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Interrelations between polymorphism of a gene of a methylenetetrahydrofolatreductase 
with level of Homocystein in patients with 2 type of diabetes 

Purpose of the research — to study the frequency of occurrence of polymorphism ST gene methylenetetra-
hydrofolate patients with diabetes mellitus type 2 and its correlation with homocysteine levels and the devel-
opment of ischemic heart diseases. 118 patients with diabetes mellitus type 2 at the age of 45–60 years were 
surveyed. Statistically significant differences were observed frequencies of alleles of T and S, genotype SS 
between groups of patients with pancreatic diabetes type 2 with ischemic heart disease and tran- sferred myo-
cardial infarction and healthy persons. It was found that the allele T 677 gene, methylentetrahydrofolat-
reductase associated with an increased risk of myocardial infarction in patients with diabetes mellitus type 2 
(OR=1,879, p=0,029). The combination of genotype T677 gene methylenetetrahydrofolatereductase with 
hyperhomocysteinemia in 2 type diabetic patients with coronary heart disease is related with other risk factors 
for cardiovascular diseases and can have a significant impact on the course of ischemic heart disease. 
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Аctuality of research. Cardiovascular diseases, in particular the coronary heart disease (CHD), are one 

of main cause of death of patients with diabetes (DM) [1]. The relative risk of its emergence is increased at 
men depended from age by 1,5–2,5 times, at women by 1,7–4 times and the increase in risk is always more 
expressed at women comparatively with men. Existence of DM is related with high risk of emergence of all 
ishemia forms (ICD), including stenocardy, ischemia of a myocardium, a myocardial infarct and death [2]. 
ICD in patients with DM in comparison with patients without DM develops at earlier age and characterized 
by more severe damage of coronary arteries with involvement of distal part [1, 2]. Pathogenesis of cardio-
vascular complications based on multiple factors and determined by insufficient metabolic control of DM, by 
immunological and hormonal changes as by changes in system of hemostasis. Previously a special signifi-
cance in pathogenesis of the cardiovascular diseases (CD) is attached with genetic disorders [3, 4]. 

Now hard works on studying of one of genetic markers of CHD — polymorphism — of a gene 5,10 — 
a metylentetragidrofolatreductase (MTGFR) and its role in formation of this pathology are conducted. Poly-
morphism of a gene of MTGFR characterized by replacement of a cytosin on tymin in the T677th nucleotide 
(C677T) As result enzyme is transformed in thermolabile and its activity decrease by 30–65 %, that result 
destroying of processes of transformation of Homocysteine in Methionin and to development of a 
hypergomocysteinemya (HGC) [3, 5]. 

Recently value of HGC as important risk factor of atherosclerotic changes of vessels and also of arterial 
and venous tromboembolia is widely discussed [6–8]. Homocysteine (GC) is the sulfur-containing amino 
acid which is formed in the course of an exchange of methionine and cysteine. The methionine is metabo-
lized with formation of S-adenosilhomocystein as result of hydrolysis, is transformed into GC. Disturbances 
of transformation of this amino acid into methionine and cysteine leads to increase in its content in blood. 
Increased GC level in plasma result activation of processes of oxidation with formation of free radicals toxic 
for endothelial cells that result proliferation muscle cells and stimulation of platelets and leukocytes [4, 9]. 
The HGC promotes oxidation of lipids that stimulates processes of atherogenesis [7, 8]. 

It was established that HGC high level in plasma of blood is independent risk factor for developing of 
CHD [4, 9]. It was showed that risk of cardiovascular pathology considerably increases when the CHD is 
combined with DM [6, 10, 11]. However there are MTGFR low studied polymorphism of a gene and its in-
terrelation with the GC level and their influence on development of ICD at 2 type of DM. 

Research objective. To study polymorphism of C677T of a gene of MTGFR, its interrelation with the 
GC level and role in development and progressing of ICD in patients with 2 type of DM. 

Materials and methods 

Genetic material was obtained from 118 patients with 2 type of DM aged from 45 till 60 years. Duration 
of disease is 7,8±5,7 years. For investigation influence of polymorphism gene of MTGFR on development of 
ICD patients were divided for 2 groups. The first group included 69 patients age — 53,6±4,4 years. This 
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group in 42 patients in the anamnesis had a myocardial infarction (18 men and 24 women) age — 53,7±7,5 
years. The second group 49 patients with 2 types of DM without ICD (15 men and 34 women), age — 
52,1±4,3 years. 

Criteria of exception from 1 and 2 groups: the age of patients till 45 years and over 60 years; existence 
at patients of chronic renal failure, recurrence of accompanying chronic diseases, of purulent — necrotic 
complication, B12-and folic acid deficiency induced anemia and also last month treatment by folic acid or 
vitamins of group B. 

Control group included 89 patients (blood donors) aged from 45 till 60 years without disturbances of 
carbohydrate metabolism and the atherosclerosis and trombosis in the anamnesis. 

All patient conducted full clinical and biochemical analysis. For identification of ICD Holterovsky 
monitoring of electrocardiogram using «Markett HELLIGE» system and a tredmillmetry using «HELLIGE 
CardioSoft V3.0» was carried out. 

For DNA analysis samples of epithelial cells were used. Method phenolchloroformic extraction was 
used for separation of DNA. Polymorphic parts were amplifycated by Polymerase reaction using 
amplificator of «Eppendorf». Analysis of GC level was carried out by an immunoenzyme method using the 
analyzer IMMULITE 2000 type the Homocysteine (AXSIS) sets. 

The statistical analysis was carried out using applied programs «Biostat» and «Statistica 6.0». All data 
are provided in a type of arithmetic averages and their standard deviation (M±SD). Tests for balance of Har-
dy — Weinberg and identification of associations by method χ2. Reliability of coefficients of distinctions 
was accepted at value р<0,05. For estimation of associations of polymorphic options with pathological phe-
notype a relative risk (OR — odds ratio) was counted using formula OR = ad/bc, where: a — frequency ana-
lyzed allele at patients; b — frequency analyzed allele in control selection; c and d — total frequency of oth-
er alleles at patients and in control respectively. The size OR = 1 indicated absence of association at OR>1 
the positive association allele with a disease («risk factor») were confirmed, at OR<1 — negative association 
allele with disease, as protective action given allele. 

Results and discussion 

Results demonstrated prevalence of normal alleles C677 in patients with type 2 of DM which was de-
fined at 75,4 % of patients. Thus an allele of T677 which in some researches proved as a marker of CHD 
[12, 13] was revealed at 24,6 % of patients and at 21,9 % of persons of control group (OR=1,161, 
C.I. = [0,731–1,844], χ² = 0,40, p=0,52) (Table 1). 

T a b l e  1  

Frequency of alleles and genotypes of C677T polymorphic locus of MTHFR gene  
in patients with type 2 diabetes mellitus and in the control group  

Selection 
Alleles, n (%) Genotypes, n (%) The Hardy-Weinberg law 

matching (χ²*, df = 1), p С677 Т677 С677С С677Т Т677Т 
Patients with type 2 diabetes 
mellitus (n=118) 

178 
(75,4) 

58 
(24,6) 

68 
(57,6) 

42 
(35,6) 

8 
(6,8) 

0,664651 

Control group 
(n=89) 

139 
(78,1) 

39 
(21,9) 

55 
(61,8) 

29 
(32,6) 

5 
(5,6) 

0,652185 

 
Frequency of occurrence of genotypes corresponded to Hardy's law — Weinberg (table 1). At the sur-

veyed patients with 2 type of DM the heterozygotic genotype of C677T showed in 35,6 % of cases; the ho-
mozygous (normal) genotype of C677C — in 57,6 %; at 6,8 % of patients was a homozygous genotype of 
T677T. 

Statistically significant distinction in frequencies of occurrence of genotypes of C677C, C677T and 
T677T between patients with 2 type of DM and control group is not revealed (table 1). At calculation of 
stratification risk the DM it was revealed some association of 2 types with T677 alleles (to OR = 1,1) with 
homozygous genotype of T677T (OR = 1,2) and with heterozygotic genotype of C677T (OR = 1,1) but this 
association wasn't reliable. There are risk for developing of ICD in patients with a homozygous genotype of 
T677T [9, 10]. 

One of problems of this research was to estimate influence of polymorphism of a gene of MTGFR as 
one of the factors of influence on metabolism of a homocystein on development of ICD. Results of investiga-
tion patients with IСВ duration of current of DM and of arterial hypertension (AH), glycemia before and 
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postprandial were authentically higher as more high level of HbA1c. In patients with ICD a higher level of 
cholesterol (OHS), triglycerides (TG), lipoproteides of the low density (LPNP) and the lowered indicators of 
lipoproteides of the high density (LPVP) (table 2) are registered. These results correspond to data obtained 
by other authors [1, 14]. 

A.Engbersen et al. [15], A.Gardemann et al. [16] demonstrated existence of association of a homozy-
gous genotype of T677T of gene of MTGFR with CHD [13, 11]. Other researchers didn't find relation be-
tween this polymorphism and vascular pathology [5, 17]. 

Results demonstrated that frequency of allele Т677 of gene MTGFR in patients with DM 2 types with 
ICD and without ICD authentically didn't differ in gene MTGFR at patients with DM and made 26,8 % and 
21,4 % respectively (table 3). 

Analysis of distribution of genotypes of MTGFR at 7,3 % of patients with 2 type DM with ICD and at 
6,1 % of patients without ICD are revealed existence of a homozygous (T677T) genotype of MTGFR (table 3). 
The heterozygot genotype of C677T prevailed in patients of 1 group (2 type DM with IBS) in compared with 
patients of 2 groups (2 type DM without IBS) (39,1 % and 30,6 %, respectively. Analysis of stratification risk 
the DM showed some association 2 types in combination with ICD with T677 alleles (to OR = 1,3), a homozy-
gous genotype of T677T is revealed (OR = 1,4) and a heterozygotic genotype of C677T (OR = 1,3). However 
this association isn't reliable. Similar data are described also by other authors. In groups of the French, Swedish 
and Australian patients with CHD the association of allele T677 and a genotype of T677T of a gene of MTGFR 
with atherosclerotic damage of coronary arteries is also not revealed [11, 12, 18]. 

T a b l e  2  

Clinical-laboratory characteristics of patients with type 2 diabetes mellitus  
and coronary heart disease and without coronary heart disease 

Indicator 
Type 2 diabetes patients mellitus 

with coronary heart disease 
Type 2 diabetes mellitus patients 
without coronary heart disease 

Duration of diabetes, years 8,7±5,9 6,5±5,2* 
Duration of hypertension, years 10,3±5,7 7,5±5,3* 
Fasting blood glucose, mmol/L 8,3±1,8 7,2±1,4* 
Postprandial blood glucose, mmol/L 11,2±1,9 8,7±2,04* 
Average daily blood glucose, mmol/L 9,8±1,7 7,7±1,4* 
HbA1c, % 10,2±1,9 8,9±2,2* 
Total cholesterol, mmol/L 6,4±1,3 5,4±1,0* 
Triglycerides mmol/l 2,8±1,2 1,9±0,9* 
HDL cholesterol, mmol/L 1,11±0,22 1,28± 0,14* 
LDL cholesterol, mmol/L 4,0±1,3 3,3 ±0,9* 
CA, ED 5,4±1,3 4,4±0,9* 
 

T a b l e  3  

Frequency of alleles and genotypes of C677T polymorphic locus of MTHFR gene in patients  
with type 2 diabetes mellitus (DM) with and without coronary heart disease (CHD) 

Selection 
Alleles, n (%) Genotypes, n (%) The Hardy-Weinberg law 

matching (χ²*, df = 1), p С677 Т677 С677С С677Т Т677Т 
Patients wih type 2 DM and 
CHD (n=69) 

101 
(73,2) 

37 
(26,8) 

37 
(53,6) 

27 
(39,1) 

5 
(7,3) 

0,980493 

Patients wih type 2 DM 
without CHD (n=69) 

77 
(78,6) 

21 
(21,4) 

31 
(63,3) 

15 
(30,6) 

3 
(6,1) 

0,524539 

Note: * — Pirson χ² agreement criteria. 
 

It was demonstrated the presence of high frequency of allele by T677 in patients with repeated myocar-
dial infarctions and correlation this allele with the HZ level in serum [10, 19, 20]. A.Gardemann et al., 1999, 
demonstrated polymorphism of C677T of MTGFR almost at 2500 Europeans with angiographic the verified 
atherosclerosis of coronary arteries was investigated. It was noted that carriers of a homozygous genotype of 
T677T have higher rate of atherosclerotic damage of coronary arteries comparatively with patients have as 
least one allele of C677 [16]. 
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This regard on the analysis of polymorphism of gene MTGFR in patients with 2 type of DM with ICD 
depending of existence or absence in anamnesis of a myocardial infarction was carried out. Patients with 2 
type of DM with a myocardial infarction in the anamnesis differed from control group on the frequency of 
occurrence of alleles of T677 (OR=1,879, C.I. [1,059–3,333], χ ²= 4,72, p=0,029) and C677 (OR= 0,532, C.I. 
[0,300–0,944], χ² = 4,72, p=0,029). At patients past myocardial infarction less than in control the homozy-
gous genotype of C677C (OR=0,420, C.I was observed. [0,199–0,890], χ²=5,24, p=0,022). Also high fre-
quency of genotypes of C677T and T677T (50 % and 9,5 %, respectively) in this group of patients is found 
in comparison with control group (32,6 % and 5,6 %, respectively) but this distinction wasn't reliable (ta-
ble 4). Carriers of allele T677 had increased risk of development of a myocardial infarction (OR=1,879, C.I. 
[1,059–3,333], χ ² = 4,72, r=0,029). 

Patients with myocardial infarction in anamnesis differed on frequency of oc- currence of polymor-
phism of a gene MTGFR not only from healthy people but also from patients with 2 type of DM without 
ICD and with ICD but without myocardial infarction. Allele of T677 I is found at 34,5 % of patients with 
myocardial infarction whereas at patients without myocardial infarction and without ICD was revealed at 
14,8 % and 21,4 %, respectively (χ ² =7,78, r=0,02) (table 4). In group of patients with 2 type of DM and 
myocardial infarction are revealed prevalence of heterozygotic C677T (χ²=6,43, r=0,04) and homozygous 
T677T (χ²=0,93, r=0,62) genotype in compared with patients with 2 type of DM with ICD without myocar-
dial infarction and 2 types DM without IBS (table 4). 

T a b l e  4  

The frequency of alleles and genotypes of C677T polymorphic locus of MTHFR gene in patients  
with type 2 diabetes mellitus, coronary heart disease and myocardial infarction,  

with coronary heart disease without myocardial infarction and without coronary heart disease 

Selection 
Alleles, n (%) Genotypes, n (%) The Hardy-Weinberg law 

matching (χ²*, df = 1), p С677 Т677 С677С С677Т Т677Т 
Patients with type 2 DM 
with CHD and MI (n=42) 

55 
(65,5) 

29 
(34,5) 

17 
(40,5) 

21 
(50,0) 

4 
(9,5) 

0,492288 

Patients wih type 2 DM with 
CHD without MI (n=27) 

46 
(85,2) 

8 
(14,8) 

20 
(74,1) 

6 
(22,2) 

1 
(3,7) 

0,534416 

Patients wih type 2 DM 
without CHD (n=49) 

77 
(78,6) 

21 
(21,4) 

31 
(63,3) 

15 
(30,6) 

3 
(6,1) 

0,524539 

Control group (n=89) 
139 

(78,1) 
39 

(21,9) 
55 

(61,8) 
29 

(32,6) 
5 

(5,6) 
0,652185 

Note: * — Pirson χ² agreement criteria. 
 

It is known that polymorphism of gene MTGFR can be one of the cause of the HZ causing increase. In 
patients with 2 type of DM were found higher values of HZ than at persons of control group: 14,0±5,2 umol/l 
in patients with 2 type of DM and ICD (rk=0,001); 11,6±4,8 umol/l in patients with 2 type of DM without 
IBS and 9,38±5,4 umol/l in control (Fig.1). 
 

 
Note. * — significant of differences with the control group, p <0,001; ** — significance of differences with group № 2, p <0.05 

Figure 1. Serum homocysteine levels in patients type 2 diabetes mellitus and  
with coronary heart disease (group 1) and without coronary heart disease (group 2) 
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The average level of HZ at patients with the post- poned myocardial infarction was authentically higher 
in comparison with patients without myocardial infarction (15,34,3 and 12,15,4 of umol/l respectively, 
p<0,05) (Fig. 2). 
 

 
Note. * — significant of differences with the control group, p <0,05; ** — significance of differences with group  

of patients with type 2 diabetes mellitus, coronary heart disease and myocardial infarction, p < 0.05 

Figure 2.  Homocysteine serum levels in patients with type 2 diabetes mellitus  
with coronary heart disease and myocardial infarction and without myocardial infarction 

Analysis of results of research HZ depending of polymorphism of a gene MTGFR showed that both in 
control and at patients with 2 type of DM (in 1 and 2 groups) the HZ greatest level is revealed at a homozy-
gous genotype of T677T (Table 5). Especially it was observed in patients with a myocardial infarction in the 
anamnesis where at a homozygous and heterozygotic genotype of T677T and C677T the greatest values of 
HZ (Table 6) are revealed. Similar results were showed by K.Arai et al. (1997) that the level of a 
gomocysteinemiya is higher in patients with 2 type of DM with T677T MTGFR gene genotype than at sur-
veyed with C677C a genotype. Also in group of patients with 2 type of DM with T677T the genotype re-
vealed the high frequency of a myocardial infarction. 

T a b l e  5  

C677T polymorphism of MTHFR gene and serum homocysteine levels  
in patients with type 2 diabetes mellitus and in the control group 

Parameters 
Control homocysteine,  

umol/l 
Type 2 DM with CHD 
homocysteine, umol/l 

Type 2 DM without CHD 
homocysteine, umol/l 

MTHFR С677С 8,81,8 13,23,9* 11,24,6* 
MTHFR С677Т 10,42,3 14,56,5 12,14,7 
MTHFR Т677Т 12,5 15,84,1 13,87,5 

Note. * — Significant of differences with the control group, p < 0,05. 
 

Thus, authors showed that T677T MTGFR gene genotype indirectly, through moderated by GHZ stimu-
lated developing of atherosclerosis in patients with 2 type of DM and increases risk of a myocardial infarc-
tion [6]. 

Multiple-factor regression analysis of the HZ level in patients with 2 type of DM with ICD with myo-
cardial infarction in the anamnesis and a homozygous genotype of T677T with other risk factors of ICD 
where in model as independent factor are a variables duration of DM and AG, level of systolic and diastolic 
the blood pressure, a glycemia before and postprandial, OHS, TG, LPVP, LPNP and as the dependent fac-
tor — the level of HZ, showed that HZ level at patients with a homozygous genotype of T677T depended of 
level of a pre- and postprandial glycemia as of daily glycemia and of HbA1c, LPVP, TG (R2 = 0,99; 
r = 0,014). 
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T a b l e  6  

C677T polymorphism of gene MTHFR and homocysteine serum levels in patients with type 2 diabetes mellitus 
and coronary heart disease and myocardial infarction and without myocardial infarction 

Parameters 
Type 2 diabetes mellitus patients, coronary 

heart disease and myocardial infarction 
Homocysteine, umol/l 

Type 2 diabetes mellitus patients, coronary 
heart disease and myocardial infarction 

Homocysteine, umol/l 
MTHFR С677С 13,74,2 12,13,3 
MTHFR С677Т 14,54,7 13,84,8 
MTHFR Т677Т 16,93,8 11,2 
 

Thus, a high HZ level at a homozygous genotype of T677T of a gene of MTGFR can be an important 
factor in development of a myocardial infarction in patients with 2 type of DM. 

Conclusions: 
1. Frequency of occurrence of alleles and genotypes of C677T of a gene of MTGFR at patients with 

2 type of diabetes without and with Ishemical Cardiac Disease (ICD) but without myocardial infarction in 
the anamnesis corresponded to control group. 

2. Patients with 2 type of diabetes with a myocardial infarction in anamnesis differed from control 
group on the frequency of occurrence of alleles of T677 and C677 of gene of MTGFR (r=0,029). An allele of 
T677 of gene of MTGFR have relation with the increased risk of development of myocardial infarction pa-
tients with 2 type of diabetes (OR=1,879, r=0,029). 

3. In patients with 2 type of diabetes ICD the HZ high level of serum of blood revealed in comparison 
with patients without ICD and control group. 

4. Combination of homozygous genotype of T677T of gene of MTGFR to GHZ in patients with type 2 
of DM with ICD and a myocardial infarction in the anamnesis is related with other risk factors of cardiovas-
cular diseases (level of a pre- and post-prandial glycemia, average daily glycemia, HbA1c, LPVP, TG and 
can have important influense on current of ICD and myocardial infarction. 
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Диабеттің 2-түрінде метилентетрагидрофолатредуктаза гені  
полиморфизмінің гомоцистеин деңгейімен өзара байланысы 

Диабеттің 2-түрі бар науқастарда метилентетрагидрофолатредуктазаның С677Т гені полиморфизмнің 
кездесу жиілігі мен оның гомоцистеин деңгейі жəне жүректің ишемиялық ауруы дамуымен 
байланысын зерттеу мақсатында 45–60 жас аралығындағы диабеттің 2-түрі бар 118 науқас тексерілді. 
Диабеттің 2-түрі мен жүректің ишемиялық ауруы жəне басынан өткерген миокард инфарктісі бар 
науқастар мен дені сау адамдарда Т 677, С 677 аллелдері мен С677С генотипі кездесу жиілігінің 
арасында статистикалық дəлелді айырмашылықтар бар екендігі анықталды. Диабеттің 2-түрі бар 
науқастарда метилентетрагидрофолатредуктаза ферментінің Т677 аллелі миокард инфарктісі 
дамуының жоғары қауіпімен (OR=1,879, р=0,029) байланысты екендігі дəлелденді. Диабеттің 2-түрі 
мен жүректің ишемиялық ауруы бар адамдарда метилентетрагидрофолатредуктазаның Т677Т генотипі 
жүрек-тамыр ауруларының басқа да қауіп факторларымен тығыз байланысты жəне жүректің 
ишемиялық ауруының ағымына айтарлықтай əсер етуі мүмкін. 

 
А.Р.Алина, Л.Г.Тургунова, Е.М.Ларюшина, Н.В.Васильева, Д.Т.Амирханова 

Взаимосвязь полиморфизма гена метилентетрагидрофолатредуктазы  
с уровнем гомоцистеина при сахарном диабете 2 типа 

С целью исследования изучения частоты встречаемости полиморфизма С677Т гена метилентетра-
гидрофолатредуктазы у больных сахарным диабетом 2 типа и его взаимосвязи с уровнем гомоцис-
теина и развитием ишемической болезни сердца обследованы 118 пациентов сахарным диабетом 
2 типа в возрасте 45–60 лет. Выявлены статистически значимые различия частот встречаемости алле-
лей Т677 и С677, генотипа С677С между группами больных сахарным диабетом 2 типа с ишемиче-
ской болезнью сердца и перенесенным инфарктом миокарда и здоровых лиц. Установлено, что аллель 
Т677 гена метилентетрагидрофолатредуктазы связан с повышенным риском развития инфаркта мио-
карда у пациентов сахарным диабетом 2 типа (OR=1,879, р=0,029). Сочетание генотипа Т677 гена ме-
тилентетрагидрофолатредуктазы с гипергомоцистеинемией у больных сахарным диабетом 2 типа с 
ишемической болезнью сердца тесно взаимосвязано с другими факторами риска сердечно-сосудистых 
заболеваний и может оказывать существенное влияние на течение ишемической болезни сердца. 
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