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Abstract
Background: A common C677T mutation of methylenetetrahydrofolate reductase (MTHFR) gene is reported to
be associated with hyperhomocysteinemia a risk for atherosclerotic vascular diseases and ischemic stroke (IS).
Aim: To clarify the possible role of the MTHFR 677C>T polymorphism in predisposition to IS and to assess the
relationship of allelic variants of MTHFR gene with homocysteine (Hcy) plasma levels and other risk factors of
atherosclerosis and IS in type 2 diabetic Egyptians. Subjects: Group I: 40 healthy non diabetic volunteers.
Group II: 40 patients with type 2 diabetes mellitus (DM) without IS. Group III: 40 patients with type 2 DM and
IS. Methods: Fasting blood samples were collected for research investigations. HPLC technique was used to
estimate plasma Hcy levels. Polymerase chain reaction (PCR) assay with restriction fragment length
polymorphism (RFLP) were used to examine the MTHFR polymorphism. Results: The frequencies of T allele
and TT genotype were significantly higher in group III patients when compared to group I and group II
(P<0.001) .Total plasma Hcy and uric acid levels were significantly higher in group III patients who carry the TT
genotype. Conclusion: The MTHFR 677C>T polymorphism is associated with elevated Hcy and uric acid
plasma levels which increases the atherogenic risk and the prevalence of IS in type 2 diabetic Egyptian patients.
Keywords: MTHFR gene polymorphism, Type 2 diabetes mellitus and ischemic stroke
1. Introduction
Diabetes mellitus (DM) is a multifactorial and polygenic disease which is considered as a major life threatening
problem all over the world (Audelin et al., 2001). Cardiovascular disease (CVD) and ischemic stroke (IS) are the
main complications of diabetes mellitus (DM) (Ozmen et al., 2002). IS is referring to prolonged ischemia arising
from sudden occlusion of cerebral artery and considered as a leading cause of death in developed countries
(Kothari et al, 2002). There are multiple risk factors which may contribute to macrovascular and microvascular
problems in DM such as hyperglycemia, hypertension and dyslipidemia (Angeline et al., 2005). The high risk for
IS in patients with type 2 DM is partly explained by all of these risk factors that have genetic determinants and
may accelerate diabetes-induced atherosclerosis (Zhaohui et al .,2003) . MTHFR enzyme is responsible for
methylation of homocysteine (Hcy) to methionine (Ralph and Jacobsen, 2001). MTHFR 677C>T (Ala222Val )
single nucleotide polymorphism (SNP) is associated with reduced enzyme activity, resulting in a relative
deficiency in the remethylation process, leading to hyperhomocysteinemia among carriers of the CT and TT
genotypes (Aguilar,2004) . Hyperhomocysteinemia may promote vascular disease through endothelial injury,
predisposing the vessel to atherosclerosis (Pollex et al., 2005) and appears to be significantly associated with
atherosclerosis and IS in type 2 DM (Eikelboom et al., 2000).
A direct relation was observed between plasma Hcy and plasma uric acid levels in patients with atherosclerosis
indicating the strong association between the two biochemical variables in the presence of homozygosity for
MTHFR T allele. This could increase the availability of 5, 10-MTHF for the de novo synthesis of purines via 10formyl THF causing uric acid over production (Motti et al., 1998). Hyperuricemia is commonly associated with
other known risk factors for CVD, such as obesity, hyperlipidemia, and hypertension (Malinow et al., 1995).
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2. Aim of the work
The objective of this study was to investigate a possible role of the MTHFR 677C>T gene polymorphism in
predisposition to IS in Egyptian patients with type 2 DM. Moreover, to assess the relationship of allelic variants
of MTHFR gene with Hcy plasma levels and with other risk factors associated with the incidence of
atherosclerosis and IS in type 2 diabetic Egyptian patients.
3. Subjects and methods
This study was carried out in the Medical Biochemistry, Internal Medicine, Departments, Faculty of Medicine,
Outpatients Clinics and Intensive Care Unit of Zagazig University Hospitals during the period from July 2009 to
July 2010. In this study we investigated the effect and relationship of allelic variants of the MTHFR gene in
Egyptian diabetic patients with and without IS. A polymerase chain reaction (PCR) with restriction fragment
length polymorphism (RFLP) was used to detect gene polymorphism. All diabetic subjects were diagnosed
according to World Health Organization (WHO) criteria on regular follow in diabetic Outpatients Clinics, Zagazig
University Hospitals. The duration of diabetes mellitus was determined by reviewing the clinical history and the
medical records, they were suffered from DM more than 15 years.
3.1 Subjects
This study comprised of 120 recruited subjects. They were classified into three main groups:
Group I: 40 normal volunteers (19 females and 21 males). Their mean ages were ranged from 42.0 – 63.0 years
with a mean value ± S.D of 53.17 ± 5.73 years .Who had been matched for BMI, sex, age and socioeconomic
background, they had no evidence of IS risk factors, such as DM, hypertension, obesity, hypercholesterolemia,
family history or previous history of stroke or transient ischemic attacks and smoking on the basis of their
clinical history and physical examination.
There was no statistical difference (P>0.05) in control group regarding age and sex .They were recruited from
Outpatients Clinics, Zagazig University Hospitals.
GroupII “Type 2 diabetic patients without IS”: included 40 patients aged from 43.0-64.0 with a mean value ±
S.D of 52.81 ± 5.4 years (23 males and 17 females). They were diagnosed as diabetic patients as fasting blood
glucose (FBG) level is equal or more than 126 mg/dl (Trinder, 1969).
Group III “Type 2 diabetic patients with IS”: comprised 40 patients with ages ranged between 45.0 – 63.0 years
with a mean value ± S.D of 54.03 ± 5.03 years (22 males and 18 Females). The diagnosis of IS was considered
when neurological deficits were accompanied by the corresponding abnormalities on CT of the brain (Gharib et
al., 2005). Patients with cerebral hemorrhage and atrial fibrillation were excluded. Similarly subjects with overt
nephropathy with serum creatinine above 178 µmol/L (2mg/dL), were also excluded to eliminate other risk
factors for embolic IS. Serum creatinine considered normal in men 136 μmol/L (1.5 mg/dl) and women 120
μmol/L (1.4 mg/dl) (Bartels et al., 1972).
All patients were assessed as having risk factors for IS, such as DM, hypertension, obesity, hypercholesterolemia,
family history or previous history of stroke or transient ischemic attacks and smoking. All those with systolic
blood pressure > 140 mmHg and/or diastolic blood pressure of 90 mmHg or those on regular antihypertensive
medications were classified as hypertensives. Hypercholesterolemia was considered when total cholesterol (TC)
levels > 240 mg/dl. A body mass index (BMI) of > 30Kg/m2 was classified as obese. BMI was computed as
weight (kg) divided by square height (m2). Subjects were considered smokers if they had been smoking
cigarettes regularly (one or more per day) (Perwaiz et al., 2005).
There was no statistical difference (P >0.05) between all groups regarding age and sex. Informed consent was
obtained from all the participants in this study. The characteristics of all groups are tabled in table 1.
3.2 Sample collection
Overnight fasting venous blood samples were collected from the subjects in EDTA containing tubes using
standardized protocol and equipment., separated into two samples one whole blood for DNA extraction and
MTHFR gene detection and the other plasma specimen for measuring Hcy, uric acid levels as well as other basic
biochemical blood tests, were measured by standard chemical and enzymatic commercial methods in the
Medical Biochemistry department and hospital laboratories.
3.3 Methods
All cases were subjected to the followings
(1) Thorough history taking and complete clinical examination.
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(2) Electro cardiogram (ECG) and Chest x-ray.
(3) Cranial computed tomography (CT) for diabetic patients with IS.
(4) Laboratory investigations, including:
(a) Random and fasting blood glucose levels.
(b) Lipid profile: plasma levels of total cholesterol (TC), LDL cholesterol (LDL-C) and HDL-C (Assmann et al.,
1983).
(c) Plasma uric acid determination (Fossat et al., 1980).
(d) Blood urea (Chaney and Marbach, 1962) and creatinine (Bartels et al., 1972).
HPLC estimation of plasma Hcy levels (Ubbink, 1991).
3.3.1 Standard and reagents
(1) D. L HCY was purchased from sigma (St. Louis, Mo, USA). (2) Ammonium 7- Flourobenzo -2- oxa- 1, 3
diazole -4- sulphonate (SBD-F) was purchased from Wako (Dus seldorf , Germany). (3) Tri-n-butyl phosphine
and Dimethyl formamide were purchased from Sigma. (4) Chemical reagents of mobile phase (orthophosphoric
acid, potassium dihydrogen phosphate, and acetonitrile were purchased from Merck (Darmstadt, Germany). All
the chemicals and solvents were of HPLC reagent grade.
Analytical Procedure/Sample preparation (Araki and Sako, 1987).
Serum and standard Hcy were derivatized with SBD-F according to the method described by Araki and Sako,
1987, as follows 0.3 ml of plasma or standards were added to 30 µl of 10% tri-n-butyl phosphine solution in
dimethyl formamide. The mixture was incubated at 4oC For 30 minutes to accomplish reduction of thiolamines.
Subsequently, 0.3ml of 10% trichloroacetic acid (TCA) containing l mmoL/L NaEDTA was added. After
centrifugation, 100µl of clear supernatant were added to a mixture of 20 µl of 1.55 mol/l NaOH, 250µL of 0.125
mol/L borate buffer (pH 9.5) containing 4 mmoL/L EDTA and 100µl of SBD-F solution (1 mg /ml dissolved in
borate buffer). The mixture was incubated for 1 hour at 60oC to accomplish complete derivatization of HCY and
other thiols. 20 µl aliquots were subsequently used for HPLC analysis.
HPLC and derivatized thiolamines analysis:
Derivatized Hcy was analysed by HPLC. Instrument used was Perkin Elmer model LC 1020 plus, carried out on
a gradient pump (Binary LC pump 250) LC 18 column (particle size 3 µm, 3 cm x 4.6 mm inner diameter,
Supelco Inc., Supelco park, Bellefonte, PA USA). The separation of thiolamines mixture carried out using
0.1moL/L Potassium dihydrogen phosphate buffer (pH 2.1) adjusted with orthophosphoric acid containing 4%
acetonitrile as a mobile phase at a flow rate of 1.00 ml/min.
The present work was carried out according to method described by Ubbink et al ., 1991 but with the use of
UV/visible spectrophotometer detector (Model LC 290, Perkin Elmer) instead of fluorescence detector due to
accidental problems had occurred in the detector . UV detector was set at different wavelengths and a
wavelength 270 nm was selected as it gives the maximum absorption of standards.
Separate standard for Hcy was injected to determine its retention time. Then 20 µL of each sample was injected.
The Hcy peaks were identified on the basis of their retention times. Identity of the resolved HCY was confirmed
by addition of small amount of HCY to both control and patient sample where peak enlargement was observed.
The retention time of HCY was observed to be 2.1 min.
Detection of MTHFR gene polymorphism: Genomic DNA was extracted and prepared from leucocytes using
Biospin Blood Genomic DNA Mini-prep Kit (BioFlux, Iran) (Bubbon, 1985).
PCR analysis (Angeline, 2007) : PCR amplification of a 198 bp sequence of the MTHFR gene was performed as
follows:
120 ng of genomic DNA was incubated in a 50µL containing both the forward and reverse primers for the
MTHFR C677T SNP
The forward primers were:
5'-TGAAGGAGAAGGTGTCTGCGGGA-3' and the reverse primers were:
5'-AGGACGGTGCGGTGAGAGTG-3' ,50 µM each dNTP, standard PCR reaction buffer containing 1.5 mM
MgCl2 and 2.5UTaq DNA polymerase (Q.biogene, Illkirch, France).
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Amplification for the MTHFR C677T SNP was performed with an initial denaturation step at 93°C for 2 min in
a thermal cycler (a Perkin Elmer 4800 thermal cycler (PTC-100 machine, MJ Research, Inc., Watertown, Mass.
USA).
The PCR amplification conditions:
34 cycles consisting of 1 min denaturation at 94°C, 1 min annealing at 64°C and 1 min extension at 72 °C. The
final cycle included a 10-min extension step at 72°C in a thermal cycler (a Perkin Elmer 4800 thermal cycler
(PTC-100 machine, MJ Research, Inc., Watertown, Mass. USA).
3.3.2 Restriction enzyme analysis
The MTHFR C677T SNP creates a Hinf I (Fermentas Life Sciences, Germany) restriction enzyme recognition
sequence.
10 ul of the198-bp PCR product was digested with the restriction enzyme HinfI at 37°C for 3-4 hours in the
buffer. HinfI can recognize the C-T substitution in the fragments that causing a conversion of Ala to Val in the
MTHFR encoding region. The two different alleles were designated T (Val) and C (Ala). The 198-bp fragment
derived from the C allele is not digested by HinfI producing 198-bp fragment ,subjects of CC allele showed a
DNA fragment of 198-bp. Whereas subjects with TT allele mutation showed the two DNA fragments of 175-bp
and 23-bp as it was digested by HinfI . Subjects with TC showed three DNA fragments of 198-bp, 175-bp and
23-bp. The HinfI-treated PCR fragments were analyzed using 3% agarose gel including 5 mg/ml ethidium
bromide. To every 5 µl of digested DNA product, 5 µl of 6X gel loading dye (prepared by bromophenol blue
0.25% and sucrose 40% in 50 mM EDTA). Running conditions at 85w for 6-8 hours. 100 Base-Pair Ladder
(Bioron) was 0.2 mg/ml in 10 Mm Tris (pH 8.0), 1mM EDTA. Sub-marine gel electrophoresis was used,
(Pharmacia Biotech by SEMKO AB, Sweden) using submarine chamber (Maxicell, EC 360 M-E-C apparatus
Cooperation ST. Petersburg.Florida USA).
3.4 The statistical analysis
Results were statistically analyzed using SPSS 11.5 for Windows. The statistical data were calculated for mean,
standard error (SE) and standard deviation (SD). Analysis of variance (ANOVA) was used to compare the results
of all examined cases in all studied groups within group comparisons. The differences between mean values for
each element were tested by student’s “t” test. The Hardy-Weinberg equilibrium or odds ratio (OR) and 95%
confidence interval (CI) for the presence of ischemic stroke within the MTHFR genotypes were analyzed by
using the chi square x2 test. Results were considered significant or non-significant when P> or < 0.05,
respectively (Kirkwood, 1989).
4. Results
After restriction digestion with Hinf I, the C/C genotype resulted in198bp fragments, T/T genotype resulted
in175 and 23bp fragments, the C/T genotype resulted in 3 fragments of 198,175 and 23bp. The 23 bp was too
faint to be detected on agarose gel .Genotype and alleles frequencies for MTHFR are presented in table (2) and
figure (1).
In controls (GroupI): the C allele frequency was 87.5 %, the T allele frequency was 12.5%. The observed level
of heterozygosity CT was in 15%, the TT genotype was 5% and the CC genotype was the most common in
controls (80%).
In diabetic patients without IS(GroupII): the homozygous CC was found in 24 patients (60%), the heterozygous
CT in 10 patients (25%) and the homozygous TT in 6 patients (15%).Chi square (X2) for group II=4.143 and
there was non-significant association when compared to the controls(P= 0.126) . C allele frequency was 72.5%
and T allele frequency was 27.5% when compared to controls there a significant association (X2=5.625, P =
0.018) (OR =2.65with 95% CI of 1.164- 6.056) table3.
In diabetic patients with IS (Group III) :the CC pattern was found in 8 patients (20%), the CT in 18 patients
(45%) and the TT pattern in 14 patients (35%), there was a significant association when compared to the controls
(X2 =29.40, P=0.000).C allele frequency was 42.5% and the T allele frequency is 57.5% ,with significant
association when compared to controls (X2 =35.60, P= 0.000) (OR= 9.471with 95% CI of 4.267-21.018).
There was a significant association of genotype frequency in group III patients when compared to the group II
patients (X2= 13.486, P=0.001). Frequency of T allele was more frequent in group III patients with significant
association when compared to group II (X2 =17.73, P=0.000 with OR= 3.567 with 95% CI of 1.84- 6.91).
In all studied groups, the CC pattern was found in 64 individuals (53.3%), the CT in 34 subjects (28.3%) and the
TT pattern in 14 subjects (18.3%).C allele frequency was 67.5% and the T allele frequency is 32.5% (table 2).
Published by Canadian Center of Science and Education
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4.1 The relation between plasma Hcy and uric acid with genotype variants of C677T polymorphism of MTHFR
Mean ±SD of plasma Hcy levels related to different groups listed in table (1). The different genotypes in each
group showed different means ± SD of Plasma Hcy levels listed in table (4)and Figure(2). ANOVA test
revealed a significant difference of the mean values of plasma Hcy level among different studied groups
(F=353.529, P=0.000). Plasma Hcy levels were significantly higher in group II and group III than control group
(t=4.92, t= 22.22, P=0.000) respectively with a significant increase in group III than group II (t=19.748,
P=0.000).
Mean ±SD of plasma uric acid levels related to different groups listed in table (1). The different genotypes in
each group showed different means ± SD of Plasma uric levels listed in table (5). ANOVA test revealed a
significant difference of the mean values of plasma uric acid level among different studied groups (F= 278.52,
P=0.000). Plasma uric acid levels were significantly increased in group II and group III than group I (t=19.32, t=
26.42, P=0.000) respectively with a significant increase in group III than group II (t=10.40, P=0.000).
There was a positive significant correlation between plasma Hcy, plasma uric acid levels and IS with a
significant positive correlation between plasma Hcy and plasma uric acid in all studied groups ( r= 0.730, P<0.05)
(Figure.3).
Table (4, 5): There was a significant increase in the plasma Hcy and uric acid levels when comparing the 3
genotypes of MTHFR in all patient groups with their corresponding genotypes of control group and a significant
increase on comparing the 3 genotypes of group III with the corresponding 3 genotypes of group II patients. In
all patient groups, subjects with TT, TC genotypes have a significant increase of plasma Hcy and uric acid levels
compared to CC genotype, with more significant increase in TT genotype.
4.2 Data of lipid profile was listed in table 1
Regarding total cholesterol (TC), there was a significant increase in group II and group III than controls ( t=
12.63 , t= 14.75 P =0.000) respectively , with non-significant difference between group II and group
III(t=-0.08 ,P>0.05). LDL-C levels showed a significant increase in group II and group III than controls (t=
19.31, t= 18.86, P =0.000) respectively, with non-significant difference between group II and group III (t= -1.06,
P=0.294). HDL-C levels showed significant decrease in group II and group III than controls (t= 6.917, t= 9.89,
P<0.001) respectively, with non-significant change among patient groups (t= 1.71, P>0.05). There was a
non-significant association between lipid profile and the genotype pattern of the MTHFR (P>0.05).
Regarding FBG levels, there was a significant increase in group II and group III when compared to controls (t=
18.15, 20.65, P<0.0001) respectively with non-significant difference between group II and group III (t= -0.553,
P>0.05). There was non-significant association between FBG and the genotype pattern of the MTHFR (P>0.05).
4.3 Table 6
X2 revealed non-significant difference referring to the effect of MTHFR genotypes on each of obesity,
hypertension and smoking in two diabetic patient groups. In group III (X2 =0.277, X2 =1.42, X2 =1.248, P>0.05)
respectively and group II (X2 =1.515, X2 =0.478, X2 =0.833, P>0.05) respectively.
This suggests that the C677T polymorphism in MTHFR gene, genotype TT and T allele are significantly
associated with increase in plasma Hcy and plasma uric acid levels with increasing the risk of IS in diabetic
Egyptian patients.
5. Discussion
There are multiple studies on samples of Egyptians to assess the prevalence and the risk factors for stroke, they
have revealed that IS has the higher incidence when compared to hemorrhagic stroke (Hany et al.,2003 ).
In the present study a relatively missense mutation of MTHFR gene C677T SNP and a different genotype
frequency were examined. In all studied groups the frequency of the MTHFR gene C allele was 67.5% while the
T allele frequency was 32.5 %, the C allele frequency and the CC genotype of MTHFR are the most common in
Egyptian healthy subjects. Also we noticed an association of both TT genotype and T allele frequencies at +677
in diabetic Egyptian patients suffered from IS when compared to the controls and diabetic patients without IS.
These findings were in harmony with other studies of Kissela et al., 2005, Goracy et al., 2009, Biswas et al., 2009
and Moe et al., 2008.
However, controversial Indian (Kalita et al., 2006) and Turkish study (Dikmen M et al.,2006) revealed a nonsignificant difference in frequencies of MTHFR C677T genotypes between stroke patients and the control group.
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In an effort to determine the functional relevance of C677T MTHFR polymorphism, we examined the
association of the genotype at +677 in MTHFR and Hcy plasma levels. We observed a significant increase in
Hcy plasma levels in diabetic patient groups when compared to controls with more increase in diabetic patients
with IS.
Moreover, we found that the different allelic variants of C677T MTHFR gene were significantly affecting Hcy
plasma levels as there was a highly significant increase in the plasma Hcy levels towards TT and the CT carriers
in each group. This result is consistent with Hermans et al., 2006, Angeline et al., 2009 and Sun et al., 2009. A
large body of data has showed that the genetic variant (C677T) in the MTHFR gene is associated with peripheral,
cerebral and coronary arteries (Ilhan et al., 2007) (Khandanpour et al., 2009).
Experimental evidence suggests that Hcy may contribute to both atherosclerotic and thrombotic processes by
modulating vascular cell proliferation and promoting prothrombotic activity in the vascular wall (Outinen et
al.,1998)(Upchurch et al., 1997).These effects of Hcy may explain the close correlation between the C677T
mutation of MTHFR which results in hyperhomocysteinemia and the presence of atherosclerotic disease in DM
(Sun et al., 2009).
The SNP in the MTHFR gene reduces the activity of MTHFR causing hyperhomocysteinemia (Spotila et al.,
2003). The C677T SNP is thought to decrease the binding affinity of FAD to MTHFR and may increase the rate
of dissociation of FAD from the enzyme, leading to the dissociation of the active dimer into monomers (Frosst et
al., 1995) (Friedman et al., 1999) (Crott et al., 2001).
On the other hand, other investigators failed to find an association between the C677T MTHFR variant and IS
(Ntaios et al., 2008) (Mueller et al., 2005) (Marie et al., 2007) (Endre et al., 2001) (Pasquale et al., 2002) (Harland
et al., 2002) (Ehab Shaker et al., 2008). These conflicting results of different studies can be explained by the
differences in study size and design, the ethnic or environmental differences of the subjects and the intake of folic
acid, vit B6 or vit B12 which could ameliorate the effect of MTHFR on HCY levels and can also be explained by
interaction with other genetic risk factors (Ganji et al., 2003) (Szolnoki and Melegh, 2006).
Another finding in our study was referring to plasma uric acid levels ,we found that plasma uric acid levels were
significantly increased in diabetic patients than controls with most significant increase in patients with IS that are
carriers of TT and TC of MTHFR genotypes compared to CC genotype. It was positively correlated with
plasma Hcy in all studied groups.
Our results are quite consistent with the observations of Motti et al., 1998 and Kim et al., 2002, Golbahar et al.,
2007 and Simon et al., 2009. Other studies suggest that elevated serum uric acid can predict CVD and
cerebrovascular accidents (Leo et al., 2004) (Newman et al., 2006) (Giacomo et al., 2009).
Possible mechanisms explain these associations: First, adenosine originating from S-adenosyl-Hcy, and
incorporated into a precursor pool for uric acid, would link the syntheses of Hcy and uric acid (Malinow et al.,
1995). Second, in subjects with the T/T genotype, renovascular atherosclerosis or the complications of systemic
vascular disease may reduce the renal clearance of uric acid, resulting in elevated serum uric acid (Motti et al.,
1998). Therefore, the MTHFR mutation may be a risk factor that is involved in multiple metabolic pathways
related to vascular diseases (Hong et al., 2004).
In the present study concerning the identified risk factors for atherosclerosis and IS, there was a non-significant
association between TC, LDL-C, FBG levels and HDL-C with the genotype pattern of the MTHFR genotypes
(P>0.05).
We observed a non-significant difference referring to the effect of MTHFR genotypes on each of obesity,
hypertension and smoking in two diabetic patients. Our results were comparable with Sun et al., 2009. On the
other hand, Ilhan et al., 2008 who failed to find significant association between MTHFR SNP and coronary
artery disease.
5.1 Strengths and limitations
One of the strength points of this study is the ethnic homogeneity of our sample, including all Egyptian people
living in the same city having nearly same environmental factors. Moreover , we tried to estimate the influence
of multiple risk factors e.g. obesity , HTN , smoking plasma uric acid and total lipid profile with HCY and
MTHFR C677T SNP which are not included in most of other studies in Egypt, that making this study a good step
for further researches in Egypt .
However, some study limitations need to be addressed. First, folic acid vit B6 and vit B12 plasma levels were
not determined in the sample as they are not included in routine analysis in our hospital laboratory and hence, we
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could not investigate the possible correlation between them and MTHFR C677T SNP. Second, the results could
be influenced by small size of the study group. Finally, our results do not determine the effect of gene-gene
interaction between MTHFR and other corresponding genes (e.g. ACD I/D, Apo E and NOS 3 genes).
6. Conclusions
Our present observations allow us to suggest that the C677T polymorphism of the MTHFR gene, which is a
leading cause of hyperhomocysteinemia and hyperuricemia , is one of the genetic factors predisposing to
development of IS in type 2 diabetic Egyptian patients. However, we need further studies involving large sample
of diabetic patients and study the effect of folic acid and vit B12 levels on plasma Hcy levels and to what degree
they affect the vascular complications of type 2 DM and reduce the incidence of IS in type 2 DM in patients who
carry the C677T allele.
Our results suggest that analysis of genotypes for the MTHFR C677T SNP may help to identify patients who are
at higher risk of IS. It might also serve as an additional incentive for the initiation of an intervention trial with
Hcy-lowering therapy. Extension from these studies may accelerate the discovery of new molecular targets for a
future therapeutic intervention that gives us the hope to decrease the incidence of IS in type 2 diabetic patients.
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Table 1. Comparison of clinical and laboratory data of the all studied groups (mean ±SD and range, with anova
test)
Group I

Group II

Group III

F value
P value

Sex

-19 females

-17 females

-18females

F=0.099

-21 males

-23 males

-22 males

P=0.906

Age (years)

53.17±5.73

52.81 ±5.44

54.03±5.03

F=0.541

Range

42.0 -63.0

43.0 -64.0

45.00-63.0

P=0.584

18.12± 2.58**

F=353.529

14.30-24.30

P=0.000

10.41±1.39

F= 278.52

7.90-12.40

P=0.000

304.85± 38.89

F=90.469

249.0-402.0

P=0.000

348.75±65.07

F= 155.46

210.0-444.0

P=0.000

47.02±3.16

F= 53.830

42.5-54.6

P=0.000

Plasma
levels

HCY

9.62 ±0.681

10.22±0.758*

8.00-10.70

8.80-11.70

( µ mol/L)
Plasma uric acid
mg /dl

4.51 ± 1.138

8.56±0.828

Total cholesterol

207.42±17.74

(mg/dl)

150.0-234.00

228.00-401.00

LDL-C (mg/dl)

151.17±36.36

342.2± 64.52

2.60-6.30

7.20-10.30

85.0-201.0
HDL-C (mg/dl)

303.87±

210.0-440.0

57.77±6.77

FBG (mg/dl)

48.24

48.69± 4.31

49.0-77.0

40.0-57.5

87.25±12.9

249.32±56.73

65.00-109.00

143.00-312.00

255.07±53.29
145.0-315.00

F= 174.96
P=0.000

Table 2. Allele and genotype frequencies for MTHFR C677T polymorphism in all studied groups
Groups

Group I
GroupII
GroupIII
All groups

Genotype frequency n (%)
CC

CT

32 (80%)

6

24 (60%)
8 (20%)
64 (53.3%

Allele frequency n (%)
TT

C

T

2 (5%)

70 (87.5%)

10 (12.5%)

10 (25 %)

6 (15%)

58 (72.5%)

22 (27.5%)

18 (45%)

14 (35%)

34 (42.5%)

46 (57.5%)

34(28.3%)

22(18.3%)

162(67.5%)

78 (32.5%)

(15%)

Table 3. Chi square and OR (95% CI) of MTHFR genotypes and allele frequency in all studied groups

172

Groups

MTHFR Genotype

C and T
frequency

Control group Vs

X2 = 4.143

X2 =5.625

2.65

Group II

P=0.126

P=0.018

1.164-6.056

2

2

Allele

OR of C and T allele
frequency 95% CI

Control group Vs

X =29.40

X =35.60

9.471

Group III

P=0.000

P= 0.00

4.267 -21.018

2

2

GroupII Vs

X =13.486

X =17.73

3.567

Group III

P =0.001

P=0.000

1.84- 6.91
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Table 4. Plasma HCY (µmol/L) and different genotypes in all studied groups
GroupI

CC
n=32

CT
n=6

TT
n=2

Range(µmol/L)
Mean ± SD

8.00-10.70
9.50 ±0 .681

9.70-10.30
9.98 ± 0.222

10.50-10.70
10.6±0.141

GroupII

CC
n=24

CT
n=10

TT
n=6

t- value

P value

-1.64*

P>0.05

Range(µmol/L)

8.80-10.90

8.90-11.10

10.80-11.70

-5.47**

P=0.003

Mean ± SD

9.97 ±0.647

10.22±0.709

11.25 ±0.32

-4.42***

P=0.007

-2.470*

P=0.04

GroupIII

Range(µmol/L)
Mean ± SD

CC
n=8

CT
n=18

TT
n=14

14.30-16.60

15.30-18.60

15.30-24.30

-8.56**

P=0.000

15.53±0.831

17.03 ± 0 .958

20.98± 1.97

-6.94***

P=0.000

*referred to t -value of comparing CC with CT, **referred to t -value of comparing CT with TT while
***referred to t-value of comparing CC with TT of patient groups.
Table 5. Plasma uric acid (mg/dl) and different genotypes in all studied groups
GroupI
Range(mg/dl)
Mean ± SD
GroupII
Range(mg/dl)
Mean ± SD
GroupIII
Range(mg/dl)
Mean ± SD

CC
n=32
2.60-6.20
4.27±1.05
CC
n=24

CT
n=6
3.50-6.30
5.35± 1.16
CT
n=10

TT
n=2
5.40-6.20
5.80±0.565
TT
n=6

t- value

p

-5.62*

P=0.000

7.20-9.20
8.11±0.559
CC
n=8
7.90-9.10
8.45±0.414

7.90-9.50
8.88±0.559
CT
n=18
8.40-12.00
10.50± 1.16

8.90-10.30
9.8±0.488
TT
n=12
10.40-12.40
11.42± 0.665

-3.63**
-7.05***

P=0.015
P=0.001

-4.54*

P=0.003

-3.37**
-9.37***

P=0.005
P=0.000

*referred to t -value of comparing CC with CT, **referred to t -value of comparing CT with TT while
***referred to t-value of comparing CC with TT of patient groups
Table 6. Effect of MTHFR genotypes on some risk factors of IS in groupIII and groupII patients
GroupIII

N

Obesity
N
(%)

Hypertension
N
(%)

Smoking
N
(%)

CC

8

6

75%

5

7

CT

18

12

66.6%

15

83.3%

13

TT

14

9

64.5%

10

71.5%

12

X2
P value
GroupII

N

62.5%

87.5%
72.2 %
85.7%

0.277

1.429

0.69

>0.05

>0.05

>0.05

Obesity
N
(%)

Hypertension
N
(%)

Smoking
N
(%)

CC

24

15

62.5%

19

79.15%

20

CT

10

4

40 %

7

70 %

8

TT

6

3

50%

5

83.3%

4

X2

1.515

0.478

0.833

P value

>0.05

>0.05

>0.05
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Figure 1. Frequency of MTHFR genotypes in all studied groups

Figure 2. Mean of plasma Hcy levels in MTHFR genotypes in all studied groups

Figure 3. Correlation between of plasma Hcy and plasma uric acid levels in all studied groups
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