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ABSTRACT 

Background of the study: The stroke is defined as rapidly developing clinical signs of focal or global 

disturbance of cerebral function, lasting more than 24 hrs or leading to death, with no apparent cause 

other than vascular origin.
1,2

 An increasing body of evidence has linked inflammation with the 

pathogenesis of atherothrombotic stroke. The serum C-reactive protein (CRP) and ESR are acute-phase 

reactants, are indicators of underlying  inflammation of endothelium and  novel plasma markers for 

atherothrombotic disease.
3,4,5 

Aims and objectives: 

1. To study the serum concentration of C-Reactive Protein   [CRP] and ESR in patients     of Acute 

ischemic stroke. 

2. To compare it with that of age and sex matched controls. 

3. One month follow up of the cases to know the results of stroke. 

Methods: It is a case control study, in this 50 cases, who has CT brain confirmed, first attack of 

Acute ischemic stroke and 50 healthy controls were taken. For all patients CRP and ESR levels were 

measured, with in 72 hours of onset of stroke and followed up for one month to know the results of 

cases. Results: The mean serum CRP level among the cases was 4.5±2.58mg/L and that among 

the controls it was 0.88±0.41 mg/L with the p value of < 0.001. There were 88% (44) of cases 

and 24% (12) of controls has CRP levels >0.8mg/L and 12%(6) of cases and 76%(38) of controls 

has CRP levels <0.8mg/L. The mean ESR value among the cases and controls in the present 

study was 32.33+11.80mm/hr and 19.80±6.80mm/hr respectively.  After one month of follow up 

12%(6) of cases with serum CRP value of 5.4mg/L and ESR of 38mm/hr were died, 26%(13) of 

patients with serum CRP value of 3.2mg/L and ESR of 25mm/hr  were recovered from 

neurological features and  62%(31) of patients with serum CRP value of 4.9mg/L and ESR value 

of 34mm/hr were remained with same neurological features,  which was statistically significant 

with the p value of <0.05, deaths were seen in highly raised CRP and ESR cases.  

Conclusion:The serum CRP and ESR levels were higher in the cases compared to  controls and the 

statistically significant  results were also seen with the follow up of the cases.Hence it can be concluded 

that,inflammation is an important risk factor of endothelial damage and atherosclerosis.So measures to 

reduce the inflammation of endothelium and atherosclerotic plaque of  blood vessels, in the long run 

can significantly reduce the incidence of stroke and its consequences  in predisposed individuals. 
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INTRODUCTION 

The WHO defined, stroke as “rapidly developing 

clinical signs of focal or global disturbance of 

cerebral function, lasting more than 24 hrs or 

leading to death, with no apparent cause other 

than vascular origin”.
 
 The stroke manifests by 

various neurological signs and symptoms 

depends on the area, extent of involvement and 

the underlying causes. These include hemiplegia, 

monoplegia, cranial nerve palsy, sensory 

impairment, paraplegia and speech disturbances 

etc.  Of these, about 90% of patients have 

hemiplegia as the most common presentation. 
1,2

 

The many studies have shown that, the 

inflammation has a significant role with the 

pathogenesis of atherosclerotic stroke.  The 

inflammation may induce atherosclerosis  by 

increasing the  serum levels of cytokines, 

fibrinogen, clotting factors, and leukocytes by 

altering the functions of endothelial cells.The 

serum C-reactive protein (CRP) and ESR are 

acute-phase reactants, are markers of underlying 

systemic inflammation and  novel plasma 

indicators for atherosclerosis.
 
Some clinical trials 

have shown, an association between high 

concentration of serum C-Reactive Protein 

[CRP], ESR and ischemic strokes.
3,4,5 

Not many studies are available on rise in serum 

CRP and ESR levels in acute ischemic stroke. It 

was therefore, planned to study serum CRP and 

ESR levels in acute ischemic stroke, and to 

compare these levels with those obtained in 

healthy controls. 

 

C-Reactive protein 

C-reactive protein was discovered by Tillet and 

Francis in 1930
6
. Inflammation is an important 

feature of atheroma and is associated with 

activation and proliferation of macrophages, 

endothelial cells and smooth muscle cells
7
. The 

serum CRP and ESR are the earliest acute phase 

reactants to increase during the inflammatory 

response. Today, however, the best single test of 

acute inflammation is a serum CRP level that can 

be readily quantified by nephelometry.
8 

The 

median circulating concentrations of C - reactive 

protein is 0.8 mg/L. Normal range may be as low 

as 0.07 mg/L and among apparently healthy 

individuals 90% have less than 3 mg/L .
9 

The 

rate of CRP synthesis and secretion increases 

within hours of an acute injury or the onset of 

inflammation
10

, probably under the influence 

of humoral mediators such as leucocyte 

endogenous mediator (endogenous pyrogen) 
11 

and prostaglandin PGE. The serum CRP 

concentration may reach peak levels as much 

as 300mg/ml within 24-48 hours
12

. The 

Edward T.H. Yeh, MD showed that both 

statins and finofibrates can inhibit CRP 

induced MCP-1 induction.
13

              

 

The Erythrocyte Sedimentation  Rate 

(ESR);
14,15

 ESR is a simple and inexpensive 

laboratory test for assessing the inflammatory or 

acute response.The ESR was also an independent 

predictor of short-term stroke outcome. An ESR 

> 28mm/hr was associated with a poorer 

prognosis.     

 

Aims and objectives 

1. To study the serum C - reactive protein 

[CRP] level and ESR in   patients of acute 

ischemic stroke. 

2. To compare it with that of age and sex 

matched controls 

3. One month follow up of cases to know the 

results. 

 

MATERIALS AND METHODS 

Source of data: Patients with clinical and CT 

Brain diagnosed first ischemic stroke admitted to 

VICTORIA and BOWRING AND LADY 

CURZON  Hospitals, BMC ,Bangalore  were 

studied with equal number of age and sex 

matched healthy volunteers as controls with one 

month of followup  for cases. 
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Method of collection of data 

Study Design: The study is the case control 

study in which cases and controls were selected 

by considering of inclusion and exclusion criteria.  

Detailed history was taken, clinical examination 

was done as per proforma and the necessary 

investigations were done for both cases and 

controls.  

Inclusion Criteria:All patients of clinical and 

CT scan brain confirmed first ischemic stroke 

admitted within 72hrs of symptom onset and 

healthy age and sex matched volunteers who are 

relatives of the patient. 

 

Exclusion Criteria 

 Acute infectious disease 

 All patients of stable or unstable angina, 

acute myocardial infarction. 

 Immunological disorders. 

 Known or suspected neoplastic disorders 

 Recent [less than 3 months] major trauma, 

surgery, burns 

 Osteoarthrosis, costochondritis, 

rheumatoid arthritis, ankylosing 

spondylitis. 

 

Sample Size: 50 cases were studied with 

equal number of controls. 

 

Protocol of the study:For every case and control 

selected, clinical data and results of routine 

investigations were prospectively recorded.In 

both cases and controls, blood for CRP and ESR 

was taken by performing venipuncture and 

estimation was done in Clinical Microbiology 

Laboratory, BMC, Bangalore with the follow up 

of patients for one month to know the condition 

and  results.  

Procedure:  The serum C - reactive protein 

and ESR estimation. 

Principle: The serum CRP is a rapid slide 

agglutination procedure for the direct detection 

and semiquantitation of C-reactive protein. The 

reagent, a latex particle suspension coated with 

specific antihuman C- reactive protein antibodies, 

agglutinates in the presence of CRP in patients 

serum.
8,16,17,18 

Positive Results: The presence of agglutination 

indicates content of CRP in the sample equal to 

or greater than 0.8mg/L. 

Negative Results: Homogenous suspension of 

fluid (lack of agglutination) indicates a CRP level 

lower than 0.8mg/L. The detection limit of this 

test is 0.8 mg/L. therefore, values of less than 0.8 

mg/L were taken as normal concentration of 

CRP. Values of more than 0.8 mg/L were taken 

as elevated CRP.
16,17,19

.  

 

ESR Level Estimation;
20 

METHOD; The International Committee for 

Standardization in Hematology (ICSH)  

recommends the use of the Westergren method.  

Normal values are 15 mm/hr or less for  

men and 20 mm/hr or less for women.
20 

The ethical  clearance  was taken from Bangalore 

Medical College Ethical Commitee,Bangalore. 

The written consent from all the participants  was 

taken after explaining  in their own language 

about the study , methods used on them and risks 

involved. 

 

RESULTS AND OBSERVATIONS  

In this study majority of cases were in the age 

group of 42-70years constituting 58% of cases. In 

the control group majority were in the age group 

of 41-60 years, constituting 64%. The mean age 

for cases and controls were 55.60±14.68years and 

51.50±8.36 years respectively. In the present 

study the most common mode of presentation of 

CVA was hemiplegia in 88% followed by cranial 

nerve palsy [VII] in 44%, aphasia in 36% and 

altered sensorium in 28%. Headache was present 

in 56% of cases. Seizure was a symptom in 38% 

of cases along with other complaints (table1). In 

the present study of 50cases and equal number of 

controls, the risk factors seen are smoking, 

constituting [50% Vs.28%], hypertension [ 46% 

vs. 20%], diabetesmellitus [27%Vs.16%], 
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Familyhistory [59%Vs.44%], Mixeddiet 

[85%Vs.84%] among cases and controls 

respectively(graph1). TIA was present in 27% of 

cases only. The mean CRP level in the present 

study is 4.5±2.58mg/L among the cases and 

0.88±0.41mg/L among the controls respectively, 

which is statistically significant with the p value 

of <0.001 (table2). In cases CRP level <0.8mg/L 

was present in 12% and >0.8mg/L was present in 

88% compared to controls who had <0.8mg/L in 

76% and >0.8mg/L in 24% respectively (table3).  

In this study ESR was raised in 90% of cases and 

44% of controls, with the mean value of 

32.33±11.80mm/hr and 19.80±6.80mm/hr 

respectively (table4). In  50% (23) cases CRP 

level was more than 0.8mg/l  with in 24hours of 

onset of Stroke.In16.66% of cases between 24 to 

48 hours and in 33.33% of cases  between  48 to 

72hours, the  serum CRP level was raised above 

the normal level.But time of Stroke was not 

statistically associated with elevated CRP levels 

(table5). 

After one month of follow up 12%(6) of cases 

with CRP value of 5.4mg/L and ESR of 38mm/hr 

were died, the 26%(13) of patients with CRP 

value of 3.2mg/L and ESR of 25mm/hr  were 

recovered from neurological features and  

62%(31) patients with CRP value of 4.9mg/L and 

ESR of 34mm/hr were remained with  same 

neurological features, which was statistically 

significant with the p value of <0.05(table8). 

 

Statistical Methods
21,22

: The Chi-square and 

Fisher exact test have been used to test the 

homogeneity of sex distribution and Student t test 

has been used to test homogeneity of age 

distribution. Chi-square and Fisher exact test 

have been used to find thesignificance of 

proportions of study parameters between cases 

and controls. Student t test (two tailed) has been 

used to find the significance mean pattern of 

study parameters between cases and controls.  

   

Statistical software: The Statistical software 

namely SPSS 11.0 and Systat 8.0 were used for 

the analysis of the data and Microsoft word and 

Excel have been used to generate graphs, tables 

etc.  

 

DISCUSSION 

The present study is a hospital based   case 

control  study with 50 cases and equal number of 

age and sex matched controls. The serum CRP 

and ESR levels were estimated in both the groups 

and compared.One month follow up done to 

know the results of the cases. In the present study 

the age of cases and controls were 55.60±14.68 

years and 51.50±8.36 years respectively. This 

suggests that ischemic stroke is mainly find in the 

middle age group patients.The percentages of 

smokers in the present study were 50% among 

cases and 28% among the controls. In the study 

by Curb et al
23

 54.4% of cases and 37.6% of 

controls were smokers and in the study done by 

Natalia S Rost, 
3 

 the 22.7% of cases were 

smokers
.
In the present study 27% were diabetics 

among the cases and 16% among the controls, the 

46% of cases were hypertensive, whereas only 

20% of controls were having hypertension as risk 

factors. In the study done by Curb et al,
23

 the 

27.0% of cases and 13.3% of controls were 

diabetics,the 27% cases and 10.6% of controls 

were hypertensives. So diabetes mellitus and 

hypertension are the main risk factors of ischemic 

stroke. 

The mean CRP level in the present study is 

4.5±2.58mg/L among the cases and 

0.88±0.41mg/L among the controls respectively, 

which was  statistically significant with the p 

value of <0.001. These findings were compared 

with, the study done by David Curb et al 
23

, 

where the mean CRP level among the cases and 

controls were 14.3mg/L and 11.6mg/L 

respectively and In the study done by Agarwal et 

al
24

, the mean CRP values in both the cases and 

the controls were 25.0 + 24.78mg/L and 4.0+ 

1.48mg/L respectively. The difference between 
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cases and the controls were statistically 

significant. In the present study 88% of cases and 

24% of controls has CRP level >0.8mg/L.   In the 

study by S C Mahapatra et al 
19

 80% of cases and 

10% of controls has CRP level >0.8mg/l. In the 

study done by Dhamija R K et al, 
25  

 the 77.7% of 

cases and 12.54% of controls has CRP>0.6mg/L 

(table6). By these observations we can be sure 

that inflammation is an important risk factor of 

endothelial damage.  

The mean ESR level among the cases and 

controls in the present study is 32.33±11.80mm 

/hr and19.80±6.80mm/hr respectively.Which was 

comared with the study done by Agarwal  et al
24

 

,where the values were  33.92mm /hr and 

14.08mm /hr among the cases and controls 

respectively (table7). In  follow up of  for one 

month,the  12% cases with serum CRP value of 

5.4mg/L and ESR of 38mm/hr were died and  

62% patients with serum CRP value of 4.9mg/L 

and ESR of 34mm/hr were remained with same 

neurological features.The death was seen in 

highly raised serum CRP and ESR cases. Again 

this proves that, the inflammation is an 

imporatant risk factor of endothelial damage.  

A study done by Muir et al.
 
had shown that CRP 

levels within the first 72 hours after an acute 

ischemic stroke are an independent marker for 

predicting survival
26

. Our study had shown that 

the third day CRP levels of patients who died 

within the first 30 days were significantly higher 

than the surviving patients. It has been proved 

that a large cortical infarcts patients have a higher 

CRP values than normal at the time of 

presentation and the prognosis is worse in 

patients with increased CRP levels.
3
 Our study 

shows that patients who could walk 

independently at the end of the study duration 

have the lowest CRP value. The increased CRP 

levels in patients who died and the lowest CRP 

levels in the walking group may be an indicator 

of the level of underlying inflammation. By our 

study and other new literature suggests that CRP 

and ESR are prognostic markers of 

atherosclerosis. 

 

CONCLUSION 

The serum CRP and ESR levels were higher in 

the cases compared to controls and the 

statistically significant results were also seen with 

the follow up of the cases.Hence it can be 

concluded that, inflammation is an important risk 

factor of endothelial damage and atherosclerosis. 

So measures to reduce the inflammation of 

endothelium and atherosclerotic plaque of blood 

vessels, in the long run can significantly reduce 

the incidence of stroke and its consequences in 

predisposed individuals. 
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Table 1: Presenting symptoms in cases 

Presenting symptoms Number % 

1.Hemoplegia 44 88.0 

2.Aphasia 18 36.0 

3.Cranial nerve 

involvement 
22 44.0 

4.Altered sensorium 14 28.0 

5.Head ache 28 56.0 

6.Vomiting 6 12.0 

7.Seizures 19 38.0 

 

Table 2: CRP levels in stroke patients when 

compared to controls  

CRP levels  

Cases 

(n=50) 

Controls 

(n=50) 

Number % Number % 

CRP ≤ 0.8 mg/L 6 12.0 38 76.0 

CRP >0.8 mg/L 44 88.0 12 24.0 

Inference 

Strokes patients are 31.98 times 

significantly more likely to have 

elevated CRP when compared to 

controls with 
2
=46.916, P<0.001 

 

Table 3: comparison of CRP >0.8mg/L in 

different studies 

CRP > 0.8 

MG/L 

SC 

Mahapatra
19

 

Dhamija 

RK
25

 

Present 

study 

Cases 80% 77.7% 89% 

Controls 10% 12.54% 21% 

 

 

 

 

 

 

 

 

 

 

 

Table 4: ESR levels in Stroke patients when 

compared to controls 

ESR levels 

(mm/hr) 

Cases 

(n=50) 

Controls 

(n=50) 

Number % Number % 

Normal 

Male 15: 

Female20 

5 10.0 28 56.0 

Elevated 

Male>15: 

Female >20 

45 90.0 22 44.0 

Mean  SD 

(Min-Max) 

32.3311.80 

(8-65) 

19.806.80 

(10-40) 

Inference 

Strokes patients are 9.04 times 

significantly more likely to have 

elevated ESR when compared to 

controls with 
2
=16.840, P<0.001 

 

Table 5: Association of Time of Stroke with CRP 

levels 

Time of Stroke 

(hours) 

CRP  0.8 mg/l CRP >0.8 mg/l 

Number 

(n=6) 
% 

Number 

(n=44) 
% 

<24 3 50.0 23 52.27 

24 to 48  1 16.66 10 22.72 

48 to 72 2 33.33 11 25.01 

Inference 

Time of Stroke is not statistically 

associated with the elevated  CRP 

levels (P>0.05) 

 

Table 6: Comparison of CRP levels in different 

studies 

CRP 

[mg/l] 

Agarwal et 

al study
24

 

[mean +SD] 

David Curb 

et al study
23 

[mean] 

Present 

study 

[mean+SD] 

Cases  25.0 + 24.78 14.3 4.5+2.58 

Controls 4.00 +1.48 11.6 0.88+0.41 

            

Table 7: ESR comparison in different studies 

ESR 

[(Mean + SD) 

mm/hr] 

Agarwal study 

et al
24

 
Present study 

Cases 33.92 + 5.73 32.33+11.80 

Controls 14.08  + 3.73 19.80±6.80 
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Table 8: Results of patients 

CASES CRP (mg/L) ESR (mm/hr) RESULTS % (no.) P-value 

DIED CASES 5.4 38 12(6) 

<0.05 

RECOVERED  CASES 3.2 25 26(13) 

CASES REMAINED WITH 

NEUROL OGICAL FEATURES 
4.9 34 62(31) 

 mean value 4.5 mean value 32.33 100%(50) 

 

 

Graph 1: Risk Factors of Stroke 

 
 

 

 


