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ABSTRACT

Background: Obstructive sleep apnea (OSA) is a progressive sleep disordered breathing condition char-
acterized by repeated episodes of upper airway collapse during sleep. Despite being the most common
sleep apnea, it often remains undiagnosed and untreated, especially in rural communities. There is a
paucity of literature estimating the prevalence of the disease and associated risk factors from the rural
population of Odisha.
Methods: It is a cross-sectional study that was conducted in a rural community of Odisha, India to find
out the prevalence of people living with the risk of OSA. Multi-staged sampling was done. Participants
were evaluated using the Berlin questionnaire (BQ) after obtaining informed consent. Data were analyzed
using SPSS with the significance level set at 95%. Univariate and multivariate analysis was done to
evaluate the risk factors associated with the condition.
Results: Out of 200 community dwellers surveyed using the BQ, 25% had a high likelihood of OSA. Among
these high risk subjects, snoring was reported by 70%, excessive daytime sleepiness by 50%. Out of those
who were at risk of OSA, 28% were smokers and 48% reported alcohol use. The associated risk factors
were age >35 years (OR = 4.5, 95% CI = 1.4—13.8, p < 0.05), BMI > 25 kg/rn2 (aOR = 3.5,95% Cl = 1.2—
10.5, p < 0.05), alcoholism (aOR = 4.5, 95% CI = 1.8—11.1, p = 0.001), and hypertension (aOR = 11.5, 95%
Cl = 4.7-28, p < 0.001). The prevalence was not affected by the type of diet (vegetarian vs non-
vegetarian), use of tobacco or tea consumption.
Conclusion: OSA is highly prevalent in the rural community of Odisha. Independent risk factors associ-
ated with such subjects were obesity, regular alcohol consumption, and hypertension. Further prevalence
studies are recommended.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

disruption of sleep [1,3]. Disturbed sleep further results in
excessive daytime sleepiness, impaired concentration and

Obstructive sleep apnea (OSA) is a highly prevalent sleep-
disordered breathing condition with potentially life-threatening
complications affecting mostly the middle and old aged popula-
tion globally. It is caused by repetitive obstruction of the upper
airway during sleep resulting in partial or complete cessation of
airflow [1]. Apnea is defined as complete cessation of airflow for at
least 10 s whereas reduction of airflow by > 30% for >10 s with
either >3% decrease in oxygen saturation or arousal from sleep is
termed as hypopnea [2]. Patients with obstructive sleep apnea
experience symptoms like loud snoring, frequent arousals, and

* Corresponding author.
E-mail address: drdipanweeta@gmail.com (D. Routray).

https://doi.org/10.1016/j.sleep.2019.03.014
1389-9457/© 2019 Elsevier B.V. All rights reserved.

increased risk of road traffic accidents [1,4,5]. Various health-
related complications associated with OSA are hypertension,
diabetes mellitus, cardiorespiratory complications, metabolic
complications, cognitive impairment which leads to unantici-
pated admissions to ICU [1,3—7]. The etiology of OSA is multifac-
torial where old age, male gender, and craniofacial abnormalities
constitute the non-modifiable risk factors and obesity, smoking
and alcohol are the major modifiable risk factors [3,5,8,9]. Out of
these, obesity is the most important preventable risk factor [8].
Studies report one standard deviation increase in body mass index
(BMI) increases the prevalence of the disease by four folds [5,8].
Prevalence of OSA in India varies from 4.6% to 27.3% using ques-
tionnaire method and from 1.7% to 12.2% using two staged
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questionnaire-cum-polysomnography method respectively [10].
Since performing polysomnography is not only expensive but also
requires a sleep laboratory with skilled technicians, various vali-
dated questionnaires are used in resource limited setting to screen
out OSA cases in a community [1,5,11]. Among the various ques-
tionnaires available, the Berlin questionnaire (BQ) has the best
negative predictive value (80—90%) along with high sensitivity
(73.1-93.8%) and specificity (89.1-95.7%) for the screening of
at-risk OSA cases [1,4,10,12—14]. Despite the high prevalence and
deadly complications associated with the disease, 85% cases
remain undiagnosed partly because of lack of information to
primary care physicians and partly due to expensive diagnostic
tests [3,10]. Since there is a paucity of studies from the rural
population of Odisha in India, the present study is designed to
estimate the prevalence of people at risk of OSA using the BQ, to
study the socio-demographic parameters and assess their asso-
ciated risk factors in a rural community of Odisha.

2. Methodology
2.1. Study setting and design

It is a community based cross-sectional study conducted in a
duration of six months (September 2016 to February 2017) by the
Department of Community Medicine of a tertiary care teaching
hospital of the central revenue zone of Odisha. After getting
approval from the Institutional Ethics Committee (IEC), the survey
was carried out by paying visits from house to house in the selected
community.

2.2. Subjects

The study subjects comprised adults of both sexes residing in
the rural community of central revenue zone for at least six months.
Persons with diagnosed insomnia, major depression (or other
psychiatric illnesses), congestive heart failure, chronic kidney dis-
eases, severe anemia, or cerebrovascular diseases (stroke) were
excluded. Moribund or severely ill subjects were also excluded
from the study.

Sample size was calculated to be 190 by taking the prevalence of
13.7% with an absolute precision of 5% [11,15,16]. Taking a non-
response rate of 10%, the estimated sample size was 210. The po-
wer of the study was calculated to be 83.8% at this sample size.

2.3. Sampling

In this study, we performed multi-staged sampling. The
sampling unit was a household with an eligible participant. In
each stage, simple random sampling was done using lottery
method except in the final stage of choosing the households,
where the random number table was used. In the first stage, out
of the 10 districts under the central revenue zone of Odisha, one
district (Kendrapara) was selected randomly. Kendrapara district
covers 12 blocks and 1592 villages with 1,440,361 populations;
94.2% population of Kendrapara district lives in rural areas of
villages [17]. In the second and third stages, one out of 12 blocks
(ie, Rajnagar), and five out of 12 villages were selected respec-
tively, by lottery. Important sources of livelihood in Rajnagar
block are farming, working as daily wage laborers, and cow
rearing. The list of households in those villages was obtained
from the Accredited Social Health Activist (ASHA) workers. In
each village, 42 households were visited randomly using random
number table. From each household, one eligible person was
interviewed in presence of their bed partner after taking written
informed consent.

2.4. Questionnaire

A predesigned, pretested and validated questionnaire was used
for data collection. It contained questions on socio-demographic
profile (age, sex, and socioeconomic status), lifestyle factors (di-
etary habits, alcohol consumption, and tobacco use), BQ criteria and
other possible risk factors. Body mass index (BMI) was classified
according to the new Asian criteria [18]. In our study, the socio-
economic status of the participants was assessed using Uday Par-
eek's scale [19]. Blood pressure was measured using mercury
sphygmomanometer in right arm sitting posture in the home
environment. Two readings were taken in a gap of 15 min and an
average was noted. Persons who had already been diagnosed with
hypertension and those with BP > 140/90 mmHg at the time of the
study were included under hypertensives. The questionnaire was
validated by translating into local language (Odia) and was
reviewed by a group of experts.

2.5. Statistical analysis

Data were entered using Microsoft Excel 2010 and analyzed
using Statistical Package for Social Sciences version 18 (PASW sta-
tistics for Windows, Chicago: SPSS Inc.).

Descriptive statistics were used and the results were expressed
as mean + standard deviation or frequency and percentage. Nor-
mally distributed quantitative and categorical variables were
compared using Students t-test and Pearson Chi—Square test
respectively. The risk factors associated with lifestyle variables
were dichotomized into two categories; predominant diet type as
vegetarian or non-vegetarian, socioeconomic status (lower/middle
class), tea and smoking (either daily or occasionally), alcohol con-
sumption (regularly/occasionally), and predominant tobacco
chewers (current users/non-users). Odds ratios (OR) and 95% con-
fidence intervals (ClI) were determined. Risk factors showing asso-
ciation with an o value of <0.25 in univariate analysis were
considered for use in multivariate analysis. Adjusted odds ratio
(aOR) was calculated using logistic regression to identify significant
independent risk factors for people at risk of OSA. Hosmer and
Lemeshow tests were used to examine the fitness of the model.
Asymptotic 2-tailed p value of <0.05 was considered statistically
significant.

3. Results

Out of the 223 households visited, 200 community dwellers
could be surveyed using the BQ, and 25% (50/200) had a high
likelihood of OSA. The average age of the participants was 50 years
(+16.3 years). People in the age group 36—60 years comprised of
43.5% (n = 87) and those in the age group >60 years comprised of
35.5% (n = 71) of the participants. Mean BMI of the participants was
20.4 kg/m? (+4.08).

Males comprised of 62.5% (n = 125) and 37.5% (n = 75) were
females as more number of males consented to participate. Ac-
cording to Uday Pareek’s scale for socioeconomic status [19], 50.5%
(n = 101) of participants were from lower socioeconomic status.
Middle class participants constituted 49.5% (n = 99/200) which
included upper middle class (n = 20/99; 20.2%), middle class
(n = 30/99; 30.3%), and lower middle class (n = 49/99; 49.4%).
Asian criteria for the classification of BMI [18] reported 9% of the
participants to be overweight (BMI: 23—24.99 kg/m?) and 13% as
obese (BMI >25 kg/m?). Vegetarians comprised of 68% (n = 136)
and the rest 32% were non-vegetarians (n = 64). Tea was consumed
daily by 75% of the participants. Current users of tobacco, pre-
dominantly by chewing and by smoking consisted of 32% (n = 64)
and 18.5% (n = 37) respectively. Regular users of alcohol (or Handia,
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a local alcoholic drink) consisted of 21.5% of participants (n = 43).
Hypertension was present in 40.5% participants (n = 81). [Table 1]

Table 2 demonstrates the distribution of symptoms suggestive
of OSA as experienced by both males and females. In our study, the
majority of participants reported tiredness or fatigue after waking
up (n = 145) followed by continually feeling tired during their wake
time (n = 114). Snoring as reported by bed partners was present in
32.5% of the participants (n = 65/200). Nodding off during driving
or daily work was present in 58.8% of males and 41.2% of females.
Most of the symptoms of OSA commonly occurred in males except
spells of apnea (ie, breathing cessation) which was more commonly
associated with females.

Table 3 reports the complete symptom profile of the study
population based on BQ. Among the at-risk OSA positive cases, 70%
of participants (n = 35/50) complained of snoring with approxi-
mately 23% of participants snoring every day. While 30% of the
participants (n = 15/50) experienced tiredness or fatigued after
waking from sleep, 26% of participants (n = 13/50) felt tiredness
during their wake time. Half of the participants (n = 25/50)
accepted to have nodded off or fallen asleep while driving or during
work. Hypertensives comprised of 82% of the participants at risk of
OSA (n = 41/50). Only 6% of participants had BMI >30 kg/m? among
the at-risk OSA subjects.

Risk factors assessment from Table 4 shows increasing age (>35
years), BMI (>23.0), hypertension, predominant diet type, chewing

Table 1
Clinico-social and demographic profiles of study subjects (N = 200).

Parameters Mean + SD; n (%)
Age (years) 50.6 + 16.3

18-35y 42 (21)

36—60y 87 (43.5)

> 60y 71 (35.5)
Sex

Male 125 (62.5)

Female 75 (37.5)
Socioeconomic status

Lower class 101 (50.5)

Middle class 99 (49.5)
Height (cm)

Male 164.2 + 8.01

Female 152.6 + 6.6
Weight (kg)

Male 552+ 116

Female 47.7 + 10.8
BMI (kg/m?) 20.45 + 4.08

<185 65 (32.5)

18.5—22.99 91 (45.5)

23-24.99 18 (9)

> 25 26 (13)
Diet type

Vegetarian 136 (68)

Non-vegetarian 64 (32)
Tea

Daily 150 (75)

No/occasionally 50 (25)
Tobacco chewing

Current users 64 (32)

Non-users 136 (68)
Smoking

Daily 37 (18.5)

Non-users/occasionally 163 (81.5)
Alcohol

Regular users 43 (21.5)

Non-users/occasionally 157 (78.5)
Hypertension

Yes 81 (40.5)

No 119 (59.5)
At risk OSA outcome

OSA Present 50 (25)

OSA Absent 150 (75)

Table 2
Gender wise distribution of symptoms suggestive of OSA among the participants
(N = 200).

Symptoms Males [n (%)]  Females [n (%)]  Total [n (%)]
Snoring 41 (63.1) 24 (36.9) 65 (32.5)
Snores disturbing others 13 (61.9) 8(38.1) 21 (10.5)
Quit breathing 18 (38.3) 29 (61.7) 47 (23.5)
Tired/feeling fatigued after 79 (54.5) 66 (45.5) 145 (72.5)
sleep
Tired during wake time 62 (54.4) 52 (45.6) 114 (57)
Nodded off during 40 (58.8) 28 (41.2) 68 (34)

driving/work

tobacco currently, as well as daily smoking and regular consump-
tion of alcohol (or Handia) are independently associated with
increased risk of OSA on univariate analysis (p < 0.25). On multi-
variate analysis and adjusting the odds ratio, it was seen that BMI
>25 kg/m? hypertension and regular alcohol consumption
(including Handia) are significantly associated with increased risk
of OSA (p < 0.001). Participants in the age group 36—60 years have
four fold increased risk of developing OSA than the participants in
the age group 18—35 years. BMI cut-offs at 23.0 kg/m? (overweight
according to Asian criteria) posed an increased risk for developing
OSA with an adjusted odds ratio of 2.4 (p = 0.058). Hypertension is
independently associated with increased risk of OSA with an odds
ratio of 11.5 (p < 0.001). As revealed by the dietary assessment,
being a predominantly vegetarian or non-vegetarian and drinking
tea on a daily basis did not pose any significant risk for developing
OSA (p > 0.05).

4. Discussion

Despite deliberate efforts made by researchers in India in the
last decade, OSA still remains largely unrecognized and undiag-
nosed, especially in the resource-limited settings [10]. Com-
pounding the lack of awareness on the part of the patient or their
bed partners, few health professionals have the knowledge neces-
sary to make the diagnosis [3,10]. OSA is a chronic and progressive
disease of growing importance because of its associated neuro-
cognitive, cardiorespiratory and metabolic sequelae [7]. An accu-
rate diagnosis of OSA can be made using Polysomnography or
Home sleep apnea testing methods. Medical therapy with contin-
uous positive airway pressure (CPAP)/biphasic positive airway
pressure (BiPAP) is the mainstay treatment modality. However,
both the diagnosis and management of OSA using these modalities
is expensive in a resource-limited setting like India [3,10]. Evalu-
ating people at risk of OSA using simpler techniques and promoting
lifestyle changes can help prevent this condition in rural commu-
nities. Various studies have validated certain questionnaires to
screen out OSA cases in communities. The BQ has the best negative
predictive value (80—90%) along with high sensitivity (73.1—-93.8%)
and specificity (89.1-95.7%) [4,10,12—14].

There are a limited count number of studies conducted in rural
communities to estimate the prevalence of OSA. The present study
is first of its kind to estimate the prevalence of people at risk of OSA
along with the assessment of risk factors, in a rural community of
Odisha in India.

Most studies have reported snoring as the major presenting
symptom [8,10], however, our study reported feeling tired or
fatigued after waking up from sleep as the most common symptom
(72.5%). Only one-third of participants in our study had the habit of
snoring (n = 65/200), although the prevalence of snoring was as
high as 70% among the OSA positive cases. Out of every 10 people
screened, seven reported feeling tired or fatigued after waking up
as the most common symptom. The manifestation of weakness
or fatigue could be due to various medical conditions like
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Table 3
Symptom profile of study subjects at risk of OSA as per Berlin Questionnaire
(N = 200).

Berlin Questionnaire

OSA Present (n = 50)

OSA Absent (n = 150)

Category 1 n (%) n (%)
Do you snore?
Yes 35(70) 30 (20)
No 9(18) 108 (72)
Don't know 6(12) 12 (8)
Total 50 150
Your snoring is?
Loud as breathing 15 (42.8) 14 (46.6)
Loud as talking 8(22.8) 6 (20)
Louder than talking 8(22.8) 9 (30)
Very loud 4(114) 1(3.3)
Total 35 30
How often do you snore?
Almost everyday 8(22.8) 8 (26.6)
3—4 times/week 23 (65.7) 9(30)
1-2 times/week 4(11.4) 11 (36.6)
1-2 times/month 0(0) 2(6.6)
Never/almost never 0(0) 0(0)
Total 35 30
Has your snoring ever bothered others?
Yes 15 (42.8) 6 (20)
No 20 (57.1) 24 (80)
Total 35 30
Has anyone noticed you quit breathing during sleep?
Almost everyday 0(0) 0(0)
3—4 times/week 2 (5.7) 4(11.4)
1-2 times/week 5(14.2) 1(2.8)
1-2 times/month 4(114) 5(14.2)
Never/almost never 24 (68.5) 20 (57.1)
Total 35 30
Category 2
How often do you feel tired/fatigue after sleep?
Almost everyday 15 (30) 22 (14.6)
3—4 times/week 18 (36) 24 (16)
1-2 times/week 10 (20) 41 (27.3)
1-2 times/month 0(0) 15 (10)
Never/almost never 7 (14) 48 (32)
Total 50 150

During your wake time, do you feel tired/fatigued/not up to par?

Almost everyday 13 (26) 9(6)
3—4 times/week 9(18) 12 (8)
1-2 times/week 17 (34) 37 (24.6)
1—-2 times/month 2(4) 15 (10)
Never/almost never 9 (18) 77 (51.3)
Total 50 150

Have you ever nodded off/fallen asleep while driving vehicle?

Yes 25 (50) 43 (28.6)
No 25 (50) 107 (71.3)
Total 50 150

How often you nodded off/fallen asleep while driving vehicle

Almost everyday 10 (20) 9(6)
3—4 times/week 8(16) 14 (9.3)
1-2 times/week 7 (14) 15 (10)
1-2 times/month 0(0) 5(3.3)
Never/almost never 25 (50) 107 (71.3)
Total 50 150
Category 3
Do you have high BP?
Yes 41 (82) 40 (26.6)
No 9(18) 110 (73.3)
Don't know 0(0) 0(0)
Total 50 150
BMI > 30 kg/m?
Yes 3(6) 1(0.6)
No 47 (94) 149 (99.3)
Total 50 150

anemia, diabetes, hypothyroidism and, insomnia [20—25]. Certain
occupations that involve working at night such as bus/truck drivers,
security guards etc., are also potential confounders which can

present with symptoms similar to that of OSA [26,27]. However,
anemic and insomnia patients were already restricted from our
study, and none of the participants under our survey worked night
shifts. Nodding off during day-to-day work or driving is an inde-
pendent risk for road traffic accidents, which was present in every
six out of 10 male participants. Al-Jewair et al., reported that in-
dividuals with OSA have 2—10 times increased risk of road traffic
accidents than those without OSA [3].

Among the sociodemographic factors, people aged 35 years or
older have a greater risk of developing OSA which is similar to other
studies [1,3,5,28—30]. The odds of developing OSA are 4.5 times
higher in the age group 36—60 years and 3.2 times higher for
participants more than 60 years when compared to their younger
counterparts (18—60 years). The reason for the declining risk in the
elderly group is still controversial and is explained by Punjabi et al.,
and Young et al., where they reported the prevalence of OSA pla-
teaus after age 60 years possibly due to relative increase in the
mortality from OSA after 60 years [5,30]. Male gender is known to
be significantly associated with OSA [3,5]. Yet, the present study
does not show the gender preponderance as supported by the
findings of other studies carried out in Lucknow (Uttar Pradesh,
India) and Brazil [10,12]. Punjabi et al., mentioned that males are at
increased risk for OSA, and the symptoms experienced by both
genders are different [5].

Obesity is an independent risk factor for developing OSA. Most
of the earlier studies had taken cut-off of BMI >30 kg/m? to assess
the risk for OSA [3,8,10,31]. We took cut-off levels for BMI according
to Asian criteria [ 18] to demonstrate that being obese (BMI > 25 kg/
m?) can pose an increased risk of developing OSA. The risk of
developing OSA significantly increases as the BMI crosses 25 kg/m?
(aOR = 3.553). We inferred from our study that being overweight
(BMI > 23 kg/m?) increases the odds of OSA [OR: 3.065(1.5—6.261),
aOR: 2.399 (0.97—5.931)], although statistical significance is not
established. The Kuprio sleep apnea group reported that obesity
and OSA are bi-directionally associated; obesity leads to increased
risk of upper airway collapse resulting in sleep fragmentation,
which further increases appetite leading to weight gain and obesity
[31]. Leptin, “the hormone of energy expenditure” inhibits appetite
in the hypothalamus by counteracting the effects of orexigenic
hormone neuro-peptide Y and ghrelin [32,33]. It also enhances the
synthesis of appetite suppressant alpha-melanocyte stimulating
hormone («¢MSH) [32]. Sleep fragmentation attenuates leptin-
signaling pathways in hypothalamus leading to an increase in
ghrelin to leptin ratio [33]. This leads to uncontrolled appetite and
food intake resulting in weight gain and obesity [32,33]. Sleep
fragmentation disrupts energy homeostasis by inducing endo-
plasmic reticulum stress and activating unfolded protein response
in the hypothalamus, which ultimately results in weight gain [32].
The present study also reveals that the prevalence of at-risk OSA
considerably increases from 21.8% in the study population to 46.1%
in the population having BMI >25 kg/m?, which means every other
obese person is at risk of having OSA, which is in accordance with
other studies [10].

Hypertension and metabolic abnormalities are the root causes
of cardiovascular diseases. There is significant overlap between OSA
and systemic hypertension [34]. Upper airway collapse in OSA leads
to intermittent hypoxia which results in overactivation of sympa-
thetic output and endothelin system [34]. Thus, a cascade of
changes occurs which further leads to elevated adrenergic tone
resulting in hypertension [34]. In our study, hypertension was
associated with 82% of OSA positive subjects and 50.6% of hyper-
tensives are estimated to have OSA. Further analysis reported hy-
pertensives are at 12 times increased risk for developing OSA than
normotensives. Similar findings have been reported by Desalu et al.,
and others [5,8,10,28,35,36]. The risk of OSA remains unaffected by
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Table 4
Risk factors assessment of subjects at risk of OSA.

Risk factors OSA Present (n = 50)

OSA Absent (n = 150)

Unadjusted OR (95% CI); p-value Adjusted OR (95% CI); p-value

Age groups

1835y 4 38

36—60y 28 59

>60y 18 53
Sex

Male 29 96

Female 21 54
Socio-economic status

Lower 24 77

Middle 26 73
Height (cm)

Male 165.03 + 7.6 164.03 + 8.1

Female 1515+ 6.4 153.07 + 6.7
Weight (kg)

Male 60.2 + 145 53.7 £ 10.2

Female 51.1 + 106 46.4 + 10.6
BMI > 25 kg/m?

Yes 12 14

No 38 136
BMI > 23 kg/m?

Yes 19 25

No 31 125
Hypertension

Yes 41 40

No 9 110
Predominant diet type

Non-Vegetarian 20 44

Vegetarian 30 106
Tea

Daily 40 110

No/occasionally 10 40
Tobacco chewing

Current users 22 42

Non-users 28 108
Smoking

Daily 14 23

Non-users/occasionally 36 127
Alcohol

Regular users 24 19

Non-users/occasionally 26 131

4.508 (1.465—13.876); p = 0.009
3.226 (1.011-10.3); p = 0.048

0.777 (0.404—1.493); p = 0.448 -

1.143 (0.602—2.168); p = 0.683 -

1.016 (0.964—1.071); p = 0.557 -

0.965 (0.892—1.043); p = 0.37

1.049 (1.011-1.089); p = 0.008 -
1.042 (0.993—1.093); p = 0.088

3.068 (1.31-7.18); p = 0.008 3.553 (1.2—-10.46); p = 0.021

3.065 (1.5-6.261); p = 0.002 2.399 (0.97—5.931); p = 0.058
12.528 (5.59—28.080); p < 0.001 11.45 (4.68—27.99); p < 0.001
1.606 (0.825—3.126); p = 0.161 1.57 (0.673—3.646); p = 0.297
1.45 (0.66—3.18); p = 0.346 -

2.02 (1.042-3.92); p = 0.036 1.855 (0.778—4.426); p = 0.163
2.15 (1.004—4.594); p = 0.046 2,033 (0.717-5.766); p = 0.182

6.364 (3.054—13.265); p < 0.001 4501 (1.822—11.123); p = 0.001

the type of diet (predominantly vegetarian vs non-vegetarian diet)
consumed by participants in this community (p > 0.05). Regular
intake of tea did not increase the risk of OSA (95% CI: 0.66—3.18).
We did not come across any study directly linking OSA with the
type of diet and consumption of tea. Results of a meta-analysis
reported there was insufficient published data to evaluate
whether OSA is associated with caffeine intake [37].

Regular tobacco chewing or smoking are considered potential
risk factors for OSA [5,9]. Smoking induces upper airway inflam-
mation leading to swelling of uvula, resulting in narrowing of the
air passage and its collapse [38,39]. Compton postulated that it is
actually nicotine withdrawal which increases the risk for OSA
rather than nicotine itself as nicotine being a potent stimulant of
the parasympathetic system prevents the airway from collapsing
[38]. The “rebound effect” of nicotine withdrawal is regarded as the
main mechanism for the impact of smoking on sleep apnea
[39—41]. During the first few hours of sleep, nicotine acts as a
stimulant, thus reducing the number of apneas and hypopneas
[37,39—41]. However, as nicotine withdrawal continues throughout
the night, sleep apnea increases in the later part of the night thus
explaining the “rebound effect” of nicotine withdrawal [37,39—41].
Although our study provides epidemiological evidence for a po-
tential association between OSA and tobacco intake, an indepen-
dent risk could not be established. Singh et al., reported similar
findings while comparing the risk of OSA among smokers and non-
smokers [10]. Sleep heart health study found an inverse association
between smoking and OSA after adjusting for age and BMI [10].

Further study is needed to clarify this issue, as there is not enough
evidence to confirm the association with tobacco [37].

Alcohol is another potential risk factor and is independently
associated with OSA [5,10,42,43]. A body of evidence shows that
alcohol causes relaxation of oropharyngeal muscles by acute brain
depression and reduction of ventilatory responses to asphyxia, thus
increasing the susceptibility for upper airway collapse [5,43]. The
crucial event terminating obstructive apneas is the arousal induced
by asphyxia; arousal from sleep causes a return of tone in the
muscles of the tongue, soft palate and pharynx, and so opens the
oropharyngeal airway [43]. Moreover, it depresses the arousal
mechanism leading to increased duration of OSA symptoms [5,43].
The present study reports alcoholics or participants consuming
alcohol regularly (including Handia drink) have a five times
increased risk for OSA (95% CI: 1.8—11.1).

The major advantage of the present study is that it is first to
estimate the prevalence of people living at risk of OSA in a rural
community of Odisha. Screening followed by confirmatory tests
like PSG will increase the accuracy of the study. Secondly, the
adequate sample size, robust sampling method, and the use of a
standardized questionnaire as a screening tool have added to the
external validity of our study. Alternately, other potential risk fac-
tors like presence of co-morbidities such as diabetes mellitus,
bronchial asthma, chronic obstructive pulmonary disease, and hy-
pothyroidism may be explored in future studies to overcome the
limitation of the current study. Further, quantification of tea intake,
alcohol consumption, tobacco chewing, and smoking may be done
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to enhance the reliability of the odds of association of OSA with the
risk factors in this community.

5. Conclusion

This is a population-based survey from a rural community of

Odisha in India estimating the prevalence of people at risk of OSA to
be 25% (males and females being 14.5% and 10.5% respectively).
Statistically significant and independent risk factors associated
with such subjects were obesity (BMI > 25 kg/m?), regular alcohol
consumption, and hypertension. Further studies on estimation of
prevalence of OSA are warranted from other regions of Odisha by
the BQ followed by polysomnography or with all feasibility
considerations.
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