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High-sensitivity C-reactive protein in Sri Lankan males with coronary artery disease
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Abstract:
Objectives: Evidence suggests that inflammation and dyslipideamia play a key role in the 
pathogenesis of coronary artery disease (CAD). High sensitivity C-reactive protein (hs-
CRP) is a sensitive marker of inflammation. We attempted to evaluate the contribution of 
dyslipidaemia and inflammation in CAD. Materials and methods: Three hundred and nine 
males (103 with myocardial infarction - MI, 103 with established CAD, 103 healthy controls) 
were studied. The serum hs-CRP, lipids and plasma glucose were determined. Results: 
Baseline mean hs-CRP levels in patients with established CAD and MI were significantly 
higher compared to controls (3.4 ± 1.62 VS. 1.70 ± 0.60 mg/L, p = 0.001) (3.7 ± 0.65 
VS.  1.70 ± 0.60 mg/L, p = 0.001). A significant negative correlation observed between 
hs-CRP and HDL-Ch (r = -0.359, p = 0.001). Conclusion:  Inflammation (which was 
reflected by elevated hs-CRP) and dyslipidamia were associated with coronary artery disease.
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Introduction:
Atherosclerosis is clearly multi-factorial, but the 
role of inflammatory processes in coronary artery 
disease has been of great interest in recent years. 
The pathophysiology of atherosclerosis has been 
linked to an inflammatory reaction as a response to 
injury, characterized by the expression of adhesion 
molecules in the endothelium, subsequent uptake of 
blood monocytes and conversion to macrophages, 
triggering of cytokine activity, and activation of T 
lymphocytes1. 
Elevated markers of inflammatory activity 
are associated with an increased risk of future 
cardiovascular events in healthy individuals2,3 and 
in patients with stable4 and unstable coronary artery 
disease5,6. High-sensitivity C-reactive protein (hs-
CRP), proposed as a new coronary risk marker, may 
reflect either an acute phase reaction or the level of 
chronic inflammation. High-sensitivity C-reactive 
protein has attracted increasing attention in recent 
years following epidemiologic studies consistently 
showing hs-CRP as an independent predictor 

associated with risk of future cardiovascular events 
in those who are at risk7. In clinical practice, the 
inflammatory biomarker in widest use is hs-CRP. 
When interpreted within the context of usual risk, 
levels of hs-CRP < 1, 1 to 3, and > 3 mg/L 
denote lower, average, and higher relative risk for 
vascular events8. 
Accumulating evidence indicates the link between 
inflammation, dyslipidaemia and atherosclerosis9-13. 
The lipid changes that are observed are not only 
quantitative but also qualitative, with changes in the 
composition of lipoproteins during inflammation14-17. 
The evidence that shows the association between 
coronary artery disease, cardiovascular risk factors 
and hs-CRP is scarce especially in the local setting. 
This study attempted to evaluate the contribution of 
dyslipidaemia and inflammation in coronary artery 
disease.
Materials and Methods:
Selection of study subjects
Group 1 comprised of 103 male patients (age range 
of 30-70 yrs) admitted consecutively to Coronary 
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Care Unit, Teaching hospital Karapitiya, Sri Lanka 
with acute STEMI (n = 103). The diagnosis of 
STEMI was made on the basis of typical history 
and electrocardiographic changes and all recruited 
patients fulfilled the American College of 
Cardiology/American Heart Association criteria for 
acute coronary syndrome18. 
Group 2 comprised of 103 male patients (age 
range of 30-70 yrs) with angiographically- proven 
established CAD awaiting CABG. 
Group 3 comprised of 103 controls, selected from 
patients awaiting minor surgery without clinically 
manifested coronary artery disease. Those with 
abnormal electrocardiograms were not considered 
for recruitment as controls. 
The common exclusion criteria were as follows: 
history of recent surgery or major trauma (within 3 
months) or history of acute coronary syndrome in 
the past 3 months, previous coronary artery bypass 
graft (CABG), malignancy, chronic inflammatory 
disorders, current acute severe infections (CRP 
level more than 10 mg/dL), dementia or any 
structural damage to the central nervous system, 
renal dysfunction (was defined as serum creatinine 
concentration more than 2 mg/dL (177 mmol/L), 
chronic liver disease and alcohol dependency based 
on the CAGE19. 
This clinical protocol was approved by the Ethical 
Review Committee of Faculty of Medicine, 
University of Ruhuna, Galle, Sri Lanka and 
conducted according to the ethical guidelines 
outlined in the Declaration of Helsinki.
An interviewer-administered questionnaire 
was used to collect the following information: 
socio-demographic data, risk factors such as 
hypertension, diabetes mellitus, cigarettes smoking, 
hyperlipideamia, family history of coronary 
heart disease, previous myocardial infarction and 
medications. Weight, height, waist circumference, hip 
circumference, systolic and diastolic blood pressure 
(mean of 3 consecutive measurements) were measured. 
The same investigator performed all measurements 
using the same instruments. 
Patients with STEMI (Group 1) who were 
admitted within a mean of 4.3 hours from the 
onset of symptoms were recruited and a sample 
of blood was obtained on-admission. Patients with 
established CAD (Group 2) and controls (Group 3); 
blood samples were obtained in the morning after 
an overnight fast. 
Fasting plasma glucose, serum total cholesterol 
(TCh), triglycerides (TGs), high-density lipoprotein 

cholesterol (HDL-Ch) were estimated by enzyme 
based colorimetry method using a commercial kit 
(ProDia International, UAE). LDL-cholesterol 
level was calculated using Friedewald formula 
except when TG exceeds 4.5 mmol/L20. 
In the STEMI group, the serum level of cardiac 
troponin I was measured using a test kit based on 
enyme-labeled chemiluminescent immunometric 
assay (IMMULITE 1000 Troponin I). Serum hs-
CRP was measured by commercially available test 
kit based on turbidimetry (DIAgAM, Rue du Parc 
Industriel, 7822, GHISLENGHIEN Belgium). 
Assays were performed blind with respect to 
information of the subject.
Data were analyzed using appropriate statistical 
tests. Categorical baseline data were displayed as 
percentages and frequencies. Categorical data were 
analyzed using the Chi-squared test or Fisher’s 
exact test. Numerical data were examined for 
normality and presented as mean ± SD. Continuous 
variables were presented as mean ± SD. Groups 
were compared by two sample t – test. Correlations 
were tested by Pearson correlation coefficient. 
Adjusted means of lipid levels, plasma glucose hs-
CRP were calculated using multiple regressions. 
For lipids and for plasma glucose; age, BMI and 
presence of diabetes mellitus were used as clinical 
covariates. For hs-CRP; age, BMI, smoking, 
presence of diabetes mellitus, statin and aspirin use 
were considered as confounders. Differences were 
considered to be significant if the null hypothesis 
could be rejected with > 95% confidence, when p 
values <0.05.
Results:
Mean ages of the established coronary artery 
diseased group and the control group were 
significantly different (p = 0.001) and mean ages 
of the STEMI group and the established CAD 
group were also significantly different (p = 0.010), 
but the mean ages of the STEMI group and the 
control group were not significantly different (p = 
0.201). It reflected that patients with established 
CAD awaiting CABG were relatively older than the 
patients with first STEMI. Basic characteristics of 
the three groups were presented in Table 1 and 2.
Body mass index of patients with established CAD 
was higher and significantly different from control 
group (p = 0.001) and the STEMI group (p = 
0.001), but BMI of the STEMI group was not 
significantly different from control group (p = 
0.55). Mean waist circumference of the established 
CAD group was significantly different from both 
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Table 1. Comparison of basic characteristic between the STEMI group and the control group 

Characteristic
Group	1
STEMI	

(n = 103)

Group	3
Controls
(n = 103)

p

Age (years) 54  ± 8 52	±	11 0.201
BMI	(kgm-2) 21.2	±	3 22.4	±	5 0.055
Waist circumference (cm) 76.9	±	10 75.9	±	10 0.462
Waist/hip	ratio 0.91	±.06 0.91	±	0.07 0.997
SBP	mmHg 136		±	26 125	±13 0.001
DBP	mmHg 87  ± 18 79	±	8 0.001
Diabetes mellitus 13.6 % Not	present -
Hypertension 19.4	% Not	present -
Cerebrovascular disease 1.9	% Not	present -
Smoking 57.3 % Not	present -
Statin treatment 4.8 %  Not used -
hs-CRP (mg/L) 3.7 ± 0.65 1.7 ± 0.60 0.001
TGs	(mmol/L) 2.1	±	1.07 1.5± 0.8 0.001
TCh		(mmol/L) 6.1	±	2.3 5.2	±	1.6 0.001
HDL-Ch	(mmol/L)	 1.1		±	0.52 1.4 ± 0.6 0.001
LDL- Ch (mmol/L) 4.5	±	2.3 3.1± 0.5 0.001
PG (mmol/L) 6	±	2.0 5.1± 0.6 0.001

Data expressed as mean ± SD or frequencies/percentages. Two groups were compared using 
the two sample t- tests.  hs-CRP = highly sensitive-C reactive protein, TGs = Triglycerides, 
TCh = Total cholesterol, HDL-Ch = High-density lipoprotein cholesterol, LDL-Ch = Low 
density lipoprotein cholesterol, PG = Plasma glucose, STEMI = ST- elevation myocardial 
infarction.

STEMI group and the control group (p = 0.001), 
while mean waist circumference of the STEMI 
group showed no difference from the controls (p 
= 0.462). Mean waist to hip ratio (W/H ratio) 
of the established CAD group was significantly 
different from STEMI group and the control group 
(p = 0.001), but W/H ratio of STEMI group 
was not significantly different from the control 
group (p = 0.997). Therefore, as reflected by the 
anthropometric indices, prevalence of obesity (BMI 
> 30 kg/m2) seemed to be more in the established 
CAD group (3.9%) rather than the STEMI group 2 
(1.9 %). Furthermore, the prevalence of traditional 
risk factors was higher in the established CAD 
group, although the prevalence of smoking showed 
no difference between the two diseased groups (p 
= 0.270).
Baseline mean hs-CRP concentration in established 
CAD patients were significantly higher compared 
to control group (3.4 ± 1.62 vs. 1.7 ± 0.60 mg/L, 
p = 0.001). A significant difference (3.70 ± 0.65 
vs 1.70 ± 0.60 mg/L, p = 0.001) was observed 
between on-admission (baseline) serum hs-CRP 

in patients with  STEMI and mean hs-CRP level 
in the control group. However, baseline mean hs-
CRP concentrations were not significantly different 
between the established CAD group and the STEMI 
group (3.4 ± 1.62 vs. 3.70 ± 0.65 mg/L, p = 
0.058). Serum lipids (TCh, TGs and LDL-Ch) and 
plasma glucose were significantly higher in both 
cases groups compared to controls, while HDL-Ch 
was significantly higher in controls compared to 
cases (all p < 0.05).
When correlations between hs-CRP and other 
measurements were examined age, waist, hip, 
TCh, TGs, LDL-Ch showed significance positive 
correlations while, HDL-Ch showed significance 
negative correlation. Body mass index, plasma 
glucose and blood pressure did not exhibit 
significant relationships. This is shown in Table 3.
Discussion
Our study showed that hs-CRP levels both in 
established CAD group and the STEMI group were 
significantly higher compared to controls. There 
are similar reports supporting our study showing 
relatively elevated hs-CRP in patients with CAD, 
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suggesting the possible role of inflammation in 
atherosclerosis21,22, meanwhile there is evidence 
showing no significant difference of hs-CRP 
concentration between cases and controls23. 
Furthermore, with the recognition of atherosclerosis 
as an inflammatory process, hs-CRP has been 
evaluated as a potential tool for prediction of the 
risk of coronary events7, 24, 25. 

Our data did not demonstrate significantly elevated 
baseline (on admission) hs-CRP levels in patients 
with STEMI compared to patients with established 
coronary artery disease, proving that baseline 
hs-CRP levels may fail to differentiate patients 
with established CAD from patients with acute 
coronary syndromes. Our data do not support 
previous reports, which found significantly higher 

Table 3. Relationship between serum hs-CRP levels and other measurements 
Measurements hs-CRP Measurements hs-CRP 
Age 0.192	(0.001) DBP	mmHg 0.030	(0.599)
BMI -0.003(0.954) Triglycerides 0.218	(0.001)
Waist circumference 0.138 (0.015) Total	cholesterol 0.164(0.004)
Hip	circumference 0.160 (0.005) HDL-	cholesterol -0.359(0.001)
Waist/hip	ratio 0.044(0.439) LDL	–cholesterol 0.288	(0.001)
SBP	mmHg 0.090	(0.114) Plasma glucose 0.093(0.103)
BMI = Body mass index, SBP = Systolic blood pressure, DBP = Diastolic blood pressure,  HDL-
Ch = High-density lipoprotein cholesterol, LDL-Ch = Low density lipoprotein cholesterol, PG 
= Plasma glucose, hs-CRP = high sensitive C-reactive protein. Number outside the parentheses 
represents value of correlation coefficient; p - values for correlation coefficient are shown in the 
parentheses. Correlations were tested by Pearson correlation coefficient

Table 2. Comparison of basic characteristic between the established CAD group and the   
control group 

Characteristic
Group	2

Established CAD
(n = 103)

Group	3
Controls
(n = 103)

p

Age (years) 57 ± 8 52	±	11 0.001
BMI	(kgm-2) 23.9	±3 22.4	±	5 0.001
Waist circumference (cm) 87.9	±	7 75.9	±	10 0.001
Waist/hip	ratio 0.94	±	0.05 0.91	±	0.07 0.001
SBP	mmHg 120	±14 125	±13 0.01
DBP	mmHg 71 ± 8 79	±	8 0.001
Diabetes mellitus 35.9	% Not	present -
Hypertension 46.6 % Not	present -
Cerebrovascular disease 17.5 % Not	present -
Smoking 31 % Not	present -
Statin treatment 95.1	% 	Not	present -
hs-CRP (mg/L) 3.4	±	1.62 1.7 ± 0.60 0.001
TGs	(mmol/L) 2.5	±	1.0 1.5± 0.8 0.001
TCh		(mmol/L) 5.9	±	2.8 5.2	±	1.6 0.022
HDL-Ch	(mmol/L)	 1.1± 0.5 1.4 ± 0.6 0.001
LDL- Ch (mmol/L) 3.9	±	1.2 3.1± 0.5 0.001
PG (mmol/L) 5.5 ± 1.4 5.1± 0.6 0.007

Data expressed as mean ± SD or frequencies/percentages. Two groups were compared using 
the two sample t- tests.  hs-CRP = highly sensitive-C reactive protein, TGs = Triglycerides, 
TCh = Total cholesterol, HDL-Ch = High-density lipoprotein cholesterol, LDL-Ch = Low 
density lipoprotein cholesterol, PG = Plasma glucose, CAD = Coronary artery disease
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baseline levels of hs-CRP in patients with UA or 
AMI compared with levels in patients with stable 
CAD26-28. 
The chronic inflammatory process in established 
atherosclerotic disease and in acute inflammation 
during the initial period of plaque instability with 
only a few inflammatory cells in ACS induce CRP 
production that reaches levels not high enough to 
detect statistically significant differences between 
the two groups. Therefore baseline hs-CRP may 
not be suitable for distinguishing between patients 
with stable CAD and patients with acute coronary 
syndromes28. 
Atherosclerosis is a progressive disease and  is 
increasingly being recognized as a complex 
phenomenon involving the interaction of several 
mechanisms: dyslipidaemia, inflammation, 
thrombosis and other dysfunctional metabolic 
syndromes. Our study revealed significantly higher 
serum levels of total cholesterol, triglycerides, 
LDL-cholesterol in cases compared to controls and 
it was demonstrated that there was a significant 
negative correlation between hs-CRP and HDL-
Ch, while hs-CRP showed significant positive 
correlations with other lipid measurements in study 
subjects. Therefore the present study illustrates 
the interplay between inflammation (indicated by 
elevated hs-CRP) and dyslipidaemia. These findings 
are in line with the recent literature9, 10. However, 
still inconsistencies exists among the studies. Some 
studies showed a positive correlation between CRP 
with LDL-cholesterol and serum total cholesterol 
in patients with coronary artery disease, while no 
significant correlation of CRP was seen with high 
density lipoprotein and triglyceride11. In contrast, 
absence of correlation between plasma levels of 
CRP and serum total cholesterol and high-density 
lipoprotein cholesterol has also been reported12. 
One report showed significantly higher levels of 
inflammatory mediators such as CRP and TNF- 
α in the North Indian male patients with acute 
myocardial infarction, compared with control 
subjects, and a highly significant positive correlation 
between lipoprotein (a) and inflammatory markers, 
clearly pointing to a role of inflammation and 
dyslipidaemia in the pathogenesis of CAD in the 
atherosclerosis-prone North Indian population9. 
It is evident that during inflammation, the 
lipid changes that are observed are not only 
quantitative but also qualitative, with changes in 
the composition of lipoproteins. Therefore, the 
proportion of triglycerides, phospholipids and 

cholesterol is increased in VLDL, IDL and LDL 
particles, whereas the proportion of cholesterol 
and triglycerides decreases in HDL particles14. 
Inflammation is associated not only with a decrease 
in HDL cholesterol levels but also with a change in 
the composition. HDL-cholesterol which circulates 
during inflammation are depleted in cholesterol 
esters but enriched in free cholesterol, triglyceride 
and sphingolipids15. C-reactive protein plays a 
major role in regulating lipoprotein metabolism 
and it promotes uptake of native LDL-cholesterol16. 
Moreover another study importantly demonstrated 
a positive correlation between oxidized-LDL-
cholesterol and CRP levels17. 
The present study showed significant positive 
correlation between hs-CRP and waist and hip 
circumferences, although no significant correlation 
was found with body mass index. Obesity is a 
widespread and growing problem and C-reactive 
protein is correlated with obesity measurements29. 
There is evidence to prove the significant association 
between hs-CRP, and anthropometric variables 
in CAD patients, however not as significant as 
previously described in healthy patients30, 31. 
Conclusions:
In conclusion, serum hs-CRP levels were high 
both in patients with established CAD and 
ST- elevation myocardial infarction compared 
to controls. Baseline (on admission) hs-CRP 
levels in patients with STEMI were not elevated 
compared to patients with established coronary 
artery disease. A significant negative correlation 
observed between hs-CRP and HDL-Ch in, 
while significant positive correlations were seen 
between hs-CRP and other lipid measurements. A 
significant positive correlation existed between hs-
CRP and waist and hip circumferences. Therefore 
higher levels of hs-CRP appear to be promoting 
dyslipideamia associated with obesity and it is a 
marker of atherogenic milieu reflecting the chronic 
inflammatory process involved. 
Accumulating literature indicates that information 
gained the link between inflammation, dyslipidaemia 
and atherosclerosis, which is of significant clinical 
utility. New insights into the interplay between 
dyslipidaemia and inflammation in atherosclerosis 
may aid in identifying innovative therapeutic 
strategies to improve outcomes of individuals at 
risk for atherosclerosis. However, our study is a 
cross-sectional, case-control study and it is difficult 
to comment on the causality and need further 
investigations.



49

hs-CRP and coronary artery disease

Conflict of interest:
The authors  declare  that  they  have  no conflicts 
of  interest concerning this  article.
Acknowledgement:
We wish to acknowledge the University Grants 
Commission, Sri Lanka for the financial assistance 

provided for the project (Grant No: UGC/ICD/
CRF/2009/2/47) and Mrs. DABN Amerasekara, 
statistician (Applied Statistic Association, Sri 
Lanka), senior lecturer, Department of Crop Science, 
Faculty of Agriculture, University of Ruhuna, Sri 
Lanka for the statistical advice provided.

References:
1.	 Ross	 R.	 Atherosclerosis	 -	 an	 inflammatory	

disease. N Engl J Med.	 1999;340:115–26. 
http://dx.doi.org/10.1056/NEJM199901143400207

	2.	 Ridker	 PM,	 Cushman	 M,	 Stampfer	 MJ,	 Tracy	
RP,	 Hennekens	 CH.	 Inflammation,	 aspirin,	 and	
the	 risk	 of	 cardiovascular	 disease	 in	 apparently	
healthy men. N Engl J Med.	 1997;336:973–9. 
http://dx.doi.org/10.1056/NEJM199704033361401

3.	 Ridker	 PM,	 Hennekens	 CH,	 Buring	 JE,	 Rifai	
N.	 C-reactive	 protein	 and	 other	 markers	 of	
inflammation	 in	 the	 prediction	 of	 cardiovascular	
disease	 in	 women.	 N Engl J Med.	 2000;342:836–43. 
http://dx.doi.org/10.1056/NEJM200003233421202

	4.	 Haverkate	 F,	 Thompson	 SG,	 Pyke	 SD,	 Gallimore	
JR,	 Pepys	 MB.	 Production	 of	 C-reactive	
protein	 and	 risk	 of	 coronary	 events	 in	 stable	
and unstable angina. Lancet	 1997;349:462–6. 
http://dx.doi.org/10.1016/S0140-6736(96)07591-5

5.	 Lindahl	B,	Toss	H,	Siegbahn	A,	Venge	P,	Wallentin	L.	
Markers	 of	 myocardial	 damage	 and	 inflammation	 in	
relation to long-term mortality in unstable coronary 
artery disease. N Engl J Med.	 2000;343:1139	 –47. 
http://dx.doi.org/10.1056/NEJM200010193431602

6.	 Heeschen	 C,	 Hamm	 CW,	 Bruemmer	 J,	 Simoons	ML.	
Predictive	 value	 of	 C-reactive	 protein	 and	 troponin	
T	 in	 patients	 with	 unstable	 angina:	 a	 comparative	
analysis. J Am Coll Cardiol.	 2000;35:1535–42. 

http://dx.doi.org/10.1016/S0735-1097(00)00581-7

7.	 Ridker	 PM,	 Rifai	 N,	 Rose	 L,	 Buring	 JE,	 Cook	 NR.	
Comparison	 of	 C-reactive	 protein	 and	 low	 density	
lipoprotein	 cholesterol	 levels	 in	 the	 prediction	 of	 first	
cardiovascular events. N Engl J Med.	2002;347:1557-1565. 
http://dx.doi.org/10.1056/NEJMoa021993

8.	 Pearson	 TA,	 Mensah	 GA,	 Alexander	 RW,	 Anderson	
JL,	 Cannon	 RO	 3rd,	 Criqui	 M	 et	 al.	 Markers	 of	
inflammation	 and	 cardiovascular	 disease:	 Application	
to	 clinical	 and	 public	 health	 practice:	 A	 statement	
for	 healthcare	 professionals	 from	 the	 Centers	 for	
Disease Control and Prevention and the American 
Heart	 Association.	 Circulation	 2003;107:499-511. 
http://dx.doi.org/10.1161/01.CIR.0000052939.59093.45

9.	 Goswami	B,	Tayal	D,	Tyagi	S,	Mallika	V.	Assessment	
of	 insulin	 resistance,	 dyslipidemia	 and	 inflammatory	
response	 in	 North	 Indian	 male	 patients	 with	
angiographically	 proven	 coronary	 artery	 disease.	
Minerva Cardioangiol	2011;59(2):139-47.

10.	 Jin	 YP,	 Qin	 GM,	 Zhang	 SZ,	 Li	 CJ,	 Xu	 G.	 Clinical	
evaluation	 of	 risk	 factors	 for	 coronary	 heart	 disease.	
Zhonghua Yu Fang Yi Xue Za Zhi	2003;7(2):98-101.

11.	 Iqbal	 T,	 Raza	 N,	 Marwat	 ZI,	 Riyaz	A.	 Inflammatory	
markers	and	 lipid	profile	 in	patients	of	coronary	artery	
disease. J Ayub Med Coll Abbottabad	2011;23(3):123-6.

12.	 Li	JJ,	Jiang	H,	Huang	CX,	Fang	CH,	Tang	QZ,	Xia	H,	



50

Wickramatilake	CM,	Mohideen	MR,	Pathirana	C

et	 al.	 Elevated	 level	 of	 plasma	 C-reactive	 protein	 in	
patients	with	unstable	angina:	its	relations	with	coronary	
stenosis	and	lipid	profile.	Angiology	2002;53(3):265-72. 
http://dx.doi.org/10.1177/000331970205300303

13. Buffon A, Biasucci LM, Liuzzo G, D’Onofrio G, 
Crea	 F,	 Maseri	A.	Widespread	 coronary	 inflammation	
in Unstable angina. N Engl J Med.	 2002;347:5–12. 
http://dx.doi.org/10.1056/NEJMoa012295

14. Cabana VG, Seigel JN, Sabesin SM. Effect of acute 
phase	 response	 on	 the	 concentration	 and	 density	
distribution	 of	 plasma	 lipids	 and	 apolipo-proteins.	 J 
Lipid Res.	1989;30:39–49.

15.	 Feingold	 KR,	 Memon	 RA,	 Moser	 AH,	 Grunfeld	
C.	 Paraoxonase	 activity	 in	 the	 serum	 and	 hepatic	
mRNA	 levels	 decrease	 during	 the	 acute	 phase	
response.	 Atherosclerosis	 1998;139:307–315. 
http://dx.doi.org/10.1016/S0021-9150(98)00084-7

16.	 Devraj	 S,	 Singh	 U,	 Jialal	 I.	 The	 evolving	 role	 of	
C-reactive	 protein	 in	 atherothrombosis.	 Clin Chem 
2009;55(2):229–238.

17.	 Zhang	 YC,	 Wei	 JJ,	 Wang	 F,	 Chen	 MT,	 Zhang	
MZ.	 Elevated	 levels	 of	 oxidized	 low-	 density	
lipoprotein	 correlates	 positively	 with	 C-reactive	
protein	 in	 patients	 with	 acute	 coronary	 syndrome.	
Cell Biochem Biophys	 2012;62(2):365-72. 
http://dx.doi.org/10.1007/s12013-011-9295-0

18.	 The	 Task	 Force	 on	 the	 Management	 of	 Acute	
Myocardial	 Infarction	 of	 the	 European	 Society	
of Cardiology. Management of acute myocardial 
infarction	 in	 patients	 presenting	 with	 ST-
segment elevation. Eur Heart J	 2003;24:28–66. 
http://dx.doi.org/10.1016/S0195-668X(02)00618-8

19.	 Dhalla	S,	Kopec	JA.	The	CAGE	questionnaire	for	alcohol	
misuse:	a	review	of	reliability	and	validity	studies.	Clin 
Invest Med	2007;30(1):33–41.	

20.	 Friedewald	WT,	Levy	RI,	Fredrickson	DS.	Estimation	of	
the	concentration	of	low-density	lipoprotein	cholesterol	
in	plasma,	without	use	of	the	preparative	ultracentrifuge.	
Clin Chem	1972;18:499–502.	

21.	 Yang	 YM,	 Lv	 XY,	 Huang	 WD,	 Xu	 ZR,	 Wu	 LJ.	
Study of androgen and atherosclerosis in old-
age male. J Zhejiang Univ Sci B	 2005;6(9):931-5. 
http://dx.doi.org/10.1631/jzus.2005.B0931 

22.	 Hu	 X,	 Rui	 L,	 Zhu	 T,	 Xia	 H,	 Yang	 X,	 Wang	 X	
et	 al.	 Low	 testosterone	 level	 in	 middle-	 aged	
male	 patients	 with	 coronary	 artery	 disease.	

Eur J Intern Med	 2011;22:e133–e136. 
http://dx.doi.org/10.1016/j.ejim.2011.08.016

23.	 Davoodi	G,	Amirezadegan	A,	Borumand	MA,	Dehkori	
MR,	Kazemisaeid	A,	Yaminisharif	A.	The	 relationship	
between	 levels	 of	 androgenic	 hormones	 and	 coronary	
artery disease in men. Cardiovasc J Afr	 2007;18:362–
366.

24.	 Koenig	W,	Sund	M,	Fröhlich	M,	Fischer	HG,	Löwel	H,	
Döring	A	 et	 al.	 C-reactive	 protein,	 a	 sensitive	marker	
of	 inflammation,	 predicts	 future	 risk	 of	 coronary	heart	
disease in initially healthy middle- aged men: Results 
from	the	MONICA	(Monitoring	Trends	and	Determinants	
in Cardiovascular Disease) Augsburg Cohort 
Study,	 1984	 to	 1992.	 Circulation	 1999;99:237-242		 
http://dx.doi.org/10.1161/01.CIR.99.2.237

25.	 Ballantyne	CM,	Hoogeveen	RC,	Bang	H,	Coresh	J,	Folsom	
AR,	Heiss	G,	et	al.	Lipoprotein-associated	phospholipase	
A2,	 high-	 sensitivity	 C-reactive	 protein,	 and	 risk	 for	
incident coronary heart disease in middle-aged men 
and	women	in	the	Atherosclerosis	Risk	in	Communities	
(ARIC) study. Circulation	 2004;109:837-842. 
http://dx.doi.org/10.1161/01.CIR.0000116763.91992.F1

26.	 Berk	 BC,	 Weintraub	 WS,	 Alexander	 RW.	 Elevation	
of	 C-reactive	 protein	 in	 “active”	 coronary	
artery disease. Am J Cardiol	 1990;65:168-72. 
http://dx.doi.org/10.1016/0002-9149(90)90079-G 

27.	 Liuzzo	 G,	 Biasucci	 LM,	 Gallimore	 JR,	 Grillo	 RL,	
Rebuzzi	 AG,	 Pepys	 MB	 et	 al.	 Prognostic	 value	 of	
C-reactive	 protein	 and	 plasma	 amyloid	 A	 protein	 in	
severe unstable angina. N Engl J Med	1994;331:417-24. 
http://dx.doi.org/10.1056/NEJM199408183310701

28.	 Auer	J,	Berent	R,	Lassnig	E,	Eber	B.	C-reactive	protein	and	
coronary artery disease. Jpn Heart J	2002;43(6):607-19. 
http://dx.doi.org/10.1536/jhj.43.607 

29.	 Ramírez	Alvarado	MM,	 Sánchez	Roitz	C.	Relation	 of	
serum	 levels	 of	 C-reactive	 protein	 to	 anthropometric	
meaurements;	 a	 sustematic	 review	 of	 studies	 in	 South	
America. Nutr Hosp	2012;27(4):971-7.	

30.	 Timóteo	AT,	Miranda	F,	Feliciano	J,	Ferreira	R.	Influence	
of	anthropometric	variables	 in	C	reactive	protein.	Acta 
Med Port	2011;24(3):419-26.	

31.	 Florez	 H,	 Castillo-Florez	 S,	 Mendez	 A,	 Casanova-
Romero P, Larreal-Urdaneta C, Lee D et al. C-reactive 
protein	is	elevated	in	obese	patients	with	the	metabolic	
syndrome. Diabetes Res Clin Pract	2006;71(1):92-100. 
http://dx.doi.org/10.1016/j.diabres.2005.05.003




