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OSA.8 There is peripharyngeal fat deposition in obesity. In order 
to reestablish pharyngeal patency, OSA patients have repeated 
awakenings from sleep, ensuing in meager sleep quality and 
deteriorated quality of life. These continuing series of desaturation 
and reoxygenation induce oxidative stress and production of 
reactive oxygen species (ROS).9 Furthermore, hypoxemia triggers 
sympathetic nervous system by heightened sensitivity of peripheral 
chemoreceptors. The interaction between oxidative stress and 
raised sympathetic activity and inflammatory processes underlies 

In t r o d u c t i o n

Obstructive sleep apnea (OSA) is a form of disordered breathing 
characterized by repetitive partial or whole collapse of pharynx 
during sleep. When OSA is accompanying with excessive daytime 
sleepiness, it is called as obstructive sleep apnea syndrome (OSAS). 
Conventional symptoms of OSA include snoring, undue daytime 
sleepiness, irritability, lessened concentration, fatigability, memory 
problems, frequent nocturia, esophageal reflux, dry mouth, etc. 
Snoring in OSA is triggered by augmented turbulence in airflow 
resulting from increased airway resistance, leading to recurrent 
arousals and sleep fragmentation.1 In OSA, the normal mechanism 
of sleep is transformed, thereby leading to multiple comorbidities.2 
The overall appraised prevalence of OSA in semi-urban population 
in India is around 6.2% (4.6% in males and 1.6% in females).3 The 
risk factors for OSA include obesity, male sex, age >40 years, higher 
neck circumference, large tonsils, or recessed chin.4

Polysomnography (PSG) is done to diagnose OSA in which 
apnea–hypopnea index (AHI) is measured. AHI is the average 
number of disordered breathing events (apnea and hypopnea) per 
hour.5 Besides diagnosis, AHI also helps to evaluate the severity of 
OSA. As per the American Academy of Sleep Medicine (AASM),6,7 
OSA has been classified as mild (AHI 5–15), moderate (AHI 15–30), 
and severe (AHI >30).

Obesity is considered a robust risk factor for OSA and is 
perceived in about 70% of patients with OSA. In contrast with 
nonobese individuals, obese individuals have four times higher 
risk of OSA. There is a bidirectional association between obesity 
and OSA. OSA can cause an increase in weight, thereby resulting 
in obesity, and obesity can worsen the severity and symptoms of 
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Ab s t r ac t
Background and objectives: Obstructive sleep apnea (OSA) is being progressively encountered in clinical practice due to the mounting epidemic 
of obesity, owing to an upsurge in sedentary habits in rural and urban populations. Sleep-related disorders are a common cause of morbidity 
and can lead to wide range of potentially fatal health problems such as high blood pressure, obesity, hypercholesterolemia, diabetes, heart 
attacks, and depression. The current study was steered with the objective to estimate the prevalence of comorbidities in patients with OSA and 
to evaluate the association between comorbidities and severity of OSA.
Materials and methods: Sixty patients with OSA were included in the current study, and the prevalence of comorbidities and their association 
with the severity of OSA were determined.
Results: Out of 60 patients with OSA, 62% were males and 38% were females, and their mean apnea–hypopnea index (AHI) was 40.11 ± 25.78. 
Mild OSA was present in 15% of patients, moderate and severe OSA in 31.7 and 53.3%, respectively. Males had higher prevalence of severe OSA 
than females. The most prevalent comorbidities were obesity, which was seen in 70%, followed by hypertension in 63.3%, and depression in 
56.7% of patients. Although these were more predominant in patients with severe OSA, the difference was not statistically significant.
Conclusion: The present study concluded OSA as significant risk factor for the emergence of comorbidities. Hence, patients with symptoms 
suggestive of sleep apnea should be assessed and treated early because lack of awareness of the disease and its associated comorbidities may 
result in increased mortality.
Keywords: Comorbidities, Hypertension, Obesity, Obstructive sleep apnea.
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by spectrophotometric method on Random Access Chemistry 
Analyzer Modular P-800.

To diagnose obesity,15 height and weight of patients were 
recorded. Body mass index (BMI) was calculated. Measurement of 
the waist and hip circumference and waist–hip ratio (WHR) was done.

To detect dyslipidemia,16 fasting blood triglycerides, high-
density lipoprotein (HDL), and low-density lipoprotein (LDL) 
cholesterol were analyzed by spectrophotometric method on 
Random Access Chemistry Analyzer Modular P-800.

To look for hypertension,17,18 blood pressure (BP) was measured 
twice at 5 minutes interval in a seated position and the average 
was used for data analysis. Electrocardiogram (ECG) and clinical 
examination were done to monitor cardiac status.

Patient Health Questionnaire (PHQ-9) was used to rule out 
depression in patients with OSA.19

Statistical Analysis
Prevalence rate of comorbidities was calculated out of all the 
patients with OSA as population at risk. The prevalence pattern 
was studied in different subgroups according to age, gender, etc., 
and the rates were compared using normal test of proportions. 
Quantitative variables were summarized as mean ± standard 
deviation after checking for normal distribution. Categorical 
variables were summarized as frequenc y (percentage). 
Association between comorbidities and severity of OSA was 
assessed using Chi-squared test of signif icance. Pearson 
correlation coefficient was used to assess the correlation between 
AHI and different markers of comorbidities. A p-value < 0.05 was 
considered significant. Data analysis was carried out by using the 
Statistical Package for the Social Sciences (SPSS) 25.0 software.

Re s u lts

Overall, 60 patients with OSA were included in the study.

Grades of Obstructive Sleep Apnea 
Mild OSA was seen in 9, moderate in 19, and severe in 32 patients. 
AHI ranged from 8 to 130 with mean of 40.11 ± 25.78 (Table 1).

Gender Distribution
The study population consisted of 37 (61.7%) males and 23 (38.3%) 
females. Among mild OSA patients, five were males and four were 
females. Among moderate OSA patients, 7 were males and 12 
were females. Out of 32 severe OSA patients, 25 were males and 7 
were females (Table 2).

Obesity
The BMI ranged from 17 to 47 kg/m2 with mean of 32.83 ± 
5.00 kg/m2. Mean BMI of mild OSA patients was 30.62 ± 5.70 kg/m2, 
and mean BMI of moderate and severe OSA patients was 33.86 ± 
3.39 kg/m2 and 32.83 ± 5.52 kg/m2, respectively. The association 
of BMI with OSA severity was not statistically significant (p = 0.29).

the cardiovascular, neurocognitive, and metabolic consequences 
of OSA.10

Obstructive sleep apnea is seen to exist with diverse 
comorbidities such as hypertension, diabetes mellitus, obesity, 
cardiac complications such as arrhythmias, hypercholesterolemia, 
and depression.11

Few studies suggest that the burden of comorbidities increases 
progressively with OSA severity.12,13 Both OSA and its associated 
comorbid disorders are prevalent in India, but due to lack of 
awareness and higher cost for its diagnosis and treatment, OSA is 
still an underdiagnosed condition. There is scarcity of data on the 
prevalence of different comorbidities in this disorder, especially 
from this part of country. Knowledge about these co-occurring 
conditions is vital for the comprehensive management of these 
subjects. Hence, the current study was conducted to evaluate the 
association of comorbidities such as obesity, hypercholesterolemia, 
type 2 diabetes mellitus (type 2 DM), hypertension, coronary artery 
disease (CAD), and depression in patients with OSA and to see 
their association with severity of OSA, so that these patients can 
be adequately treated.

Mat e r ia  l s a n d Me t h o d s

The study was conducted in the Department of Pulmonary, 
Critical Care and Sleep Medicine in collaboration with the 
Department of Biochemistry, Government Medical College and 
Hospital, Chandigarh. It was a descriptive study with a duration 
of 18–24 months. All patients diagnosed with OSA after a detailed 
level I PSG were screened for its comorbidities.

The optimum sample size of 60 was calculated on basis 
of anticipated 70% comorbid conditions among cases of OSA 
assuming confidence level of 95% and permissible error of 10%.

Inclusion Criteria
Patients of 18–65 years of age with OSA, diagnosed after PSG with 
AHI >5.

Exclusion Criteria
•	 Patients <18 years and >65 years.
•	 Patients with pneumonia, viral infections, tuberculosis, or lung 

cancer.
•	 Pregnant patients.
•	 History of chronic corticosteroid use or hormone replacement 

therapy.

Written informed consent was obtained from each patient. The study 
was approved by the Institutional Ethics Committee of Government 
Medical College and Hospital (No. /GMCH/IEC/2019/143/). Detailed 
history and physical examination were done.

Polysomnography was performed in sleep laboratory 
using Compumedics E-series-44 Channel Polysomnography 
System. Var ious parameters ,  namely,  brain e lec tr ical 
activity [electroencephalogram (EEG)], eye movements (oculogram), 
jaw muscle movements [electromyogram (EMG)], leg muscle 
movement, airflow, respiratory efforts, ECG, oxygen saturation 
(SpO2), etc., were recorded. Diagnosis of OSA was based on criterion 
of AHI >5 as per AASM guidelines.

In patients diagnosed with OSA, comorbidities were screened 
as follows:

To diagnose type 2 DM,14 10 mL venous blood was drawn 
after fasting of 10–12 hours. Glycosylated hemoglobin (HbA1c) 
and fasting blood sugar (FBS) were measured and analyzed 

Table 1:  Distribution of different grades of OSA in the study group

Grades of OSA Frequency Percentage

Mild 9 15
Moderate 19 31.7
Severe 32 53.3

Total 60 100

OSA, Obstructive sleep apnea
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The WHR ranged from 0.78 to 0.98 with mean of 0.90 ± 0.06. 
The association of neck circumference, waist circumference, and 
WHR with OSA severity was not statistically significant (p = 0.64, 
p = 0.23, p = 0.11).

Among 60 patients, obesity was present in 42 (70%) and absent 
in 18 (30%) patients. Obesity was present in 7 patients of mild 
OSA, 16 patients of moderate OSA, and 19 patients of severe OSA. 
However, the association between obesity and OSA severity was 
not statistically significant (p = 0.12) (Table 3).

Hypertension
Hypertension was present in 38 (63.3%) and absent in 22 (36.7%) 
patients. Hypertension was present in 5 out of 9 patients with 
mild OSA, 12 out of 19 patients with moderate OSA, and 21 out of 

The neck circumference ranged from 38 to 46 cm with mean of 
42.98 ± 2.31 cm. The waist circumference of the study population 
ranged from 77 to 105 cm with mean of 91.77 ± 7.03 cm.

Table 2:  Gender-wise distribution of patients in the study among 
different grades of OSA

Gender

Grade

Male Female Total

Frequency Percentage Frequency Percentage Frequency

Mild 5 55.6 4 44.4 9
Moderate 7 36.8 12 63.2 19
Severe 25 78.1 7 21.9 32

OSA, Obstructive sleep apnea

Table 3:  Distribution of comorbidities score as per OSA severity

Grades of OSA

Comorbidity Mild Moderate Severe

Obesity Yes Frequency 7 16 19
Percentage 77.8 84.2 59.4

No Frequency 2 3 13
Percentage 22.2 15.8 40.6

Total frequency 9 19 32
p-value 0.12

Diabetes mellitus Yes Frequency 2 10 15
Percentage 22.2 52.6 46.9

No Frequency 7 9 17
Percentage 77.8 47.4 53.1

Total frequency 9 19 32
p-value 0.35

Hypercholesterolemia Yes Frequency 3 7 19
Percentage 33.3 36.8 59.4

No Frequency 6 12 13
Percentage 66.7 63.2 40.6

Total frequency 9 19 32
p-value 0.09

Hypertension Yes Frequency 5 12 21
Percentage 55.6 63.2 65.6

No Frequency 4 7 11
Percentage 44.4 36.8 34.4

Total frequency 9 19 32
p-value 0.12

CAD Yes Frequency 1 2 6
Percentage 11.1 10.5 18.8

No Frequency 8 17 26
Percentage 88.9 89.5 81.2

Total frequency 9 19 32
p-value 0.45

Depression Yes Frequency 6 9 19
Percentage 66.7 47.4 59.4

No Frequency 3 10 13
Percentage 33.3 52.6 40.6

Total frequency 9 19 32

p-value 0.67

CAD, Coronary artery disease; OSA, obstructive sleep apnea
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Depression was present in 34 and absent in 26 patients. 
Depression was seen in 6 patients with mild OSA, in 9 patients 
with moderate OSA, and in 19 patients with severe OSA. However, 
the association between depression and severity of OSA was not 
statistically significant (p = 0.67) (Table 3).

Di s c u s s i o n

We enrolled 60 patients in our study. Mild OSA was seen in 15%, 
moderate OSA in 31.7%, and severe OSA in 53.3% patients. Higher 
prevalence of severe OSA was seen in our study as we enrolled 
patients from outpatient department with clinical suspicion of OSA.

The age of study population ranged from 24 to 67 years. The 
mean age of patients with mild, moderate, and severe OSA was 
45.78 ± 13.10, 51.68 ± 9.66, and 50.12 ± 10.05 years, respectively. 
A previous study20 found that OSA severity increased with age 
in range between 45 and 53 years, but no significant association 
between age and OSA severity was found in our study (p = 0.37) 
which could be due to low sample size of the study.

Obstructive sleep apnea prevalence has been perceived to 
be higher in men4 with reported male-to-female ratio of 8:1. In 
our study also, males outnumbered females in the prevalence of 
OSA, which was seen in 61.7% of males and 38.3% of females. The 
reason for higher occurrence in males may be due to anatomical 
variances in the upper airway and pharyngeal structures when 
compared to females. The reason for lower frequency of OSA in 
women may be because of hormones, but their role in OSA is 
not yet clear.

Obesity is the utmost vital risk factor among OSA patients. 
Many studies deduced that increase in body weight results in 
heightened risk of OSA. Obesity is present in about 70% of OSA 
patients, and about 40% of obese individuals have significant sleep 
apnea.21 The postulated mechanism between association of OSA 
and obesity may be due to fat deposition in airways, which results 
in increased external pressure on the pharyngeal walls, leading 
to collapsibility.22 Weight loss in OSA patients leads to reduction 
of upper airway collapsibility, causing significant reduction in the 
frequency of apnea.

In the present study, mean BMI was 30.62 ± 5.70 kg/m2 in 
mild, 33.86 ± 3.39 kg/m2 in moderate, and 32.83 ± 5.52 kg/m2 in 
severe OSA, respectively. In a study by Prabakaran and Bindu, 
BMI >30 was observed in 56% of OSA patients and had positive 
correlation with severity of OSA.23 Though in the present study, 
BMI was higher in moderate and severe disease, the difference was 
not statistically significant (p = 0.29). This might be accredited to 
smaller sample size in the current study. In the current study, the 
neck circumference, waist circumference, and WHR also did not 
have statistically significant association with severity of OSA. This 
may be attributed to selection of patients for sleep study directly 
from outpatient department where usually obese/heavy patients 
were enrolled for PSG.

It is estimated that the prevalence of OSA is twice as common 
in obese individuals when compared to nonobese patients, and 
even 10% increase in weight in mild OSA patients resulted in sixfold 
increase in the progression of OSA. In our study, obesity was present 
in 70% patients. The prevalence of obesity in patients with mild, 
moderate, and severe OSA was 77.8, 84.2, and 59.4%, respectively. 
Pinto et al., in their study, found a significant correlation between 
obesity and severity of OSA (p = 0.01).24 However, in our study, 
there was no statistically significant difference in the prevalence 
of obesity among the three grades of OSA (p = 0.12).

32 patients with severe OSA. However, the association between 
hypertension and severity of OSA was not statistically significant 
(p = 0.66) (Table 3).

Diabetes
The FBS ranged from 64 to 270 mg/dL with mean of 119.65 ± 
46.05 mg/dL with mean FBS of 101.56 ± 41.11 mg/dL in mild, and 
117.89 ± 43.42 mg/dL and 125.78 ± 48.68 mg/dL in moderate and 
severe disease, respectively.

The HbA1c ranged from 4.90 to 10.50% with mean of 7.03 ± 
1.59%. The association of FBS and HbA1c with OSA severity was not 
statistically significant (p = 0.35) (p = 0.14).

Among 60 patients, diabetes was present in 27 and absent in 
33 patients. Diabetes was present in 2 out of 9 patients with mild 
OSA, in 10 out of 19 patients with moderate OSA, and in 15 out of 
32 patients with severe OSA. However, the association between 
diabetes and severity of OSA was not statistically significant 
(p = 0.35) (Table 3).

Hypercholesterolemia
The HDL ranged from 29 to 72 mg/dL with mean of 42.17 ± 
8.05 mg/dL. Mean HDL of mild OSA patients were 45.56 ± 8.52 mg/
dL, of moderate and severe OSA patients were 44.53 ± 9.69 mg/dL 
and 39.81 ± 6.14 mg/dL, respectively. The association of HDL with 
OSA severity was not statistically significant (p = 0.08).

The LDL ranged from 101 to 160 mg/dL with mean of 
129.87 ± 16.33 mg/dL. Mean LDL of mild OSA patients was 
125.33 ± 17.78 mg/dL; of moderate and severe OSA patients, it 
was 125.47 ± 13.66 mg/dL and 133.75 ± 16.85 mg/dL, respectively. 
The association of LDL with OSA severity was not statistically 
significant (p = 0.15).

The triglycerides (TG) varied between 106 and 406 mg/dL with 
mean of 167.08 ± 58.18 mg/dL. The association of triglycerides with 
OSA severity was not statistically significant (p = 0.36).

The total cholesterol (TC) ranged from 152 to 350 mg/dL with 
mean of 216.10 ± 52.31 mg/dL. Mean TC of mild OSA patients were 
197.67 ± 42.38 mg/dL, of moderate and severe OSA patients were 
200.74 ± 40.47 mg/dL and 230.41 ± 57.79 mg/dL, respectively. 
The association of TC with OSA severity was not statistically 
significant (p = 0.12).

Among 60 patients, hypercholesterolemia was present in 
29 and absent in 31 patients. Hypercholesterolemia was present 
in 9 patients with mild OSA,7 patients with moderate OSA, and 
19 patients with severe OSA. Nevertheless, the association between 
hypercholesterolemia and severity of OSA was not statistically 
significant (p = 0.09) (Table 3).

Coronary Artery Disease
Electrocardiogram changes and CAD were present in 9 (15.0%) and 
absent in 11 (85%) patients. In mild OSA, ECG changes and CAD were 
present in 11.1% of patients, while in moderate and severe OSA, ECG 
changes and CAD were seen in 10.5 and 18.8% of patients. Yet, the 
association between CAD and OSA severity was not statistically 
significant (p = 0.45) (Table 3).

Depression
The PHQ-9 score ranged from 0 to 20 with mean of 6.45 ± 4.95. Mean 
PHQ-9 score of mild OSA patients were 6.00 ± 4.41. Mean PHQ-9 
score of moderate and severe OSA patients were 4.79 ± 3.63 and 
7.56 ± 5.57, respectively. The association of PHQ-9 score with OSA 
severity was not statistically significant (p = 0.25).
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inflammation that ensues in OSA also leads to increased levels of 
platelet-activating factor, fibrinogen, and several other markers of 
thrombosis, resulting in hypercoagulable state further leading to 
increased cardiovascular risk. Peker et al., in their study, found that 
cardiovascular disease is highly prevalent in subjects with OSA.31 
In the present study, CAD was present in 15% of patients. The 
prevalence of CAD in mild, moderate, and severe OSA were 11.1, 
10.5, and 18.8%, respectively. Although CAD was more prevalent 
in patients with severe OSA, the difference was not statistically 
significant (p = 0.45), which may be due to relatively lesser number 
of patients that were diagnosed with CAD in the present study that 
did not yield the apparent association.

A study by Ejaz et  al. elucidated that the prevalence of 
depression is more in patients with OSA when compared to general 
population.32 Neurotransmitter dysfunction is thought to be the 
possible link between the association of OSA and depression. In 
the present study, patients with depression were identified by 
using PHQ-9 questionnaire. Depression was present in 56.7% of 
patients. Though there was increased prevalence of depression 
among OSA patients in the study, the difference in prevalence was 
not statistically significant among different grades of OSA (p = 0.67). 
This may be due to differences in methodology and/or variability 
of diagnostic tools used for the diagnosis of depression.

Presence of comorbidities was investigated for all OSA patients 
in the present study and their association with grades of OSA was 
also calculated. Although we could not obtain statistically significant 
association between comorbidities and severity of OSA, greater 
percentage of patients with associated comorbidities had higher AHI.

There were few limitations in the current study. We conducted 
the investigations only on patients with diagnosed OSA, whereas 
use of control groups could have helped in validating the burden 
of comorbidities in OSA more clearly. A further limitation was 
small sample size of 60 patients which could have affected the 
generalizability of our results.

Co n c lu s i o n

The present study suggests OSA as significant risk factor for the 
emergence of comorbidities. In the current study, we found higher 
prevalence of comorbidities in patients with OSA. Patients with 
signs of sleep apnea should be evaluated and treated early because 
failure to recognize the patients with OSA may result in failure in 
the treatment of comorbidities, resulting in increased mortality. 
More population-based multicentric studies with larger sample size 
are required to further understand the prevalence of comorbidities 
associated with OSA.

Or c i d

Mandeep K Sodhi  https://orcid.org/0000-0003-2813-9437
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