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Abstract
Aims: This study aims to evaluate the prognostic value of high-sensitivity CRP (hsCRP)
during 10-year follow-up after percutaneous coronary intervention (PCI).
Methods and results: Between April and October 2002, hsCRP was measured in 468 allcomer patients who underwent PCI with sirolimus-eluting stent implantation for stable
coronary artery disease or acute coronary syndrome. Primary endpoint was the composite of all-cause mortality or myocardial infarction at 10-year follow-up. The Kaplan-Meier
event curves displayed ongoing divergence of the hsCRP groups (hsCRP <1 mg/L: 14.7%
vs. 1-3mg/L: 31.1% vs. >3mg/L: 43.1%). After adjustment for established cardiovascular
risk factors and clinical presentation in a Cox regression model, higher CRP levels were
associated with higher incidence of the composite endpoint (>3mg/L vs. <1 mg/L: HR
2.87, 95%CI 1.69-4.87, p<0.001; 1-3mg/L vs. <1mg/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 classification (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. HsCRP may be an useful
biomarker to further improve risk assessment in patients undergoing PCI.

CRP and 10-year cardiovascular outcome

Introduction
Chronic inflammation is considered to be a essential component in the pathogenesis
and progression of atherosclerosis.1-5 Increasing amounts of data suggest a possible role
for C-reactive Protein (CRP) at different stages of atherogenesis and the atherosclerotic
process.6 C-reactive Protein (CRP), 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 Tumor Necrosis Factor-α.7 The precise pathophysiological role of
CRP in the instigation and progression of atherosclerosis remains unclear. Still 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 percutaneous coronary intervention (PCI). CRP is associated with an
increased incidence of cardiac events, including all-cause and/or cardiovascular mortality,
(non-fatal) acute myocardial infarction and (urgent) revascularization in multiple studies.8-13 The majority of these results, however, derive from an era in which percutaneous revascularization took place by plain balloon angioplasty or bare metal stent implantation.
Less is known about the predictive value after drug-eluting stent implantation or about
long-term follow-up. This study aims to evaluate the prognostic value of high-sensitivity
CRP (hsCRP) during 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 elsewhere.14 RESEARCH is a singlecenter all-comers registry conducted with the main purpose of evaluating the safety
and efficacy of sirolimus-eluting stent (SES, Cypher; Johnson & Johnson-Cordis, Cordis
Europa NV, Roden, The Netherlands) implantation. In brief, SES implantation has been
used as the default strategy for all consecutive percutaneous coronary interventions
between April 2002 and February 2003 in the Erasmus MC, Rotterdam, the Netherlands.
High-sensitivity CRP was prospectively measured in a subset of 468 consecutive RESEARCH patients that were enrolled between April 2002 and October 2002.

Ethics
This is an observational study. Patients were not subject to acts, neither was any mode
of behavior imposed, otherwise than as part of their regular treatment. Therefore, this
study was not subject to the Dutch Medical Research Involving Human Subjects Act, and
written informed consent for a patient to be enrolled was not required. This study was
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conducted according to the Privacy Policy of the Erasmus MC, according to the Erasmus
MC regulations for the appropriate use of data in patient oriented research, and according to the Helsinki Declaration.

High sensitivity C-reactive protein
Serum samples were drawn immediately before the PCI procedure. High-sensitivity
CRP (hsCRP) was determined at the Clinical Chemistry Department of Erasmus Medical
Center by using Rate Near Infrared Particle Immunoassay (Immage Immunochemistry
System; Beckman Coulter, Inc., Brea, CA). This system measures concentrations from 0.2
to 1440 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-hospital outcomes was obtained from an electronic clinical database for patients maintained at our center and
by review of hospital records for those discharged to referring hospitals. Postdischarge
survival status was obtained from municipal civil registries. Yearly questionnaires 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 coronary
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 categorized as low (<1 mg/L), intermediate (1-3 mg/L) or high (>3
mg/L) according to the recommendations from the Centers for Disease Control and
Prevention and the American Heart Association.15 Continuous variables were compared
by 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 associations between CRP
and study endpoints. In multivariable analyses, the variables age, gender, diabetes mellitus, hypertension, hypercholesterolemia, smoking, history of myocardial infarction,
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clinical presentation and multivessel coronary disease were considered 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 supplemental
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 that was described by Hanley et al.16 Additionally, continuous net reclassification improvement indices (NRI) were calculated to evaluate improvement in risk
classification by the new biomarkers over conventional cardiovascular risk factors.17 All
data were analyzed with SPSS software (SPSS 20.0, IBM corp., Armonk, NY, USA). All statistical tests were two-tailed and p-values <0.05 were considered statistically significant.

Results
Baseline characteristics
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 clinical presentation
(p<0.001). Patients with stable angina pectoris (median 2.0 [1.0-5.0] mg/L) had the
lowest circulating CRP concentrations. 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
Vital status at 10-year follow-up was acquired for 464 (99.1%) patients. 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 composite endpoint of
all-cause mortality or myocardial infarction. The Kaplan-Meier event curves displayed
ongoing divergence of the hsCRP groups (hsCRP <1 mg/L: 14.7% vs. 1-3mg/L: 31.1% vs.
>3mg/L: 43.1%) (Figure 1).

Prediction of cardiovascular outcome
In univariable analysis, higher CRP levels were associated with a three-fold increased incidence of the composite endpoint of all-cause mortality or myocardial infarction during
follow-up (high 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
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Table 1. Baseline characteristics

(n=468)

LOW
CRP <1
(n=125)

INTERMEDIATE
CRP 1-3
(n=128)

HIGH
CRP >3
(n=215)

P

Age, years

61.1 ± 11.1

59.4 ± 11.1

62.0 ± 11.0

61.5 ± 11.1

0.14

TOTAL

Patient characteristics
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

Hypercholesterolemia, 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
0.001

Previous MI, n (%)

158 (33.8)

32 (25.6)

35 (27.3)

91 (42.3)

Previous PCI, n (%)

122 (26.1)

29 (23.2)

32 (25.0)

61 (28.4)

0.55

46 (9.8)

9 (7.2)

14 (10.9)

23 (10.7)

0.51

Previous CABG, n (%)
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)

273 (58.3)

65 (52.0)

79 (61.7)

129 (60.0)

Multivessel coronary disease, n (%)

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

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]

No prior myocardial infarction

3.0 [1.0 – 6.0]

Diabetes Mellitus

4.0 [ 2.0 – 8.0]

Without Diabetes Mellitus

3.0 [1.0 – 7.0]

Smokers

4.0 [2.0 – 7.5]

Non-smokers

3.0 [1.0 – 7.0]

Clinical presentation
Stable

0.003
0.035
0.039
<0.001

2.0 [1.0 - 5.0]

Unstable angina

5.0 [ 2.0 – 11.0]

Acute myocardial infarction

3.0 [ 1.0 – 6.0]
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Figure 1. Prediction of cardiovascular outcome
CRP indicates C-reactive protein.

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 associated 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 for
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.
Table 3. Prediction of cardiovascular outcome
Unadjusted
HR (95%CI)

P

Adjusted*
HR (95%CI)

P

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, hypercholesterolemia, smoking, history of
myocardial infarction, clinical presentation and multivessel coronary disease.
CRP indicates C-reactive protein; HR, hazard ratio.
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Discrimination
First, we evaluated a model for prediction of 10-year cardiovascular outcome that contained conventional cardiovascular risk factors, including age, gender, diabetes mellitus,
hypertension, hypercholesterolemia, 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).
1.0

0.8

Sensitivity
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Clinical risk factors
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AUC = 0.71
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Figure 2. ROC curves displaying improved discrimination with C-reactive protein
Clinical risk factors include: age, gender, diabetes mellitus, hypertension, hypercholesterolemia, smoking,
history of myocardial infarction, clinical presentation and multivessel coronary disease.
AUC indicates area under the curve; CRP, C-reactive protein.

Reclassification
We examined whether adding CRP to the model consisting of conventional cardiovascular risk factors results in correct reclassification of risk of death or myocardial infarction
during follow-up (Table 4). Baseline CRP level significantly improved the risk classification (NRI=0.40, 95%CI 0.20-0.60, p<0.001).

CRP and 10-year cardiovascular outcome

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 that reached
primary endpoint, n (%)

22 (15.1)

124 (84.9)

146

Patients that 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, hypercholesterolemia, smoking, history of
myocardial infarction, clinical presentation and multivessel coronary disease.

Discussion
This study investigated the association between circulating hsCRP concentration and
10-year cardiovascular outcome in patients 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 three-fold
increased risk for mortality and the composite of mortality or myocardial infarction,
while intermediate hsCRP (1-3 mg/L) were associated with a two-fold increased risk.
CRP is an acute phase protein and its concentration in serum reflects the inflammatory
status of the patient.18 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 factors.19-22 However, few studies are available on the prognostic value of hsCRP in patients undergoing PCI, while risk assessment
at this certain time point is important and of particular interest in clinical practice.
These studies have consistently showed that higher CRP levels measured at time of the
PCI procedure for both acute coronary syndrome and stable CAD are predictive for an
increased long-term risk of recurrent cardiovascular events and death. For example, Park
et al. found that elevated CRP levels were significantly associated with increased risks of
stent thrombosis, death, and MI during a median follow-up time of 3.9 years in patients
receiving drug-eluting stents.23 The longest reported follow-up period is 6 years.21,24 To
the best of our knowledge, this is the first study that extends the evidence on the predictive value of CRP to 10-years after PCI.
The mechanism underlying the association of CRP with prognosis may be two-fold.25
Firstly, high CRP levels are previously shown to be associated with stent-thrombosis and
restenosis after PCI with first generation drug-eluting stents.15,23,25 A growing body of
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evidence suggests that late adverse reactions to drug-eluting stents and bare-metal
stents may be different in relation to pathogenesis, histopathologic features, and clinical
presentation.25 Although less evidence is available for second generation drug-eluting
stents, Lasave et al. demonstrated that elevated CRP is also associated with neointimal
hyperplasia in patients who received zotarolimus-eluting stent (a second generation
drug-eluting stent) implantation.26 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 vessels.27
Current clinical practice guidelines have indicated that measurement of hsCRP may
be useful in 1. primary prevention, as an adjunct to other major risk factors to further
assess absolute cardiovascular risk; and 2. in patients with stable coronary disease or
acute coronary syndromes, as an independent marker for assessing the likelihood of
recurrent events, including death, myocardial infarction, or restenosis after PCI.28 For
the latter indication, 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
cardiovascular risk for a period as long as 10 years. Therapeutic implications of increased
inflammatory status after drug-eluting stent implantation are still under investigation.25
Statins are shown to have anti-inflammatory properties.29 Patients with intense activation of inflammatory cells, as detected by systemic CRP levels, are likely to enjoy the
highest benefit from an high-dosed statin treatment.
Some limitations of this study need to be acknowledged. Firstly, this is a single center
study. Caution is urged in extrapolating these results to other populations. However,
other studies have showed consistent results on the long-term predictive value of hsCRP.
Secondly, in this study, the prognostic value of hsCRP was evaluated 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 implantation 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 that may be correlated to study outcomes, 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 on-going necrosis.

CRP and 10-year cardiovascular outcome

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 three-fold and two-fold increased risk, respectively, for mortality and myocardial
infarction 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 an useful biomarker for long-term risk assessment
in patients with established coronary artery disease and undergoing PCI.
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