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R É S U M É
Prérequis : L’hyperhomocystéinémie est considérée comme un
facteur de risque indépendant des accidents vasculaires cérébraux
(AVC). La mutation C677T du gène de la
5,10–méthyltétrahydrofolate réductase (MTHFR) est associée à une
augmentation de l’homocystéine plasmatique totale.
But: Rechercher si l'hyperhomocystéinémie et/ou la mutation C677T
de la MTHFR sont associées aux accidents vasculaires cérébraux
ischémiques (AVCI).
Méthodes: Nous avons mené une étude cas-témoins composée de 50
patients atteints d’ACVI et 97 témoins. Les mesures des
concentrations plasmatiques de l'homocystéine (Hcy) et le
génotypage de la mutation MTHFR C677T ont été effectuées.
D’autres facteurs comme l’hypertension, l’obésité, la dyslipidémie,
le diabète, les AVCI récidivantes, le tabac et l’alcool ont été analysés. 
Résultats: Les concentrations moyennes de l’homocystéine
plasmatique (Hcy)  étaient significativement plus élevés chez les
patients atteints d’AVCI que chez les témoins (15,83±10.60 µmol/L
contre 13,78±6,29 µmol/L, p=0,04). Alors qu'aucune association de
la mutation C677T de la MTHFR variante n’a été observée; ni avec
la maladie ni avec l’Hcy. Le risque de développer un accident
ischémique cérébral chez les sujets hyperhomocystéinémiques est
2,4 fois plus que chez les sujets ayant des taux normaux en Hcy
(OR=2,4, IC 95%: de 1,13 à 5,06, p<0,05).
Conclusion: Ces données préliminaires montrent que l'Hcy a un effet
sur les accidents vasculaires cérébraux  ischémiques
indépendamment du polymorphisme C677T en Tunisie. 
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Background: Hyperhomocysteinaemia has been identified as a
strong risk factor for ischemic stroke (IS). A point mutation in
methylene tetrahydrofolate reductase (MTHFR C677T) has been
associated with increased plasma homocysteine (Hcy) levels. 
Aim: This preliminary study aimed to investigate whether
hyperhomocysteinaemia and/or MTHFR C677T mutation are
associated with ischemic stroke.
Methodes: A case-control study including 50 consecutive patients
with confirmed IS and 97 controls was performed. Fasting plasma
homocysteine levels, MTHFR C677T genotypes were assessed.
Other factors such as hypertension, obesity, dyslipidemia, diabetes
mellitus, recurrent stroke tobacco and alcohol were investigated. 
Results:Mean plasma homocysteine levels were significantly higher
in IS patients than in controls (15.83±10.60) µmol/L vs 13.78±6.29
µmol/L, p=0.04), while no association of MTHFR C677T variant
was observed even with homocysteine. The risk to develop ischemic
stroke in hyperhomocysteinemic subjects was 2.4 times more than in
subjects with normal Hcy levels (OR= 2.4; 95% CI: 1.13-5.06;
p<0.05). 
Conclusion: Our findings suggest that high levels of homocysteine
but not MTHFR C677T polymorphism represent risk factors for
arterial ischemic stroke in Tunisian subjects. 
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Stroke is the leading cause of death among neurologic diseases
[1] and the second leading cause of death among all medical
conditions [2]. Several case control and prospective studies
demonstrated that moderate elevation of plasma homocysteine
(Hcy) is a risk factor cardiovascular disease and venous and
arterial thrombosis including stroke [3-6]. However, its role in
stroke is still unclear. Methylenetetrahydrofolate reductase
(MTHFR) is an important enzyme in the metabolism of
homocysteine [7]. A C677T mutation in this enzyme leads to a
reduction in enzyme activity and an elevation of plasma Hcy
[8]. Some studies reported that C677T mutation is associated to
Ischemic Stroke (IS) but others did not [9-11]. In the present
study, we intended to investigate the association between total
plasma homocysteine, the C677T polymorphism of the
MTHFR gene and ischemic stroke in Tunisian patients.

MATERIALS AND METHODS
Subjects
In the present case control study we recruited 50 IS patients
who were diagnosed at the Department of Neurology of the
Military Hospital of Tunis. The stroke was confirmed by
clinical assessment, computed tomography (CT)/magnetic
resonance imaging (MRI) scan, or a combination of both.
Patients with intracerebral hemorrhage (ICH), or sub-arachnoid
hemorrhage (SAH) that was documented either by CT-scan or
MRI were not included in the present study. Clinical and
anthropometric data were subscribed for all patients. Of the 50
patients, 28 were hypertensive, 24 had type 2 diabetes, 13 had
dyslipidemia and 10 had recidival cerebrovascular disease. The
patients’ mean age was 57.62 years. Control group consisted of
97 healthy subjects without any complications or history of
cerebral ischemia and they were aged from 30 to 70 years.

Homocysteine assay
Blood samples were withdrawn from subjects after an overnight
fast. The plasma was separated within one hour of sampling by
centrifugation (3500 cycles/min for 15 min). The blood for
measuring total homocysteine (tHcy) was collected in tube
containing EDTA and was kept on ice until centrifuged and the
plasma was immediately stored at (-20°C). The concentrations
of tHcy in plasma were evaluated based on a competitive
immunoassay using an automatic analyzer (Immulite 1000
DPC, Los Angeles, USA). In our study, the normal range of
plasma homocysteine was taken as 5-15 µmol/L. 
Genotyping of MTHFR C677T
DNA was extracted from peripheral lymphocytes using (QIA
amp DNA Blood Mini kit Qiagen) and the analysis of the
C677T MTHFR mutation was performed by PCR using FV-
PTH-MTHFR Strip A (Vienna Lab, Labordiagnostika GmbH,
Austria) kit.
Statistical analysis
Results were statistically analyzed by SPSS 11.5 for Windows.
Continuous variables are presented as (means ± SD), and
qualitative variables as relative frequencies. We used t-test to
compare quantitative variables and Chi-square test to compare
qualitative variables. The odds ratio was used to assess the
relative risk with a confidence interval at 95%. Correlation
between variables was determined by Spearman test. The
differences were significant if P value was less than 0.05.

RESULTS
The clinic characteristics of population study were shown in the
table 1. We found higher prevalence of obesity (14% vs
11.34%) and smokers (36% vs 24.74%) in patient group. The
demographic and clinical characteristics of the ischemic stroke

Hypertension, n (%)
Dyslipidemia, n (%)
Diabetes mellitus, n (%)
Obesity, n (%)
Smokers, n (%)
Alcohol consumers, n (%)
Recurrent disease, n (%) 

Smokers were divided into subjects who currently smoke and who never did.
Alcohol consumers were divided into subjects who currently drink and who never did.
Obesity and overweight estimated according to Body Mass Index (BMI) above 25 kg/m2.
NA: not applicable

Case
(n = 50)
28 (56.00)
13 (26.00)
24 (48.00)
7 (14.00)
18 (36.00)
6 (12.00)
10 (20.00)

All Men Women
Control
(n = 97)

0
0
0

11 (11.34)
24 (24.74)

0
0

P

< 0.001
< 0.001
< 0.001
0.641
0.152
0.001
< 0.001

Case
(n = 32)
13 (40.62)
5 (15.62)
13 (40.62)
5 (15.62)
16 (50.00)
6 (18.75)
5 (15.62)

Control
(n = 51)

0
0
0

2 (3.92)
22 (43.13)

0
0

P

< 0.001
0.007
< 0.001
0.074
0.541
0.002
0.007

Case
(n = 18)
15 (83.33)
8 (44.44)
11 (61.11)
2 (11.11)
2 (11.11)

0
5 (27.77)

Control
(n = 46)

0
0
0

9 (19.56)
2 (4.34)

0
0

P

< 0.001
< 0.001
< 0.001
0.343
0.313
NA
0.001

Table 1 : Baseline characteristics of patients and controls



patients and the control group are given in Table 1. There were
significant differences for the frequencies of hypertension
(p<0.001), dyslipidemia (p<0.001), diabetes mellitus
(p<0.001), alcohol consumers (p=0.001) and recurrent disease
(p<0.001) between patient and control groups. According to
gender, the same results were found in men and in women. 
Homocysteine levels were not statistically different between
men and women in patient group, although men had elevated
Hcy concentrations (16.73 ± 12.45 vs 14.03 ± 5.23µmol/L).
Similar results were observed in the control group (14.70 ± 6.03
vs 12.78 ± 6.47µmol/L). Our findings showed that the risk to
develop ischemic stroke in hyperhomocysteinemic subjects was
2.4 times more than in subjects with normal tHcy levels (OR=
2.4; 95% CI: 1.13-5.06; p<0.05) (Table 2).

Odds ratio were calculated for the three genotypes of C677T
MTHFR mutation and for T allele frequency in patients
compared to controls. No significant results were found even
with a separate analysis for sex (Table 3). 

Further investigations of homocysteine distribution according
to C677T MTHFR genotype was determined (Figure 1).
Patient’s carriers of TT and CT genotypes have the elevated
Hcy levels when compared to controls (44.66 ± 39.11 µmol/L
vs 16.44 ± 10.1 µmol/L and 14.10 ± 4.56 vs 11.94 ± 3.93
respectively for TT and CT genotypes).

DISCUSSION
The principal findings of the present study were first that
plasma tHcy was elevated in patients compared to controls,
with a prevalence of hyperhomocysteinemia of 40% in patients
versus 24.7% in controls. Second, plasma tHcy was associated
to the occurrence of the cerebrovascular disease. 
Relation between Hcy and stroke conflicts greatly as shown in
several epidemiologic data. Such studies confirmed that Hcy
was an evident causal factor for stroke [3,12-13]. In other
clinical studies, authors either did not found an association or
found a moderate one [14-16]. These differences in results
might be due to the ethnic groups and the conditions in which
the studies were done. Although tHcy levels are higher in
patients with homozygous and heterozygote MTHFR C677T
mutation, these genotypes are not related to ischemic stroke in
our study population. The small sample size in our study may
limit the power of testing a non significant association between
mild MTHFR C677T genotypes and ischemic stroke for the
whole sample, the men and woman were 25%, 17% and 7%,
respectively. We can conclude that Hcy may be a risk factor for
ischemic stroke independently of MTHFR polymorphism.
Data concerning the risk for ischemic stroke associated with a
common polymorphism in the gene encoding 5, 10-
methylenetetrahydrofolate reductase C677T, which predisposes
carriers to hyperhomocysteinemia remain conflicting. The
MTHFR 677C>T polymorphism, whether in the homozygous
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All
CC (%)
CT (%)
TT (%)
T (%)
C (%)

Men 
CC (%)
CT (%)
TT (%)
T (%)
C (%)

Women
CC (%)
CT (%)
TT (%)
T (%)
C (%)

Case

(n=50)
33 (66)
15 (30)
2 (4)
19 (19)
81(81)

(n=32)
22 (68.75)
9 (28.12)
1 (9.12)
11 (17.19)
53 (82.81)

(n=18)
11 (61.11)
6 (33.33)
1 (5.55)
8 (22.22)
28 (77.77)

Control

(n=97)
57 (58.76)
35 (36.08)
5 (5.15)
45 (23.2)
149 (76.8)

(n=51)
30 (58.82)
19 (37.25)
2 (3.92)
23 (22.55)
79 (77.45)

(n=46)
27 (58.69)
16 (34.78)
3(5.52)

22 (23.91)
70 (76.08)

OR (95% CI) and p value

1.00
0.74 (0.33-1.65) p=0.426
0.69 (0.09-4.37) p=0.505
0.78 (0.41-1.47) p=0.409

1.00
0.65 (0.22-1.87) p=0.373
0.68 (0.02-10.61) p=0.624
0.71 (0.30-1.69) p=0.405

1.00
0.92 (0.24-3.42) p=0.889
0.82(0.0-10.80) p=0.680
0.91 (0.33-2.48) p=0.839

Table 3 : Genotype distribution and allele frequencies of the MTHFR
C677T variant in ischemic stroke patients and controls.

All 
Control 
Patient 

Men
Control
Patient 

Women  
Control 
patient  

n

97
50

50
30

46
15

tHcy (µmol/l)           p  

13.78 ± 6.29      
15.83 ± 10.60                0.04

14.7 ± 6.03
16.73 ± 12.45                0.33 

12.78 ± 6.47
14.03 ± 5.23                 0.50 

Table 2 : Distribution of plasma homocysteine concentrations in
population study.

Figure 1 : Distribution of homocysteine means values according to
MTHFR C677T genotypes in population study.
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or the heterozygous state, is not always associated with an
increased homocysteine level. Meta-analyses have supported
these findings. For example, Kelly et al. suggested that the
MTHFR 677TT genotype might have a small influence in
determining susceptibility to ischemic stroke [17]. In our study,
we failed to find an association between the C677T MTHFR
variant and ischemic stroke as several previous studies [18-22].
In Japanese population, the relevance of the MTHFR T/T
mutation appears to be restricted to women [22]. However,
controversial studies reported a significant or moderate
association between MTHFR polymorphism and ischemic
stroke [14,23,24]. All these controversial associations between
the C677T polymorphism and stroke might be mainly due to
ethnic group and small sample size. 
In recent years, many epidemiological studies have given new
insights into old and new lifestyle factors that influence the risk
of cerebrovascular events. In our study, we investigated the
relationship between stroke and different factors such as
hypertension, dyslipidemia, diabetes mellitus, obesity, smokers,
alcohol consumption and recurrent history of stroke. We found
that tobacco and obesity was not associated to the onset of
stroke (P>0.05). Recent data suggest that smoking,
hypertension, dyslipidemia and diabetes mellitus are considered
as major risk factors for stroke and might be considered as main
targets for primary and secondary prevention of stroke [25].
Active and passive smokings are independent risk factors, and
a smoking ban in public places has already reduced
cardiovascular events in the short term [26]. In China, second
hand smoke exposure in women is highly prevalent. In addition
to being a risk factor for coronary heart disease, this should be
considered an important risk factor for ischemic stroke and

peripheral arterial disease in nonsmoking women [27]. Obesity
is known to be associated with diverse disease outcomes;
however, the effect of body weight on the occurrence of stroke
remains controversial and has not been studied sufficiently. In
our study, we did not found association between Body Mass
Index (BMI > 25 Kg/m2) and the incidence of stroke.
According to a recent study, this association was modified by
age, with a weaker association only at higher ages [28]. Gállego
et al reported that obesity contribute to the relatively high
incidence of stroke [29]. The association of light to moderate
alcohol consumption with risk of Ischemic Stroke remains
uncertain. Light and moderate average alcohol use was
generally not associated with an increased risk for ischemic
stroke while intake of more than two drinks per day may be
associated with a higher risk for ischemic stroke [30].
In conclusion, our data have been obtained on a limited number
of patients so that they should be considered as preliminary;
hence further study is needed in larger population to confirm
our findings. Our data suggest that high levels of homocysteine
but not MTHFR C677T polymorphism are risk factors for
arterial ischemic stroke in Tunisian subjects. Among life style
factors, hypertension, dyslipidemia, diabetes mellitus and
alcohol consumption may have an effect on the occurrence of
ischemic stroke. As a consequence, this arterial thrombotic
disease can be substantially reduced by an active lifestyle and a
healthy diet. 
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