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C-reactive protein (CRP)
A blood marker of inflammation and a 
hallmark of the acute-phase response 
A powerful and specific predictor of 
cardiovascular event risk in populations of 
otherwise healthy persons. 



The gene comprised of 2 exons (red boxes) separated by a single intron
encoding a dinucleotide (gt) repeat. 
Exon 1 encodes an 18 amino acid leader peptide (green box) and the first 2 
amino acids of the mature protein.

UTR  untranslated regions (yellow boxes)

The cross-hatched box 
demarcates the position of a 
reported alternative 
transcript.



Inflammation has been proposed to contribute 
to different stages in the pathogenesis of 
coronary heart disease

The life long process of atherogenesis
The acute atherothrombotic events
The myocardial damage following ischaemia



Endothelial Dysfunction in Atherosclerosis.



Fatty-Streak Formation in Atherosclerosis



Formation of an Advanced, Complicated Lesion of 
Atherosclerosis



Unstable Fibrous Plaques in Atherosclerosis



Elevated plasma levels of CRP are associated 
with increased risks of IHD and ischemic CVA
CRP is simply a marker for ischemic vascular 
disease or whether elevated CRP levels actually 
contribute directly to causing such disorders is 
presently unknown



Epidemiologic studies that have observed an 
association between elevated plasma CRP levels 
and cardiovascular events. 
The statistical strength of associations is at least 
as robust as that of established risk factors 
(DM,HT,Dyslipidemia)
Statistical strength does not imply causality







This study tested whether
CRP and ishaemic vascular 

disease are a causal association

This study tested whether
CRP and ishaemic vascular 

disease are a causal association



Ideal system to assess the 
consequences of lifelong high CRP 

levels independently of other risk factors

Genetic variants that specifically 
increase plasma levels of CRP



Genetically elevated CRP levels

Increased risks of IHD and ischemic CVA



First
CRP levels were associated with the risks of IHD  
and ischemic CVA

Second
CRP single-nucleotide polymorphisms were 
associated with CRP levels

Third
CRP polymorphisms were associated with increases 
risks of IHD and ischemic CVA that consistent with 
their effects on CRP levels



The studies were approved by Herlev
Hospital and by Danish ethics committees
Conducted according to the standards of the 
Declaration of Helsinki 
Written informed consent was obtained from 
the participants



4 independent cohorts of white people of 
Danish descent

No person appears in more than one of the 4 
analysis groups 
Permitting independent confirmation of the 
findings in each group



The Copenhagen City Heart Study
The Copenhagen General Population 
Study
The Copenhagen Ischemic Heart Disease 
Study
The Copenhagen Carotid Stroke Study



The Copenhagen City Heart Study (10,276 participants)
Data available on rates of IHD including (1,786 cases)

Fatal or nonfatal MI
Symptoms of angina pectoris
Revascularization procedures

Rates of ischemic CVA including (741 cases)
Fatal or nonfatal ischemic stroke
Transient ischemic attack 
Amaurosis fugax



The Copenhagen General Population Study   
(37,690 participants)

2521 had IHD
1483 had ischemic CVA

Analyzed as a single cohort for the association of 
CRP polymorphisms with clinical events
34,233 of the 37,690 participants who not receive 
statin treatment

Included in the analysis of correlation between CRP 
polymorphisms and plasma CRP levels



The Copenhagen Ischemic Heart Disease Study
A cohort of 2,238 pts referred for CAG and had  
documented evidence of IHD
The pts were matched according to sex and age 
(within 1-year strata) with 4474 control subjects 
without IHD from The Copenhagen General 
Population Study



The Copenhagen Carotid Stroke Study
612 pts referred for carotid artery USG 
Documented evidence of ischemic CVA 
together with a stenosis of at least 50% of a 
carotid artery 
The pts were matched according to sex and age 
(within 1-year strata) with 1224 control subjects 
without ischemic CVA from The Copenhagen 
General Population Study.



An ABI PRISM 7900HT Sequence Detection 
System (Applied Biosystems) was used to perform 
Genotyping for 4 single-nucleotide 
polymorphisms in the CRP gene
▪ rs3091244
▪ rs130864
▪ rs1205
▪ rs3093077



Apolipoprotein E Genotype
ε32
ε42
ε33
ε43
ε44



Hs- CRP was measured by nephelometry
or turbidimetry
CRP levels were classified as 

Low (<1.0 mg /L)
Average (1.0 to 3.0 mg /L)
High (>3.0 mg /L)

nephelometry is performed by shining light on a sample, and measuring the amount of light 
scattered 



Stata and NCSS-PASS software for all 
analyses
Cox regression models were used to 
estimate the hazard ratios
Kruskal– Wallis analysis of variance



Analyzed the relationship between plasma 
CRP levels and the risks of IHD and 
ischemic CVA in the Copenhagen City 
Heart Study



Analyzed the relationship between CRP 
polymorphisms and polymorphism 
combinations and plasma CRP levels in 
the Copenhagen General Population 
Study



Analyzed the relationship between CRP 
polymorphisms and the risks of IHD and 
ischemic CVA in the Copenhagen City 
Heart Study



A third test of the relationship between 
CRP polymorphisms and the risk of 
vascular disease 

Data from the Copenhagen Ischemic Heart 
Disease Study used for the IHD end point 
Data from the Copenhagen Carotid Stroke 
Study used for the ischemic CVA end point.



Plasma CRP and the Risk of Vascular 
Disease
CRP Polymorphisms and Plasma CRP
CRP Polymorphisms and the Risk of 
Vascular Disease
Predicted versus Observed Risk of 
Vascular Disease



In persons with CRP levels above 3 
mg/L,as compared with CRP levels below 
1 mg /L

The risk of IHD increased by a factor of 2.2 
(95 % CI,1.6 to 2.9) 
The risk of ischemic CVA by a factor of 1.6 
(95% CI, 1.1 to 2.5) 

(after adjustment for age, sex, and use or nonuse of statins)



Risk of IHD as a Function of Plasma 
Levels of CRP in the General Population





Risk of Ischemic Cerebrovascular Disease 
as a Function of Plasma Levels of CRP in the 

General Population



Risk of Ischemic CVA as a Function 
Of Plasma Levels of CRP in the General Population



Plasma levels of hs-CRP were measured and CRP 
genotyping was performed in 34,233 persons

(participants from the Copenhagen General Population Study)







The hazard ratios for IHD and ischemic 
CVA as a function of genotype in the 
Copenhagen City Heart Study did not 
differ from 1.0 

For any of the individual CRP polymorphisms 
or for genotype combinations (P for trend, 
0.28 to 0.94)











Assumed that if an elevation in CRP level 
has a causal association with ischemic 
vascular disease
The 64% increment in plasma CRP levels 
due to CRP genotype combination would 
predict 

Increased risks of up to 32% (hazard ratio, 
1.32; 95% CI, 1.26 to 1.39) for IHD
Increased risks of up to 25% (hazard ratio, 
1.25; 95% CI, 1.15 to 1.35) for ischemic CVA



The observed odds ratios for IHD as a function of genotype 
combination  did not differ Significantly from 1.0



The observed odds ratio for IHD as a function 
of apolipoprotein E genotype increased with increasing cholesterol 
levels to 1.35 (95% CI, 1.12 to 1.61) for the highest-risk genotype



Summary of Studies of the Effect of  CRP 
Genotype Combination  on the Risk of 

Ischemic Cerebrovascular Disease 



The observed odds ratios for ischemic CVA as a function of 
genotype combination did not differ significantly from 1.0



It cannot be totally ruled out that the CRP 
polymorphisms studied are related to 
higher plasma levels of functionally less 
active CRP

The 3-allelic CRP promoter polymorphism 
studied (eg rs3091244) affects transcription-
factor binding an transcriptional activity 
probably leads to increased levels of fully 
functional CRP



The four studies have limitations and potential 
biases that differ from study to study owing to 
their different designs, although the results of the 
4 studies were similar
Study only persons of white race The results 
may not apply to other races or ethnic groups



The study makes use of naturally occurring 
genetic variation resulting from independent 
gene assortment  The principal potential 
limitation to this method is confounding by 
variation in nearby genes.
If variants of another gene related to the risk of 
ischemic vascular disease are in linkage 
disequilibrium with the CRP polymorphisms that 
have studied This will confound the analysis



Genetic variants that are associated with lifelong 
increases in plasma CRP levels are not 
associated with an increased risk of IHD or 
ischemic CVA
The increase in the risk of ischemic vascular 
disease associated with higher plasma CRP 
levels observed in epidemiologic studies may 
not be causal
Increased CRP levels are simply a marker for 
atherosclerosis and ischemic vascular disease


