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Abstract
Aims: This study aimed to evaluate the prognostic value of high-sensitivity C-reactive protein (hsCRP) dur-
ing 10-year follow-up after percutaneous coronary intervention (PCI).

Methods and results: Between April and October 2002, hsCRP was measured in 468 all-comer patients 
who underwent PCI with sirolimus-eluting stent implantation for stable coronary artery disease or acute coro-
nary syndrome. The primary endpoint was the composite of all-cause mortality or myocardial infarction at 
10-year follow-up. Kaplan-Meier event curves displayed ongoing divergence of the hsCRP groups (hsCRP 
<1 mg/L: 14.7% vs. 1-3 mg/L: 31.1% vs. >3 mg/L: 43.1%). After adjustment for established cardiovascu-
lar risk factors and clinical presentation in a Cox regression model, higher CRP levels were associated with 
a higher incidence of the composite endpoint (>3 mg/L vs. <1 mg/L: HR 2.87, 95% CI: 1.69-4.87, p<0.001; 
1-3 mg/L vs. <1 mg/L: HR 2.30, 95% CI: 1.31-4.03, p=0.004). Although adding hsCRP to a prediction model 
containing conventional cardiovascular risk factors did not significantly improve discriminatory power (area 
under the receiver operating characteristic curve 0.71 to 0.73, p=0.56), hsCRP was able to improve risk clas-
sification (net reclassification index=0.40, p=<0.001).

Conclusions: In patients undergoing PCI, higher CRP levels at the time of the procedure are predictive for 
10-year mortality and myocardial infarction. High-sensitivity CRP may be a useful biomarker to improve fur-
ther risk assessment in patients undergoing PCI.
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Introduction
Chronic inflammation is considered to be an essential component 
in the pathogenesis and progression of atherosclerosis1-5. Increasing 
amounts of data have suggested a possible role for C-reactive pro-
tein (CRP) at different stages of atherogenesis and the atherosclerotic 
process6. CRP, a member of the pentraxin family of innate immune 
response proteins, is produced in the liver in response to various 
cytokines, such as interleukin-6, interleukin-1β and tumour necrosis 
factor-α7. The precise pathophysiological role of CRP in the instiga-
tion and progression of atherosclerosis remains unclear. However, this 
lack of current basic pathophysiological insight detracts little from the 
accumulating evidence indicating an association between elevated 
CRP levels and adverse outcome in CAD patients undergoing percu-
taneous coronary intervention (PCI). CRP has been associated with 
an increased incidence of cardiac events, including all-cause and/or 
cardiovascular mortality, (non-fatal) acute myocardial infarction and 
(urgent) revascularisation in multiple studies8-13. The majority of these 
results, however, derive from an era in which percutaneous revascu-
larisation took place by plain balloon angioplasty or bare metal stent 
implantation. Less is known about the predictive value after drug-elut-
ing stent implantation or about long-term follow-up. This study aimed 
to evaluate the prognostic value of high-sensitivity CRP (hsCRP) dur-
ing 10-year follow-up after PCI in the drug-eluting stent era.

Methods
STUDY POPULATION
The design of the Rapamycin-Eluting Stent Evaluated At Rotterdam 
Cardiology Hospital (RESEARCH) registry has been described in 
detail elsewhere14. RESEARCH is a single-centre all-comers reg-
istry conducted with the main purpose of evaluating the safety and 
efficacy of a sirolimus-eluting stent (SES) (CYPHER®; Johnson 
& Johnson-Cordis, Cordis Europa NV, Roden, The Netherlands) 
implantation. In brief, SES implantation was used as the default 
strategy for all consecutive percutaneous coronary interven-
tions between April 2002 and February 2003 in the Erasmus 
MC, Rotterdam, The Netherlands. High-sensitivity CRP was pro-
spectively measured in a subset of 468 consecutive RESEARCH 
patients who were enrolled between April 2002 and October 2002.

ETHICS
This was an observational study. Patients were not subject to acts, 
neither was any mode of behaviour imposed other than as part of 
their regular treatment. Therefore, this study was not subject to the 
Dutch Medical Research Involving Human Subjects Act, and writ-
ten informed consent for a patient to be enrolled was not required. 
This study was conducted according to the privacy policy of the 
Erasmus MC, according to Erasmus MC regulations for the appro-
priate use of data in patient-oriented research, and in accordance 
with the Declaration of Helsinki.

HIGH-SENSITIVITY C-REACTIVE PROTEIN
Serum samples were drawn immediately before the PCI proce-
dure. High-sensitivity CRP (hsCRP) was determined at the Clinical 

Chemistry Department of Erasmus Medical Center by using a rate 
near-infrared particle immunoassay (IMMAGE Immunochemistry 
System; Beckman Coulter, Inc., Brea, CA, USA). This system 
measures concentrations from 0.2 to 1,440 mg/L, with a within-run 
precision <5% and a total precision <7.5%.

CLINICAL ENDPOINTS
As part of the RESEARCH registry, information about in-hospi-
tal outcomes was obtained from an electronic clinical database for 
patients maintained at our centre and by review of hospital records 
for those discharged to referring hospitals. Post-discharge survival 
status was obtained from municipal civil registries. Yearly ques-
tionnaires were sent to all living patients to obtain information on 
anginal status and medication use. Subsequently, hospital discharge 
letters were obtained and treating physicians and institutions were 
contacted for additional information (i.e., discharge letters and cor-
onary angiogram) whenever necessary.

The primary endpoint of this report was the composite of all-
cause mortality or myocardial infarction at 10 years of follow-
up. Myocardial infarction was defined as the clinical diagnosis 
of ST-segment elevation myocardial infarction (STEMI) or non-
STEMI. The secondary endpoint was defined as all-cause mortality 
at 10 years of follow-up. All endpoints were adjudicated by trained 
personnel.

STATISTICAL ANALYSIS
CRP levels were also categorised as low (<1 mg/L), intermedi-
ate (1-3 mg/L), or high (>3 mg/L) according to the recommenda-
tions from the Centers for Disease Control and Prevention and the 
American Heart Association15. Continuous variables were com-
pared by the analysis of variance (ANOVA) test and are presented 
as mean±standard deviation or as median (interquartile range). 
Categorical variables were compared by chi-square test and are 
presented in numbers and percentages. Patients lost to follow-up 
were considered at risk for death until the date of last contact, at 
which time point they were censored. Cumulative event rates were 
estimated according to the Kaplan-Meier method. Kaplan-Meier 
event curves were compared by log-rank test. Cox proportional 
hazards regression analyses were performed to evaluate the asso-
ciations between CRP and the study endpoints. In multivariable 
analyses, the variables age, gender, diabetes mellitus, hypertension, 
hypercholesterolaemia, smoking, history of myocardial infarction, 
clinical presentation and multivessel coronary disease were consid-
ered as potential confounders and were entered into the full model. 
The final results are presented as crude and adjusted hazard ratios 
(HR) with 95% confidence interval (95% CI). Receiver operating 
characteristic (ROC) curves were constructed to evaluate the sup-
plemental value of these biomarkers for discrimination between 
cases and controls over conventional cardiovascular risk factors. 
The area under the ROC curves were compared using the method 
described by Hanley et al16. Additionally, continuous net reclas-
sification improvement indices (NRI) were calculated to evalu-
ate improvement in risk classification by the new biomarkers over 
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conventional cardiovascular risk factors17. All data were analysed 
with SPSS software (SPSS 20.0, IBM Corp., Armonk, NY, USA). 
All statistical tests were two-tailed and p-values <0.05 were consid-
ered statistically significant.

Results
BASELINE CHARACTERISTICS
The mean age of the patients was 61±11 years and 69% were men 
(Table 1). Patients with diabetes (p=0.034), smokers (p=0.008) 
and patients with a history of myocardial infarction (p=0.001) had 
higher hsCRP levels (Table 2). Female patients tended to have 
higher CRP levels, although the difference compared to men was 
not statistically significant (p=0.074).

Serum hsCRP concentrations were dependent on the clini-
cal presentation (p<0.001). Patients with stable angina pectoris 
(median 2.0 [1.0-5.0] mg/L) had the lowest circulating CRP con-
centrations. Higher hsCRP levels were observed in patients with 
unstable angina pectoris (median 5.0 [2.0-11.0] mg/L) and patients 
with acute myocardial infarction (median 3.0 [1.0-6.0] mg/L) 
(p<0.001).

INCIDENT EVENTS DURING FOLLOW-UP
The vital status at 10-year follow-up was acquired for 464 
(99.1%) patients. The response rate of the yearly questionnaires 
that were sent to all living patients was at least 79% in each 
year. After 10 years of follow-up, 146 patients reached the com-
posite endpoint of all-cause mortality or myocardial infarction. 

Table 1. Baseline characteristics.

TOTAL (n=468)
LOW CRP <1 

(n=125)
INTERMEDIATE CRP 

1-3 (n=128)
HIGH CRP >3 

(n=215)
p-value

Patient characteristics

Age, years 61.1±11.1 59.4±11.1 62.0±11.0 61.5±11.1 0.14

Men, n (%) 325 (69.4) 92 (73.6) 95 (74.2) 138 (64.2) 0.074

Diabetes mellitus, n (%) 57 (12.2) 9 (7.2) 13 (10.2) 35 (16.3) 0.034

Hypertension, n (%) 187 (40.0) 45 (36.0) 53 (41.4) 89 (41.4) 0.57

Hypercholesterolaemia, n (%) 282 (60.3) 82 (65.6) 81 (63.3) 119 (55.3) 0.13

Smoking, n (%) 129 (27.6) 29 (23.2) 26 (20.3) 74 (34.4) 0.008

Previous MI, n (%) 158 (33.8) 32 (25.6) 35 (27.3) 91 (42.3) 0.001

Previous PCI, n (%) 122 (26.1) 29 (23.2) 32 (25.0) 61 (28.4) 0.55

Previous CABG, n (%) 46 (9.8) 9 (7.2) 14 (10.9) 23 (10.7) 0.51

High-sensitivity CRP, mg/L 3.0 [1.0-7.0]

Procedural characteristics

Clinical presentation <0.001

 Stable angina pectoris, n (%) 224 (47.9) 72 (57.6) 75 (58.6) 77 (35.8)

 Unstable angina pectoris, n (%) 169 (36.1) 29 (23.2) 35 (27.3) 105 (48.8)

 Acute MI, n (%) 75 (16.0) 24 (19.2) 18 (14.1) 33 (15.3)

Multivessel coronary disease, n (%) 273 (58.3) 65 (52.0) 79 (61.7) 129 (60.0) 0.23

Data are presented as mean±standard deviation or as median (interquartile range). CABG: coronary artery bypass grafting; CRP: C-reactive protein; 
MI: myocardial infarction; PCI: percutaneous coronary intervention

Table 2. Association between patient characteristics and 
circulating CRP concentration.

Median hsCRP 
[IQR]

p-value

Women 4.0 [2.0-9.0] 0.009

Men 3.0 [1.0-6.0]

History of myocardial infarction 4.0 [2.0-8.0] 0.003

No prior myocardial infarction 3.0 [1.0-6.0]

Diabetes mellitus 4.0 [2.0-8.0] 0.035

Without diabetes mellitus 3.0 [1.0-7.0]

Smokers 4.0 [2.0-7.5] 0.039

Non-smokers 3.0 [1.0-7.0]

Clinical presentation <0.001

 Stable 2.0 [1.0-5.0]

 Unstable angina 5.0 [2.0-11.0]

 Acute myocardial infarction 3.0 [1.0-6.0]

The Kaplan-Meier event curves displayed ongoing divergence of 
the hsCRP groups (hsCRP <1 mg/L: 14.7% vs. 1-3 mg/L: 31.1% 
vs. >3 mg/L: 43.1%) (Figure 1).

PREDICTION OF CARDIOVASCULAR OUTCOME
In univariable analysis, higher CRP levels were associated with 
a threefold increased incidence of the composite endpoint of all-
cause mortality or myocardial infarction during follow-up (high 
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vs. low hsCRP: HR 3.54, 95% CI: 2.14-5.88, p<0.001; 1-3 vs. 
<1 mg/L: HR 2.52, 95% CI: 1.44-4.41, p=0.001) (Table 3). The 
association was observed in patients admitted with ACS (high vs. 
low hsCRP: HR 3.64, 95% CI: 1.74-7.61, p=0.001; 1-3 vs. <1 mg/L: 
HR 2.80, 95% CI: 1.22-6.44, p=0.015) as well as in patients with 
stable angina (high vs. low hsCRP: HR 3.18, 95% CI: 1.54-6.57, 
p=0.002; 1-3 vs. <1 mg/L: HR 2.33, 95% CI: 1.10-4.95, p=0.028) 
(p for heterogeneity=0.80). Higher CRP levels were also associ-
ated with all-cause mortality only (>3 vs. <1 mg/L: HR 3.64, 95% 
CI: 2.05-6.44, p<0.001; 1-3 vs. <1 mg/L: HR 2.04, 95% CI: 1.06-
3.90, p=0.032). After adjustment for established cardiovascular risk 
factors and clinical presentation, CRP levels of >3 mg/L remained 
independently predictive of the highest cardiovascular risk (HR 
2.87, 95% CI: 1.69-4.87, p<0.001), followed by CRP levels of 
1-3 mg/L (HR 2.30, 95% CI: 1.31-4.03, p=0.004) compared to CRP 
levels of <1 mg/L.

DISCRIMINATION
First, we evaluated a model for prediction of 10-year cardiovas-
cular outcome which contained conventional cardiovascular risk 
factors, including age, gender, diabetes mellitus, hypertension, 
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hsCRP <1 125 120 118 116 109 91
hsCRP 1-3 128 112 102   95   87 68
hsCRP >3 215 189 173 155 136 95

Figure 1. Prediction of cardiovascular outcome. CRP: C-reactive 
protein

Table 3. Prediction of cardiovascular outcome.

Unadjusted HR (95% CI) p-value Adjusted* HR (95% CI) p-value

Composite of all-cause mortality or myocardial infarction

 CRP 1-3 vs. <1 mg/L 2.52 (1.44-4.41) 0.001 2.30 (1.31-4.03) 0.004

 CRP >3 vs. <1 mg/L 3.54 (2.14-5.88) <0.001 2.87 (1.69-4.87) <0.001

All-cause mortality

 CRP 1-3 vs. <1 mg/L 2.04 (1.06-3.90) 0.032 1.81 (0.94-3.48) 0.075

 CRP >3 vs. <1 mg/L 3.64 (2.05-6.44) <0.001 2.86 (1.57-5.22) 0.001

* Adjusted for age, gender, diabetes mellitus, hypertension, hypercholesterolaemia, smoking, history of myocardial infarction, clinical presentation and 
multivessel coronary disease. CRP: C-reactive protein; HR: hazard ratio

hypercholesterolaemia, smoking, history of myocardial infarction, 
clinical presentation and multivessel coronary disease. This model 
displayed an area under the ROC curve of 0.71 (95% CI: 0.66-0.76) 
(Figure 2). Although not statistically significant, adding CRP to 
this model slightly improved discriminatory ability (area under the 
ROC curve=0.73, 95% CI: 0.69-0.78, p=0.56).

RECLASSIFICATION
We examined whether adding CRP to the model consisting of con-
ventional cardiovascular risk factors results in correct reclassifi-
cation of risk of death or myocardial infarction during follow-up 
(Table 4). Baseline CRP level significantly improved the risk clas-
sification (NRI=0.40, 95% CI: 0.20-0.60, p<0.001).

Discussion
This study investigated the association between circulating hsCRP 
concentration and 10-year cardiovascular outcome in patients 
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Figure 2. ROC curves displaying improved discrimination with 
C-reactive protein. Clinical risk factors include: age, gender, 
diabetes mellitus, hypertension, hypercholesterolaemia, smoking, 
history of myocardial infarction, clinical presentation and 
multivessel coronary disease. AUC: area under the curve; 
CRP: C-reactive protein
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undergoing PCI with drug-eluting stent implantation. The main 
finding is that a single baseline measurement of hsCRP is predictive 
for cardiovascular outcome with ongoing divergence of the survival 
curves until 10 years of follow-up. High hsCRP (>3 mg/L) levels 
were associated with a threefold increased risk for mortality and 
the composite of mortality or myocardial infarction, while inter-
mediate hsCRP (1-3 mg/L) levels were associated with a twofold 
increased risk.

CRP is an acute phase protein and its concentration in serum 
reflects the inflammatory status of the patient18. Despite a lack 
of specificity for the cause of inflammation, many epidemiologic 
studies have shown significant associations between elevated 
serum CRP concentrations and the risk of recurrent cardiovascular 
events among patients with established coronary artery disease and 
the incidence of first cardiovascular events among individuals with 
cardiovascular risk factors15,19-21. However, few studies are avail-
able on the prognostic value of hsCRP in patients undergoing PCI 
although risk assessment at this certain time point is important and 
of particular interest in clinical practice. These studies have con-
sistently shown that higher CRP levels measured at the time of the 
PCI procedure for both acute coronary syndrome and stable CAD 
are predictive of an increased long-term risk of recurrent cardiovas-
cular events and death. For example, Park et al found that elevated 
CRP levels were significantly associated with an increased risk of 
stent thrombosis, death, and MI during a median follow-up time 
of 3.9 years in patients receiving drug-eluting stents22. The longest 
reported follow-up period is six years20,23. To the best of our knowl-
edge, this is the first study which extends the evidence on the pre-
dictive value of CRP to 10 years after PCI.

The mechanism underlying the association of CRP with progno-
sis may be twofold24. Firstly, high CRP levels have previously been 
shown to be associated with stent thrombosis and restenosis after 
PCI with first-generation drug-eluting stents15,22,24. A growing body 
of evidence suggests that late adverse reactions to drug-eluting 
stents and bare metal stents may be different in relation to pathogen-
esis, histopathologic features, and clinical presentation24. Although 
less evidence is available for second-generation drug-eluting stents, 

Table 4. Reclassification of predicted risk when adding C-reactive 
protein.

Predicted risk 
classified 

downward in 
new model*

Predicted risk 
classified 
upward in  

new model*

Total

Patients who reached 
primary endpoint, n (%) 22 (15.1) 124 (84.9) 146

Patients who remained 
event-free, n (%) 113 (35.1) 209 (64.9) 322

*New model includes clinical risk factors and CRP. Old model includes 
clinical risk factors only. Clinical risk factors include: age, gender, 
diabetes mellitus, hypertension, hypercholesterolaemia, smoking, history 
of myocardial infarction, clinical presentation and multivessel coronary 
disease. Blue indicates correct reclassifications in the new model. Red 
indicates incorrect reclassifications in the new model.

Lasave et al demonstrated that elevated CRP is also associated with 
neointimal hyperplasia in patients who received zotarolimus-elut-
ing stent (a second-generation drug-eluting stent) implantation25. 
Secondly, another underlying mechanism of the association of CRP 
with prognosis may be that high CRP levels are associated with 
coronary plaque burden and with new events in native vessels26.

Current clinical practice guidelines have indicated that meas-
urement of hsCRP may be useful in 1) primary prevention, as an 
adjunct to other major risk factors for further assessment of abso-
lute cardiovascular risk, and 2) patients with stable coronary dis-
ease or acute coronary syndromes, as an independent marker for 
assessing the likelihood of recurrent events, including death, myo-
cardial infarction, or restenosis after PCI27. For the latter indica-
tion, it should be noted that secondary preventive interventions 
with proven efficacy should not be dependent on hsCRP levels. 
Furthermore, the guidelines have stated that serial testing of hsCRP 
should not be used to monitor the effects of treatment. The results 
of our study confirm that hsCRP may be a useful biomarker to 
assess the risk of death and myocardial infarction in patients with 
established coronary artery disease who undergo PCI. Furthermore, 
we demonstrated that only a single measurement of hsCRP at the 
time of a PCI procedure is sufficient to provide information on car-
diovascular risk for a period as long as 10 years. The therapeu-
tic implications of increased inflammatory status after drug-eluting 
stent implantation are still under investigation25. Statins are shown 
to have anti-inflammatory properties28. Patients with intense acti-
vation of inflammatory cells, as detected by systemic CRP lev-
els, are likely to enjoy the highest benefit from a high-dosed statin 
treatment.

Limitations
Some limitations of this study need to be acknowledged. Firstly, 
this is a single-centre study. Caution is urged in extrapolating these 
results to other populations. However, other studies have shown 
consistent results on the long-term predictive value of hsCRP. 
Secondly, in this study, the prognostic value of hsCRP was eval-
uated in patients who underwent PCI with first-generation drug-
eluting stent implantation. Caution is urged in extrapolating these 
results to patients with new-generation drug-eluting stent implanta-
tion or patients with coronary artery disease in general. Thirdly, the 
number of patients at risk at the end of the follow-up period was 
relatively small. However, the 10-year association was strongly 
significant. Finally, despite using multivariable analysis to adjust 
for possible confounders which may be correlated to study out-
comes, we cannot exclude the possibility of residual confounding. 
For example, in patients who presented with myocardial infarction, 
time-to-presentation was not registered in our study database. In 
these patients, CRP levels may be affected by ongoing necrosis.

Conclusions
In conclusion, in patients undergoing PCI with drug-eluting stent 
implantation, high (>3 mg/L) and intermediate (1-3 mg/L) hsCRP 
levels are independently associated with a threefold and twofold 
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increased risk, respectively, of mortality and myocardial infarc-
tion during follow-up. The survival curves of patients with high 
and intermediate hsCRP levels displayed ongoing divergence from 
that of patients with low hsCRP levels until 10 years after PCI, 
indicating that a single measurement of hsCRP at the time of a PCI 
procedure is sufficient to provide information on cardiovascular 
risk during a period as long as 10 years. Although adding hsCRP to 
a prediction model that contains conventional cardiovascular risk 
factors did not significantly improve discriminatory power, hsCRP 
was able to improve the risk classification over the conventional 
cardiovascular risk factors. Therefore, hsCRP may be a useful bio-
marker for long-term risk assessment in patients with established 
coronary artery disease and undergoing PCI.

Impact on daily practice
In patients undergoing PCI with drug-eluting stent implanta-
tion, a single baseline measurement of CRP is predictive of car-
diovascular outcome with ongoing divergence of the survival 
curves until 10 years of follow-up. High (>3 mg/L) and interme-
diate (1-3 mg/L) CRP levels are independently associated with 
a threefold and twofold increased risk, respectively, of mortal-
ity and myocardial infarction. Furthermore, CRP was able to 
improve the risk classification over the conventional cardiovas-
cular risk factors, and may therefore be a useful biomarker for 
long-term risk assessment in patients with established coronary 
artery disease and undergoing PCI.

Guest Editor
This paper was guest edited by Adnan Kastrati, MD; Deutsches 
Herzzentrum München, Munich, Germany.

Acknowledgements
We would like to thank the interventional cardiologists of the 
Erasmus MC for their contribution to this study.

Funding
R.M. Oemrawsingh and J.M. Cheng are supported by the Netherlands 
Heart Foundation (grant number NHS2007B012 and NHS2009B091, 
respectively).

Conflict of interest statement
The authors have no conflicts of interest to declare. The Guest 
Editor has no conflicts of interest to declare.

References
 1. Hansson GK, Libby P. The immune response in atherosclero-
sis: a double-edged sword. Nat Rev Immunol. 2006;6:508-19.
 2. Libby P. Inflammation in atherosclerosis. Nature. 2002;420: 
868-74.
 3. Libby P, Hansson GK. Involvement of the immune system in 
human atherogenesis: current knowledge and unanswered ques-
tions. Lab Invest. 1991;64:5-15.

 4. Libby P, Ridker PM, Hansson GK; Leducq Transatlantic 
Network on Atherothrombosis. Inflammation in atherosclerosis: 
from pathophysiology to practice. J Am Coll Cardiol. 2009;54: 
2129-38.
 5. Ross R. Atherosclerosis--an inflammatory disease. N Engl J 
Med. 1999;340:115-26.
 6. Ridker PM; JUPITER Study Group. Rosuvastatin in the pri-
mary prevention of cardiovascular disease among patients with low 
levels of low-density lipoprotein cholesterol and elevated high-
sensitivity C-reactive protein: rationale and design of the JUPITER 
trial. Circulation. 2003;108:2292-7.
 7. Yap SH, Moshage HJ, Hazenberg BP, Roelofs HM, Bijzet J, 
Limburg PC, Aarden LA, van Rijswijk MH. Tumor necrosis fac-
tor (TNF) inhibits interleukin (IL)-1 and/or IL-6 stimulated syn-
thesis of C-reactive protein (CRP) and serum amyloid a (SAA) in 
primary cultures of human hepatocytes. Biochim Biophys Acta. 
1991;1091:405-8.
 8. Buffon A, Liuzzo G, Biasucci LM, Pasqualetti P, Ramazzotti V, 
Rebuzzi AG, Crea F, Maseri A. Preprocedural serum levels of 
c-reactive protein predict early complications and late restenosis 
after coronary angioplasty. J Am Coll Cardiol. 1999;34:1512-21.
 9. Dibra A, Mehilli J, Braun S, Hadamitzky M, Baum H, 
Dirschinger J, Schühlen H, Schömig A, Kastrati A. Association 
between C-reactive protein levels and subsequent cardiac events 
among patients with stable angina treated with coronary artery 
stenting. Am J Med. 2003;114:715-22.
 10. Heeschen C, Hamm CW, Bruemmer J, Simoons ML. 
Predictive value of C-reactive protein and troponin T in patients 
with unstable angina: a comparative analysis. CAPTURE investi-
gators. Chimeric c7E3 antiplatelet therapy in unstable angina 
REfractory to standard treatment trial. J Am Coll Cardiol. 
2000;35:1535-42.
 11. Lenderink T, Boersma E, Heeschen C, Vahanian A, de 
Boer MJ, Umans V, van den Brand MJ, Hamm CW, Simoons ML; 
CAPTURE Investigators. Elevated troponin T and C-reactive pro-
tein predict impaired outcome for 4 years in patients with refractory 
unstable angina, and troponin T predicts benefit of treatment with 
abciximab in combination with PTCA. Eur Heart J. 2003;24:77-85.
 12. Lindahl B, Toss H, Siegbahn A, Venge P, Wallentin L. 
Markers of myocardial damage and inflammation in relation to 
long-term mortality in unstable coronary artery disease. FRISC 
Study Group. Fragmin during instability in Coronary Artery 
Disease. N Engl J Med. 2000;343:1139-47.
 13. Morrow DA, Rifai N, Antman EM, Weiner DL, McCabe CH, 
Cannon CP, Braunwald E. C-reactive protein is a potent predictor of 
mortality independently of and in combination with troponin T in 
acute coronary syndromes: a TIMI 11A substudy. Thrombolysis in 
Myocardial Infarction. J Am Coll Cardiol. 1998;31:1460-5.
 14. Lemos PA, Serruys PW, van Domburg RT, Saia F, Aram-
patzis CA, Hoye A, Degertekin M, Tanabe K, Daemen J, Liu TK, 
McFadden E, Sianos G, Hofma SH, Smits PC, van der Gies-
sen WJ, de Feyter PJ. Unrestricted utilization of sirolimus-eluting 
stents compared with conventional bare stent implantation in the 



351

E
uroIntervention 2

0
16

;1
2

:3
4

5
-3

51

CRP predicts 10-year outcome

“real world”: the Rapamycin-Eluting Stent Evaluated At Rotter-
dam Cardiology Hospital (RESEARCH) registry. Circulation. 
2004;109:190-5.
 15. Pearson TA, Mensah GA, Alexander RW, Anderson JL, 
Cannon RO 3rd, Criqui M, Fadl YY, Fortmann SP, Hong Y, 
Myers GL, Rifai N, Smith SC Jr, Taubert K, Tracy RP, Vinicor F; 
Centers for Disease Control and Prevention; American Heart 
Association. 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;107:499-511.
 16. Hanley JA, McNeil BJ. The meaning and use of the area 
under a receiver operating characteristic (ROC) curve. Radiology. 
1982;143:29-36.
 17. Pencina MJ, D’Agostino RB Sr, D’Agostino RB Jr, Vasan RS. 
Evaluating the added predictive ability of a new marker: from area 
under the ROC curve to reclassification and beyond. Stat Med. 
2008;27:157-72; discussion 207-12.
 18. Sabatine MS, Morrow DA, Jablonski KA, Rice MM, 
Warnica JW, Domanski MJ, Hsia J, Gersh BJ, Rifai N, Ridker PM, 
Pfeffer MA, Braunwald E; PEACE Investigators. Prognostic sig-
nificance of the Centers for Disease Control/American Heart 
Association high-sensitivity C-reactive protein cut points for car-
diovascular and other outcomes in patients with stable coronary 
artery disease. Circulation. 2007;115:1528-36.
 19. 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;359:1897-908.
 20. He LP, Tang XY, Ling WH, Chen WQ, Chen YM. Early 
C-reactive protein in the prediction of long-term outcomes after 
acute coronary syndromes: a meta-analysis of longitudinal studies. 
Heart. 2010;96:339-46.
 21. Kaptoge S, Di Angelantonio E, Lowe G, Pepys MB, 
Thompson SG, Collins R, Danesh J. C-reactive protein concentra-
tion and risk of coronary heart disease, stroke, and mortality: an 
individual participant meta-analysis. Lancet. 2010;375:132-40.

 22. Park DW, Yun SC, Lee JY, Kim WJ, Kang SJ, Lee SW, 
Kim YH, Lee CW, Kim JJ, Park SW, Park SJ. C-reactive protein 
and the risk of stent thrombosis and cardiovascular events after 
drug-eluting stent implantation. Circulation. 2009;120:1987-95.
 23. Hartford M, Wiklund O, Mattsson Hulten L, Persson A, 
Karlsson T, Herlitz J, Caidahl K. C-reactive protein, interleukin-6, 
secretory phospholipase A2 group IIA and intercellular adhesion 
molecule-1 in the prediction of late outcome events after acute cor-
onary syndromes. J Intern Med. 2007;262:526-36.
 24. Niccoli G, Montone RA, Ferrante G, Crea F. The evolving 
role of inflammatory biomarkers in risk assessment after stent 
implantation. J Am Coll Cardiol. 2010;56:1783-93.
 25. Lasave LI, Abizaid AA, Paiva e Maia J, de Ribamar Costa J Jr, 
Feres F, Mattos LA, Abizaid AS, Siqueira DA, Tanajura LF, 
Staico R, Beraldo de Andrade P, Braga SN, Sousa AG, Sousa JE. 
[Relationship between plasma C-reactive protein level and neointi-
mal hyperplasia volume in patients with zotarolimus-eluting stents. 
Volumetric analysis by three-dimensional intracoronary ultra-
sound]. Rev Esp Cardiol. 2007;60:923-31.
 26. Cheng JM, Oemrawsingh RM, Garcia-Garcia HM, 
Akkerhuis KM, Kardys I, de Boer SP, Langstraat JS, Regar E, Van 
Geuns RJ, Serruys PW, Boersma E. Relation of C-reactive protein 
to coronary plaque characteristics on grayscale, radiofrequency 
intravascular ultrasound, and cardiovascular outcome in patients 
with acute coronary syndrome or stable angina pectoris (from the 
ATHEROREMO-IVUS study). Am J Cardiol. 2014;114:1497-503.
 27. Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ, 
Fayad ZA, Foster E, Hlatky MA, Hodgson JM, Kushner FG, 
Lauer MS, Shaw LJ, Smith SC Jr, Taylor AJ, Weintraub WS, 
Wenger NK, Jacobs AK; American College of Cardiology Founda-
tion/American Heart Association Task Force on Practice Guide-
lines. 2010 ACCF/AHA guideline for assessment of cardiovascular 
risk in asymptomatic adults: a report of the American College of 
Cardiology Foundation/American Heart Association Task Force on 
Practice Guidelines. Circulation. 2010;122:e584-636.
 28. Davignon J. Beneficial cardiovascular pleiotropic effects of 
statins. Circulation. 2004;109:III39-43.


