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Abstract

Despite the association between high-sensitivity C-reactive
protein (CRP) and recurrent events in non-ST elevation acute
coronary syndromes (ACS), routine determination of this
marker has not been recommended.

In order to verify whether the current scientific evidence
justifies the inclusion of CRP for risk stratification at hospital
admission of patients with ACS, we carried out a systematic
review and meta-analysis of the studies indexed in MEDLINE,
SciELO or LILACS, with the following inclusion criteria:
prospective cohort design and assessment of the prognostic
value of CPR, as measured using a high-sensitivity method
at the moment of hospital admission of patients with ACS.
Nineteen studies met the inclusion criteria.

In relation to the long-term follow-up, there was a
consistent association between CRP and cardiovascular
events, with an overall odds ratio (OR) of 4.6 (95% Cl =
2.3 — 7.6) and overall multivariate OR of 2.5 (95% Cl =
1.8-3.4). As for the short-term, nine studies were positive
and six were negative, with an overall OR of 1.65 (95% Cl
= 1.2-2.3). The overall multivariate OR was not obtained
for the short-term follow-up, because this measurement
was described only in three heterogeneous studies. Only
two short-term studies analyzed the incremental predictive
value of CRP in relation to multivariate models, with
contradicting results.

In conclusion, the small number of assessments of the
incremental value of CRP, in conjunction with controversial
results regarding the independent predictive value of CRP
for short-term events does not support the recommendation
of the routine use of CRP for risk stratification at admission
of patients with ACS.
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Introduction

In patients with acute coronary syndromes (ACS),
atherosclerotic plaque instability is accompanied by
exacerbation of inflammation'. The inflammatory
phenomenon hinders plaque stabilization, which
theoretically makes these patients more vulnerable to
recurrent coronary events®. This vascular process is
widespread, not limited to the site of plaque rupture; it
affects the whole coronary bed, and, at the systemic level,
may be detected by determining plasma inflammatory
markers®. This is the mechanistic rationale for the prognostic
value of inflammatory markers in patients with acute
coronary syndromes. Among the inflammatory markers,
C-reactive protein is the one that has been more frequently
studied by means of high sensitivity methods*.

Throughout the past 15 years, several publications have
indicated that C-reactive protein levels have an independent
predictive value for recurrent coronary events in patients with
non-ST elevation ACS®. However, this approach has not been
adopted in clinical practice, nor has the recommendation
for the determination of this marker been incorporated to
Brazilian®, American®” or European® guidelines. Thus, the
objective of this systematic review was to evaluate whether the
current evidence justifies the inclusion of C-reactive protein
for risk stratification at hospital admission of patients with
non-ST elevation ACS.

Methods

Literature Research

The MEDLINE (Medical Literature Analysis and Retrieval
System) database was the main source used for the systematic
review of the articles on the subject studied. To investigate
studies not indexed in MEDLINE and carried out in Latin
America, the SciELO (Scientific Electronic Library Online) and
LILACS (Literatura Latino-Americana e do Caribe em Ciéncias
de Satde) databases were used by applying the same key
words used in MEDLINE. The references of each original article
and review articles were checked in order to select studies
that had not been identified by the research in the databases.

Initially, the MeSH (Medical Subject Headings)
vocabulary was used for the definition of the terms for
research in the titles of the studies. The term C-reactive
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protein was chosen for combination with the terms acute
coronary syndromes, myocardial infarction, and unstable
angina, resulting in a total of three combinations of two
terms connected by the preposition AND. After reading
of the titles and summaries retrieved, the studies with
the following characteristics were selected: prospective
cohort design of patients with non-ST elevation ACS, and
assessment of the prognostic value of C-reactive protein,
as measured by a high-sensitivity method at the moment
of hospital admission.

Studies with evident methodological biases were excluded.

Outcome measures

The following outcome measures were considered: death or
composite cardiovascular events. There were different definitions
of composite outcome measures in the studies: cardiovascular
death and infarction or cardiovascular death, infarction and
recurrent angina. These studies were analyzed together, with any
of the combinations been considered as cardiovascular events.
Outcome measures in the short-term follow-up were defined
as occurring during hospitalization or within 30 days at most.
Outcome measures in long-term follow-up were defined as those
occurring after at least three months of follow-up.

Data analysis

Initially, the characteristics of the different studies
were presented in the form of tables. Studies analyzing
events in the short-term follow-up (< 30 days) and those
analyzing events in the long-term follow-up (= 3 months)
were described separately. Some analyzed both outcome
measures, and are therefore shown in both tables.

In the univariate analysis, studies reporting the absolute
incidence of events according to a cut-off point of C-reactive
protein were combined. Studies limited to the assessment of
C-reactive protein as a continuous variable were not included
in the meta-analysis. Initially, the results of the different
studies were compared using the Cochrane Q statistic, with
p < 0.05 indicating heterogeneity. When heterogeneity was
present, the studies were combined by the random effects
model (DerSimonian and Laird method). Otherwise, the
fixed effects model was used (Mantel-Haenszel method).

The composite results were expressed as odds ratio
(OR) and 95% confidence interval (Cl). Also, summary
ROC (sROC) curves were obtained with description of the
summary C-statistic (area under the curve) and respective
95% Cl. The “threshold effect” of the cut-off point of
C-reactive protein was evaluated in each study using the

288 articles found in the original search

29 articles found in the original search

22 articles found in the original search

259 excluded by the reading of the title or summary (not Mo
matching the objective of the review)

7 review articles excluded

19 articles found in the original search

1 article excluded (available only in Japanese)
2 articles excluded due to methodological limitations

Figure 1 - Schematic representation of the study selection for systematic review.



Correia & Esteves
C-Reactive Protein and Acute Coronary Syndromes

Spearman correlation between sensitivity and specificity. For
the analysis of sensitivity, the influences of methodological
differences on the results of the meta-analysis were tested
together using meta-regression analysis.

In order to carry out a joint analysis of data from
multivariate analyses, the OR described in each study were
combined. Studies describing the multivariate analysis
by relative risk or hazard ratio were not combined. The
Meta-DiSc software, version 1.4 (Universidad Complutense,
Madrid, Spain)? was used for the statistical analysis,
except for the combination of odds ratios, when the
Comprehensive Meta-Analysis, version 2 (Biostat, Inc,
Englewood, NJ, USA)'™ was used.

Results

Study selection

The research on articles published up to May 2009 resulted
in 288 studies, of which 259 were excluded by the reading of
the title, which indicated that the studies were not related to
the assessment of the prognostic value of C-reactive protein
in patients with non-ST elevation ACS. Of the remaining 29
studies, 7 were excluded for being review articles and one for
being published in a Japanese journal, with full version available
only in Japanese'. Other two articles were excluded due to
methodological problems: a Japanese study, which evaluated
only C-reactive protein combined with serum amyloid A'%; and
a Chilean study which only addressed C-reactive protein as a
continuous variable and, in the multivariate model, included only
three biomarkers without adjustment for the clinical variables™.

Thus, 19 studies were included in this systematic review
(Figure 1).

Characteristics of the studies

Nineteen studies were selected; 15 were carried out by
North American or European groups''#%, three by Brazilian
groups?®3 and one by an Argentinean group®'. All these studies
were published in journals with an impact factor = 3, except for
two Brazilian studies?®?°. The first one dates back to 1994; it was
conducted by Liuzzo et al'* and published in the New England
Journal of Medicine. Despite the small sample size of only 32
patients with unstable angina, the impact of this study stems from
its original idea of predicting cardiovascular events based on the
inflammatory status of patients with ACS. The demonstration that
C-reactive protein levels predicted in-hospital events served as
the basis for the performance of other 18 studies which started
to be published successively as of three years later.

The population samples of these studies consisted
predominantly of patients with non-ST elevation ACS and six
studies also included ST-elevation myocardial infarction?'-23-26:28,
The sample size of the studies increased throughout the years,
ranging from 32 to 7,108 patients (mean of 1,123 + 1,674);
seven studies had more than 1,000 patients®?"**’, in a total
of 21,339 patients studied. C-reactive protein was measured
in all studies by means of a high-sensitivity method; 11 used
nephelometry'#19.21-242026-30 “three used turbidimetry’?>?7,
one used luminometry*®, and two used ELISA (Enzyme Liked
Immunosorbent Assay)*'.

Thus, we can conclude that there is a significant number of
studies and patients studied with adequate technique of plasma
C-reactive protein determination.

C-reactive protein: long-term prediction of events

Eight studies evaluated the prognostic value of C-reactive
protein in relation to recurrent events in a follow-up of at least

Characteristics of the studies analyzing the predictive value of C-reactive protein in the long term

Outcome

Author Year N Population Follow-up rg:;:?;::: Cut-off point measures Tg:g;ggzgt Inc:zr}::ntal
PCR{ vs.PCR |
' . Yes
0, 0/ *
Winter 1999 150 SCASS 6 months Death, AMI, UA 5 mg/L (Arbitrary) 23.0% vs. 1.0% (OR not reported) Not Analyzed
Ferreirés 1999 199 Al 3 months Death, AMI, AR 15 mg/L (ROC) 77.0% vs. 13.0% * Not Analyzed Not Analyzed
) 10 mg/L o o) _
Lindahl 2000 917 SCASS 3 years Death (Arbitrary) 17.0% vs. 6.7% RR =26 (1.5-4.5) Not Analyzed
Heeschen 2000 447 Al 6 months Death, AMI 10 mg/L (ROC) 19.0% vs. 5.4% * %R 2:,1 3)7 Not Analyzed
10 mg/L o o % OR =4.07
Mueller 2002 1.042 SCASS 2 years Death (Arbitrary) 13.0% vs. 3.9% (23-73) Not Analyzed
Bodi?* 2005 515 SCASS 6 months Death, AMI 11 mg/L (ROC) 23.0% vs. 8.9% * OR=2.1(1.2-3.8) Not Analyzed
Scirica 2007 3225 SCA 10 months Death omglL(ROC) ~ AssocatonPresent o 55 1630)  NotAnalyzed
Non Dichotomous
Bogaty 2008 1210 SCA lyear  Death AMLUA  Continuous Association Present  Assodiation Absent o4 1oy 7

Non Dichotomous

Non Dichotomous

N: sample size; Cut-off point: in parenthesis, the method used to choose the reference value — whether using the best point in the ROC curve or arbitrarily;
CRP 1: C-reactive protein above the cut-off point; CRP | : C-reactive protein below the cut-off point.
* Statistically significant difference of outcome measures between patients with and without increased C-reactive protein; OR: odds ratio; RR: relative risk; HR: hazard ratio.
ACS: ST-elevation and non-ST elevation acute coronary syndromes;, NSTEACS: non-ST elevation acute coronary syndromes;

UA: unstable angina; AMI: acute myocardial infarction
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three months, with mean follow-up of 13 + 11 months. All
showed a significant association between C-reactive protein
and cardiovascular events' 181922242731 (Table 1).

As for the meta-analytic grouping of the study results,
Bogady et al** and Scirica et al** studies were not included
because C-reactive protein was analyzed as a numerical
variable, and they did not describe the incidences of events
according to the subgroups of CRP investigation. Thus, the
long-term results of six studies were combined. In all these
studies, there was a positive and statistically significant
association between C-reactive protein and outcome
measures; however, the analysis of heterogeneity showed
a quantitative difference (p = 0.007), i.e., in relation to the
magnitude of the association. The combination of studies
using the random model resulted in an OR of 4.6 (95% Cl =
2.3 - 7.6) (Figure 2). The sSROC curve showed a C-statistic of
0.75 (95% ClI = 0.65 — 0.85) (Figure 3).

Analysis of sensitivity of the prediction of long-term events

Two characteristics varied significantly among the studies
of this meta-analysis. First, the form of determination of the
cut-off point for C-reactive protein: three studies identified
the cut-off point by using the ROC curve and found 15 mg/
L3, 10 mg/L", and 11 mg/L??, respectively. The other three
studies arbitrarily chose the cut-off points of 5 mg/L'®, 10 mg/L'
and 10 mg/L¥, respectively. According to the meta-regression
analysis, there was no influence of the form of determination of
the cut-off points on the results of the studies (OR = 0.1; 95%
Cl = 0-36; p = 0.23). Also, there was no linear association
between sensitivity and specificity (p = 0.40), thus indicating
absence of influence of the cut-off point values on the results
of the studies (threshold effect).

The second characteristic that differed among the studies
was the definition of outcome measures, with two meta-

Characteristics of the studies that evaluated the predictive value of C-reactive protein in the short term

Author Year N Population Follow-u Outcome Cut-off QOutcome measures Independent Incremental
P P measures point PCR Tvs.PCR T Association Value
Liuzzo 1994 32 UA In-hospital AMI, Angina (arbitrary) 23% vs. 0% Not Analyzed Not Analyzed
Oltrona 1997 140 UA In-hospital AMI, Angina (arbitrary) 25% ve 22% Not Analyzed Not Analyzed
) Death, AMI, ) o o Association absent
Benamer 1998 195 UA In-hospital Angina (arbitrary) 1% vs. 21% OR not described Not Analyzed
Morrow 1998 437 NSTEACS In-hospital Death (arbitrary) 5,2% vs 0,3%* Not Analyzed Not Analyzed
. ) Death, AMI, o o Association absent
Ferreiros 1999 199 UA In-hospital Angina (ROC) 12% vs. 14% OR not described Not Analyzed
Heeschen 2000 447 UA In-hospital Death, AMI (ROC) 2,2% vs. 2,6% Not Analyzed Not Analyzed
Mueller 2002 1.042  NSTEACS In-hospital Death (arbitrary) 3,6% vs. 1,0%* Not Analyzed Not Analyzed
. ) OR=1,07
James 2003 7.108  NSTEACS In-hospital Death, AMI (arbitrary) 9,5vs. 7,0%" 087-13) Not Analyzed
Association present RR =143 .
Oltrona 2004 1.773 ACS 30 days Death, AMI (arbitrary) Percentages not ’ No '”\f;leurge”‘a'
described (0.99-21)
) Death, AMI, ) Association present Association absent
Duarte 2005 199 ACS In-hospital Angina, CHF Continuous Non dichotomous OR not described Not Analyzed
HR=1.8
Foussas 2005 1846  ACS In-hospital D3 AMI (ROC) 23% vs. 15%* Not Analyzed
Angina (1,5-26)
Maneni 2006 172  NSTEACS  30days Death, (arbitrary) 21% vs. 18% Association absent o a1 e
y Reinfarction & M OR not described Y
OR = 14 With
Correia 2007 86 NSTEACS In-hospital Death, AMI (ROC) 20% vs.1,7%* incremental
(1,6-121) value
Association Present HR=23
Scirica 2007  3.225 ACS 30 days Death (ROC) Percentages not ' Not Analyzed
described (15-36)
. ) OR=456
Kuch 2008  1.646 AMI In-hospital Death (arbitrary) 12% vs. 6,4%* (19-13) Not Analyzed

N: sample size; Cut-off point: in parenthesis, the method use to choose the reference value — whether using the best point in the ROC curve or arbitrarily;

CRP 1: C-reactive protein above the cut-off point; CRP {: C-reactive protein below the cut-off point.

* Statistically significant difference of endpoints between patients with and without increased C-reactive protein; OR: odds ratio; RR: relative risk; HR: hazard ratio.
ACS: ST-elevation and non-ST elevation acute coronary syndromes; NSTEACS: non-ST elevation acute coronary syndromes;

UA: unstable angina; AMI: acute myocardial infarction



Correia & Esteves
C-Reactive Protein and Acute Coronary Syndromes

Odds Ratio  (95% IC)

D ——— 1 Winter 26.21 (3.34 - 205.55)
! -:—[> Ferreiros 21.36 (7.28 - 62.68)
—f#— | Lindah 280 (1.81-4.32)
——l———+ | Heeschen 413 (2.03-8.38)
— Mueller 3.60 (2.16 - 6.02)
—— Bodi 303 (1.82-505)

R S Overall Odds Ratio = 1.65(1.20 - 2.27)

0.1 1 10,0
QOdds Ratio

Figure 2 - Overall representation and individual representation of each study in relation to the association of high levels of C-reactive protein with cardiovascular events
in the long-term follow-up: OR (odds ratio) and 95% CI (confidence intervals)
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Figura 3 - Summary ROC curve of the association of the different cut-off points of C-reactive protein with cardiovascular events in the long-term follow-up. Cl: confidence
interval.
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analysis studies analyzing death alone'?” and four analyzing
composite outcome measures'®'92231. Likewise, the meta-
regression analysis did not show any influence of the type
of outcome measure on the results (OR = 0.35; 95% Cl =
0.02 -4.5; p=0.27).

C-reactive protein: short-term prediction of events

Fifteen studies analyzed the prediction of events up to
30 days'+17:19-21.2531 " Unlike for the long-term follow-up, the
results of the studies were conflicting: nine studies were
positive14,17,20,21,25-27,30 and SlX were negative‘l5,16,19,28,29,31
(Table 2). On average, the group of positive studies had
larger sample sizes (1,911 = 2,197 patients), with six of the
seven studies with more than 1,000 patients. On the other
hand, the group of negative studies had a mean sample
size of 225 = 110 patients, the larger of which with 447
individuals. This suggests that the negative results of these
studies may have been due to the reduced statistical power.

Meta-analytic approach was used with the 12 studies which
compared the incidence of events between two dichotomous
groups according to the level of C-reactive protein'#17,19,2025-27.29-31,
Duarte et al’s study?® was not included in this analysis because
it assessed C-reactive protein as a continuous variable. One of
Oltrona et al’s study?' and Scirica et al’s study* were not included
in the meta-analysis because they expressed their results only as
relative risk, and did not provide the absolute incidence of events.
The meta-analysis showed significant heterogeneity among the
studies (p = 0.002); for this reason, the OR was calculated using
the random effects model, which resulted in 1.65 (95% ClI =
1.20 — 2.27), thus confirming prediction of in-hospital events
(Figure 4). The sROC curve showed a C-statistic of 0.57 (95% Cl
= 0.54 -0.60) (Figure 5).

Analysis of sensitivity: short-term prediction of events

Three characteristics were significantly different among
the studies. First, the form of determination of the cut-off
point for C-reactive protein: four studies identified the cut-off
point by using the ROC curve'?%203" and other eight studies
chose the cut-off point arbitrarily'+17:20252729 - According to
the meta-regression analysis, the form of determination of
the cut-off point had no influence on the study results (OR
= 1.34; 95% Cl = 0.52 - 3.47; p = 0.49). Also, there was
no linear association between sensitivity and specificity (p =
0.55), thus indicating absence of influence of cut-off values
on the study results.

The second difference among the studies was the definition
of outcome measures, with three studies of the meta-analysis
evaluating death alone'?>?” and the other nine studies
evaluating composite outcome measures'#16/19,:20.26,29-31
Likewise, the meta-regression analysis did not show influence
of the type of outcome measure on the results (OR = 0.35;
95% Cl = 0.02 -4.5; p = 0.27).

Finally, ST-elevation myocardial infarction was included in
two studies?***, whereas the other 10 analyzed only non-ST
elevation ACS. This did not influence the results either (OR =
0.70; 95% Cl = 0.36 — 1.35; p = 0.25) (Table 3).

Independent predictive value of C-reactive protein

Most of the studies, except for the three initial ones'*'>'7,
adjusted the predictive value of C-reactive protein to the
clinical and laboratory variables. In five studies, important
covariables were left out of the statistical model'®8252832
whereas in other 11 studies the multivariate analysis was
adequate’'2#202731 Foussas et al’s*® and Correia et al’s*

i'?

0,1 1
Qdds Ratio

10,0

Odds Ratio (95% IC)

Liuzzo 1031 (0.52-202.73)
Oltrona 1.30 (0.59 - 2.89)
Benamer 0.39 (0.14-1.10)
Morrow 19.29  (2.30-162.14)
Ferreirds 0.81 (0.24-2.74)
Heeschen 0.84 (0.25-2.81)
Mueller 3.71 (1.45-9.50)
James 1.45 (1.20 - 1.74)
Foussas 2.00 (1.47 - 2.73)
Manenti 1.18 (0.53 - 2.61)
Correia 13.75 (1.57 - 120.50)
Kuch 2.07 (1.47 - 2.93)

Overall Odds Ratio =1.65(1.20 - 2.27)

Figura 4 - Overall representation and individual representation of each study in relation to the association of high levels of C-reactive protein with cardiovascular events

in the short-term follow-up: OR (odds ratio) and 95% Cl (confidence intervals).
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Analysis of sensitivity using meta-regression of subgroups regarding the short-term prognostic value of C-reactive protein

Odds ratio 95% CI p value
Use of ROC curve 1.34 0.52-35 0.49
Only Non-ST elevation ACS 0.70 0.36 - 1.35 0.25
Death as the only Outcome Measure 1.31 0.80-2.16 0.24
Use of the ROC curve to determine the cut-off point, instead of arbitrary choice.
1
L]
08
® .
0.8 -
07 .l‘-' sROC=0,60
> ' 95%Cl =0,57-0,62
=
> 0,6
= . .
(b]
: 04— .
# 4 .
03 &
-
02
014
o 1] 0.2 0.4 06 028 1
1- Specificity

Figura 5 - Summary ROC curve of the association of the different cut-off points of C-reactive protein with cardiovascular events in the short-term

follow-up. CI: confidence interval.

studies should be particularly pointed out for being the only
ones to adjust the level of C-reactive protein to a validated
risk score, the TIMI risk score.

Of the eight studies which evaluated the long-term prognostic
value of CRP six confirmed its independent predictive value by
using the multivariate analysis''®'9222*2 and one did not carry
out this analysis®. On the other hand, the recent Bogaty et al**
on a cohort of 1,210 patients with ACS found no multivariate
association of C-reactive protein with long-term recurrent events;
this study was worthy of attention for its negative result*. Because
of the unprecedented finding of the absence of an independent
predictive value, this study is worthy of a detailed discussion.

First, the analysis of methodological issues did not show
superiority of Bogaty et al?® in relation to the other studies.
Second, it has been demonstrated that the predictive value of
C-reactive protein in patients with unstable angina or non-ST
elevation myocardial infarction is greater than its predictive
ability in ST-elevation myocardial infarction, where the higher
degree of necrosis influences C-reactive protein levels®. Thus,
the fact that 30.0% of the patients presented with ST-elevation
myocardial infarction may have contributed to the negative
result of Bogaty et al?*. Third, that study showed significant
predictive ability of C-reactive protein in the univariate
analysis, but not in the multivariate analysis. Unlike in the



Correia & Esteves
C-Reactive Protein and Acute Coronary Syndromes

other studies, the level of C-reactive protein was included
as a continuous variable in the logistic regression, and this
reduces its prediction strength because it is evaluated together
with other categorical variables. This may have been the main
reason for the negative result of Bogaty et al*.

Five long-term studies reported measures of association
from the multivariate analysis. Three of them used OR, thus
permitting data combination. These three studies showed
homogeneity (p = 0.14), and the fixed effects model resulted
inOR =2.5(95%Cl = 1.8 -3.4).

In relation to the independent predictive value of
C-reactive protein for short-term events, 10 studies carried out
a multivariate analysis and only four indicated an independent
predictive value, thus showing controversial findings. Only
three studies described multivariate OR and, due to the
heterogeneous of their results, we chose not to combine them,
to avoid a high potential of selection bias in such analysis.

Incremental value of C-reactive protein

Of the 19 articles selected, only two quantified the
incremental value of C-reactive protein, both in relation to
the short-term predictive value. In the first, Oltrona et al'®
found that the inclusion of C-reactive protein in the logistic
regression model did not add to the C-statistic. Oltrona et
al" has a large sample size (N = 1,773) and the advantage of
including a large number of covariables?'. On the other hand,
Oltrona et al® study has the disadvantage of also including
ST-elevation myocardial infarction, which theoretically reduces
the predictive value of C-reactive protein. Although statistically
correct, Oltrona et al™ approach to how much C-reactive
protein adds to a predictive model derived from the study
sample itself makes it more difficult to find an additional
predictive value of a biomarker. This occurs because the
multivariate predictive model is optimized since it was derived
from the population itself.

In the second study, Correia et al*® specifically selected
patients with non-ST elevation ACS and analyzed the
incremental value in relation to a validated risk score, the
TIMI risk score. Despite its small sample size, after inclusion
of the information on C-reactive protein this study showed
an increment in TIMI’s C-statistic by 0.06.

Discussion

The objective of the present systematic review was to
evaluate whether there are evidences corroborating the use of
C-reactive protein as a risk predictor at admission of patients
with non-ST elevation ACS. The prognostic value of this marker
has been evaluated in the short term (in-hospital or 30 days)
and long term (> three months).

We observed that, in the long-term, evidences showing
association between C-reactive protein and the incidence
of outcome measures are consistent in both univariate and
multivariate analyses. On the other hand, the short-term
results are qualitatively heterogeneous, i.e., some indicate
the absence of association and others suggest an association
between C-reactive protein and outcome measures. In the
present meta-analysis, the mean effect of short-term studies

shows a univariate association between C-reactive protein
and cardiovascular risk*2. However, the multivariate analyses
of these studies are contradictory and the results could not
be combined because the minority of them provided the
multivariate odds ratio. Thus, the present analysis shows a
long-term prognostic value and indicates controversy regarding
the short-term prognostic value.

Although the independent risk prediction is a necessary
condition in the validation of a new marker, it does not
suffice. Interrupting the evaluation of the predictor in this
phase, and considering it validated for clinical use is a
common mistake. Not all independent predictors add to
the prognostic accuracy of the classical prediction models
in a clinically relevant fashion?*. This brings up an important
question: does the novel risk marker provide an incremental
utility to the models applied in clinical practice? The answer
should be obtained by comparing the performance of a
predictive model including usual variables with that of an
alternative model resulting from the incorporation of the
novel marker to the classical model. That is, when a new
variable is included in a risk score, how much does the
performance of this score improve? The most common way
of addressing this question is by measuring the increment
in C-statistic after incorporation of the novel biomarker*.

In the present review, only two studies addressed this
issue with conflicting results, one negative?' and the other
positive®®. Although Correia et al*®, whose results were
positive, had the methodological advantages reported in
the results of the present systematic review, the negative
Oltrona et al*' has a sample size 20 times larger than that
of the former, so that their results should also be valued.
Therefore, there are no conclusive evidences regarding the
incremental value (clinical utility) of C-reactive protein in
relation to the usual risk prediction.

Given the lack of studies on the incremental value of
C-reactive protein, we can deduct that it is present based on
the strength of association between C-reactive protein and
the outcome measures. It has been reported that, in order to
add to the C-statistic (> 0.05) in a clinically relevant fashion,
a marker usually requires an odds ratio > 3. In the present
analysis, the composite odds ratio of 4.6 for the long term
seems a favorable number. However, this is the univariate odds
ratio, probably overestimated in relation to the multivariate
value. Also, the lower limit of the confidence interval is 2.3,
and this raises doubt as to the incremental value. Even more
uncertain is the short-term incremental value, because the
odds ratio of the meta-analysis was 1.6, thus suggesting
absence of an incremental value of C-reactive protein.

We should point out that the reasoning exposed is
inferential, and the ultimate answer to this question will come
with further analyses on the incremental value, which can be
carried out in the very databases of the studies published.
The importance of this type of analysis is exemplified
by the issue of C-reactive protein as a risk predictor in
apparently healthy individuals. In this case, C-reactive
protein determination does not add to the C-statistic of
the Framingham score, although it has an independent
association with cardiovascular events3®.
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The methodological differences of the studies analyzed
represent potential biases in the results of this systematic
review. For instance, there is a wide variation among the
studies regarding the cut-off points, types of outcome
measures used, and target populations. However, the
analyses of sensitivity indicated that these characteristics
did not influence the results of the meta-analysis. Another
limitation is the absence of information concerning the
odds ratio of most of the studies, and this prevented them
from being correctly combined as regards the analysis of
the independent predictive value (multivariate analysis).

The stand of current guidelines on non-ST elevation ACS
is not clear in relation to the use of C-reactive protein. The
Brazilian guideline does not even mention inflammatory
markers, whereas the American and European guidelines
describe the studies which show the association between
C-reactive protein and outcome, although not conclusively
from the point of view of recommendation.

Therefore, the present systematic review fills this gap with the
following conclusion: despite the consistent association between
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