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ABSTRACT 
 

Objective: This study aimed to determine the reliability of neck circumference in comparison to 
BMI for a measure of Obstructive Sleep Apnea and determine the interaction between neck 
circumference and the severity of apnea in the Pakistani adult population. 
Materials and Methods: A total of 306 subjects, were recruited retrospectively for the cross-
sectional research in the Department of Pulmonary Vascular and Sleep Disorders in Dow 
University Hospital, Karachi. We reviewed the hospital records to evaluate the BMI, neck 
circumference, and AHI from June 2018 to February 2022 by non-Random Purposive sampling. 
The patients 1) who were adults with age more than 18 years and 2) patients with obstructive sleep 
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apnea who were diagnosed through the Polysomnography test were included. IBM SPSS statistics 
25 was used for data analysis. Statistical significance was considered as a p-value <0.05. 
Results:  The average age was 52.3 ± 11.4 years. Results showed that sleep apnea was found to 
be more prevalent and severe in males than in females. Increased neck circumference is 
associated with the severity of sleep apnea and is found to be significant in male subjects 
(p=0.018) but not in females (0.577). The neck circumference and the BMI had a statistically 
significant relationship among the male group and female group (p=0.006 and p=<0.001) which 
shows that individually neck circumference is not a significant risk factor to diagnose OSA. In 
multivariate regression, we found a strong association between obesity (OR: 4.3; 95% CI: 2.03-
9.38; p-value: 0.00) and males (OR: 2.3; 95% CI: 1.41-3.73; p-value: 0.001) among obstructive 
sleep apnea patients. 
Conclusion:  In conclusion, the individuals who have large neck circumference have raised BMI, 
and the traditional indicators for instance males, older age, and BMI were associated with OSA but 
a larger neck circumference as an independent element was not linked to OSA. In addition, the 
correlation of large necks with OSA is found to be significant in male subjects but not in females. 
 

 
Keywords:  Neck circumference (NC); obesity; Obstructive Sleep Apnea (OSA); Body Mass Index 

(BMI); Pakistani population. 
 

1. INTRODUCTION  
 
Obstructive sleep apnea (OSA) is commonly 
attributable to the intermittent cessation of the 
upper respiratory tract while sleeping, nocturnal 
hypoxemia, and excessive daytime sleepiness 
[1]. The symptoms such as morning headaches, 
nocturia, choking or gasping for air, and restless 
sleep can cause a significant deterioration in 
social or occupational accomplishments [2]. In 
general, adequate sleep quantity and quality are 
considered to be necessary for keeping us fully 
awake, focused, and active all through the day 
[3]. Furthermore, people with OSA have a risk of 
high blood pressure, heart disease, diabetes 
mellitus, stroke, and psychological and mental 
health disorders [4]. Thus, initial diagnosis and 
prompt therapy of OSA are necessary. The 
standard method for identifying the existence of 
OSA and its treatment is Polysomnography 
(PSG) [5]. Although Polysomnography is an 
expensive treatment with time-consuming and 
has lack availability in hospitals, it is necessary to 
understand the other possible factors for the 
identification of OSA [6,7]. The Epworth 
sleepiness scale (ESS) was intended to evaluate 
the possibility of daytime somnolence which is 
considered a tool to identify OSA [8].  
 
Obesity is a leading cause of OSA and it’s 
directly linked with the OSA severity [9]. Neck 
circumference is another physical feature that 
promotes the pathogenesis of OSA [10]. Neck 
circumference has been characterized as a 
reliable assessment tool for obesity and OSA, 
and it has been shown to correspond well with 
other anthropometric measures. In males, a neck 

size of 43 cm or more, or in females, a neck size 
of 40 cm or more, may be most at risk for 
obstructive sleep apnea [11]. In light of these risk 
factors, it is feasible to decide whom patients 
ought to need for going through 
Polysomnography. Previous research studies 
showed that a thick neck was a possible factor 
that led to severe OSA and the utmost dominant 
predicting element for OSA [12,13]. On the 
contrary, some studies suggest that a wide neck 
was not associated with OSA [14,15]. 
Additionally, BMI and neck circumference are 
correlated with each other and both are the most 
enormously used indicator for obesity [12]. Neck 
circumferences measurements help determine 
OSA risk in people with type 2 diabetes [16,17]. 
 
Hence, this study aimed to determine the 
reliability of neck circumference in comparison to 
BMI for a measure of Obstructive Sleep Apnea in 
our Pakistani Population and determine the 
interaction between neck circumference and the 
severity of apnea in the Pakistani adult 
population. 
 

2. MATERIALS AND METHODS  
 
Total samples of 306 subjects were recruited 
retrospectively for the cross-sectional study 
which was managed in the Department of 
Pulmonary Vascular and Sleep Disorders in Dow 
University Hospital, Karachi. We reviewed the 
hospital records for the participants from June 
2018 to February 2022. Individuals who 
participated in the study were included by the 
non-Random Purposive sampling with informed 
written consent and the investigation was 
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initiated after getting acceptance from the ethical 
review board of the University. The inclusion 
criteria were the patients 1) who were adults with 
age more than 18 years and 2) patients with 
obstructive sleep apnea who were diagnosed 
through the Polysomnography test in the Sleep 
lab. The exclusion criteria were the patient 1) 
who have undergone or previously has taken the 
OSA treatment 2) who have thyroid problems 3) 
and women who were pregnant. 
 

The Apnea-Hypopnea Index was evaluated 
through the Polysomnography database, and the 
Body-Mass Index and the neck circumference 
were recorded through the records of 
anthropometric measurements. The Sleep 
technologists analyzed the anthropometric 
measurements and the severity of apnea through 
Polysomnography. AHI was assessed by the 
number of hypopneas and apneas divided by 
total sleep time. The Apnea-Hypopnea Index of 
more than five episodes in an hour was used to 
diagnose OSA. We classify the chronicity of OSA 
based on AHI and categorized it into three 
groups: Mild: AHI ≥5 to ≤15, Moderate: AHI ≥15 
to <30, and severe: AHI ≥30.  Anthropometric 
measurements were recorded on the scheduled 
night of Polysomnography. Height in centimeters 
was observed through a stadiometer. Weight in 
kilograms was measured with a weight machine. 
The BMI was computed as the weight in 
kilograms and height in square meters (kg/m

2
). 

 

As per WHO guidelines, the Body Mass Index is 
classified into following categories: Underweight: 
<18.5 kg/m

2
, Normal weight: 18.5 to <25.0 kg/m

2
, 

overweight: 25.0 to <30 kg/m
2
 and obese: ≥30 

kg/m
2
 [18]. With the participants standing upright, 

NC was measured, in centimeters using non-
stretchable plastic tape in the middle of the neck, 
between the mid-cervical spine and the mid of 
the anterior neck, to within 1 mm, just beneath 
Adam’s apple [19]. Neck circumference was 
used to predict sleep apnea. 
 

2.1 Data Analysis  
 
IBM SPSS statistics 25 was used to perform the 
data analysis. To define the descriptive data, 
continuous variables such as neck 
circumference, BMI, AHI, and age were 
calculated by means and standard deviation, and 
categorical variables i.e. Ranges of neck 
circumference, the severity of apnea, and 

categories of BMI were measured through 
frequencies and percentages. Fisher Exact test 
and the Chi-square were used for the calculation 
of categorical variables, whereas, the t-test was 
used for numerical variables. Statistical 
significance was considered as a p-value <0.05 
in entire calculations. The independent 
factors that were found to correlate with the 
severity of obstructive sleep apnea at a p-value 
of ≤0.20 on Univariate linear regression analysis 
and the significant biological variables 
were taken into multivariate analysis. The 
variables were selected by using backward 
deletion criteria. 
 

3. RESULTS AND DISCUSSION 
 

A total of three hundred and six OSA patients 
fulfilled the inclusion and exclusion criteria, from 
which one hundred and sixty were males and 
one hundred and forty-six were females. The 
average age was 50.3 ± 12.2 years in males and 
54.5 ± 10.0 years in females. The average BMI 
was 34.6 ± 5.7 kg/m

2
 in males and 44.3 ± 3.4 

kg/m
2
 in females. In addition, the mean neck 

circumference was 44.3 ± 3.4 cm in males and 
41.4 ± 3.4 cm in females. Both are statistically 
significant. AHI is relatively higher in males as 
compared to females. Baseline anthropometric 
measurements are given in Table 1. 
 
Table 2 illustrates the comparison of the neck 
circumference categories and the severity of 
apnea in OSA patients. We observed that sleep 
apnea was found to be more prevalent and 
severe in men (p=0.02) and not in women (p = 
0.58). Of the 160 male patients, 18 patients had 
mild OSA, and from them, 100% of patients had 
a neck circumference >39.5 cm. Similarly, 43 
patients had moderate OSA, and of them, 91% 
patients had a neck circumference >39.5 cm and 
only 9% patients had < 37 cm. Moreover, 99 
male patients had severe OSA, and 95% of 
patients have a thick neck of >39.5 cm. Whereas 
from one hundred and forty-six female OSA 
patients, 25 patients have mild OSA and from 
them, 84% of OSA females had a thick neck of 
>36.5 cm, 50 OSA females have moderate OSA 
and 86% had a neck circumference >36.5, and 
out of 99 females who have Severe OSA, 92% 
showed neck with >36.5 cm The correlation of 
increasing neck circumference with the severity 
of Apnea-Hypopnea Index is found to be 
significant in male subjects but not in females. 
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Table 1. Means of clinical factors among OSA Patients in males and females 
 

Clinical Variables Male 
(n=160) 
Mean ± SD 

Female 
(n=146) 
Mean ± SD 

Total 
(n=306) 
Mean ± SD 

P-value 

Age (years) 50.3 ± 12.2 54.5 ± 10.0 52.3 ± 11.4 0.001 
BMI (kg/m

2
) 34.6 ± 5.7 40.5 ± 8.2 37.4 ± 7.6 <0.001 

Neck circumference(cm) 44.3 ± 3.4 41.1 ± 3.4 42.7 ± 3.7 <0.001 
AHI (events/hr.) 40.5 ± 21.2 34.4 ± 20.7 37.6 ± 21.2 0.01 

*BMI= Body Mass Index, AHI= Apnea-Hypopnea Index  

 
Table 2. Classification of AHI and NC in OSA Patients 

 

Neck 
Circumference 

Severity of Apnea p-value 

Men (n=160)  Mild (n=18) % Moderate  (n=43)% Severe (n=99)% 

< 37 0 (0) 4 (9.3) 0 (0)  
0.02 37-39.5 0 (0) 0 (0) 5 (5.1) 

>39.5 18 (100) 39 (90.7) 94 (94.9) 

Women (n=146) Mild (n=25) % Moderate(n=50)% Severe (n=71)%  

<34 1(4) 2(4) 3(4.2)  
0.58 34 – 36.5 3(12) 5(10) 3(4.2) 

>36.5 21(84) 43(86) 65(91.5) 
 

Table 3. Classification of BMI and NC in OSA Patients 
 

Neck 
Circumference 

Categories of BMI p-value 

Men (n=160)  Normal 
 (n=04) % 

Overweight  
(n=28)% 

Obese  
(n=128)% 

< 37 2 (50) 1 (3.6) 1 (0.8)  
0.006 37-39.5 0 (0) 1 (3.6) 4(3.1) 

>39.5 2 (50) 26 (92.9) 123(96.1) 

Women (n=146) Normal 
 (n=02) % 

Overweight  
(n=06)% 

Obese  
(n=138)% 

 

<34 1(50) 1(16.7) 4(2.9)  
0.00 34 – 36.5 1(50) 2(33.3) 8(5.8) 

>36.5 0(0) 3(50) 126(91.3) 
 

Table 3 shows the correlation between neck 
circumference and BMI. In males, 93% of 
overweight and 96% of obese patients had a 
thick neck circumference of more than 39.5 cm. 
The p-value is significant which 0.006 is. 
Similarly, in females, of 146 OSA patients, 138 
were obese and 91% of females had a thick neck 
of >36.5 cm showing a marked relationship 
between the neck circumference and BMI 
(p=0.00). 
 
The results of Univariate regression show a 
significant relationship between OSA with age, 
obesity, large neck circumference, and gender. 
After the backward deletion in multivariate 
regression, we found a strong association 
between obesity (OR: 4.3; 95% CI: 2.03-9.38; p-
value: 0.00) and males (OR: 2.3; 95% CI: 1.41-

3.73; p-value: 0.001) among obstructive sleep 
apnea patients. 
 

3.1 Discussion 
 

The most common predictor which is the neck 
circumference was not solely linked with OSA 
diagnosis [20,21], and, therefore, large neck 
circumference may not be clinically effective for 
OSA. In addition, the Univariate regression in our 
study also indicates that neck circumference has 
not been significantly associated with the     
severity of OSA (OR: 0519; 95% CI: 0.23-1.20; 
p-value=0.12). The results of multivariate 
regression in our study also demonstrate that 
patients with obesity have a 4.3 times greater 
risk of getting severe OSA and males are at a 
much higher risk of severe OSA than females.
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Table 4. Univariate and Multivariate Regression to analyze the association of independent 
variables with the severity of OSA 

 

Variables OR 95% CI P-value 

 Univariate   

Age  1.0 0.97-1.01 0.473 
Obese*(1) 3.3 1.61-6.79 0.001 
Large Neck Circumference**(1) 0.5 0.23-1.20 0.12 
Males(1) 1.8 1.15-2.85 0.01 

 Multivariate   

Obese(1) 4.3 2.03-9.38 0.00 
Males(1) 2.3 1.41-3.73 0.001 

Obese*: BMI≥30 kg/m
2,
 

Large Neck Circumference**: males >39.5 cm, females > 36.5 cm 
OR=Odds Ratio, CI = Confidence Interval 

 
On the contrary, Eun Kim et al found that in 
Asian patients of snoring, the severity of OSA 
can be predicted through the neck circumference 
and the results of multiple logistic regression 
revealed that the thick neck was an absolute 
factor and indicator for Obstructive sleep apnea 
(r= 0.42, p<0.0001) [20]. The significant aspect of 
our study was found that a thick neck and 
increased BMI were the risk factors that led to 
OSA; however, NC was not the best feature that 
predicts the occurrence and severity of OSA 
without Raised BMI in our population. Moreover, 
we observed that there was an intense 
relationship between the AHI and the neck 
circumference in males but not in females, and 
also shows more association of neck 
circumference with the BMI than OSA. 
 
Aging is a health factor of risk for OSA [23]. 
Doubtlessly, our data had a high mean age in 
both genders with almost 52.3 with a standard 
deviation of 11.4, and we found major effects of 
age on OSA (p=<0.001). The average age shows 
that the OSA is more prevalent in older age 
patients. Another study found that age was 
independently associated with OSA, while neck 
circumference and weight surge with age [24].  
 
Many researchers observed that a thick neck 
was a prognostic of OSA in the global population 
[25,7,26]. However, in the Pakistani population, 
NC was not a significant indicator of OSA. The 
Pakistani population can be different from the 
global population due to their diet which requires 
more research to be done. The reference ranges 
of neck circumference that predict OSA are 
>39.5cm in males and >36.5 cm in females. And, 
the mean neck circumference in our cohort was 
44.3 and 41.1 in males and females respectively 
which also leads to Obstructive sleep apnea. In 
males, some patients have moderate and severe 

OSA with thin necks, whereas 96% of obese 
patients have large neck circumference and 93% 
of overweight patients have also large necks 
showing a strong interrelation between the NC 
and the BMI instead of sleep apnea. Similarly in 
females, large neck circumference is also linked 
with increased BMI (p<0.001) and is not related 
to the severity of apnea (p=0.577). In addition, 
BMI is an important factor that raised the fat 
accumulation in the neck which may lead to OSA 
[24]. 
 
Even though the direct involvement of NC in the 
progression of OSA has yet not been clarified, it 
has been described as a substitute indicator of 
central obesity [28] and has been characterized 
to be a useful determinant of OSA [29]. Obesity 
and OSA are intimately associated. Obesity 
tends to entail a mechanical feature, such as the 
impact of fat accumulation on the upper airway, 
in the induction of OSA [30,31]. 
 
The strength of our research is that we use the 
gold standard method for OSA detection, 
whereas, many other studies found the OSA 
patients through the Epworth Sleepiness score 
and the other signs and symptoms of OSA. 
Furthermore, the participants of the study are 
only Pakistani and we developed OSA predictors 
in our population. Our research was 
strengthened to rule out substantial differences in 
NC and BMI in the OSA diagnosis. This research 
adds to our knowledge that the circumference of 
the neck is not related directly to the diagnosis of 
OSA. 
 
There are some limitations to our research. First, 
this was a cross-sectional study and we could 
not able to evaluate the confirmed effects of NC 
on OSA, so the cohort study will be necessary to 
rule out. Second, we only selected the patients 
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from the sleep clinic and the sample didn’t imitate 
the characteristics of the general population. 
Third, for the participants who have thick neck 
circumference with low BMI and still have OSA, 
we did not rule out the morphology of neck 
structures that are responsible for the stenosis of 
upper airways such as the inflamed tonsils, 
extravagant uvula, or the soft palate, etc., which 
might affect the OSA incidence. 
 

4. CONCLUSION 
 
In conclusion, there is a significant association 
between BMI and the neck circumference in both 
males and females with Obstructive sleep apnea, 
and the traditional indicators for instance males, 
older age, and BMI were associated with OSA 
but a larger neck circumference as an 
independent element was not linked to OSA. In 
addition, the correlation of large necks with OSA 
is found to be significant in male subjects but not 
in females. 
 

CONSENT AND ETHICAL APPROVAL 
 
All authors declare that informed consent was 
obtained from the patient or the attendant for 
publication of this research. Ethical approval has 
also been taken from the review board of the 
hospital (IRB letter no. IRB-1896/DUHS/303). 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Hsiao-Yean Chiu P.-Y.C.-P.-H.-K.-J.-C. 

Diagnostic accuracy of the Berlin 
questionnaire, STOP-BANG, STOP, and 
Epworth sleepiness scale in detecting 
obstructive sleep apnea: and Epworth 
sleepiness scale in detecting obstructive 
sleep apnea. Sleep Medicine Reviews. 
2017;36:57-70. 

2. Mozaffer Rahim Hingorjo, M.A. Neck 
circumference as a useful marker of 
obesity: a comparison with body mass 
index and waist circumference. Journal of 
the Pakistan Medical Association. 2012; 
36-40. 

3. Ambreen Qamar, SI. Effects of obstructive 
sleep apnoea on lipid metabolism: A cross-
sectional study from a tertiary care hospital 
of Pakistan. Pak J Physiol. 2017;13(4). 

4. Chung F, Y.Y. Predictive performance of 
the STOP-Bang score for identifying 
obstructive sleep apnea in obese patients. 
ObesSurg, 2050-2057; 2013. 

5. Vgontzas AN. Does obesity play a major 
role in the pathogenesis of sleep apnoea 
and its associated manifestations via 
inflammation, visceral adiposity, and 
insulin resistance? Arch Physiol Biochem. 
2008;114:211–223. 

6. Reuveni H, A.T. Awareness level of 
obstructive sleep apnea syndrome during 
routine unstructured interviews of a 
standardized patient by primary care 
physicians. Sleep. 2004;27:1518-1525. 

7. Johns MW. A New Method for Measuring 
Daytime Sleepiness: The Epworth 
Sleepiness Scale. Sleep. 1991;14(6):540-
545. 

8. Johns M. A new method for measuring 
daytime sleepiness: the Epworth 
sleepiness scale. Sleep. 1991;14:540-545. 

9. Teodorescu M, X.A. Effects of inhaled 
fluticasone on upper airway during sleep 
and wakefulness in asthma: a pilot study. J 
Clin Sleep Med. 2014;10(2):183–93. 

10. Young T, S.J. Risk factors for obstructive 
sleep apnea in adults. JAMA. 2004; 
291:2013–2016. 

11. Sirlei Siani Morais M. A novel body mass 
index reference range - an observational 
study. Clinics (Sao Paulo). 2017;698–707. 

12. Ahbab S, A.H. Neck circumference, 
metabolic syndrome, and obstructive sleep 
apnea syndrome; evaluation of possible 
linkage. Med Sci Monit. 2013;19:111-117. 

13. Katz I, S.J. Do patients with obstructive 
sleep apnea have thick necks? Am Rev 
Respir Dis. 1990;141(5 Pt 1):1228–31. 

14. Endeshaw Y. Clinical characteristics of 
obstructive sleep apnea in community-
dwelling older adults. J Am Geriatr Soc. 
2006;54:1740-1744. 

15. Onat A, H.G. Neck circumference as a 
measure of central obesity: associations 
with metabolic syndrome and obstructive 
sleep apnea syndrome beyond waist 
circumference. Clin Nutr. 2009;28:46–51. 

16. Yuji Kawaguchi, S.F. Different Impacts of 
Neck Circumference and Visceral Obesity 
on the Severity of Obstructive Sleep Apnea 
Syndrome. Obesity. 2011;19:276-282. 

17. Edmonds PJ, K.G. Neck Grasp Predicts 
Obstructive Sleep Apnea in Type 2 
Diabetes Mellitus. Sleep Disorders; 2019. 
Article ID 3184382. 



 
 
 
 

Asad et al.; JPRI, 34(44A): 47-53, 2022; Article no.JPRI.89279 
 
 

 
53 

 

18. Si Eun Kim, B.S. Predictors for presence 
and severity of obstructive sleep apnea in 
snoring patients: Significance of neck 
circumference. Journal of Sleep Medicine. 
2015;12(2):34-38. 

19. Martins AB, T.S. Physiopathology of 
obstructive sleep apnea-hypopnea 
syndrome. J Bras Pneumol. 2007;33:93-
100. 

20. Schellenberg JB, M.G. Physical findings 
and the risk for obstructive sleep apnea. 
The importance of oropharyngeal 
structures. Am J Respir Crit Care Med. 
2000;162:740–748. 

21. Flemons WW, N.D. Access to diagnosis 
and treatment of patients with suspected 
sleep apnea. Am J Respir Crit Care Med. 
2004;169:668-672. 

22. Sharma SK, K.S. A stepped approach for 
prediction of obstructive sleep apnea in 
overtly asymptomatic obese subjects: a 
hospital-based study. Sleep Med. 2004; 
5(4):351–7. 

23. Kawaguchi Y, F.S. Different impacts of 
neck circumference and visceral obesity on 
the severity of obstructive sleep apnea 
syndrome. Obesity (Silver Spring). 2011; 
19:276-282. 

24. Martinez-Rivera C, A.J. The usefulness of 
truncal obesity indices as predictive factors 

for obstructive sleep apnea syndrome. 
Obesity (Silver Spring). 2008;16(1):113–8. 

25. Stefan Mihaicuta, L. U.-A. Analyzing Neck 
Circumference as an Indicator of CPAP 
Treatment Response in Obstructive     
Sleep Apnea with Network Medicine. 
Diagnostics. 2021;86. 

26. Carmelli D, S.G. Relationship of 30-year 
changes in obesity to sleep-disordered 
breathing in the Western Collaborative 
Group Study. Obes Res. 2000;8(9):632–7. 

27. Stradling JR, C.J. Predictors and 
prevalence of obstructive sleep apnoea 
and snoring in 1001 middle-aged men. 
Thorax. 1991;46(2):85–90. 

28. Pływaczewski R, B.P. Influence of neck 
circumference and body mass index on 
obstructive sleep apnoea severity in males. 
Pneumonol Alergol Pol. 2008;76:313-320. 

29. Og retmenog lu O, S.A. A Body fat 
composition: a predictive factor for 
obstructive sleep apnea. Laryngoscope. 
2005;115:1493-1498. 

30. Young T, P.P. Epidemiology of obstructive 
sleep apnea: a population health 
perspective. Am J Respir Crit Care Med. 
2002;165(9):1217–39. 

31. Carter R 3rd, W.D. Obesity and obstructive 
sleep apnea: Or is it OSA and obesity? 
Pathophysiology. 2008;15:71–77. 

 
© 2022 Asad et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/89279 

http://creativecommons.org/licenses/by/2.0

