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A B S T R A C T 

Background and aim: Cerebrovascular accident may trigger the inflammatory response, increasing serum c-

reactive protein (CRP) level. High CRP levels may be related to poor outcomes. We aimed to study the relationship 

between serum CRP levels in patients with cerebrovascular accidents and its outcome. 

Material and methods: A total of 154 subjects of CVA were screened for the diagnostic and prognostic significance 

of serum CRP using Barthel index scoring and the National Institute of Health Stroke Scale on admission and the 

seventh day of admission. 

Results: There was a significant rise in CRP levels in patients with stroke at the time of admission (p<0.001). More 

than 73% of total cases showed increased CRP levels at the time of admission. The National Institute of Health 

Stroke Scale (NIHSS) and Barthel index are good tools to assess the functional outcome of patients following a 

stroke with the rise in CRP levels. 

Conclusions: Our study showed the short-term prognostic value of Serum c-reactive protein. The study showed that 

CRP concentration is an independent predictor of severity after cerebrovascular accidents. Thus, developing new 

neuroprotective therapies, if targeted to modulate cytokine-induced inflammation, could be a promising way to 

prevent early deterioration in acute stroke. 

 

1. Introduction 

Ischemic and hemorrhagic strokes are common and devastating disorders 

of the cerebrovascular system. Strokes are the second leading cause of death 

worldwide, with 6.2 million deaths in 2015.[1-2] Acute stroke may cause an 

inflammatory response that increases CRP levels.[3] Because of the link 

between inflammation and atherosclerosis, CRP is a potential prognostic 

marker following vascular events as well as a potential predictor of future 

vascular events. High CRP levels may be linked to poor outcomes because 

they reflect an inflammatory response or tissue damage.[4] It is considered a 

sensitive predictor of new and recurring ischemic events.[5-7] There is limited 

data on CRP as a prognostic factor in cerebrovascular accidents.[8] CRP levels 

are elevated in approximately three-quarters of ischemic stroke patients.[9] 

CRP has increased secondary brain damage in animal models of focal cerebral 

ischemia by activating the complement system.[10] Recent studies conducted 

to establish the relationship between the rise in CRP levels and hemorrhagic 

stroke have not been conclusive. Several studies have examined the role of 

CRP in the early stages of stroke as a prognostic factor of functional 

outcomes. Most studies focus solely on the relationship between CRP and 

mortality with varying results instead of functional outcomes. The findings 

were inconclusive; some found a positive association, while others did not.[11-

12] We aim to determine serum CRP level as an early prognostic factor of 

functional outcome after stroke as it is an easily measured and readily 

available inflammatory marker to understand its role in cerebrovascular 

stroke better. This study aimed to determine the prognostic value of C-

reactive protein measured in Cerebrovascular Accident and evaluate C - 

reactive protein as a Prognostic tool in Cerebro-vascular Accidents using the 

Barthel Index scoring and the National Institute of Health Stroke Scale. Also, 

this study was conducted to assess the etiology and clinical features as well 

as to estimate CRP as prognostic markers in patients suffering from 

cerebrovascular events. 

 

2. Material and methods 

The Institutional Ethics Committee S.S Medical College, Rewa (M.P.) 

approved the study protocol, and ethical code S.No./IEC/MC/2020472 was 

obtained for the study. The study was conducted on 154 patients (age>18 

years) under the department of General Medicine, Sanjay Gandhi Memorial 

Hospital, Rewa (M.P) India, from July 2021 to June 2022, with the 

cerebrovascular accident, who fulfilled the inclusion criteria over 12 months 

from July 2021 to June 2022, was included in the analysis. 

 

Study design 

Prospective and observational study. 
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Sample size 

154 

 

Inclusion and exclusion criteria 

Inclusion criteria 

All symptomatic patients (age>18) with CVA who were admitted to the 

medicine department, Sanjay Gandhi Memorial Hospital, Rewa (M.P.), were 

included in the study. Patients with stroke (ischemic and hemorrhagic) 

documented with a CT scan within 48 hours of the onset of symptoms of the 

focal neurological deficit with risk factors like diabetes mellitus, 

hypertension, and dyslipidemia are also included in this study. 

 

Exclusion criteria 

Patients with subdural hematomas, extradural hematomas, intracranial 

tumors, other space-occupying lesions, meningitis, brain abscess, other 

intracranial infections, head injury, and neoplasia. Postoperative patients, 

rheumatological diseases like rheumatoid arthritis, Ankylosing spondylitis, 

acute or chronic infection, or any other inflammatory conditions, coronary 

artery disease, pregnant and lactating mothers, and Patients who refused to 

give consent. 

 

Data collection 

Patients included in the study were subjected to full history taking with 

special emphasis on smoking, hypertension, and patients on anti-diabetic 

medication for diabetes mellitus and dyslipidemia. The neurological 

evaluation included an assessment of stroke severity by the National Institute 

of Health Stroke Scale (NIHSS), and stroke was categorized as follows: 

Mild (NIHSS 0–4) 

Moderate (NIHSS 5–20) 

Severe (NIHSS >20) (15). 

 

A similar assessment was done by using the Barthel index, and the cases 

were categorized as follows: 

Dependent (0-19) 

Very Dependent (20-39) 

Partially Dependent (40-59) 

Need Minimal Help (60-79) 

Independent (80-100) 

All the patients had a CT scan on admission to differentiate between 

ischemic and hemorrhagic strokes. Routine laboratory tests and CRP-level 

assays were conducted on blood samples upon admission. The lab was 

blinded to the samples. The severity of the patients was evaluated clinically 

on the bases of NIHSS and Barthel Index on day 1, and the 7th-day blood 

sample was sent again for CRP assay. The progression of severity was 

assessed based on NIHSS and Barthel Index.[13] 

 

3. Results 

In our present study, the maximum number of cases were seen in the age 

group of 61-70, constituting around 27.37%, and among them, males were 

predominantly affected, constituting around 62%. The mean age (SD) of the 

study participants is 55.60±12.01 years. Among females, stroke incidence is 

higher in age groups >50 years, maximum between 61-70 years. (Fig. 1) 
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(b) 

 

Fig. 1. Distribution of study participants in (a) Age group with sex, (b) Gender wise. 

 

(a)                                                               (b) 

Fig. 2. Distribution of study participants with etiology-wise (a) Diabetes, (b) Hypertensive. 

According to etiology and complication, diabetic cases predominated 

about 44.15% (n=68), followed by those with smoking at about 41.55% 

(n=64). Patients with alcohol-consuming constituted 40.91% (n=63). Patients 

with tobacco chewing constituted 34.41% (n=53), followed by patients with 

hypertension was about 20.77% (n=32). (Fig. 2). In our study group, the 

average systolic and diastolic blood pressure of participants were 155.48 ± 

23.42 and 90.2 ± 11.91, respectively. The mean total cholesterol in the cases 

(186.91± 36.15) was elevated so, as in Triglyceride (TG) levels and Low-

Density Lipoprotein (LDL) in the study group. The mean High-Density 

Lipoprotein (HDL) is low in the cases. (Fig. 3). 
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(b) 

Fig. 3. Distribution of study participants with (a) Blood pressure, (b) lipid profile. 

In the present study, 113 out of 154 cases (73.3%) had high serum CRP 

levels (>5mg/dl) at admission. It is observed that most cases deteriorated by 

day seven and had higher baseline CRP values than at admission. Moderate 

and severe cases increased from 64.29% to 65.58% and 2.5% to 4.54% (Fig. 

4). Similarly, the mean value of CRP in 'moderate' cases was 40.39; in 'severe' 

cases, it was 202.5, significantly higher than the former group on day 1. On 

day 7, we see a similar trend of increase in the mean CRP value from 40.98 

to 157.2 when we move from the moderate to severe category. (Fig. 5). This 

signifies the short-term prognostic value of CRP. On categorizing these cases 

using NIHSS score with CRP, in our present study, on day 1, 51 out of 154 

mild stroke cases were reported with the mean value of NIHSS and CRP was 

3.39 ± 0.63 and 26.0 ± 18.55 respectively. Moderate stroke cases were 99 out 

of 154 with a mean value of NIHSS, and CRP  was 7.52 ± 3.66 and 40.39 ± 

49.05, respectively, and severe stroke cases were 04 out of 154 with a mean 

value of NIHSS, and CRP was 23.5 ± 1.91 and 202.5 ± 62.21 respectively. 
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(a) 

 

 

(b) 

 

Fig. 4. (a) Severity of stroke based on NIHSS, (b) Mortality of stroke based on NIHSS. 
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(b) 

 

Fig. 5. (a) Severity of stroke based on NIHSS with CRP on 1st Day, (b) Severity of stroke based on 

NIHSS with CRP on the seventh day. 

 

On day seven, the outcome was assessed. There was a strong positive 

correlation between disease severity assessed by NIHSS with the CRP levels, 

as 39/147 cases of mild stroke were reported, with the mean value of NIHSS 

being 3.35 ± 0.67 and CRP 31.35 ± 22.94. A total of 99/147 cases of moderate 

stroke were reported, with a mean value of NIHSS was 8.27 ± 4.14, and CRP 

was 40.98 ± 36.58, and a total of 9/147 cases of severe stroke were reported, 

with a mean value of NIHSS of 25.77 ± 2.63 and  CRP was 157.2 ± 69.29. 

Among them, a total of 7 patients died before the seventh day. (Fig. 5) So it 

was found that there is an increasing trend of CRP with the severity. 

 

 

The severity of stroke based on the Barthel index 

On categorizing these cases using the Barthel index, the majority of cases 

on the first [77 patients (50%)]  and seventh day [68 patients (44.15%)] were 

fallen into the "independent" category. A total of 54 (35.06%) patients on the 

first day and 52 (33.76%) patients on day seventh were categorized as patients 

"who need minimal help ."Partially dependent patients are 13(5.19%) on the 

1st and seventh day and 16 (10.38%). Very dependent patients are 8 (5.1%) 

on the 1st and seventh days and 09(5.84%). Patients dependent on day 1 are 

2 (1.29%) and 02 (1.29%) on the seventh day. Seven patients died before 

seven days and were from dependent or very dependent categories, assessed 

on day one according to the Barthel index. (Fig. 6)
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Fig. 6. Severity of stroke based on Barthel index with CRP. 

On classifying these cases using Barthel Index with CRP, on Day one, 02 

out of 154 cases were dependent, with the mean value of the Barthel Index 

with CRP being 15 ± 0 and 256 ± 0, respectively. 08 out of 154 cases were 

very dependent with a mean value of the Barthel Index with CRP was 33.12 

± 3.72 and 116.5 ± 49.9 respectively. 13 out of 154 cases were partially 

dependent with the mean value of Barthel Index with CRP was 48.46 ± 5.91 

and 62.85 ± 69.89 respectively. 54 out of 154 cases need minimal help. The 

mean value of the Barthel Index with CRP was 69.16 ± 5.88 and 24.39 ± 

21.95, respectively. 77 out of 154 normal cases were independent on day one 

according to the Barthel index with CRP, with the mean value of the Barthel 

Index being 83.05±3.90 and 21.278 ± 20.82, respectively. (Fig. 7) 
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(b) 

Fig. 7. Severity of stroke based on Barthel index with CRP on (a) the first day, (b) the seventh day. 

 

Barthel index with CRP, in the present study, on day 7, 02 out of 147 

cases were dependent, with the mean value of Barthel index with CRP being 

15 ± 0 and 159.5± 17.87, respectively. 09 out of 147 cases were very 

dependent; the mean value of the Barthel index with CRP was 29.4 ± 6.34 

and 204.5 ± 10.60, respectively. 16 out of 147 cases were partially dependent, 

with the mean value of Barthel index with CRP being 48.12 ± 6.56 and 75.02 

± 53.55, respectively. 52 out of 147 cases need minimal help with the mean 

value of the Barthel index, with CRP being 69.90 ± 5.19 and 39.06 ± 27.36, 

respectively. 68 out of 147 cases were normal, with the mean value of Barthel 

index with CRP being 83.33 ± 28.40 and 29.025 ± 45.8, respectively. Seven 

patients who died before seven days were from dependent and very dependent 

categories, assessed on day one according to the Barthel index.  

 

4. Discussions 

Globally, 70% of strokes and 87% of stroke-related deaths and disability-

adjusted life years occur in low- and middle-income countries. Stroke 

incidence has doubled in low- and middle-income countries over the past four 

decades.[14] There was a significantly raised level of CRP in stroke patients at 

the time of admission, and it reflects the role of inflammation or tissue damage 

in CVA. Cases were carefully selected to determine the specific role of CRP 

in CVA patients. In this study, a rise in CRP is taken as a prognostic tool 

concerning the functional outcome following stroke as per the National 

Institute of Health Stroke Scale (NIHSS) and the Modified Barthel index to 

assess the functional outcome of patients following stroke, in correlation with 

CRP levels. Elevated CRP level is highly sensitive in determining the severity 

of patients with stroke. Age-wise analysis showed that the majority of the 

cases were fallen into the age group of 61-70 years, with male predominance. 

Stroke incidence is higher in females of the age group >50 years. Gender-

wise, males are more predominated to stroke than females. Similarly, Keith 

W Muir et al. studied the same association of C - reactive protein and outcome 

after stroke. Two hundred twenty-eight patients diagnosed with stroke were 

studied. Survival in those with CRP >10.1 mg/L was significantly worse than 

those with CRP ≤10.1 mg/L (P=0.00009, log-rank test). According to 

etiology and complication, diabetic cases were predominant. The study also 

concluded that hypertension, smoking, alcohol, and tobacco, could be the 

common risk factors. In patients with hemorrhagic stroke, CRP levels are 

significantly higher than those of those with ischemic stroke, and so is the 

severity.[8] 

Winbeck et al.,[15] investigated the impact of early serial CRP 

measurement in ischemic stroke on long–term outcomes. One hundred 

twenty-seven patients with a first ischemic stroke were examined within 12 

hours of symptom onset. Serial CRP measurements were done at admission 

(CRP1), within 24 hours (CRP2), and within 48 hours (CRP3). MRI of the 

brain was performed, and infarct volume was determined. The patients were 

followed up for one year. The Barthel index and the modified Rankin scale 

were used to assess functional disability and were evaluated at admission and 

during follow-up. A Barthel Index score >85 was defined as favorable and 

functionally independent. Patients were divided according to the modified 

Rankin scale into the following categories: independent of day-to-day 

activities and with a good outcome (score 0 to 2) and dependent or dead (score 

3 to 6). Thus this study concluded that CRP level measured within 12 hours 

after symptom onset of an acute ischemic stroke is not independently related 

to long-term prognosis. In contrast, a CRP increase between 12 and 24 hrs 

after symptom onset predicts an unfavorable outcome, and it is associated 

with an increased incidence of cerebrovascular or cardiovascular events.[15] 

 

Limitations 

Instead of focusing on the radiological results, the main goal of our 

investigation was to discover a correlation between the CRP and the clinical 

outcome. Another limitation is that the CRP was measured only twice in the 

whole study duration rather than multiple measurements, which could have 

provided more information about the later stages of the stroke; however, our 

study aimed to assess the biomarker's early predictive value. As it was a very 

short study duration, and patients were not followed up after seven days, we 

could not evaluate the long-term variation of the CRP levels with the extent 

of the severity. A limited number of subjects have participated. Unavailability 

of cause-specific data because we got the information bias from the patients 
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or their attendants. Our study was performed in the hospital, so we could not 

report asymptomatic individuals. 

 

5. Conclusion  

Serum CRP has an important role as a prognostic tool in stroke patients. 

Our study observed that disability was associated with higher concentrations 

of CRP levels in plasma, and early neurological deterioration was also 

observed in cases with high levels of CRP. With the help of CRP levels, we 

can predict the functional outcome with risk stratification. Thus, developing 

new neuroprotective therapies, if targeted to modulate cytokine-induced 

inflammation, could be a promising way to prevent early deterioration in 

acute ischemic stroke. 
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