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Abstract

Inflammatory markers have been associated with clinical outcome in patients with acute coronary syndrome (ACS). The pres-
ent study evaluated the role of high-sensitivity C-reactive protein (CRP) measurements as a predictor of late cardiovascular 
outcomes after ACS. One hundred and ninety-nine ACS patients in a Coronary Care Unit from March to November 2002 were 
included and were reassessed clinically after ~3 years. Clinical variables and CRP levels were evaluated as predictors of major 
cardiovascular events (MACE, defined as the occurrence of cardiac death, ischemic stroke or myocardial infarction) and mor-
tality. Statistical analyses included Cox multivariable analysis and survival curves (Kaplan-Meier). Of the 199 patients, 11 died 
within 1 month (5.5%). Of the 188 remaining patients, 22 died after a mean follow-up of 2.9 ± 0.5 years. Baseline CRP levels 
for patients with MACE (N = 57) were significantly higher than those of patients with no events (median = 0.67 mg/L; 25th-75th 
percentiles = 0.32 and 1.99 mg/L vs median = 0.45 mg/L; 25th-75th percentiles = 0.24 and 0.83 mg/L; P < 0.001). Patients with 
CRP levels >3 mg/L had a significantly lower survival than the other two groups (1-3 and <1 mg/L; P = 0.001, log-rank test). 
The odds ratio for MACE was 7.41 (2.03-27.09) for patients with CRP >3 mg/L compared with those with CRP <1 mg/L. For 
death by any cause, the hazard ratio was 4.58 (1.93-10.86). High CRP levels predicted worse long-term outcomes (MACE and 
death by any cause) in patients with ACS.
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Atherosclerosis has been shown to be an inflammatory 
disease. Inflammatory cell infiltrates may be found in chronic 
atherosclerosis, and there is evidence of immune activation 
of atherosclerotic plaques (1). Inflammatory markers that 
have been evaluated in clinical studies include C-reactive 
protein (CRP) (2), leukocyte count (3), interleukin-6 and 
-18 (4), and fibrinogen (5). 

C-reactive protein is the best characterized and most 
widely studied marker of plaque progression and cardio-
vascular disease risk, reflecting the underlying inflammatory 
process (1,2,6,7) and also playing a role in the atheroscle-
rotic process by interacting directly with atherosclerotic 
vessels, activating the complement system and promoting 
inflammation and thrombosis (8). Elevated CRP has been 
shown to be associated with increased mortality in several 
settings (9,10), including acute coronary syndrome (11-13), 
both on a short- (14) and long-term basis (15). However, 

there still is controversy about the clinical use of CRP in 
this setting. A recent large prospective study did not support 
the incremental value of measuring CRP in acute coronary 
syndrome (16). Considering the potential benefits of treat-
ing high levels of CRP with pharmacological agents for the 
prevention of cardiovascular events in apparently healthy 
individuals with elevated CRP (17), the identification of high 
risk subgroups is of paramount importance in planning ef-
fective therapeutic strategies.

Thus, the goal of the present study was to evaluate 
the association between the inflammatory marker CRP 
at hospitalization for acute coronary syndrome and late 
cardiovascular outcomes (~3 years).

Patients and Methods

In this cohort study, we prospectively included 199 pa-
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tients with clinical presentation of acute coronary syndrome 
admitted to the Coronary Intensive Care Unit of Instituto de 
Cardiologia do Rio Grande do Sul, Fundação Universitária 
de Cardiologia (IC/FUC) from March to November 2002. 
The original inclusion criteria were: 1) a recent (within 72 
h from the onset of symptoms) history of unstable angina 
with ST depression of at least 1 mm or T-wave inversion 
with normal enzymes; 2) acute myocardial infarction without 
ST elevation: chest pain suggestive of acute myocardial 
infarction with no ST elevation and abnormal enzymes, and 
3) acute myocardial infarction with ST elevation: chest pain 
suggestive of acute myocardial infarction with ST eleva-
tion of at least 2 mm in two different leads, and abnormal 
enzymes (creatine kinase (CK) and CK-MB). Patients were 
followed at approximately 6-month intervals, and a final 
long-term follow-up evaluation was performed from June 
to September 2005.

Detailed methods have been previously published 
(14). Briefly, the initial evaluation included medical history 
(family history of coronary artery disease, systemic arterial 
hypertension, smoking, diabetes mellitus, dyslipidemia, 
sedentarism), physical examination, and laboratory tests 
at admission (after a 12-h fast). These patients had previ-
ously signed a letter of consent approved by the Institutional 
Research Ethics Committee. Patients presenting more than 
10 h after the first symptoms, without the 12-h fast, and 
with chronic inflammatory conditions or neoplastic disease 
were excluded. 

The patients were contacted by letter or telephone and a 
new clinical evaluation ~3 years after the initial clinical pre-
sentation of the acute coronary syndrome was scheduled. 
Evaluation included history of complications/hospitaliza-
tions after discharge and current symptoms. Patients who 
responded to the request and came to the Institution were 
submitted to a questionnaire and to physical examination. 
The patients who could not come for evaluation answered 
the questions by telephone. In case of death, family mem-
bers, local health/social services and the State Department 
of Health database were contacted. 

The main outcomes considered were death and major 
cardiovascular events (MACE), defined as the occurrence 
of cardiac death, ischemic stroke, myocardial infarction 
(defined according to the criteria of the American College 
of Cardiology) (18), or the need for a percutaneous or 
surgical revascularization. These outcomes were analyzed 
throughout the follow-up period.

Of the 199 patients selected, 11 (5.5%) died within 1 
month. Regarding the 188 remaining patients, after a mean 
follow-up of 2.9 ± 0.5 years, information was obtained for 
142 (75.5%); 91 (64.1%) patients came to the hospital, 
and information was obtained for 51 (35.9%) by telephone 
from close relatives, the patient himself or from the hospi-
tal records. Of these 142 patients, 22 had died. Forty-six 
patients were lost to follow-up. In order to evaluate the 
importance of losing 23.1% of the patients (46 of 199), the 

46 patients lost were compared to the 153 for whom current 
data were obtained. The clinical characteristics of the two 
groups were similar: baseline glycemia, total cholesterol, 
triglycerides, HDL-C, LDL-C, fibrinogen, percentage of 
males, smoking, sedentarism, and overweight. However, 
age was lower (57.4 ± 12 vs 62.4 ± 12 years, P = 0.009), 
and CRP was higher (median = 0.95 mg/L; 25th and 75th 
percentiles = 0.31 and 2.01 mg/L vs median = 0.51 mg/L; 
25th and 75th percentiles = 0.25 and 1.04 mg/L; P = 0.03) 
among the 46 lost patients. 

Laboratory tests
Cholesterol and triglycerides were analyzed using an au-

tomated enzymatic kit (Boehringer Mannheim Diagnostics, 
Germany), HDL-C was determined with a single enzymatic 
kit using heparin-2M Mncl2, and LDL-C was calculated 
using the Friedwald formula. Glycemia was evaluated with 
an automated enzymatic kit (Merck Diagnostics, Germany) 
using a Hitachi biochemical analyzer, model 902, Japan). 
Fibrinogen was evaluated by an automated coagulopathy 
method using the CA 500 equipment (Sysmex, Japan). 
Ultra-sensitive CRP was determined by nephelometry using 
the BN100 equipment (Dade Behring, Inc., Germany).

 
Statistical analysis 

Data are reported as means and standard deviations or 
proportions. C-reactive protein was evaluated as a catego-
rized variable according to cut-off points of <1, 1-3, and >3 
mg/L. ANOVA and the Pearson chi-square test were used 
for comparison of baseline characteristics of the patients 
according to CRP levels. The Mann-Whitney test, the Cox 
multivariable analysis model and logistic regression were 
used to determine differences in CRP levels between 
patients with events and patients without events. Survival 
curves were constructed by the Kaplan-Meier method ac-
cording to the different categories of CRP, with the curves 
being compared by the log-rank test. A P < 0.05 value was 
considered to be statistically significant.

Results

The mean age of the 199 patients initially studied was 
61.1 ± 12 years and 65.8% were men. The presentation of 
acute ischemic syndrome was acute myocardial infarction 
with ST-segment elevation in 71% (142), acute myocardial 
infarction without ST-segment elevation in 12% (23) and 
unstable angina in 17% (34). The characteristics of these 
patients according to CRP levels are presented in Table 
1. Patients with higher CRP levels were older (64.5 ± 15.0 
years) than the two other groups with levels <1 and 1-3 mg/L 
(60.5 ± 10.8 and 60.9 ± 14.2 years, respectively), but other-
wise quite similar to those with lower levels (Table 1).

The baseline CRP levels of the patients who developed 
MACE (N = 57) were significantly higher than those of 
patients who did not (median = 0.67 mg/L; 25th and 75th 
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percentiles = 0.32 and 1.99 mg/L vs median = 0.45 mg/L; 
25th and 75th percentiles = 0.24 and 0.83 mg/L; P < 0.001). 
Similarly, the baseline CRP levels of the patients who died 
(N = 33) were significantly higher than those of patients who 
survived (median = 0.79 mg/L; 25th and 75th percentiles 
= 0.26 and 3.01 mg/L vs median = 0.48 mg/L; 25th and 
75th percentiles = 0.25 and 0.85 mg/L; P = 0.008). CRP 
was evaluated as a predictive factor for death and MACE, 

controlling for other possible confounding factors such as 
thrombolysis in myocardial infarction (TIMI) risk (19) and 
systolic blood pressure. Table 2 presents the hazard ratio 
for death and the odds ratio for MACE for the three CRP 
groups, adjusted for TIMI risk and systolic blood pressure. 
Both endpoints could be predicted by progressively higher 
CRP levels (P = 0.003 for death and P = 0.010 for MACE), 
independently of the variables cited above (Table 2). The 

Table 1. Baseline characteristics of the patients according to C-reactive protein 
levels.

Variables <1 mg/L  1-3 mg/L >3 mg/L

Age (years) 60.5 ± 10.8 60.9 ± 14.2 64.5 ± 15.0*
Systolic blood pressure (mmHg) 125.4 ± 23.7 131.8 ± 22.9 116.8 ± 24.0
Fibrinogen (mg/dL) 244.6 ± 62.4 259.0 ± 80.1 282.7 ± 93.9
Total cholesterol (mg/dL) 195.8 ± 44.8 187.5 ± 45.6 177.5 ± 44.7
Glycemia (mg/dL) 144.3 ± 71.4 138.4 ± 45.8 148.3 ± 72.8
Male gender 86 (64.2%) 30 (76.9%) 14 (66.7%)
Hypertension 78 (58.2%) 23 (59.9%) 16 (76.2%)
Diabetes mellitus 29 (21.6%) 6 (15.4%) 5 (23.8%)
Dyslipidemia 92 (69.2%) 27 (71.1%) 10 (47.6%)
Smoking 67 (50.4%) 16 (42.1%) 5 (23.8%)
Sedentarism 69 (51.9%) 22 (57.9%) 13 (61.9%)
ACE inhibitor use 38 (28.6%) 14 (35.9%) 7 (33.3%)
Statin use  15 (11.2%) 4 (10.3%) 4 (19.0%)
Beta-blocker use 45 (33.6%) 8 (20.5%) 7 (33.3%)
Antiplatelet therapy 56 (41.8%) 15 (38.5%) 9 (42.9%)
Unstable angina 21 (15.7%) 10 (25.6%) 5 (23.8%)
MI with ST elevation 101 (75.4%) 21 (53.8%) 15 (71.4%)
MI without ST elevation 12 (9.0%) 8 (20.5%) 1 (4.8%)
Primary PCI 86 (81.9%) 16 (64.0%) 10 (76.9%)
TIMI risk

0-2 14 (10.4%) 6 (15.4%) 1 (4.8%)
3-4 75 (56%) 27 (69.2%) 12 (57.1%)
5-7 45 (33.6%) 6 (15.4%) 8 (38.1%)

Data are reported as means ± SD or number with percent in parentheses. ACE = 
angiotension-converting enzyme: MI = myocardial infarction; PCI = percutaneous 
coronary intervention. TIMI = thrombolysis in myocardial infarction. *P < 0.05 com-
pared to other groups (ANOVA).

Table 2. Hazard ratio, odds ratio and 95% confidence intervals for MACE and 
deaths for the three CRP groups, adjusted for TIMI risk score and systolic blood 
pressure.

Outcome CRP <1 mg/L CRP 1-3 mg/L CRP >3 mg/L P for trend

Deatha 1.0 1.57 (0.57-4.34) 4.58 (1.93-10.86) 0.003
MACEb 1.0 1.27 (0.47-3.49) 7.41 (2.03-27.09) 0.010

aHazard ratio = Cox regression; bOdds ratio = logistic regression. MACE = major 
cardiovascular events; CRP = C-reactive protein; TIMI = thrombolysis in myocar-
dial infarction.
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inclusion of CRP (comparison of C-statistics between a 
model without CRP and a model with CRP) effectively 
added predictive accuracy to the multivariable model, as 
shown by the statistical comparison of the two models (P 
= 0.007 for death, prediction of 62 vs 66.7%, P = 0.005 for 
MACE). We analyzed the group of ST-elevation myocardial 
infarction separately and the results were similar to those 
observed in the total sample (63.6 vs 72%).

Figure 1 shows the Kaplan Meier survival curve for 
patients in the three CRP groups. Patients with CRP levels 
>3 mg/L showed a significantly (P = 0.001) lower survival 
than the other two groups (1-3 and <1 mg/L), as illustrated 
in Figure 1.

Discussion

In this cohort study, high CRP levels in acute coronary 
syndrome predicted worse long-term outcomes, as evalu-
ated by larger number of deaths and MACE, confirming 
previous results obtained by our group during a short-term 
follow-up (higher number of in-hospital events 30 days after 
the acute coronary syndrome episode) (14). 

The better understanding of the inflammatory nature of 
atherosclerosis has led to a search for potentially useful 
markers. Potential candidates include pro-inflammatory 
cytokines (interleukin-1, TNF-alpha, interleukin-6), adhesion 
molecules (ICAM-1, selectins) and hepatic acute phase 
reactants (CRP, amyloid-A). CRP, which has been clas-
sically used to describe acute reactions, is the biomarker 
with the largest body of evidence accumulated to date, 
although controversy still persists. It has been shown to 

have a longer half-life, more stable levels in blood and 
less circadian variability (20). Based on the results of 
several prospective epidemiological studies, CRP has 
emerged in recent years as an important prognostic 
marker, capable of providing useful information in a 
variety of clinical situations. 

In acute coronary syndrome, CRP proved to be 
predictive of worse outcomes at hospitalization (14,21) 
and at 14-day (11,21), 30-day (14,22) and 5-month 
follow-ups (23). Fewer studies have described longer 
periods of follow-up, with discordant findings. A large 
prospective study that followed 1210 patients from 8 
tertiary and secondary hospitals for 1 year, a shorter 
follow-up than studied here, recently showed that the 
modest predictive ability of CRP following admission 
for an acute coronary syndrome disappeared after ad-
justment for common clinical variables (16). However, 
other studies have reported different results. Mueller 
et al. (15) showed that CRP is a strong independent 
predictor of long-term mortality after non-ST acute 
coronary syndrome in a 20-month follow-up. Lindahl et 
al. (24) showed that troponin T and CRP are strongly 
related to the long-term (37 months) risk of death from 
cardiac causes. Association with the development of 

heart failure and mortality in patients with acute myocardial 
infarction was reported also by Suleiman et al. (25), with 
CRP levels providing prognostic information beyond that 
provided by conventional risk factors in a mean follow-up 
of 23 months. 

Our data, obtained for fewer patients, but with a 3-year 
follow-up period, agree with these studies, and thus add 
evidence to the hypothesis that CRP is an important prog-
nostic marker in patients with acute coronary syndrome, 
and can be clinically useful to identify patients at a greater 
risk of short- and long-term events. In the present study, 
patients with CRP levels >3 mg/L showed an almost 5-fold 
increase in the risk of death compared to patients with 
lower levels, and a 7-fold increase in the risk of MACE. 
Although some investigators have reported a higher cut-off 
value for CRP (>10 mg/L) in patients with acute coronary 
syndrome as predictive of adverse outcomes (15,26,27), 
others (28,29) have used cut-off values similar to those 
chosen by us.

These findings open the possibility of exploring different 
interventions for lowering chronic inflammation in patients 
identified as belonging to high risk groups based on their 
inflammation status. For example, the use of aspirin in the 
Physician’s Health Study significantly reduced the risk of 
acute myocardial infarction for patients belonging to the 
highest quartile of CRP, but not for those in the lowest 
quartile (30). Many recent studies have suggested that, in 
parallel to their lipid-lowering properties, statins may have 
also anti-inflammatory and anti-oxidant properties. Large 
randomized trials using aggressive lipid lowering with high-
dose statins have shown that statins may reduce CRP levels 

Figure 1. Kaplan Meier survival curve for patients in the three C-reac-
tive protein (CRP) groups (<1, 1-3 and >3 mg/L).
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independently of lipid reduction (17).
Some limitations of our study deserve discussion. 

Being observational in nature, confounding, especially by 
variables such as age, smoking and drug use, cannot be 
ruled out as an explanation for the findings. To deal with 
this possibility, we included all the important variables in 
a multivariable regression model, which showed that CRP 
levels remained strongly and independently associated 
with events. Also, the confidence intervals obtained were 
relatively wide, possibly reflecting insufficient precision. 
However, the lower limits of confidence intervals are still 
clinically significant, which turns the results useful despite 
the wide intervals. Additionally, the possibility of type I er-
ror was very small in all analyses (P for trend). Residual 
confounding by variables not included in the model such as 
underlying subclinical conditions should also be considered. 
Sample size may be insufficient for subgroup analysis that 
would be important in this setting. For example, the TIMI 
risk score is different for non-ST elevation acute coronary 
syndrome and ST elevation myocardial infarction but, since 
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