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Introduction

Homocysteine is a sulfydryl-containing amino
acid, which is formed as an intermediate
metabolite in the metabolism of methionine.
Methionine is an essential amino acid derived from
dietary proteins such as meat, eggs or milk. Excess
methionine in the body will be converted into
homocysteine. Homocysteine is then further
metabolized into beneficial compounds to be
utilized or excreted through the normal
physiological function of the body 1.

Homocysteine levels in plasma are normally kept
low via intracellular enzymatic feedback systems
that are dependent on B vitamins 2. The normal
role of homocysteine in the body is to control
growth and support bone and tissue formation.
Markedly and mildly elevated circulating
homocysteine concentrations (hyperhomocysteinemia)
are highly associated with the impaired
metabolism of the homocysteine. The genetics,
biological and environmental factors are
cooperatively contributing to the retardation of
homocysteine metabolisms. The excessively
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retained homocysteine in the cells will be actively
excreted into plasma thus causing
hyperhomocysteinemia.

Gene defects are important risk factors in
contributing to hyperhomocysteinemia. A
common missense mutation (C-to-T substitution at
nucleotide 677) in the coding region of the gene
for methylenetetrahydrofolate reductase (MTHFR)
results in conversion of an alanine to valine
residue 3, which is associated with a thermolabile
MTHFR variant that has nearly 50% of normal
enzyme activity 4. Other genetic defects that are
associated with hyperhomocysteinemia are the
multiple mutations in cystathionine ~ synthase
(CBS) gene 5 and the methionine synthase (MS)
polymorphisms 6.

Folate in its major circulation form, 5
methyltetrahydrofolate (5-MTHF) functions as a
methyl donor during the remethylation pathway in
the formation of methionine from homocysteine.
The MTHFR TIT genotype effect is observed only
among subjects with relatively low folate
concentration 7 and the association between the
thermolabile MTHFR TIT variant and elevated total
homocysteine (tHcy) levels is known as a function
of folate status 8. There is a second pathway in
which a methyl group is transferred irreversibly
from betaine, or trimethylglycine, to
homocysteine. This process involves the betaine
homocysteine methyltransferase (BHMD 9.

Other known risk factors of
hyperhomocysteinemia include age 10, male sex 11,

smokingl2
, physical inactivity7, poor renal

function13 , menopausel
\ and circulating

cholesterol levelsl5 . Besides that, drugs that
interfere with homocysteine metabolism such as
the nitric oxide, methotrexate, isoniacid,
penicillamine, anti-convulsants and various
antiepileptic drugs, may give elevated levels of
tHcyl6.

Data on the determinants of homocysteine
concentrations in Asian populations, particularly
the Malay is scarce. The diets and other lifestyle
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characteristics and the genetic backgrounds of the
Malay population are distinct from those of
Occidental or other Asian populations. Therefore,
the study will describe the distribution of total
plasma homocysteine concentrations by age and
sex among healthy adult Malay men and women.
Furthermore, the study will examine the
association of homocysteine concentration with
MTHFR677C-7T missense mutation, dietary intake
high in unsaturated fat, folate, and vitamin BI2,
lifestyle factors including cigarette smoking and
physical activity.

With the identification of the polymorphism of
MTHFR, dietary and lifestyle factors of the
hyperhomocysteinemia subjects, effective
intervention programs can be planned and
implemented in order to avoid harmful
consequences. In addition, this study, which
establishes the bio-ecogenetics relationship of
hyperhomocysteinemia in the Malay population,
will contribute in giving an insight for future
studies. It can act as a catalyst for future work on
other predisposing factors of
hyperhomocysteinemia. It will also help to a
certain extent to create awareness that
hyperhomocysteinemia is not confined to a certain
population but is a global risk factor to the various
disease states, as both the mutation and
hyperhomocysteinemia are cooperatively or
solitarily associated to the risk of neural tubes
defects, complicated pregnancy 17,

meningomyelocele 18, breast cancer, ovarian
cancer, endometrial cancer, leukaemia 19 ,

cardiovascular diseases, cerebrovascular diseases,
hyperuricemia 20, acute renal failure, coagulation
abnormalities and Alzheimer's disease 21.

Materials and Methods

Study Design

The cross-sectional study was carried out at the
Faculty of Medicine and Health Sciences and the
Faculty of Veterinary Sciences, Universiti Putra
Malaysia. The study involved 53 apparently
healthy and randomly selected Malay volunteer
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staff from these 2 faculties. The subjects were
interviewed and anthropometric data of the
subjects providing information on the body mass
index (BM!), waist-hip ratio (WHR), and systolic
and diastolic blood pressure were also collected
after 10 hours overnight fasting. Peripheral fasting
blood was taken from the subjects for both the
mutation and tHcy analysis. The MTHFR 677C-.7T
missense mutation was identified through
polymerase chain reaction (PCR) and restricted
fragment length polymorphism (RFLP) analysis.

Sampling of Subjects

The subjects were randomly selected through the
lottery method from a list of pre-coded names
given by both the faculties. The selected subjects
were approached individually with an invitation
letter and a booklet that clarified the objectives,
methodology and the benefits of the study. Only
apparently healthy subjects (with no clinically
proven chronic complications such as
hypertension, vascular diseases, heart diseases,
diabetes, stroke and renal failure) were chosen.
The subjects were ethnic Malays aged 20 years old
and above. Written consent was obtained from all
the subjects.

Instrument of Study

Pre-tested questionnaire in both Malay and English
were developed to assess the socio demographic
background, medical history, dietary pattern
(Food Frequency Questionnaire), physical
activities, and smoking practices of the study
subjects. The questionnaire consists of five main
sections to be filled in by subjects through the
semi-assisted method. An additional food
frequency questionnaire (FFQ) that consists of a
list of 91 food or food ingredients that are common
to the Malay society was developed. The
frequency of food consumption was classified
according to the score method using six-point
scale. The modified scoring method by Chee et al.,
1996 22 that calculates the score of each food items
was applied in this study. A 7-day physical activity
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recall was used to proVide information on the
physical activity level of the subjects. The physical
activity index (PAl) from the physical activity
assessment used in the Stanford Five-City project
which estimates metabolic equivalent (MET) or
ratio of working metabolic rate to resting
metabolic rate was adopted and modified23

•

BMI, Blood Pressure and WHR

Height and weight of subjects were obtained by
using the TANITA digital weighing scale and the
SECA Bodymeter 208 respectively. Body mass
index (BM!) of subjects was calculated as weight
(kg) / height2 (m2

). Blood pressure measurements
of the subjects were obtained by using an OMRON
330 electronic reader. Blood pressure reading was
obtained after the subjects were in resting
condition for at least 10 minutes. Waist
circumference was measured midway between the
lower rib margin and the iliac crest. For hip
circumference measurement, the subjects were
required to stand erect with arms at the side and
feet together. The measurement was taken at the
point yielding maximum circumference over the
buttocks. All measurements were repeated in
order to obtain the average value.

Total Homocysteine levels (tHcy) and
MTHFR Polymorphisms

Subjects were required to fast (overnight) for at
least 10 hours before blood sampling was carried
out. Four millilitres (4 ml) of fasting peripheral
venous blood was collected for tHcy enzyme
immunoassay and MTHFR variants genotyping.
The collected blood was kept at 4°C and was
centrifuged into plasma and whole blood within
an hour. Buffy coat was separated and was kept at
-20°C until further genotyping analysis. Plasma was
stored at -80°C until further analysis of total
homocysteine levels.

Genomic DNA extraction was carried out using the
Perfect gDNA Blood Mini kit by Eppendorf®. The
MTHFR 677C-.7T missense mutation site was
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amplified using a set of primers previously
described by Frosst et al., 1995 4; the forward
primer (5'-TGA AGG AGA AGG TGT CTG CGG
GA-3') corresponds to the sequence 653-676 of
MTHFR exonic region and the reverse primer (5'
AGG ACG GTG CGG TGA GAG TG-3')
corresponds to the sequence 832-851 of MTHFR
intronic region. 'Hot-start' PCR was performed in a
Mastercycler Gradient Thermalcycler
(Eppendorf®) for 35 cycles. The temperature for
the initial denaturation of DNA was 95°C for 30 s,
annealing at 53°C for 90 s, and extension at noc
for 90 s and a final extension at noc for 7 minutes
following the last cycle. The PCR products were
purified by using PURE-GENE PCR Purification Kit
(BST Techlab). Upon purification, the samples
were subjected to HinfI digestion and
electrophoresed using 5.0% agarose gel (Figure 1).
Positive samples were sent for automated
sequencing (ABI PRISM Model 377) at the Institute
of Bioscience, Universiti Putra Malaysia.

Total homocysteine levels were determined using
the Axis® Homocysteine EIA (IBL Hamburg). The
entire enzyme immunoassay was controlled with
low, medium and high tHcy controls provided in
the Axis® Homocysteine Control Kit (IBL
Hamburg). Results were then interpreted
incorporating all other test results and clinical
status of the subjects. The logarithmic curve fit was
used for preparing the calibration curve and
calculation of unknown samples.

Analysis of Results

The Statistical Package for Social Sciences (SPSS)
for Windows® version 10.0.1 was used to analyse
the data. Descriptive statistics were used to analyse
all the studied variables such as socio-economic
characteristics, dietary pattern, physical activities
and smoking practices, anthropometric
measurements, biological parameters and the
MTHFR genotypes of subjects. Pearson's
Correlation was used to test the association
between two normally distributed continuous
variables (plasma tHcy, BMI, 'WHR, diastolic and
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systolic blood pressures, and physical activity
index). The independent t-test was carried out to
compare means between categorical independent
variables with continuous dependent variables
(BMI, WHR, MTHFR variants, folate supplemented
and non-supplemented female, smoking practices
with tHcy). One-way ANOVA was applied for
assessing the differences between various age
groups with tHcy levels. A statistical probability
level of p<0.05 was considered as significant.

Results

Of the 53 subjects in this study, 49% of them were
males and 51% were females. The age of the
subjects ranged from 21 to 60 years old with a
mean age of 37.58±9.n years. All subjects (n=53)
were included in the prevalence study regardless
of their age, health status and medication
background.

The prevalence of MTHFR 677C-7T missense
mutation in the Malay subjects was 3.8% (2
females) for homozygous mutation (TIT), 17.0% (5
females and 3 males) for heterozygous mutation
(TIC) and 79.2% (17 females and 23 males) for
normal wild type (CIC). The frequency of MTHFR
677T allele was low compared to MTHFR 677C
allele with 0.13 and 0.87 in males and 0.06 and 0.94
in females respectively. There were no significant
differences in MTHFR 677T between both sexes
(Table 1).

As shown in Table II, none of the measured
MTHFR 677 alleles contributed significantly to
tHey levels. However, there was an observation in
female subjects that ho~ozygotes with
thermolabile MTHFR 677C-7T mutation had
higher tHey levels. The presence of MTHFR 677T
allele in the heterozygous males was also
associated with tHcy levels. However, this
comparison did not take into account age, sex and
smoking factors due to insufficient number of
subjects. These factors cannot be excluded.
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Table III shows, for each age group, male subjects
were found to have higher levels of tHcy
compared to females but these differences were
not statistically significant. Comparison between
both the sexes shows significantly higher tHcy in
male after adjusting for the genotypes (Table II).

From Table III, after adjusting for smoking practise,
non-smoking males have significantly higher tHcy
levels compared to non-smoking females. As
shown in Table III, tHcy levels were found higher
in male compared to female subjects in all the age
groups but these differences were not statistically
significant.

On the other hand, there were no significant
differences in tHcy levels among all the age groups
after controlling for the gender. However, tHcy
levels were higher in both males and females aged
more than 50 years (n=4, 12.75±5.70flmolll and
n=3, 9.92±1.95flmolll respectively) compared to
the other age groups but these differences were
not statistically significant. The mean tHcy level for
those aged more than 50 years (n=7) was
1l.53±4.45flmolll compared to those subjects
below 50 years (n=43, 9.20±3.39flmolll)
disregarded the genotypes and smoking factors.

According to Table IV, the majority of the subjects
have never smoked (86%) while 16% of them are
smokers. All of the smokers are male. The mean
years of smoking were 17.38±11.92 and the
number of cigarettes smoked per day was
11.13±5.44. Smokers show higher tHey levels (n=8,
12.19±3.62flmolll) compared to non-smoking
males (n=18, 10.45±3.81flmolll) and females

(n=24, 7.95±2.67flmolll) but these differences
were not statistically significant.

The mean WHR for the subjects was 0.835 and the
Pearson's Correlation test (Table V) shows
significant but weak linear correlation between
WHR, systolic and diastolic blood pressure with
tHcy levels but no linear association with BMI and
PAl. The insignificant results probably are due to
the low number of subjects. Among the subjects, 3
were pregnant and taking folate supplements.
They have significantly (p=0.036) lowered tHcy
levels (4.44±1.30flmolll) compared to 24 non
pregnant females (7.95±2.67flmolll). However, the
differences might be due to unequal number of
subjects in the groups.

Based on the frequency of food intake obtained
from the questionnaire, the twenty most frequently
consumed food are fresh non-processed fish, hen
eggs, cucumber, cabbage or cauliflower, orange,
mustard, string bean, lady's finger, tomato, carrot,
sprout, swamp cabbage, red or green apple, fried
rice, nasi lemak, guava, papaya, banana,
watermelon and spinach. The frequently
consumed food contains high levels of folic acid
and sufficient amount of vitamins B12 and B6. The
least consumed foods are chicken, daun ubi
kembili, internal organs of mutton, canned mutton
curry with potatoes, betel leaf, eel, kundur,
mutton, fermented shrimp, asparagus, canned beef
curry with potatoes, mengkudu, fish roe, clam,
kiwi fruit, bambooshoots, quail eggs and duck
eggs.

Table I : Frequency of allele 67n and 677C in male and female

x values were obtamed by Pearson Chi-Square (df = 1, P =0.314).

Gender MTHFR 677 allele aX2

T(%) C(%)

Male 3 (25) 35 (44) 1.015
Female 9 (75) 45 (56)
a 2
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Table II : Mean total homocysteine levels in male and female with MTHFR genotypes

Gender MTHFR variants (fJmol/l) p
Homozygote Heterozygote Wild type

mutation ITITI (CiTI (CiCI
aMale - 14.7±6.30 10.5±3.23 0.068
n (%) 0(0) 3 (12) 23 (88)
bFemale 9.39±2.33 7.74±2.46 7.84±2.85 0.743
n (%) 2 (8) 5 (21\ 17(71\
ap - 0.034* 0.010*
*. Means difference is significant at the 0.05 level (2-tailed).
a. p (2-tailed) values were obtained by independent T-test.
b. p (2-tailed) values were obtained by one-way ANOYA.

Table III : Mean total homocysteine levels in male and female according to age groups

*. Means difference IS significant at the 0.05 level (2-tOlled).
a. p (2-tailed) values were obtained by independent T-test.
b. p (2-tailed) values were obtained by one-way ANOYA.

Age groups Gender (fJmol/l) ap
Male Female

20- 29 11.57±0.96 8.16±3.03 0.101
n (%) 3 (30) 7 (70)
30- 39 10.66±4.74 7.29±3.04 0.086
n (%) 10 (53) 9 (47)
40-49 10.37±2.12 7.65±1.66 0.030*
n (%) 9 (64) 5 (36)
> 50 12.75±5.70 9.92±1.95 0.456
n (%) 4 (57) 3 (43)
bp 0.761 0.545. .

Table IV : Mean total homocysteine levels in male and female smokers

Gender Smoking status (I-'mol/I) ap
Smoker Non-smoker

Male 12.19±3.62 10.45±3.81 0.285
n (%) 8 (31) 18 (69)
Female - 7.95±2.67 -
n (%) 0(0) 24 (100)
a p - 0.017*
*. Means difference is significant at the 0.05 level (2-tailed).
a. p (2-tailed) values were obtained by independent T-test.
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Table V : Correlation between total homocysteine levels and selected variables

-. Correlation IS significant at the 0.05 level (2-taded).
0. r (Pearson's correlation coefficient) values were obtained by Pearson Correlation test.
b. R2 (Coefficient of determination) values were obtained by squaring the r.

'. p (2-tailed) values were obtained by Pearson Correlation test.

Variables n Or bR2 'p
Waist Hp Ratio (WHR) 50 0.428 0.183 0.002-
Body Mass Index (BMI) 50 0.089 0.008 0.540
Systolic blood pressure 50 0.332 0.110 0.018-
Diastolic blood pressure 50 0.303 0.092 0.032-
Physical Activity Index (PAl) 50 0.141 0.020 0.328
Age 50 0.145 0.021 0.317

. .

200bp

100bp

198 bp
175bp

Fig. 1 : 5.0% agarose gel electrophoresis to determine the restricted PCR products for RFLP
analysis. MTHFR 677C-H missense mutation created a new restriction siteGANTC for
Hinfl. Hinfl digested the fragment into 2 parts, the shorter fragment, 23bp, and the longer
fragment, 175bp. However, the 5.0% agarose gel was unable to retain the shorter
fragment and it was suspected to have migrated out of the gel. Therefore, one band at
175bp (lane 1) indicates homozygous mutation (TIT), one band at 198bp (lane 2)
indicates homozygous wild type (C/C) and two bands with 198bp and 175bp (lane 3)
indicate the heterozygous mutation.
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Discussion

The prevalence of the T allele in the Malay subjects
were low compared to most of the other studies on
Asian population. The frequency of the MTHFR
677C-7T allele shows geographic and ethnic or
racial variations. The majority of studies of Asians
were done on Japanese people 24. The prevalence
of MTHFR 677 TIT mutation in Japanese (pooled)
was 10% 25-31. Recently, studies have been carried
out on Chinese in Singapore (8%) 7 and Taiwan
05%) 12.

In occidental countries, the frequency appears to
be high in white Hispanics from California (21%) 32,

Italy (pooled estimate, 19%), Britain (pooled
estimate, 13%) 24, France (10%) 33, Sweden 00%) 34,

USA (pooled estimate, 9%) 24, Germany (7%) 35 and
in Norway (6%) 36. Since most of the studies were
based on either convenient or relatively undefined
or undocumented sampling, the applied simple
random sampling of 53 subjects in this study was a
comparable one.

Results in this study found that genotype
frequency is not significantly different in males and
females of the Malay subjects. Most published
studies either do not specify the gender
composition of the samples or do not comment on
differences of genotype frequencies by .sex.
Besides that, there is also no correlation between
the 677C-7T allele and age. A study from Japan
reported a lower C677T allele frequency in older
people than in younger people and both in males
than in females 37. To some extent, Laurence et al.,
1997 38 tried to establish the relationship between
the prevalence of MTHFR thermolabile variant and
human longevity and he found that the frequency
of MTHFR 677C-7T mutation was low in
centenarians and nonagenarians compared to
adults «70 years).

Thermolabile MTHFR is characterized by increased
sensitivity of the MTHFR protein to increased
temperature. Results show no significant
differenc.es between tHcy levels among MTHFR
variants but the heterozygosity of the MTHFR
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677C-7T missense mutation in the study appears
to have significantly (p<0.05) higher tHcy levels in
non-smoking heterozygous males. Astrid and
associates 39 found that the thermolabile form of
MTHFR was observed in 11 of 39 premature
vascular-disease patients with mild
hyperhomocysteinemia after methionine loading.
Nine of those 11 patients were
hyperhomocysteinemic in the fasting state. No
thermolabile MTHFR was observed among 29
normohomocysteinemic patients with premature
vascular disease, and of 23 healthy subjects 1 case
had thermolabile MTHFR. These findings indicate
that thermolabile MTHFR is one of the causes
leading to mild hyperhomocysteinemia,
established by methionine loading but subjected to
patients with vascular disease only.

Our results show higher tHcy level for subjects
aged more than 50 years compared to other age
groups but these differences were not significant.
As demonstrated by Herrmann et al., 1999 10 tHcy
levels increase with age. This is associated with the
age-related change in gastric and renal functions.
Vitamin BIZ deficiency could be attributed to a
severe atrophic gastritis or low intake of the
vitamin. The absorption of vitamin B12 is also
reduced as a consequence of hypo- and
achlorhydria. Besides that, energy requirements
decrease with age and as a consequence food
intake also decreases by approximately 30% by the
age of 80 40. This in turn, lowers the intake of
vitamins especially folate, BIZ and B6 which are
essential for keeping tHcy within !lormal range.

Fukagawa and associates, 2000 11 showed that
females have higher remethylation rate compared
to males. However, the study failed to show
significant sex-related differences in fasting tHcy
concentrations, responses to the oral methionine
load or rates of methionine flux based on carboxyl
or r'nethyl labels. As proposed by them, the
remethylation rate might be due to sex-related
differences in the methionine synthase (5
methyltetrahydrofolate-homocysteine S
methyltransferase) or the betaine-homocysteine S
methyltransferase pathway, or both. However, the
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influence of sex on these pathways has not been
investigated nor have sex-related differences in the
activity of the enzymes involved been implicated.
Besides that, lower tHcy in females may be due to
higher methionine transamination and
homocysteine-lowering effect of estrogen.
According to Hak and associates, homocysteine
was observed to be lower during the high
hormonal (estrogen) phase than the low hormonal
phase in women using oral contraceptives 14.

To date, there are no comprehensive studies
regarding the underlying mechanisms of smoking
in elevating tHcy levels. However, smoking has
always been associated with coffee or alcohol
consumption and sedentary lifestyles 41. Notably,
caffeine from coffee is a methyl xanthine which is
known to act as a vitamin B6 antagonist 17. This will
cause impaired transsulfuration pathway of
homocysteine metabolism thus resulting in
increased tHcy levels.

The weak positive correlation between WHR and
tHcy levels might reflect that the tHcy levels were
associated with truncal obesity instead of BMI as
shown by Lone et al., 1999 42. According to Lone
and associates, the BMI was positively associated
with log tHcy in a study involving 290 young
women and 288 older women. The cause and
effect relationship can be hardly established
between blood pressure and tHcy levels. As
reported by Haynes, 2000 43 , homocysteine causes
artherothrombotic events by increasing systemic
blood pressure. In minipigs , experimental
hyperhomocysteinemia due to chronic methionine
administration increases systolic and diastolic
arterial pressure. This is accompanied by vascular
wall thickening, disruption of the elastic
component of the vessel wall and endothelial cell
hypertrophy and disruption.

The lowered tHcy levels showed by the pregnant
women with folate supplementation agree with
many studies that demonstrated lowered tHcy
levels in subjects given folate supplementation.
Lone et al., 2000 42 found that the total folate intake
from supplements and total folate intake were
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inversely associated with log tHcy. Among the
vitamins studied during the Homocysteine
Lowering Trialists' Collaboration 4\ folic acid had
the dominant blood homocysteine lowering effect,
and this effect was greater among subjects with
higher blood homocysteine concentration or
lower blood folate concentrations before
treatment.

The twenty most frequently consumed foods
contain necessary vitamins especially the vitamins
BIZ, B6 and folate for maintaining the tHcy levels
within the normal range. Most of the least
consumed foods are main sources of protein and
more speCifically, methionine. Low intake of
methionine based foods coupled with frequently
consumed green leafy vegetables and fruits can
enhance the nutritional therapeutics of
hyperhomocysteinemia.

The dietary pattern of the Malay subjects could be
the marked determinant that explains the
normohomocyteinemia condition in most of the
subjects. Since the food frequency questionnaire is
a fully qualitative measurement, further association
can be hardly established. A Semi-quantitative
food questionnaire may be a better measurement
in revealing the association between vitamin BIZ,
B6, folate and other nutrients with tHcy levels.

Conclusion

The prevalence of MTHFR 677C-7T missense
mutation was 3.8% for homozygous mutation,
17.0% for heterozygous and 79.2% remains
normal. Total homocysteine levels increased in
subjects aged more than 50 years
(l2.75±5.70J.lmolll for male and 9.92±1.95J.lmolll
for female). THcy was found to be significantly
higher in male (l0.45±3.81J.lmoIlD compared to
female (7.95±2.67J.lmoIlD after adjusting for
smoking practices. Male smokers have higher tHcy
levels (l2.19±3.62J.lmoIlD compared to non
smoking males (l0.45±3.81J.lmoIlD but it was not
statistically significant. There were only weak
linear correlations between WHR, systolic and
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diastolic blood pressure with tHcy. The 3 pregnant
subjects under folate supplementation have lower
tHcy levels C4.44±1.30pmolll) compared to non
pregnant females without folate supplementation
C7.95±2.67pmolll).

The study could not establish association between
MTHFR 677C7T variants and tHcy levels. The
dietary pattern of the Malay subjects reflects a
healthy diet with high preference on green leafy
vegetables and fruits. The dietary pattern could be
the stronger determinant of tHcy compared to
genetic factors. However, tHcy levels seem to be

weakly correlated with smoking, WHR, EMI,
systolic and diastolic blood pressure. The finding
of lowered tHcy in the 3 pregnant subjects with
folate supplementation is a cost effective treatment
for preventing hyperhomocysteinemia in
pregnancy. Therefore, MTHFR 677C7T missense
mutation in the Malay subjects did not affect the
tHcy levels most probably due to the more
prominent biological and environmental factors.
Thus, by adjusting the lifestyles of the subjects
even with the presence of predisposing genetic
and irreversible biological factors, the occurrence
of the adverse effects of hyperhomocysteinemia
can be prevented.

1.

2.

3.

4.

5.

6.

252

Moustapha, A, and Robinson, K. Homocysteine: An
emerging age-related cardiovascular risk factor.
Geriatrics 1999; 54(April): 49-63.

Christopher, K, and Van Holde, KE. Biochemistry
(2nd ed.) Menlo Park, California. The Benjamin /
.Cummings Publishing Company, Inc., 1996.

Van Bockxmeer, FM, Mamotte" CD, Vasikaran, SD,
and Taylor, RR. The Role of Genetics in
Homocysteine Levels. Circulation 1997; 95(1): 21-3.

Frosst, P, Blom, H], Milos, R, Goyette, P, Sheppard,
CA, Mathews, RG, Boers, GH], DenHeijer, M,
Kluijtmans, LA], Vande,nHeuvel, LP, Rozen, R.
Identification of a candidate genetic risk factor for
vascular disease: a common mutation in
methylenetetrahydrofolate reductase. Nat Genet.
1995; 10: 111-3.

Killian, R, Tan, KS, and Ian, MG. Homocysteine In:
Uri, G, Ulf, dF, Kare B. Genetic factors in coronary
heart disease. London. Kluwer Academic
Publishers 1994; 139-52.

Chen, ], Meir, ]S, ling, M, Jacob, S, Malinow, MR,
Charles, HH, and David, ]H. In'fluence of a

7.

8.

. 9.

methionine synthase (D919G) polymorphism on
plasma homocysteine and folate levels and relation
to risk of myocardial infarction. Atherosclerosis
2001; 154: 667-72.

Saw, SM, Yuan, ]M, Ong, CN, Kazuko, A, Lee, HP,
Gerhard AC, Mimi Cy' Genetic, dietary and other
lifestyle determinants of plasma homocysteine
concentrations in middle-aged and older Chinese
men and women in Singapore. Am] Clin Nutr. 2001;
73: 232-9.

Wang, XL, Natalia, D, Hua, C, Tetsuo, A, Sim, AS,
Greg, C, and David, ELW. Relationship between
total plasma homocysteine, polymorphisms of
homocysteine metabolism related enzymes, risk
factors and coronary artery disease in the Australian
hospital - based population. Atherosclerosis 1999;
146: 133-40.

Heil, SG, Karin, ]AL, Godfried, HB, Petra, V, Martin,
dH, Frans, ]MT, and Henk, ]B. Betaine
Homocysteine Methyltranferases (BHMT): Genomic
Sequencing and Relevance to
Hyperhomocysteinemia and Vascular Disease in
Humans. Molecular Genetics and Metabolism 2000;
71: 511-9.

Med J Malaysia Vol 58 No 2 June 2003



The Prevalence of MTHFR 677C-7TMissense Mutation, Total Plasma Homocysteine levels and Associated Risk Factors

10. Hermann, W, Quast, S, Ullrich, M, Schultze, H,
Bodis, M, and Geisel, J. Hyperhomocysteinemia in
high-aged subjects: relation of B-vitamins, folic acid,
renal function and the methylenetetrahydrofolate
reductase mutation. Atherosclerosis 1999; 144: 91
101.

11. Fukagawa, NK, Julie, MM, Alexander, W, Amy, HP,
David, E, and Bruce, OR. Sex-related differences in
methionine metabolism and plasma homocysteine
concentrations. Am J Clin Nutr. 2000; 72: 22-9.

12. Ho, CH. The influence of age, sex, vitamin B12,
folate levels and methylenetetrahydrofolate
reductase c667T genetic mutations on plasma
homocysteine in Chinese population. Hematologica
2000; 85: 1051-4.

21. Ramon, DA. Hyperhomocysteinemia: A New Risk
Factor for Alzheimer Disease? Arch Neurol. 1998;
55(Nov): 1407-8.

22. Chee, SS, Zawiah, H, Ismail, MN, and Ng, KK.
Anthropometry, dietary patterns and nutrient
intakes of Malaysian estate workers. Malaysian
Journal of Nutrition 1996; 2: 112-26.

23. Sallis, JF, Haskell, WL, and Wood, PD. Physical
activity assessment methodology in the five-city
project. American Journal of Epidemiology 1985;
121: 90-109.

24. Lorenzo, DB, and Quanhe, Y. Methylene
tetrahydrofolate reductase (MTHFR) and birth
defects. Am J Epidemiol. 2000; 151(9): 862-877.

25. Nishio, H, Lee, MJ, FUjii, M, et al. A common
mutation in methylenetetrahydrofolate reductase
gene among the Japanese population. Jpn J Hum
Genet. 1996; 41: 247-51.

27. Morita, H, Taguchi, J, Kurihara, H, et al. Genetic
polymorphism of 5,10-methylenetetrahydrofolate
reductase (MTHFR) as a risk factor for coronary
artery disease. Circulation 1997; 95: 2032-6.

26. Arinami, T, Yamada, N, Yamakawa-Kobayashi, K,
Hamaguchi, H, and Toru, M.
Methylenetetrahydrofolate reductase variant and
schizophrenia or depression. Am J Med Genet.
1997; 74: 526-8.

Nakata, Y, Katsuya, T, Takami, S, et al.
Methylenetetrahydrofolate reductase gene
polymorphism: relation to blood pressure and
cerebrovascular disease. Am J Hypertens. 1998; 11:
1019-23.

H, Yamada, N,
Kubo, T.

reductase
J Med Genet.

Sohda, S, Arinami, T, Hamada,
Hamaguchi, H, and
Methylenetetrahydrofolate
polymorphism and preeclampsia.
1997; 34: 525-6.

Ou, T, Yamakawa-Kobayashi, K, Arinami, T, et al.
Methylenetetrahydrofolate reductase and
apolipoprotein E polymorphisms are independent
risk factors for coronary heart disease in Japanese: a
case-control study. Atherosclerosis 1998; 137: 23-8.

Neugebauer, S, Baba, T, and Watanabe, T.
Methylenetetrahydrofolate reductase gene
polymorphism as a risk factor for diabetic
nephropathy in NIDDM patients [letted. Lancet
1998; 352: 454.

29.

28.

30.

31.

19. Christine, FS, Martyn, TS, Eleanor, K, Eve, R, Sara, R,
Raymond, AC, and Gareth, M. Polymorphisms in the
methylenetetrahydrofolate reductase gene are
associated with susceptibility to acute leukemia in
adults. PNAS. 1999; 96(2): 12810-15.

20. Ming, Z, Hisahide, N, and Myeong, J1. The C677T
mutation in the methylene tetrahydrofolate
reductase gene increases serum uric acid in elderly
men. J Hum Genet. 2000; 45: 257-62.

18. Lee, BH, Hae, IC, Yoon, SS, Cho, BK, and Wang, KC.
The effect of c677T mutation of methylene
tetrahydrofolate reductase gene and plasma folate
level on hyperhomocysteinemia in patients with
meningomyelocele. Child's Nerv Syst. 2000; 16: 559
63.

13. Gale, CR, Hazel, A, Nirree, JP, Stuart, JM, James, RB,
and Christopher, NM. Renal function, plasma
homocysteine and carotid atherosclerosis in elderly
people. Atherosclerosis 2001; 154: 141-6.

14. Hak, AE, Kees, HP, Iris, CDW, Cornelis, J, Albert, H,
Jacqueline, CMW, and Coen, DAS. Increased plasma
homocysteine after menopause. Atherosclerosis
2000; 149: 163-8.

15. Markus, PS, Stefan, J, Johannes, J, Karl, JL, and
Roland, ES. Mildly elevated homocysteine
concentrations impair endothelium dependent
vasodilation in hypercholesterolemic patients.
Atherosclerosis 2000; 153: 383-9.

16. Refsum, H, and Ueland, PM. Clinical significance of
pharmacological modulation of homocysteine
metabolism. TIPS. 1990; 11: 411-6.

17. Stein, EV, Ottar, N, Helga, R, and Ueland, PM. Coffee
and homocysteine [editorial]. Am J Clin Nutr. 2000;
71: 403-4.

Med J Malaysia Vol 58 No 2 June 2003 253



ORIGINAL ARTICLE

32. Shaw, GM, Rozen, R, Finnell, RH, Wasserman, CR,
and Lammer, E]. Maternal vitamin use, genetic
variation of infant methylenetetrahydrofolate
reductase, and risk for spina bifida. Am J Epidemiol.
1998; 148: 30-7.

33. Mornet, E, Muller, F, and Lenvoise-Furet, A.
Screening of the c677T mutation on 5,10
methylenetetrahydrofolate reductase gene in
French patients with neural tube defects. Hum
Genet. 1997; 100: 512-4.

34. Kostulas, K, Crisby, M, and Huang, WX. A
methylenetetrahydrofolate reductase gene
polymorphism in ischaemic stroke and in carotid
artery stenosis. Eur J Clin Invest. 1998; 28: 285-9.

35. Koch, MC, Stegmann, K, Ziegler, A, Schroter, B, and
Ermert, A. Evaluation of the MTHFR c677T allele
and MTHFR gene locus in a German spina bifida
population. Eur J Pediatr. 1998; 157: 487-92.

36. Bjorke-Monsen, AL, Ueland, PM, Schneede, J,
Vollset, SE, and Refsum, H. Elevated plasma total
homocysteine and C677T mutation of the
methylenetetrahydofolate reductase gene in
patients with spina bifida. QJM. 1997; 90: 593-596.

37. Matsushita, S, Muramatsu, T, Arai, H, Matsui, T, and
Higuchi, S. The frequency of the
methylenetetrahydro folate reductase-gene
mutation varies with age in the normal population
[letter]. Am J Hum Genet. 1997; 61: 1459-60.

254

38. Laurence, FD, Isabelle, Q, Jean, FC, axana, G,
Muriel, L, Helene, B, Jacqueline, Z, Pieere, K, and
Daniel, C. Methylenetetrahydrofolate Reductase
Thermolabile Variant and Human Longevity [letter].
Am J Hum Genet. 1997; 60: 999-1001.

39. Astrid, MT, Engbersen, Diana, GF, Godfried, HJB,
Erik, MBS, Frans, JMT, and Henk, JB. Thermolabile
5,10-methylenetetrahydrofolate Reductase as a
Cause of Mild Hyperhomocysteinemia. Am J Hum
Genet. 1995; 56: 142-50.

40. Haller,]. The vitamin status and its adequacy in the
elderly: an international overview. Int J Vitamin &
Nutrition Res. 1999; 69: 1916-9.

41. Ueland, PM, Steinar, H, Jom, S, Helga, R, and Stein,
EY. Biological and clinical implications of the
MTHFR C677T polymorphism. Pharmacological
Sciences 2001; 22(4): 195-201.

42. Lone, BR, Lars, a, Inge, B, Nils, K, Peter, L, and
Hans, P. Folate intake, lifestyle factors, and
homocysteine concentrations in younger and older
women. Am J Clin Nutr. 2000; 72: 1156-63.

43. Haynes, WG. Homocysteine and atherosclerosis:
Potential mechanisms and clinical implications.
Proc R Coil Physicians Edinb. 2000; 30: 114-22.

44. Brattstrom, L, Landgren, F, Israelsson, B, et al.
Lowering blood homocysteine with folic based
supplements: meta-analysis of randomized trials
(Homocysteine Lowering Trialists' Collaboration).
BM]. 1998; 316: 894-8.

Med J Malaysia Vol 58 No 2 June 2003




