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Relation between Fibrinogen Gene  
Polymorphisms and Microvascular  
Complications in Patients with Type 1  
Diabetes: A Cross-Sectional Study

ABSTRACT
Objective: The present work aimed at genotyping 
fibrinogen beta (FGB) gene rs1800790 polymorphism 
and studying its relation to plasma fibrinogen (FG) 
level and microvascular complications in patients with 
type 1 diabetes (T1D). 
Materials and methods: The study included 100 
patients with T1D attending outpatient clinic. Full 
history taking and physical examination were done. 
Routine biochemical parameters and plasma FG level 
were measured. Genotyping of rs1800790 FGB gene 
polymorphism was done.
Results: The study included 52 females and 48 males 
with T1D with mean diabetes duration of 7.75 ± 2.95 
years. Their mean age was 14.71 ± 3.24 years. Plasma 
FG level was significantly higher in patients with dia-
betic peripheral neuropathy (DPN) (p = 0.024) and in 
patients with diabetic kidney disease (DKD) (p = 0.036). 

No significant relation was found between plasma FG 
level and rs1800790 FGB gene polymorphism. The GA 
genotype of gene polymorphism was associated with  
6 times increased risk of DPN. The dominant mode  
GA + AA was associated with a 4 and 7 folds increased 
risk of DPN in univariate and multivariate analysis re-
spectively. A cut-off values of plasma FG > 348 mg/dL 
and > 358 mg/dL were able to differentiate patients 
with DPN and DKD respectively.
Conclusions: In patients with T1D, the GA and the  
GA + AA genotypes of rs1800790 FGB gene polymor-
phism were significantly associated with DPN while 
plasma FG level was associated with DPN and DKD 
but not with rs1800790 FGB gene polymorphism. (Clin 
Diabetol 202X; XX; X: XXX–XXX)

Keywords: type 1 diabetes, microvascular 
complications, fibrinogen, rs1800790 gene 
polymorphisms

Introduction
Type 1 diabetes (T1D) is considered a multifacto-

rial disease with a background of autoimmunity. Its 
prevalence is rising among children and adolescents 
[1]. About 35 million persons worldwide have T1D 
with annual increase 3–5% [2]. It is one of the com-
monest chronic diseases among children and strongly 
associated with increased risk of microvascular com-
plications, including diabetic peripheral neuropathy 
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(DPN), diabetic retinopathy (DR), and diabetic kidney 
disease (DKD) [3]. 

 Diabetic peripheral neuropathy is associated with 
significant morbidity through its role in the pathogen-
esis of diabetic foot ulceration which may progress to 
irreversible tissue damage that may end with lower limb 
amputation [4]. Moreover, DR remains the leading cause 
of loss of vision in the working-age group in western 
world population [5]. Furthermore, DKD represents the 
most common cause of end stage renal disease requiring 
dialysis in developed countries. Its prevalence rises with 
increasing age and diabetes duration [6].

Chronic hyperglycemia is the initiating factor of mi-
croangiopathy complex etiology. It depends mainly on 
long diabetes duration and poor glycemic control [4]. 
Additional factors affecting microangiopathy include: 
hypertension, dyslipidemia, inflammation, glycemic 
variability and genetic predisposition [7, 8]. Moreover, 
dysfunction of hemostasis is considered another risk 
factor for diabetic microvascular complications through 
impairment of vascular flow.

Fibrinogen (FG) is the major protein of the coagula-
tion system which is a soluble, homodimeric glycopro-
tein [9]. It is made up of 3 polypeptide chains in 2 pairs 
(alpha, beta, and gamma) where their genes are located 
on chromosome 4q28. Fibrinogen exhibits pleiotropic 
biological functions owing to its various binding sites. 
Moreover, it has the capability of binding to a range 
of adhesion molecules or receptors presented on im-
mune, hematopoietic, and neuronal cells. Being an 
acute phase reactant, FG is proved to have a pivotal 
role in inflammation [10].

Recent studies has focused on FG beta (FGB) 
gene polymorphism (e.g., rs1800790, –455G/A) as its 
synthesis is the rate limiting process for FG synthesis. 
Previous data highlighted the association of FGB poly-
morphisms with stroke (ischemic and cardioembolic) 
and abdominal aortic aneurysm [11, 12].

There is paucity of data regarding the relation 
between FGB gene polymorphism and different mi-
crovascular complications in T1D.This invited us to 
conduct the present study. The aim of our study was 
to genotype FGB (rs1800790) polymorphism in patients 
with T1D and to determine its relation to microvascular 
complications in young subjects with T1D.

Materials and methods
Study design

The present study is a cross-sectional study.

Study participants
The study included 100 patients with T1D, aged 

6–19 years with diabetes duration ≥ 3 years. T1D was 

diagnosed according to the criteria of the International 
Diabetes Federation/International Society for Pediatric 
and Adolescent Diabetes [13]. Patients were recruited 
from diabetes outpatient clinic of Alexandria Main 
University Hospital during routine visits. Patients with 
diabetes duration less than 3 years, type 2 diabetes, 
pregnancy, severe renal or hepatic impairment and 
patients with history of cardiovascular disease were 
excluded from the study. Included subjects were in-
formed regarding the aim of the study. An informed 
consent was signed by all adult patients and by their 
legal representatives, in case of children.

Ethical approval
This study was performed in accordance with the 

ethical standards of the Declaration of Helsinki. The 
approval of the local Ethical Committee of Faculty of 
Medicine, Alexandria University was obtained. 

Data collection
All selected cases were subjected to: thorough his-

tory taking including age, gender, diabetes duration 
and medications. 

Full physical examination was done including: 
measuring anthropometric parameters (body weight 
and height). Body mass index was calculated by divid-
ing weight in kg by height in m2). Blood pressure also 
was measured. Neurological examination for detection 
of DPN was done using Michigan Neuropathy Screen-
ing Instrument (MNSI) score, MNSI questionnaire and 
MNSI examination were used for the overall evaluation 
of neuropathy severity. MNSI questionnaire score ≥ 4  
is considered abnormal and MNSI examination score  
> 2 was considered abnormal [14]. Fundus examina-
tion was performed by an ophthalmologist through 
dilated pupils using a 90-diopter Volk lens and biomi-
croscope to diagnose DR. The presence and grading 
of DR was based on the International Clinical Diabetic 
Retinopathy and Macular Edema Disease Severity 
Scales [15].

For each patient, venous blood samples were col-
lected into plain vacutainer tubes after an overnight 
fast as follows: 2 mL in a vacutainer blood collection 
tube containing K2EDTA (di-potassium ethylenediamine 
tetra-acetic acid) for complete blood count (CBC), 
another 2 mL in a vacutainer blood collection tube 
containing K2EDTA for FG genotyping of rs1800790 
polymorphism, 3 mL in plain vacutainer blood collection 
tube left to clot for 30 minutes at room temperature 
then centrifuged for 10 minutes at 5000 rpm to ob-
tain serum for chemical testing and the rest 2 mL in 
a vacutainer blood collection tube containing sodium 
citrate for plasma FG measurement. 
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Complete blood count was performed on dif-
ferential automated cell counter XN-1000 (Sysmex, 
USA), chemical tests were done using fully automated 
chemistry analyzer ADVIA1800 (Siemens, Germany), 
they included: fasting plasma glucose (FPG), hemo-
globin A1C (HbA1c), lipid profile (total cholesterol, 
triglycerides, HDL-C, LDL-C) and serum creatinine. The 
one-year mean HbA1c was calculated for each patient 
from multiple readings (3 or 4) during the last year. 
Estimated glomerular filtration rate (eGFR) was calcu-
lated using CKD-EPI equation. [16] Spot urine sample 
was obtained (second morning sample in a 6 ml plain 
urine tube) for measurement of urinary albumin to 
creatinine ratio (UACR). DKD was diagnosed in the 
presence of albuminuria (UACR≥ 30 mg/g) and/or eGFR  
< 60 mL/min/1.73 m2) [17]. Plasma fibrinogen level was 
measured using fully automated coagulation analyzer 
(Sysmex, Germany). 

Genotyping of FGB gene rs1800790  
polymorphism

Genomic DNA was extracted from peripheral 
blood leucocytes using QIAamp DNA Mini Blood DNA 
extraction kit (Cat. No. 51104, QIAGEN, Germany). DNA 
concentrations were measured using NanoDrop 2000 
spectrophotometer (ThermoScientific, USA) and the 
purity was assessed by the absorbance ratios of A260/ 
/A280 and A260/A230. After that, all DNA samples 
were stored at −80 °C until use. The extracted DNA 
was amplified by TaqMan 5’ nuclease allele discrimina-
tion technique using TaqMan® SNP Genotyping Assay 
for genotyping of rs1800790 (Cat No. 4351379, Life 
Technologies Corporation, USA). PCR reaction mix 
with total reaction volume 20 μL for each sample was 
prepared as follows: 10 μL of TaqMan™ Master Mix,  
1 μL of the genotyping assay, 2μl of DNA template (with 
concentration 5 ng/μL) and 8μl nuclease free water. 
Then, PCR reaction mixture was subjected to thermal 
cycling on Rotorgene Q PCR system (Qiagen, USA) 
using the following Q-PCR thermal cycling protocol; 
95°C for 10 minutes for initial denaturation, 40 cycles: 
95°C for 1 minute for denaturation and then 60°C for 
annealing and extension. Allelic and genotypic identi-
fication is performed using the plotted fluorescence 
signals as follows: homozygous for A allele with VIC 
dye fluorescence, heterozygous for A and G alleles with 
VIC/FAM-dye fluorescence and homozygous for G allele 
with FAM dye fluorescence.

Statistical analysis
Data were analyzed using IBM SPSS version 20.0 

software package (Armonk, NY: IBM Corp). Number 
and percent were used to describe qualitative data. 

The Kolmogorov-Smirnov  test was used to test the 
normality of distribution. Mean and standard deviation 
were used to describe quantitative data. Chi-square test 
was used to compare between groups for categorical 
variables. Comparing between the studied groups for 
abnormally distributed quantitative variables was done 
using Mann-Whitney and Kruskal-Wallis tests for 2 and 
more than 2 studied groups respectively.

However, for normally distributed quantitative vari-
ables, Student t-test and F-test (ANOVA) were used to 
compare between 2 and more than 2 studied groups 
respectively. Correlation between quantitative vari-
ables was done using Spearman coefficient. Receiver 
operating characteristic (ROC) curve was generated by 
plotting specificity (FP) on X axis versus sensitivity (TP) 
on Y axis at different cut off values. Area under the 
curve > 50% gives acceptable performance. Univariate 
and multivariate regression analysis were performed 
to detect factors affecting diabetic microvascular 
complications. 

Sample size calculation
Sample size was calculated using Power Analysis 

and Sample Size Software (PASS 2020) “NCSS, LLC. 
Kaysville, Utah, USA, ncss.com/software/pass”. Thus,  
a minimal total hypothesized sample size of 100 eligi-
ble subjects with T1D, aged 6–19 years, admitted to  
Alexandria Main University Hospital was needed  
to determine the FGB gene rs1800790 polymorphism 
and evaluate its relation to microvascular complica-
tions in patients with T1D; taking into consideration 
95% level of confidence, an effect size of 0.4 and 5% 
margin of error using Z- test [18–20].

Results 
The study included a total of 100 patients with T1D 

(52 females and 48 males), age ranged from 6.0–19.0 
years with a mean of (14.71 ± 3.24). Regarding 
diabetes duration, it ranged from 5.0–18.0 years with  
a mean of (7.75 ± 2.95).The laboratory parameters of 
the study participants are shown in Table 1.

Regarding microvascular complications, 25(25%) 
patients had DPN, 3 (3%) patients had DR, 15 (15%) 
patients had DKD and 31 (31%) patients had at least 
one microvascular complication. The one-year mean 
HbA1c was significantly higher in patients with DKD 
than patients without DKD. DR and microvascular 
complications showed similar results while regarding 
DPN, it showed no significant relation with the one-year 
mean HbA1c (Tab. 2). The total sample was subdivided 
according to one-year mean HbA1c into 3 groups  
[< 7%: good control (n = 5); 7–9%: moderate control 
(n = 48) and > 9%: poor control (n = 47)]. However, 
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no significant relation was found between subgroups 
according to microvascular complications.

Plasma FG level was significantly higher in females 
(p = 0.008).Moreover, it was significantly higher in 
patients with DPN (p = 0.024) and patients with DKD 
(p = 0.036).

There was a statistically significant positive correla-
tion between FG and UACR (r = 0.217, p = 0.030) but 
no other significant correlations were found between 
FG and other studied parameters.

Distribution of the studied participants  
according to FGB gene polymorphisms

The genotype frequencies of FGB polymorphisms 
rs1800790 in the studied participants were presented 
under different genetic models. The general model  
(GG n = 50, GA n = 42 and AA n = 8) puts each geno-
types in a separate category. 

On the other hand, the dominant model (GG n = 50,  
and GG + GA n = 50) considers both heterozygotes 
and homozygotes for polymorphic allele are at higher 
risk so there is increased risk of the disease even if only 
one polymorphic allele is present. 

However, the recessive model (GG + GA n = 92 
and AA n = 8) considers that if both alleles are poly-
morphic there is increased risk of the disease while the 
multiplicative model (G n = 142 and A n = 58) studies 
the association of alleles with increased disease risk. 

Fibrinogen gene polymorphism  
and plasma fibrinogen level

There were no statistically significant differ-
ences between the groups of genotypes of rs1800790 
gene polymorphism (GG, GA, AA) regarding FG level  
(p = 0.270). Moreover, in the dominant model there 
were no statistically significant differences between 
GG and GA + AA genotypes and FG level (p = 0.290).

Fibrinogen gene polymorphisms  
and microvascular complications

In the general model, relation between the geno-
type frequencies of the polymorphisms rs1800790 in 

Table 1. Descriptive Analysis of the Studied Cases Accor-
ding to Laboratory Parameters (n = 100)

Laboratory parameters Mean ± SD

FPG [mg/dL] 180.7 ± 69.7

HbA1c % [mmol/mol] 9.5 ± 2.3 (80 ± 2)

One-year mean HbA1c % [mmol/mol] 9.4 ± 2 (79 ± 2)

Cholesterol [mg/dL] 190.1 ± 46.4

HDL-C [mg/dL] 61.9 ± 9.0

LDL-C [mg/dL] 113.5 ± 45.5

Triglycerides [mg/dL] 99.2 ± 42.7

Creatinine [mg/dL] 0.6 ± 0.1

eGFR [mL/min/1.73 m2] 140.8 ± 17.7

UACR [mg/g creatinine] 35.3 ± 117.3

ALT [units/L] 20.7 ± 16.0

Fibrinogen [mg/dL] 374.1 ± 274.6 

ALT — alanine transaminase; eGFR — estimated glomerular filtration rate; 
FPG — fasting plasma glucose; HbA1c — glycated hemoglobin; HDL-C 
— high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein 
cholesterol; SD — standard deviation; UACR — urinary albumin to creati-
nine ratio

Table 2. Relation between One-Year Mean HbA1c and Microvascular Complications (n = 100)

N One-year mean HbA1c 

Mean ± SD % [mmol/mol]

p

Diabetic peripheral neuropathy

No 75 9.2 ± 1.9 [76  ±2] 0.087

Yes 25 10.0 ± 2.3 [86 ± 2]

Diabetic retinopathy

No 97 9.3 ± 1.9 [78 ± 2] 0.017*

Yes 3 12.8 ± 2.6 [116 ± 5]

DKD

No 85 9.2 ± 1.8 [76 ± 1] 0.033*

Yes 15 10.6 ± 2.4 [92±  3]

Micro vascular complications

No 69 9.1 ± 1.9 [76 ± 2] 0.015*

Yes 31 10.1 ± 2.1[87±  1]

*Statistically significant at p ≤  0.05; DKD — diabetic kidney disease; p — p-value for comparing between No and Yes
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the studied participants and microvascular complica-
tions are shown in Table 3.

In the dominant model, a statistically significant 
difference was found between GA + AA and GG (38% 
vs. 12%) genotypes of rs1800790 gene polymorphism 
in patients with DPN only (p = 0.003) while there 
were no significant relations between the dominant 
model and DKD, DR or microvascular complications  
(p = 0.401, 1.0 and 0.052 respectively).

However, in the recessive model, There were  
no statistically significant differences between GG +  
+ GA and AA genotypes in patients with DPN, DR and 
DKD groups (p = 0 0.675, 1.000 and 1.000 respec-
tively).

Regression analysis of factors affecting  
microvascular complications

As regards DPN, univariate regression analysis 
showed that age, diabetes duration, insulin dose, mean 
systolic BP, FPG, HbA1c, log. FG, GA genotype and  
GA + AA genotype were the independent risk factors 
for DPN. However, in multivariate analysis only diabe-
tes duration, log FG and GA + AA genotype were the 
independent risk factors affecting DPN (Tab. 4). 

The GA genotype was associated with 6 folds in-
creased risk of DPN. OR (95% CI) 5.50 (1.926–15.706). 
The dominant mode GA + AA was found in 19 patients 
(76%) out of 25 with DPN and was associated with 
a 4 folds increased risk of DPN. OR (95% CI) 4.495 

(1.610–12.545) in univariate analysis while in multivari-
ate analysis it was associated with 7 folds risk of DPN 
(p = 0.004 OR (95% CI) 7.414 (1.892–29.049).

On the other hand, univariate regression analysis 
to detect factors affecting DKD showed that HbA1c (%) 
and one-year mean HbA1c were the only independ-
ent risk factor for DKD (p = 0.026 OR (95% CI) 1.305 
(1.032–1.651) for HbA1c and p = 0.017 OR (95% CI) 
1.380 (1.058–1.798) for one-year mean HbA1c). How-
ever, none of them were found to be independent 
factor affecting DKD in multivariate analysis.

Furthermore, studying the factors affecting micro-
vascular complications (in patients with at least one 
microvascular complications (n = 31)) revealed that 
age, diabetes duration, HbA1c, one-year mean HbA1c, 
UACR and the GA genotype were the independent 
risk factors affecting microvascular complications in 
univariate analysis. However, in multivariate analysis, 
diabetes duration, UACR and the GA genotype were 
the only independent factors affecting microvascular 
complications. 

ROC curves for cut off values of plasma FG 
level detecting microvascular complications

Regarding DPN, a cut-off value of plasma  
FG > 348 mg/dL significantly differentiated patients 
with from those without DPN with AUC 0.651,  
p = 0.024 with good sensitivity and specificity (64.0 
and 70.67 respectively).

Table 3. Relation between Gene Polymorphism and Microvascular Complications (n = 100)

Gene polymorphism P

GG (n = 50) GA (n = 42) AA (n = 8)

No. % No. % No. %

Diabetic peripheral neuropathy

No 44 88.0 24 57.1 7 87.5 0.002*

Yes 6 12.0 18 42.9 1 12.5

Sig. bet.Grps p1 = 0.001*, p2 = 1.000 , p3 = 0.134

Diabetic retinopathy

No 48 96.0 41 97.6 8 100.0 MCp = 1.000

Yes 2 4.0 1 2.4 0 0.0

DKD

No 44 88.0 34 81.0 7 87.5 0.628

Yes 6 12.0 8 19.0 1 12.5

Microvascular complications

No 39 78.0 23 54.8 7 87.5 0.028*

Yes 11 22.0 19 45.2 1 12.5

Sig. bet.Grps p1 = 0.018*, p2 = 1.000 , p3 = 0.123

*Statistically significant at p ≤ 0.05; DKD — diabetic kidney disease; p — p-value for comparing between the studied categories (p1 — p-value for comparison 
between GG and GA; p2 — p-value for comparison between GG and AA; p3 — p-value for comparison between GA and AA); Sig. bet.Grps — significance 
between groups
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Moreover, a cut-off value of plasma FG > 358mg/dL  
significantly differentiated patients with from those 
without DKD with ACU 0.671, p = 0.036 with good 
sensitivity and specificity (66.67 and 70.59 respectively).

Discussion
T1D is an autoimmune disease with genetic pre-

disposition. Hemostasis dysfunction is a possible risk 
factor for diabetic microangiopathy. The present work 
studied plasma FG level in patients with T1D. It also 
aimed at genotyping FGB (rs1800790) polymorphism 
and its relation to microvascular complications in sub-
jects with T1D.

In the present study, the one-year mean HbA1c was 
significantly higher in patients with DKD than those 
without DKD. This is also applied to DR and microvas-
cular complications but not DPN. In agreement with the 
results of the present study, Giordano C et al [21] found 
a higher probability to develop albuminuria and DR in 
patients with higher mean HbA1c. Moreover, a real 
world study by Pettus et al. [22] showed that microvas-
cular complications are more common in patients with 
suboptimal diabetes control. Additionally, Anderzén et 
al. [23] results showed significantly higher albuminuria 
and DR in teenagers with higher HbA1c. The one-year 
mean HbA1c is an emerging indicator of long term 
glycemic control along with glycemic variability. They 
are used recently as better measures affecting the de-
velopment of microvascular complications.

The present study showed that plasma FG level was 
significantly higher in females. In agreement with the 
results of the present study, Klein et al. [24] found a signifi-
cantly higher plasma fibrinogen level in females with T1D.

In the present study, plasma FG level was signifi-
cantly higher in patients with DKD and it also showed 
a significant positive correlation with UACR. Similarly, 
previous studies have shown an association between 
increased FG level and microalbuminuria in T1D 
[25–27]. Additionally, Klein et al. [24] found a posi-
tive correlation between plasma FG level and urinary 
albumin excretion rate in patients with T1D although 
this relation was significant in men only. It is not clear, 
whether hyperfibrinogenemia occurs secondary to 
the onset of DKD or is a primary factor that precedes 
microalbuminuria. However, the present study showed 
that HbA1c and one-year mean HbA1c were the only 
independent risk factor for DKD in univariate analysis 
confirming the role of hyperglycemia in development 
of microvascular complications.

The current study also found a significantly higher 
plasma FG level in patients with DPN compared to those 
without DPN. Moreover, log FG level was identified 
as an independent risk factor for DPN in univariate 
and multivariate analysis. In disagreement with the 
results of the present study, Vojtková et al. [20] found 
no significant difference between patients with DPN 
compared to patients without DPN regarding plasma 
FG level.

Fibrinogen gene polymorphisms  
and microvascular complications

After thorough literature review, very few stud-
ies were available about the relation between FGB 
(rs1800790) gene polymorphism and microvascular 
complications in subjects with T1D. One study by Klein 
et al. (the DCCT/EDIC study) [24] studied the relation 

Table 4. Univariate and Multivariate Analysis for the Parameters Affecting Diabetic Peripheral Neuropathy (DPN) Cases

Univariate Multivariate#

P OR (95% CI) P OR (95% CI)

Age [years] 0.025* 1.214* (1.025–1.438) 0.713 1.070 (0.748–1.530)

Diabetes duration [years] 0.002* 1.284* (1.094–1.507) 0.006* 1.388* (1.099–1.754)

Insulin dose [units] 0.042* 1.018* (1.001–1.035) 0.503 1.010 (0.982–1.039)

Mean blood pressure

Systolic [mm Hg] 0.025* 1.055* (1.007–1.106) 0.864 0.992 (0.910–1.083)

FPG [mg/dL] 0.030* 1.007* (1.001–1.014) 0.279 1.005 (0.996–1.014)

HbA1c % [mmol/mol] 0.028* 1.249* (1.024–1.524) 0.076 1.277 (0.975–1.674)

One-year mean HbA1c % [mmol/mol] 0.062 1.238 (0.990–1.548)

Log fibrinogen [mg/dL] 0.045* 8.384* (1.051–66.867) 0.038* 20.35* (1.181–350.513)

Dominant

GG® 1.000 – 1.000 –

GA + AA 0.004* 4.495* (1.610–12.545) 0.004* 7.414*(1.892–29.049)

*Statistically significant at p ≤ 0.05; #All variables with p < 0.05 was included in the multivariate CI — confidence interval; FPG — fasting plasma glucose; 
OR — odds ratio
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between FGB (rs1800790) polymorphism and DKD in 
subjects with T1D, another study by Vojtková et al. [20] 
studied the relation between FGB (rs1800790) gene 
polymorphism and DPN in subjects with T1D. 

The present study showed that the GA genotype 
of rs1800790 FGB polymorphism (–455 G/A) was sig-
nificantly higher in patients with DPN with more than 
6 folds increased risk for DPN in the general model. 
Moreover, in the dominant model, the GA + AA geno-
type was significantly higher than the GG genotype in 
patients with DPN with 7 folds increased risk of DPN 
in multivariate analysis [p = 0.004, OR 95% CI = 7.414 
(1.892–29.049)]. However in the recessive model there 
was no relation between genotypes and DPN. In dis-
cordance with the results of the present study, Vojtková 
et al. [21] found that the AA genotype of rs1800790 
FGB polymorphism (–455 G/A) had 4-fold increased 
risk for DPN in the general and recessive model. This 
difference in studies results may arise from the use of 
different study cohorts. 

The mechanism by which rs1800790 gene poly-
morphism may affect neuropathy is not completely 
understood. Previous results showed that FGB –455 G/A 
polymorphism stimulates FGB gene transcription. The  
A allele has a significant increase in promoter activity [28].

In the AIRGENE study, there was no significant 
elevation of IL6 or CRP upon proinflammatory stimula-
tion in the study participants [29].

Plasma fibrinogen level and FGB  
gene polymorphism

The current study showed no significant difference 
in plasma FG concentration (p = 0.270) between dif-
ferent genotypes of studied gene polymorphisms in 
patients with T1D. Results from the DCCT/EDIC study 
showed similar results as they showed no significant 
correlation between plasma FG concentration and 
–455 G/A FGB gene polymorphisms [24]. In agreement 
with the results of the present study, Vojtková et al 
didn’t find significant differences between different 
genotypes regarding FG concentration [20]. Tybjaerg 
et al. [30] also reported that only 1% of variation in 
plasma FG concentration could be explained by –455 
G/A polymorphisms. Plasma FG level is influenced by 
various polymorphisms. The linkage disequilibrium 
between them may explain this association. 

In discordance with the results of the present study, 
Canseco et al studied a cohort of Mexican population 
and concluded that elevated plasma FG levels and the 
FGB gene polymorphisms –455 G/A are association 
with major adverse cardiovascular events and coronary 
disease [31]. 

This discrepancy between findings in the litera-
ture [32], suggests the presence of other factors such 
as inflammation or disease state that contributes to 
modification of this relationship. The variability in 
the findings may reflect differences in the cohorts 
regarding their age, genetic heterogeneity, or may be 
a result of differences in study designs, methodologies 
and statistics or in methods detecting FG levels. Gene-
environment interaction also may contribute to these 
differences [33, 34].

However, the present study has some limitations. 
First, very few patients had DR (n = 3). This led to 
difficulties in studying the relation between FGB gene 
polymorphism and DR so further studies including 
more participants with DR are needed to verify this 
relation. Moreover, it is a single center study where 
further multicenter studies on different cohorts could 
generalize results.

Conclusions
The one-year mean HbA1c was significantly higher 

in patients with DKD, DR and microvascular compli-
cations but not in patients with DPN than patients 
without these complications. The present study found 
a significantly higher plasma FG level in females. It 
also showed significantly higher FG level in patients 
with DPN and patients with DKD. FG was significantly  
positively correlated with UACR. The GA genotype was 
the commonest genotype in patients with DPN, DKD 
and patients with microvascular complications. This 
was statistically significant in DPN and microvascular 
complications but not in DKD. In the dominant model 
the relation of genotypes was statistically significant 
only in patients with DPN while the recessive model 
failed to show significant relations with any of the mi-
crovascular complications. Additionally, diabetes dura-
tion, log FG and GA + AA genotype were the independ-
ent risk factors affecting DPN in multivariate analysis 
while regarding DKD, HbA1c and one-year mean HbA1c 
were the only independent risk factors affecting DKD 
in univariate analysis. To the best of our knowledge, 
this is the first study to set a cut-off value of plasma  
FG level that significantly differentiates patients  
with DPN (FG > 348 mg/dL) and patients with DKD  
(FG > 358 mg/dL) with good sensitivity, specificity and 
AUC in young patients with T1D.
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