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ABSTRACT

Aim To assess serum levels and correlation between uric acid 
(UA) and C-reactive protein (CRP) in acute coronary syndrome 
(ACS) and apparently healthy individuals.

Methods The cross-sectional study included 116 examinees of 
age 44 to 83 years, distributed in two groups: 80 ACS patients 
including 40 with acute myocardial infarction (AMI), and 40 with 
unstable angina pectoris (UAP), and 36 apparently healthy (con-
trol group) individuals. Patients with ACS were hospitalized at the 
Cardiology Clinic, Clinical Centre Sarajevo in the period October-
December 2012. Laboratory analyses were conducted by standard 
methods. The accepted statistical significance level was p<0.05.

Results Serum levels of CRP and UA were higher in patients with 
ACS as compared to control group (p<0.01). The median serum 
UA was insignificantly lower, and CRP was significantly higher 
in patients with AMI compared to UAP (p=0.118 and p=0.001, 
respectively). CRP and UA correlated positively in both ACS and 
control groups (rho=0.246; p=0.028 and rho=0.374; p=0.027). A 
positive correlation between serum CRP and UA was noted in pa-
tients with AMI, but negative in patients with UAP (p>0.05).

Conclusion The correlation between CRP and UA in the pati-
ents with ACS indicates the association of oxidative stress and 
inflammation intensity in damaged cardiomyocytes. Correlation 
between UA and CRP in apparently healthy individuals indicates a 
possible role of UA as a marker of low-grade inflammation and its 
potential in risk assessment in cardiovascular diseases. 
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INTRODUCTION

Inflammation plays a significant role in all sta-
ges of atherosclerosis from initiation through 
progression, but also in pathogenesis of acute 
cardiovascular event (1). Acute inflammatory 
response is a major characteristic of cardiovas-
cular occlusive event. Significant increase of 
serum C-reactive protein (CRP) occurs in in-
flammatory processes of different etiology, as 
a part of or independently of cardiac etiology 
(1,2). In healthy individuals, CRP circulates in 
very low concentrations (2), and individuals 
who are at the risk of development of cardio-
vascular diseases show systemic inflammatory 
response registered by increased serum CRP 
level. Apart from being a marker of inflamma-
tion, CRP contributes to development of athe-
rosclerotic disease, and it is considered as the 
most powerful predictor of myocardial infarc-
tion and stroke (3). The elevated uric acid (UA) 
levels are related to arterial hypertension, syste-
mic inflammation, and cardiovascular diseases 
through endothelial dysfunction and pathologi-
cal remodeling of blood vessels, but physiolo-
gical UA levels act as a powerful antioxidant 
(4). One of the mechanisms of elevated level 
of serum UA that contributes to systemic in-
flammation is induction of CRP expression in 
endothelial and smooth muscle cells of blood 
vessels, which facilitates its increased synthe-
sis and elevated level in circulation (5). The 
CRP induces proinflammatory cytokine release 
and forms terminal complement complexes in 
the intima of the early atherosclerotic lesion 
which contribute to plaque instability (6).  
The study objective was to assess a correlation 
between the serum UA and CRP levels in appa-
rently healthy individuals and acute coronary 
syndrome (ACS) patients.

EXAMINEES AND METHODS 

The cross-sectional study included 116 exami-
nees of both genders (59 males and 57 fema-
les), aged 44 to 83. Examinees were distribu-
ted into two groups: acute coronary syndrome 
group (ACS), consisted of 40 acute myocardial 
infarction patients (AMI) and 40 unstable an-
gina pectoris (UAP), and group consisted of 
apparently healthy individuals as control group 

(CG). The patients with ACS were hospitalized 
at the Intensive Care Unit of Cardiology Clinic, 
Clinical Centre of Sarajevo in the period Oc-
tober- December 2012. Diagnosis of acute co-
ronary syndrome was established on the basis 
of electrocardiogram changes (ECG), clinical 
symptoms, and elevated levels of serum car-
diac troponin (cTnI). The control group inclu-
ded apparently healthy individuals, who were 
without signs of diseases and who underwent a 
routine laboratory check. 
Results of biochemical analysis obtained within 
48 hours of hospital admission were collected 
from patients’ medical histories. Stable angina 
pectoris patients and those with malignant, liver 
and kidneys diseases, acute or chronic syste-
matic inflammatory diseases, infectious or sep-
tic states, patients treated with allopurinol and 
chronic alcohol consumption were excluded 
from the study. The data of control group are 
drawn from a database from individuals who-
se laboratory values were within physiological 
range during routine check.. 
Biochemical analyses were conducted at the 
Clinic of Chemistry and Biochemistry, Clinical 
Centre of Sarajevo. The serum cTnI was mea-
sured by AxSYM Troponin-I ADV Immunoassay 
(reference range 0-0.04 ng/mL) using AxSym 
analyzer (Abbott Laboratories, Abbott Park, IL, 
USA). Immunoturbidimetric method of CRP (re-
ference range  0-5 mg/L) and spectrophotometric 
method of uric acid (155-428 μmol/L) were  used 
for analysis on Dimension Xpand Plus (Siemens, 
Munich, Germany). 
The study was performed according to the princi-
ples outlined in the Declaration of Helsinki.
This investigation was approved by Faculty of 
Medicine, University of Sarajevo, Bosnia and 
Herzegovina.
Normality of distribution of variables analyzed 
by Shapiro-Wilk test was not satisfied, so the nu-
meric variables were presented by median with 
interquartile range (25-75 percentiles). The diffe-
rence between groups was analyzed by Mann-
Withney U, non-parametric test. The degree of 
correlation was examined by the test according 
to Spearman. Levels p<0.05 were considered as 
statistically significant.     
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RESULTS

The patients with acute coronary syndrome were 
slightly older in the comparison to the control 
group (p>0.05) (Table 1). 

DISCUSSION

The development of atherosclerosis depends on 
the balance between proinflammatory stimuli, 
anti-inflammatory and anti-oxidative defense 
mechanisms. The range of CRP values in blo-
od of healthy volunteers indicates a low grade 
inflammation (CRP > 3 mg/L). According to 
American Heart Association, this category of 
apparently healthy individuals is at the risk of 
development of cardiovascular diseases (6,7). 
Yamada et al. have found that in 94% of the appa-
rently healthy individuals CRP was lower than 2 
mg/L with median of 0.12 mg/L (8). In Koenig 
et al. study, 55-80 % of the individuals had CRP 
lower than 2 mg/L, which is considered as a le-
vel for detection of active inflammation, infecti-
on, or tissue damage (9). Investigation of serum 
UA concentration and its role and importance as 
an independent risk factor for the development 
of cardiovascular diseases is complicated by the 
fact that elevated levels of UA combine with 
other factors to increase the cardiovascular risk 
(10). The physiological range of uric acid con-
centration has been noted in healthy individuals 
included in the present study. As one of the most 
powerful antioxidants, uric acid eliminates free 
radicals from the body, and serum UA elevati-
on could represent a compensatory mechanism 
against free radicals (10). Uric acid functions 
in early stages of atherosclerosis as an antioxi-
dant, but it becomes prooxidant in the cell due 
to the increased rate of xanthine oxidase activity 
(11). In prospective cohort study which included 
middle- aged Finish men without cardiovascular 
diseases, cancer or diabetes, serum UA levels in 
the lower third of reference range were associa-
ted with greater risk of cardiovascular death than 
those with concentrations of UA in upper third. 
(12). Consistent with Jalal at al. study (13), we 
observed a positive association between CRP and 
UA in the control group. De Carvalho Vidigal 
study suggested that uric acid is suitable bioche-
mical indicator for detecting changes in hs-CRP 
and can also predict higher C-reactive protein 
levels in apparently healthy men improving the 
assessment of cardiovascular risk (14). 
Serum levels of CRP in the present study were 
significantly higher in ACS subjects compared to 
the controls, which is in accordance with Baruah 
et al. and Kushner et al. studies (15,16). Myocar-

Variables CG (n=36) ACS (n=80) AMI (n=40) UAP (n=40)
Age (years) 64 (44-81)* 67 (50-83) 66 (53-81) 67 (50-83)
No (%) of males 17 (47.2) 40 (50) 20 (50) 20 (50)

*NS (not significant) compared to ACS patients (p>0.05) CG, control 
group; ACS, acute coronary syndrome; AMI, acute myocardial 
infarction; UAP, unstable angina pectoris; 

Table 1.  Demographic characteristics of patients with acute 
coronary syndrome and controls

Variables
Patient’s group cTnI (ng/mL) CRP (mg/L) UA (µmol/L)

ACS 0.33
(0.06-18.84)

21.70
(10.40-63.42)*

364
(312-437.75)*

CG / 1.90
(1.0-4.8)

263
(216-320)

AMI 16.22
(4.38-29.97)†

47.5O
(15.60-74.75)†

357.50
(323.25-
498.25)‡

UAP 0.06
(0.027-0.12)

13.35
(8.02-31.0)

379
(290.75-414.50)

*p<0.01 between ACS and control group; †p<0.01 between AMI and 
UAP groups; ‡ no significant difference between and AMI and UAP 
groups; ACS, acute coronary syndrome; CG, control group; AMI, 
acute myocardial infarction; UAP, unstable angina pectoris; cTnI, 
cardiac troponin I; CRP, C reactive protein; UA,  serum uric acid

Table 2. Blood levels of cardiac troponin I, C-reactive protein 
and uric acid in acute coronary syndrome patients and controls

Patient groups
Variables CG ACS AMI UAP

CRP / UA
rho 0.374 0.246 0.244 - 0.150
p 0.027* 0.028* 0.129 0.355

Table 3. Spearman’s correlation of serum C-reactive protein 
and uric acid in patients with acute coronary syndrome and 
in control group

*p<0.05; CRP, C-reactive protein; UA, serum uric acid; CG, control 
group; ACS, acute coronary syndrome; AMI, acute myocardial 
infarction; UAP, unstable angina pectoris; rho-Spearman correlation 
coefficient;

Median level of serum cTnI in the ACS patients 
was 0.33 (0.06-18.84) ng/mL and AMI patients 
had significantly higher cTnI level in the compa-
rison to UAP patients (p<0.01). Levels of CRP 
and UA were significantly higher in the ACS 
compared to the control group (p<0.01). Levels 
of CRP in AMI patients were higher in compari-
son to UAP group (p=0.001), but UA was lower 
compared to UAP (p=0.118) (Table 2).  

A moderate positive relationship between serum 
CRP and UA levels (rho=0.374; p=0.027) was 
observed in the CG patients (Table 3), while we-
aker relationship between the two observed pa-
rameters was noticed in ACS group (rho=0.246, 
p=0.028). Although the association between CRP 
and UA was positive in AMI and negative in UAP 
group, both of them were no significant (p>0.05).
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dial necrosis leads to inflammatory response, 
cytokines activation and consequential increase 
of CRP synthesis. Binding of CRP to necrotic 
myocardial cells and consecutive complement 
activation is considered responsible for a further 
myocardial necrosis expansion (17). 
Higher level of serum CRP concentration in the 
patients with AMI indicates greater myocardial 
inflammatory response as the consequence of 
more severe myocardial lesion in AMI than in 
UAP patients (18). In Munir et al. study, signifi-
cant increase of serum CRP within 12 to 24 hours 
has been shown in patients with UAP, myocar-
dial infarction without elevation of ST-segment 
(NSTEMI), and myocardial infarction with ST 
elevation (STEMI) (19). Besides the CRP locali-
zation in atherosclerotic lesions, it localizes also 
in ischemic myocardium and promotes comple-
ment activation (20). Results of this study have 
shown that levels of UA in ACS group were sta-
tistically significantly higher in  comparison with 
the control group, and insignificantly lower in the 
AMI group compared to UAP (p=0.118). The si-
milar results were published in Gur et al. study 
who found increased UA values in AMI and UAP 
patients compared with controls, but uric acid le-
vel was not in relation to the severity of coronary 
artery disease (21). Higher levels of uric acid in-
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SAŽETAK 

Cilj Ispitati serumske vrijednosti i odnos između mokraćne kiseline (MK) i C-reaktivnog proteina 
(CRP) kod naizgled zdravih osoba i kod pacijenata s akutnim koronarnim sindromom (AKS). 

Metode U presječnu studiju bilo je uključeno 116 ispitanika, starosne dobi između 44 i 83 godine, 
distribuiranih u dvije grupe: 80 ispitanika s AKS-om i to 40 s akutnim infarktom miokarda (AIM) i 40 
s nestabilnom anginom pektoris (NAP), te 36 naizgled zdravih ispitanika (kontrolna grupa, KG). Ispita-
nici s AKS-om bili su hospitalizirani na Klinici za bolesti srca i reumatizam Univerzitetskog kliničkog 
centra u Sarajevu u periodu od oktobra do decembra 2012. godine. Laboratorijske analize su urađene 
korištenjem standardnih metoda. Prihvaćeni nivo statističke značajnosti iznosio je p<0.05.

Rezultati  Vrijednosti CRP-a i MK-a u serumu bile su više u ispitanika s AKS-om u odnosu na KG 
(p<0.01). Vrijednost MK-a u serumu nije bila značajno niža, dok je vrijednost CRP-a bila značajno 
viša kod pacijenata s AIM-om u poređenju s pacijenatima s nestabilnom anginom pektoris (p=0.118; 
p=0.001). Pozitivna, značajna korelacija je utvrđena između serumskih vrijednosti CRP-a i MK-a i kod 
ispitanika s AKS-om i kod KG-a. (rho=0.246; p=0.028 i rho=0.374; p=0.027). Utvrđen je pozitivan od-
nos CRP-a i MK-a u serumu ispitanika s AIM-om, a negativan u NAP-u, ali nije bio statistički značajan 
(p>0.05). 

Zaključak Odnos CRP-a i MK-e u serumu oboljelih od AKS-a ukazuje na povezanost intenziteta ok-
sidativnog stresa s intenzitetom inflamacije zahvaćenog dijela kardiomiocita. Povezanost vrijednosti 
MK-a i CRP-a u serumu naizgled zdravih ispitanika ukazuje na moguću ulogu MK-a kao markera 
intenziteta hronične inflamacije niskog stepena i ima potencijal u procjeni rizika za razvoj kardiovas-
kularnih bolesti.
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