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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 MTHEFR 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 MTHEFR 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.

Copyright by authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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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.[-*)

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

MTHER 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., C677T 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 C677T allele and the devel-
opment of DN according to studies conducted by Japanese
researchers.!”)

Chen et al.l¥], 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

(p<0.00001), but there is no relation with diabetes melli-
tus (p=0.25). Movva et al. confirm that MTHFR 677T may
be a risk factor for development of diabetic nephropathy.”’
Benrahma et al. have demonstrated that the MTHFR 677T
polymorphism may be a risk factor for diabetic nephrop-
athy.1% Carriers of MTHFR 677T allele are related by a
progression of diabetic nephropathy within a period of 5
to 10 years.

Plasminogen activator inhibitorl (PAIl) is the main in-
hibitor of fibrinolysis. It is a linear glycoprotein with molec-
ular mass of 48 kDa, which contains 379 amino acids. PAT1
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.!!!!

The gene encoding PAII 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 PAIl 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 PAIl. Homozygous 4G/4G is related to the tran-
scription of the gene and increased gene expression, which
leads to a 25% increase in PAIl 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.!'?) PAI1 4G/5G polymorphism is a main genetic
determinant of PAIl plasma levels, 4G/4G homozygotes
increase PAIl 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.[12-1°)

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 pumol/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 (HbAlc) 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

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°C,
followed by 50 cycles of 10 seconds denaturation (95°C),
20 seconds annealing+extension (60°C) and end with a
final cooling of up to 4°C.

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/E, 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 C677T - 47.76%, and homozygous 677T>T - 20.90%.

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
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Table 2. Distribution of studies patient by group, gender and age

MTHFR, PAI-1 and sCR, CR Clearance and ALB/CR Ratio

n Age Sex n (%)
Group
(%) (mean+SD) 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
Table 3. Polymorphism C677T of the gene for MTHFR
gf;in;z;g;;(; Heterozygous Homozygous
Group Total number C677C MTHFR C677T MTHFR T677T
n (%) n (%) 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%)

Patients with DM2 and no DN with a normal genotype
were 46.66%, heterozygous C677T — 44.44%, and homozy-
gous 677T>T - 8.90%. Healthy controls with a normal gen-
otype were 79.0%, heterozygous — C677T were 13.0%, and
homozygous 677T>T - 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
C677T of the gene for MTHER in patients with DM2 and
DN. In homozygous MTHFR 677T>T serum creatinine
progressed (117.18-200.13 umol/l) much faster than the

heterozygous MTHFR 677C >T (116.74-176.63 pmol/l)
and those with a normal genotype (113.94-157.05 umol/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 MTHEFR in patients with
DM2 and DN. In homozygous MTHFR 677T>T albumin/

Serum creatinine / polymorphism C677T for MTHFR in patients with DN

200

185

170

155

serum creatinine

140

125

months 110 _‘

1

6 12 18 24

uNORMAL

113.9424466

123.3136758

134.5591508

145.8046259

157.050101

BHOMOZYGOUS FOR 677 T>T

117.1891211

135.2618349

156.9490914

178.636348

200.3236045

HETEROZYGOUS FOR 677C>T

116.7411639

125.1968943

135.3437708

145.4906473

155.6375238

Figure 1. Association between serum creatinine and polymorphism C677T 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 C677T 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

Albumin/creatinine ratio - polymorphism C677T for MTHFR in patients
with diabetic nephropathy
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Figure 2. Association between albumin/creatinine ratio and polymorphism C677T of the gene for MTHEFR in patients with DM2 and

DN.
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Figure 3. Association between creatinine clearance and polymorphism C677T of the MTHER - 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 umol/l) and those with a
normal genotype (101.53-128.86 umol/l) (p<0.05) (Fig. 4).
The analysis showed a very strong correlation between se-
rum creatinine and the 4G/5G polymorphism of the PAIl
- 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 PAIl 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

MTHFR, PAI-1 and sCR, CR Clearance and ALB/CR Ratio

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 PAIl 4 was the
lowest 88.8 ml/min, higher in heterozygous PAIl1 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

Normal genotype SG/5G -  Heterozygous 5G/4G - Homozygous 4G/4G -
Group n PAI-1 PAI-1 PAI-1
n (%) n (%) n (%)
DM2 and DN with stage 1, 2
and LA with stage 67  11(16.4%) 39 (58.2%) 17 (25.4%)
of CKD
DM2 without DN 45 25 (55.56%) 18 (40.0%) 2 (4.44%)
Controls 38 27 (71.05%) 8 (21.05%) 3(7.9%)
Serum creatinine / polymorphism 4G/5G of the gene for PAI-1 in patients
with diabetic nephropathy
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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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Albumin/creatinine ratio - polymorphism 4G/5G of the gene for PAI-1 in

1.6

patients with diabetic nephropathy

-_—
N

N
N

—_

o
fed

albumin /creatinine ratio

o
(o))
I

0.4 -

months 0.2 -

1

6

12

18

24

BNORMAL

0.727148504

0.842767922

0.981511223

1.120254525

1.258997827

BHOMOZYGOUTSFOR 4G/4G

0.351514418

0.604330303

0.907709365

1.211088426

1.514467488

“HETEROZYGOUS FOR 4G/5G

0.734488029

0.875868373

1.045524786

1.2151812

1.384837613

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.

4G/5G genotypes for PAI-1 and C677T 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
C677T 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 C677T 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.[8l 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.!!1-14]
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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 PAIl 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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Pe3tome

BeefieHue: [Inaberdeckas HepOIATHS SIBIETCS OCHOBHBIM MIKPOAHTHOIIATNYECKIM OC/IOKHEHVEM CaXapHOTo Anabera 2 TUIIA U
BeylLielt IpUYMHOI XpoHndeckoit 60me3un modek (XBIT).

Llenb: YcoBepiieHCTBOBATb AMAarHOCTUYECKMII HOAXO/ K paHHell [MarHOCTUKe AuabeTnyeckoil HepomaTuu y OONbHBIX CaXapHBIM
mabeToMm 2 THIa.

Matepuanbl n metofibl: CTo MATbAECAT HALMEHTOB ObIIN pas/ie/ieHbl Ha TPV IPYIIIbL. 1-10 TPYIITY COCTABIUIN 67 GOIbHBIX CAXapHBIM
nmaberom 2-ro tuna (CJ12) u gnabetudeckoit HedpomaTueit ¢ 1-it mmm 2-it crapguert XBIL. Bo 2-to rpyniry Bowuiu 45 6onpHbIx CII2 63
K/IMHUKO-Ta60paTOPHBIX IPM3HAKOB AuabeTndeckolt Hedpomaryu. 3-10 rpynmy cocraBumy 38 3gopoBbix L. ITommmopdusM rena
MTHER C677T u PAI-1 4G/5G omnpegensanu no BuifenenHoit resomHoit JHK u3 kmeTok nepudepudeckoit kpon. Bcem manyenTam
6b11a npoefeHa ITIIP-peakunus B pealbHOM BpeMeHN. VIcceoBany KpeaTMHMH ChIBOPOTKY, KIMpeHc kKpeaTnHHa MDRD, cooTHoO-
ILIeHNUe anbOyMMH/KpeaTuHVH.

Pesynbratbl: [TpoBenEHHbIN HaMV KOPPEALVMOHHDIN aHa/IN3 MIOKa3aJl O4eHb CYUIbHYI0 KOPPEIALUIO CBIBOPOTOYHOTO KpeaTUHIHA,
K/IMpeHCa KpeaTVHIHA ¥ COOTHOLIeHNs anbbyMuH/KpeaTnHyH ¢ nmomumopousmom C677T rena MTHFR u nonumopdusmom 4G/5G
rera PAI-1. Ml ucnonp3oBajm onucarenbHyo cTatuctuky, ANOVA 1 MHOXXeCTBEHHbIe CPaBHEHNsI; YPOBEHb 3HAYMMOCTH ObIT yCTa-
HOBJIEH Ha ypoBHe p<0.05.

3akntoueHue: 1. Hamrune amwiena T B rene MTHER omnpepienseT TeH/IEHINIO K TTOBLIIIEHNUIO YPOBHA KpeaTHHIHA B CIBOPOTKE KPOBH,
CHIDKEHUIO K/IMPEeHCa KpeaTVHIHA 1 NOBBILIEHNIO COOTHOLICHN A aTbOyMIH/KpeaTVHVH B yTpeHHelt Mode; 2. Hamuune amnens 4G B
reHe PAI-1 ompepenseT TeHOEHINIO K IOBBIIIEHNIO YPOBHA KPEaTNHNHA B CBIBOPOTKE KPOBY, CHIDKEHMIO KIMPEHCA KpeaTHIHA 1
MOBBILIEHIIO COOTHOIIEHIS aTbOYMIH/KPEeaTUHIH B yTPeHHell Mode.

KnwoueBble cnoBa

K/IMPEHC KpeaTHHIHA 1 OTHOLIeHNe a/lbOyMVH/KpeaTuHIH, fuabeTndeckas Hepponarus, nomimopdusm C677T MTHFR, nommop-
¢usm 4G/5G pnsa PAI-1, KpeaTHHUH CHIBOPOTKM
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