of subjects with and without OSA between Asian and Caucasian (B). 
MD, mean difference; SD, standard deviation; CI, confidence interval.
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A B

BA

Figure 3 The forest plot for neck circumference (NC) in cumulative meta-analysis of patients with obstructive sleep apnea (OSA) compared 
to controls without OSA (A), and the forest plot for NC in meta-analysis of subjects with and without OSA between Asian and Caucasian (B). 
MD, mean difference; SD, standard deviation; CI, confidence interval.

Figure 4 The forest plot for waist circumference (WC) in cumulative meta-analysis of patients with obstructive sleep apnea (OSA) compared 
to controls without OSA (A), and the forest plot for WC in meta-analysis of subjects with and without OSA between Asian and Caucasian (B). 
MD, mean difference; SD, standard deviation; CI, confidence interval.
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related measures in OSA population using a cumulative 
meta-analysis. We extended previous observations 
on the relationship between OSA and obesity-related 
measurements, providing new data that characterize the 
changes of the anthropometric measures of obesity between 
Asians and Caucasians with OSA. Cho et al. only found 
NC is associated with OSA (51). No difference was found 
among BMI, WC and WHR in Asians and Caucasians 
with OSA compared to normal controls. Their study did 
not demonstrate the association and ethic differences of 
these parameters, possibly due to publication bias (51). In 
our study, ethnic differences in these measures changed 
due to their time-dependence. General obesity and body 
fat distribution measured by BMI, NC, WC, and WHR 
show significant differences between patients with OSA and 
controls both between the two ethnic groups. 

Our data shows that BMI becomes more strongly related 
to OSA from 2000 to 2019 (Figure 2). Higher levels of 
obesity were found in Caucasian OSA subjects compared 
to controls than Asians. Caucasian patients with OSA still 
tend to be more obese compared with Asians. Our results 
agreed with current findings indicating that Asians with 
OSA have a lower degree of BMI than Caucasians when age 
and AHI were controlled, but still suffering much upper 
airway narrowing (8). Caucasians with OSA exhibit a less 
severe presence of sleep apnea than Asians with a matching 
BMI. Mayer et al. demonstrated that overall, OSA patients 
with a lower BMI may have higher degrees of abnormal 

upper airway structure compared to obese OSA patients (52). 
Obesity is one of main factors of upper airway collapsibility, 
which affects the pathogenesis of OSA among the ethnic 
groups to some extent. Flegal et al. suggested BMI is useful as 
a predictor for risk and incidence of all-cause mortality (53). 
Peppard et al. indicated that a 10% weight gain was linked 
with approximately 32% increase in AHI, as measured by 
polysomnography (54). However, the criteria for overweight 
and obesity defined by World Health Organization 
(WHO) among Asians with BMI (23 and 25 kg/m2,  
respectively) are lower, compared to the cut-offs used for 
Caucasians (25 and 30 kg/m2, respectively), which make 
it challenging to compare as expected (55). Deurenberg 
et al. found that Asians has 3–5% more body fat for the 
same BMI compared to Caucasians, and 3–4 points lower 
BMI for the same body fat compared to Caucasians (56). 
Thus, discrepancies of generic obesity classification across 
ethnicities might underestimate its prevalence and effect in 
the Asian OSA population. 

However, anthropometric traits can vary across 
individuals depending on different obesity phenotypes (56).  
BMI is used to reflect overall obesity levels of individuals 
and may poorly capture body composition due to ethnic 
differences. Body adiposity measured the by ultrasound, 
magnetic resonance imaging (MRI), computed tomography 
(CT) and dual energy X-ray absorptiometry (DEXA) 
can reflect the size and amount of the soft fat tissue 
accurately. Unfortunately, it also involves the requirement 

A B

Figure 5 The forest plot for waist to hip ratio (WHR) in cumulative meta-analysis of patients with obstructive sleep apnea (OSA) compared 
to controls without OSA (A), and the forest plot for WHR in meta-analysis of subjects with and without OSA between Asian and Caucasian 
(B). MD, mean difference; SD, standard deviation; CI, confidence interval.



1754 Qin et al. Time dependence and ethnic comparison in OSA anthropometry

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(3):1746-1759 | http://dx.doi.org/10.21037/jtd-20-1799

of professional equipment, specialists and high medical 
expenses. Fat deposition assessed by NC, WC and 
WHR rather than BMI alone should be considered 
when compared the overweight and obese state, as those 
measures are easy to measure and could indirectly show 
characterization of obesity in detail. 

NC showed a strong relation with time. NC saw an increase 
in OSA patients compared to non-OSA controls, which is 
consistent with the classic OSA subject being observed to have 
a thick neck. Caucasians have a larger NC than Asians, which 
is consistent with the previous findings (57). Increased neck 
size in adults, reflecting increased volume of cervical adipose 
tissue, places a heavy burden on the upper airway and increases 
its collapsibility (58). It directly narrows the diameter of upper 
airways and aggravates sleep apnea. Previous studies used NC 
as a predictor of risk and incidence of developing OSA (59). 
Degache et al. found there is a significant difference between 

NC among different AHI groups, indicating NC is associated 
with the severity of OSA (60). Sakakibara et al. suggested 
NC is associated with positional changes when head posture 
changes. Weight loss helps decrease fat deposition surrounding 
the neck, which reduces upper airway collapse and AHI (61). 
Weight loss helps decrease fat deposition surrounding the 
neck, which reduces upper airway collapse and AHI (62).

Like BMI and NC, WC also showed a time-dependent 
increase. WC showed a significant difference between OSA 
and non-OSA subjects. A positive correlation was found 
between WC and OSA. Caucasians have a larger WC than 
Asian. However, Chen et al. found that there is stronger 
relationship between BMI and WC with graded OSA 
severity among the Chinese than other ethnic groups (63). 
The increasing abdominal fat determined by WC has been 
attributed to differences in patients with and without OSA (63). 
The incrementation in abdominal fat lowers end-expiratory 
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lung volumes, which reduces the pharyngeal longitudinal 
tension induced by the lungs and trachea (64,65). This 
aggravates AHI, particularly in the supine position.

WHR increased with time, but unlike the other 
anthropometric parameters, rather shifting in stable set 
point than steadily increasing up to a stable plateau. WHR 
differed between individuals with and without OSA. It 
seems that Asian and Caucasian patients shared similar body 
shape. Two main body type identifications such as central 
or peripheral obesity are commonly accepted. Central 
obesity is closely associated with OSA. Central obesity was 
defined as a waist circumference ≥90 centimeters (cm) for 
males and ≥80 cm for females (66). Central obesity was 
also defined as a WHR more than or equal to 0.9 for males 
and 0.85 for females, according to the WHO guidelines 
for identifying the risk of metabolic complications (67). 

Visual inspection of body types is used in clinical practice, 
which is known to mainly classify to apple- and pear- types. 
However, there are no reference values and cutoff points 
for predicted risk of OSA in relation to WHR. Apple- and 
pear-body shapes have different associations with risk for 
cardiovascular events. Sangkum et al. suggested that stop-
bang questionnaire with body type detection (e.g., central 
obesity) improves the accuracy of detecting high-risk OSA (68). 
Recently, Santos et al. showed the combination of global 
and/or regional obesity related measures did not help 
identify high suspicions of OSA (69).

In conclusion, OSA patients with higher measures 
of anthropometric features are common in Asian and 
Caucasian populations in the general community and in 
sleep clinics. However, BMI, NC, WC and WHR are 
objective parameters for exhibiting obesity patterns in 
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OSA. Anthropometric abnormalities in these parameters 
between obese Asians and Caucasians with OSA are shown 
in our study. Comprehensive obesity-related measurements 
(BMI, NC, WC and WHR) give additional insight to the 
profile of obesity and body fat distribution both in Asian 
and Caucasian population. These findings have implications 
for screening of obese patients with OSA in different 
ethnicities. Self-evaluation and re-assessment of disease 
severity is needed after apparent weight loss in obesity-
related OSA patients. 

Limitations of study

The limitations of this meta-study were showed as following: 
firstly, most studies included were retrospective studies, 
which meant that the results were inconclusive, and could 
not prove the causal relationship between obesity and OSA. 
Secondly, high heterogeneities of results were seen in our 
study, which could be due to various designs of studies, wide 
population distribution, and long-time span (2000–2019). To 
address high heterogeneities, we conducted subgroup, and 
cumulative meta-analyses, respectively. Fourthly, we used 
AHI <5 to classify subjects as non-OSA. Other studies used 
AHI <10, AHI <15 or no/mild OSA group (0< AHI <15) as 
the control group were excluded. It is argued that AHI <5 
alone is not sufficient to identify non-OSA subjects from the 
OSA population. Heinzer et al. found that using different 
scoring criteria (i.e., AHI ≥15 or AHI with symptoms or 
comorbidities) is more significantly clinically relevant to OSA 
identification, suggesting that the definition of sleep-disordered 
breathing should be improved (70). Lastly, the cumulative 
effects of time-dependence on obesity metrics, and the 
trends of lower obesity relevant variates in Asian patients 
could not be statistically certified. 
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