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Abstract
Introduction: Diabetic nephropathy is a major microangiopathic complication of type 2 diabetes and a leading cause of chronic kidney 
disease (CKD).

Aim: To improve the diagnostic approach to early diagnosis of diabetic nephropathy in patients with type 2 diabetes mellitus.

Materials and methods: One hundred fifty patients were divided into three groups. Group 1 consisted of 67 patients with type 2 dia-
betes mellitus (DM2) and diabetic nephropathy with stage 1 or 2 of CKD. Group 2 included 45 patients with DM2 without clinical and 
laboratory evidence for diabetic nephropathy. Group 3 had 38 healthy individuals. The polymorphism of the MTHFR C677T and PAI-
14G/5G gene was determined by extracted genomic DNA from peripheral blood cells. All patients underwent a real-time PCR reaction. 
Serum creatinine, MDRD creatinine clearance, albumin/creatinine ratio were examined.

Results: The correlation analysis we performed showed a very strong correlation of serum creatinine, creatinine clearance and albumin/
creatinine ratio with the C677T polymorphism of the MTHFR gene and the 4G/5G polymorphism of the PAI-1 gene. We used descrip-
tive statistics, ANOVA, and multiple comparisons; the level of significance was set at p<0.05.

Conclusions: 1. The presence of the T allele in the MTHFR gene determines the tendency to increase serum creatinine, decrease creati-
nine clearance, and increase the albumin/creatinine ratio in morning urine; 2. The presence of 4G allele in the PAI-1 gene determines 
the tendency to increase serum creatinine, decrease creatinine clearance, and increase the albumin/creatinine ratio in morning urine.
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INTRODUCTION

Diabetic nephropathy (DN) is the main microangiopath-
ic complication of type 2 diabetes mellitus (DM2). It is a 
leading cause of chronic kidney disease (CKD) and kidney 
failure. Diabetic patients are between 25 and 45 percent of 
all dialysis patients in both Bulgaria and Europe. The group 
of diabetics who need dialysis is the biggest of all. Many 
studies mention the use of different biomarkers preceding 
the development of CKD. Such biomarkers are: biomarkers 
for genetic, serum, tubular vascular-endothelial dysfunc-
tions.[1-5] 

Methylenetetrahydrofolate reductase (MTHFR) is an 
enzyme which catalyzes the conversion to 5-methyltetra-
hydrofolate cosubstrate for homocysteine remethylation to 
methionine.[6] 

MTHFR gene is located in the 1p  36.3 chromosome. 
Gene polymorphism of MTHFR, C677T (rs1801133), C→T 
transition at nucleotide 677 in exon 4 is a common gene 
variant of MTHFR. The most common variations of the 
polymorphism of MTHFR gene are MTHFR C677C = nor-
mal MTHFR gene, MTHFR C677T  =  heterozygous mu-
tation, MTHFR T677T  =  homozygous mutation. These 
genetic polymorphisms can play the role of ‘defects’ which 
limit the production of the MTHFR enzyme. This muta-
tion causes the amino acid alanine to change into valine. 
The result is a thermolabile variant of MTHFR with re-
duced catalytic activity, which can be stabilized by folic 
acid. The MTHFR T677T homozygous mutations reduce 
enzyme activity by 50% and are the most common cause of 
familial moderate hyperhomocysteinemia. This polymor-
phism determines the catalytic domain of the enzyme and 
the formation of thermolabile protein. Homocysteine plays 
a key role in the metabolism of essential amino acids and 
methionine. Elevated homocysteine levels are identified as 
a risk factor for DN in DM2. According to Moczulski et 
al., С677Т polymorphism is a risk factor for DN in men 
with DM2. They have registered high rate of CT and TT 
genotypes in men on hemodialysis with DM2 which is in 
correlation with the presence of С677Т allele and the devel-
opment of DN according to studies conducted by Japanese 
researchers.[7] 

Chen et al.[8], summarizing several meta-analyses based 
on 13 studies containing 891 healthy people (894 with di-
abetic nephropathy and 1261 with diabetes mellitus and 
without DN), assess the association between MTHFR 
C677T polymorphism and type 2 diabetes mellitus and/
or diabetic nephropathy. They found that the 667T allele 
exhibits significant relation with diabetic nephropathy 
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(p<0.00001), but there is no relation with diabetes melli-
tus (p=0.25). Movva et al. confirm that MTHFR 677Т may 
be a risk factor for development of diabetic nephropathy.‌[9] 
Benrahma et al. have demonstrated that the MTHFR 677Т 
polymorphism may be a risk factor for diabetic nephrop-
athy.[10] Carriers of MTHFR 677T allele are related by a 
progression of diabetic nephropathy within a period of 5 
to 10 years. 

Plasminogen activator inhibitor1 (PAI1) is the main in-
hibitor of fibrinolysis. It is a linear glycoprotein with molec-
ular mass of 48 kDa, which contains 379 amino acids. PAI1 
is one of the inhibitors of serine proteinase and is a key reg-
ulatory element in fibrinolysis. The main function of PAI1 
is to inhibit the activity of the tissue plasminogen activator, 
which participates in the transformation of plasminogen 
into plasmin. The increased activity of plasma PAI1 leads 
to reduced fibrinolytic activity.[11] 

The gene encoding PAI1 is located on the short arm of 
chromosome 7q 21.3 and contains 9 exons and 8 introns. 
A polymorphism in the promoter region of PAI1 in the 
base of 675 from the beginning of the transcription region 
which refers to 3 or 4 guanine bases (4G/5G). 4G/5G poly-
morphism has a functional role in determining the base 
levels of PAI1. Homozygous 4G/4G is related to the tran-
scription of the gene and increased gene expression, which 
leads to a 25% increase in PAI1 plasma concentration in 
comparison to 5G/5G genotype. Guanine insertion/dele-
tion polymorphism (4G/5G) in the promoter region of the 
gene on position 675 regulates PAI1 expression and influ-
ences the binding of specific transcription factors and gene 
transcription rate.

Meigs et al. found that increased plasminogen activa-
tor inhibitor-1 plasma levels increase the risk for type 2 
diabetes.[12] PAI1 4G/5G polymorphism is a main genetic 
determinant of PAI1 plasma levels, 4G/4G homozygotes 
increase PAI1 level in comparison to 5G allele carriers. 
These observations suggest the hypothesis that PAI1 4G/5G 
polymorphism may be a genetic risk factor for diabetes and 
diabetic nephropathy. Several studies from 2006 and 2012 
found that 4G/4G polymorphism of plasminogen activator 
inhibitor 1 gene polymorphism increases the risk for devel-
oping diabetic nephropathy in patients with type 2 diabetes 
mellitus.[12-15] 

AIM

The object of interest is diabetic nephropathy in patients 
with DM2.
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MATERIALS AND METHODS

One hundred fifty patients were studied and allocat-
ed to three groups. Group 1 consisted of 67 patients 
with DM2 and DN with stage 1 or 2 CKD (serum creat-
inine 96.22±18.61 µmol/l, creatinine clearance by MDRD 
103.26±16.12 ml/min). Group 2 included 45 patients with 
DM2 and no clinical and laboratory evidence of DN. Group 
3 was the control group and consisted of 38 healthy indi-
viduals. Diagnosis of DM2 was based on the WHO criteria.

Inclusion criteria for the first two groups
1. Type 2 diabetes mellitus; 2. Age at the debut of diabe-

tes >18; 3. Duration of DM2 more than 3 years; 4. Glycated 
hemoglobin (HbA1c) up to 7.0%; 5. No infection for the 
past three months; 6. Normal or medically controlled blood 
pressure.

Exclusion criteria for the first two groups
1. Type 1 diabetes mellitus; 2. Type 2 diabetes mellitus 

with poor metabolic control; 3. High grade proteinuria 
(>3.0  g/l); 4. Primary kidney disease; 5. Glomerulopathy 
in lupus or other collagenoses; 6. Primary or secondary 
amyloidosis; 7. Uncontrolled hypertension; 8. Ischemic 
heart disease and its complications; 9. Vascular brain dis-
ease and its complications; 10. Other macroangiopathic 
complications of diabetes mellitus; 11. COPD, asthma; 12. 
Chronic liver disease; 13. Neoplastic processes; 14. Acute 
or chronic inflammation on active treatment; 15. Chronic 
alcohol abuse; 16. Continuous use (in the last six months 
and during the study) of nonsteroidal anti-inflammatory 
drugs, corticosteroids, hormonal drugs, and antioxidants.

Clinical examination

Clinical examination included history, physical examina-
tion, as well as laboratory blood tests for glucose levels, 
creatinine, urea and urine for sediment, ECG, and conven-
tional abdominal echography. At the visit, the diagnosis of 
diabetes mellitus is confirmed and primary kidney disease 
is excluded, IHD, CVD, COPD, neoplastic disease, chronic 
alcohol abuse. 

Laboratory tests

Laboratory tests were performed at the central clinical lab-
oratory of St George University Hospital – SOJSC, Plovdiv. 
The tests included serum creatinine, creatinine clearance 
by MDRD, and albumin/creatinine ratio (Table 1).

Table 1. Visits and laboratory tests performed

Laboratory test 1 month 6 months 12 months 18 months 24 months
Creatinine X X X X X
Creatinine clearance by MDRD X X X X X
Albumin/creatinine ratio in morning urine X X X X X

Molecular-genetic analysis

Patients had a genome DNA extraction of peripheral blood 
cells with the use of DNA isolating kit (QIAamp DNA Mini 
Kit). All patients had a real-time PCR done with the use 
of Montania 4896 (Anatolia Geneworks). The kits used for 
real-time PCR were produced by Generi Biotech and were 
intended for clinical in vitro diagnosis. The following genes 
were analyzed for the presence of mutation by allelic dis-
crimination: methylenetetrahydrofolate reductase (MTH-
FR) for discovering mutation C677T; plasminogen activa-
tor inhibitor 1 (PAI1) for mutation 4G/5G.

All kits contained standards for the three genotypes 
(wild, mutant, and heterozygous) with and included neg-
ative control. Amplification conditions for the PCR appa-
ratus followed the manufacturer’s recommendations. The 
process begins with an initial activation of 3 min at 95°С, 
followed by 50 cycles of 10  seconds denaturation (95°С), 
20  seconds annealing+extension (60°C) and end with a  
final cooling of up to 4°С.

Statistical analysis

The statistical analysis, interpretation, and presentation 
of the results were performed using SPSS (SPSS Inc., IBM 
SPSS Statistics) version 21.0 and Microsoft Office Excel 
2010. To confirm the hypotheses, the level of significance 
at which the null hypothesis is rejected was set at p≤0.05.

The following methods were used: Student’s test (inde-
pendent samples t-test); Fisher’s exact test; ANOVA; Chi-
squared test; correlation and regression analyses.

RESULTS 

The distribution of the three groups is presented in Table 2. 
The groups differed in both age and sex. The controls were 
the youngest, and there was a difference in the mean age 
between groups 1 and 2. The distribution by sex was sim-
ilar – the second group was equal to M/F, in group 1 there 
were more men, and in the control group there were more 
women (Table 2).

The results for real-time PCR for determining poly-
morphism C677T of the gene for MTHFR are presented 
in Table  3. Patients with DM2 and DN with stage 1 and 
2 of CKD with a normal genotype were 31.34%, heterozy-
gous С677Т – 47.76%, and homozygous 677Т>Т – 20.90%.  
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Table 2. Distribution of studies patient by group, gender and age

Group
n
(%)

Age
(mean±SD)

Sex n (%)

Women Men
DM2 and DN with CKD I-II stage 67 (44.67) 60.14±10.96 24 (35.82) 43 (64.18)
DM2 without DN 45 (30.00) 58.49±13.16 22 (48.89) 23 (51.11)
Controls 38 (25.33) 45.80±9.47 32 (84.21) 26 (15.79)
Total 150 78 72

Patients with DM2 and no DN with a normal genotype 
were 46.66%, heterozygous С677Т – 44.44%, and homozy-
gous 677Т>Т – 8.90%. Healthy controls with a normal gen-
otype were 79.0%, heterozygous – С677Т were 13.0%, and 
homozygous 677Т>Т – 8.0%. (chi-square 23.94, p<0.001) 
(Table 3).

Furthermore, we have studied the 24-month tendency of 
the serum creatinine in association with the polymorphism 
С677Т of the gene for MTHFR in patients with DM2 and 
DN. In homozygous MTHFR 677T>T serum creatinine 
progressed (117.18–200.13  µmol/l) much faster than the 

Table 3. Polymorphism C677T of the gene for MTHFR

Group Total number

Normal geno-
type MTHFR 
С677С
n (%)

Heterozygous 
MTHFR С677T
n (%)

Homozygous 
MTHFR Т677T
n (%)

DM2 and DN with stage 1,2 of CKD 67 21 (31.34%) 32 (47.76%) 14 (20.90%)
DM2 without DN 45 21 (46.66%) 20 (44.44%) 4 (8.90%)
Controls 38 30 (79.00%) 5 (13.00%) 3 (8.00%)

heterozygous MTHFR 677C >T (116.74–176.63  µmol/l) 
and those with a normal genotype (113.94–157.05 µmol/l) 
(p<0.05) (Fig. 1). The analysis showed a very strong cor-
relation between serum creatinine and the C677T poly-
morphism of the MTHFR – R2 gene is 0.9989 in homo-
zygotes, R2 – 0.9497 in heterozygotes, and R2 – 0.9988 in 
those with normal genotype (Fig. 1). 

We investigated the 24-month trend of the albumin/
creatinine ratio in morning urine in relation with poly-
morphism C677T of the gene for MTHFR in patients with 
DM2 and DN. In homozygous MTHFR 677T>T albumin/

Figure 1. Association between serum creatinine and polymorphism С677Т of the gene for MTHFR in patients with DM2 and DN.
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Figure 2. Association between albumin/creatinine ratio and polymorphism С677Т of the gene for MTHFR in patients with DM2 and 
DN.
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creatinine (0.980–1.56  mg/mmol) progressed much fast-
er in comparison to the heterozygous MTHFR 677C >T 
(0.362–1.360 mg/mmol) and those with a normal genotype 
(0.762–1.233 mg/mmol). In heterozygous MTHFR 677C >T 
albumin/creatinine ratio (0.362–1.360 mg/mmol) in morn-
ing urine progressed much slower compared to those with 
a normal genotype (0.762–1.233  mg/mmol) (p<0.05) 
(Fig. 2). The analysis showed a very strong correlation be-
tween the albumin/creatinine ratio and the C677T poly-
morphism of the MTHFR – R2 gene is 0.9412 in homo-
zygotes, R2 – 0.9413 in heterozygotes, and R2 – 0.9988 in 
those with normal genotype (Fig. 2). 

High correlation of creatinine clearance in regard to 
polymorphism C677Т of the MTHFR gene in patients with 
DM2 and DN is demonstrated – in homozygous MTHFR 

677T>T creatinine clearance is the lowest 75.6  ml/min, 
higher in heterozygous MTHFR 677C>T 108.63  ml/min, 
and the highest in normal genotype 113 ml/min (Fig. 3). 
The analysis showed a very strong correlation between cre-
atinine clearance and C677T polymorphism of the MTH-
FR – R2 gene is 0.8363 (p<0.05) (Fig. 3).

The results for the 4G/5G polymorphism of the gene for 
PAI-1 in patients with DM2 and DN with stage 1 and 2 
of CKD are demonstrated – the ones with a normal gen-
otype were 16.4%, heterozygous 4G/5G were 58.2%, and 
homozygous 4G/4G were 25.4%. Patients with DM2 and 
no clinical or laboratory evidence of DN with a normal 
genotype were 55.56%, heterozygous 4G/5G were 40.0%, 
and homozygous 4G/4G were 4.44%. Healthy individuals 
with a normal genotype were 71.05%, heterozygous 4G/5G 

Figure 3. Association between creatinine clearance and polymorphism С677Т of the MTHFR - R2 gene. 
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– 21.05%, homozygous 4G/4G – 7.9% (chi-square=37.57, 
p<0.001) (Table 4).

The 24-month tendency of serum creatinine in depen-
dence to 4G/5G polymorphism of the gene for PAI-1 in 
patients with DM2 and DN was established – in 4G/4G ho-
mozygous for PAI-1 serum creatininrison to heterozygous 
4G/5G for PAI-1 (118.10–135.74 µmol/l) and those with a 
normal genotype (101.53–128.86 µmol/l) (p<0.05) (Fig. 4). 
The analysis showed a very strong correlation between se-
rum creatinine and the 4G/5G polymorphism of the PAI1 
– R2 gene is 0.9988 in homozygotes, R2 – 0.9988 in hetero-
zygotes, and R2 – 0.9993 in those with normal genotype 
(Fig. 4). 

We studied the 24-month tendency of albumin/creati-
nine ratio in morning urine in correlation with polymor-
phism of the gene for PAI1 in patients with DM2 and DN. In 
homozygous PAI1 4G/4G albumin/creatinine progressed 
(0.351–1.514  mg/mmol) much slower in comparison to 
heterozygous PAI1 4G/5G (0.734–1.384  mg/mmol) and 
those with a normal genotype (0.727–1.258 mg/mmol). In 
heterozygous PAI1 4G/5G albumin creatinine ratio (0.734–
1.384 mg/mmol) in morning urine progressed much faster 
in comparison to those with a normal genotype (0.727–

Table 4. Polymorphism 4G/5G of the gene for PAI-1

Group n
Normal genotype 5G/5G - 
PAI-1
n (%)

Heterozygous 5G/4G - 
PAI-1
n (%)

Homozygous 4G/4G - 
PAI-1
n (%)

DM2 and DN with stage 1, 2 
of CKD

67 11 (16.4%) 39 (58.2%) 17 (25.4%)

DM2 without DN 45 25 (55.56%) 18 (40.0%) 2 (4.44%)
Controls 38 27 (71.05%) 8 (21.05%) 3 (7.9%)

1.258 mg/mmol) (p<0.05) (Fig. 5). The analysis showed a 
very strong correlation between the albumin/creatinine ra-
tio and the 4G/5G polymorphism of the PAI-1 – R2 gene is 
0.9988 in homozygotes, R2 – 0.9988 in heterozygotes, and 
R2 – 0.9988 in those with normal genotype (Fig. 5).

The following results demonstrate the correlation of 
creatinine clearance and 4G/5G polymorphism of the gene 
for PAI1 in patients with DM2 and DN at month 6. Creat-
inine clearance in homozygous 4G/4G for PAI1 4 was the 
lowest 88.8  ml/min, higher in heterozygous PAI1 4G/5G 
99.59 ml/min, and the highest in normal genotype 121 ml/
min (p<0.05) (Fig. 6). The analysis showed a very strong 
correlation between creatinine clearance and the 4G/5G 
polymorphism of the PAI1 – R2 gene was 0.965 (Fig. 6).

DISCUSSION 

Our study shows a much higher distribution of the geno-
type 4G/4G for PAI-1 and MTHFR T677T among patients 
with DN in comparison to groups with DM2 and no DN, 
compared by sex and age, with a similar duration of the 
disease and glycemic control. We studied the effect of the 

Figure 4. Association between serum creatinine and polymorphism 4G/5G of the gene for PAI-1 in patients with DM2 and DN.
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Figure 5. Association between albumin/creatinine ratio and polymorphism 4G/5G of the gene for PAI-1 in patients with DM2 and DN.
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Figure 6. Creatinine clearance and polymorphism 4G/5G of the gene for PAI-1 in patients with DM2 and DN at 6 months.
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4G/5G genotypes for PAI-1 and С677T for MTHFR on 
the progression of DN regarding renal function with the 
use of serum creatinine, creatinine clearance and albumin/
creatinine ratio. The genotype PAI-1 4G/5G and MTHFR 
С677T are independent risk factors for the development of 
nephropathy in patients with DM2; they have direct cor-
relation with the progression of CKD. 4G/5G polymor-
phism for PAI-1 and С677T for MTHFR can be used for 
an early prognostic marker for the development of diabetic 
nephropathy and CKD in patients with DM2. Our results 
correspond to the results reported by Chen et al.[8] sum-
marized in several meta-analyses based on 13 studies with 
891 healthy people, 894 with diabetic nephropathy and 

1261 with diabetes mellitus without diabetic nephropathy. 
We found that C677T mutation of MTHFR gene predis-
poses patients with type 2 diabetes to developing diabetic 
nephropathy. The T allele of this mutation is related to the 
more rapid progression of nephropathy to a final stage of 
kidney failure. Several studies from 2006 and 2020 demon-
strated that the 4G/4G polymorphism of the plasminogen 
activator inhibitor type 1 gene increases the risk for devel-
oping diabetic nephropathy in patients with type 2 diabetes 
mellitus. This polymorphism is related to rapid progression 
of nephropathy to a final stage of kidney failure, which is 
fully consistent with our results.[11-14] 
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CONCLUSIONS

C677T polymorphism of the MTHFR gene is associated 
with the increase of serum creatinine levels. The presence 
of a T allele in the MTHFR gene determines the tendencies 
for increasing serum creatinine, lowering creatinine clear-
ance and increasing albumin/creatinine ratio in morning 
urine. The 4G/5G polymorphism of PAI1 gene is associ-
ated with an increase in serum creatinine. The presence of 
a 4G allele in the PAI1 gene determines the tendencies for 
increasing serum creatinine, lowering creatinine clearance, 
and increasing albumin/creatinine ratio in morning urine.
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Резюме
Введение: Диабетическая нефропатия является основным микроангиопатическим осложнением сахарного диабета 2 типа и 
ведущей причиной хронической болезни почек (ХБП).

Цель: Усовершенствовать диагностический подход к ранней диагностике диабетической нефропатии у больных сахарным 
диабетом 2 типа.

Материалы и методы: Сто пятьдесят пациентов были разделены на три группы. 1-ю группу составили 67 больных сахарным 
диабетом 2-го типа (СД2) и диабетической нефропатией с 1-й или 2-й стадией ХБП. Во 2-ю группу вошли 45 больных СД2 без 
клинико-лабораторных признаков диабетической нефропатии. 3-ю группу составили 38 здоровых лиц. Полиморфизм гена 
MTHFR C677T и PAI-1 4G/5G определяли по выделенной геномной ДНК из клеток периферической крови. Всем пациентам 
была проведена ПЦР-реакция в реальном времени. Исследовали креатинин сыворотки, клиренс креатинина MDRD, соотно-
шение альбумин/креатинин.

Результаты: Проведённый нами корреляционный анализ показал очень сильную корреляцию сывороточного креатинина, 
клиренса креатинина и соотношения альбумин/креатинин с полиморфизмом C677T гена MTHFR и полиморфизмом 4G/5G 
гена PAI-1. Мы использовали описательную статистику, ANOVA и множественные сравнения; уровень значимости был уста-
новлен на уровне p<0.05.

Заключение: 1. Наличие аллеля Т в гене MTHFR определяет тенденцию к повышению уровня креатинина в сыворотке крови, 
снижению клиренса креатинина и повышению соотношения альбумин/креатинин в утренней моче; 2. Наличие аллеля 4G в 
гене PAI-1 определяет тенденцию к повышению уровня креатинина в сыворотке крови, снижению клиренса креатинина и 
повышению соотношения альбумин/креатинин в утренней моче.

Ключевые слова
клиренс креатинина и отношение альбумин/креатинин, диабетическая нефропатия, полиморфизм C677T MTHFR, полимор-
физм 4G/5G для PAI-1, креатинин сыворотки


