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ABSTRACT: Increased level of either fibrinogen or high-sensitivity C-reactive protein (hs-CRP) is associated with
outcomes of cardiovascular disease. This study aimed to investigate whether combining these two parameters could
provide an improved prognostic biomarker for subjects with acute coronary syndrome (ACS). A total of 51 ACS subjects
and 52 control individuals (having atypical chest pain without significant coronary stenosis) were retrospectively
enrolled in this study. Fibrinogen and hs-CRP concentrations were determined using automated analyzers. Receiver
operating characteristic (ROC) curves were constructed to assess the prognostic power of single and combined
biomarkers. Regression analysis was performed to investigate the association of the biomarkers with ACS risk. The
combined biomarkers exhibited an improved area under the ROC curve, which was higher than that of the individual
biomarkers alone. Logistic regression analysis indicated that the ACS risk among subjects with concurrent elevated
levels of fibrinogen and hs-CRP [adjusted OR (95% CI) = 11.6 (3.8, 35.2) ] was approximately two-fold higher than that
of those with single elevated parameter. In conclusion, high fibrinogen and hs-CRP levels can be utilized in combination

as an enhanced prediction biomarker for clinical risk assessment of ACS in patients with coronary artery disease.
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INTRODUCTION

Acute coronary syndrome (ACS) is a group of symp-
toms with high morbidity and mortality [1]. The un-
derlying pathology begins with atherosclerotic plaque
formation in the intima of coronary arteries. The
plaque formation progresses gradually for decades
prior to developing acute symptoms that reveal its
potential immediate seriousness. Previous studies
have reported that these disorders are often caused by
erosion or rupture of atherosclerotic plaques [2]. The
incidence of ACS is dramatically increased in high-risk
subjects with hyperlipidemia, hypertension, diabetes,
obesity, or metabolic syndrome [3]. These factors have
been recognized as the prime motivating factors of
inflammation in atherosclerotic progression [4], result-
ing in the development of more serious diseases and
poor patient prognoses.

To date, the inflammatory biomarker that has
been widely used for predicting cardiovascular disease
(CVD) is high sensitivity C-reactive protein (hs-CRP).
A previous study showed that a high concentration
of hs-CRP predicts future myocardial infarction and
stroke risk [5]. The prospective data from a randomly
selected cohort of initially healthy middle-aged men
demonstrated a strong relationship between hs-CRP
and the future risk of a coronary event [6]. It has
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also been shown that assessment of either hs-CRP or
fibrinogen level in people without known CVD at inter-
mediate risk for a cardiovascular event could help pre-
vent one additional event over a period of 10 years [7].
However, some studies have suggested that hs-CRP
may be inappropriate for assessment of CVD risk and
patient outcomes because it is a non-specific indicator
of inflammation, not necessarily lacking specificity [8].
Elevated hs-CRP levels are not only detected in CVD,
but are also observed in other conditions such as injury,
infection, type 2 diabetes as well as other inflammatory
diseases [9]. Consequently, assessment of subjects
with ACS might be greatly improved by combining
other parameters related to hs-CRP results [10].
Recent studies suggested that fibrinogen is an-
other acute phase protein whose concentration is in-
creased in response to inflammation; thus, it could
be a potential marker for predicting CVD risk [11].
Apart from its role in inflammation, fibrinogen also
affects clot formation, fibrinolysis, cellular and matrix
interactions, as well as wound healing. It also plays
an important role in the pathophysiology of ACS by
inducing coagulation activation, which results in fibrin
formation following plaque rupture [12]. Elevated
fibrinogen levels are an important and independent
cardiovascular risk factor [13], clearly associated with
increased risk of a variety of cardiovascular outcomes,
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including acute myocardial infarction (AMI), sudden
cardiac death, and peripheral arterial disease [14].
Fibrinogen is reportedly not only an independent risk
factor for MI and sudden cardiac death, but can also
be utilized as an early predictor and prognostic in-
dicator for coronary heart diseases [15]. However,
combining fibrinogen and hs-CRP to predict the risk
of ACS remains poorly investigated. In this study, we
hypothesized that combining these two biomarkers,
i.e., the routine laboratory parameters, could more
effectively predict ACS than using a single biomarker.
Thus, this study aimed to investigate the feasibility of
combining fibrinogen level with hs-CRP concentration
to predict ACS in patients with coronary artery disease
(CAD).

MATERIALS AND METHODS
Study population

A total of 103 subjects of the Cardiac Catheterization
Unit, Queen Sirikit Heart Center of the Northeast
Hospital, Khon Kaen University (Khon Kaen, Thai-
land) were recruited for this study. Among them,
51 were ACS subjects diagnosed by cardiologists ac-
cording to the guidelines of the European Society
of Cardiology (ESC), American College of Cardiology
Foundation (ACCF), and the American Heart Associ-
ation (AHA) [16]. According to electrocardiogram
(ECG) changes, typical chest pain, and the presence of
coronary stenosis in angiography results, ACS subjects
were classified as unstable angina (UA), non-ST eleva-
tion myocardial infarction (NSTEMI), and STEMI. The
other 52 subjects, without significant coronary stenosis
(< 50% coronary stenosis) and symptoms of ACS, were
classified as a control group. Individuals with cancer,
autoimmune disease, infectious diseases, and renal
failure, as well as immune-compromised individuals
were excluded from this study. All subjects were
recruited from the same geographic region and ran-
domly selected. Clinical variables, including age, sex,
CAD risk factors, and medical history, were obtained
from questionnaires and medical records. Definitions
of CAD risk factors, diabetes mellitus, dyslipidaemia,
hypertension, obesity, and metabolic syndrome were
applied as described in our previous study [17].

The study protocol was approved by the Khon
Kaen University Ethics Committee for Human Research
(HE621240), and written informed consents were ob-
tained from all subjects.

Blood biochemistry analysis

Subject blood samples were obtained within 1-2 h
after chest pain onset. Plasma and serum were im-
mediately separated within 30 min by centrifugation
at 1500 g for 15 min, and the plasma was stored
in small aliquots at —80°C until further uses in the
biomarker assays. Plasma fibrinogen level was deter-
mined using a Sysmex CA-1500 automated coagulation

analyzer (Sysmex Corporation, Kobe, Japan) based
on the modified Clauss method. Hs-CRP concentra-
tion was measured by immunonephelometry using a
BN ProSpec®System (Siemens Healthcare Diagnostics
Products GmbH, Marburg, Germany). Other routine
laboratory tests including fasting blood sugar (FBS)
and lipid profiles, [total cholesterol (TC), triglyceride
(TG), low density lipoprotein-cholesterol (LDL-C), and
high- density lipoprotein-cholesterol (HDL-C)] were
examined using an automatic biochemistry analyzer
(Roche Diagnostic, Rotkreuz, Switzerland).

Statistical analysis

Data analysis was performed via SPSS software ver-
sion 17.0 (SPSS Inc, Chicago, IL, USA). Continuous
variables were expressed as means +standard devia-
tions (SDs), and categorical variables were reported as
numbers and percentages. The Kolmogorov-Smirnov
test was applied to assess normal distribution of the
data. Continuous variables without normal distribu-
tion were reported as geometric means+SDs. Mean
comparisons of continuous values between two groups
were analyzed by independent-sample t-test. The
Chi-squared test was applied to compare categorical
variables. The relationship between fibrinogen and
hs-CRP concentrations was evaluated using Pearson’s
correlation. The performance of fibrinogen and hs-
CRP for ACS prediction was evaluated using receiver-
operating characteristic (ROC) curve analysis. Area
under the curve (AUC) with 95% confidence interval
(CI) and Youden index were calculated. Subsequently,
the optimal cut-off values of these two parameters
were designated to balance suitable sensitivity and
specificity by considering the maximum value of the
index. Eventually, logistic regression analysis was per-
formed to evaluate associations between biomarkers of
interest and ACS. Statistical significance was defined as
p < 0.05.

RESULTS
Demographic data and clinical characteristics

Demographic data and clinical characteristics of ACS
and control groups are presented in Table 1. Mean
ages of the ACS and the control groups were
61.6+10.3 and 60.6+7.9 years, respectively. The
proportion of the male subjects was significantly
higher than the female subjects in the ACS group
compared with the control group (76.5 vs. 42.3%,
p < 0.001). Besides, levels of FBS (125.8+60.1
vs. 106.8+55.9 mg/dl, p = 0.021) and LDL-C
(124.2+33.5 vs. 97.9+£39.3 mg/dl, p < 0.001) in the
ACS group were significantly higher than those in the
control group. The two groups did not differ signif-
icantly with respect to age, diastolic blood pressure
(DBP), systolic blood pressure (SBP), body mass index
(BMI), TC, TG, and HDL-C.
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Table 1 Demographic data and clinical characteristics of the ACS and the control groups.

Variable ACS (n=51) Control (n=52) p-value
Age (years)” 61.6+10.3 60.6+7.9 0.605
Male, n (%) 39 (76.5) 22 (42.3) <0.001
Female, n (%) 12 (23.5) 30 (57.7)

Dyslipidemia, n (%) 40 (78.4) 42 (80.8) 0.768
Hypertension, n (%) 36 (70.6) 42 (80.8) 0.228
Diabetes mellitus, n (%) 25 (49.0) 17 (32.7) 0.092
Metabolic syndrome, n (%) 36 (70.6) 33 (63.5) 0.442
Obesity, n (%) 22 (43.1) 25 (48.1) 0.615
SBP (mmHg) 135.6+26.7 130.0£16.0 0.205
DBP (mmHg) 77.9+15.0 73.1+8.7 0.052
BMI (kg/mz) 24.7+3.7 25.3£3.3 0.395
FBS (mg/dl)* 125.8+60.1 106.8£55.9 0.021
TC (mg/dl)* 177.2+38.6 171.5+£47.5 0.492
TG (mg/dl)" 130.1+57.4 146.3+74.5 0.171
LDL-C (mg/dl) 124.2+£33.5 97.9+£39.3 <0.001
HDL-C (mg/dl)" 41.9+11.6 43.4+14.9 0.561

Category data are expressed as n (%); continuous data are expressed as means+SDs; *, geometric means= SDs.
Differences between groups were compared by independent t-tests and Chi-square tests as appropriate. ACS, acute
coronary syndrome; SBE systolic blood pressure; DBS, diastolic blood pressure; BMI, body mass index; FBS, fasting blood
sugar; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-

cholesterol.

Association of fibrinogen and hs-CRP levels with
ACS

Fibrinogen and hs-CRP concentrations were signifi-
cantly increased in the ACS group compared with
those in the control group, i.e., 378.9+88.1 vs.
303.7+80.4 mg/dl, p < 0.001 and 6.9+41.9 vs.
1.5+2.5 mg/l, p < 0.001, respectively (Fig. 1). More-
over, the fibrinogen concentration significantly corre-
lated with the hs CRP concentration (r =0.685, p <
0.001) (Fig. 2).

ROC analysis and Youden index calculation were
performed to investigate the feasibility of using fibrino-
gen and hs-CRP levels to distinguish between controls
and ACS subjects. The concentrations of fibrinogen
and hs-CRP based on the optimal cut-off derived from
ROC analysis and Youden index calculation are pre-
sented in Table 2. Cut off values of fibrinogen and
hs-CRP levels were 328.5 mg/dl and 3.3 mg/l, respec-
tively.

Based on ROC curve analysis, the ACS subjects
could be distinguished from the controls by either the
fibrinogen or the hs-CRP concentration. To improve an
efficacy for predicting ACS, these two biomarkers were
combined, and the predicted probability was analyzed
by using binary logistic regression. ROC curve was
further performed using the probability as the test
variable. Combined fibrinogen and hs-CRP revealed
the highest AUC (AUC = 0.787, 95% CI = 0.696,
0.877), followed by hs-CRP (AUC = 0. 0.773, 95%
CI = 0.680, 0.867) and fibrinogen (AUC = 0.733, 95%
CI = 0.636, 0.830) (Fig. 3).

Univariate and multivariate regression analyses
were utilized to determine whether the high fibrinogen
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concentration, the high hs-CRP concentration, and
the combined increasing biomarkers could be used to
predict the risk for ACS (Table 3). The results indi-
cated that either high fibrinogen [adjusted OR (95%
CI) = 5.6 (2.2, 14.6)] or hs-CRP [adjusted OR (95%
CI) = 7.6 (2.8, 20.9)] level was an independent risk
factor for ACS after adjusting for age, sex, diabetes
mellitus, and dyslipidemia. Interestingly, the subjects
presenting high fibrinogen concentration together with
high level of hs-CRP [adjusted OR (95% CI) = 11.7
(4.0, 31.1)] had approximately two-fold increased risk
for ACS compared with subjects having single elevated
parameter.

DISCUSSION

This study demonstrated that fibrinogen and hs-CRP
concentrations in the ACS subjects were significantly
higher than those in the controls. Furthermore, high
fibrinogen and high hs-CRP levels were significantly
associated with the presence of ACS, which was con-
sistent with the results of previous studies [18,19].
Despite many studies reporting a correlation between
these two biomarkers with a variety of cardiovascular
diseases, previous studies have only focused on the
efficacy of utilizing either fibrinogen or hs-CRP to
predict ACS. The results of the present study illus-
trated that the concurrent presence of high levels of
fibrinogen and hs-CRP had a high predictive value for
ACS compared with the presence of single biomarker.
According to the multiple logistic regression analysis,
combined biomarker usage employing non-invasive
blood testing could potentially enhance ACS risk pre-
diction potential. These findings equally supported
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Fig. 1 Scatter plots of fibrinogen (a) and hs-CRP (b) concentrations in the ACS and the control subjects. The concentrations
of fibrinogen (378.9+88.1 vs. 303.7+80.4 mg/dl) and hs-CRP (6.9+41.9 vs. 1.5+£2.5 mg/l) in the ACS subjects were

significantly higher than those in the controls (p < 0.001).

Table 2 Prognostic power of fibrinogen and hs-CRP concentrations for predicting ACS investigated by receiver operating

characteristic (ROC) analysis and Youden index calculation.

Variable Cut-off Youden index Sensitivity (%) Specificity (%) p-value
Fibrinogen (mg/dl) 328.5 0.457 76.5 69.2 <0.001
hs-CRP (mg/1) 3.3 0.474 66.7 80.8 <0.001

hs-CRB high-sensitivity C-reactive protein; AUC, area under the curve; CI, confidence interval.

that a single biomarker is not sufficient for ACS risk
assessment, and combining high levels of fibrinogen
and hs-CRP could potentially enhance preliminary ACS
risk assessment, thus improving prognosis and reduc-
ing the associated medical burden.

Our study also revealed a positive correlation be-
tween plasma levels of fibrinogen and hs-CRP which
is consistent with the previous study [20]. These
factors may play a synergistic role in the pathogenesis
of ACS in parients with CAD. However, the mechanism
by which combined elevated fibrinogen and hs-CRP
concentrations promote the development of ACS is not
fully understood. These inflammatory markers are
reportedly involved in the initial inflammatory process
that precedes progression and rupture of atheroscle-
rotic lesions [21]. Fibrinogen, a hexameric homod-
imer, is one of the acute phase reactant proteins that
influence atherosclerosis in the arterial wall. Previ-

ous research demonstrated that fibrinogen promotes
endothelial cell migration [22] and lipid accumulation
within the atherosclerotic plaque [23]. In addition, el-
evated levels of plasma fibrinogen increased blood vis-
cosity causing endothelial shear-stress damage that en-
hanced erythrocyte agglutination [24]. Subsequently,
agglutinated red blood cells in turn are involved
in white blood cell accumulation in plaque forma-
tion [25]. Plaque macrophages contribute to necrotic
lipid core growth and express a variety of matrix-
degrading enzymes and cytokines to break up collagen,
resulting in weakening of the fibrous cap, which is the
critical feature of plaque vulnerability. In the process
of advanced plaque progress of persistent instability
and subsequent clinical courses, fibrinogen is degraded
into fibrinogen degradation products (FDPs) by plas-
min within the plaque [26]. FDPs in turn stimulate
smooth muscle cell (SMC) proliferation and migration

Table 3 Association of single and combined biomarkers with ACS risk investigated by univariate and multivariate analyses.

Univariate analysis

Multivariate analysis

Parameter

OR (95% CI) p-value OR'(95% CI) p-value
High fibrinogen (= 328.5 mg/dl) 7.3 (3.0,17.5) <0.001 5.6 (2.2, 14.6) <0.001
High hs-CRP (= 3.3 mg/1) 8.4 (3.4, 20.7) <0.001 7.6 (2.8, 20.9) <0.001
High fibrinogen + high hs-CRP 11.8 (4.4, 31.5) <0.001 11.7 (4.0, 31.1) <0.001

* adjusted OR for age, sex, diabetes mellitus, and dyslipidemia; ACS, acute coronary syndrome; hs-CRE high-sensitivity

C-reactive protein; OR, odds ratio; CI, confidence interval.
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Fig. 3 ROC curves of fibrinogen, hs-CRE and combined
fibrinogen + hs-CRP for predicting ACS. Optimal cut-off val-
ues were 328.5 mg/dl and 3.3 mg/1 for fibrinogen and hs-CRB
respectively. Combination of both biomarkers had higher
AUC than individual fibrinogen or hs-CRP

as well as cholesterol loading in macrophages [27].
Furthermore, SMCs are stimulated by fibrinogen and
FDPs to release CRP [28] leading to increased accumu-
lation of CRP in the vascular intima. Burke et al [29]
demonstrated that increased circulating hs-CRP con-
centration is associated with the presence of a thin
fibrous cap. Immunohistochemical study showed that
serum hs-CRP levels are positively correlated with
deposition of CRP within plaques and localized CRP
within atherosclerotic lesions. Furthermore, serum hs-
CRP levels are associated with plaque instability by
influencing several processes including upregulating
expression of adhesion molecules, inducing produc-
tion of tissue factor, and increasing LDL-C uptake and
oxidation [30]. Additionally, CRP also induces com-
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plement activation through the classical complement
pathway, by binding to C1q, and enhances the capacity
of complement system activation via the alternative
pathway by binding to modified LDL-C. As a result,
inflammatory cells are activated leading to plaque
destabilization and eventual rupture [31]. Following
plaque rupture, fibrinogen promotes platelet aggrega-
tion through interacting with glycoprotein IIb/Illa, a
receptor on an activated platelet surface, and induces
coagulation activation to form fibrin fibers leading
to rapid thrombus growth in coronary arteries [32].
Consequently, the presence of high fibrinogen concen-
trations can promote thrombus formation that could
cause occlusion in the coronary arteries, thus leading
to ACS [33].

Incidentally, the concurrent occurrence of two el-
evated inflammatory biomarkers provides increasing
evidence that inflammation has a causal role in ACS.
However, the fibrinolytic process should be investi-
gated simultaneously for further confirmation. Fibri-
nolysis is a necessary process to maintain hemostatic
balance. All in all, impaired fibrinolysis may be linked
to the development of atherosclerosis and associated
with increased risk of thrombosis [34]. Therefore,
further investigation of fibrinolytic markers is required
to elucidate the exact mechanism and confirm the
effect of fibrinogen and hs-CRP on coronary stenosis
severity resulting in clinical manifestations of ACS.
Some limitations were noted in this study. First, our
ACS and control groups differed slightly in terms of
gender distribution. However, the strength of the
association between the combined biomarkers and
ACS occurrence in our study was even greater after
adjustment for this variable. Second, this study is a
retrospective analysis and relies on a single baseline
blood sample. Therefore, we could not assess potential
variation in inflammatory marker levels over time. A
large-scale prospective cohort study may help increase
the credibility of the findings. In addition, this research
lacked stratification of the subtype and severity of ACS,
which will be the focus of further studies.

CONCLUSION

The present study demonstrated that elevated levels
of fibrinogen and hs-CRP biomarkers are risk factors
for the onset of ACS, and combining the two biomark-
ers enhanced ACS risk prediction. Thus, the use of
these two basic inflammatory markers could be ad-
vantageous and worth promoting in clinical practices.
However, a large prospective cohort trial is required to
verify the impact of combined fibrinogen and hs-CRP
in predicting the risk of ACS.
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