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ABSTRACT
Objectives: To correlate body habitus with severity of obstructive sleep apnea (OSA) in Indian subjects.
Subjects: Prospective study. Consecutive patients with OSA
during the period 2013 to 2016 were included.
Materials and methods: Body mass index (BMI), neck circumference (NC), and Epworth sleepiness scale (ESS) were
recorded and their association with severity of OSA as graded
by apnea-hypopnea index (AHI) was analyzed.
Results: Totally 100 patients were included; 91 were male.
Mean age was 46.58 ± 12.92 years. Abnormal BMI, NC, and
ESS were observed in 67.3, 33.6 and 52.7% respectively.
Moderate and severe forms of OSA were found in 26 and 54%
respectively. Severe OSA was more common in men (56 vs
33.3%; p = 0.15). There was a strong correlation of OSA with
BMI (r = 0.378; p < 0.001), NC (r = 0.502; p < 0.001), and ESS
(r = 0.304; p = 0.002).
Conclusions: Obstructive sleep apnea in Indian patients has
strong correlation with male sex and indices of body habitus.
Keywords: Apnea-hypopnea index, Body mass index, Neck
circumference, Obstructive sleep apnea.
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INTRODUCTION
Obstructive sleep apnea hypopnea syndrome (OSAHS) is
characterized by repetitive episodes of apnea and hypopnea during sleep.1 Initially described by Guilleminault
et al2 in the 1970s, understanding of its pathogenesis has
evolved over the past 40 years. The obstruction involves
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the upper airway (UAW), specifically the pharynx,
because of imbalance between intrapharyngeal pressure
and outward forces generated by pharyngeal soft tissue
and muscles. In addition, specific anatomic abnormalities or a disproportional anatomy which can compromise
pharyngeal lumen and size is present in patients with
OSAHS.3 Changes in pharyngeal size and its configuration during sleep are a multifactorial consequence having
direct participation of anatomical and neural disorders.4-6
The symptoms include excessive daytime sleepiness,
nonrefreshing sleep, daytime fatigue, and decreased
concentration, which may cause marked impairment
in social or occupational functioning.7 In addition, the
patients with OSA were shown to have an increased risk
of cardiovascular disease, stroke, systemic hypertension,
diabetes mellitus, depression, and impaired cognitive
function.8,9 The gold standard for the diagnosis of OSA
is overnight polysomnography (PSG).10 Documented
risk factors for OSA include advanced age, male gender,
systemic hypertension, large NC, and obesity. Previous
studies demonstrated that large NC was a risk factor
for severe OSA and the most important predictor of
OSA.11-13 In addition, NC and BMI are highly correlated,
and BMI has been the most widely used parameter to
describe obesity.11 One study reported that a 10% weight
gain predicted an approximate 32% increase in the
AHI, and a 10% weight loss predicted a 26% decrease
in AHI.14
The aim of the present study was to identify the correlation of severity of OSA as measured by AHI with indices
of body habitus like BMI and NC in Indian patients.

MATERIALS AND METHODS
Study Design and Setting
This was a prospective study (2013–2016) conducted in a
tertairy care teaching hospital in South India. A dedicated
sleep apnea clinic was established in 2013 and the patients
were evaluated according to a standard protocol and a
database was maintained.

Patients
All patients referred to the sleep apnea clinic with chief
complaint of snoring as witnessed by the sleep partner
were included after evaluation with overnight PSG.
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Patients younger than 14 years and those with central
apnea were excluded.

Study Protocol
All patients underwent a detailed clinical history taking
and otolaryngological examination and completed a
sleepiness scale (ESS). Clinical evaluation included evaluation for hypertension, cardiovascular disease, diabetes
mellitus, hypothyroidism, nasal obstruction, and rhinitis.
Physical examination assessed facial, oral cavity, and oropharynx characteristics and findings on flexible scopy for
evaluation of level of collapse. A detailed assessment of
the body habitus was performed including height (cm),
weight (kg), and BMI calculated (kg/m2). Neck circumference (cm) was measured at the level of cricothyroid
membrane.
All patients underwent a detailed overnight PSG.
The PSG parameters included were electroencephalogram, electrocardiogram, right and left eye movements,
submental and anterior tibialis electromyogram, nasal
and oral airflow limitations, thoracic and abdominal
movements, and oxygen saturation by pulse oximetry.
Apnea was defined as cessation of airflow for more than
10 seconds and hypopnea was defined as ≥50% decrease
in airflow that persisted for more than 10 seconds accompanied by oxygen desaturation of 3% or greater or by
arousal.15 The AHI was calculated as the total number
of respiratory events (apnea plus hypopnea) per hour
of sleep.

Study Variables
The BMI was categorized into three groups based on
severity—<25, 25 to 29.9, and >30. Epworth sleepiness
scale was categorized into three groups: 0 to 8, 9 to 15, and
>15. Neck circumference was grouped as either normal
or abnormal. Neck circumference > 43 cm (males) and 38
cm (female) was considered abnormal.

Outcome Variables
Severity of OSA was graded by AHI as follows: <5 as
normal, 5 to 15 mild, 15 to 30 moderate, and >30 as severe
form of OSA. The correlation of severity of OSA with
measures of body habitus (BMI and NC) as well as with
the ESS was analyzed.

Statistical Analysis
The primary end point for this study was the presence
of OSA as a dependent variable. The differences were
analyzed using clinical variables, such as sex, age, BMI,
NC, ESS as independent variables. Comparisons were
performed using chi square test for categorical variables
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and Karl Pearson correlation coefficient for numerical
variables. We also analyzed the difference in age, BMI,
and NC according to the severity of OSA. All statistical
tests were performed using IBM Statistical Package for the
Social Sciences version 20. For all calculations a p-value
of less than 0.05 was considered statistically significant.
Categorical variables were presented as frequency and
percentage. Numerical variables that had a normal distribution were presented as mean ± standard deviation.
The study protocol was approved by the Institutional
Ethics Committee.

RESULTS
During the period 2013–2016, a total of 199 patients were
referred for evaluation to the sleep apnea clinic; 174
(87.4%) were male. Of these, 100 patients (50.2%) underwent PSG; 91 of these were male. The mean patient age
was 46.58 ± 12.92 years. The mean BMI was 27.45 kg/m2
(19–45 kg/m2) and the mean NC was 41.75 ± 3.05 cm.
Table 1 summarizes the baseline clinical characteritics of
the study patients.
Abnormal BMI was observed in 67.3% of the study
patients with 42.7% having BMI between 25 to 29.9 and
24.6% with BMI >30. Epworth sleepiness scale score of 0
to 8 was observed in 47.3% patients; 44.4% had a score of
9 to 15, while 8.3% had a score >15. The NC was abnormal
in 33.6% of patients.
Based on analysis of AHI, 20, 26, and 54% had mild,
moderate, and severe OSA respectively. Table 2 summarizes the results of PSG—severity of AHI scales by sex. As
summarized, severe forms of AHI were more commonly
observed in men than in women (56 vs 33.3%; p = 0.15).
Table 3 and Graphs 1 to 3 summarize the association
of the study variables BMI, EPS, and NC with severity
Table 1: Baseline characteristics
Variables
Sex

Category
Female
Male
Yes
No
Unknown
<25
25–29.90
>30
Unknown

Smoking

BMI

Frequency (n = 199)
25
174
26
137
36
35
85
49
30

Percentage
12.6
87.4
13.1
68.8
18.1
17.6
42.7
24.6
15.1

Table 2: Severity of AHI assessed by PSG

Sex
Female (9)
Male (91)

<15
n
%
4
44.5
16
17.6

AHI
16–30
n
%
2
22.2
24
26.4

>30
n
%
3
33.3
51 56

p-value
0.150
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Table 3: Correlation of BMI, ESS, and NC with severity of AHI
Variables
BMI

Category
≤15
<25
33.3
25–29.9
22.9
≥30
6.1
ESS
0–8
35.9
9–15
10.2
>15
11.1
NC
Normal
33.3
Abnormal
5.9
All figures are in percentages

AHI
16–30
26.7
33.3
18.2
25.6
30.6
11.1
35.6
26.5

>30
40
43.8
75.7
38.5
59.2
77.8
31.1
67.6

p-value
0.027

0.022

0.002

of OSA as defined by AHI. There was a positive correlation of higher BMI with more severe AHI (p = 0.027;
Graph 1). The AHI values of >30 were found in 43.8
and 75.7% of patients with BMI of 25 to 29.9 and >30
respectively (Table 3). Only 6.1% of patients in the BMI
>30 category had AHI < 15. AHI > 30 was significantly
correlated with abnormal NC (p = 0.002, Graph 2).
In patients with abnormal NC, 67.6% of patients had
AHI > 30 compared with 31.1% in patients with normal
NC (Table 3). Epworth sleepiness scale score also
positively correlated with severity of AHI (p = 0.022,
Graph 3). The AHI > 30 was found in 38.5, 59.2, and
77.8% of patients with ESS scores 0 to 8, 9 to 15, and > 15
respectively (Table 3).

Graph 1: Correlation between AHI and BMI

The major finding of this study was the strong correlation
of indices of body habitus (BMI and NC) and the ESS with
severity of OSA as assessed by AHI (Table 3, Graph 1
to 3). There was a linear correlation between indices of
body habitus and OSA (Graphs 1 to 3). We also observed
the association of male sex with more severe forms of OSA
(Table 2). The strongest correlation for severe OSA was
observed in patients with abnormal NC.

Obesity is a major risk factor for OSA.16 Soft tissue
enlargement around the UAW caused by obesity-related
subcutaneous and periluminal fat deposits may alter the
compliance of UAW walls and narrow the luminal area.
Thus, this increased likelihood of airway collapse may
explain the pathogenesis of OSA in obese patients.17,18
In addition, the pathogenesis of OSA may be mediated
by secondary effects induced by obesity, such as inflammation, insulin resistance, visceral adiposity, and central
neural mechanisms.19 Obesity also negatively affects
lung function, which may exaggerate an existing airway
disease and obese subjects also have increased respiratory
resistance and reduced lung volumes.
In this study, we observed that an abnormal NC was
more strongly associated with OSA than obesity (Table 3;
Graph 3). This was reported in a previous study in Japanese subjects.13 A possible explanation for this finding
is that localized adipose tissue distribution around the
neck is more associated with OSA than general obesity
and OSA is more vulnerable to the change in NC of Asian
patients.20 In addition, NC is considered a marker of

Graph 2: Correlation between AHI and ESS

Graph 3: Correlation between AHI and NC

DISCUSSION
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central obesity and has been associated not only with OSA
but also with increased cardiovascular risk and insulin
levels.21 An increased NC has been suggested as a better
sign of OSA than other clinical indices,22,23 and may be
upto 77% sensitive and 82% specific for OSA in patients.
Furthermore, combining NC with other features of sleep
apnea might further increase its sensitivity and specificity,
allowing the clinical diagnosis to be made.24
Although a relationship between the ESS score and
AHI has been observed,25,26 a clear causative relationship has not been established.27 In our study, there was a
strong trend toward higher AHI in the group with ESS ≥
13 compared with ESS ≤ 6 group and the difference is
statistically significant. So repetitive intermittent nocturnal hypoxemia plays a major role in the pathogenesis of
excessive daytime sleepiness in patients with OSA.
There are limitations to this study. Firstly, this was a
cross-sectional study. We could not determine the actual
effect of NC on the development and severity of OSA.
Secondly, we enrolled only those patients who visited the
sleep apnea clinic of a tertiary hospital and the possibility
of referral bias is possible. Thus, it may not be possible
to extrapolate our findings to the general population.
Finally, we did not design interventions to improve the
body habitus and study its impact on the severity of OSA
on follow-up.

CONCLUSION
Obstructive sleep apnea in Indian patients has a strong
correlation with male sex and indices of body habitus like
BMI and NC and the ESS.
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