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High-sensitivity C-reactive Protein as a Marker 
of Future Cardiovascular Events in Chronic 
Kidney Disease Stage-5 Patients

INTRODUCTION
CKD is considered as a global health threat and understanding 
the complex mechanisms underlying would help in improving 
the quality of life in these patients [1,2]. Even with the latest 
interventions in dialysis technology, the morbidity as well as 
mortality in these patients continues to remain very high [3]. CVD 
is an important cause of mortality in CKD stage-5 patients [4]. In 
addition to the conventional risk factors like diabetes, hypertension 
and dyslipidemia [5] other factors associated with uremic milieu also 
play an important role in the development of CVD [6]. These days, 
chronic inflammation is often thought to be a “secret killer” which 
may promote atherosclerosis [7,8].

The association between inflammation and CVD is best described 
in ESRD patients [9]. The haemodialysis (HD) procedure itself 
contributes to the inflammatory state, which in turn leads to the 
formation of Acute Phase Response (APR) proteins and pro-
inflammatory cytokines [10] like interleukin (IL)-1, oxidised Low-
Density Lipoproteins (LDL), Tumour Necrosis Factor-α (TNF-α), 
intercellular adhesion molecule-1 and selectins [11]. Most of these 
biomarkers including C-Reactive Protein (CRP), IL-6, or White Blood 
Cell (WBC) count are key predictors of the outcome in patients with 
ESRD [12].

Of the multitude of circulatory markers, CRP is the best studied 
marker [13]. CRP is an acute phase protein which is synthesised by 
hepatocytes in response to pro-inflammatory cytokines, particularly 
IL-6 [14]. Now, it has been proven that this hepatic-derived protein 
is not only a marker, but also a mediator of vascular disease [15]. 
CRP has a definite role in complement pathway activation, uptake 

of lipids by macrophages, cytokine release, expression of tissue 
factor in monocytes, endothelial dysfunction and inhibition of nitric 
oxide production [14]. Accumulating data from prospective cohort 
studies in CKD patients have proved an association between 
CRP levels and cardiovascular mortality [16,17]. Even though the 
association between vascular disease and CRP has been accepted 
for several decades [18], the concept of micro-inflammation is 
relatively new. Chronic renal disease being a chronic low grade 
inflammatory condition, warrants a highly sensitive technique for the 
detection of low levels of CRP and hence hs-CRP is considered 
here [16,19]. The use of CRP for assessing micro-inflammation 
requires hs-CRP assays with detection limits less than 0.3 mg/L 
[20]. hs-CRP can accurately measure even minimal levels of CRP 
in the cardiovascular risk assessment range (0.20-10.0 mg/L) [21]. 
Hence, it is reasonable to limit current assays of inflammatory 
markers to hs-CRP as it’s assays are comparatively cheaper and 
easily available [22]. The close association between hs-CRP and 
cardiovascular risk has been established in many studies [23]. But 
there is paucity of literature determining the association between 
elevated hs-CRP and development of future cardiovascular events 
in CKD stage- 5 patients in India, hence this study was undertaken 
to determine if there is any association between elevated hs-CRP 
and development of future cardiovascular events in CKD patients.

MATERIALS AND METHODS
This was a prospective observational study done in Nephrology 
Department of Government Medical College, Kottayam, Kerala, 
India, from 1st January 2013 to 31st December 2013.The study was 
initiated after obtaining approval of the Institutional Review Board 
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ABSTRACT
Introduction: Chronic Kidney Disease (CKD) has been 
recognised as a worldwide health threat and understanding its 
complex patho-physiological mechanisms could go a long way 
in taking care of patients with CKD. One of the most important 
causes for mortality in End Stage Renal Disease (ESRD) patients 
is Cardiovascular Disease (CVD). ESRD is a low grade chronic 
inflammatory state, suspected to promote atherosclerosis.

Aim: To determine, if there is any association between elevated 
High-sensitivity C-Reactive Protein (hs-CRP) and development 
of future cardiovascular events in stage-5 CKD patients.

Materials and Methods: Forty-five CKD stage-5 patients were 
included in the study, after ruling out patients with established 
CVD. According to categorisation proposed by the American 
Heart Association for the cut-off value of hs-CRP-value (3 mg/L), 
patients were divided into two groups. Those who had hs-CRP 
more than 3 mg/L were considered to have ‘elevated hs-CRP’ 
and those who had a value 3 mg/L and below were considered 
to have ‘normal hs-CRP’ levels. These patients were followed-
up monthly, for a period of one year to record any occurrence 

of cardiovascular events (coronary events/cerebrovascular 
accidents/peripheral occlusive vascular disease). Statistical 
Package for the Social Sciences (SPSS) 16.0 was used for 
analysis. Chi-square test and Mann-Whitney U-test were used 
for statistical comparison between the groups and a p-value 
of 0.05 or less was considered to be statistically significant. 
Receiver Operating Characteristic (ROC) curve was also 
plotted to determine the cut-off value for hs-CRP based on the 
occurrence of any cardiovascular event.

Results: Baseline hs-CRP level was more than 3 mg/L in 42% 
of patients. Among those who had elevated hs-CRP, 78.9% of 
patients developed cardiovascular events during the follow-up 
period. This signifies a strong association between elevated hs-
CRP and CVD in ESRD patients. The hs-CRP cut-off point of 
3 mg/L was obtained from ROC curve.

Conclusion: There was a significant association between 
elevated hs-CRP and development of cardiovascular events in 
ESRD patients. Hence, hs-CRP can be used as a marker of 
future cardiovascular events in CKD stage-5 patients.
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(IEC clearance certificate number: 127/2012). All the patients who 
matched the inclusion criteria and who gave consent were recruited 
for the study until the required sample size of 45 was obtained. 

Sample size calculation: Sample size=Z2×pq/d2, Value of Z for 
alpha at 5% level of significance=1.96, p (average prevalence of 
cardiovascular events in CKD stage V patients) =70%, q=100-
p=30%, d (absolute precision) =20% of p. The calculated sample 
size=41, so, rounded-off to 45.

Inclusion criteria: CKD Stage-5 patients (Glomerular Filtration Rate 
(GFR) <15 mL/min/1.73 m2) who were clinically stable (vitals normal) 
were included in the study. GFR was calculated as Ccr (clearance of 
creatinine) by the Cockroft-Gault (CG) equation: Creatinine clearance 
(mL/min) ={(140-Age) × (weight) × (0.85 if female)}/{(72) × (serum 
creatinine)} [24].

Exclusion criteria: Those patients showing evidence of infection 
(such as fever, raised total and differential WBC count and positive 
blood culture and those with established CVD (previous history 
of coronary artery disease, stroke, peripheral artery disease, 
thromboembolic diseases) were excluded from the study.

After obtaining written informed consent from the patients, baseline 
details such as age and gender were collected. Blood samples were 
collected from the venous end of an Arteriovenous (AV) fistula at 
the beginning of the haemodialysis session, centrifuged within two 
hours and the serum was transferred to micro-centrifuge tubes and 
analysed for hs-CRP using particle enhanced immuno-turbidimetric 
assay [25]. A second blood sample was drawn two weeks later 
(from each patient) and repeat hs-CRP estimation was done. The 
average of these two results of hs-CRP estimation was considered 
for analysis in the study. The patients were categorised into two 
groups based on their average hs-CRP-values >3 mg/L (elevated 
hs-CRP) and <3 mg/L (normal hs-CRP) according to categorisation 
proposed by the American Heart Association [26]. Both these groups 
were followed-up for a period of one year for the occurrence of 
cardiovascular events (coronary events/cerebrovascular accidents/
peripheral occlusive vascular disease). Follow-up of cardiovascular 
events was done monthly by personnel interview in Nephrology Ward 
or telephonically interviewed. At the end of one year, the patient’s 
medical records were thoroughly searched for the occurrence of 
cardiovascular events. 

STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS 16.0. The hs-CRP-
values were analysed and compared between the groups (normal 
hs-CRP and elevated hs-CRP) using Chi-square test and Mann-
Whitney U-test. Significance was assessed at 5% level and a 
p-value of 0.05 or less was considered to be statistically significant 
test result. ROC curve was plotted based on hs-CRP values and 
occurrence of adverse cardiovascular event, and 3mg/L was 
obtained as the cut-off value that is predictive of increased risk of 
adverse cardiovascular event.

RESULTS
Most of the study participants belonged to the age group of 
>40 years (69%) and majority were males (64%) [Table/Fig-1]. Of the 
45 participants, 17 (37.8%) developed cardiovascular events and 
28 (62.2%) did not and those who succumbed to death comprised 
of 49% (22 people) [Table/Fig-2]. According to categorisation 
proposed by the American Heart Association for the cut-off value 
of hs-CRP-value (3mg/L), patients were divided into two groups: 
hs-CRP ≤3 mg/L (n=26) i.e., 57.7% and hs-CRP >3 mg/L (n=19) 
i.e., 42.2%. Chi-square test was done to detect the difference in 
proportions between those with high and normal hs-CRP-values 
associated cardiovascular event (p-value <0.001**) and mortality 
(p-value=0.026*). Since p-value was found to be <0.05, there 

Variables n (%)

Age distribution (in years)

10-40 14 (31%)

>40 31 (69%)

Gender

Males 29 (64%)

Females 16 (36%)

[Table/Fig-1]: Age gender distribution of study subjects.

Cardiovascular event

Event occurred 17 (37.8%)

No event 28 (62.2%)

Mortality

Expired 22 (49%)

Alive 23 (51%)

[Table/Fig-2]: Distribution of participants based on occurence of adverse 
 cardiovascular event and mortality.

Factors
hs-CRP ≤3 mg/L 

(n=26)
hs-CRP >3 mg/L 

(n=19)
Chi-

square p-value

Cardiovascular events

Event occurred 2 (7.7%) 15 (78.9%)
23.7 <0.001**

No event 24 (92.3%) 4 (21.1%)

Mortality

Expired 9 (34.6%) 13 (68.4%)
5.021 0.026*

Alive 17 (65.4%) 6 (31.6%)

[Table/Fig-3]: Association of cardiovascular events and mortality based on hs-CRP-
values.
*p<0.05-statistically significant **p<0.001 statistically highly significant; hs-CRP: High-sensitivity 
C-Reactive Protein

Mann-Whitney U test was also done to test the difference in hs-
CRP among those with occurrence of cardiovascular event and 
those without. Similarly, hs-CRP level was compared with those 
with mortality and without. The mean rank was higher for those 
who developed cardiovascular event compared to the other group 
with Mann-Whitney U value=33.5 and p-value <0.001, implying a 
significant difference in hs-CRP levels between the two groups. 
Similarly, mean rank was higher for those who have expired compared 
to those who were alive with a Mann-Whitney U value=131.5 and 
p-value <0.001, implying a significantly higher hs-CRP-value among 
those who expired [Table/Fig-4].

Variables Mean rank Mann-Whitney U test value p-value

Cardiovascular events

Event occurred 35.03
33.5 <0.001**

No event 15.70

Mortality

Expired 28.52
131.5 <0.001**

Alive 17.72

[Table/Fig-4]: Comparison of hs-CRP-values.
**p<0.001 statistically highly significant

Receiver Operating Characteristic (ROC) curve
ROC plot was used for assessing the accuracy of prediction of 
cardiovascular event based on hs-CRP values. The area under 
ROC curve was 0.930, which was found to be statistically significant 
(p-value=0.001). The hs-CRP cut-off value where the sensitivity and 
specificity were highest was 3 mg/L [Table/Fig-5].

DISCUSSION
The present study was done to determine if there was any 

was significant association between hs-CRP and occurence of 
cardiovascular event and mortality [Table/Fig-3]. 
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used by Chauveau P et al., Tellingen A et al., and Iseki K et al., were 
5 mg/L, 8 mg/L and 10 mg/L, respectively [33-35]. Elevated risk of 
overall and cardiovascular mortality was observed in patients with 
elevated CRP-values in all of these studies.

Limitation(s)
The follow-up period of the present study was limited to one year 
and also the details of cardiac event was not enquired into.

CONCLUSION(S)
This study shows that low-grade inflammation, as measured by 
a hs-CRP can predict future cardiovascular events and mortality 
in CKD stage-5 patients in India. hs-CRP-value- 3 mg/L can be 
used as a cut-off for categorisation of patients and predicting 
adverse outcomes. Since strong association between accelerated 
atherogenesis and hs-CRP was appreciated from present study, 
early effective preventive measures could be adopted to prevent 
future adverse cardiac events in CKD patients.
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