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ABSTRACT

)LEULQRJHQ�LV�RQH�RI�WKH�LQÁDPPDWRU\�PDUNHUV�DQG�SOD\V�D�FUXFLDO�UROH�LQ�
pathophysiological process of cardiovascular diseases (CVD).  High levels 
RI� ÀEULQRJHQ� DUH� DVVRFLDWHG�ZLWK� DWKHURVFOHURVLV� SURJUHVVLRQ� DQG� &9'� 
FRPSOLFDWLRQ� LQ�W\SH���GLDEHWHV�PHOOLWXV��'0���)XUWKHUPRUH��ÀEULQRJHQ� 
genetic polymorphisms are one of the important factors affecting their 
levels. Therefore, this study aimed to evaluate the associations of  
FGA -58G/A polymorphism with clinical manifestations of coronary artery 
disease (CAD) in type 2 DM. A case-control study included 123 documented  
DM patients presenting with either acute coronary syndrome (ACS) or 
stable CAD and 86 control individuals without DM and presenting none or 
less than 50 % stenosis of coronary artery. All subjects were genotyped for 
the FGA -58G/A polymorphism using polymerase chain reaction-restriction 
fragment length polymorphism technique. The results showed that AA  
genotype and A allele of the FGA -58G/A polymorphism were independently 
DVVRFLDWHG�ZLWK�'0�>DGMXVWHG�25������&,�� ����������������DQG�����������
6.6), respectively]. Moreover, the AA genotype and A allele were also  
VLJQLÀFDQWO\�DVVRFLDWHG�ZLWK�$&6�LQ�GLDEHWLF�SDWLHQWV�>DGMXVWHG�25������&,��
 �����������������DQG�����������������UHVSHFWLYHO\@��ZKLOH�WKH�DVVRFLDWLRQ�
with stable CAD was not observed. In conclusion, the results of this study 
may indicate the association of the FGA -58G/A polymorphism with the 
atherosclerotic progression which may in turn leads to the severe clinical 
manifestation of CAD in DM.
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Introduction
 Diabetes mellitus (DM) is a major risk factor 
for coronary artery disease (CAD). It has been 
known that cardiovascular disease (CVD) is the 
most important complication of type 2 diabetic 
patients. A number of studies showed that the 
diabetic patients had a 2 - 4 fold increased risk of 
developing CAD. Moreover, the incidence of severe 
clinical CVD complication in DM is higher than 
those in non-DM(1). However, there is no selective 
agent responsible for the atherosclerotic process 
LQ�GLDEHWLF�SDWLHQWV�GXH�WR�LWV�VHYHUDO�LQÁXHQFHV��
Assessment of some biomarkers and conventional 
risk factors has been ineffective in completely 
predicting the development of the atherosclerotic 
SURFHVV� VXJJHVWLQJ� WKDW� VSHFLÀF� JHQHWLF� IDFWRU�
should be taken into account. 
 Recently, many studies have suggested 
that endothelial dysfunction occurs in response 
to cardiovascular risk factors resulting in the  
development of atherosclerosis(2). One of the 
most important causes of endothelial dysfunction 
LV� LQÁDPPDWLRQ�� ,QÁDPPDWLRQ� LV� LPSOLFDWHG� LQ�
the pathogenesis of type 2 diabetes and in the 
development of atherosclerotic plaque and their 
destabilization(3,4)��,QÁDPPDWRU\�SURFHVVHV�LQYROYH�
altering of endothelial and smooth muscle cells, 
leukocytes recruitment, as well as complement 
activation(5). Fibrinogen is one of acute phase 
reactant proteins which is elevated in response 
WR�LQÁDPPDWRU\�FRQGLWLRQV��,W�SOD\V�D�FUXFLDO�UROH�
in the early stages of plaque formation and late 
complications of CVD(6)�� ,Q� DGGLWLRQ�� ÀEULQRJHQ�
strongly affects hemostasis, blood rheology, and 
SODWHOHW� DJJUHJDWLRQ�� ,QFUHDVHG� OHYHOV� RI� ÀEULQ-
ogen have been reported to be associated with 
HQKDQFLQJ� DWKHURVFOHURVLV�� UHGXFLQJ� EORRG� ÁRZ��
and predisposing to thrombosis(7). Some reports 
GHPRQVWUDWHG�WKDW� WKH�HOHYDWHG�SODVPD�ÀEULQR-
gen concentration is not only responsible for CVD 
but also is increased in other cardiovascular risk 
factors such as metabolic syndrome, hyperten-
sion, obesity and diabetes mellitus(8, 9). Thus, high 
SODVPD�ÀEULQRJHQ�OHYHOV�FRXOG�FRQWULEXWH�WR�WKH�
excess cardiovascular morbidity and mortality in 
these conditions. 

 A p rev ious  s tudy  sugges ted  that  
approximately 50 % of the total variability in  
ÀEULQRJHQ� OHYHOV� LV� GHWHUPLQHG� E\� WKH� JHQHV� 
HQFRGLQJ�WKH�WKUHH�ÀEULQRJHQ�FKDLQV��DOSKD��EHWD�� 
and gamma (FGA, FGB, and FGG genes, respectively(10).  
FGA -58G/A (rs2070011) is a single nucleotide  
polymorphism (SNP) in a promoter of the FGA gene 
which has been reported to affect the levels of  
ÀEULQRJHQ�DQG�DVVRFLDWH�ZLWK�'0(11). However, there 
is no study investigating the possible relationship 
of the polymorphism with DM and the progression 
of atherosclerotic plaque in coronary artery of 
the patients with macrovascular complication.  
Therefore, we decided to investigate whether  
WKH� )*$� ���*�$� SRO\PRUSKLVP� LQÁXHQFH� WKH� 
progression of CAD complication in type 2 DM. 

Materials and methods
 Study subjects 
 A total of 207 participants who attended to 
the Cardiac Catheterization Unit, Queen Sirikit 
Heart Center of the Northeast Hospital, Khon Kaen 
University, were recruited in this study. Patients 
with cancer, autoimmune disease, infectious  
diseases, renal failure, and immune-compromised  
individuals were excluded. Type 2 DM was  
diagnosed according to the criteria of the World 
Health Organization(12). According to the coronary 
DQJLRJUDSKLF� UHVXOWV�� WKH�'0�SDWLHQWV� �Q�  � �����
presented with either acute coronary syndrome 
�$&6���Q� �����RU�VWDEOH�&$'��Q� �����ZKLFK�ZDV�
GHÀQHG�DV�PRUH�WKDQ�����VWHQRVLV�LQ�DW�OHDVW�RQH�RI�
WKH�WKUHH�PDLQ�FRURQDU\�YHVVHOV��$&6�ZDV�GHÀQHG�
as unstable angina, non-ST-elevation myocardial 
infarction (NSTEMI) or ST-elevation myocardial 
infarction (STEMI)corresponding to European 
Society of Cardiology (ESC), American College 
of Cardiology Foundation (ACCF) and American 
Heart Association (AHA)(13). The individuals without  
DM and presenting none or less than 50%  
VWHQRVLV�RI�WKH�FRURQDU\�DUWHU\�ZHUH�FODVVLÀHG�DV�
D�FRQWURO�JURXS��Q� ������2WKHU�FOLQLFDO�YDULDEOHV�
including age, sex, CAD risk factors, and use of 
medicines were obtained from medical records. 
Individuals presenting at least one of the following  
SDUDPHWHUV� LQFOXGLQJ� WRWDO� FKROHVWHURO� �7&�� �� 
����PJ�G/��WULJO\FHULGH�������PJ�G/��KLJK�GHQVLW\� 
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lipoprotein-cholesterol (HDL - C) < 40 mg/dL, 
and low density lipoprotein-cholesterol (LDL - C)  
�� ����PJ�G/� RU� XVH� RI� OLSLG� �� ORZHULQJ� GUXJV�
were diagnosed as dyslipidemia(14). Individuals 
ZKR�KDG�EORRG�SUHVVXUH����������PP+J�DQG�RU� 
XVHG� DQWL�K\SHUWHQVLYH� GUXJV� ZHUH� GHÀQHG� DV� 
hypertension(15). Participants with body mass index 
�%0,�� �� ��� NJ�P2� ZHUH� FODVVLÀHG� DV� REHVLW\(16). 
Metabolic syndrome was considered if any three 
RI�WKH�ÀYH��ULVN�IDFWRUV��ZHUH�SUHVHQW���L��ZDLVW�
FLUFXPIHUHQFH������FP� LQ�PDOH�DQG������FP� LQ�
IHPDOH���LL��7*�������PJ�G/�RU�RQ�OLSLG���ORZHULQJ�
drug treatment, (iii) HDL - C < 40 mg/dL in male 
and < 50 mg/dL in female, (iv) blood pressure 
�� ������� PP+J� RU� XVH� RI� DQWL�K\SHUWHQVLYH� 
medications, and (v) fasting blood glucose (FBG) 
������PJ�G/�RU�XVH�RI�JOXFRVH�ORZHULQJ�GUXJV(17). 
The study protocol was approved by the Khon Kaen 
University Ethics Committee for Human Research 
(HE621240) and consent forms were obtained from 
all participants.

 Genotyping
 Genomic DNA was extracted from peripheral  
white blood cells using a Flexi Gene DNA  
extraction kit (QIAGEN, Hilden, Germany).  
Genotyping of FGA -58G/A polymorphism was  
determined by polymerase chain reaction- 
restriction fragment length polymorphism (PCR 
��5)/3���7KH�JHQRPLF�'1$�ZDV�DPSOLÀHG�E\�3&5�
XVLQJ� VSHFLÀF� SULPHUV� LQFOXGLQJ� IRUZDUG� SULPHU�
(5’GAG GGT TGA CTG TCT ACA CA 3’) and reverse 
primer (5’CAG GCC TGG GGT CAT AAA 3’). The 
optimal condition for the PCR reaction was an 
annealing temperature of 58 °C. The PCR product 
was further digested with 2 units of AciI restriction 
enzyme (New England Biolabs Inc., MA, USA). Each 
genotype of the polymorphism was interpreted 
with different sizes of amplicons as follows: 
GG homozygote demonstrated 236 and 83 base 
pair (bp) bands; GA heterozygote demonstrated  
318, 236 and 83 bp bands; and AA homozygote 
demonstrated 318 bp band.

 Statistical analysis
 Statistical analysis was performed using 
SPSS software version 17.0 (SPSS Inc, IL, USA). 
Distributions of genotype and allele frequencies, 
categorical variables and the Hardy-Weinberg 
equilibrium were determined using a Chi-square 
test. Kolmogorov-Smirnov test was used to assess 
whether the data is normal distribution. Continuous  
YDULDEOHV�ZHUH� H[SUHVVHG� DV�PHDQV� �� VWDQGDUG�
deviations (SDs) and categorical variables were 
reported as number and percentages. Continuous  
variables without normal distribution were  
UHSRUWHG� DV� D� JHRPHWULF�PHDQV� �� 6'V�� /RJLVWLF�
regression analysis was performed to evaluate the  
association between the FGA -58G/A polymorphism  
with DM and severity of CAD complication in DM 
SDWLHQWV�� 6WDWLVWLFDO� VLJQLÀFDQFH�ZDV� GHÀQHG� DV� 
a p-value less than 0.05.  

Results
 Clinical and demographic characteristics  
of the study individuals are shown in Table  
1. Individuals in DM group presented higher  
proportions of hypertension, metabolic syndrome, 
as well as levels of FBG and LDL-C as compared to 
FRQWUROV��1R�VLJQLÀFDQW�GLIIHUHQFHV�EHWZHHQ�ERWK�
groups were observed for SBP, DBP, BMI, TC, TG, 
and HDL-C. 
 The allele and genotype frequencies of 
the FGA -58G/A polymorphism in DM patients and 
controls are presented in Table 2. The SNP was 
in agreement with Hardy–Weinberg equilibrium 
LQ� HDFK� JURXS��7KH� VLJQLÀFDQW�GLIIHUHQFHV�ZHUH�
observed in genotype (p�YDOXH� ��������DQG�DOOHOH� 
(p�YDOXH�  � ������� IUHTXHQFLHV� EHWZHHQ� '0� 
patients and controls. To evaluate the association  
of genetic variations with DM, multivariate logistic 
regression analysis was performed. The results 
demonstrated that presences of AA genotype 
and A allele of the FGA -58G/A polymorphism 
were independently associated with DM after  
adjustment for sex, age, hypertension, and  
metabolic syndrome (Table 2).
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Table 1   Demographic data of the study subjects

Variables
Controls
�Q ���

DM
(n=123)

p-value

Age (years)* �������� �������� 0.136

Gender

Male, n (%) 38 (45.2) 69 (56.1) 0.125

Female, n (%) 46 (54.8) 54 (43.9)

DS, n (%) 69 (82.1) 108 (87.8) 0.256

HT, n (%) 59 (70.2) 101 (82.1) 0.045

MET, n (%) 38 (45.2) 113 (91.9) <0.001

Obesity, n (%) 42 (50.0) 57 (46.3) 0.605

SBP (mmHg) ������������ ������������ 0.399

DBP (mmHg) ���������� ����������� 0.115

BMI (kg/m2) ���������� ���������� 0.316

FBG (mg/dL)* ����������� ������������ 0.002

TC (mg/dL)* ������������ ������������ 0.537

TG (mg/dL)* ������������ ������������� 0.071

LDL-C (mg/dL)* ����������� ������������ 0.010

HDL-C (mg/dL)* ����������� ����������� 0.244

Note: Independent sample t-test and Chi-square test were used to compare continuous values and 
categorical variables between both groups, respectively. Category data are expressed as n (%),  
FRQWLQXRXV�GDWD�DUH�H[SUHVVHG�DV�PHDQ���6'��
�9DOXHV�DUH�SUHVHQWHG�DV�JHRPHWULF�PHDQV���6'��'0�� 
diabetes mellitus; DS, dyslipidemia; HT, hypertension; MET, metabolic syndrome; SBP, systolic blood 
pressure; DBS, diastolic blood pressure; BMI, body mass index; FBG, fasting blood glucose; TG,  
triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol
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Table 2   Genotype distributions of the FGA -58G/A polymorphism in study subjects and its association  
    with DM

*HQRW\SH��
allele

Frequency, n (%)
p-value

25������&,�
p-valueControls

�Q ���
DM

(n=123)
Crude OR p-value Adjusted OR*

GG 26
(31.0)

29 
(23.6)

0.022 1.0 - 1.0 -

GA 45
(53.6)

54 
(43.9)

1.1 
(0.6,2.1)

0.828
1.3 (0.6,2.9)

0.573

AA 13
(15.5)

40 
(32.5)

2.8 
(1.2,6.3)

0.015
3.3 (1.2,8.9)

0.021

G allele 97
(57.7)

112 
(45.5)

0.015 1.0 - 1.0 -

A allele 71
(42.3)

134 
(54.5)

2.8 
(1.5,4.9)

0.001
3.3 (1.6,6.6)

0.001

Note: Chi-square test was used to compare the frequencies of genotypes between DM and control groups. 
*Conditional logistic regression model adjustment for sex, age, hypertension and metabolic syndrome. 
'0��'LDEHWHV�PHOOLWXV��25��2GGV�UDWLR��&, &RQÀGHQFH�LQWHUYDO

� 7R�DVVHVV�WKH�LQÁXHQFH�RI�WKH�FGA -58G/A 
polymorphism on the severity of CAD compli-
cation, DM individuals were divided into two 
subgroups including DM with stable-CAD and with 
$&6�� 6LJQLÀFDQW� GLIIHUHQFHV�ZHUH� IRXQG� LQ� WKH�
frequencies of AA genotype (p�YDOXH� ��������DQG�
A allele (p�YDOXH� �������� LQ�'0�ZLWK�$&6�ZKHQ�
FRPSDUHG� WR� FRQWUROV�� +RZHYHU�� WKH� VLJQLÀFDQW�
differences were not found in patients with  

stable-CAD when compared to controls (Table 3).  
Multivariate logistic regression analysis was  
performed to investigate the relationship between 
the FGA -58G/A polymorphism and ACS in diabetic 
individuals (Table 4). The results demonstrated 
that after adjustment for sex, age, hypertension, 
and metabolic syndrome, the AA genotype and 
$� DOOHOH� ZHUH� VLJQLÀFDQWO\� DVVRFLDWHG�ZLWK� DQ 
increased risk of ACS. 

Table 3   Genotype distributions of the FGA -58G/A polymorphism in DM with CAD according to clinical  
   manifestation

*HQRW\SH�
allele

(1)
Controls
�Q ���

Frequency, n (%)
p-value

DM with CAD manifestation

(2)
stable CAD

(n=67)

(3)
ACS

�Q ���

(2) 
vs. 
(1)

(3) 
vs. 
(1)

GG
GA
AA
G allele
A allele

26 (31.0)
45 (53.6)
13 (15.5)
97 (57.7)
71 (42.3)

17 (25.4)
33 (49.3)
17 (25.4)
67 (50.0)
67 (50.0)

12 (21.4)
21 (37.5)
23 (41.1)
45 (40.2)
67 (59.8)

0.304

0.180

0.003

0.004

Note: Chi-square test was performed for comparison of the frequencies of each genotype among the 
study groups. DM, Diabetes mellitus; CAD, Coronary artery disease; ACS, Acute coronary syndrome 
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Table 4   Association of the FGA -58G/A polymorphism with ACS in DM 

*HQRW\SH�DOOHOH
25������&,�

Crude OR p-value Adjusted OR* p-value
GG 1.0 - 1.0 -

GA 1.0 (0.4, 2.4) 0.980 1.0 (0.4, 2.8) 1.000

AA 3.8 (1.5, 10.1) 0.006 3.9 (1.3, 11.7) 0.014

G allele 1.0 - 1.0 -

A allele 2.0 (1.3, 3.3) 0.004 2.0 (1.2, 3.5) 0.014

Note: *Conditional logistic regression model adjustment for sex, age, hypertension and metabolic  
V\QGURPH��'0��GLDEHWHV�PHOOLWXV��$&6��DFXWH�FRURQDU\�V\QGURPH��25��2GGV�UDWLR��&,��&RQÀGHQFH�LQWHUYDO

Discussion
 Fibrinogen is a complex protein composed 
of three pairs of subunits (FGA, FGB, and FGG). 
In addition to its physiological role as a cofactor 
IRU�SODWHOHW�DJJUHJDWLRQ�DQG�D�SUHFXUVRU�RI�ÀEULQ��
ÀEULQRJHQ�LV�LQYROYHG�LQ�PDQ\�SDWKRSK\VLRORJLFDO�
SURFHVVHV�VXFK�DV�LQÁDPPDWLRQ��DWKHURVFOHURVLV��
and thrombosis(18). A previous study showed that 
ÀEULQRJHQ� LV� D� SRWHQWLDO� ELRPDUNHU� IRU� SUHGLF-
tion of future risk of CVD(19)��$� KLJK� ÀEULQRJHQ�
concentration has been reported to enhance the 
risk of CVD in diabetic individuals(20). In addition, 
several studies also have provided evidence for 
WKH�UHODWLRQ�EHWZHHQ�SODVPD�ÀEULQRJHQ�OHYHOV�DQG�
'0��$FWXDOO\��WKH�HOHYDWHG�OHYHO�RI�ÀEULQRJHQ�ZDV�
observed in type 2 DM patients, and predicted 
the progression of CVD in diabetes. Several poly-
morphisms inducing overproduction of the three 
ÀEULQRJHQ�VXEXQLWV�PLJKW�LQÁXHQFH�WKH�KLJK�OHYHOV�
RI�SODVPD�ÀEULQRJHQ��ZKLFK�LQ�WXUQ�GHYHORS�W\SH�
2 DM and CAD. Therefore, the genetic variations 
LQ� WKHVH� JHQHV�PD\� GHÀQH� VXVFHSWLELOLW\� WR� WKH�
disease. A previous study demonstrated that the 
nucleotide base substitutions of the FGA -58G/A 
polymorphism in the 5’ UTR (promoter) of the 
FGA gene can modulate the FGA gene expression 
through accelerating the mRNA transcription, 
which may affect increasing mRNA levels and 
UHVXOWLQJ�LQ�WKH�KLJK�OHYHO�RI�ÀEULQRJHQ(21).
 This study demonstrated the association of 
the FGA -58G/A polymorphism with the plaque 
progression leading to ACS in type 2 diabetic pa-
tients. To the best of our knowledge, this study is 
WKH�ÀUVW�UHSRUW�RI�WKH�HIIHFW�RI the FGA -58G/A 

polymorphism on the severity of CAD complication 
in diabetes. We have observed that AA genotype 
and minor A allele of the FGA -58G/A polymorphism  
was associated with an increased risk of DM in this 
population. This result supported the previous 
study reported by Hwang et al.(11) which suggested  
that major G allele of this polymorphism had  
a protective effect on DM. Our study also found 
that diabetic individuals carrying the minor A 
allele of the polymorphism were independently 
associated with ACS. These results suggested that 
the FGA -58G/A polymorphism may affect the  
occurrence and severe progression of atherosclerosis  
in type 2 DM. However, the mechanism that links 
genetic variations of the FGA -58G/A polymorphism  
to risk of DM and severe CAD complication in 
diabetic individuals remains unclear. To date, 
genome-wide association studies (GWAS) have 
LGHQWLÀHG�D�ODUJH�QXPEHU�RI�UREXVW�DVVRFLDWLRQV�
between genetic variations and type 2 DM. Ban 
HJ and colleagues(22) found that the FGA -58G/A 
polymorphism combined with the rs9658173 of 
SHUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU�33$5�š�
(PPARD) gene was associated with contributing 
risk of type 2 DM, through elevating the levels  
of FBG(23). Moreover, the polymorphism was  
VLJQLÀFDQWO\�UHODWHG�WR�WKH�LQFUHDVHG�SODVPD�OHYHOV�
of TG and TC(11). Therefore, this polymorphism 
may have a possible role in the developing of DM 
via modulating plasma concentrations of lipids 
and glucose. 
 Mannila et al.(24) demonstrated that the FGA 
���*�$�SRO\PRUSKLVP�DSSHDUHG�WR�LQÁXHQFH�WKH�
UHODWLRQ�EHWZHHQ�SODVPD�ÀEULQRJHQ�FRQFHQWUDWLRQ� 
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DQG� ÀEULQ� FORW� SRURVLW\�� 7KH\� IRXQG� WKDW� WKH�
presence of homozygous for the A allele leads to 
LQFUHDVH� ÀEULQRJHQ� FRQFHQWUDWLRQ� DQG� GHFUHDVH�
ÀEULQ� FORW� SRURVLW\�� ,Q� DGGLWLRQ�� SULRU� VWXG\� KDV�
shown that FGA -58G/A polymorphism was in 
a strong linkage disequilibrium with FGA Thr312Ala  
polymorphism (rs6050) (11).  As Thr312Ala  
SRO\PRUSKLVP�LQÁXHQFHV� FORW� VWDELOLW\�WKURXJK�
increasing factor XIII cross-linking(25) leading to 
WKLFNHU�ÀEULQ�ÀEHUV�ZKLFK�UHVLVW� WR� O\VLV(26). This 
might be an evidence to explain a possible effect 
of the FGA -58G/A polymorphism on an increased 
ACS risk in patients with DM. However, it should be 
noted that the sample size was not large enough 
and this might have reduced the statistical power 
of tests. Thus, further investigation with a larger 
sample size is needed to elucidate the effect of 
FGA -58G/A polymorphism on ACS in type 2 DM.

Conclusion
 The present study has demonstrated the 
association of the FGA -58G/A polymorphism with 
ACS in type 2 DM. This relationship suggested 
the importance of genetic variations of the FGA 
-58G/A which may eventually be used as the ACS 
risk assessment in diabetic individuals.

Take home messages 
• A allele of the FGA -58G/A polymorphism 

were independently associated with DM. 
• FGA -58G/A polymorphism was associated 

with ACS in type 2 DM.
• The genetic variations of the FGA -58G/A 

may eventually be used as the ACS risk 
assessment in diabetic individuals.

&RQÁLFWV�RI�LQWHUHVW
� 7KH�DXWKRUV�GHFODUH�QR�FRQÁLFW�RI�LQWHUHVW�
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