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Abstract 

Background: Stroke is a heterogeneous disease with several 

risk factors. High sensitivity C-reactive protein (hsCRP) is a 

marker for cardiovascular and cerebrovascular diseases. 

Recent studies have shown that high hsCRP level is a risk 

factor for ischemic stroke. The objective of our study was to 

investigate the association of high hsCRP  

(> 3 mg/L) levels with ischemic stroke and its subtypes in 

Indian patients. 

Methods: We recruited 210 consecutive acute stroke 

patients and 150 age and sex matched controls. Stroke 

patients were admitted within 72 hours of onset, at 

Yashoda Hospital, Hyderabad, India. The study period was 

from January 2011 to December 2012. All patients 

underwent tests as per standard protocol for stroke 

workup. Serum hsCRP level was assessed in all stroke 

patients and controls on the day of admission. 

Results: The mean hsCRP was significantly higher in stroke 

patients (3.8 ± 2.5) than controls (1.8 ± 1.5) (P < 0.001). High 

hsCRP had higher frequency in stroke patients 130 (61.9%) 

compared to controls 10 (6.6%), P < 0.001. High hsCRP level 

was more prevalent in the stroke subtypes of cardioembolic 

stroke (83.3%) and large artery atherosclerosis (72%). High 

hsCRP level was significantly associated with 

hypercholesterolemia (P = 0.001), age  

(P = 0.01), and mortality (0.04). After adjustment of 

regression analysis it was observed that high level hsCRP is 

independently associated with acute ischemic stroke (Odds 

4.5; 95% CI: 2.5-12.2); especially the stroke subtypes of 

cardioembolic stroke, (odds ratio 3.4, 95% CI: 1.9-10.5) and 

large artery atherosclerosis (odds ratio 2.1, 95% CI: 1.5-3.8). 

Conclusion: High hsCRP level is strongly associated with and 

an independent predictor of acute ischemic stroke. The 

association was found in all ischemic stroke subtypes. 

Introduction 

Infections and inflammation play a vital role in the 

pathophysiology of atherosclerosis.1-3 High sensitive  

C-reactive protein (hsCRP) is a sensitive marker of 

inflammation and tissue injury in the arterial wall.4,5 CRP 

is a glycoprotein produced by the liver and plays a vital 

role in the development of atherosclerotic disease in 

cardiac and cerebral circulation.6-10 

Cerebrovascular ischemia has been associated with 
bronchial and periodontal infections.11 As a marker of 
infection and inflammation, high hsCRP has been 
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associated with acute stroke.9,12 Since infectious and 
inflammatory diseases are more common in India 
compared to western countries, we aim to investigate the 
association of high hsCRP (> 3 mg/L) levels in patients 
with ischemic stroke and its subtypes. A very limited 
number of studies are available from India on the 
association of hsCRP with ischemic stroke subtypes. 

Materials and Methods 

210 consecutive patients with acute ischemic stroke 
were included in the study and were enrolled from the 
Department of Neurology, Yashoda Hospital, 
Hyderabad, India. Stroke patients were enrolled into 
the study if they met the following criteria: first 
ischemic stroke, and admission to the hospital within 72 
hours of onset of stroke. The exclusion criteria were 
transient ischemic attack, recurrent stroke or second 
stroke, intracerebral haemorrhage, subarachnoid 
haemorrhage, lack of baseline data, and admission to 
the hospital over 72 hours of the onset of stroke. 
Patients with clinical symptoms and signs of active 
infection including fever, cough, burning micturition, 
and asymptomatic subjects with evidence of infection 
on investigations such as leucocytosis on peripheral 
smear, pus cells in urine, infiltrates on chest 
radiograph, since they may cause elevation of hsCRP, 
were excluded. Patients with a history of prior 
inflammatory diseases, like rheumatoid arthritis and 
systemic lupus erythematosus (SLE), and those on 
steroids or immunomodulatory drugs were also 
excluded. Stroke was defined according to the World 
Health Organization as “rapidly developing clinical 
signs of focal/global disturbance of cerebral function, 
with symptoms lasting 24 hours or longer or leading to 
death, with no apparent cause other than of vascular 
origin”.13 Cerebral infarction was diagnosed on the 
basis of history, neurological examination, and 
neuroimaging (CT or brain MRI). All subtypes of 
ischemic stroke were included.  

150 age and sex matched control subjects were 
recruited from the same hospital. Controls were healthy 
subjects chosen from patients with no present or past 
history of stroke, transient ischemic attack (TIA), or 
cardiac disease. Yashoda Hospital is a major referral 
centre in Andhra Pradesh state. The study period was 
two years, from January 2011 to December 2012. This 
study was approved by the Institutional Ethical 
Committee. 
Stroke subtypes assessment 
All stroke patients underwent brain imaging by 
computerised tomography (CT) scan, and when 
clinically appropriate magnetic resonance imaging 
(MRI) and intracranial magnetic resonance 
angiography (MRA) of the brain. Cardiac evaluation 
with transthoracic echocardiography (TTE) or 

transesophageal echocardiography (TEE), and  
non-invasive vascular imaging (extracranial duplex 
Doppler) were done in all patients. Additional tests 
were performed when required. The stroke specialist 
reviewed the data and subclassified the strokes as 
extracranial large artery atherosclerosis, intracranial 
large artery atherosclerosis, cardioembolic, small vessel 
disease (lacunar), stroke of other determined etiology, 
and stroke of undetermined etiology.14  

Standardized techniques were adapted from the 

behavioural risk factor surveillance system.15 Data were 

collected through face-to-face interviews of patients, 

and physical and neurological examination by a stroke 

specialist. When the subjects were unable to provide 

answers, their close relations who were knowledgeable 

about the subject's history were interviewed. All stroke 

patients and control subjects underwent blood tests 

which included fasting blood sugar, lipid profile, 

homocysteine levels, and other biochemical and 

haematological tests. Collagen diseases profile and tests 

for prothrombotic state were done, if stroke subtype 

was not clear. Risk factor definitions were the same as 

in our previous publication.16  
Estimation of hsCRP 

Levels of hsCRP were estimated by VITROS  

5.1 chemistry system and VITROS 5600 integrated 

system to quantitatively measure CRP in human serum 

or plasma. As per the normative data from VITROS 

5600 system manual and current literature, the 

cardiovascular risk was determined as low risk with 

hsCRP levels < 1.0 mg/L, medium risk if  

1.0-3.0 mg/L, high risk when > 3.0 mg/L.12 For our 

study we considered hsCRP level of ≥ 3 mg/L as high 

risk and ≤ 3 mg/L as low risk.12    
Statistical analysis 

Statistical analysis was done using the Statistical 

Package for Social Sciences (SPSS 16.0, SPSS Production 
Facility, Chicago, Illinois, USA). Continuous variables 
were presented in titre of mean ± SD. Categorical 

variables were expressed as proportions, and chi-
square test was used to study the association in 

proportions. All tests were two sided and p values < 
0.05 were considered statistically significant. We 

performed multiple logistic regression analysis for 
stroke subtypes and high hsCRP. 

Results 

We recruited 210 acute ischemic stroke patients and 150 
age and sex matched control subjects for the period of 
two years. On comparison of hsCRP levels and other 
vascular risk factors among stroke patients and control 
subjects it was found that a significantly higher 
proportion of stroke patients had hypertension, 
diabetes, and high hsCRP levels (Table 1). 
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Table 1. Demographic parameters, vascular risk factors, and hsCRP levels among stroke patients and 
control subjects 

Parameter 
Stroke patients 
(n = 210) (%) 

Control Subjects 
(n = 150) 

P  

Men 152 (72.3%) 108 (72%) 0.100 
Mean age 61.2 ± 14.2 62.4 ± 15.9 0.200 
Age range 23-87 25-87  
Mean hsCRP 3.8 ± 2.5 1.8 ± 1.5 < 0.001 
high hsCRP 130 (61.9%) 10 (6.6%) < 0.001 
Hypertension 128 (60.9%) 36 (24%) < 0.001 
Diabetes 96 (45.7%) 32 (21%) < 0.001 
Smoking 89 (42.3%) 50 (33.3%) 0.100 
Alcoholism 86 (40.9%) 56 (37.3%) 0.300 
Hypercholesterolemia 82 (39%) 35 (23%) 0.300 
Hyperhomocysteinemia 25 (11.9%) 15 (10%) 0.400 
Deaths 9 (4.2%) 0 0.010 

 
The prevalence of high hsCRP level was highest in 

patients with cardioembolic stroke 83.3% (20/24), 
followed by large artery atherosclerosis 72% (62/86) 
(Table 2).  

 

Table 2. High hsCRP associated with stroke subtypes  

Stroke subtypes Number 
(130/210) 

Large artery atherosclerosis 62/86 (72%) 
Cardioembolic stroke 20/24 (83.3%) 
Small artery disease 17/34 (50%) 
Stroke of other determined etiology 6/15 (40%) 
Stroke of undetermined etiology 25/51 (49%) 

 Out of 210 stroke patients, high hsCRP levels were 

detected in 130 (61.9%). On comparison between high 

and low hsCRP groups it was found that 

hypercholesterolemia, older age, and mortality were 

significantly associated with high hsCRP levels (Table 3).  

After adjustment of multiple logistic regression 

analysis, high hsCRP was independently associated 

with acute ischemic stroke (OR 4.5; 95% CI 2.5–12.2) 

overall, and in stroke subtypes of cardioembolic stroke 

(OR 3.4; 95% CI 1.1–10.5) and large artery 

atherosclerosis (OR 2.1; 95% CI 1.1–3.8) (Table 4). 

 
Table 3. Comparison between high hsCRP (> 3.0mg/L) and average hsCRP (≤ 3.0mg/L) with ischemic 
stroke patients  

Parameters 
High hsCRP 

(n = 130) 
(> 3.0mg/L) 

Low hsCRP 
(n = 80) 

(≤ 3.0mg/L) 
P  

Men 95 (73%) 38 (47.5%) 0.003 
Mean age 64.9 ± 14.3 59.8 ± 13.5 0.010 

Risk factors 
Hypertension 83 (63.8%) 45 (56.2%) 0.270 
Diabetes 53 (40.7%) 43 (53.7%) 0.090 
Smoking 42 (32.2%) 29 (36.2%) 0.600 
Alcoholism 53 (40.7%) 33 (41.2%) 0.900 
Hypercholesterolemia 60 (46.1%) 22 (27.5%) 0.001 
Hyperhomocysteinemia 14 (10.7%) 8 (10%) 0.900 
Death 7 (5.3%) 2 (2.5%) 0.040 

 
Table 4. Before and after adjusted odds ratio analysis between presence of high hsCRP in stroke subtypes 
(in stepwise method) 

Stroke subtypes 
Before adjusted odd ratio After adjusted odd ratio 

Odds ratio (95% CI ) Odds ratio(95% CI) 

All stroke subtypes combined 8.2 (5.4-15.5) 4.5 (2.5-12.2) 
Large artery atherosclerosis 2.7 (1.9-5.1) 2.1 (1.5-3.8 ) 
Cardioembolic stroke 5.4 (2.7-16.9) 3.4 (1.9-10.5) 
Small artery disease 0.5 (0.2-1.1) 0.2 ( 0.1-0.4) 
Stroke of other determined etiology 0.3 (0.1-1.1) * 
Stroke of undetermined etiology 0.6 (0.2-0.9) 0.3 (0.1-0.6) 

* Number of patients insufficient for statistical analysis 
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Discussion 

In this present prospective study, more than three fifths 
of Indian patients with acute ischemic stroke had high 
hsCRP (> 3 mg/l) levels. Other studies have shown 
varying prevalence. Rajput et al. had found that among 
stroke patients from Pakistan, 132 (88%) had elevated 
CRP (CRP > 10 mg/L).17 Moreover, in a study by Di 
Napoli et al. from Italy, 95 patients (74.2%) with acute 
ischemic stroke had high CRP levels (> 0.5 mg/dl) at 
admission.18 Muir et al. had detected elevated CRP (> 
10 mg/L) levels in 96 out of the228 (42.1%) patients 
admitted with acute ischemic stroke in the UK.19 On the 
other hand, only 22% of stroke patients and 14% of 
myocardial infarction patients had high CRP (> 7 mg/l) 
levels in a study from Netherlands.20  This variance 
may be explained partly by the different definitions of 
high CRP in various studies. The hsCRP levels are now 
becoming universally standardised and most centres 
accept a value above 3 mg/dl as high.12   

CRP has evolved from being an association to a risk 
factor for vascular pathology of heart and brain. Zacho 
et al., in his population based study, found a high 
frequency of ischemic heart disease (32%) and ischemic 
stroke (25%) among patients with high levels of CRP in 
Denmark.21 Ridker et al. from the US, showed high CRP 
to be a predictor of risk for future myocardial infarction 
and stroke in healthy men.22 Among the Japanese 
population  Arima et al. showed a significant 
association between high hsCRP and future risk of 
coronary artery disease.23 Moreover, CRP has also been 
associated with poorer outcomes in cardio and 
cerebrovascular diseases. In recent studies evaluating 
various biomarkers, including atrial and brain 
natriuretic peptides, CRP, and homocysteine, in 
outcome of stable cardiovascular diseases showed that 
CRP was associated with an increased risk of 
congestive heart failure.24 Thus there is increasing 
evidence that hsCRP is a risk as well as prognostic 
factor for ischemic stroke and coronary events.10,20,25,26 
Stroke subtypes 

In this study, high hsCRP levels were associated with 
all stroke subtypes. Prevalence of high hsCRP was 
maximum in cardioembolic stroke (83.3%) followed by 
large artery atherosclerosis (both intracranial and 
extracranial) (72%) and small artery disease (50%).  
Large artery atherosclerosis 
Among our patients with large artery atherosclerosis, 
high hsCRP levels were found in 72%. This is similar to 
reports by Huang et al. (63.9% in large artery 
atherosclerosis)12 and Rajeshwar et al.27 who observed 
high CRP in both intracranial (48.7%) and extracranial 
large artery atherosclerosis (54.9%).27 In contrast, studies 
from the West seem to have a much lower percentage of 
high hsCRP levels. Den Hertog et al.20 and Dewan et al.28 
noted that 15% and 14.9% of patients with large artery 

atherosclerosis, respectively, had high CRP levels. After 
adjustment using multiple logistic regression, high 
hsCRP was an independent predictor in this group (odds 
ratio: 2.1, 95% CI: 1.3-3.8) and these findings were 
advocated by Ladenvall et al.29  
Cardioembolic stroke 
We found 83.3% of our cardioembolic patients had high 
hsCRP levels. The other study from India by Rajeshwar 
et al. also reported an increased prevalence of high 
hsCRP levels in 58.3% of patients with cardioembolic 
stroke.27  Lower prevalence was noted in other regions 
of the world; 13.8% in Nepalese, and 24% in Dutch 
populations.20,28 Increased prevalence of high hsCRP 
levels in cardioembolic stroke seems to be a unique 
feature of the Indian population. The underlying 
cardiac disease in the high hsCRP group was varied 
and included ascending aorta stenosis (4 patients), 
congestive heart failure (3 patients), mitral stenosis (4 
patients), atrial fibrillation (6 patients), and rheumatic 
heart disease (3 patients). Our study demonstrated that 
high hsCRP was significantly associated with 
cardioembolic stroke (Odds ratio: 3.4 95% CI: 1.9-10.5) 
and is an independent predicator of cardioembolic 
stroke.  
Small vessel disease 
Compared to large artery atherosclerosis and 
cardioembolic stroke, the prevalence of high hsCRP 
levels was lower among stroke patients due to small 
vessel disease. The 50% prevalence found in our study 
is similar to that detected by others. Muir et al. 
observed that (21/96) 21.8% of acute ischemic patients 
with small vessel disease had elevated CRP > 10 mg/L 
and 29.8% of lacunar patients from Nepal had high 
CRP levels.19,28 Den Hertog reported that 13% of 
patients with small vessel disease had high hsCRP.20 
Rajeshwar et al. observed a 12.6% prevalence of high 
hsCRP levels.27 The association of high hsCRP with 
different stroke subtypes in different populations may 
be secondary to unknown interactions with genetic and 
environmental pathogenetic factors.  
Stroke of other determined etiology 
In this study, patients with stroke of other determined 
etiology had 40% prevalence of high hsCRP levels (3 
patients had hyperhomocysteinemia, 2 had deficiency 
of protein C, and 1 patient antithrombin III deficiency), 
which is comparable to that noted by Rajeshwar et al. 
(25.9%).27   
Stroke of undetermined etiology 
In our study we noted that 49% of patients with stroke of 
undetermined etiology had high hsCRP levels. These 
findings were advocated by Rajeshwar et al. (36.7%).27 
Den Hertog also confirmed these findings and noted 44% 
with high CRP (> 7 mg/dl) levels.20 The literature is 
meagre on this stroke subtype, and multiple logistic 
regression showed that high hsCRP is not an independent 
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predictor of stroke of undetermined etiology.8  
Atherogenicity of CRP 
CRP, an acute-phase protein synthesised by hepatocytes, 
is released in the blood stream in response to 
inflammation and tissue damage.30,31 CRP stimulates the 
endothelial cells to produce various adhesion molecules, 
such as intracellular adhesion molecule-1, vascular cell 
adhesion molecule-1, and E-selectin.32,33 These molecules 
allow migration of mononuclear cells and T lymphocytes 
into the vessel wall and play a key role in the formation 
of atherosclerotic plaque.34,35 CRP also helps in releasing 
of superoxide anion and stimulation of tissue factor 
activity.36 In addition it induces plasminogen activator 
inhibitor-1 (PAI-1); a marker of disrupted fibrinolysis 
and atherothrombosis.37-39 Finally, CRP may increase the 
chance of endothelial cell lysis, and plaque erosion, and 
can precipitate acute ischemic stroke or coronary 
syndrome. All these, thus, predispose to atherosclerosis 
in cerebral and cardiac circulation. 
Association between gender and hsCRP 
In our study, the proportion of men with high hsCRP 
levels was significantly higher (95; 73%) compared to 
low hsCRP (38; 47.5%); and recent studies have found 
similar findings.41 Devaraj et al.42 and Wakugawa et al.9 
found that raised hsCRP level was an independent risk 
factor for future ischemic stroke only in men and not in 
women. Endogenous estrogen has been shown to 
protect the development of  atherosclerosis, and has an 
anti-inflammatory effect in women.43,44 However, Muir 
et al. did not find any association between gender and 
elevated CRP (> 10 mg/L) levels in acute ischemic 
stroke patients.19 Recent studies have demonstrated a 
fivefold increase in the risk of any vascular event in 
women with the highest CRP levels.7,23 Thus, elevated 
CRP level may cause more damage in women.  
Association between age and hsCRP 
We demonstrated that high plasma hsCRP level was 
significantly associated with older age in our patients; 
similar to the British population.19 Rost et al. found 
elevated CRP level to be a significant predictor of 
future risk of ischemic cerebrovascular accident in the 

elderly.45 Large prospective studies in apparently 
healthy subjects have confirmed the prognostic 
relevance of CRP in the elderly.46,47  
Mortality in the hospital  
In the present study, 9 (4.2%) patients died in the 
hospital due to the disease progression. The Mortality 
rate was significantly higher in our patients with high 
hsCRP. Studies in Nepal, Norway, and China had 
similar findings.12,27,48 Furthermore, the impact of CRP 
on mortality seems to be long-term. A recent study 
showed that elevated CRP levels in young patients with 
ischemic stroke were associated with an increased risk 
of mortality, even 12 years after the CRP 
measurements.49 

Conclusion 

In conclusion, this study demonstrated that high levels 
of hsCRP are prevalent in all ischemic stroke subtypes, 
and are independently associated with large artery 
atherosclerosis and cardioembolic stroke. In stroke 
subtypes, high hsCRP levels were associated with a 3-
fold increase in risk of developing cardioembolic stroke 
and a 2-fold raise in risk of large artery atherosclerosis. 
Hence, in these subtypes high hsCRP may be a marker to 
initiate primary preventive strategies. In the Jupiter trial, 
statins decreased the risk of myocardial infarction and 
ischemic stroke in patients with high hsCRP levels.50 
Thus, high hsCRP levels may be a marker for starting 
therapy with statins for both primary and secondary 
prevention. Future large scale studies are required to 
explore these findings. 

Conflict of Interests 

The authors declare no conflict of interest in this study. 

Acknowledgements 

We are thankful to Dr. G. S. Rao, Managing Director, and 
Dr. A. Lingaih, Director of Medical services, and 
Yashoda Group of Hospitals for their generous support 
to carry out this study in Yashoda Hospital, Hyderabad. 

References 

1. Ross R. Atherosclerosis--an inflammatory 
disease. N Engl J Med 1999; 340(2):  
115-26. 

2. Libby P, Ridker PM, Maseri A. 
Inflammation and atherosclerosis. 
Circulation 2002; 105(9): 1135-43. 

3. Libby P. Inflammation and cardiovascular 
disease mechanisms. Am J Clin Nutr 2006; 
83(2): 456S-60S. 

4. Pfutzner A, Forst T. High-sensitivity C-
reactive protein as cardiovascular risk 
marker in patients with diabetes mellitus. 
Diabetes Technol Ther 2006; 8(1): 28-36. 

5. Pearson TA, Mensah GA, Alexander RW, 
Anderson JL, Cannon RO 3rd, Criqui M, et 
al. Markers of inflammation and 
cardiovascular disease: application to 

clinical and public health practice: A 
statement for healthcare professionals from 
the Centers for Disease Control and 
Prevention and the American Heart 
Association. Circulation 2003; 107(3):  
499-511. 

6. Ridker PM, Glynn RJ, Hennekens CH. C-
reactive protein adds to the predictive value 
of total and HDL cholesterol in determining 
risk of first myocardial infarction. 
Circulation 1998; 97(20): 2007-11. 

7. Ridker PM, Buring JE, Shih J, Matias M, 
Hennekens CH. Prospective study of C-
reactive protein and the risk of future 
cardiovascular events among apparently 
healthy women. Circulation 1998; 98(8): 
731-3. 

8. Ridker PM, Rifai N, Rose L, Buring JE, 
Cook NR. Comparison of C-reactive protein 
and low-density lipoprotein cholesterol 
levels in the prediction of first 
cardiovascular events. N Engl J Med 2002; 
347(20): 1557-65. 

9. Wakugawa Y, Kiyohara Y, Tanizaki Y, 
Kubo M, Ninomiya T, Hata J, et al. C-
reactive protein and risk of first-ever 
ischemic and hemorrhagic stroke in a 
general Japanese population: the Hisayama 
Study. Stroke 2006; 37(1): 27-32. 

10. Ishikawa J, Tamura Y, Hoshide S, Eguchi 
K, Ishikawa S, Shimada K, et al. Low-grade 
inflammation is a risk factor for clinical 
stroke events in addition to silent cerebral 
infarcts in Japanese older hypertensives: the 



 

 
HsCRP in acute ischemic stroke and subtypes Ir J neurol 2013; 12(3) 97 

 
http://ijnl.tums.ac.ir      4 July 

Jichi Medical School ABPM Study, wave 1. 
Stroke 2007; 38(3): 911-7. 

11. Grau AJ, Buggle F, Ziegler C, Schwarz W, 
Meuser J, Tasman AJ, et al. Association 
between acute cerebrovascular ischemia and 
chronic and recurrent infection. Stroke 
1997; 28(9): 1724-9. 

12. Huang Y, Jing J, Zhao XQ, Wang CX, 
Wang YL, Liu GF, et al. High-sensitivity C-
reactive protein is a strong risk factor for 
death after acute ischemic stroke among 
Chinese. CNS Neurosci Ther 2012; 18(3): 
261-6. 

13. Thorvaldsen P, Asplund K, Kuulasmaa K, 
Rajakangas AM, Schroll M. Stroke 
incidence, case fatality, and mortality in the 
WHO MONICA project. World Health 
Organization Monitoring Trends and 
Determinants in Cardiovascular Disease. 
Stroke 1995; 26(3): 361-7. 

14. Adams HP, Jr., Bendixen BH, Kappelle LJ, 
Biller J, Love BB, Gordon DL, et al. 
Classification of subtype of acute ischemic 
stroke. Definitions for use in a multicenter 
clinical trial. TOAST. Trial of Org 10172 in 
Acute Stroke Treatment. Stroke 1993; 
24(1): 35-41. 

15. Gentry EM, Kalsbeek WD, Hogelin GC, 
Jones JT, Gaines KL, Forman MR, et al. 
The behavioral risk factor surveys: II. 
Design, methods, and estimates from 
combined state data. Am J Prev Med 1985; 
1(6): 9-14. 

16. Bandaru VC, Laxmi V, Neeraja M, Alladi 
S, Meena AK, Borgohain R, et al. 
Chlamydia pneumoniae antibodies in 
various subtypes of ischemic stroke in 
Indian patients. J Neurol Sci 2008; 272 
(1-2): 115-22. 

17. Rajput MR, Lakhair MA, Shaikh MA, Rind 
MS, Zafarullah, Bano R. C-Reactive Protein 
(CRP) and other Risk Factors in Acute 
Ischemic Stroke Patients. Journal of Liaquat 
University of Medical and Health Sciences 
(JLUMHS) 2011; 10(3): 131-3. 

18. Di Napoli M, Papa F, Bocola V. C-reactive 
protein in ischemic stroke: an independent 
prognostic factor. Stroke 2001; 32(4): 917-24. 

19. Muir KW, Weir CJ, Alwan W, Squire IB, 
Lees KR. C-reactive protein and outcome 
after ischemic stroke. Stroke 1999; 30(5): 
981-5. 

20. den Hertog HM, van Rossum JA, van der 
Worp HB, van Gemert HM, de Jonge R, 
Koudstaal PJ, et al. C-reactive protein in the 
very early phase of acute ischemic stroke: 
association with poor outcome and death. J 
Neurol 2009; 256(12): 2003-8. 

21. Zacho J, Tybjaerg-Hansen A, Jensen JS, 
Grande P, Sillesen H, Nordestgaard BG. 
Genetically elevated C-reactive protein and 
ischemic vascular disease. N Engl J Med 
2008; 359(18): 1897-908. 

22. Ridker PM, Cushman M, Stampfer MJ, 
Tracy RP, Hennekens CH. Inflammation, 
aspirin, and the risk of cardiovascular 
disease in apparently healthy men. N Engl J 
Med 1997; 336(14): 973-9. 

23. Arima H, Kubo M, Yonemoto K, Doi Y, 
Ninomiya T, Tanizaki Y, et al. High-
sensitivity C-reactive protein and coronary 
heart disease in a general population of 
Japanese: the Hisayama study. Arterioscler 

Thromb Vasc Biol 2008; 28(7): 1385-91. 
24. Ahluwalia N, Blacher J, Szabo de EF, Faure 

P, Julia C, Hercberg S, et al. Prognostic 
value of multiple emerging biomarkers in 
cardiovascular risk prediction in patients 
with stable cardiovascular disease. 
Atherosclerosis 2013; 228(2): 478-84. 

25. Mishra PT, Chandra R, Saxena S, Verma S, 
Jain R, Bhuyan A. High Sensitivity C-
reactive Protein (hsCRP) Level in 
Cerebrovascular Accident (Stroke). JIACM 
2010; 11(3): 204-7. 

26. Rifai N, Ridker PM. High-sensitivity C-
reactive protein: a novel and promising 
marker of coronary heart disease. Clin 
Chem 2001; 47(3): 403-11. 

27. Rajeshwar K, Kaul S, Al-Hazzani A, Babu 
MS, Balakrishna N, Sharma V, et al. C-
reactive protein and nitric oxide levels in 
ischemic stroke and its subtypes: correlation 
with clinical outcome. Inflammation 2012; 
35(3): 978-84. 

28. Dewan KR, Rana PV. C-reactive protein 
and early mortality in acute ischemic stroke. 
Kathmandu Univ Med J (KUMJ) 2011; 
9(36): 252-5. 

29. Ladenvall C, Jood K, Blomstrand C, 
Nilsson S, Jern C, Ladenvall P. Serum C-
reactive protein concentration and genotype 
in relation to ischemic stroke subtype. 
Stroke 2006; 37(8): 2018-23. 

30. Pepys MB, Baltz ML. Acute phase proteins 
with special reference to C-reactive protein 
and related proteins (pentaxins) and serum 
amyloid A protein. Adv Immunol 1983; 34: 
141-212. 

31. Gabay C, Kushner I. Acute-phase proteins 
and other systemic responses to 
inflammation. N Engl J Med 1999; 340(6): 
448-54. 

32. Sabatine MS, Morrow DA, Jablonski KA, 
Rice MM, Warnica JW, Domanski MJ, et 
al. Prognostic significance of the Centers for 
Disease Control/American Heart 
Association high-sensitivity C-reactive 
protein cut points for cardiovascular and 
other outcomes in patients with stable 
coronary artery disease. Circulation 2007; 
115(12): 1528-36. 

33. Gaspardone A, Crea F, Versaci F, Tomai F, 
Pellegrino A, Chiariello L, et al. Predictive 
value of C-reactive protein after successful 
coronary-artery stenting in patients with 
stable angina. Am J Cardiol 1998; 82(4): 
515-8. 

34. Libby P. Inflammation in atherosclerosis. 
Nature 2002; 420(6917): 868-74. 

35. Hulthe J, Wikstrand J, Mattsson-Hulten L, 
Fagerberg B. Circulating ICAM-1 
(intercellular cell-adhesion molecule 1) is 
associated with early stages of 
atherosclerosis development and with 
inflammatory cytokines in healthy 58-year-
old men: the Atherosclerosis and Insulin 
Resistance (AIR) study. Clin Sci (Lond) 
2002; 103(2): 123-9. 

36. Devaraj S, Dasu MR, Singh U, Rao LV, 
Jialal I. C-reactive protein stimulates 
superoxide anion release and tissue factor 
activity in vivo. Atherosclerosis 2009; 
203(1): 67-74. 

37. Devaraj S, Xu DY, Jialal I. C-reactive 

protein increases plasminogen activator 
inhibitor-1 expression and activity in human 
aortic endothelial cells: implications for the 
metabolic syndrome and atherothrombosis. 
Circulation 2003; 107(3): 398-404. 

38. Chen C, Nan B, Lin P, Yao Q. C-reactive 
protein increases plasminogen activator 
inhibitor-1 expression in human endothelial 
cells. Thromb Res 2008; 122(1): 125-33. 

39. Vaughan DE. PAI-1 and atherothrombosis. 
J Thromb Haemost 2005; 3(8): 1879-83. 

40. Nakajima T, Schulte S, Warrington KJ, 
Kopecky SL, Frye RL, Goronzy JJ, et al. T-
cell-mediated lysis of endothelial cells in 
acute coronary syndromes. Circulation 
2002; 105(5): 570-5. 

41. Soliman RH, Abdel-Monem NA, Helmy 
AA, Abd El-Shafy S. High Sensitivity C-
Reactive Protein and its Gene 
Polymorphism in Acute Ischemic Stroke. 
Egypt J Neurol Psychiat Neurosurg 2010; 
47(1): 373-79. 

42. Devaraj S, Du Clos TW, Jialal I. Binding 
and internalization of C-reactive protein by 
Fcgamma receptors on human aortic 
endothelial cells mediates biological effects. 
Arterioscler Thromb Vasc Biol 2005; 25(7): 
1359-63. 

43. Mendelsohn ME, Karas RH. The protective 
effects of estrogen on the cardiovascular 
system. N Engl J Med 1999; 340(23):  
1801-11. 

44. Pfeilschifter J, Koditz R, Pfohl M, Schatz H. 
Changes in proinflammatory cytokine 
activity after menopause. Endocr Rev 2002; 
23(1): 90-119. 

45. Rost NS, Wolf PA, Kase CS, Kelly-Hayes 
M, Silbershatz H, Massaro JM, et al. Plasma 
concentration of C-reactive protein and risk 
of ischemic stroke and transient ischemic 
attack: the Framingham study. Stroke 2001; 
32(11): 2575-9. 

46. Tracy RP, Lemaitre RN, Psaty BM, Ives 
DG, Evans RW, Cushman M, et al. 
Relationship of C-reactive protein to risk of 
cardiovascular disease in the elderly. 
Results from the Cardiovascular Health 
Study and the Rural Health Promotion 
Project. Arterioscler Thromb Vasc Biol 
1997; 17(6): 1121-7. 

47. Gussekloo J, Schaap MC, Frolich M, Blauw 
GJ, Westendorp RG. C-reactive protein is a 
strong but nonspecific risk factor of fatal 
stroke in elderly persons. Arterioscler 
Thromb Vasc Biol 2000; 20(4): 1047-51. 

48. Idicula TT, Brogger J, Naess H, Waje-
Andreassen U, Thomassen L. Admission C-
reactive protein after acute ischemic stroke 
is associated with stroke severity and 
mortality: the 'Bergen stroke study'. BMC 
Neurol 2009; 9: 18. 

49. Naess H, Nyland H, Idicula T, Waje-
Andreassen U. C-reactive Protein and 
Homocysteine Predict Long-term Mortality 
in Young Ischemic Stroke Patients. J Stroke 
Cerebrovasc Dis 2013. 

50. Ridker PM, Danielson E, Fonseca FA, 
Genest J, Gotto AM, Jr., Kastelein JJ, et al. 
Rosuvastatin to prevent vascular events in 
men and women with elevated C-reactive 
protein. N Engl J Med 2008; 359(21):  
2195-207. 

 


