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ABSTRACT

Objectives: To assess, correlate and compare the levels of various parameters of lipid profile in patients with ischemic and hemorrhagic stroke.

Methods: The study was conducted as an observational study at the Department of Medicine, People’s Hospital on 100 patients presenting with focal 
neurological deficit, altered sensorium, or with CT/MRI findings suggestive of stroke during the study duration of 18 months. Based upon the type of 
stroke, patients were categorized into two groups, i.e. ischemic stroke and hemorrhagic stroke. NCEP-ATP III guidelines were used for estimation of 
dyslipidemia and association of dyslipidemia was observed with type of stroke.

Results: Of 100 cases, ischemic stroke was documented in 74% cases, whereas 26% of patients presented with hemorrhagic stroke. Two groups 
were comparable in terms of baseline characteristics (p>0.05). Mean total cholesterol levels and total cholesterol and total cholesterol to HDL ratio 
was significantly higher in ischemic stroke as compared to hemorrhagic stroke (p<0.05). However, mean serum HDL level was significantly lower in 
patients with ischemic stroke as compared to hemorrhagic stroke (p<0.05). Total cholesterol, and total cholesterol: HDL ratio showed statistically 
significantly negative correlation with type of stroke and positive correlation was noted between HDL and hemorrhagic stroke.

Conclusion: The prevalence of stroke is rising rapidly and the age of presentation of stroke is reducing. Ischemic stroke is the most common type of 
stroke whereas hemorrhagic stroke is less commonly observed in less than one-third of patients. Dyslipidemia is a significant risk factor for ischemic 
stroke. Raised Total cholesterol, and total cholesterol: HDL levels and lower HDL levels are independent predictors of ischemic stroke.
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INTRODUCTION

Stroke also called cerebrovascular accident or brain attack is 
characterized by neurological deficit which is due to acute focal injury 
to the central nervous system [1]. According to the Global stroke 
factsheet, new cases of stroke are reported in 13.7 million individuals 
each year. Every fourth individual over the age of 25 years is expected 
to experience a stroke in their lifetime. Incidence of stroke increase 
with age and more than 60% of strokes are reported in the age group of 
more than 70 years. Men and women are equally affected [2]. Various 
risk factors predispose to the development of stroke which includes 
increasing age, male gender, family history, ethnicity, genetic factors, 
lifestyle factors (such as smoking, alcohol), low socioeconomic status, 
diabetes, hypertension, heart disease, hypercholesterolemia, and 
obesity [3]. Atherosclerosis is considered as most common underlying 
pathology in stroke which leads to the formation of atherothrombotic 
plaque. Changes in lipid profile are considered as important risk factors 
in the occurrence of stroke. However, it has been documented that 
in patients with stroke, serum lipid levels are affected as a result of 
accompanying stress and increased production of catecholamines [4].

Deranged serum lipid levels in stroke have been associated with significant 
mortality. Literature suggests an inverse relationship between total 
cholesterol levels and mortality in patients with hemorrhagic stroke, 
whereas raised serum cholesterol has been documented in ischemic 
stroke  [5]. It is important to assess the levels of lipids in patients with 
various types of stroke so as to appropriately guide the lipid-lowering 
therapy. The lipid-lowering drugs may help in reducing the morbidity as 
well as mortality associated with stroke by adapting primary and secondary 
preventive measures [6,7]. The present study was conducted at tertiary care 
center to assess, correlate and compare the levels of various parameters of 
lipid profile in patients with ischemic and hemorrhagic stroke.

METHODS

The study was conducted as an observational study at the 
Department of Medicine, People’s College of Medical Sciences and 
People’s Hospital on 100 patients presenting with focal neurological 
deficit, altered sensorium, and with CT/MRI findings suggestive of 
stroke during the study period of December 01, 2018 to May 31, 
2020  (18  months). All the patients above 14yrs across both the 
genders presenting with focal neurological deficit, altered sensorium, 
and CT/MRI findings consistent with ischemic or hemorrhagic 
stroke were included in the study whereas patients under the age 
of 14 years; on lipid-lowering agents; with a past history of stroke, 
stroke secondary to trauma, demyelination disorders, transient 
ischemic attack or patients with any neurological deficit due to 
meningitis and encephalitis and due to other infective etiologies 
were excluded from the study.

After obtaining ethical clearance from Institute’s ethical committee, 
all the patients fulfilling inclusion criteria and giving written consent 
were enrolled. Detailed history regarding sociodemographic variables 
such as age, gender, socioeconomic status was obtained and entered 
in questionnaire. Detailed history regarding presenting complaints, 
duration of symptoms, presence of comorbidities, addiction, diet, 
and comorbid conditions were enquired and noted. Further, all the 
patients were subjected to detailed general and systemic examination 
including neurological examination. Venous samples were obtained 
under strict aseptic precautions and subjected to CBC, lipid profile, 
and blood glucose estimation using standard protocol. National 
Cholesterol Education Program-Adult Treatment Panel III (NCEP-
ATP III) guidelines [8] were used for the estimation of dyslipidemia. 
Further, all the patients were subjected to neuroimaging study with 
either CT scan or MRI.
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The selected patients were divided into two categories based upon the 
type of stroke:
Group 1 - Ischemic stroke (n=74)
Group 2 - Haemorrhagic stroke (n=26).

Statistical analysis
Data were compiled using MS Excel and analyzed using IBM SPSS 
software version  20. Data were grouped and expressed as frequency 
and percentage whereas numerical data were expressed as mean and 
standard deviation. The two groups were compared with respect to 
confounding variables such as age, gender, and smoking. using Chi-
square test. Chi-square test was also applied to assess the difference in 
proportions of various parameters between patients with ischemic and 
hemorrhagic stroke. Pearson correlation coefficient was used to assess 
the correlation between type of stroke and parameters of lipid profile. 
P value <0.05 was considered statistically significant.

RESULTS

In the present study, out of 100 cases, ischemic stroke was documented 
in 74% of cases whereas 26% of patients presented with hemorrhagic 
stroke (Table 1).

The mean age of patients with ischemic stroke and hemorrhagic 
stroke was 60.08±13.8 and 57.08±12.12  years, respectively. Majority 
of patients with hemorrhagic stroke belonged to 61 to 70  years of 
age, whereas maximum patients with hemorrhagic stroke belonged 
to 51 to 60 years of age. About 73% of patients with ischemic stroke 
were males as compared to 61.5% males with hemorrhagic stroke. 
Tobacco addiction was noted in 63.5% of patients with ischemic stroke 
and 57.7% of patients with hemorrhagic stroke. Two groups were 
comparable in terms of baseline characteristics (p>0.05) (Table 2).

In the present study, diabetes was observed in significantly higher 
proportions of cases with ischemic stroke whereas hypertension was 
present in significantly higher proportions of patients with hemorrhagic 
stroke (p<0.05) (Table 3).

In the present study, borderline high and high cholesterol level was 
noted in significantly higher proportions of patients with ischemic 
stroke as compared to hemorrhagic stroke (p<0.05). Similarly, the 
Total cholesterol: HDL ratio was raised (>6) in 29.7% of patients with 
ischemic stroke and 3.8% of patients with hemorrhagic stroke. Total 
cholesterol: HDL ratio was significantly raised in patients with ischemic 
stroke as compared to hemorrhagic stroke (p<0.01).

However, no such association between type of stroke and other lipid 
parameters was documented in the present study (p>0.05) (Table 4).

In the present study, cholesterol (p=0.038), and total cholesterol: HDL 
ratio (p=0.001) showed statistically significant negative correlation 
with the type of stroke, i.e., total cholesterol, and total cholesterol: 
HDL ratio was higher in ischemic stroke and decreased significantly 
among patients with hemorrhagic stroke (p<0.05). However, a 
statistically significant positive correlation was noted between HDL and 
hemorrhagic stroke (p=0.011).

DISCUSSION

Cholesterol has been thought to be differently involved in the 
pathogenesis of ischemic and hemorrhagic stroke [9]. The 
presentation aimed to determine the correlation of lipid levels with 
type of stroke. Hemorrhagic stroke mainly results from uncontrolled 
hypertension. Uncontrolled hypertension leads to lipohyalinosis 
and arteriolosclerosis which might be the underlying pathology of 
hemorrhagic stroke [10]. In the present study, hypertension was the 
most common comorbidity observed in 47% of cases of overall stroke, 
and hypertension was significantly associated with hemorrhagic 
stroke (65.4%) as compared to ischemic stroke (40.5%). Grace 
et al.  [11] and Manornej et al. [12] also observed hypertension to be 
the most common risk factor for all strokes and hemorrhagic stroke, 
respectively.

Dyslipidemia, i.e., changes in lipid profile are independent risk 
factor associated with stroke. Deranged levels of lipid in stroke may 
result from stress and increased production of catecholamines [4]. 
Chronic dyslipidemia, particularly, raised cholesterol levels impair 
the function of the endothelium of blood vessels by producing 
superoxide and oxygen-free radicals. These changes increase the 
risk of atherosclerosis and most common content of atherosclerotic 
plaques is cholesterol. HDL cholesterol which is protective whereas 
LDL cholesterol is contributory to atherosclerosis. Observation of 
dyslipidemia in stroke is important as the use of lipid-lowering 
agents in these patients may reduce mortality and morbidity among 
patients with stroke [6,7]. Total cholesterol levels were deranged in 
significantly higher proportions of patients with ischemic stroke as 
compared to hemorrhagic stroke (p<0.05). Total cholesterol levels 
showed statistically significant negative correlation with hemorrhagic 
stroke (p=0.038) in our study. These findings were supported by 
findings of Onwuegbuzie et al. in which dyslipidemia was observed 
in 35.8% of the patients and most among them, high TC was noted in 
31% patients [13]. Togha et al. documented a statistically significant 
relationship between ischemic stroke and total cholesterol similar to 
the present study [14].

HDL levels more than 40 are considered to be protective for 
atherogenesis and stroke. In the present study, we documented 
a statistically significant positive correlation between HDL 
and hemorrhagic stroke (p=0.011). Similarly, Shrivastav et al. 
documented significantly lower levels of HDL in patients with 
hemorrhagic stroke as compared to healthy controls. HDL-C showed 
positively non-significantly association with hemorrhagic stroke 
(p=0.3785) [15].

Table 2: Comparison of comorbidities between two groups

Comorbidities Ischemic stroke 
(n=74)

Hemorrhagic 
stroke (n=26)

p value 

n % n %
Diabetes 0.162

Present 34 45.9 4 15.4 0.006
Absent 40 54.1 22 84.6

Hypertension
Present 30 40.5 17 65.4 0.04
Absent 44 59.5 9 34.6

CAD
Present 8 10.8 3 11.5 0.92
Absent 66 89.2 23 88.5

Table 1: Distribution of patients according to baseline 
characteristic

Baseline 
characteristic

Ischemic stroke 
(n=74)

Hemorrhagic 
stroke (n=26)

p value

n % n %
Age group

≤40 8 10.8 2 7.7 0.162
41–50 11 14.9 9 34.6
51–60 18 24.3 7 26.9
61–70 22 29.7 3 11.5
>70 15 20.3 5 19.2

Gender
Male 54 73 16 61.5 0.27
Female 20 27 10 38.5

Tobacco
Yes 47 63.5 15 57.7 0.59
No 27 36.5 11 42.3

Alcohol
Yes 24 32.4 7 26.9 0.60
No 50 67.6 19 73.1
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Total: HDL cholesterol ratio is indicator with high predictive value 
for stroke and coronary artery disease as compared to isolated 
parameters  [16]. In the present study, mean total cholesterol: HDL 
ratio showed a significant negative correlation with ischemic stroke 
(p=0.001). Liu et al. concluded that TC/HDL‐C ratio are better predictor 
of ischemic stroke among men whereas TG are better predictor for 
stroke in males  [16]. The findings of our study were supported by 
findings of Zhang et al. in which high total/HDL cholesterol ratio were 
significantly associated ischemic stroke in both males and females as 
compared to hemorrhagic stroke [17]. Overall, total cholesterol: HDL 
cholesterol followed by HDL and total cholesterol were significantly 
correlated with ischemic stroke in the present study, whereas LDL and 
triglyceride levels showed similar distribution in both ischemic and 
hemorrhagic stroke.

CONCLUSION

The prevalence of stroke is rising rapidly and the age of presentation 
of stroke is reducing. Ischemic stroke is a most common type of stroke 
whereas hemorrhagic stroke is less common observed in less than one-
third patients. Stroke was observed in higher proportions of males. 
Diabetes was associated with ischemic stroke whereas hypertension 
was significant risk factor for hemorrhagic stroke. Dyslipidemia is a 
significant risk factor for ischemic stroke. Among various parameters 
of lipid profile, raised total cholesterol, and total cholesterol: HDL levels 
and lower HDL levels were independent predictors of ischemic stroke. 
The study observed no significant association of type of stroke with LDL 
and triglyceride levels.
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