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Background: Increased cytokine and chemokine levels are associated with cardiovascular events in patients
with non-ST-elevation acute coronary syndromes (ACS), but the incremental prognostic value of these
inflammatory markers is not known. We determined if cytokine and chemokine assessment adds prognostic
information to the GRACE Score in patients with ACS.
Methods: Five cytokines (interleukin (IL)-1β, IL-6, IL-10, IL-12p70, and tumor necrosis factor (TNF)-α soluble
receptor I), five chemokines (IL-8, CCL5, CXCL9, CCL2, and CXCL10) and C-reactive protein (CRP) were
measured at admission of 87 patients admitted with ACS.
Results: During hospitalization, the incidence of cardiovascular events was 13% (7 deaths, 1 nonfatal acute
myocardial infarction, and 3 refractory unstable angina). Individuals who developed events had
significantly greater levels of CRP, IL-1β, IL-12, TNF-α, IL-8, CXCL9 and CCL2, compared with those free of

events. Thus, these markers were used to build an Inflammatory Score, by the input of one point for each of
these variables above the 75th percentile. After adjustment for the GRACE Score, the Inflammatory Score
independently predicted events (OR=1.80; 95% CI=1.12–1.88). Incorporation of the Inflammatory Score
into the GRACE Score promoted a C-statistics improvement from 0.77 (95% CI=0.58–0.96) to 0.85 (95%
CI=0.71–1.0). Net reclassification improvement obtained with GRACE–Inflammatory Score was 13%
(P=0.007), indicating a significant reclassification. When only CRP was incorporated into GRACE, the
increase on C-statistics was not relevant (from 0.77 to 0.80).
Conclusion: Cytokines and chemokines measured at admission add prognostic information to the GRACE
Score in patients admitted with ACS.

© 2010 Elsevier B.V. All rights reserved.
1. Introduction

Individuals admitted with non-ST elevation acute coronary
syndromes (ACS) have a wide range of risk regarding recurrent
events during hospitalization. Since the benefits of investigational and
therapeutic strategies vary with baseline risk, it is important to
stratify patients according to the probability of adverse outcome. The
most reliable method to assess individual risk at admission is the
utilization of risk scores [1], which takes into consideration the se-
verity of clinical presentation, age and co-morbidities. Among
validated scores, the GRACE Score has been established as the most
accurate [2,3].
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Inflammation is recognized as an important mechanism of plaque
destabilization and inflammatory markers are demonstrated to be
predictors of recurrent events in ACS, independent of traditional risk
markers [4,5]. However, to become an established tool in risk
stratification, in addition to being an independent predictor, a
biomarker needs to convincingly demonstrate its incremental utility
beyond that of existing predictive models [6]. We previously
demonstrated that C-reactive protein (CRP) adds predictive value to
the TIMI-Risk Score in patients with non-ST elevation ACS [7].
However, the inflammatory process that underlines atherosclerosis
is mediated by a multitude of cytokines and is unlikely to be totally
reflected by CRP. Therefore, it is possible that the assessment of
cytokines and chemokines improves risk prediction in ACS. Although
several cytokines and chemokines have been associated with re-
current events in ACS, the incremental prognostic value of measuring
a panel of these markers in addition to risk scores has not been tested.
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2. Methods

2.1. Study population

Consecutive patients admitted to the coronary care unit of
Portuguese Hospital due to unstable angina pectoris or non-ST
elevation acute myocardial infarction between August 2007 and
August 2008 were considered candidates for the study. Inclusion
criteria were defined as onset of typical chest discomfort at rest in the
prior 48 h, in the absence of ST-segment elevation and the presence of
at least one of the following objective criteria: (1) positive serum
marker of myocardial necrosis, defined as troponin T≥0.01 μg/l,
which corresponds to the values above the 99th percentile of a
healthy reference population [8]; (2) electrocardiographic ischemic
changes consisting of transient ST-segment depression (≥0.05 mV) or
T wave inversion (≥0.1 mV); (3) previous documentation of coronary
artery disease, defined as a history of myocardial infarction or
coronary obstruction ≥50% at angiography. Once fulfilling inclusion
criteria, all patients that provided informed consent were included in
the study. The study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki as reflected in a priori approval by the
Institution's human research ethic committee.

2.2. Study protocol

A blood sample to measure cytokines, chemokines and CRP was
drawn immediately at hospital arrival, targeting the least possible
time delay from symptoms onset. Plasma markers of myocardial
necrosis were evaluated initially at hospital arrival and 6 h later. The
index diagnosis was defined as non-ST elevation acute myocardial
infarction when troponin T≥0.03 μg/l, which is the 10% CV cut-off [8].
The remaining subjects were labeled as unstable angina.

As the primary end-point, combined cardiovascular events during
hospitalization were defined as the composite of death, nonfatal acute
myocardial infarction or refractory unstable angina. Myocardial
infarction as an outcome endpoint was defined as either a new
Q-wave or troponin elevation during hospitalization despite nor-
mal values during the first 24 h. For patients with infarction at ad-
mission, a newpeakofmass CK-MB (N50% theprevious value and above
the normal value) was required for the diagnosis of reinfarction.
Refractory angina during hospitalization was defined as recurrent chest
pain at least twice, despite nitrates and anti-angina therapy ensuring
controlled oxygen consumption.

2.3. Clinical risk assessment

In order to assess risk of recurrent events by clinical information,
the GRACE Score was utilized. GRACE calculation was based on
admission data and performed as previously validated [9]. Briefly, this
score consists of 8 variables, 5 semi-quantitative (age, systolic blood
pressure, heart rate, plasma creatinine, and Killip class) and 3
dichotomic variables (positive necrosis markers, ST-segment devia-
tion and cardiac arrest at admission). Points are attributed according
to the values of each variable and the sum of all variables corresponds
to a previously defined risk level.

2.4. Inflammatory markers

Plasma inflammatory cytokines and chemokines were measured
respectively by BD™ Cytometric Bead Array Human Inflammatory Kit
(interleukin (IL)-1β, IL-6, IL-10 and IL-12p70) [10] and BD™
Cytometric Bead Array Human Chemokine Kit (IL-8, CCL5/RANTES,
CXCL9/MIG, CCL2/MCP-1, and CXCL10/IP-10) [10], according to the
manufacturer's instructions (BD Biosciences, San Jose, CA). Cytometric
Bead Array allows simultaneous protein analysis by flow cytometry.
The concentrations of samples were calculated by extrapolating the
mean fluorescence intensity (MFI) on the respective standard curves.
Tumor necrosis factor (TNF)-α soluble receptor I was measured by
ELISA (R&D Systems, Inc. Minneapolis, MN) [11]. Plasma C-reactive
protein was assessed by the commercially available high-sensitivity
method of nephelometry (Dade-Behring, Newark, DE) [12].

2.5. Data analysis

In order to test the principal hypothesis, the following procedures
were applied: (1) after log-transformation, inflammatory markers
were compared between individuals who developed subsequent
events and those free of events by Student's t test. In case log-
transformation did not provide a normal distribution, Wilcoxon's
Rank-sum test was used; (2) themarkers significantly associated with
events were selected to constitute an Inflammatory Score. In each
patient, the inflammatory variables were considered positive when
the value was above the 75th percentile. For each positive variable,
one point was added to the Score; (3) logistic regression analysis was
used to evaluate the predictive value of the Inflammatory Score after
adjusting for the GRACE Score and other potential confounding
variables; (4) predicted probabilities of the model containing both
GRACE and Inflammatory Scoreswere generated by logistic regression
analysis. Discrimination ability of this model was assessed by the area
under the curve of predicted probabilities (C-statistics); (5) the
multivariate model was translated into a GRACE–Inflammatory Score
after multiplying the Inflammatory Score of each patient by the ratio
of Inflammatory Score's regression coefficient/GRACE Score's regres-
sion coefficient in logistic regression. By doing this, the weight
attributed to inflammation into the GRACE Score was proportional to
its weight in the multivariate model. Then, the point of best accuracy
in the ROC curve was identified in each score and used to calculate
sensitivity, specificity and predictive values. Sensitivities and specifi-
cities were compared between scores by McNemar's test; (6) finally,
reclassification tables were built and net reclassification improvement
[13] was utilized to evaluate whether the new score correctly
reclassifies patients according to low or high risk. In addition,
Integrated Discrimination Improvement was calculated [13]. The
null hypothesis of no reclassification was tested under the error α of
0.05.

Considering the non-normal distribution of inflammatory mark-
ers, medians and interquartile ranges (IQR) were used to describe
cytokines, chemokines and CRP. Normally distributed numeric
variables were expressed in mean±standard deviation and categor-
ical variables in relative frequencies. In general, Pearson's χ2 test was
used to compare categorical variables, Student's t test to compare
normally distributed variables, Wilcoxon's Rank-sum test to compare
non-normally distributed variables between groups, and Spearman
correlation to assess linear association between variables. Statistical
significance was defined as a P valueb0.05. SPSS Statistical Software
(ver 9.0, SPSS Inc., Chicago, IL) and MedCalc Statistical Software (ver
9.3.2.0, MedCalc Software, Mariakerke, Belgium) were used for data
analysis.

3. Results

3.1. Population characteristics

Eight-seven patients were studied, aged 71±12 y, 55% females,
63% diagnosed as non-ST-elevation infarction and the remaining as
unstable angina. Time elapsed between symptoms onset and blood
draw for inflammatory markers had a median of 4.3 h (IQR 3–12 h).
During a median hospitalization of 8 days (IQR 6–18 days), the
incidence of cardiovascular events was 13% (7 deaths, 1 nonfatal acute
myocardial infarction or 3 patients with refractory unstable angina).
Individuals with events presented a greater GRACE Score (median
182; IQR 149–227), in comparison with those free of events (median



Table 2
Comparison of inflammatory markers between patients who developed events and
those free of events.

Inflammatory marker No events Events P value

Sample size 76 11
C-reactive protein (mg/l) 5.3 (1.5–11) 17 (3.2–91) 0.02

Cytokines
IL-1β (pg/ml) 7.3 (6.0–13) 12 (7.2–19) 0.05
IL-6 (pg/ml) 5.9 (4.7–11) 7.8 (5.5–19) NS
IL-10 (pg/ml) 6.9 (5.5–7.8) 8.6 (4.5–13) 0.21
IL-12 (pg/ml) 5.6 (4.4–31) 43 (5.2–54) 0.025
TNF-α (pg/ml) 1,700 (1,252–2,609) 2,416 (1,216–5,547) 0.01

Chemokines
IL-8 (pg/ml) 10 (6.2–28) 37 (30–46) 0.003
CCL5 (pg/ml) 43,635 (42,893–43,902) 43,906 (43,013–44,044) NS
CXCL9 (pg/ml) 513 (294–1,162) 1,396 (506–28,060) 0.02
CCL2 (pg/ml) 145 (123–165) 183 (122–191) 0.02
CXCL10 (pg/ml) 302 (175–265) 540 (190–1.032) NS

Values are expressed in medians and interquartile ranges.
Statistical comparison between the two groups was performed by Student's t test after
log-transformation or Mann–Whitney test if non-normal distribution persisted.
IL: interleukin; TNF-α: tumor necrosis factor soluble receptor I.
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118; IQR 105–158; P=0.004). The components of GRACE significantly
associated with events were positive troponin T, plasma creatinine
and Killip class. In addition, males were more common in patients
with events, as well as triple vessel or left main disease — Table 1.

3.2. Inflammatory markers and cardiovascular events

Individuals who developed cardiovascular events during hospital-
ization had greater levels of CRP (median 17 mg/l vs. 5.3 mg/l,
P=0.02), IL-1β (12 pg/ml vs. 7.3 pg/ml, P=0.05), IL-12 (43 pg/ml
vs. 5.6 pg/ml, P=0.03), TNF-α soluble receptor I (2.416 pg/ml vs.
1.700 pg/ml, P=0.01), IL-8 (37 pg/ml vs. 10 pg/ml, P=0.003), CXCL9
(1.396 pg/ml vs. 513 pg/ml, P=0.02) and CCL2 (183 pg/ml vs.
145 pg/ml, P=0.02), compared with those free of events. As opposed,
the levels of IL-6, IL-10, CCL5 and CXCL10 were similar between the
two groups — Table 2.

Therefore CRP, IL-1, IL-12, TNF-α soluble receptor I, IL-8, CXCL9
and CCL2 were used to build the Inflammatory Score, by the input of
one point for each of these variables above the 75th percentile of the
sample distribution. This score had a significantly higher median of 4
(IQR 2–4) in patients with events, compared to a median of 1 (IQR 0–2)
in individuals with no events (Pb0.001) — Fig. 1.

3.3. Adjustment for necrosis and systolic function

The Inflammatory Score was correlated with peak troponin T
(r=0.40; Pb0.001) and peak CK-MB (r=0.28; P=0.01), suggesting
that necrosis enhances inflammation. Thus, we used logistic regres-
sion to specifically adjust the predictive value of the Inflammatory
Score for peak TnT and peak CK-MB, entered as continuous variables.
In the first model, the Inflammatory Score remained a significant
predictor (OR=1.9; 95% CI=1.2–3.1; P=0.007), after adjustment
for peak TnT (OR=2.6; 95% CI=1.2–5.6; P=0.02). Seemingly, the
Inflammatory Score remained a significant predictor (OR=2.0; 95%
CI=1.3–3.2; P=0.003), after adjustment for peak CK-MB (OR=1.01;
95% CI=0.99–1.03; P=0.27). Therefore, we conclude that the
prognostic value of the Inflammatory Score takes place beyond the
necrosis phenomenon.
Table 1
Comparison of clinical characteristics between patients who developed events and
those free of events.

No events Events P value

Sample size 76 11

Clinical characteristics
Age (y) 71±12 73±9 NS
Males 31 (41%) 8 (73%) NS
ST-segment depression 10 (13%) 2 (18%) NS
Positive troponin T 33 (43%) 9 (82%) 0.02
Troponin T (μg/l) 0 (0–0.07) 0.12 (0.02–0.36) 0.003
Plasma creatinine (mg/dl) 1.0 (0.85–1.2) 1.6 (1.2–2.3) 0.001
Systolic blood pressure (mmHg) 157±37 150±41 NS
Heart rate (bpm) 75±17 90±25 NS
KillipN1 16 (21%) 6 (55%) 0.02
LV ejection fractionb45% 8 (11%) 2 (18%) NS
Triple vessel disease or LM 18 (35%) 6 (86%) 0.02
GRACE Score 118 (105–158) 182 (149–227) 0.004

Pharmacological and invasive therapy
Previous aspirin 31 (43%) 5 (46%) NS
Previous statin 19 (27%) 4 (40%) NS
Aspirin 75 (99%) 10 (91%) NS
Clopidogrel 71 (93%) 9 (82%) NS
IIb/IIIa receptor blockers 4 (5.3%) 2 (18%) NS
Enoxaparin 68 (90%) 9 (82%) NS
Statins 70 (93%) 11 (100%) NS
Coronary angioplasty 16 (21%) 6 (55%) 0.02
Coronary bypass surgery 3 (4.0%) 2 (18%) NS
The Inflammatory Score was also correlated with Killip Class
(r=0.31; P=0.004), indicating that systolic dysfunction might
influence the inflammatory process. Thus, we specifically adjust the
predictive value of the Inflammatory Score for systolic dysfunction by
logistic regression. In the first model, the Inflammatory Score
remained a significant predictor (OR=1.9; 95% CI=1.2–3.0;
P=0.007), after adjustment for Killip Class (P=0.21). In the second
model, the Inflammatory Score remained a significant predictor
(OR=2.1; 95% CI=1.3–3.3; P=0.001), after adjustment for systolic
dysfunction (FEb45%) assessed by echocardiography (P=0.68).
Therefore, we can state that systolic dysfunction was not a
confounding factor in the association between inflammation and
cardiovascular events.

3.4. Independent prognostic value of inflammation

In a logistic regression analysis, the Inflammatory Score was
adjusted for the GRACE Score and gender. Gender did not maintain
statistical significance after adjustment for the other two covariates
(P=0.13) and was kept out of the final model. The Inflammatory
Score independently predicted events (OR=1.80; 95% CI=1.12–
1.88) after adjustment for GRACE, which was also significant in the
final model (OR=1.02; 95% CI=1.003–1.05)— Table 3. When CRP as
Fig. 1. Individuals who developed subsequent events have previously higher levels of
the Inflammatory Score, in comparison with those free of events.



Table 3
Logistic regression analysis adjusting the Inflammatory Score or C-reactive protein for
the GRACE Score.

Predictive
variable

βeta Odds ratio
(95% CI)

P value P value H-L test
(calibration)

C-statistics
(95% CI)

GRACE Score
(univariate)

0.031 1.03 (1.01–1.05) 0.002 0.07 0.77 (0.58–0.96)

Model 1 0.006 0.80 (0.61–0.99)
GRACE Score 0.030 1.03 (1.01–1.05) 0.003
C-reactive
protein

0.017 1.02 (1.002–1.03) 0.025

Model 2 0.19 0.85 (0.71–1.0)
GRACE Score 0.024 1.02 (1.003–1.05) 0.022
Inflammatory
Score

0.585 1.80 (1.12–2.88) 0.015

Model 1 was computed by entering the GRACE Score and C-reactive protein as
continuous variables.
Model 2 was computed by entering the GRACE Score and the Inflamatory Score as
continuous variables.
Beta: coefficient of regression; H–L: Hosmer–Lemeshow.
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a continuous variable was adjusted for the GRACE Score, this
inflammatory marker also remained a significant predictor
(OR=1.02; 95% CI=1.002–1.03). Since the aim of the model was
risk prediction at hospital admission, coronary angiography was not
entered as a covariate.

3.5. Additional prognostic value of inflammatory markers

The GRACE Score had a good discriminatory ability, as expressed
by a C-statistics of 0.77 (95% CI=0.58–0.96). After incorporating the
Inflammatory Score into the GRACE Score, the multivariate model had
a much greater C-statistics of 0.85 (95% CI=0.71–1.0), in comparison
with GRACE — Table 3 and Fig. 2.

The multivariate model was translated into a GRACE–Inflamma-
tory Score after multiplying the Inflammatory Score of each patient by
the ratio of Inflammatory Score's regression coefficient/GRACE Score's
regression coefficient (0.585/0.024=24). The cut-off points of best
accuracy in the ROC curve were 220 for the new score and 148 for the
GRACE Score. Based on these points, the GRACE–Inflammatory Score
had a better prognostic specificity in relation to GRACE (84% vs. 72%,
P=0.01), which resulted in an improved positive predicted value
(43% vs. 30%). As opposed, sensitivity (82%) and negative predicted
Fig. 2. AUC indicates the area under the curves (C-statistics). GRACE means the receiver
operator characteristic curve (ROC) of the GRACE Score. GRACEINF means GRACE–
Inflammatory Score. A greater C-statistics is observed with the GRACE–Inflammatory
Score, in relation to the GRACE Score.
value (97%) was exactly the same in both scores — Table 4.
Accordingly, among patients without events, the GRACE–Inflamma-
tory Score correctly reclassified 55% of individuals, while it did not
reclassify individuals with events. Net reclassification improvement
obtained with GRACE–Inflammatory Score was 13% (P=0.007),
indicating a significant reclassification (Table 5). In addition, Inte-
grated Discrimination Improvement was 0.09 (P=0.04), in compar-
ison with GRACE Score — Table 4.

When only CRP was incorporated into the GRACE Score, the model
had a C-statistics of 0.80 (95% CI=0.61–0.99). A GRACE–CRP Score
was based on a regression coefficient ratio between CRP and GRACE of
0.57 (0.017/0.030). After dichotomization by the best cut-off point
(170), the GRACE–CRP Score had a trend towards improvement in
specificity compared to the GRACE Score (79% vs. 72%, P=0.07), but
had the same specificity (82%). Negative and positive predictive
values of GRACE–CRP Score were 97% and 36%, respectively.

4. Discussion

In the present study, we tested the hypothesis that a multimarker
approach towards the inflammatory process improves risk prediction
in patients with non-ST-elevation ACS. As a result, the inflammatory
panel provided independent prognostic value in relation to the GRACE
Score. In addition, after incorporation of three cytokines, three
chemokines and CRP into the GRACE Score, its predictive accuracy
underwent a relevant improvement, as observed by a 0.08 increase in
C-statistics.

Several studies have demonstrated association of cytokines and
chemokines with recurrent events in ACS, but no one quantified the
additional predictive value of these markers in relation to well-
validated clinical models. Moreover, most studies evaluated just a few
cytokines together (in average two or three). Only two studies tested
a pool of cytokines and chemokines. Kraaijeveld et al. evaluated 5
cytokines and 11 chemokines in 54 patients with unstable angina.
CCL5 and CCL18 were associated with recurrent events in univariate
analysis, but multivariate analysis was not performed [14]. Jager et al.
measured several cytokines and chemokines in 44 infarcted patients,
but it was a case-control study and did not evaluate risk prediction
[15]. Among studies that evaluated a small number of cytokines, most
performed multivariate analysis, but none tested how much im-
provement in C-statistics is obtained after inclusion of these markers
in risk prediction [16–31]. Thus, our originality relies on the multi-
marker approach and on the incremental value of inflammatory
markers in relation to the GRACE Score.

It should be emphasized that the inflammatory panel adds
prognostic value to the strongest multivariate predictor, the GRACE
Score. This score has been demonstrated to be more accurate than
others, such as TIMI and PURSUIT risk scores [2,3]. In spite of that,
GRACE is not a perfect prognostic model. Usually, risk stratification is
designed to err on the safe side, avoiding underestimation of adverse
outcomes' probability. Thus, the prediction focuses on sensitivity and
often lacks specificity. Even those classified as high risk by the GRACE
Score have a significant chance to remain free of a recurrent event
(positive predictive value around 30%) [9]. Therefore, whether it is
Table 4
Predictive accuracy of scores according to cut-off points.

Models Cut-off
point

Prognostic
sensitivity

Prognostic
specificity

Positive
predictive
value

Negative
predictive
value

GRACE ≥ 148 82% 72% 30% 97%
GRACE–CRP ≥ 170 82% 79%† 36% 97%
GRACE–Inflammatory ≥ 220 82% 84%* 43% 97%

Cut-off points of best performance according to ROC curve analysis.
* P=0.01 in comparison to the GRACE Score's specificity.
† P=0.07 in comparison to the GRACE Score's specificity.



Table 5
Reclassification table GRACE–Inflammatory Score in relation to the GRACE Score.

GRACE–Inflammatory Score

GRACE Score Low risk High risk

Patients with events
Low risk 2 (100%) 0
High risk 0 9 (100%)

Patients without events
Low risk 52 (96%) 2 (4%)
High risk 12 (55%) 10 (45%)

Risk levels were defined by cut-off points at the ROC curve analysis.
GRACE Score≥148 defines high risk, otherwise low risk.
GRACE–Inflammatory Score≥220 defines high risk, otherwise low risk.
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recommended to include a new marker in the routine evaluation of
ACS patients is a matter of how much improvement of specificity is
obtained, because sensitivity is already good. In our study, the
improvement in prognostic accuracy was mediated by an increase in
specificity, which led to a better positive predictive value. Accordingly,
reclassification analysis demonstrated that among individuals free of
events incorrectly classified as high risk by the GRACE Score, 55%were
reclassified as low risk by the GRACE–Inflammatory Score.

The severity of ischemia during acute coronary syndromes is well-
represented in GRACE by variables such as hemodynamic status, Killip
class, myocardial necrosismarkers, ST-deviation. These characteristics
result from the pathological effect of aterothrombosis. However, the
other piece of the puzzle, inflammation, is not contemplated by any
risk score. Since inflammation delay plaque stabilization, it may
contribute with recurrent events in patients with ACS [32]. This is the
plausible rational of the independent association between inflamma-
tion and cardiovascular events. In fact, we previously demonstrated
that CRP improves the predictive value of the TIMI-Risk score [7]. The
present results indicate that the GRACE Score is also improved by CRP,
but in amodest fashion.When cytokines and chemokines are added to
the model, the improvement becomes relevant. This suggests that a
more comprehensive evaluation of the inflammatory process may be
necessary to enhance the prognostic value of a high profile score, such
as GRACE.

Regarding the logistic regression analysis, we did not enter each
inflammatory marker as covariates, because of intense collinearity
among these variables. Instead, we opted to evaluate the utility of a
cluster of biomarkers, compared with a reduced model containing
only CRP as a new marker. Further studies, with greater sample sizes,
should compare the predictive value of different clusters combina-
tions, in order to establish a final model with a balance between the
number of variables and the resulting predictive value. In addition to
controlling for the GRACE Score, we specifically adjust the Inflamma-
tory Score for markers of necrosis and systolic dysfunction, which are
phenomena with great potential to enhance inflammation. By doing
this, we demonstrated that the predictive value of inflammation takes
place over and above necrosis and systolic dysfunction phenomena.

All the cytokines and chemokines studied are directly and
indirectly linked to inflammatory responses. The cytokines selected
are the ones that have been previously suggested as predictors of
events in ACS. In addition, we originally evaluated IL-12 in order to
assess the Th1 immune response. It is known that the release of IL-12
by antigen-presenting cells stimulates the production of interferon-γ
[33]. The chemokines selected are involved in migration of mono-
cytes, neutrophils and lymphocytes, all of which presenting important
role on the acute pathological processes. There are approximately 50
chemokines, but we specifically prioritize the ones that have been
previously associated with coronary disease [34].

The absence of association with events of certain cytokines and
chemokines merits discussion, such as IL-6, IL-10 and CCL5 (RANTES)
and CXCL10. Previous literature is not definitive about the predictive
value of these specific markers. Regarding IL-6, some studies have
suggested its univariate association with events [19,23–25,30,31], but
no independent prediction was observed after adjustment to clinical
variables [26,28]. Albeit being considered an anti-inflammatory
mediator, IL-10 has been shown to be elevated in a number of
inflammatory disorders, such as systemic infections, sepsis and
autoimmune disorders. In these cases, and probably in patients with
acute cardiac diseases, an elevated IL-10 systemic level could
indirectly indicate counter regulatory responses against a huge
inflammatory panorama. In addition, IL-10 ratio with other inflam-
matory cytokines has been used as a means to reflect the equilibrium
between pro-inflammatory and anti-inflammatory stimulus
[22,25,29]. Most evidence regarding IL-10 indicates an inverse
association with events [21,22,25,27,29], but the largest study
suggested a direct association [20]. CCL5 has been tested in only 1
study of 54 patients, which suggested a significant predictive value
[14]. Regarding CXCL10, we are the first to evaluate this chemokine.
Therefore, the negative results of our study for certain inflammatory
markers are not in contrast with previous literature, which is
controversial regarding these specific cytokines. However, consider-
ing our limited sample size, one should be aware for the possibility of
type II error as an explanation of these negative findings.

While our study is a proof of concept, it is not definitive in
validating the measurement of these markers in clinical practice.
Before any definitive conclusion, the new score must be reevaluated
in a validation set. In addition, other levels of evidence are required,
such as: the new score should be able to increment GRACE's ability to
predict the benefit of therapeutic strategies; randomized clinical trials
should demonstrate the impact of the multimarker approach in
patients' outcome; and finally, measurement of cytokines and
chemokines should become more practical and cheaper, while cost-
effective analyses are performed. In conclusion, the present study
provides preliminary evidence that a comprehensive assessment of
inflammation provides additional prognostic information to the
GRACE Score.
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