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Abstract 
The role of inflammation in the pathogenesis of atherosclerosis has been firmly established in the past two 
decades. C-reactive protein (CRP) is an acute phase reactant synthesized mainly by the liver. It is a member of 
pentraxin family of proteins. Serum CRP levels are elevated in response to acute infections, inflammatory 
conditions and trauma. CRP is believed to be involved throughout the atherogenic process and is now considered 
as an ideal biomarker for global cardiovascular disease risk prediction. Recent advancement suggests that high 
sensitivity CRP (hsCRP) has more accurate value than conventional CRP. Numerous studies have shown an 
association of CRP with incidental hypertension, metabolic syndrome, coronary artery disease, acute coronary 
syndrome, peripheral artery disease, stroke and recurrent coronary and cerebrovascular events. 
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Introduction 
Despite substantial differences in ethnicities, habits 
and cultures, the prevalence of cardiovascular risk 
factors and atherosclerosis remains the major cause 
of death in developing and developed countries1,2. 
The traditional Framingham risk factors 
(dyslipidemia, blood pressure, diabetes, obesity and 
cigarette smoking) have been used as the starting 
point for evaluating individual risk to vascular 
disease and each factor is strongly associated with 
increased risk to cardiovascular disease (CVD) in 
adults and in children, associated with family history 
of CVD1-4. It has been estimated that the traditional 
CVD risk factors may explain about 50% of CVD 
morbidity and mortality4, eliciting efforts to identify 
additional predictive factors like C-reactive protein 
(CRP)5. 
 
CRP was first discovered in 1930 by William Tillet 
and Thomas Francis at the Rockefeller Institute for 
Medical Research in New York6. Blood samples 
from the patients of acute Streptococcus Pneumonie 
infection found that the sera of these patients formed 
a precipitin with an extract from the streptococcal 
bacterium. The extract was originally labelled 
Fraction C and was later confirmed as a 
polysaccharide. As a result of its reactivity with the 
C polysaccharide of the Streptococcus cell wall, the 
‘substance’ in the sera was named CRP6,7. A decade 
later, Oswald Avery and Maclyn McCarty with their 
research team described CRP as an ‘acute-phase  

 
reactant’ that was increased in serum of patients 
suffering from a spectrum of inflammatory stimuli 
and inflammation8-10.  
 
Results of recent studies suggest that, CRP also 
directly participates in the pathogenesis of CVD11. 
In addition, increased CRP is associated with 
multiple risk factors for CVD, including obesity, 
insulin resistance and hypertension and has 
demonstrated significant predictive value for risk of 
metabolic syndrome12. In apparently healthy 
individual’s plasma CRP concentrations are widely 
distributed, reflecting substantial inter-individual 
variability driven by multiple environmental, 
sociodemographic, behavioral and lifestyle 
factors13-14. 
 
Structure of CRP 
CRP is a 206-amino acid member of the short 
pentraxin family, alongside serum amyloid P 
component (SAP), with high phylogenetic 
conservation15. Pentraxins share a characteristic 
structure: five identical non-glycosylated globular 
subunits - each of which is constituted by two β-
pleated sheets - which are noncovalently associated 
and arranged in a symmetric cyclic pattern around a 
central pore, determining a pentameric, discoidal 
and flattened configuration16. The molecular weight 
of CRP is 115 kDa. Each CRP protomer has the 
flattened beta-jellyroll lectin fold and bears on one 
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face, the B or binding face, a pocket which contains 
two calcium ions bound just 4 A° apart by 
coordination with protein carboxylate and amide 
side chains derived from loops that congregate on 
one face of the protomer core. These calcium atoms 
are essential for all physiological ligand binding by 
CRP and also markedly stabilize both the structure 
of the protomer and the integrity of the native 
pentamer17. Although CRP is secreted by 
hepatocytes in the form of pentameric molecules (p 
CRP), it is susceptible to modifications both in vitro 
and in vivo. In vitro, while stored under non-
physiological conditions such as in the absence of 
calcium, the monomers in CRP are slowly 
dissociated by a nonproteolytic and irreversible 
process and release the monomeric form of CRP (m 
CRP)18,19. In the absence of calcium, both pCRP and 
mCRP are susceptible to proteolytic degradation20. 
mCRP is associated with enhanced complement 
fixation. This molecule rapidly detaches from cell 
membrane and finally dissociates in solution of m 
CRPs, the final and most important form of m CRP. 
This second stage is associated with more powerful 
atherogenic properties21,22.   
 

 
Figure-1: Molecular structure and morphology 
of human CRP17 
 
Synthesis of CRP 
CRP is predominantly synthesized in the liver with 
the gene location on chromosome 1q23.2, typically 
within the transcriptional phase of the response to 
proinflammatory cytokines23. IL-6 appears to be the 
main regulator, by promoting de novo synthesis of 
CRP via upregulation of C/EBPβ and C/EBPδ, key 
transcription factors in this process24. In addition, 
IL-6 signaling may be reinforced by IL-1β and TNF, 
both of which increase transcription rate of CRP25. 
 
Following synthesis and release into circulation, 
serum CRP level tends to increase significantly 6-8 
hours after initial stimulation, peaking at 24-48 
hours, with a half-life of approximately 19 hours. 
CRP concentration in circulation is primarily 
determined by its synthesis rate26. Although the liver 
is the main site for production and release of CRP, 
its mRNA also has been found in extrahepatic sites, 
including adipose tissue27, lungs28, epithelial cells of 
renal cortical tubules29, lymphocytes and 

atherosclerotic lesions in both macrophages and 
smooth muscle cells30,31.  
 
High Sensitivity C-Reactive Protein (hsCRP) 
Although, CRP is an efficient marker for 
inflammation, it is not detectable at a very low level 
(<3 mg/L) by routine lab methods. However, recent 
high-sensitivity assay techniques such as 
immunonephelometric, immunoturbidimetry, high-
sensitivity enzyme-linked immunosorbent assay 
(ELISA) and resonant acoustic profiling (RAP) 
techniques can detect hsCRP at a level lower than 3 
mg/L and so are more important for detection of the 
pro-inflammatory state at the earliest32. The hsCRP 
is more precise than standard CRP when measuring 
baseline concentrations. The American Heart 
Association and U.S. Centers for Disease Control 
and Prevention have defined risk groups as follows 
low: hsCRP level under 1.0 mg/L, average: between 
1.0 and 3.0 mg/L and high: above 3.0 mg/L33. These 
high-sensitivity assays help to quantify low grades 
of systemic inflammation in the absence of overt 
systemic inflammatory or immunologic disorders & 
thus helps to predict a person’s risk of developing 
CVDs. The hsCRP assays have been standardized 
across several commercial platforms and can be 
accurately measured from fresh plasma or frozen 
plasma34. 
 
CRP as an Independent Risk Factor for CVD 
A number of large, prospective epidemiologic 
studies have indicated that CRP is a strong 
independent predictor of future cardiovascular 
events including myocardial infarction, ischemic 
stroke, peripheral vascular disease and sudden 
cardiac death among individuals without known 
CVD35,36. The association between elevated CRP 
and future CVD events has generally been consistent 
among these studies35-37.  
 
For example, in a cohort of 1086 apparently healthy 
middle-aged men in the dataset of the Physicians’ 
Health Study, subjects with baseline levels of CRP 
that were in the highest quartile, had a twofold 
increase in risk of ischemic stroke or peripheral 
vascular disease (p=0.02) and a threefold increase in 
risk of myocardial infarction (p=0.001), relative to 
subjects in the lowest quartile. These effects were 
independent of other cardiovascular risk factors, 
including lipid levels and tobacco use38.  
 
The Honolulu Heart Program analyzed frozen serum 
samples to assess the relationship of CRP to the 
development of myocardial infarction in clinically 
healthy men over a follow-up period of 20 years. 
Overall, CRP levels in this study were associated 
with coronary events that occurred as many as 15 
years later. As early as five years follow-up, the risk 
of myocardial infarction grew with increasing CRP 
levels39.  
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At 10 to 15 years follow-up, the relative odds of 
myocardial infarction in the highest CRP quartile 
were 2.1 times that of the lowest quartile, after 
adjustment for risk factors such as total cholesterol, 
hypertension and type 2 diabetes mellitus (p=0.016). 
The strongest correlation between CRP and risk of 
myocardial infarction occurred among those men 
without other risk factors39. 
 
Nested case-control analyses of 1,21,700 women in 
the Nurses’ Health Study and 51,529 men in the 
Health Professionals Follow-up study recently 
supported the results of the Women’s Health Study, 
finding that CRP is a predictor of chronic heart 
diseases (CHD) that is independent of other 
cardiovascular risk factors40.  
 
Providing additional support for the predictive value 
of CRP, the Cardiovascular Health Study evaluated 
protein levels in an elderly population without a 
history of vascular disease.  In this study of 3,971 
men and women aged 65 years or older, a single 
instance of elevated CRP levels was associated with 
an increased 10-year risk of CHD beyond traditional 
risk factors, especially in moderate high-risk men 
and in high-risk women41.  
 
Elevated CRP have been shown to be a strong 
predictor of future cardiovascular risk in patients 
with established CHD with or without a previous 
myocardial infarction. In the Scandinavian 
Simvastatin Survival Study, elevated CRP levels 
predicted mortality in patients with stable ischemic 
heart disease42. Furthermore, Blake and Ridker have 
shown that elevated CRP can predict risk of 
cardiovascular events (including death, acute 
myocardial infarction and need for revascularization 
procedures) in patients with acute coronary 
syndromes (ACS)43. 
 
The Role of CRP in the Pathophysiology of 
Atherosclerosis 
Inflammatory mechanisms play a central role in all 
phases of atherosclerosis, from the initial 
recruitment of circulating leukocytes to the arterial 
wall to the rupture of unstable plaques, which results 
in the clinical manifestations of the disease. CRP 
plays a pivotal role in atherogenesis by the following 
processes: 
 
i. Complement activation: Activation of the classical 
pathway of the complement system is a well-known 
and direct biological function of CRP. Via this 
action, CRP directly amplifies and facilitates innate 
immunity, a process that has already been associated 
with initiation and progression of CVD for a long 
time44. 
ii. Interaction with cell surface receptors: CRP binds 
to several receptors on human monocytes; to 
FcRγIIa (CD32) with high affinity and to FcRγI 

(CD64) with lower affinity increasing phagocytosis 
and the release of inflammatory cytokines45. 
 
iii. Thrombosis: Direct actions of CRP contribute to 
the induction of a prothrombotic state that may 
enhance the procoagulant activity or reduce 
fibrinolysis46. 
 
iv. Cellular modulation, recruitment and activation: 
CRP may be a direct regulator of endothelial cell 
activation and dysfunction, by inducing the 
expression of intracellular adhesion molecules, 
vascular E-selectin and monocyte chemoattractant 
protein-1 (MCP-1)47. 
 
v. Nitric oxide (NO) synthesis: CRP may interfere 
with NO synthesis by inhibiting endothelial nitric 
oxide synthase (eNOS) activity through various 
pathways & all of which ultimately lead to 
endothelial dysfunction48. 
 
vi. Apoptosis: CRP is directly involved in the 
process of apoptosis. Apoptosis of vascular smooth 
muscle cells (SMC) also plays an important role in 
progression of atherosclerotic lesions and 
contributes to increased plaque vulnerability48. 
 
vii. Activation of metalloproteinases: CRP to 
augment expression of metalloproteinase-1 (MMP-
1) and metalloproteinases 1, 2 and 9 responsible for 
remodeling the extracellular matrix (ECM)49. 
 
CRP and Ischemic Stroke 
Stroke is an important cause of morbidity and 
mortality. Development of stroke is the result of 
longstanding vascular inflammation, plaque rupture, 
thrombosis and subsequent brain ischemia or 
infarction. Among the several markers of 
inflammation, serum CRP is of particular 
importance. Several previously published studies 
found an association between high serum CRP level 
and development of stroke50,51.  
 
In a prospective longitudinal study on 10456 healthy 
men by Jimenez et al, baseline serum hsCRP>3 
mg/L was associated with increased risk of incident 
stroke by 40% as compared with hsCRP<1 mg/l 
over a 15-year follow-up period. The risk was 
greater in hypertensive rather than normotensive 
men50. The results of a systematic review of 12 
prospective observational studies revealed an 
independent association of baseline CRP with 
excessive risk of ischemic stroke but not 
hemorrhagic stroke51. 
 
CRP and Metabolic Syndrome 
Recent evidence suggests that CRP plays a major 
role in the physiologic processes associated with the 
metabolic syndrome. High levels of CRP have been 
shown to be an independent predictor of 
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cardiovascular risk for all degrees of severity of the 
metabolic syndrome52. Furthermore, elevated CRP 
has been correlated with abdominal obesity in men 
with atherogenic dyslipidemia, an important clinical 
characteristic of the metabolic syndrome53. In a 
study by Sridevi D found that, the CRP levels are 
elevated in Type 2 diabetic patients with the 
metabolic syndrome and hence, CRP is added as a 
diagnostic criterion for metabolic syndrome54. 
 
CRP and Hypertension 
Hypertension is an important worldwide public-
health challenge because of its high frequency and 
concomitant risks of cardiovascular and kidney 
disease55. Many recent studies showed correlation 
between hypertension and inflammation. New proof 
indicates that vascular inflammation may have a role 
in the initiation and/or development of 
hypertension43. This is evident from the elevated 
levels of inflammatory markers like Tumor Necrosis 
Factor-α (TNF-α), Interleukin-6 (IL-6) and C-
Reactive Protein (CRP) found in people with 
hypertension56. CRP increases the blood pressure by 
several mechanisms. It decreases the production of 
nitric oxide by endothelial cells, so indirectly 
inhibits vasodilatation. On the other hand, it 
increases leukocyte adhesion, platelet activation, 
oxidation and thrombosis. CRP upregulates the 
angiotensin type-I receptor so mediates the 
angiotensin-II mediated increase in blood 
pressure57. All these facts indicate that, CRP has a 
role in development of hypertension. Ki Chul Sung 
and Workers found hsCRP to be an independent risk 
factor for development of hypertension among 
Korean population58. 
 
CRP and Type 2 diabetes mellitus (DM) 
Diabetes is a disease with chronic low-grade 
inflammation. Different studies have shown that 
inflammatory markers in blood like CRP, IL-6, 
Plasminogen activator inhibitor-1 (PAI-1) and 
fibrinogen are elevated significantly in diabetic 
population59. Twelve recent meta-analysis including 
18 prospective studies demonstrated that high 
baseline CRP levels are associated with insulin 
resistance, higher HbA1c levels and future type 2 
DM60.  
 
Gohel MG and Chacko AN in their study showed 
statistically significant increase in concentration of 
hsCRP in type 2 DM compared to healthy persons61. 
Amanullah S in his study showed significant 
increase of CRP in subjects with type 2 DM62. There 
may also have a significant relationship between 
CRP and complications of Type 2 diabetes mellitus 
through the acute phase response63. 
 
Conclusion 
It is now an established fact that elevated CRP levels 
are associated with a worse prognosis for vascular 

events like myocardial infarction, stroke & unstable 
angina. Moreover, many epidemiological studies 
have shown a positive association between CRP and 
cardiovascular risk. So, conventional CRP or recent 
advance hsCRP may be considered as a potential 
adjunct for global risk assessment in the primary 
prevention of vascular disease. 
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