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Abstract: 

Background: The stroke and obstructive sleep apnea is intertwined in such a manner that 

obstructive sleep apnea is an independent risk factor for stroke and do explains of 30-40% of risk to 

stroke. But the proper evidences are still poor. Hence we explore the risk relation between 

obstructive sleep apnea and stroke by conducting a case-control study over a period of 6 months. 

 

Methods: The study included both case and control groups in which the population suffering from 

stroke is taken as a case group and the healthy population is taken as a control group. We have used 

set of questtionnaires(Berlin questionnaire, STOP-Bang questionnaire, Epworth sleepiness scale) 

for estimating the risk of obstructive sleep apnea within the entire population and the odds ratio is 

calculated between the groups to estimate the amount of risk. Logistic regression is also performed 

to estimate the individual variable (hypertension, snoring, BMI, age, gender, neck circumference) 

risk for OSA. 

 

Results: Positive association is confirmed between the stroke and obstructive sleep apnea with a 

3.68 odds ratio, indicating that a person suffering from OSA is at 3.68- fold risk of developing a 

stroke. The variables Snoring and BP had a p-value of 0.015 and <0.001. This indicates that this 

influence is statistically significant. The odds ratio of Snoring was 1.73, which means that the 

probability of Stroke increases by 1.73 times. The odds ratio of BP was 6.99 showing a 6.99-fold 

greater risk for stroke occurrence. However, the variable Neck circumference had a p-value of 168 

indicating that this influence is not statistically significant but had an Odds ratio of 1.45. 
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Limitations: The social history of case and control groups was not considered. This and short time 

period could become a limitation in our study as smoking and substance abuse may contribute to 

OSA in the population. 

 

Conclusion: Our study have provided an additional insights on explaining the risk of obstructive 

sleep apnea to the stroke which is also stastically proved. Hence obstructive sleep apnea should also be 

considered as an important risk factor for the stroke to reduce the stroke occurrence. 

Keywords: Obstructive sleep apnea(OSA), stroke, case-control study, snoring, odds ratio, berlin 

questionnaire, STOP-Bang questionnaire. 

 

Introduction: 

Stroke can be simply defined as damage to the brain due to interruption to its blood supply. Stroke 

is the leading cause of disability and death in India and 2nd leading cause of death across worldwide. 

According to a study conducted, the crude prevalence ranged from 40-559 per 100,000 persons in 

rural and urban parts of India.1 In urban area, the incidence of stroke is 152 per 100,000 persons.1 

The estimated adjusted prevalence rate of stroke ranges are, 84-262/1,00,000 in rural and 334-

424/1,00,000 in urban areas.2 With such higher prevalence rates, there’s an absolute need to focus 

on the risk factors of stroke so that we can minimize the morbidity of stroke. 

 

Risk factors in the stroke play a major role in the development of stroke within the population as 

stroke is most prevalent in the population that neglects the risk factors. Many of the stroke’s risk 

factors are lifestyle related like smoking, alcohol consumption, diabetes, dyslipidemia etc.,3 Unlike 

the typical risk factors that are categorized into 1. Non-modifiable 2. Modifiable, one must consider 

the importance of independent risk factors like Obstructive sleep apnea (OSA) in the development of 

stroke within the population. 

 

Though many of the stroke risk factors are lifestyle related i.e., modifiable. Non- Modifiable risk 

factors also play an important role in the stroke incidence. Age and gender are non-modifiable risk 

factors for stroke  

 

The modifiable risk factors like hypertension, diabetes, smoking etc., also helps in the development 

of stroke and the incidence of stroke occurs at elder age.3 Hypertension is the cardinal modifiable 

risk factor for stroke with an adjusted relative risk of 1.4 (at age 80) and 4.0 (at age 50) and there is 

a strong, undeviating, linear and continuous relationship between blood pressure and stroke risk.4 

Diabetes Mellitus is one of the modifiable risk factors for stroke with an adjusted relative risk 

ranging from 1.8 to 6.4 Elevated body cholesterol level is one of the modifiable risk factors having 

an adjusted relative risk of 2.0 thereby increasing the stroke risk and other cardiovascular 

problems.4 Smoking remains a major risk factor for stroke, nearly doubling the risk with a dose-

response relationship between years of smoking and stroke risk. 5-6 Smoking is adjusted for relative 

risk by 1.8.4 There is evidence for a J- shaped relationship between alcohol consumption and 

ischemic stroke risk, with light to moderate alcohol intake (less than or equal to 2 drinks per day in 

men and less than or equal to 1 drink per day in women) protects against stroke, and excessive 

alcohol consumption is associated with an increased risk of ischemic stroke.7-8 Traditional risk 

factors such as age, sex, hypertension, diabetes, dyslipidemia explains about 60-80% of entire 

stroke risk. Obstructive sleep apnea is one of the most prevalent diseases within the general 

population with an adjusted relative risk of 2.24(with 95% Cl) i.e., almost greater or equals to the 

traditional risk factors.4 OSA is considered as an independent risk factor for the development of 

stroke.9 

 

Obstructive Sleep Apnea (OSA) is characterized by intermittent hypoxia, autonomic fluctuations 

and recurrent complete and partial obstructive upper airway events resulting in sleep 
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fragmentation.10 According to a study, the global prevalence and burden of obstructive sleep apnea 

includes 936 million of adults aged 30-69 years of age have mild to severe OSA and 425 million of 

30-69 years of age have moderate to severe OSA. In this study India stands at 4th place with highest 

affected individuals in the country. According to their estimation nearly 1 billion adults aged 30-69 

years globally could have Obstructive sleep apnea.11 

 

The mechanism by which OSA causes stroke has not been fully explained. Certainly, traditional 

risk factors of stroke that includes hypertension, dyslipidemia, smoking, and diabetes are most 

prevalent but do not fully explain the stroke risk. OSA induces acute and chronic pathogenic effects 

that have been proposed as an intermediate process that predispose to stroke. Acutely, OSA causes 

intermittent and recurrent hypoxia, repetitive awakening and creates intra thoracic pressure causing 

increased blood pressure and heart rate after apnea, increased sleep fragmentation and an 

intermittent decrease in cerebral blood flow. As a result of acute effects, there is a downstream 

cascade of side effects which includes arrhythmia, reactive oxidative stress, endothelial 

dysfunction, atherosclerosis, changes in cerebral blood flow, hypertension, autonomic dysfunction, 

hypercoagulability which may predispose to stroke. Other factors such as presence of patent 

foramen ovale may increase the risk of stroke in OSA patients.11 

 

We have conducted a case-control study to evaluate the risk of obstructive sleep apnea and sleep 

duration in occurrence of stroke within case and control group. The case group comprises of 263 

stroke individuals. The control group number was matched with the case group irrespective of their 

demographics such as age group, BMI etc., and associated risk factors. This study includes the 

utilization of 3 questionnaires in which 2 of them (Berlin and STOP-Bang questionnaires) were used 

to estimate the severity of OSA within the population and the other (Epworth Sleepiness Scale-ESS) 

used to estimate the daytime sleepiness in the population which is a prime symptom of OSA. It also 

helped us to understand the sleep duration within the population. ESS states that the score is 

inversely associated with normal sleep cycle. It implies that sleep disturbance due to OSA may lead 

to daytime sleepiness by the possible factors such as repeated partial or complete apnea events 

leading to sleep fragmentation. 

 

Most of the published data in this type of studies included a smaller number of individuals within the 

stroke population keeping the study specified to a particular type of stroke. Our study population is of 

wide range on age basis (age group above 20). The case group consist of stroke patients irrespective 

of its type excluding stroke caused by trauma. This differentiates our study from other existing 

studies, making it unique. We’ve taken a specific population such that the case group were 

suffering from OSA.prior to their stroke occurrence which gives us insight upon their increased risk 

of stroke occurrence due to Obstructive Sleep Apnea(OSA). 

 

Methodology: 

STUDY DESIGN: 

It is a case-control study which includes stroke population as case group in Neurology department 

of Santhiram Medical College and General Hospital and the Healthy population as control group to 

study the impact of obstructive sleep apnea and sleep duration in occurrence of stroke. 

 

METHODS OF DATA COLLECTION 

The severity levels of OSA were estimated through Berlin Questionnaire, STOP- Bang 

Questionnaire, Epworth Sleepiness Scale. 

 

SAMPLING TECHNIQUE 

For Case group, the subjects for the study should be diagnosed to stroke. 
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For Control group, the selection of subjects for the study used a simple random sampling technique 

(probability sampling technique). In this sampling technique, every population has a similar chance 

to enrol in the study as the subject but they should be undiagnosed to stroke. 

 

STASTICAL ANALYSIS: 

This study uses Odds ratios for the estimation of risk associated between case and control groups. 

Case and control groups are divided into exposed and unexposed based upon their severity levels. 

Odds ratio was performed between these groups. 

 

Logistic regression was used to determine the risk of stroke between comorbid groups. ROC curve 

was used to determine the sensitivity of the tools (questionnaires) utilized. Results were derived 

based upon these statistical analyses 

 

SAMPLING CRITERIA: 

We have included stroke patients and healthy population with age group between 20-85 years who 

are diagnosed with stroke. Patients with cardiac diseases were excluded along with pregnant and 

lactating women also strokes caused by road traffic accidents. 

 

Results: 

This Case-Control study has a sample size of 526 in which the case group and control group have 

263 each. The case group included 263 patients of cerebral stroke and the control group also 

includes 263 healthy population. The subjects of both case and control groups were asked to answer 

the OSA severity assessment scales (STOP- Bang Questionnaire, Berlin Questionnaire) and 

Epworth Sleepiness Scale. The case- group had a 62.7% of male population indicating that stroke 

was more prevalent in the male population compared to female population (37.3%). The control-

group was matched similarly with percentage in terms of gender to the case-group. 

 

Table.1.Age Wise distribution in Case and Control Groups: 
Age Male Female Total Percentage (%) 

Case Control Case Control Case Control Case Control 

21-30 01 04 01 01 02 05 01 02 

31-40 12 15 06 10 18 25 07 09 

41-50 29 27 12 21 41 48 16 19 

51-60 50 43 29 31 79 74 30 28 

61-70 45 39 28 17 73 56 28 23 

71-80 23 29 17 19 40 48 15 17 

81-85 05 05 05 02 10 07 03 02 

TOTAL 165 162 98 101 263 263 100 100 

 

Berlin Questionnaire Results: 

Berlin Questionnaire results in Case Group 

Based on the scores given for individuals, Berlin questionnaire from case group revealed that 59% of 

the total cases group population were categorized under high-risk category and 41% of the case 

group population were grouped under low-risk category.Similarly, the results were interpreted from 

the control group population and two levels of risk categories were observed (low and high risk) 

in the control group. 
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76; 29% 

High Risk 

Low Risk 

187; 71% 

 
 

The low risk population comprises of 71% of total control group and 29% of population were 

categorized under high risk. 

 

1.1.1. Berlin Questionnaire results in Control Group: 

1.2. STOP-Bang Results: 

 

 

1.2.1. STOP-Bang results in Case group: 

Based on the interpretation from STOP-Bang questionnaire 58% of case group population was 

grouped under high-risk category. The similarity of high risk of OSA 

 

 
 

was found in both Berlin and STOP-Bang questionnaires(59%, 58%). Whereas the control-group 

population had a high risk of only 10% compared to that of case-group. 

 

1.2.2. STOP-Bang results in Control group: 

 

https://jptcp.com/index.php/jptcp/issue/view/79


Interpretation On The Severity Levels Of Sleep Duration And Obstructive Sleep Apnea Leading To Stroke At A Tertiary 

Care Hospital: A Case-Control Study 

 

Vol. 30 No. 3 (2023): JPTCP (736-745) Page | 741  

 
1.3. STATISTICAL ANALYSIS Odd’s Ratio 

1.3.1. Odd’s Ratio of population examined through Berlin questionnaire. 

 
  

 
 

The case and control population were divided into Exposed and Un-exposed groups based on their 

severity levels. Odd’s ratio analysis was performed between these groups. According to the results 

obtained through examining population through Berlin questionnaire, the population suffering from 

OSA had a 3.53 times chance of developing Stroke. 

 

1.3.2. Odd’s Ratio of population examined through STOP- Bang questionnaire 
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Similarly, the results obtained from examining the population through STOP- Bang questionnaire 

had an Odd’s ratio of 4.90. 

 

1.3.3. Summary of the odds ratio results obtained 
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The Crude (Cross Product) of both the result obtained was 3.68 (2.85,4.77). This indicates that a 

person suffering from OSA is at 3.68-fold risk of developing a stroke. 

 

1.4. LOGISTIC REGRESSION 

Logistic regression analysis   was   performed   to   examine   the   influence of Snoring, BP, BMI, 

Age >50y, Neck circumference, Gender and ESS Analysis to predict Stroke. 
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1.4.1. Chi-Squared Test 

Chi2 df p 

 

176.42 7 <.001 

Chi Squared test shows that the model as a whole is significant (Chi2(7) = 176.42, p <.001, n = 

526). 

 

Table - Logistic Regression 

Variables Coefficient B Standard 

error 

z p Odds 

Ratio 

95% conf. 

interval 

Snoring 0.55 0.22 2.44 .015 1.73 1.11 - 2.68 

BP 1.95 0.23 8.58 <.001 6.99 4.48 - 

      10.91 

BMI 
 

 

0.2 

 

0.35 

 

0.56 

 

.573 

 

1.22 

0.61 - 2.43 

 

Age >50y 

 

-0.84 

 

0.23 

 

3.73 

<.001 0.43 0.28 - 0.67 

Neck Circumference 0.37 0.27 1.38 .168 1.45 0.86 - 2.44 

Gender 0.05 0.22 0.23 .819 1.05 0.69 - 1.61 

ESS Analysis 0.16 0.22 0.71 .48 1.17 0.75 - 1.82 

Constant -1.58 0.47 3.38 .001   

 

Logistic Regression showed that when the variable is BP, there is 6.99-fold risk of developing stroke. 

Whereas Snoring and Neck Circumference had an Odd’s ratio of 1.73 and 1.45 respectively. 

 

2. Conclusion: 

The case group had a high severity towards OSA (58%) of which 75% was of male population. The 

case group, had a higher incidence of OSA (60% high- risk) compared to the control group. 

Incidence of abnormal sleep duration was equal in both groups. Population having Snoring and 

Hypertension had an increased probability of developing OSA compared to other co-morbid groups. 

Snoring and Hypertension were found to have potential in causing stroke, with an odd’s ratio of 1.73 

and 6.99 respectively. According to the results obtained, people suffering from OSA and abnormal 

sleep duration were at a 3.68-fold risk to develop a cerebral stroke. 
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