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Abstract
Introduction: We evaluated the association between four polymorphisms in the CRP gene with 
serum  C-reactive protein (CRP) levels, prevalence and severity of coronary artery disease (CAD) 
in type 2 diabetes mellitus (T2DM) patients.
Methods: We performed coronary angiography for 308 T2DM patients and classified them into 
two groups: T2DM with CAD and T2DM without CAD. All patients were from Ahvaz, Iran. 
serum levels of CRP, glucose and lipid profile were measured. Genotyping was performed by 
PCR/RFLP, and the severity of coronary artery disease was determined by Gensini score.
Results: The GG genotype of SNP rs279421 was associated with the increased risk of CAD (OR= 
2.38; 95% CI: 1.12- 5.8; p= 0.02) and CA, TT, TA genotypes and A allele of SNP rs3091244 and GA 
genotypes and A allele of SNP rs3093062 were significantly associated with increased CRP levels. 
None of genotypes or alleles was associated with Gensini score. We found that the haplotype 7 
(AGCG) was associated with decreased risk of CAD (OR= 0.11; 95% CI: 0.02, 0.66; p= 0.017) and 
the Gensini score was correlated with increased levels of CRP, only in CAD group. 
Conclusion: Although genetic polymorphisms were influenced on serum RP levels, none of the 
alleles and genotypes raising or falling C-reactive protein levels was consistently associated with 
an increased prevalence of CAD or protected from that.

Introduction
Type 2 diabetes mellitus (T2DM) represents a significant 
global health problem.1 Coronary artery disease (CAD) is 
one of the major complications associated with T2DM. 
More than 50% of individuals with T2DM have coronary 
heart disease, stroke, or cardiac disease.2 Hyperglycemia 
has been shown to be a necessary but not sufficient 
condition for the development of these complications. 
Genetic differences between diabetic patients might play 
an important role in determining why some diabetic 
patients develop these complications while others do not.3

Considerable evidence has shown the importance 
of inflammation in the pathogenesis of diabetic 
complications, especially enhancement of atherosclerosis.4 

Both T2DM and atherosclerosis are multifactorial 
conditions which appear to share a common inflammatory 
basis.5 Inflammation plays a key role in the pathogenesis 
of CAD at every stage from initiation to progression and 
rupture of the atherosclerotic plaque.6

C-reactive protein (CRP), an inflammatory biomarker, 
is one of the most well-documented emerging CAD risk 
factors.7 CRP is produced and released by the liver under 
the stimulation of cytokines such as tumor necrosis 
factor-α and interleukin 6. Human CRP is a highly 
conserved protein belonging to the pentraxin family of 
acute phase reactants. Normal baseline serum CRP levels 
are ≤1 mg/L in healthy individuals,8 but its levels are 
elevated in people with T2DM.4 However, serum CRP 
levels can rise to 1000-fold in response to tissue injury or 
inflammation.9

In several studies, an association between high CRP levels 
and atherosclerosis, increased coronary heart disease 
(CHD),10,11 and increased carotid intima media thickness 
(CIMT),12 an indirect marker of atherosclerosis, has 
been reported. There is a suggestion that the association 
of CRP with cardiovascular disease (CVD) is modified 
by diabetes status;13 however, few such studies exist. 
Environmental factors such as age, gender, smoking, lipid 
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levels, hypertension and body mass index (BMI) have 
been shown to influence baseline serum CRP levels.14

There are also several studies which have reported an 
association between single nucleotide polymorphisms 
(SNPs) in the CRP gene, especially in the promoter 
region, with variation in blood levels of CRP, or with 
CHD events.15-17 In addition, evidence from in vitro and 
clinical studies suggest that C-reactive protein might also 
be implicated in the pathophysiology of atherogenesis, 
which, however, still represents a controversial issue.
Scarce data exist concerning CRP polymorphisms in 
diabetic patients. There is conflicting evidence as to the 
relationship of CIMT with serum CRP levels in T2DM.18,19 

To date, however, relatively few studies have examined the 
associations of common variants in the promoter region 
of CRP gene with its serum hsCRP concentrations in 
type 2 diabetic patients. Based on these prior studies we 
hypothesized that if the CRP genotype is associated with 
CAD in general population, then a stronger association 
would likely be observed with T2DM-affected populations.
In the present study, we aimed to compare the frequency 
of four common SNPs of CRP gene which is located in 
the promoter region in type 2 diabetic patients with and 
without CAD. These SNPs included: -757T>C(rs3093059), 
-717A>G(rs2794521), -409G>A(rs3093062) and 
-286C>T>A(rs3091244). We also examined the influence 
of these genetic variations at CRP SNPs on serum CRP 
levels and lastly investigated the correlation between serum 
CRP levels with presence and severity of CAD in these 
patient groups using Gensini score, as an atherosclerosis 
severity marker.

Materials and methods
Study population
We evaluated 853 T2DM patients, between 40 and 60 
years of age, genetically unrelated, and with ancestry 
in the state of Khozestan, Iran. All patients performed 
carotid angiography at the Department of Cardiology, 
Imam Khomeini Hospital, JondiShapour University of 
Medical Sciences, Ahvaz, Iran. 
On the basis of angiography results, patients were classified 
into two groups: CAD and non-CAD. Current smoking, 
diagnosed MI in recent 3 months, body mass index>30, 
and treatment for inflammatory or chronic infectious 
disease or malignancy were exclusion criteria. Individuals 
with CRP values above 10 mg/ml were excluded from 
the analyses, due to the possibility of an acute infection. 
For every participant, baseline information was taught by 
trained research assistants and included questionnaires 
related to social and medical history and physical 
examination. Lastly, 308 patients with complete data were 
included in the final analysis.
Hypertension was distinguished by systolic blood pressure 
≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg 
or taking antihypertensive drugs. Hyperlipidemia was 
defined as elevated one or all of plasma lipid levels in 
accordance with NCEP ATPIII guidelines or taking a 
lowering lipid drug. T2DM was defined as fasting blood 

sugar ≥126 mg/dl or history of using oral hypoglycemic 
medication.20 And CAD was defined as the presence of at 
least one significant coronary artery stenosis of more than 
50% luminal diameter on coronary angiography.

Coronary angiography
CAD was evaluated by coronary angiography. The 
standard Judkins technique was used for this purpose. 
Cardiologists who performed angiography, were unaware 
to the study protocol. Patients with stenosis ≥50% at least 
in one vessel were included in CAD group. Patients with 
lower obstruction were included in non-CAD group. 
Severity of CAD was assessed by Gensini score.21

Blood collection and biochemical analyses
In each case, after an overnight fasting, 2 mL of blood was 
drawn into tubes without additives for CRP determination 
and 8 mL in K-EDTA tubes for other biochemical marker 
measurement and DNA extraction. Blood cell fraction, 
serum and plasma were frozen at -20 °C. CRP levels were 
measured by commercially available sandwich ELISA 
(Labor Diagnostica Nord Gmbh & Co, KG). High-density 
lipoprotein cholesterol (HDL-c), Low-density lipoprotein 
cholesterol (LDL-c), total cholesterol, triglyceride (TG) 
and plasma glucose concentrations were determined 
enzymatically with a clinical chemistry analyzer (Vital 
Scientific, Spankeren, Netherlands). 

Genotyping
DNA was extracted from leukocytes, taken from 
peripheral blood ,by using a salting-out procedure 
(Miller’s method).22

Genotyping of the SNPs -757T>C(rs3093059), 
-717A>G(rs2794521), 409G>A (rs3093062) and 
-286C>T>A (rs3091244), in the promoter region of the 
CRP gene were done via PCR-restriction fragment length 
polymorphism (RFLP) using the appropriate restriction 
enzymes (Thermo scientific).
Nucleotides between -1105 and -105 to the start codon 
were used for primer designing and Primer 3 software was 
used for this purpose.
Target DNA was amplified using two different primer 
pairs, one for SNPs -757T>C and  -717A>G and  another 
for SNPs -409G>A and -286C>T>A, which in the latter 
case, reverse  primer sequences was modified to create 
an allele-specific restriction enzyme site into the PCR 
product. PCR amplifications were performed in a total 
volume of 50 μL containing 200 ng of genomic DNA, 10х 
PCR buffer, 1.5 mM MgCl2, 0.3 μM of each primer, 200 
μmol/l dNTP and 2.5 U Taq DNA polymerase. Thermal 
cycling conditions were similar in two conditions as 
follows: an initial denaturation step at 94 °C for 5 min, 35 
cycles at 94 °C for 30 s, 53 or 55 °C for 30 s (dependant 
on primers) , 72 °C for 45 s and a final extension step at 
72 °C for 7 min.
The amplification products were digested with an 
appropriate enzyme according to the manufacturer’s 
protocols.
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The digested fragments were then separated by 
electrophoresis in 2.5% agarose gels, followed by ethidium 
bromide staining and visualized under ultraviolet light. 
To improve genotyping accuracy, samples with known 
genotypes were used in each batch as positive controls 
to evaluate the completeness of PCR product. Details of 
genotyping method are shown in Table 1.

Statistical analysis 
Data distributed non-parametrically (CRP, TG, 
Cholestrol), as determined with Kolmogorov-Smirnov 
analysis (p<0.05), were logarithmically transformed to 
obtain a normal distribution. Data were expressed as means 
± Standard Deviation (SD), unless indicated otherwise. 
Significance between two groups was determined by 
unpaired Student’s t-test for continuous variables and by 
Chi-square test for discrete variables. The independence 
of alleles (Hardy-Weinberg equilibrium) was ensured 

using the χ2 test. The genotype distribution and the 
allele frequencies between patients and control subjects 
were compared using the χ2 and Fisher’s exact tests. The 
association between CAD and genotype was calculated 
as the odds ratio (OR) [95% confidence intervals (CIs)] 
using a logistic regression analysis. Pearson’s correlation 
coefficients were used to evaluate the relationships 
between serum CRP level and Gensini score. The p values 
<0.05 were considered significant, and all statistical tests 
were 2-sided. Statistical analysis was performed using the 
SPSS 16.00 (SPSS Inc., Chicago, IL, USA). 
 
Results 
Clinical characteristics of study subjects
The clinical and demographic characteristics of the two 
diabetic patient groups are shown in Table 2. Among the 
308 analyzed subjects, there were 151 individuals with 
and 157 without severe CAD. Diabetic patients with CAD, 

Table 1. PCR primer, products and restriction enzymes for the genotyping of CRP polymorphisms

SNP Forward and Reverse primers 5' to 3' PCR product (bp) Restriction enzyme Fragments (bp)

rs3093059 F-TCAATTGGCTGAGAAAATGTGTC
R-AATGGGAAATGGTAACATATTAATC 568 Mun1 568-470-98

rs2794521 F-TCAATTGGCTGAGAAAATGTGTC              
R-AATGGGAAATGGTAACATATTAATC 568 DraIII 568-510-58

rs3091244 FAGCGCCCAACTGAAATGTT                   
R-TTCCCCTTCCTGTGTCCAAG 502 Taq1,Bfa1 502-475-27

rs3093062 F-AGCGCCCAACTGAAATGTT                    
R-TTCCCCTTCCTGTGTCCAAG 502 PamII 502-456-46

Table 2.  Patient characteristics
T2DM/CAD
(n=151)

 T2DM/non-CAD
(n=157) p-value*

Age, years 53.6±5.3 49.6±6.3 <0.001
Men 77 (51) 57 (36.3) 0.011
Duration of Diabetes, years 7.8±7.2 6.5±5.7 0.08
Duration of CAD, years 2±3.2 -
Hypertension 79 (52.3) 56 (35.7) <0.001
Dyslipidemia 84 (55.6) 82 (52.2) 0.018
Body mass index, Kg/m2 26.0±3.4 25.9±2.6 0.74
Systolic blood  pressure, mmHg 133.2±25.1 124.7±17.8 0.002
Diastolic blood pressure, mmHg 82.6±13.9 77±10.7 <0.001
Current  use
    Lipid lowering drug 71 (47) 56 (35.7) <0.001
    Acetyl Salisilic Acid 86 (57) 42 (26.8) <0.001
    ACE inhibitors 39 (25.8) 21 (13.4) <0.001
FPG, mg/dl 151±53 147±51 0.18
Ln Cholestrol,mg/dl** 5.23±0.29 5.24±0.23 0.63
Ln TG, mg/dl** 5±0.55 5.22±0.54 <0.001
HDL-c , mg/dl 40.3±10.2 46.8±11 <0.001
LDL-c, mg/dl 122.9±52. 106.1±36 <0.001
Ln CRP, mg/l** 1. 46±0.55 1.06±0.63 <0.001

Values presented are means±SD or numbers (%). Numbers may not add up to the expected total due to missing data for some variables.          
CRP=C-reactive protein; T2DM=type2 diabete melitus; CAD=coronary artery disease; ACE=angiotensin-converting enzyme; FPG=fasting 
plasma glucose; TG=triglyceride; HDL-c=high density lipoprotein cholestrol; LDL-c=low density lipoprotein cholestrol. FPG=fasting plasma 
glucose                                                                                                     
*Chi –Square or  unpaired-sample t-test 
 **Ln-Transformed variables
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with the exception of plasma triglyceride and HDL-c, 
showed the higher values of different cardiovascular risk 
factors compared with patients without CAD. Mean of the 
natural logarithm (ln) concentration of Serum CRP was 
higher in CAD group (1.46 mg/L) compared with non-
CAD group (1.06 mg/l) (Table 2).

Genotype distribution of the polymorphisms in CAD and 
non-CAD subjects
Four SNPs were successfully genotyped in the CRP 
gene. The characteristics of these SNPs are summarized 
in Table 3. The frequencies for all SNPs in both groups 
followed the Hardy-Weinberg equilibrium (p>0.05), 
except for rs3091244 among CAD patients (p= 0.03) 
and rs2794521 among non-CAD patients (p= 0.04). The 
SNP rs3093062 AA genotype was not observed in the 
population analyzed.
None of the polymorphisms showed significant 
association between the genotypes or alleles frequencies 
and prevalence of CAD, except for GG genotype of 
polymorphism rs2794521 (OR= 2.38, 95% CI; 1.12-

5.08, p= 0.02). The genotypes TC of rs 3093059, TT of 
rs3091244 and GA of rs3093062 had higher odds ratios 
and genotypes CC of rs 3093059, AA of rs3091244, AG of 
rs2794521 and GG of rs3093062 had lower odds ratios for 
CAD risk. 

Effect of variation in the CRP gene on CRP levels and 
Gensini score 
The results of SNP association analysis with C-reactive 
protein serum concentrations are summarized in Table 4.
The highest C-reactive protein concentrations were 
found in GA rs3093062 with a mean in concentration 
of 1.56 mg/L, whereas the lowest were observed in CC 
rs3091244 (1.06 mg/L). 
In all four polymorphisms we observed that minor alleles 
were associated with higher C-reactive protein levels. 
However in none of these SNPs,  the C-reactive protein 
genotypes and alleles were associated significantly with 
severity of CAD; except for carriers of the ‏T (rs 3091244) 
alleles (which have increased C-reactive protein) which 
had a slightly lower mean severity of CAD (p= 0.08). 

Table 3. Genotypic and allelic frequencies of SNPs in the CRP gene by study groups

SNP T2DM/CAD 
n (%)

T2DM/non-CAD
n (%) OR (95 %CI) p-value

rs3093059
TT 89(58.9) 101 (64.3) 0.79 (0.5-1.26) 0.33
TC 56 (37.1 ) 48 (30.5) 1.34 (0.83-2.15) 0.23
CC 6 (4 ) 8 (5) 0.77 (0.26-2.27) 0.63
T 234 (77.5) 250 (79.6) 0.88 (0.6-1.3) 0.52
C 68 (22.5) 64 (20.4) 1.14 (0.77-1.66) 0.51
HWE: χ2 (p)a 0.6 (0.44) 0.53 (0.47)
rs3091244
CC 46 (30.5 ) 53 (33.8) 0.88 (0.55-1.42) 0.61
CT 42 (27.8) 38 (24.2) 1.2 (0.72-2.01) 0.47
CA 32 (21.2) 40 (25.5) 0.78 (0.46-1.33) 0.37
TT 20 (13.2) 13 (8.2) 1.69 (0.81-3.53) 0.16
TA 9 (6) 10 (6.3) 0.93 (0.36-2.36) 0.88
AA 2 (1.3) 3 (2) 0.69 (0.11-4.18) 0.68
C 166 (55) 184 (58.7) 0.86 (0.62-1.18) 0.36
T 91 (30.1) 74 (23.5) 1.4 (0.97-2.01) 0.06
A 45 (14.9) 56 (17.8) 0.8 (0.52-1.23) 0.32
HWE: χ2 (p)a 9.2 (0.03) 6 (0.11)
rs2794521
AA 66 (43.7) 66 (42) 1.07 (0.68-1.68) 0.77
AG 62 (41.1) 80 (51) 0.67 (0.43-1.05) 0.08
GG 23 (15.2) 11 (7) 2.38 (1.12-5.08) 0.02
A 194 (64.2) 212 (67.5) 0.86 (0.62-1.2) 0.39
G 108 (35.8) 102 (32.5) 1.16 (0.83-1.61) 0.39
HWE: χ2 (p)a 1.7 (0.19) 4.1 (0.04)
rs3093062
GG 139 (92) 151 (96.1) 0.46 (0.17-1.26) 0.13
GA 12 (8) 6 (3.9) 2.17 (0.79-5.94) 0.13
G 290 (96) 308 (98) 0.47 (0.17-1.27) 0.14
A 12 (4) 6 (2) 2.12 (0.79-5.73) 0.14
HWE: F(p)b 0.25 (0.6) 0.05 (0.8)

HWE= Hardy-Weinberg equilibrium; OR= odds ratio
a: χ2 test
b: Fisher’s exact test
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In the present study, Gensini scores in CAD patients were 
positively correlated with serum CRP, (r=0.17, p= 0.04).
Different composition of four SNPs made 24 kinds of 
haplotypes which only   seven kinds had frequency higher 
than 4% (Table 5).

Discussion 
CRP gene variation influences serum CRP levels and 
may play a potential role in the pathophysiology of 
carotid atherosclerosis. Increased serum CRP levels 
have been reported in subjects with T2DM, indicating 
that these individuals present a state of subclinical, low-
grade inflammation that promotes the development of 
atherosclerosis.23 Therefore, we designed a cross-sectional  

study to evaluate the association of four CRP SNPs on 
CRP levels, CAD prevalence and Gensini scores in T2DM 
patients. We minimized the influence of factors that 
modify CRP, such as age, smoking, obesity, and disease 
involving inflammation. In the present study, patients with 
CAD had higher risk factor, except for plasma triglyceride, 
which may be due to higher use of lipid lowering drugs by 
this patient group.
In our study, genotypes and alleles frequencies had 
not shown significant differences between two groups, 
except for individuals carrying the GG genotype of SNP 
rs2794521. The odds ratio (OR) for prevalence of CAD 
of this genotype was 2.38 (95% CI 1.12-5.08) compared 
with the AA referent genotype. Among the SNPs, only 

Table 4. Effect of CRP SNPs on the concentrations of CRP or Gensini Scores

SNP
All Patients Patients with CAD

n mean Ln-CRP 
(mg/L) (SD) Δ(mg/l)a P-value n mean  Gesini 

Score (SD) Δ(mg/l)a p-value

rs3093059
TT 189 1.25 (0.63) ref ref 89 43.1 (33.7) ref ref
TC 105 1.27 (0.6) 0.02 0.8 56 40 (39.5) 3.1 0.63
CC 14 1.27 (0.57) 0.02 0.84 6 38.8 (32.9) 4.3 0.76
T 294 1.26 (0.62) ref ref 145 40.9 (35.4) ref ref
C 119 1.27 (0.6) 0.01 0.51 62 38 (38) 2.1 0.63
rs3091244
CC 99 1.06 (0.61) ref ref 46 44.4 (40) ref ref
CT 80 1.21 (0.6) 0.14 0.12 42 39.1 (35.1) 5.2 0.51
CA 72 1.46 (0.61) 0.4 <0.001 32 50.2 (35.2) 5.8 0.51
TT 33 1.39 (0.61) 0.32 0.01 20 29.7 (23.6) 14.8 0.12
TA 19 1.44 (0.51) 0.38 0.01 9 27.3 (30) 17 0.23
AA 5 1.47 (0.54) 0.41 0.15 2 14 (5.6) 30.4 0.29
C 251 1.22 (0.63) ref ref 120 44.1 (36.8) ref ref
T 132 1.29 (0.6) 0.07 0.34 71 34.9 (31.7) 9.2 0.08
A 96 1.47 (0.59) 0.25 <0.05 43 43.7 (34.8) 0.4 0.95
rs2794521
AA 132 1.26 (0.64) ref ref 66 43.6 (37.4) ref ref
AG 142 1.21 (0.61) 0.04 0.57 62 41.4 (34.2) 2.2 0.73
GG 34 1.42 (0.54) 0.16 0.19 23 37.9 (35.6) 5.7 0.53
A 274 1.24 (0.63) ref ref 128 41.3 ref ref
G 176 1.26 (0.55) 0.02 0.76 85 39.7 1.6 0.74
rs3093062
GG 290 1.24 (0.63) ref ref 139 42.7 (36.1) ref ref
GA 18 1.56 (0.3) 0.32 0.03 12 30.8 (29) 11.9 0.29
G 308 1.26 (0.62) ref ref 151 40.7 (35.2) ref ref
A 18 1.56 (0.3) 0.3 0.04 12 29.6 (28) 11.2 0.28

a: Difference from reference value

Table 5.  Haplotype association with CAD (n=251)*

SNP1 SNP2 SNP3 SNP4 Freq OR (95% CI) p-value

1 C G T G 0.2988 1.00 -
2 C A T G 0.166 0.50 (0.19-1.32) 0.16
3 T G T G 0.141 1.05 (0.47-2.35) 0.91
4 C G C G 0.0844 1.30 (0.37-4.58) 0.68
5 T A T G 0.0615 0.72 (0.22-2.39) 0.6
6 A G T G 0.0509 0.09 (0.01-1.21) 0.07
7 A G C G 0.0469 0.11 (0.02-0.66) 0.017

*Adjusted by age, sex, SBP and DBP, SBP=systolic blood pressure, DBP=diastolic blood pressure
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SNP rs2794521was not consistent with the most previous 
reports, in which GG genotype was associated with 
decreased prevalence of CAD.24,25

We also found that CA, TT and TA genotypes and A 
allele of  SNP rs3091244 were significantly associated with 
higher CRP levels. These findings are in line with most 
of the results from previous studies.26-28 Furthermore, GA 
genotype and A allele of SNP rs3093062 was significantly 
associated with higher CRP levels. SNP rs3093062 in 
comparison with other variants has been rarely studied. 
Two recently conducted studies revealed that this SNP 
had non-significant association with CRP level in 
healthy29 and diabetic30 Mexican participants. In contrast 
to most previous studies, none of genotypes and alleles 
of SNP rs3093059 were significantly influenced by CRP 
levels.31 Of course, in all polymorphisms, minor alleles 
were associated with higher CRP levels compared to 
major alleles.
Most previous studies have examined the association of 
genetic variants in the CRP gene with severity of coronary 
artery disease by CIMT, but we used coronary angiography 
which is a gold standard for this purpose. Beyond this, 
coronary angiogram results were calculated as Gensini 
score. In fact, this is strength of our study that we avoided 
mis-estimation. However in most previous studies, no 
association was observed between CIMT and any of these 
four SNPs in different populations.32 Our findings are 
consistent with those reports. There are conflicting data as 
to the relationship between CRP levels and CIMT in type 
2 diabetic patients.33,34 According to our analysis, there was 
significant association between CRP levels and Gensini 
scores only in CAD group (data not shown).
We concluded that elevation in CRP levels not only 
pointed to the presence of heart artery damage but also 
it may be associated with processes which are developing 
ischemic state. Based on the clinical evidences of pre 
and post ischemic states at cardiac tissue, our colleague 
cardiologist excluded patients who had these symptoms 
from study.
Haplotype analysis is suggested to be more powerful than 
individual SNP analyses. In the present study, none of 
the haplotypes significantly influenced the risk of CAD 
except for haplotype 7. Despite multivariable adjustment 
this haplotype was associated with decreased prevalence 
of CAD (Table 5). 
Other studies that have examined the association of 
C-reactive protein gene haplotypes with CAD are 
not comparable to our study, because of different 
polymorphisms used to reconstruct the haplotypes and 
different populations used in terms of health status, 
ethnicity, or age.35,36

The results of previous studies are different. One reason 
for this discrepancy may be the distinct LD patterns 
among different populations. Furthermore, the potential 
interactive influence between CRP gene and diabetes may 
also partially explain the discrepancy.
Our study has few limitations: firstly, the number of 
subjects was relatively few. Secondly, most participants in 

CAD group were men and older than non-CAD group. 
Therefore, additional studies in larger populations in 
which sex and age are adequately represented are needed.

Conclusion
In conclusion, our results support most previous studies 
demonstrating limited association of CRP polymorphisms 
in promoter region with CAD. However, we identified 
an association between GG genotype of SNP rs2794521 
with CAD in T2DM patients that has not been reported 
previously. We also found that individuals carrying the 
GA genotype and A allele of SNP rs3093062 displayed an 
increase in the average serum  CRP levels compared with 
those in G carriers. Further studies are needed to confirm 
these relationships.

Acknowledgements 
This work was supported by Drug Applied Research 
Center of Tabriz University of Medical Sciences, grant 
number 90/4-3/7. We also received support from the 
Cellular & Molecular Research Center of Ahvaz University 
of Medical Sciences, grant number CMRC-66.

Ethical issues
The Regional Ethics Committee of Tabriz University of 
Medical Sciences as well as Regional Ethics Committee for 
Medical Research (Ahvaz University of Medical Sciences) 
approved the study protocol. The study was in compliance 
with the declaration of Helsinki. All of the patients gave 
written informed consent.

Competing interests 
The authors have no conflicts of interest.

References
1.	 Wild S, Rolic C, Green A. Global prevalence of diabetes: 

Estimates for the year 2000 and projection for 2030. 
Diabetes Care 2004; 37:1047-1053.

2.	 Kaptoge S, Di Angelantonio E, Lowe G, Pepys MB, 
Thompson SG, Collins R, et al. C-reactive protein 
concentration and risk of coronary heart disease, stroke, 
and mortality: an individual participant meta-analysis. 
Lancet 2010;375:132–140.

3.	 MarreM, Hadjadj S, Bouhanick B. Hereditary factors in 
the development of diabetic renal disease. Diabetes Metab 
2000;26:30–6.

4.	 Schulze M, Rifai N, Rimm E, Stampfer M, Li T, Hu F. 
C-reactive protein and incident cardiovascular events 
among men with diabetes. Diabetes Care 2004;27:889–894.

5.	 Pickup JC, Crook MA. Is type II diabetes mellitus a disease 
of the innate immune system? Diabetologia 1998; 41: 
1241–8.

6.	 Hansson GK. Inflammation, atherosclerosis, and coronary 
artery disease. N Engl J Med 2005;352:1685-1695.

7.	 Keavney B. C reactive protein and the risk of cardiovascular 
disease. BMJ 2011;342:d144

8.	 Armani A, Becker RC. The biology, utilization, and 
attenuation of C-reactive protein in Cardiovascular disease: 
part I. Am Heart J 2005; 149:971-976. 

9.	 Agrawal A. CRP after 2004. MolImmunol 2005; 42:927-930. 



CRP gene variation and levels in T2DM patient

BioImpacts, 2014, 4(3), 133-139 139

10.	 Danesh J, Wheeler JG, Hirschfield GM, Eda S, Eiriksdottir 
G, Rumley A, et al. Creactive protein and other circulating 
markers of inflammation in the prediction of coronary 
heart  disease. N Engl J Med 2004;350: 1387–1397.

11.	 Lawlor DA, Davey Smith G, Rumley A, Lowe GD, Ebrahim 
S. Associations of fibrinogen and C-reactive protein 
with prevalent and incident coronary heart disease are 
attenuated by adjustment for confounding factors. British 
Women’s Heart and Health Study. Thromb Haemost 
2005;93: 955–963.

12.	 Lorenz MW, Karbstein P, Markus HS, SitzerM. High-
Sensitivity Creactive Protein Is Not Associated With Carotid 
Intima-Media Progression. The Carotid Atherosclerosis 
Progression Study. Stroke 2007;38: 1774–1779.

13.	 Mehta NN, Clair C St, Farouk S, Braunstein S, Schutta 
M, Iqbal N, et al. Gender differences in the association of 
C-reactive protein with coronary artery calcium in type-2 
diabetes. Clin Endocrinol (Oxford) 2011;74:44–50

14.	 Koenig W, Sund M, Frohlich M, Fischer HG, Lowel H, 
DoringA, 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(2):237-242.15. 

15.	 Szalai AJ, Wu J, Lange EM, McCrory MA, Langefeld CD, 
Williams A, et al. Single-nucleotide polymorphisms in 
the C-reactive protein (CRP) gene promoter that affect 
transcription factor binding, alter transcriptional activity, 
and associate with differences in baseline serum CRP level. 
Journal of Molecular Medicine 2005; 83: 440– 447

16.	 Brull DJ, Serrano N, Zito F, Jones L, Montgomery HE, 
Rumley A, et al. Human CRP gene polymorphism influences 
CRP levels: implications for the prediction and pathogenesis 
of coronary heart disease. ArteriosclerosisThrombosis and 
Vascular Biology 2003; 23: 2063–2069.             

17.	 Wolford JK, Gruber JD, Ossowski VM,Vozarova B, 
Antonio Tataranni P, Bogardus C, et al. A C-reactive 
protein promoter polymorphism is associated with type 2 
diabetes mellitus in Pima Indians. Molecular Genetics and 
Metabolism 2003; 78: 136–144.

18.	 Kang ES, Kim HJ, Kim YM, Lee S, Cha BS, Lim SK, et al. 
Serum high sensitivity C-reactive protein is associated with 
carotid intima-media thickness in type 2 diabetes. Diabetes 
Res ClinPract 2004;66:115-20.

19.	 Sigurdardottir V, Fagerberg B, Hulthe J. Preclinical 
atherosclerosis and inflammation in 61-year-old men with 
newly diagnosed diabetes and established diabetes. Diabetes 
Care 2004;27:880-4.

20.	 American Diabetes Association. Diagnosis and classification 
of diabetes mellitus. Diabetes Care 2004;27:S5-S10.

21.	 Gong Su, ShuhuaMi, Hong Tao, Zhao Li, Hongxia Yang, 
Hong Zheng, et al. Association of glycemic variability and 
the presence and severity of coronary artery disease in 
patients with type 2 diabetes. Cardiovasc Diabetol 2011; 
10:19.

22.	 Miller SA, Dykes DD, Polesky HF. A simple salting out 
procedure for extracting DNA from human nucleated cells. 
Nucleic Acids Research 1988; 16: 1215.

23.	 Hu G, Jousilahti P, Tuomilehto J, Antikainen R, Sundvall J, 
Salomaa V. Association of serum C-reactive protein level 

with sex-specific type 2 diabetes risk: a prospective finnish 
study. J Clin Endocrinol Metab 2009; 94: 2099-2105.

24.	 Kolz M, Koenig W, Muller M, Andreani M, Greven S, 
Illig T, et al. DNA variants, plasma levels and variability 
of C-reactive protein in myocardial infarction survivors: 
results from the AIRGENE study. Eur Heart J 2008; 29: 
1250-1258.

25.	 Grammer TB, Marz W, Renner W, Bohm BO, Hoffmann 
MM. C-reactive protein genotypes associated with 
circulating C-reactive protein but not with angiographic 
coronary artery disease: the LURIC study. Eur Heart J 2009; 
30: 170-182.

26.	 Chen J, Zhao J, Huang J, Su S, Qiang B, Gu D. −717ANG 
polymorphism of human C-reactive protein gene associated 
with coronary heart disease in ethnic Han Chinese: the 
Beijing atherosclerosis study. J Mol Med 2005;83:72–8.

27.	 Sheu WH, Chen YD, Yu CY, Guo X, Lee TC, Lee WJ, et 
al. C-reactive protein gene polymorphism 1009A>G 
is associated with serum CRP levels in Chinese men: a 
TCVGHAGE study. Clin Chim Acta 2007;382:117–23.

28.	 Lange LA, Carlson CS, Hindorff LA, Lange EM, Walston 
J, Durda JP, et al. Association of polymorphisms in the 
CRP gene with circulating C-reactive protein levels and 
cardiovascular events. JAMA 2006;296:2703–11.

29.	 Alfaro EF, Tilapa GF, Martínez ES, Cruz M, Aguiar BI, 
RojasIP. Common variants in the CRP gene are associated 
with serum C-reactive protein levels and body mass index 
in healthy individuals in Mexico. Genetics and Molecular 
Research 2012;11: 2258-2267.

30.	 Martínez-Calleja A, Quiróz-Vargas I, Parra-Rojas I, Muñoz-
Valle JF, Leyva-Vázquez MA, Fernández-Tilapa G, et al. 
Haplotypes in the CRP Gene Associated with Increased 
BMI and Levels of CRP in Subjects with Type 2 Diabetes 
or Obesity from Southwestern Mexico. Exp Diabetes Res 
2012;2012:982683. doi: 10.1155/2012/982683

31.	 Mahajan A, Tabassum R, Chavali S, Dwivedi OP, Chauhan 
G, Ghosh S, et al. Common variants in CRP and LEPR 
influence high sensitivity C-reactive protein levels in North 
Indians. PLoS One 2011;6(9):e24645. 

32.	 Pessi T, Eklund C, Huhtala H, Raitakari OT, Juonala 
M, KahonenM, et al. CRP and FCRG2A genes have an 
epistatic effect on carotid artery intima-media thickness: 
The Cardiovascular Risk in Young Finns Study. Int J 
Immunogenet 2008;36:39-45. 

33.	 Moussavi N, Renier G, Roussin A, Mamputu JC, Buithieu 
J, Serri O. Lack of concordance between plasma markers of 
cardiovascular risk and intima-media thickness in patients 
with type 2 diabetes. Diabetes Obes Metab 2004;6:69-77.

34.	 Juonala M, Viikari JS, Ronnemaa T, TaittonenL, Marniemi 
J, Raitakari OT. Childhood C-reactive protein in predictin 
CRP and carotid intima-media thickness in adulthood: 
the Cardiovascular Risk in Young Finns Study. Arterioscler 
Thromb Vasc Biol 2006;26:1883-1888.

35.	 Teng MS, Hsu  LA, Wu S, Chang HH, Chou HH, Ko YL. 
Association between C-reactive protein gene haplotypes 
and C-reactive protein levels in Taiwanese: interaction with 
obesity. Atherosclerosis 2009;204 : 64–69.

36.	 Kardys I, de Maat MP, Uitterlinden AG, Hofman A, 
Witteman JC. C-reactive protein gene haplotypes and risk 
of coronary heart disease: the Rotterdam Study. Eur Heart 
J 2006;27:1331–7.


