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ABSTRACT

Background: Obstructive sleep apnea (OSA) is characterized by repetitive upper airway obstruction leading to
stimulation of the cardiovascular system, oxygen desaturation, and sleep fragmentation. Overnight polysomnography
(PSG) is the standard diagnostic test for Obstructive sleep apnea. The objective of the study was to assess the prevalence
and severity of OSA and the factors predisposing to OSA.

Methods: In this cross-sectional study, 98 patients with snoring were subjected to undergo polysomnography. Apnea-
hypopnea index (AHI), Oxygen desaturation events per hour, and Lowest oxygen desaturation events per hour were
statistically analyzed. The Chi-square test and analysis of variance (ANOVA) test were used and the p value was
calculated. Statistical package for the social sciences (SPSS) version 20 was used for statistical analysis.

Results: In our study, the most common age group affected was between 51-60 years. The most common comorbidity
found among the patients was hypertension. There was a positive correlation between OSA and neck circumference.
The most common type of apnea was obstructive apnea. AHI was found to have a positive correlation with OSA and
its severity. There was a significant association between average oxygen desaturation and OSA. There was also a
positive correlation between ODI and OSA.

Conclusions: Increasing age, neck circumference, deviated nasal septum, and inferior turbinate hypertrophy had a
strong association with OSA. Polysomnography shows the strong association of AHI, and oxygen desaturation events
per hour with OSA.

Keywords: Obstructive sleep apnea, Apnoea-hypopnea index, Snoring, Polysomnography, Body mass index, Oxygen
desaturation events per hour

INTRODUCTION

Obstructive sleep apnea-hypopnea (OSAH) is a sleep
disorder that involves complete cessation or significant
decrease in airflow, despite the breathing effort.
Obstructive sleep apnea (OSA) is the most common type
of sleep-disordered breathing. OSA is characterized by
repetitive pharyngeal airway collapse during sleep, which
obstructs the airway, causing apnea, and oxygen
desaturation.?

Snoring is the most common symptom of OSA. A quick
and reliable screening test to detect OSA is
polysomnography (PSG). The Epworth sleepiness score
(ESS) is an important parameter in predicting OSA. Other
factors considered are male gender, older age (>50 years),
body mass index (>30), neck circumference (>43 cm in
males and >40 cm in females), and history of apnea
witnessed by the bedroom partner.

OSA mainly affects obese individuals and it is defined as
an apnea-hypopnea index (AHI) of five or more episodes
per hour and is associated with daytime somnolence.
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Obesity affects the upper airway anatomy because of the
deposition of fat and metabolic activity of the adipose
tissue.?

Soft tissue and bony abnormalities in morphology can
cause airway narrowing during the awake state and
collapse of the airway and apnea during sleep.

Multivariate analysis revealed that male gender, age,
obesity (defined by BMI>30), and waist/hip ratio are
significant risk factors for OSAS. Other risk factors
include alcohol consumption, active and passive smoking,
age, and craniofacial anomalies. Alcohol consumption is
associated with worsening the severity of snoring.

There was a high prevalence of OSA in patients with type
2 diabetes. OSA can contribute to atherosclerosis, insulin
resistance, atrial fibrillation, and systemic hypertension
associated with obesity.*

Body-weight reduction is found to improve sleep apnea
and obesity treatment must be emphasized, including
lifestyle changes, anti-obesity drugs, and bariatric surgery.
OSA increases cardiometabolic risks by causing
detrimental effects on adipose tissue metabolism.

The ENT causes for OSA are relatively simple and can be
treated by safe medical or surgical procedures. We have to
examine the patients who attend the sleep clinic with
complaints of snoring. Those patients should undergo
assessment including clinical history, otorhinolaryngology
examination, and PSG.

METHODS

A prospective cross-sectional study was conducted in the
Department of ENT at the Southern Railway Headquarters
Hospital, Ayanavaram, Chennai (January 2023 to January
2024). 98 participants were included in the study. 50
participants were male and 48 participants were female.
The study aimed to assess the prevalence and severity of
OSA and to determine the factors associated with OSA
using polysomnography. Descriptive analysis for
quantitative variables was carried out by mean and
standard deviation, and for categorical variables by
frequency and proportion. Data was represented using
appropriate diagrams like bar diagrams, pie diagrams, and
box plots. Mean and standard deviation were calculated for
continuous variables, and the percentage was assessed for
categorical variables. Ethical committee approval was
obtained. The Chi-square and analysis of variance
(ANOVA) tests were used, and the p value <0.05 was
considered statistically significant. Statistical package for
the social sciences (SPSS) version 20 was used for
statistical analysis.

Inclusion criteria

Patients attending the ENT OPD with a history of snoring,
patients with complaints of excessive daytime

somnolence, and patients >18 years were included in the
study.

Exclusion criteria

Patients <18 years, patients who are not willing for PSG,
patients who have already been treated for OSA, and
patients who were not giving consent for the study were
excluded.

Methodology

Patients attending the ENT OPD fulfilling the above-
mentioned criteria were selected. Complete clinical history
including age, and symptoms of OSA like excessive
daytime sleepiness and history of smoking and alcohol
consumption were asked. History of comorbidities like
diabetes, hypertension, coronary artery disease, bronchial
asthma, and hypothyroidism were asked. Body mass index
(BMI) was calculated. Neck circumference (NC) was
measured using a non-elastic tape.

Waist circumference was measured at the level of the
umbilicus with the subject in a mid-expiratory position.
Hip circumference was recorded at the widest point over
the greater trochanters and the waist-to-hip ratio (WHR)
was calculated.

The Epworth sleepiness scale (ESS) questionnaire was
used to assess the likelihood of an individual dozing off.

ENT examination was conducted with special attention to
tonsil size, Mallampati score, Friedman tongue position
(FTP), deviated nasal septum (DNS), and turbinate
hypertrophy.

An overnight PSG was performed on all of the patients.
Electroencephalography, electrooculography, electro-
cardiography, chin and tibial electromyography, oral-nasal
airflow meter measured by thermocouples and nasal
pressure, oxyhemoglobin saturation measured by finger
pulse oximeter, chest and abdominal movements measured
by respiratory inductive plethysmography, body position,
and snoring noise captured by a microphone, were
recorded. Digital video recording was performed
throughout the night.

We were conducting a level | study for the participants.
Embletta X100™ System, Middleton, USA, with the
software Somnologica 5.1 version was used for doing the
PSG.

The AHI is the number of apnea and hypopnea episodes
averaged per hour of sleep. Supine and non-supine AHI
were calculated. Average oxygen desaturation (AO2S),
lowest oxygen desaturation (LO2S), and oxygen
desaturation index (ODI) were calculated. From the PSG,
patients were classified as having mild, moderate, and
severe OSA.
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RESULTS

The most common age group affected was between 51 to
60 years (42%), followed by 61 to 70 years (27%) and 41
to 50 years (15%). 51.02% of the participants were males
and 48.97% of the participants were females (48.97%).
The p value was <0.05 for increasing age. So there was a
positive correlation between OSA and increasing age.

Table 1: Descriptive analysis of age distribution in the
study population.

Table 3: Descriptive analysis of BMI in the study

population.
BMI ~ Numbers % |
15-19.9 (underweight) 0 0.00
20-24.9 (normal) 2 2.04
25-29.9 (overweight) 13 13.27
30-34.9 (class 1) 31 31.63
35-39.9 (class 1) 25 25.51
>40 (class I11) 27 27.55
>30 (obese) 83 84.69
Total 98 100.00

| Age (inyears) Female Male  Total % |
21to 30 0 1 1 1.02
31 to 40 4 4 8 8.16
41 to 50 6 9 15 15.31
51 to 60 19 23 42 42.86
61 to 70 16 11 27 27.55
71 to 80 2 2 4 4.08
81 to 90 1 0 1 1.02
Total 48 50 98 100

Among the 50 male participants, 4.08% of participants
were smokers and 15.31% of participants were alcoholics.
Neither of the females smoked nor consumed alcohol.

The most common comorbidity in our study was
hypertension (74.49%) followed by diabetes mellitus
(36.73%). The p values were 0.214 and 0.226 for
hypertension and diabetes respectively. CAD was seen in
34.69% of patients. Patients with bronchial asthma
constituted 10.20%, while patients with hypothyroidism
constituted 6.12%. There was no statistical significance
between OSA and hypertension and there was no
significant association between OSA and diabetes.

The most prevalent apnea was obstructive apnea (OA)
(73.47%) followed by mixed apnea (10.20%). The p value
was <0.05 for obstructive apnea. There was a statistically
significant association between obstructive apnea and
OSA.

Table 2: Descriptive analysis of comorbidities in the
study population.

Comorbidities

In our study, most of the patients had mild OSA (36.73%)
followed by participants with no OSA (26.53%). 20.41%
of patients had moderate OSA. The p value was <0.05 for
AHI. Hence AHI had a significant association with OSA.

Nearly 89.80% of the patients had nasal septal deviation.
62% of the patients had both right and left inferior
turbinate hypertrophy. The p values were 0.011 and 0.003
for DNS and inferior turbinate hypertrophy respectively.
We found a statistically significant association between
OSA and nasal factors (DNS and inferior turbinate

hypertrophy).

In our study, 36.73% of the patients had Mallampati grade
3 followed by 33.67% of the patients who had Mallampati
grade 2. Most of the patients had FTP grade 4 (36.73%)
followed by patients with FTP grade 3 (31.63%). 88.78%
of the patients had grade 1 tonsil followed by patients with
grade 2 tonsil (9.18%). There was a statistically significant
association between OSA and FTP (p value=0.024).

Out of 98 patients, 88.78% of patients were found to have
grade 1 tonsils, and 9.18% of patients had grade 2 tonsils.
In our study, the mean oxygen desaturation events per hour
for severe OSA was 48.09 with an SD of 19.40, and the
mean oxygen desaturation events per hour for moderate
OSA with an SD of 12.25. There was a significant
association between oxygen desaturation events per hour
and OSA.

Table 4: Descriptive analysis of the prevalence of
apnea in the study population.

Prevalence Yes (%)
DM 36 62 36.73  63.27 Obstructive 73.47 26.53 72 26
HTN 73 25 7449 2551 Central 7.14 92.86 7 91
CAD 34 64 3469  65.31 Mixed 10.20 89.80 10 88
BA 10 88 10.20  89.80
HT 6 92 6.12 93.88 Among 98 participants, the mean lowest oxygen

In our study, 84.69% of patients were obese (BMI>30).
Among those obese participants, 31.63% of the
participants were in class I, and 25.52% of participants
were in class Il. The mean BMI was 35.858 and the SD
was 5.821. The p value was 0.646. There was no statistical
significance between BMI and OSA.

desaturation events per hour for mild OSA was 77.06 with
an SD of 8.62, and the mean lowest oxygen desaturation
events per hour for severe OSA was 71.94 with an SD of
8.44. A statistically significant association was found
between the lowest O, desaturation events per hour and
OSA (p value <0.05).
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Table 5: Descriptive analysis of nasal factors in the In our study, the mean average oxygen desaturation events

study population. per hour were 91.88 for severe OSA and the mean average
oxygen desaturation events per hour was 93.46 with an SD

Nasal factors  Yes (% No (%) Yes No of 3.20 and 4.21 respectively. There was a significant

Septal deviation 89.80 10.20 88 10 association between average oxygen desaturation and

R 41.83 58.16 41 57 OSA (p value <0.05).

L 47.95 52.04 47 51

Right ITH 75.51 24.49 74 24 There was a positive correlation between AHI and neck

Left ITH 76.53 23.47 75 23 circumference (p Value:00153)

There was a positive correlation between obstructive

50 apnea and AHI (p value <0.001).

40 There was a positive correlation between obstructive
30 apnea and oxygen desaturation (p value <0.001).
20
There was a negative correlation between OA and LO2S
10 (p value=0.000157). We also found a negative correlation
0 between OA and AO2S (p value=0.00366).

No OSA Mild OSA  Moderate  Severe OSA

OSA There was no correlation between: AHI and age, AHI and
® Mean ® Series 2 BMI, AHI and pulse mean, AHI and WHR, AHI and ESS,

BMI and ESS, ESS and AO2S, ESS and LO2S, ESS and
NC, ESS and ODI, ESS and OA, ESS and WHR, BMI and

Figure 1: Bar diagram showing the distribution of OA. NC and OA, and OA and WHR.

neck circumference in the study population.

Severe OSA  [—
Moderate OSA  — \
Mild OSA [
No OSA [
0 20 40 60
=SD = Mean = Obstructive = Central = Mixed
Figure 2: Clustered bar showing the distribution of Figure 4: Pie chart showing the distribution of the
oxygen desaturation events per hour. prevalence of apnea.
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Figure 3: Bar diagram of comorbidities distribution in

the study population. Figure 5: Bar diagram of FTP grading distribution in

the study population.
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DISCUSSION

A total of 98 patients who presented with snoring were
included in the study. Detailed clinical history was
obtained. Anthropometric measurements and ENT
examinations were done. ESS score was obtained. These
patients have undergone PSG. After the results of PSG, 36
patients were categorized as having mild OSA, 20 as
moderate OSA, and 16 as severe OSA.

The maximum number of patients was in the age group of
51-60 years (42% of patients) followed by 61-70 years
(27% of the patients). A study was conducted by Sharma
et al in the Indian population which stated that OSA was
found to be twice as common in men, especially in the age
group of 40-60 years.>

In our study, 91% of female participants had OSA and 56%
of male participants had OSA. Among the female
participants, 45% had mild OSA, 25% had moderate OSA,
and 20% had severe OSA. Among male participants, 28%
had mild OSA, 16% had moderate OSA, and 12% had
severe OSA. So there was a strong positive correlation
between increasing age and OSA.

In our study group, 95% of the patients were non-smokers.
Among 50 males, 4.08% of participants were smokers,
15.30% of participants were alcoholics, and 3% of
participants were both smokers and alcoholics. Among the
patients who smoked, only 25% of participants had severe
OSA and 25% of participants had moderate OSA, and
among the patients who consumed alcohol, 25% of
patients had severe OSA and 75% of patients had moderate
OSA.

In a study conducted by Jang et al, the odds ratio was
higher in ex-smokers (OR: 1.53, 95% confidence interval)
and current smokers (OR: 1.79, 95% confidence interval)
when compared to non-smokers. In females higher OR
was observed and the risk was found to be similar to non-
smokers and pack years. In men, moderate risk was found
in ex-smokers (OR: 1.61, 95% ClI), and severe risk was
present in current smokers (OR: 1.88, 95% Cl).°

Simou et al did a systematic review and meta-analysis
study which showed a 25% increase in the risk of OSA
with the increase in alcohol consumption (RR=1.25, 95%
confidence interval). However, the meta-analysis has also
shown that mean alcohol intake was higher in OSA
patients which was two units per week, but this difference
was not statistically significant (p=0.41).”

The most common comorbidity among the patients studied
was hypertension. The majority of the patients had
hypertension (74.49%). On comparing the presence of
hypertension with the OSA severity, it was found to be
statistically not significant (p value=0.117). Amna
Bangash conducted a study in 2020, which showed that in
developed countries 75% of treatment-resistant
hypertensives were found to have OSA.8

The second most common comorbidity in our study
population was diabetes. 36% of patients were found to
have diabetes. However, there was no statistical
significance (p value=0.222).

Huh et al carried out a study on 7650 people of the Korean
population about the prevalence, associated factors, and
comorbidities associated with OSA and found the odds
ratio in diabetes mellitus was 1.57 and hypertension was
4.81, obesity was 2.02, and synergistically the odds ratio
was 3.88.°

Muraki et al conducted a study that showed the increased
prevalence of type Il diabetes in OSA patients. Diabetes
can alter central respiratory control and can promote OSA.
OSA can cause hypoxia which is intermittent and this can
worsen insulin resistance.

Pamidi et al established a study that showed a robust
association between OSA and insulin resistance and the
risk of type Il diabetes which is independent of obesity.
83% of patients with type Il diabetes suffered from
unrecognized OSA and severe OSA was independently
associated with poor glucose control.*!

Vasheghani et al researched to establish the association
between OSA and coronary artery disease and found that
patients with OSA had an increased risk of myocardial
infarction and hypertension. They found that the treatment
for OSA reduces cardiovascular mortality and improves
cardiovascular risk factors like insulin resistance, lipid
profile, and blood pressure.?

Alkhalil et al did a study that showed that OSA was an
independent risk factor for exacerbation of asthma. The
common asthmatic features that promote OSAS symptoms
are nasal obstruction, a decrease in pharyngeal cross-
sectional area, and an increase in upper airway
collapsibility. Vascular endothelial growth factor-induced
airway angiogenesis, leptin-related airway changes, and
OSAS-induced weight gain also may play a common
mechanistic role linking both disorders.*

Pancholi et al conducted a study to find the prevalence
between OSA and hypothyroidism. They found a close
relationship between OSA and hypothyroidism, as
hypothyroidism has led to the development of OSA. Early
diagnosis of OSA in hypothyroidism and treatment of
hypothyroidism has reduced the prevalence of OSA.*

The BMI of patients was calculated according to World
Health Organization (WHO) classification in our study.
84.69% of the patients were obese and 13.27% were
overweight. Only 2.04% of patients had their BMI in the
normal range. The mean BMI was 35.858 with an SD of
5.821. The p value was 0.646 and hence there is no
statistical significance between BMI and OSA.

Salvador et al conducted a study which showed the
prevalence of OSA in morbid obesity. It was found to be
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80% in males and 50% in females with morbid obesity.
Weight reduction brought a dramatic improvement in
OSA. 10% weight reduction was found to reduce apnea
index by 26%.%

Wall et al performed a study in 2012 among people >50
years of age in primary care in the UK and concluded that
those people with BMI >40 kg/m? were 27.39 times (95%
Cl: 24.64 t0 30.46) more likely to have OSA (p<0.0001).%

A systematic review and meta-analysis was conducted by
Dong et al, among 3214 participants which elicited that
increased BMI was associated with an increased risk of
OSA. AHI was found to be higher in obese than in non-
obese individuals and the difference was found to be
statistically significant in children and adults.'’

Based on our study, the mean neck circumference was
42.03 cm for moderate OSA and the mean neck
circumference for severe OSA was 41.66 cm. The p value
was found to be 0.002 and there was a statistical
significance between neck circumference and OSA. There
was a positive correlation between NC and AHI. Ahbab et
al carried out research among 44 patients and reported that
the mean BMI and NC were higher in severe OSA patients
(p=0.021).18

In our study, majority of patients had obstructive apnea.
73.47% of patients had obstructive apnea, 10.20% of the
patients had mixed apnea, and 7.14% of patients had
central apnea. The p value was <0.05 for obstructive
apnea, so there was a positive correlation between
obstructive apnea and OSA.

Javeheri et al researched central apnea and found that
central apnea occurs when PaCO, goes below the apneic
threshold. Central apnea was characterized by alternating
apnea/ hypopnea with hyperpnea. They have adopted a
concept of loop gain, to indicate ventilatory instability and
susceptibility to central apnea.®

Choudhary et al carried out a study that concluded that
Nasal obstruction was most commonly caused by turbinate
hypertrophy.2

In our study, 36% of the patients had Mallampati grade 3
followed by grade 2 in 33% of the patients. Grade 4 was
present in 24% of the patients. Among the patients with
grade 2 Mallampati, 39% of the patients had moderate
OSA and 27% of the patients had severe OSA. We found
a negative correlation between the high Mallampati score
and OSA severity. However, the p value is 0.003, so there
was a statistical significance between Mallampati grading
and OSA.

Nuckton et al carried out research among 137 patients to
assess the effectiveness of the Mallampati score while
assessing the severity of OSA. They found for every point
increase in Mallampati score, the odds of having OSA
increased more than 2 fold (odds ratio (for 1-point

increase) =2.5, 95% confidence interval, 1.2-5.0, p=0.01)
and the AHI increased by more than 5 events per hour
(coefficient=5.2; 95% confidence interval 0.2-10;
(p=0.04).2

In our study, 36% of patients had Friedman tongue
position grade 4, 31% of patients had FTP grade 3, and
22% of patients had FTP 2a. Among patients with FTP
grade 4, 19% of patients were found to have severe OSA.
The p value was 0.024. So, there was a statistically
significant association between FTP and severity of OSA.

In December 2011, Friedman carried out research on 2513
patients and found that the analysis of the correlation of
tongue position with OSA severity showed a correlation of
0.184 (0.049, 0.646, p=0.026) for the Friedman tongue
position. They concluded that Friedman's tongue position
had a significant association with the severity of OSA.?

In our study, 88% of the patients had deviated nasal septum
and 75% had enlarged turbinates. Among those patients
with septal deviation, 40% of patients had mild OSA, 19%
presented with moderate OSA, and 17% with mild OSA
had DNS. The p value was 0.023 for septal deviation.
There was a statistically significant association between
the severity of OSA and the presence of DNS.

Among the patients who presented with inferior turbinate
hypertrophy, 62% of the patients had both right and left
inferior turbinate hypertrophy.

Magliulo et al conducted a study about nasal pathologies
and their association with OSA. Three conditions were
thought to be the cause of nasal obstruction. They were
anatomical conditions (DNS, enlarged turbinates), chronic
rhinosinusitis, and allergic rhinitis.

In our study, 87% of the patients had tonsils grade 1, and
9% had tonsils grade 2. Among 87 patients with tonsil
grade 1, 37% had mild OSA, 20% of patients had moderate
OSA and 17% of the patients had severe OSA. The p value
was 0.772. So, the association between the tonsil size and
OSA severity was not statistically significant.

Jara et al published research stating the association
between tonsil size and OSA in adults. This cross-sectional
study consisted of a cohort (N=83) that were middle-aged
(mean age 43+12 years) and were predominantly male
(61%), obese (mean BMI 33+7 kg/m?), and had severe
OSA (mean AHI 32+28). They have concluded that
palatine tonsil grade was strongly associated with palatine
tonsil volume (beta=1.8, 95% confidence interval,
p<0.001) and AHI (beta=13.5, 95% confidence interval,
p=0.01).%4

A study was conducted by Singh et al among 51 subjects
and found that tonsillar hypertrophy was associated with
poor sleep efficiency and REM sleep which was decreased
in subjects who were suspected to have OSA.
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Oropharyngeal structures were found to affect the
architecture of sleep in patients with OSA.%»

In our study, 36.53% of patients had an AHI score of more
than 5 and less than 15, 20.41% of patients had an AHI
score between 15 and 30, and 16.33% of patients had an
AHI score of more than 30. The p value is <0.05. There
was a statistically significant association between the AHI
score and the severity of OSA. Tapia et al concluded from
his study that the AHI score should be used to show the
diagnosis and severity of OSA and evaluate the efficacy of
the treatment.

Among 98 participants, the mean ODI for severe OSA was
48.09, the mean ODI for moderate OSA was 31.28, and
the p value was <0.05. So we found a statistical
significance between ODI and OSA. There was also a
positive correlation between ODI and obstructive apnea
and the p value was <0.001. Temirbekov et al conducted a
study that showed a strong positive correlation between
AHI and ODI (p value <0.005).%”

CONCLUSION

Increasing age, neck circumference, deviated nasal
septum, and inferior turbinate hypertrophy could be
predisposing factors for OSA. We also have seen that the
parameters from PSG like obstructive apnea and oxygen
desaturation index, average oxygen desaturation per hour,
and lowest oxygen desaturation events per hour were
strongly associated with OSA.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Kim SE, Park BS, Park SH, Shin KJ, Ha SY, Park J,
et al. Predictors for Presence and Severity of
Obstructive Sleep Apnea in Snoring Patients:
Significance of Neck Circumference. J Sleep Med.
2015;12(2):34-8.

2. Bonsignore MR. Obesity and Obstructive Sleep
Apnea. Handb Exp Pharmacol. 2022;274:181-201.

3. Burgos-Sanchez C, Jones NN, Avillion M, Gibson
SJ, Patel JA, Neighbors J, et al. Impact of Alcohol
Consumption on Snoring and Sleep Apnea: A
Systematic Review and Meta-analysis. Otolaryngol
Head Neck Surg. 2020;163(6):1078-86.

4.  Wolk R, Somers VK. Obesity-related cardiovascular
disease: implications of obstructive sleep apnea.
Diabetes Obesity Metabolism. 2006;8(3):250-60.

5. Sharma SK, Kumpawat S, Banga A, Goel A.
Prevalence and risk factors of obstructive sleep apnea
syndrome in a population of Delhi, India. Chest.
2006;130(1):149-56.

6. Jang YS, Nerobkova N, Hurh K, Park EC, Shin J.
Association between smoking and obstructive sleep

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

apnea based on the STOP-Bang index. Sci Rep.
2023;13(1):9085.

Simou E, Britton J, Leonardi-Bee J. Alcohol and the
risk of sleep apnoea: a systematic review and meta-
analysis. Sleep Med. 2018;42:38-46.

Bangash A, Wajid F, Poolacherla R, Mim FK,
Rutkofsky IH. Obstructive Sleep Apnea and
Hypertension: A Review of the Relationship and
Pathogenic Association. Cureus. 2020;12(5):e8241.
Huh G, do Han K, Park YM, Park CS, Lee K na, Lee
EY, et al. Comorbidities associated with high-risk
obstructive sleep apnea based on the STOP-BANG
questionnaire: a nationwide population-based study.
Korean J Intern Med. 2023;38(1):80-92.

Muraki I, Wada H, Tanigawa T. Sleep apnea and type
2 diabetes. J Diabetes Investig. 2018;9(5):991-7.
Pamidi S, Aronsohn RS, Tasali E. Obstructive Sleep
Apnea: Role in the Risk and Severity of Diabetes.
Best Pract Res Clin Endocrinol Metab.
2010;24(5):703-15.

Vasheghani-Farahani A Kazemnejad F,
Sadeghniiat-Haghighi K, Saadat S, Tavakolipoor P,
Yazdani T, et al. Obstructive sleep apnea and severity
of coronary artery disease. Caspian J Intern Med.
2018;9(3):276-82.

Alkhalil M, Schulman E, Getsy J. Obstructive sleep
apnea syndrome and asthma: what are the links? J
Clin Sleep Med. 2009;5(1):71-8.

Pancholi C, Chaudhary SC, Gupta KK, Sawlani KK,
Verma SK, Singh A, et al. Obstructive sleep apnea in
hypothyroidism. Ann Afr Med. 2022;21(4):403-9.
Salvador J, Iriarte J, Silva C, Gémez Ambrosi J, Diez
Caballero A, Frilhbeck G. The obstructive sleep
apnoea syndrome in obesity: a conspirator in the
shadow. Rev Med Univ Navarra. 2004;48(2):55-62.
Wall H, Smith C, Hubbard R. Body mass index and
obstructive sleep apnoea in the UK: a cross-sectional
study of the over-50s. Prim Care Respir J.
2012;21(4):371-6.

Dong Z, Xu X, Wang C, Cartledge S, Maddison R,
Islam SMS. Association of overweight and obesity
with obstructive sleep apnoea: A systematic review
and meta-analysis. Obesity Med. 2020;17:100185.
Ahbab S, Ataoglu HE, Tuna M, Karasulu L, Cetin F,
Temiz LU, et al. Neck circumference, metabolic
syndrome, and obstructive sleep apnea syndrome;
evaluation of possible linkage. Med Sci Monit.
2013;19:111-7.
Javaheri S, Badr
pathophysiologic
2022;46(3):zsac113.
Choudhury N, Deshmukh P. Obstructive Sleep
Apnea in Adults and Ear, Nose, and Throat (ENT)
Health: A Narrative Review. Cureus.
2023;15(10):e47637.

Nuckton TJ, Glidden DV, Browner WS, Claman
DM. Physical examination: Mallampati score as an
independent predictor of obstructive sleep apnea.
Sleep. 2006;29(7):903-8.

MS. Central
classification.

sleep apnea:
Sleep.

International Journal of Otorhinolaryngology and Head and Neck Surgery | September-October 2024 | Vol 10 | Issue 5 Page 465



22.

23.

24.

25.

Puthukudy PA et al. Int J Otorhinolaryngol Head Neck Surg. 2024 Oct;10(5):459-466

Friedman M, Hamilton C, Samuelson CG, Lundgren
ME, Pott T. Diagnostic value of the Friedman tongue
position and Mallampati classification for obstructive
sleep apnea: a meta-analysis. Otolaryngol Head Neck
Surg. 2013;148(4):540-7.

Magliulo G, lannella G, Ciofalo A, Polimeni A, De
Vincentiis M, Pasquariello B, et al. Nasal pathologies
in patients with obstructive sleep apnoea. Acta
Otorhinolaryngol Ital. 2019;39(4):250-6.

Jara SM, Weaver EM. Association of palatine tonsil
size and obstructive sleep apnea in adults.
Laryngoscope. 2018;128(4):1002-6.

Singhal P, Gupta R, Sharma R, Mishra P. Association
of naso-Oro-pharyngeal structures with the sleep
architecture in suspected obstructive sleep apnea.
Indian J Otolaryngol Head Neck  Surg.
2014;66(1):81-7.

26.

217.

Cielo CM, Tapia IE. Diving Deeper: Rethinking AHI
as the Primary Measure of OSA Severity. J Clin
Sleep Med. 2019;15(8):1075-6.

Temirbekov D, Giines S, Yazict ZM, Sayin I. The
Ignored Parameter in the Diagnosis of Obstructive
Sleep Apnea Syndrome: The Oxygen Desaturation
Index. Turk Arch Otorhinolaryngol. 2018;56(1):1-6.

Cite this article as: Puthukudy PA, Feshan M,

Arumugasamy R. Cross-sectional study of the factors
predisposing to obstructive sleep apnea in the adult
population attending ENT outpatient department with

snoring in tertiary care center. Int J Otorhinolaryngol
Head Neck Surg 2024;10:459-66.

International Journal of Otorhinolaryngology and Head and Neck Surgery | September-October 2024 | Vol 10 | Issue 5 Page 466



