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BACKGROUND: Heart failure (HF) is an important cause
of morbidity in patients with acute coronary syn-
dromes (ACS). C-reactive protein (CRP) has been
implicated in experimental models as exacerbating
myocardial injury, but data regarding the clinical rela-
tionship of high-sensitivity CRP (hsCRP) and B-type
natriuretic peptide (BNP) concentrations with the risk
of HF after ACS are few.

METHODS: PROVE IT–TIMI 22 randomized 4162 pa-
tients who had been stabilized after ACS to either in-
tensive or moderate statin therapy. hsCRP and BNP
were measured 30 days after randomization. Hospital-
izations for HF and cardiovascular death occurring af-
ter day 30 were assessed for a mean follow-up of 24
months.

RESULTS: Patients who developed HF had higher con-
centrations of hsCRP (3.7 mg/L vs 1.9 mg/L, P � 0.001)
and BNP (59 ng/L vs 22 ng/L, P � 0.0001). HF in-
creased in a stepwise manner with hsCRP quartile [ad-
justed hazard ratio (HRadj) for Q4 vs Q1, 2.5; P � 0.01]
and BNP quartile (HRadj for Q4 vs Q1, 5.8; P � 0.001),
with similar results obtained for HF and cardiovascular
death. In a multivariable analysis, higher concentra-
tions of hsCRP and BNP were both independently as-
sociated with HF [HRadj, 1.9 for hsCRP �2.0 mg/L
(P � 0.01) and 4.2 for BNP �80 ng/L (P � 0.001)].
Patients with increases in both markers were at the
greatest risk of HF, compared with patients without an
increased marker concentration (HRadj, 8.3; P � 0.01).
The benefit of intensive statin therapy in reducing HF

was consistent among all patients, regardless of hsCRP
or BNP concentration.

CONCLUSIONS: Both hsCRP and BNP measured 30 days
after ACS are independently associated with the risk of
HF and cardiovascular death, with the greatest risk oc-
curring when both markers are increased.
© 2008 American Association for Clinical Chemistry

Current treatment strategies for patients admitted with
acute coronary syndrome (ACS)4 focus primarily on
preventing recurrent ischemia or infarction, whereas
therapy targeted specifically to prevent heart failure
(HF) has generally been a secondary objective. None-
theless, the development of HF after ACS carries an
especially poor overall prognosis (1, 2 ). Both the iden-
tification of patients at high risk for developing HF af-
ter ACS and determining whether specific therapy can
modify that risk are therefore of clinical importance.
The use of cardiac biomarkers, especially B-type natri-
uretic peptide (BNP) (3, 4 ), has greatly improved the
ability to identify patients who are at high risk of death
or HF after ACS. In particular, those patients with per-
sistently high markers of hemodynamic stress several
weeks after ACS are at highest risk (4, 5 ).

When measured immediately after the onset of is-
chemic symptoms, C-reactive protein (CRP), a marker
of inflammation, has also been associated with poor
cardiovascular outcomes (6, 7 ). Because of the acute-
phase response, however, the concentration of high-
sensitivity CRP (hsCRP) varies widely in the days after
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ACS, and the association can be confounded by the
extent of necrosis (8 ) and the timing of the measure-
ment (6 ). The association of CRP with subsequent risk
of death or myocardial infarction has been well docu-
mented in the convalescent phase after ACS, when
hsCRP concentrations have returned to baseline (9 ).
In contrast, the relationship between convalescent
concentrations of hsCRP (alone and in combination
with natriuretic peptides) and the risk of HF has not
been well described. The present analysis focuses on
the relationship between hsCRP concentration after
the index ACS event and the subsequent risk of HF,
and on whether intensive statin therapy modifies this
relationship.

Materials and Methods

The Pravastatin or Atorvastatin Evaluation and In-
fection Trial (PROVE IT)–Thrombolysis in Myocar-
dial Infarction (TIMI) 22 trial enrolled 4162 patients
hospitalized for an ACS— either acute myocardial in-
farction (with or without electrocardiographic evi-
dence of ST-segment elevation) or high-risk unstable
angina—in the preceding 10 days. Patients had to be in
stable condition and have a total cholesterol concentra-
tion within the first 24 h after the onset of the index
event of �240 mg/dL (6.21 mmol/L) or �200 mg/dL
(5.18 mmol/L) if they were on prior lipid-lowering
therapy. Full inclusion and exclusion criteria have pre-
viously been reported (10, 11 ).

STUDY PROTOCOL

The protocol specified that patients were to receive
standard medical and interventional treatment for
ACS. Eligible patients were randomly assigned in a 1:1
ratio to receive 40 mg of pravastatin or 80 mg of ator-
vastatin daily in a double-blind, double-dummy fash-
ion. Patients were seen for follow-up at 30 days, at
4 months, and every 4 months thereafter until their
final visit. Plasma samples were obtained at baseline
and 30 days after randomization. Plasma samples were
collected in EDTA-containing plastic tubes, frozen at
the study site at �20 °C or lower for no longer than
8 weeks, and then shipped on dry ice to the TIMI Bio-
marker Core Laboratory (Boston, MA), where the
samples were stored below �70 °C. Samples were
stored for a maximum of 5 years before testing for
BNP. Plasma was analyzed with validated assays for
hsCRP (Denka Seiken) and BNP (ADVIA Centaur
BNP; Siemens Medical Diagnostics). The manufactur-
er’s claimed concentration interval for the hsCRP
assay was 0.05–10 mg/L with a limit of detection of
0.03 mg/L and imprecision (CV) values of 5.1%, 3.3%,
6.1%, 2.2%, and 2.5% at hsCRP concentrations of
0.17, 0.41, 0.37, 1.16, and 1.88 mg/L, respectively (12 ).

The ADVIA Centaur assay has reported CV values of
3.4%, 2.9%, and 2.4% at BNP concentrations of 48,
461, and 1768 ng/L (13 ). We evaluated biomarkers as
quartiles and based the prespecified cutpoints of
2 mg/L for hsCRP (14 ) and 80 ng/L for BNP (4 ) on our
previous studies.

ENDPOINTS

The primary efficacy outcomes for this analysis were
the time from day 30 after randomization until the first
occurrence of hospitalization for congestive HF and
until the composite of hospitalization for HF or cardio-
vascular death. Cardiovascular death was adjudicated
by a blinded clinical-event committee. Hospitalization
for HF was categorized by the investigator as a hospi-
talization for new or worsening HF with evidence of
pulmonary congestion on a chest radiograph and ful-
fillment of 2 of the following 6 criteria: rales in the
midlung that do not clear with coughing; a left ventric-
ular ejection fraction �40%; a mean pulmonary capil-
lary wedge pressure �18 mmHg and a cardiac index
�2.2 L/min � m2; use of diuretics to treat pulmonary
congestion in patients not previously taking diuretics
or an increase in dose in patients taking diuretics
chronically; need for intubation for hypoxia; or an ox-
ygen saturation �90% or an oxygen pressure (PO2)
�60 mmHg. Myocardial infarction was defined as the
presence of symptoms suggestive of ischemia or infarc-
tion, with either electrocardiographic evidence (new Q
waves in 2 or more leads) or cardiac-marker evidence
of infarction (10, 11 ).

STATISTICAL ANALYSIS

All analyses are based on the intention-to-treat princi-
ple. Kaplan–Meier estimates for the rate of HF and car-
diovascular death are presented at 2 years. Estimates of
hazard ratio (HR) and associated 95% CI values were
obtained with the use of the Cox proportional hazards
model. The relationship between the individual bio-
markers and clinical outcomes was evaluated in an ad-
justed Cox model that included the following variables:
age, sex, diabetes mellitus, hypertension, body mass in-
dex, creatinine clearance, history of HF, treatment with
atorvastatin, and percutaneous intervention during the
index period. Cox models that included both hsCRP
and BNP were adjusted for age, sex, creatinine clear-
ance, and body mass index. Continuous variables were
compared with the Wilcoxon rank sum test. All statis-
tical analyses were performed with Stata/SE, version
9.1 (StataCorp).

Results

Thirty-day samples were available for hsCRP in 3807
patients and for BNP in 3251 patients. The median
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hsCRP concentration was 1.9 mg/L (interquartile
range, 0.92– 4.2 mg/L), with 1857 patients (48.8%)
having a concentration �2.0 mg/L. The median BNP
concentration was 23 ng/L (interquartile range, 11–
48 ng/L), with 402 patients (12.4%) having a concen-
tration �80 ng/L. Table 1 categorizes the patients
according to high hsCRP and BNP concentrations.
Thirty-day hsCRP and BNP concentrations were weakly
but significantly correlated (r � 0.249; P � 0.001).

CARDIAC BIOMARKERS AND THE RISK OF HF

Patients who developed HF during follow-up had
higher 30-day hsCRP and BNP concentrations than
patients without any subsequent hospitalization for HF
[median, 3.7 mg/L vs 1.9 mg/L for hsCRP (P � 0.001)
and 59 ng/L vs 22 ng/L (P � 0.001) for BNP]. More
patients who developed HF had hsCRP concentrations
�2.0 mg/L (70.5% vs 48.0%, P � 0.001) or BNP con-
centrations �80 ng/L (41.8% vs 11.2%, P � 0.001).

The adjusted risks of HF and of HF or cardio-
vascular death increased with quartile in a stepwise
manner for both hsCRP and BNP (Fig. 1). These re-
sults were unchanged after excluding any episode of HF
or cardiovascular death that occurred after a recurrent
myocardial infarction [adjusted HR (HRadj) for HF in
hsCRP quartile 4 (Q4) vs hsCRP Q1, 2.4 (95% CI, 1.2–
4.9; P � 0.014); HRadj for HF in BNP Q4 vs BNP Q1,
6.5 (95% CI, 2.5–17.1; P � 0.001)] or when the left
ventricular ejection fraction (n � 1 833) was incorpo-
rated into the multivariable model [HRadj for HF in
hsCRP Q4 vs hsCRP Q1, 3.9 (95% CI, 1.3–11.4; P �
0.01); HRadj for HF in BNP Q4 vs BNP Q1, 5.2 (95% CI,
1.5–17.9; P � 0.01)].

The association of hsCRP and BNP with cardio-
vascular outcomes was also consistent among patients
without clinical signs of HF [i.e., excluding patients
without a history of HF or an episode of HF after ran-
domization but before day 30 (n � 140)] for HF [HRadj

for hsCRP Q4 vs hsCRP Q1, 3.2 (95% CI, 1.1–10.4; P �
0.04); HRadj for BNP Q4 vs BNP Q1, 16.4 (95% CI,
2.1–125.4; P � 0.001)] and for HF or cardiovascular
death [HRadj for hsCRP Q4 vs hsCRP Q1, 3.1 (95% CI,
1.3–7.3; P � 0.011); HRadj for BNP Q4 vs BNP Q1,
8.0 (95% CI, 2.4 –27.1; P � 0.001)].

Patients with a high concentration of hsCRP
(�2 mg/L) or BNP (�80 ng/L) were at increased risk
of hospitalization for HF compared with patients with-
out an increased concentration (Fig. 2). Patients at the
greatest risk of HF were those with increased concen-
trations of both BNP and hsCRP. Patients with an in-
creased concentration of either hsCRP or BNP were at
a similar and moderate risk of hospitalization for HF or
cardiovascular death, compared with patients without
an increased concentration (P � 0.04; Fig. 3).

When hsCRP and BNP were included together in a
full multivariable model with baseline clinical features,
both a hsCRP concentration �2 mg/L and a BNP con-
centration �80 ng/L were independently associated
with HF [HRadj, 1.9 (95% CI, 1.2–3.0; P � 0.01) for
hsCRP and 4.2 (95% CI, 2.6 – 6.7; P � 0.001) for BNP]
and with cardiovascular death or HF [HRadj, 1.7 (95%
CI, 1.1–2.5; P � 0.009) for hsCRP and 3.5 (95% CI,
2.2–5.2; P � 0.001) for BNP].

EFFECT OF INTENSIVE STATIN THERAPY ACCORDING TO hsCRP

OR BNP CONCENTRATION

Compared with pravastatin, treatment with atorvasta-
tin produced lower hsCRP concentrations at 30 days
(1.7 mg/L vs 2.3 mg/L, P � 0.001) but not lower BNP
concentrations (23 ng/L vs 23 ng/L, P � 0.8). The ef-
fect of intensive statin therapy (i.e., atorvastatin) was
consistent among all patients, regardless of the 30-day
concentration of BNP or hsCRP. Specifically, intensive
statin therapy had no greater benefit in reducing the
risk of HF among patients with high hsCRP concen-
trations compared with those with typical concentra-
tions [HR, 0.68 (95% CI, 0.43–1.1; P � 0.098) in pa-
tients with higher hsCRP concentrations vs 0.81 (95%
CI, 0.39 –1.6; P � 0.55) in patients with low hsCRP
concentrations (P-interaction � nonsignificant)] or in
patients with higher BNP concentrations compared
with those with typical concentrations [HR, 0.73 (95%
CI, 0.40 –1.4; P � 0.318) in patients with high BNP
concentrations vs 0.54 (95% CI, 0.31– 0.94; P � 0.03)
in patients with typical BNP concentrations (P-
interaction � nonsignificant)] (Fig. 4). Similar results
were seen with the outcome of cardiovascular death
or HF.

Discussion

Among patients hospitalized for ACS, the subsequent
development of HF portends a poor prognosis (1, 2 ).
In this analysis, we found that serum concentrations of
hsCRP assessed 1 month after an ACS are indepen-
dently associated with the risk of future HF and identify

Table 1. Categorization of patients by cutpoint
concentrations for hsCRP (2 mg/L) and BNP

(80 ng/L).

BNP

<80 ng/L >80 ng/L Totals

hsCRP �2 mg/L 1524 (47.0%) 157 (4.8%) 1681 (51.8%)

�2 mg/L 1319 (40.6%) 244 (7.5%) 1563 (48.2%)

Totals 2843 (87.6%) 401 (12.4%) 3244
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a substantial proportion of the population who are at
increased risk of HF despite having a low BNP concen-
tration. Notably, patients with both evidence of persis-
tent inflammation and hemodynamic stress are at the
highest risk for future HF (9 ). The relative benefit of
intensive statin therapy compared with moderate ther-
apy in reducing hospitalization for HF was consistent
among all patients, regardless of the 30-day biomarker
concentrations.

INFLAMMATION IN HF

An association between increased concentrations of
inflammatory markers and chronic HF was first re-
ported more than 50 years ago (15 ). Further research

suggested that inflammation is central to the patho-
biology of HF, with inflammatory cytokines playing a
direct role in worsening HF through the induction of
myocyte apoptosis, ventricular dilation, and endothe-
lial dysfunction (16 ). For example, CRP, which can be
identified in myocardial tissue after an acute myocar-
dial infarction, has been shown to colocalize with and
activate complement, thereby potentially exacerbating
tissue damage (17 ). These observations have stimu-
lated interest in the potential role of inflammatory bio-
markers for assessing prognosis and guiding therapy in
patients at risk for or with established HF. In studies of
patients with documented HF, the concentrations of
hsCRP (18 –20 ) and other inflammatory markers, such

Fig. 1. Rates and adjusted risk of HF and of HF or cardiovascular (CV) death according to quartile of the 30-day
concentrations of hsCRP (A) and BNP (B).

HR values are adjusted for age, sex, hypertension, diabetes mellitus, history of congestive heart failure, smoking status, body
mass index, creatinine clearance, percutaneous intervention during the index event, and atorvastatin.
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as interleukin-6 and tumor necrosis factor receptor
(21–23 ), have been correlated with worse outcomes.
The association between CRP and the development of
HF in patients after an ACS, however, has not been as
well described. Moreover, prior studies of CRP have
had limited opportunity to evaluate this inflammatory
marker in conjunction with a biomarker of hemo-
dynamic stress.

CRP, BNP, AND THE RISK OF INCIDENT HF

In a large population supporting a robust adjustment
for BNP as well as potentially important clinical con-
founders, we have demonstrated that the hsCRP con-
centration at 30 days after an ACS is associated with the
risk of subsequent HF, even after adjusting for baseline
risk factors, after adjusting for BNP concentration, and
after excluding patients with a history of HF. Our find-
ing that this heightened risk was not explained entirely
by the risk of recurrent ischemia and infarction points
to the need to identify other pathophysiological targets
for preventing HF in this population.

Patients with concentrations of both hsCRP and
BNP greater than the commonly used cutpoints
(2 mg/L for hsCRP and 80 ng/L for BNP) (9, 24 ) are at
the greatest risk of hospitalization for HF (�8-fold in-
creased risk compared with patients without increased
hsCRP and BNP concentrations). Thus, these 2 bio-
markers, one reflecting inflammation and the other
ventricular stress, yield complementary information
regarding future risk. Moreover, even among patients

with low BNP concentrations (�80 ng/L), an increased
hsCRP concentration is associated with an increased
risk of adverse cardiovascular outcomes. Patients with
a BNP concentration �80 ng/L but a hsCRP concen-
tration �2.0 mg/dL accounted for 40.6% of the entire
study cohort; thus, CRP identifies a sizeable high-risk
subgroup within a patient population that would oth-
erwise be deemed at low risk for HF or cardiovascular
death. Therefore, both biomarkers may be useful in
selecting patients for targeted investigation of the next
generation of treatments for preventing HF after an
ACS.

TIMING OF MEASUREMENT

The timing of measurement in our study was impor-
tant, and these data add to information from previous
investigations. hsCRP concentrations rise immediately
after the onset of an ACS but do not peak until 48 –72 h
later; CRP then returns to a stable concentration over
the subsequent weeks. The timing of hsCRP measure-
ment after an ACS appears to be important for evalu-
ating its association with subsequent cardiovascular
outcomes, because the increase in hsCRP concentra-
tion after an ACS likely represents both the underlying
chronic inflammation that preceded the event and the
acute-phase reaction to the necrosis of the ischemic
event (6, 25, 26 ). The early phase of the CRP response
after an ACS is most likely due to the patient’s under-
lying inflammatory state, and this state appears to be
more closely associated with an increased risk of HF

Fig. 2. Cumulative incidence of hospitalization for HF according to 30-day concentrations of BNP (A) and hsCRP
(B) with cutpoints of 2 mg/L for hsCRP and 80 ng/L for BNP.

HR values are adjusted for age, sex, hypertension, diabetes mellitus, history of congestive heart failure, smoking status, body
mass index, creatinine clearance, percutaneous intervention during the index event, and atorvastatin. Indicated in parentheses
are 95% confidence limits.
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(6, 7, 25 ). Biasucci et al. first reported that discharge
hsCRP concentrations in blood drawn 12 days after
admission were more strongly associated with subse-
quent outcomes than hsCRP concentrations measured
at the time of admission for an ACS (25 ). In the OPUS–
TIMI 16 trial, for example, hsCRP measurements ob-

tained within 48 h of the onset of ischemic symptoms
were independently associated with death and HF. In
contrast, there was no relationship between cardio-
vascular outcomes and hsCRP measurements in sam-
ples drawn more than 48 h after symptom onset, likely
because a substantial acute-phase response to myocar-

Fig. 3. Cumulative incidence of hospitalization for HF (A) and of hospitalization for HF or cardiovascular (CV) death
(B) according to 30-day concentrations of both hsCRP and BNP with cutpoints of 2 mg/L for hsCRP and 80 ng/L
for BNP.

HR values are adjusted for age, sex, creatinine clearance, and body mass index.
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dial necrosis confounded the relationship with the un-
derlying inflammatory process (6, 8 ). In this study,
samples for hsCRP analysis were collected 30 days after
the index event, by which time the initial necrosis and
reactive inflammatory process had resolved. Concen-
trations of hsCRP had returned to a stable concentra-
tion that reflected the patient’s chronic inflammatory
state. Our findings, therefore, reflect the ability to as-
sess the risk for new HF in the stable patient recovering
after an ACS. Our observations are supported by the
findings from the PEACE trial, which included patients
with stable coronary artery disease and found that even
small increases in the hsCRP concentration were asso-
ciated with an increased risk of HF (24 ).

EFFECT OF INTENSIVE STATIN THERAPY

Patients assigned to treatment with an 80-mg atorvasta-
tin dosage achieved lower hsCRP concentrations and
were more likely to have hsCRP concentrations �2 mg/L;
however, the benefit of intensive statin therapy appeared
to be consistent regardless of the 30-day hsCRP concen-
tration. A growing body of evidence suggests that statin
therapy, especially intensive statin therapy, may reduce
the risk of HF among patients with ACS (27) and stable
coronary artery disease (28). As we have previously
shown in the PROVE IT–TIMI 22 trial, treatment with
high-dose statin therapy reduced the rate of hospitaliza-

tion for HF among all patients. Although treatment with
atorvastatin was not associated with a significant reduc-
tion in HF among patients with either a low or increased
hsCRP concentration, the magnitude of the benefit in re-
ducing HF (an HR of 0.68 in patients with increased
hsCRP concentrations and 0.81 in patients with low con-
centrations) is consistent with the overall PROVE IT–
TIMI 22 trial results (27) and with other trials of patients
with ACS or documented coronary artery disease that
compared intensive and moderate statin therapy (29, 30).

In contrast to our prior report (27 ), in this analysis
we concentrated on the convalescent concentration of
hsCRP and found that hsCRP was complementary in
assessing the risk of new HF. The findings of the
CORONA (31 ) and GISSI-HF (32 ) studies, which did
not detect any benefit of rosuvastatin vs placebo in pa-
tients with HF, suggest that further risk stratification,
perhaps with these or other biomarkers, may be of use
for identifying the patients who are at greatest risk and
could potentially benefit from targeted therapy.

LIMITATIONS

Our analysis was conducted post hoc and therefore is
exploratory in nature; however, the consistency of the
results after stratification and multivariable modeling
support our findings and conclusions. Our study was
not designed to elucidate differences in the underlying

Fig. 4. Risk of HF in patients with high and low 30-day concentrations of hsCRP and BNP by treatment with intense
statin therapy vs moderate statin therapy.

HR values are presented with the 95% CI.
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pathophysiology, such as atherothrombosis, ventricu-
lar dysfunction, myocardial remodeling, or endothelial
function, which might contribute to the higher risk of
HF associated with CRP. Moreover, this study was of
patients with a recent ACS, and thus the relationship
between biomarkers and HF and the potential for
modifying this risk with specific therapy should not be
generalized to include other populations.

Community-based studies of this biomarker strat-
egy will be valuable for confirming the application of
our findings to patients without a confirmed ACS and
to “real-world” patients not selected for participation
in a clinical trial. Because BNP recovery may diminish
with prolonged storage, it is possible that our results
underestimate the strength of the relationship between
BNP and outcome. Nevertheless, the handling of sam-
ples in this study was consistent with that in our previ-
ous studies that have established the prognostic value
of BNP in this setting after ACS.

Conclusions

Higher concentrations of hsCRP and BNP in patients
who are recovering from a recent ACS are associated
with an increased risk for hospitalization for HF and
for cardiovascular death. Addition of the inflammatory
biomarker hsCRP to BNP, a well-recognized marker of
ventricular stress, helps to identify patients at increased
risk. Further studies of intensive and targeted therapy
aimed specifically at these patients at highest risk are
warranted.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 3 re-
quirements: (a) significant contributions to the conception and design,
acquisition of data, or analysis and interpretation of data; (b) drafting
or revising the article for intellectual content; and (c) final approval of
the published article.

Authors’ Disclosures of Potential Conflicts of Interest: Upon
manuscript submission, all authors completed the Disclosures of Poten-
tial Conflict of Interest form. Potential conflicts of interest:

Employment or Leadership: None declared.
Consultant or Advisory Role: B.M. Scirica, CV Therapeutics and
Novartis; E. Braunwald, Merck & Co. and Schering-Plough; D.A.
Morrow, Beckman Coulter, Siemens Medical Solutions, and Roche
Diagnostics.
Stock Ownership: None declared.
Honoraria: B.M. Scirica, CV Therapeutics and Pfizer; P. Jarolim,
Siemens Medical Diagnostics; E. Braunwald, Merck & Co.; D.A.
Morrow, Beckman Coulter.
Research Funding: B.M. Scirica, AstraZeneca, Novartis, Merck/
Schering-Plough, CV Therapeutics, Roche Diagnostics, Siemens
Medical Solutions, Ortho Clinical Diagnostics, Beckman Coulter,
and Bristol-Myers Squibb; C.P. Cannon, Merck & Co., Merck/
Schering-Plough, and GlaxoSmithKline; M.S. Sabatine, Roche Diag-
nostics and Ortho Clinical Diagnostics; P. Jarolim, Siemens Medical
Diagnostics; E. Braunwald, Beckman Coulter, Siemens Medical So-
lutions, Roche Diagnostics, Ortho Clinical Diagnostics, Merck &
Co., and Schering-Plough; D.A. Morrow, Beckman Coulter, Siemens
Medical Solutions, Roche Diagnostics, AstraZeneca, Bristol-Myers
Squibb, GlaxoSmithKline, Merck & Co., Pfizer, and Schering-
Plough.
Expert Testimony: None declared.

Role of Sponsor: The sponsors played a direct role in the overall
design of the study, but not in the analysis presented in this article.

References

1. Lewis EF, Moye LA, Rouleau JL, Sacks FM, Arnold
JM, Warnica JW, et al. Predictors of late devel-
opment of heart failure in stable survivors of
myocardial infarction: the CARE study. J Am Coll
Cardiol 2003;42:1446–53.

2. Lewis EF, Velazquez EJ, Solomon SD, Hellkamp
AS, McMurray JJ, Mathias J, et al. Predictors of
the first heart failure hospitalization in patients
who are stable survivors of myocardial infarction
complicated by pulmonary congestion and/or left
ventricular dysfunction: a VALIANT study. Eur
Heart J 2008;29:748–56.

3. de Lemos JA, Morrow DA, Bentley JH, Omland T,
Sabatine MS, McCabe CH, et al. The prognostic
value of B-type natriuretic peptide in patients
with acute coronary syndromes. N Engl J Med
2001;345:1014–21.

4. Morrow DA, de Lemos JA, Blazing MA, Sabatine
MS, Murphy SA, Jarolim P, et al. Prognostic value
of serial B-type natriuretic peptide testing during
follow-up of patients with unstable coronary ar-
tery disease. JAMA 2005;294:2866–71.

5. Lindahl B, Toss H, Siegbahn A, Venge P, Wallen-
tin L, for the FRISC Study Group. Markers of
myocardial damage and inflammation in relation
to long-term mortality in unstable coronary
artery disease. Fragmin during Instability in Cor-

onary Artery Disease. N Engl J Med 2000;343:
1139–47.

6. Scirica BM, Morrow DA, Cannon CP, de Lemos JA,
Murphy S, Sabatine MS, et al. Clinical application
of C-reactive protein across the spectrum of acute
coronary syndromes. Clin Chem 2007;53:1800–7.

7. Suleiman M, Khatib R, Agmon Y, Mahamid R,
Boulos M, Kapeliovich M, et al. Early inflamma-
tion and risk of long-term development of heart
failure and mortality in survivors of acute myo-
cardial infarction: predictive role of C-reactive
protein. J Am Coll Cardiol 2006;47:962–8.

8. Bogaty P, Boyer L, Simard S, Dauwe F, Dupuis R,
Verret B, et al. Clinical utility of C-reactive protein
measured at admission, hospital discharge, and 1
month later to predict outcome in patients with
acute coronary disease: the RISCA (Recurrence and
Inflammation in the Acute Coronary Syndromes)
study. J Am Coll Cardiol 2008;51:2339–46.

9. Morrow DA, Cannon CP, Jesse RL, Newby LK,
Ravkilde J, Storrow AB, et al. National Academy
of Clinical Biochemistry Laboratory Medicine
Practice Guidelines: clinical characteristics and
utilization of biochemical markers in acute coro-
nary syndromes. Clin Chem 2007;53:552–74.

10. Cannon CP, Braunwald E, McCabe CH, Rader DJ,
Rouleau JL, Belder R, et al. Intensive versus mod-

erate lipid lowering with statins after acute cor-
onary syndromes. N Engl J Med 2004;350:
1495–504.

11. Cannon CP, McCabe CH, Belder R, Breen J,
Braunwald E. Design of the Pravastatin or Ator-
vastatin Evaluation and Infection Therapy (PROVE
IT)-TIMI 22 trial. Am J Cardiol 2002;89:860–1.

12. Roberts WL, Moulton L, Law TC, Farrow G, Coo-
per-Anderson M, Savory J, Rifai N. Evaluation of
nine automated high-sensitivity C-reactive pro-
tein methods: implications for clinical and epide-
miological applications. Part 2. Clin Chem 2001;
47:418–25.

13. Wu AH, Packer M, Smith A, Bijou R, Fink D,
Mair J, et al. Analytical and clinical evaluation of
the Bayer ADVIA Centaur automated B-type na-
triuretic peptide assay in patients with heart
failure: a multisite study. Clin Chem 2004;50:
867–73.

14. Ridker PM, Cannon CP, Morrow D, Rifai N, Rose
LM, McCabe CH, et al. C-reactive protein levels
and outcomes after statin therapy. N Engl J Med
2005;352:20–8.

15. Elster SK, Braunwald E, Wood HF. A study of
C-reactive protein in the serum of patients with
congestive heart failure. Am Heart J 1956;51:
533–41.

272 Clinical Chemistry 55:2 (2009)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/55/2/265/5631725 by U
.S. D

epartm
ent of Justice user on 16 August 2022



16. Braunwald E. Biomarkers in heart failure. N Engl
J Med 2008;358:2148–59.

17. Lagrand WK, Niessen HW, Wolbink GJ, Jaspars
LH, Visser CA, Verheugt FW, et al. C-reactive
protein colocalizes with complement in human
hearts during acute myocardial infarction. Circu-
lation 1997;95:97–103.

18. Anand IS, Latini R, Florea VG, Kuskowski MA,
Rector T, Masson S, et al. C-reactive protein in
heart failure: prognostic value and the effect of
valsartan. Circulation 2005;112:1428–34.

19. Vasan RS, Sullivan LM, Roubenoff R, Dinarello
CA, Harris T, Benjamin EJ, et al. Inflammatory
markers and risk of heart failure in elderly sub-
jects without prior myocardial infarction: the Fra-
mingham Heart Study. Circulation 2003;107:
1486–91.

20. Lamblin N, Mouquet F, Hennache B, Dagorn J,
Susen S, Bauters C, de Groote P. High-sensitivity
C-reactive protein: potential adjunct for risk strat-
ification in patients with stable congestive heart
failure. Eur Heart J 2005;26:2245–50.

21. Maeda K, Tsutamoto T, Wada A, Mabuchi N,
Hayashi M, Tsutsui T, et al. High levels of plasma
brain natriuretic peptide and interleukin-6 after
optimized treatment for heart failure are indepen-
dent risk factors for morbidity and mortality in
patients with congestive heart failure. J Am Coll
Cardiol 2000;36:1587–93.

22. Rauchhaus M, Doehner W, Francis DP, Davos C,

Kemp M, Liebenthal C, et al. Plasma cytokine
parameters and mortality in patients with chronic
heart failure. Circulation 2000;102:3060–7.

23. Tsutamoto T, Hisanaga T, Wada A, Maeda K,
Ohnishi M, Fukai D, et al. Interleukin-6 spillover
in the peripheral circulation increases with the
severity of heart failure, and the high plasma
level of interleukin-6 is an important prognostic
predictor in patients with congestive heart fail-
ure. J Am Coll Cardiol 1998;31:391–8.

24. Sabatine MS, Morrow DA, Jablonski KA, Rice
MM, Warnica JW, Domanski MJ, et al. Prognostic
significance of the Centers for Disease Control/
American Heart Association high-sensitivity C-re-
active protein cut points for cardiovascular and
other outcomes in patients with stable coronary
artery disease. Circulation 2007;115:1528–36.

25. Biasucci LM, Liuzzo G, Grillo RL, Caligiuri G,
Rebuzzi AG, Buffon A, et al. Elevated levels of
C-reactive protein at discharge in patients with
unstable angina predict recurrent instability. Cir-
culation 1999;99:855–60.

26. Morrow DA, Cannon CP, Jesse RL, Newby LK,
Ravkilde J, Storrow AB, et al. National Academy
of Clinical Biochemistry Laboratory Medicine
Practice Guidelines: clinical characteristics and
utilization of biochemical markers in acute coro-
nary syndromes. Circulation 2007;115:e356–75.

27. Scirica BM, Morrow DA, Cannon CP, Ray KK,
Sabatine MS, Jarolim P, et al. Intensive statin

therapy and the risk of hospitalization for heart
failure after an acute coronary syndrome in the
PROVE IT-TIMI 22 study. J Am Coll Cardiol 2006;
47:2326–31.

28. Khush KK, Waters DD, Bittner V, Deedwania PC,
Kastelein JJ, Lewis SJ, Wenger NK. Effect of high-
dose atorvastatin on hospitalizations for heart
failure: subgroup analysis of the Treating to
New Targets (TNT) study. Circulation 2007;115:
576–83.

29. de Lemos JA, Blazing MA, Wiviott SD, Lewis EF,
Fox KA, White HD, et al. Early intensive vs a
delayed conservative simvastatin strategy in pa-
tients with acute coronary syndromes: phase Z of
the A to Z trial. JAMA 2004;292:1307–16.

30. Pedersen TR, Faergeman O, Kastelein JJ, Olsson
AG, Tikkanen MJ, Holme I, et al. High-dose ator-
vastatin vs usual-dose simvastatin for secondary
prevention after myocardial infarction: the IDEAL
study: a randomized controlled trial. JAMA 2005;
294:2437–45.

31. Kjekshus J, Apetrei E, Barrios V, Bohm M, Cleland
JG, Cornel JH, et al. Rosuvastatin in older patients
with systolic heart failure. N Engl J Med 2007;
357:2248–61.

32. GISSI-HF Investigators. Effect of rosuvastatin in
patients with chronic heart failure (the GISSI-HF
trial): a randomised, double-blind, placebo-con-
trolled trial. Lancet 2008;372:1231–9.

CRP, BNP, and Heart Failure following ACS

Clinical Chemistry 55:2 (2009) 273

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/55/2/265/5631725 by U
.S. D

epartm
ent of Justice user on 16 August 2022


