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Background & objectives: The comparative prognostic value of C-reactive protein (CRP) and fibrinogen
for cardiovascular events has been inconclusively investigated. This study was carried out to compare
the prognostic value of CRP versus fibrinogen in patients with coronary artery disease (CAD).

Methods: The study included 13,100 patients with coronary angiography-confirmed CAD. Plasma
CRP and fibrinogen levels were measured before angiography in all patients. The levels of CRP>3
mg/l and fibrinogen>350 mg/dl were considered as elevated. The primary outcome was 1-year all-cause
mortality.

Results: Patients were divided into four groups: patients with CRP<3 mg/l and fibrinogen <350 mg/dl
(n=4206); patients with CRP<3 mg/l and fibrinogen >350 mg/dl (n=3132); patients with CRP>3 mg/l and
fibrinogen < 350 mg/dl (n=1273) and CRP >3 mg/l and patients with fibrinogen >350 mg/dl (n=4489).
There were 634 deaths: 75 deaths in patients with CRP <3 mg/l and fibrinogen <350 mg/dl, 91 deaths
in patients with CRP <3 mg/l and fibrinogen >350 mg/dl, 87 deaths in patients with CRP >3 mg/l and
fibrinogen <350 mg/dl and 381 deaths in patients with CRP >3 mg/l and fibrinogen >350 mg/dl (Kaplan-
Meier estimates of all-cause mortality, 1.8, 3.0, 7.0 and 8.7 %, log-rank test P<0.001). The multivariate
analysis showed that CRP [adjusted hazard ratio (HR)=1.31, 95% confidence interval (CI) 1.18-1.45,
for each standard deviation increase in the logarithmic scale] but not fibrinogen [adjusted HR=0.99
(0.90-1.09), for each standard deviation increase in the logarithmic scale] was an independent correlate
of mortality.

Interpretation & conclusions: The findings indicated that in patients with CAD, CRP was a better
predictor of mortality than fibrinogen and offered prognostic information beyond that provided by the
conventional cardiovascular risk factors.
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Based on the paradigm that inflammation is
involved in the promotion of atherosclerosis and
atherosclerotic plaque vulnerability'?, circulating
inflammatory biomarkers have been the focus of intense
research. These are believed to reflect the severity
of inflammation and correlate with atherosclerotic
burden, plaque instability and adverse vascular events
including increased risk of mortality’. Over the last
decades, fibrinogen and high sensitivity C-reactive
protein (CRP) have been singled out among an array of
inflammatory markers as valuable indices of systemic
inflammation with a close association to atherosclerosis
and its clinical manifestations*®. Only a few studies
have directly compared CRP with fibrinogen and the
results have been conflicting®!®. Thus, the comparative
prognostic value of these biomarkers for cardiovascular
events remains poorly investigated. Moreover, since
coronary events and myocardial infarction are common
and leading cause of death in patients with coronary
artery disease (CAD)', risk stratification of these
patients in the setting of secondary prevention studies
is of considerable clinical importance.

We undertook this study to compare the prognostic
value of CRP versus fibrinogen and investigate
whether combined use of these biomarkers could be
advantageous compared to individual biomarker for
risk prediction of cardiovascular events in patients
with CAD.

Material & Methods

Between March 2000 and December 2009, 14,713
consecutive patients underwent coronary angiography
and percutaneous coronary intervention (PCI) at the
German Heart Center in Munich, Germany, in the
setting of clinical trials designed to assess efficacy
of antithrombotic regimens in patients undergoing
PCI. Blood samples (20 ml) were obtained in all
patients with the intention to investigate prognostic
values of various biomarkers. For the purposes of this
prospective study, plasma was collected to investigate
the prognostic value of CRP and fibrinogen. Patients
with missing CRP or fibrinogen measurements, acute
infections, impaired renal function (serum creatinine
>2 mg/dl) or known malignant diseases with life
expectancy <1 year and patients undergoing coronary
angiography in the setting of failed thrombolysis or
routine PCI after thrombolysis were excluded from the
study. After exclusion of 1613 patients, (11%), 13,100
patients with angiographically proven CAD and CRP
and fibrinogen levels available were included in this
study. Clinical diagnosis was: stable angina (n=8074;

61.6%), unstable angina (n=2470; 18.9%), non-ST-
segment elevation myocardial infarction (n=967;
7.4%) and ST-segment elevation myocardial infarction
(n=1589; 12.1%). Written informed consent for
angiographic examination, coronary intervention and
blood sampling were obtained from all patients. The
study protocol was approved by the institutional ethics
committee.

Diagnostic criteria: Inall patients, the diagnosis of CAD
was confirmed by angiographic criteria: angiographic
documentation of coronary stenoses with >50 per cent
lumen obstruction in, at least, one of the three major
coronary arteries and/or culprit lesions in patients with
acute coronary syndromes. The left ventricular ejection
fraction was measured using the area-length method on
left ventricular angiograms'’. Digital angiograms were
analyzed offline with an automated edge detection
system (CMS; Medis Medical Imaging Systems,
Nuenen, The Netherlands) in the core angiographic
laboratory.

The main cardiovascular risk factors were
defined using accepted criteria. A total cholesterol of
>220 mg/dl or prior or ongoing treatment with lipid
lowering agents was required for the diagnosis of
hypercholesterolaemia. Arterial hypertension was
diagnosed if patients were under active treatment with
antihypertensive medications or if the systolic blood
pressure was >140 mmHg or the diastolic blood pressure
>90 mmHg on, at least, two separate occasions. The
diagnosis of diabetes required active treatment with
insulin or an oral hypoglycaemic agent; an abnormal
fasting blood glucose test (glucose >126 mg/dl or >7.0
mmol/dl); a blood glucose >200 mg/dl (>11.1 mmol/dl)
at any time; or an abnormal 2-h post glucose load test
[post-load plasma glucose >200 mg/dl (11.1 mmol/l)]
according to the World Health Organization criteria'®.
Current smokers were those who smoked any type or
amount (any number of cigarettes per day) of tobacco
in the prior six months. Patients’ weight and height
were measured and used to calculate the body mass
index. The creatinine clearance was estimated using
the Cockcroft-Gault formula'.

PCI (mostly coronary stenting) was performed
according to standard practice. Antiplatelet therapy
included clopidogrel (300 mg or 600 mg as a loading
dose followed by 75 mg/day for, at least, one month
for bare metal stents and, at least, six months for drug
eluting stents) and aspirin (200 mg/day orally for an
indefinite period).
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Biochemical measurements: Blood samples were
obtained before angiography. Plasma concentrations
of high-sensitivity CRP were measured using a fully
automated latex-enhanced immunoturbidometric assay
on a Cobas Integra (Roche Diagnostics, Mannheim,
Germany). The C-reactive protein assay had an
analytical sensitivity of 0.085 mg/l and a measuring
range up to 160 mg/l. The upper limit of the reference
range in healthy adults is 5 mg/l. Fibrinogen was
determined in citrated plasma by a modification of the
Clauss method® using the BCS analyser (Multifibren
U, Siemens Healthcare, Marburg, Germany). The
measurement range was between 80 and 1200 mg/
dl, and the expected values were between 180 and
350 mg/dl. Plasma heparin concentrations below 2U/
ml do not affect the test. Creatinine was measured
using a kinetic colorimetric assay based on the
compensated Jaffe method?!. Personnel involved in the
laboratory measurements were unaware of the clinical,
angiographic or follow up outcome of the patients.
Concentrations of CRP >3 mg/l and fibrinogen >350
mg/dl were considered as elevated.

Outcome definition and follow up: The primary
outcome was mortality of any cause at one year.
Cardiac mortality at one year, and 1-year occurrences
of non-fatal myocardial infarction, stroke and stent
thrombosis were defined as secondary outcomes.
Information on deaths was obtained from hospital
records, death certificates or phone contact with
the referring physician(s), relatives of the patient,
insurance companies and registration of address office.
Cardiac death was defined according to the Academic
Research Consortium criteria??. The diagnosis of
myocardial infarction required development of new
abnormal Q waves in >2 contiguous precordial leads
or >2 adjacent limb leads; or an elevation of creatine
kinase — myocardial band (CK-MB) >2 times (or >3
times for the 48 h after PCI) the upper limit of normal.
Definite stent thrombosis was defined according to the
Academic Research Consortium criteria?. Stroke was
diagnosed in the presence of acute neurologic deficits
that were confirmed by computed tomography or
magnetic resonance imaging of the head. The follow up
protocol included a telephone interview at one month,
a clinic visit at six months and a telephone interview
at 12 months after hospital discharge. In addition, if
patients reported cardiac complaints any time during
the follow up, they underwent a complete clinical,
electrocardiographic, and laboratory evaluation.
Follow up, information was obtained and adjudication
of events was performed by medical staff unaware of

clinical diagnosis or biomarker (CRP or fibrinogen)
level.

Statistical analysis: Data are presented as median
with 25M-75% percentiles, number of patients/events or
proportions (%). The normality of data distribution was
tested using the Kolmogorov-Smirnov test. Continuous
data were compared with the Wilcoxon rank-sum test.
Categorical data were compared with chi-square test.
Survival analysis was performed using the Kaplan-
Meier method. Differences in survival were compared
with the log-rank test. Correlation between CRP and
fibrinogen was assessed by calculating the Spearman’s
correlation coefficient. The Cox proportional hazards
model was used to test the independency of association
of CRP or fibrinogen with the primary outcome
(all-cause mortality). All variables of Table I plus
therapy at discharge were entered into the model.
CRP or fibrinogen were entered into the model(s) as
continuous variables after logarithmic transformation
(3 separate models) and the hazard ratios for the
association with mortality were calculated per standard
deviation increase in the natural logarithmic scale.
Bootstrapping (400 samples) was used to validate the
stability of the model by ensuring the fidelity of the
confidence intervals. Receiver-operating characteristic
(ROC) curves (a plot of test sensitivity versus its
1-specificity or false positive rate across a series of cut-
off points) and respective areas under the ROC curves
were constructed to compare the predictive accuracy
of CRP with that of fibrinogen for primary outcome
prediction. Comparison of the areas under the ROC
curve for CRP versus fibrinogen was performed using
the pROC package and bootstrapping method (n=400
samples). The discriminatory power of the Cox models
for primary outcome prediction was assessed by
calculating the Harrell’s ¢ index of the models before
and after inclusion of CRP, fibrinogen or both. The 95 %
confidence interval of the ¢ index was calculated using
the bootstrapping method (400 samples). Comparison
of the c indices of the models before and after inclusion
of CRP, fibrinogen or both was enabled using the
Somer’s D package. All analyses were performed using
S-plus statistical package (S-PLUS, Insightful Corp,
Seattle, Washington, USA) or R package (R2-15-1
version; The R Foundation for Statistical Computing,
Vienna, Austria). A two-tailed P <0.05 was considered
to indicate statistical significance.

Results

The study included 13,100 patients. A cut-off of
3 mg/l for CRP and 350 mg/dl for fibrinogen were
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Table I. Baseline characteristics of the study subjects
Characteristic Neither fibrinogen  Elevated fibrinogen  Elevated CRP only  Both fibrinogen and
nor CRP elevated only (n=1273) CRP elevated
(n=4206) (n=3132) (n=4489)
Age (yr) 65.7[57.8; 72.2] 68.7 [61.9; 75.6] 65.8 [57.4; 73.6] 69.2[60.7; 76.4]
Women 669 (15.9) 845 (27.1) 260 (20.4) 1282 (28.6)
Body mass index (kg/m?) 26.5[24.4; 28.9] 26.8 [24.4;29.4] 27.4 [24.8;29.9] 27.4 [24.9; 30.5]
Diabetes 925 (22.0) 934 (29.8) 295 (23.2) 1500 (33.4)
Insulin requiring 231 (6.9) 315 (10.0) 80 (6.3) 543 (12.1)
Arterial hypertension 2889 (68.7) 2373 (75.8) 779 (61.2) 2967 (66.1)
Current smoking 483 (11.5) 387 (12.4) 266 (20.9) 925 (20.6)
Hypercholesterolaemia 3057 (72.7) 2364 (75.5) 919 (64.3) 2940 (65.5)
Previous myocardial infarction 1388 (33.0) 1014 (32.4) 380 (29.9) 1374 (30.6)
Previous coronary artery bypass surgery 650 (15.5) 471 (15.0) 193 (15.2) 655 (14.6)
Clinical presentation
Stable coronary artery disease 2916 (69.3) 2206 (70.4) 668 (52.5) 2284 (50.9)
Acute coronary syndrome 1290 (30.7) 926 (29.6) 605 (47.5) 2205 (49.1)
Creatinine clearance (ml/min) 85.7 [68.7; 105.3] 78.4[60.4; 99.3] 79.0 [59.9; 102.2] 73.8 [53.1; 100.0]
C-reactive protein (mg/l) 0.9[0.4; 1.5] 1.510.9; 2.1] 6.5[4.2; 11.1] 8.5[5.0;20.0]
Fibrinogen (mg/dl) 296.0 [263.2;325.0] 405.0 [373.0;453.0] 306.0 [265.0;331.0] 476.0[410.0; 557.0]
Extent of coronary artery disease
One-vessel disease 826 (19.6) 452 (14.4) 275 (21.6) 737 (16.4)
Two-vessel disease 1168 (27.8) 799 (25.5) 368 (28.9) 1133 (25.2)
Three-vessel disease 2212 (52.6) 1881 (60.1) 630 (49.5) 2619 (58.4)
Multivessel disease 3380 (80.4) 2680 (85.6) 998 (78.4) 3752 (83.6)
Left ventricular ejection fraction (%) 59.0 [50.3; 64.0] 58.0 [49.0; 63.0] 56.0 [45.0; 62.0] 54.0 [42.0; 61.0]
Data are median [25"; 75" percentiles] or proportions (counts with percentages in parentheses). CRP, C-reactive protein

used to dichotomize patients into four groups: the
group with normal biomarker levels (CRP <3 mg/l
and fibrinogen <350 mg/dl; n=4206 patients; 32.1%);
the group with elevated fibrinogen only (CRP <3 mg/I
and fibrinogen >350 mg/dl; n=3132 patients; 23.9%);
the group with elevated CRP only (CRP >3 mg/l and
fibrinogen <350 mg/dl; n=1273 patients; 9.7%); and
the group with elevation of both biomarkers (CRP
>3 mg/l and fibrinogen >350 mg/dl; n=4489 patients;
34.3%). Baseline characteristics of patients are
shown in Table I. In general, the group with elevated
levels of both CRP and fibrinogen showed the worst
cardiovascular risk profile as compared with other
groups. Main cardiovascular drugs at discharge were:
statins (n=12,198; 93.1%), beta-blockers (n=12,312;
94.0%) and angiotensin-converting enzyme inhibitors
(n=10,648; 81.0%). Coronary stents were implanted
in 11,583 patients (90.5%); drug-eluting stents were
implanted in 8986 patients (76.0%).

Baseline characteristics of patients with elevated
fibrinogenonlyandelevated CRPonlywerecompared. In
comparison to patients with elevated CRP only, patients
with elevated fibrinogen only were older (P<0.001)
and had higher proportions of women (P<0.001),
diabetes (P<0.001), arterial hypertension (P<0.001),
hypercholesterolaemia (P<0.001), multivessel disease
(P<0.001) and presented more often with stable CAD
(P<0.001). Patients with elevated CRP only were more
often current smokers (P<0.001) and presented more
often with an acute coronary syndrome (P<0.001;
Table I).

There was a weak correlation between CRP and
fibrinogen (R?=0.21; P<0.001).

Clinical outcome: All-cause deaths (the primary
outcome) occurred in 4.8 per cent of the patients (n=634
deaths). There were 75 deaths in patients with normal
biomarker levels, 91 deaths in patients with elevated
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fibrinogen only, 87 deaths in patients with elevated
CRP only and 381 deaths in patients with elevation of
both biomarkers (Kaplan-Meier estimates of all-cause
mortality, 1.8, 3.0, 7.0 and 8.7 per cent, respectively,
log-rank test P<0.001; Fig. 1). As compared with
elevated fibrinogen only, the elevated CRP only was
associated with an increased risk of all-cause and
cardiac deaths. Although those with elevated levels
of both biomarkers showed worse clinical outcome
compared to those with elevated CRP only, statistical
significance was not achieved (Table II).

Multivariate analysis and accuracy of mortality
prediction: The association of CRP and fibrinogen with
all-cause mortality was tested in the multivariate Cox
proportional hazards model. Fibrinogen and CRP were
entered into the model alongside other variables either
separately or together. The first model was adjusted for
age, sex and smoking status. In this model, fibrinogen
[adjusted hazard ratio (HR)=1.50, 95% confidence
interval (CI) 1.39-1.63, P<0.001, for each standard
deviation increase in the logarithmic scale] and CRP
[adjusted HR=2.00 [1.87-2.14], P<0.001, for each
standard deviation increase in the logarithmic scale]
were independently associated with the increased risk
of 1-year all-cause mortality. In the model that adjusted

for all baseline variables plus therapy at discharge,
fibrinogen was an independent correlate of all-cause
mortality [adjusted HR=1.15 (1.05-1.25), P=0.001,
for each standard deviation increase in the logarithmic
scale]. Likewise, in the model that included CRP plus
all baseline variables plus therapy at discharge, CRP
was an independent correlate of all-cause mortality
[adjusted HR=1.34 (1.19-1.42), P<0.001 for each
standard deviation increase in the logarithmic scale].
When both biomarkers were included in the model
simultaneously, CRP [adjusted HR=1.31 (1.18-1.45),
P<0.001, for each standard deviation increase in
the logarithmic scale] but not fibrinogen [adjusted
HR=0.99 (0.90-1.09), P=0.812 for each standard
deviation increase in the logarithmic scale] remained
as a significant correlate of all-cause mortality. The
yield of the model with CRP and fibrinogen is shown
in Table III. The Cox proportional hazards model
with bootstrapping approach confirmed the stability
of the models for the association with mortality of
fibrinogen [adjusted HR=1.15 (1.04-1.26), P=0.016],
CRP [adjusted HR=1.34 (1.21-1.47), P<0.001] or both
biomarkers entered simultaneously [HR=0.99 (0.88-
1.09) P=0.293 for fibrinogen and HR=1.31 (1.16-1.47),
P<0.001 for CRP] with all calculations performed per
standard deviation increase in the logarithmic scale.

20
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CRP<3 mg/lI/Fib>350 mg/dl 3132 3055 3038 3020 2968 2945 2901
CRP<3 mg/l/lFib<350 mg/dl 4206 4111 4083 4061 4004 3987 3953

Fig. 1. Kaplan-Meier curves of one-year all-cause mortality. CRP, C-reactive protein; Fib, fibrinogen.
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Table II. Clinical outcome of patients in the four groups

Characteristic a b c d P value P value P value
(cvs. b) (cvs.d) (b vs.d)
All-cause mortality 75 (1.8) 91 (3.0) 87 (7.0) 381 (8.7) <0.001 0.056 <0.001
Cardiac mortality 57 (1.4) 61 (2.0) 64 (5.1) 265 (6.1) <0.001 0.234 <0.001
Non-fatal myocardial infarction 105 (2.5) 116 (3.7) 34(2.7) 160 (3.7) 0.086 0.119 0.748
Stroke 19 (0.5) 17 (0.6) 13 (1.1) 40 (1.0) 0.080 0.667 0.082
Stent thrombosis 13 (0.3) 16 (0.5) 10 (0.8) 45 (1.1) 0.280 0.482 0.018

Data are number of events with Kaplan-Meier estimates in % age the brackets.
a, neither fibrinogen nor CRP elevated (n=4206 patients); b, elevated fibrinogen only (n=3132 patients); c, elevated CRP only (n=1273);
d, both fibrinogen and CRP elevated (n=4489)

Table III. Results of multivariate Cox proportional hazards model for all-cause mortality

deviation

Adjusted HR 95% CI
[95% CI]
C-reactive protein (for each SD increase in the logarithmic scale) 1.31 1.18-1.45
Fibrinogen (for each SD increase in the logarithmic scale) 0.99 0.90-1.09
Age (for 10-year increase) 1.16 1.02-1.32
Body mass index (for 5 kg/m? increase) 1.03 0.90-1.17
Diabetes 1.52 1.25-1.85
Arterial hypertension 0.75 0.61-0.92
Hypercholesterolaemia 0.87 0.71-1.07
Current smoking 1.02 0.76-1.36
Previous myocardial infarction 0.83 0.67-1.03
Previous coronary artery bypass surgery 1.00 0.76-1.32
Clinical presentation (ACS vs stable angina) 1.68 1.35-2.10
Creatinine clearance (for 30 ml/min decrease) 1.64 1.39-1.96
Left ventricular ejection fraction (for 10% decrease) 1.46 1.36-1.57
Multivessel disease (versus single-vessel disease) 1.86 1.33-2.62
Statins (versus no statins) 0.54 0.44-0.70
Beta-blockers (versus no beta-blockers) 0.50 0.38-0.64
ACE inhibitors (versus no ACE inhibitors) 0.60 0.48-0.76

ACE, angiotensin-converting enzyme; ACS, acute coronary syndrome; CI, confidence interval; HR, hazard ratio; SD, standard

CRP and fibrinogen predicted all-cause mortality
with an area under the ROC curve =0.731 [0.701-
0.756] and 0.643 [0.613-0.672], respectively (P<0.001;
Fig. 2). The best cut-off value, while maximizing
sensitivity and specificity was 402 mg/dl for fibrinogen
(sensitivity 62% and specificity 62%) and 4.4 mg/l
for CRP (sensitivity 67% and specificity 67%). The
discriminatory power of the models with fibrinogen,
CRP or both biomarkers regarding prediction of 1-year
mortality was assessed by calculating the ¢ index in the

respective Cox models. The ¢ index [95% confidence
interval] of the model with baseline variables only was
0.837 [0.818-0.856]. The ¢ index values of the model
with baseline variables plus fibrinogen, plus CRP,
and with both fibrinogen and CRP are shown in Table
IV. There was a significant difference in the c index
of the model with CRP versus c that with fibrinogen
(P=0.037) denoting a better discriminatory power of
the model with CRP than the model with fibrinogen
regarding prediction of 1-year mortality (Table IV).
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CRP: AUC =0.731, 95% C1 0.701 - 0.756
FIB: AUC = 0.643, 95% Cl 0.613 - 0.672
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Fig. 2. Receiver-operating characteristic (ROC) curves with respective areas under the ROC curve showing the accuracy of CRP and fibrinogen
to predict 1-year mortality. Abbreviations: AUC, area under curve; CI, confidence interval; CRP, C-reactive protein; FIB, Fibrinogen.

Discussion

The main findings of the study were (i) CRP
and fibrinogen were separately associated with
increased risk of l-year mortality independent of
conventional cardiovascular risk factors. However,
after simultaneous inclusion of both biomarkers in the
multivariate model, CRP, but not fibrinogen retained
its independent association with mortality, indicating
that CRP was a true independent predictor of mortality
and that the joint use of CRP and fibrinogen would
not be advantageous for risk prediction compared to
CRP alone; (i) CRP, but not fibrinogen, modestly but
significantly improved the discriminatory power of the
models for mortality prediction; and (iii) fibrinogen
was more closely associated with cardiovascular
risk factors than CRP. Consequently, adjustment for
cardiovascular risk factors has a greater impact on the
association between fibrinogen and mortality than on
the association between CRP and mortality.

Previous studies that have compared CRP with
fibrinogen as predictors of incident cardiovascular
disease or cardiovascular events have reported

conflicting findings®'°. Ridker et al’, showed that both
fibrinogen and CRP improved predictive value of the
models based on lipid markers (total cholesterol or
total cholesterol/high-density lipoprotein-cholesterol
ratio) with a stronger association for CRP (P<0.001)
than fibrinogen (P=0.04). In a study by Mora et al'
which included initially healthy women, fibrinogen
and CRP each had a similar predictive value for
cardiovascular disease. Moreover, the effect of
simultaneous consideration of both markers was
greater than the effect of separate biomarkers and both
biomarkers provided prognostic information that was
incremental to that provided by traditional risk factors
in predicting incident cardiovascular disease'. In the
Prospective Epidemiological Study of Myocardial
infarction (PRIME) that included men aged 50 to
59 yr who were free of CAD at entry, CRP, fibrinogen
and interleukin-6 were significantly associated with
incident myocardial infarction/coronary death endpoint
after adjustment for cardiovascular risk factors;
however, only interleukin-6 showed a significant
association when all three biomarkers were included
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Table I'V. C-index of the multivariate models before and after
inclusion of fibrinogen and C-reactive protein

Model

c-index P value®
[95% confidence interval]
0.837[0.818 - 0.856] -

0.838 [0.819 — 0.857] 0.096

Baseline variables

Baseline variables
plus fibrinogen

Baseline variables 0.845[0.826 — 0.864]F 0.032

plus CRP

Baseline variables plus
fibrinogen and CRP

Baseline variables included all variables of Table I.
“Compares ¢ index of the models with baseline variables plus
fibrinogen, CRP or both biomarkers versus the model with
baseline variables only.

7P=0.037 compared to the model with baseline variables plus
fibrinogen

0.846 [0.827 — 0.864] 0.013

in the model". The National Health and Nutritional
Examination Survey III'* data showed that neither
CRP nor fibrinogen were significantly associated with
angina when entered simultaneously in the model. Both
biomarkers were positively associated with myocardial
infarction when entered separately into the models
and only CRP but not fibrinogen was associated with
myocardial infarction when both markers were entered
into the model simultaneously'?. In patients with
ischaemic stroke, CRP but not fibrinogen predicted
future combined endpoint of all-cause deaths or non-
fatal vascular events'. In the Edinburgh Artery Study'4,
CRP, fibrinogen and interleukin-6 were associated
with incident cardiovascular disease independent of
cardiovascular risk factors but they added only modest
prognostic information to traditional cardiovascular
risk factors and were not specific for cardiovascular
disease prediction. In the AtheroGene study'’, that
included patients with confirmed CAD, CRP and
fibrinogen predicted the risk for future cardiovascular
events, but did not offer further information on top of
that provided by cardiovascular risk factors, thereby
emphasizing the clinical importance of traditional risk
factors for risk prediction in these patients'.

In the present study CRP showed a stronger
association with the risk of l-year mortality than
fibrinogen. The superiority of CRP over fibrinogen
as an associate of mortality was evidenced by a
significantly greater area under the ROC curve, a
greater impact of elevated CRP levels on survival
and by the stability of association with mortality after

adjustment for conventional cardiovascular risk factors.
Moreover, CRP but not fibrinogen added incremental,
albeit modest, prognostic information to that provided
by the cardiovascular risk factors. The clinical value
of such incremental predictive information provided
by the CRP remains uncertain. Although, there is
no explanation for the difference in the strength of
association with mortality between CRP and fibrinogen,
two other findings of this study may help to clarify it.
First, comparison of baseline characteristics in groups
with elevated CRP only or elevated fibrinogen only
clearly showed that elevated fibrinogen levels were
more closely associated with cardiovascular risk
factors (older age and higher proportions of diabetes,
arterial hypertension, hypercholesterolaemia and
multivessel disease). Thus, CRP appears to be a more
stable biomarker of inflammation, whereas fibrinogen
may have a greater dependence on the patients’ risk
profile. A close association between fibrinogen and
cardiovascular risk factors has previously been
reported®. This could have two consequences: a greater
impact of adjustment for cardiovascular risk factors on
the association between fibrinogen and mortality and
failure of fibrinogen to provide incremental prognostic
information beyond that provided by conventional
cardiovascular risk factors. Second, this study and
prior studies' found a weak correlation between CRP
and fibrinogen. The possibility that CRP and fibrinogen
represent different aspects of inflammation has also
been suggested'’. It may be hypothesized that because
fibrinogen is a major coagulation factor, not every
increase in its concentration is tolerable. Conversely,
the level of C-reactive protein can increase several
hundred-fold within 24-48 h of an inflammatory
stimulus*** which may make this biomarker a closer
correlate of the magnitude of the inflammatory
process.

The present study had several limitations.
First, although differences in survival at one year
were highly significant and survival curves further
expanding, a longer follow up was desirable. Second,
the prognostic value of CRP or fibrinogen was
assessed using single baseline measurements, thus any
change in concentration during the follow up remains
unaccounted for. However, it has been shown that single
CRP measurements provide important information for
risk prediction®. Third, this study included patients
with confirmed CAD and thus its findings may not be
generalized to other categories of patients/subjects.
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In conclusion, this comparative study showed that

although elevated levels of CRP and fibrinogen were
associated with increased risk of 1-year mortality
in patients with CAD, CRP was a better predictor of
mortality than fibrinogen. CRP, but not fibrinogen,
improved the discriminatory power of the multivariate
models for prediction of mortality indicating that CRP
offers prognostic information that is independent of
and supplementary to that provided by the conventional
cardiovascular risk factors.
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