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unrelated healthy Singaporeans

Chuanfei Chen∗ and Yik-Yuen Gan
Natural Sciences and Science Education, National Institute of Education, Nanyang Technological University,
Singapore

Abstract. The cystathionineβ-synthase (CBS) 844ins68 polymorphism, methionine synthase (MS) A2756G SNP, and 5,10-
methylenetetrahydrofolate reductase (MTHFR) C677T SNP are associated with homocysteine (Hcy) level in humans. Elevated
Hcy level is considered a risk factor for atherosclerotic diseases among Asian populations. Therefore, the three polymorphisms
may vary the risk for developing such diseases in Singaporeans. In this study, the three polymorphisms were determined in a
group of unrelated healthy Singaporeans (273 Chinese, 127 Indians, and 156 Malays). Regarding allele frequencies, Indians
had the highest frequencies of theCBSinsertion allele (2.0%) and theMS2756G allele (26.4%), while Chinese had the highest
MTHFR677T allele frequency (27.5%). In addition, theMTHFR677T allele was found significantly lower in Chinese males than
in their female counterparts. As theCBSinsertion allele was suggested to be associated with lower Hcy level, whereas theMS
2756G allele and theMTHFRT/T genotype were related to higher Hcy level, theMSA/G or G/G genotype and theMTHFRT/T
genotype were considered double genetic risk factors for elevated Hcy level. The frequency of such double genetic risk was 0.7%
(4 subjects) in the total population consisting of 3 Chinese(1.1%) and 1 Malays (0.6%). NoMTHFRT/T genotype was found
in Indians. Such results suggested that Chinese could have higher Hcy levels than Malays while the situation for Indianswas
complicated. Since human Hcy levels are also affected by environmental factors, further studies are required to betterevaluate
the association between these three polymorphisms and Hcy levels and/or disease susceptibilities in Singaporeans.
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1. Introduction

Homocysteine is a sulfydryl-containing amino acid
derived from the metabolic demethylation of dietary
methionine. In humans, Hcy can either be converted to
cystathionine by the enzyme cystathionineβ-synthase
(CBS) (the transulfuration pathway),or it can be methy-
lated to form methionine by the enzyme methion-
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ine synthase (MS) (the remethylation pathway), us-
ing 5-methyltetrahydrofolate as a methyl donor, which
is converted from 5,10-methylenetetrahydrofolate by
the enzyme 5,10-methylenetetrahydrofolate reductase
(MTHFR) [1].

Since CBS, MS, and MTHFR are all involved in the
conversionof Hcy to other metabolites, polymorphisms
located on these genes have been extensively studied
and some of them are found associated with varied lev-
els of plasma Hcy. At theCBSgene, a 68-bp insertion
between base 844 and 845 (844ins68) at the junction
of intron 7 and exon 8 has been associated with lower
post-methionine load increase in total Hcy concentra-
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tions [2,3]. At theMSgene, an A to G transition at nu-
cleotide 2756 (A2756G), which results in the substitu-
tion of glycine for aspartic acid at amino acid position
919 (D919G), has been described [4]. In Indian [5] and
Korean [6] populations, the 2756G allele was found to
be associated with increased Hcy levels. Finally at the
MTHFRgene, a common C to T transition at nucleotide
677 (C677T), which leads to the substitution of valine
for alanine, has been reported to impair the enzymatic
activity of MTHFR [7], and the homozygous form of
the 677T allele (T/T genotype) is therefore associat-
ed with higher Hcy concentrations than the other two
genotypes among major Asian populations including
Japanese [8,9], Koreans [6], and Chinese [10,11].

Among Asian populations, elevated tHcy level has
been suggested to relate to some atherosclerotic dis-
eases, such as cardiovascular disease (CVD) in Indi-
ans [12] and Chinese [13] and coronary artery dis-
ease (CAD) in Taiwanese Chinese [14,15], as well as
to thrombotic disease, i.e., venous thromboembolism
in Taiwanese Chinese [16]. In this sense, screening
the aforementioned three polymorphisms among gen-
eral populations may help to define the possible ge-
netic risk factors that affect the susceptibility to these
diseases. The objectives of the present study are to:
(1) determine the allele frequency of the three poly-
morphisms, namely, theCBS844ins68 polymorphism,
the MS A2756G SNP, and theMTHFR C677T SNP,
in unrelated healthy individuals of Singaporean Chi-
nese, Indians, and Malays; and (2) evaluate the carriage
rate of multiple genetic risk factors for elevated Hcy
concentrations among Singaporeans.

2. Materials and methods

2.1. Experimental subjects

A total of 556 unrelated Singaporeans (273 Chinese,
127 Indians, and 156 Malays) were enrolled. They
were apparently healthy and not on medication by self-
indication. The majority of participants were polytech-
nic and college students and trainee teachers. The aver-
age age (Mean± S.D.) of the three ethnic groups were
27.6± 9.7 yr (17 to 71 yr) for Chinese, 31.0± 10.7 (15
to 60 yr) for Indians, and 29.4± 13.5 (15 to 68 yr) for
Malays. Written informed consents for DNA analysis
were obtained from all participants and the study was
approved by the local ethics committee.

2.2. Genomic DNA extraction

Genomic DNA was isolated from buccal cells.
Briefly, each participant vigorously swished 10 ml of
sterile saline solution for 30 s after rinsing his/her
mouth with water. One milliliter of the solution was
centrifuged at room temperature (13,000 rpm, 2 min).
The buccal cell pellet was re-suspended in 50µl of
saline solution and then transferred into 100µl of 10%
(w/v) Chelex (Bio-Rad, Hercules, CA, USA) solution
(1 g of Chelex 100 in 10 ml of 50 mM Tris; pH 11).
The Chelex solution with buccal cells was heated to
99◦C for 10 min before it was centrifuged at room tem-
perature (13,000 rpm, 2 min). After centrifuge, 100µl
of the supernatant, containing the genomic DNA from
buccal cells, was collected and stored at−20◦C for
later use.

2.3. Genotyping

The CBS 844ins68 polymorphism was genotyped
by PCR, while theMSA2756G SNP and theMTHFR
C677T SNP were genotyped by PCR-RFLP analysis.
For all the three polymorphisms, PCR was carried out
in a volume of 25µl containing 3µl of genomic DNA
solution, 200µM of each dNTP, 1×ThermoPol Reac-
tion Buffer (10 mM KCl, 10 mM (NH4)2SO4, 20 mM
Tris-HCl, 2 mM MgSO4, 0.1% Triton X-100, pH 8.8),
0.5 U ofTaqDNA polymerase (New England BioLabs,
Ipswich, MA, USA) and 9 pmol of each primer (Re-
search Biolabs, Singapore). Primer sequences, PCR
cycle conditions, and size of products were summa-
rized in Table 1. To detect theMSA2756G SNP, 5µl
of PCR products were digested with 2 U of HaeIII re-
striction enzyme (New England BioLabs) in a 10µl
reaction system at 37oC for 3 h. For the detection of
the MTHFR C677T SNP, 8µl of PCR products were
digested with 1 U of HinfI restriction enzyme (New
England BioLabs) in a 16µl reaction system at 37◦C
for 3 h. The products were electrophoresed in 2% (w/v)
agarose (Bio-Rad) gels and the bands were visualized
by ethidium bromide staining.

2.4. Data analysis

Genotype and allele frequencies were determined by
direct counting. Genotype frequencies of each eth-
nic group were tested for Hardy-Weinberg Equilibrium
(HWE) using goodness-of-fit Chi-square test. HWE
was assumed whenp > 0.05. Comparisons of geno-
typic and allelic distributions were done by Chi-square
test using SPSS 11.0 for windows (SPSS Inc., Chicago,
IL, USA). The differences was considered significant
if p 6 0.05.
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Table 1
Primer sequences, PCR cycle conditions and sizes of products for the genotyping of polymorphisms

Gene Primer sequence PCR cycle condition Restriction Size of products
enzyme

CBS 5’-GTTGTTAACGGCGGTATTGG-3’
5’-GTTGTCTGCTCCGTCTGGTT-3’

94◦C 30s
58◦C 40s
72◦C 60s
35 cycles

− N allelea 240 bp
I alleleb 172 bp

MS 5’-GGTGTGTTCCCAGCTGTTAGATG-3’
5’-GACACTGAAGACCTCTGATTTGAAC-3’

94◦C
10 min

94◦C 30s
56◦C 40s
72◦C 30s
38 cycles

72◦C
10 min

HaeIII A allele 265 bp
G allele 180 bp, 85 bp

MTHFR 5’-TGAAGGAGAAGGTGTCTGCGGGA-3’
5’-AGGACGGTGCGGTGAGAGTG-3’

94◦C 30s
60◦C 40s
72◦C 40s
35 cycles

HinfI C allele 198 bp
T allele 175 bp, 23 bp

aNon-insertion allele;b Insertion allele.

Table 2
Genotype frequencies, allele frequencies, and test for HWE

Ethnic group Genotype frequency (n/%) Allele frequency (n/%) Test for HWE

CBS N/N I/N I/I I N
Chinese 271/99.3 2/0.7a 0 2/0.4b 544/99.6 p = 0.995
Indians 122/96.1 5/3.9 0 5/2.0 249/98.0 p = 0.980
Malays 151/96.8 5/3.2 0 5/1.6 307/98.4 p = 0.985

MS A/A A/G G/G A G
Chinese 214/78.4 58/21.2 1/0.4c 486/89.0 60/11.0d p = 0.365
Indians 73/57.5 41/32.3 13/10.2e 187/73.6 67/26.4f p = 0.167
Malays 106/67.9 44/28.2 6/3.8 256/82.1 56/17.9 p = 0.867

MTHFR C/C C/T T/T C T
Chinese 140/51.3 116/42.5 17/6.2g 396/72.5 150/27.5h p = 0.550
Indians 96/75.6 31/24.4 0 223/87.8 31/12.2 p = 0.377
Malays 125/80.1 29/18.6 2/1.3 279/89.4 33/10.6 p = 0.970

aThe frequency of theCBSI/N genotype is significantly lower in Chinese than in Indians (p =

0.023).
bThe frequency of theCBSI allele is significantly lower in Chinese than in Indians (p = 0.024).
cThe frequency of theMS G/G genotype is significantly lower in Chinese than in Malays(p =

0.006).
dThe frequency of theMSG allele is significantly lower in Chinese than in Malays (p = 0.004).
eThe frequency of theMS G/G genotype is significantly higher in Indians than in Chinese (p =

0.000) and Malays (p = 0.033).
fThe frequency of theMSG allele is significantly higher in Indians than in Chinese (p = 0.000)
and Malays (p = 0.016).
gThe frequency of theMTHFR T/T genotype is significantly higher in Chinese than in Indians
(p = 0.004) and Malays (p = 0.017).
hThe frequency of theMTHFR T allele is significantly higher in Chinese than in Indians and
Malays (bothp = 0.000).

3. Results

Genotype patterns of the three polymorphisms dis-
played by agarose gel electrophoresis were shown in
Fig. 1. All the genotype frequencies were conform-
ing to HWE (Table 2). As expected, there was no ho-
mozygous state of the insertion allele (I/I genotype) for
theCBS844ins68 polymorphism in the 556 individuals
tested (Table 2). However, 0.7% of Chinese, 3.9% of
Indians, and 3.2% of Malays were carriers of the I al-

lele, resulting in I allele frequenciesof 0.4% in Chinese,
2.0% in Indians, and 1.6% in Malays. Accordingly, the
CBS844ins68 is not a polymorphism to our Chinese
samples since the frequencyof the minor allele (I allele)
does not reach 1% in this group. In addition, both of the
frequencies of insertion/non-insertion (I/N) genotype
and I allele were significantly lower in Chinese than in
Indians (p = 0.023 and 0.024, respectively).

TheMS2756G andMTHFR677T alleles were com-
mon in all the three ethnic groups (Table 2). The fre-
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Fig. 1. Genotype patterns of the three polymorphisms displayed by
agarose gel electrophoresis. M, 100 bp DNA ladder. (A) Genotype
patterns of theCBS844ins68 polymorphism. Lane 1, I/N genotype;
lanes 2 to 6, N/N genotype. (B) Genotype patterns of theMSA2756G
SNP. Lane 1, A/A genotype; lane 2, A/G genotype; and lane 3, G/G
genotype. (C) Genotype patterns of theMTHFRC677T SNP. Lane
1, T/T genotype; lanes 2 & 4, C/T genotypes; and lanes 3 & 5, C/C
genotypes.

quency of theMS 2756G allele was significantly dif-
ferent between each pair of the three ethnic groups,
being lowest in Chinese (11.0%), moderate in Malays
(17.9%), and highest in Indians (26.4%). The frequen-
cy of theMSG/G genotype was also significantly differ-
ent between each pair of the three ethnic groups, which
was lowest in Chinese (0.4%), moderate in Malays
(3.8%), and highest in Indians (10.2%).

Regarding theMTHFR C677T SNP, the frequency
of the 677T allele was significantly higher in Chinese
than in Indians and Malays (bothp = 0.000), as well
as the frequency of the T/T genotype, which was also
significantly higher in Chinese than in Indians (p =
0.004) and Malays (p = 0.017). Unexpectedly, there
was no T/T genotype in Indians. In addition, gender
bias in genotype and allele frequencies were also found
in Chinese and Malays (Table 3). Specifically, the X/T
genotype (C/T+T/T genotypes) was significantly less
frequent in males of Chinese and Malays than in their

female counterparts (p = 0.019 and 0.049, respective-
ly). The frequency of the T allele was also signifi-
cantly lower in males than in females of Chinese (p =
0.015), but the difference was not significant in the
Malay group.

Since the possibly protective I allele of theCBS
844ins68 polymorphism was much less frequent than
the N allele in Singaporeans, theMSA/G or G/G geno-
type and theMTHFRT/T genotype were considered as
double genetic risk factors for elevated Hcy level in this
study. Four individuals (0.7%) were carriers of such
double risk factors (MSA/G + MTHFRT/T). Among
them, 3 were Chinese (1.1%) and 1 was Malay indi-
vidual (0.6%). No Indian individuals were carriers of
the double risk factors since there was noMTHFRT/T
genotype in the Indian group of this study.

4. Discussion

The CBS844ins68polymorphism was firstly report-
ed as a novel mutation in an Italian patient with classic
homocystinuria due to CBS deficiency [17]. The pa-
tient is heterozygous (I/N) for the mutation. Because
the insertion (I allele) introduces a premature termina-
tion codon in the CBS mRNA, it is assumed that the
truncated CBS protein is nonfunctional. However, a
subsequent report [18] showed that individuals carry-
ing the I allele of the mutation have normal-size mR-
NA. Later, large quantities of studies showed that the
844ins68 was commonly distributed among humans as
a polymorphism. In this study, the I allele for theCBS
844ins68 polymorphism was only present as the I/N
genotype in the 556 individuals. This is expected be-
cause the I/I genotype was only found in some Cau-
casians with varied low frequencies ranging between
0.6 and 2.8% [19–22]. The frequency of the I allele
determined here for Singaporean Chinese, 0.4%, was
the same as the frequency in Koreans [23], but was
much lower than the 2.5% frequency in Southern Chi-
nese [24], although our sample size (273 individuals)
was more than twice larger than the Southern Chi-
nese (100 individuals). Such finding indicated an intra-
ethnic variation in terms of allelic distribution of the
CBS844ins68 polymorphism, which was also found
in Indians and Italians. The I allele frequency deter-
mined in Singaporean Indians of this study (n = 127)
was 2.0%, which was only half of the frequency de-
termined in a group of Indians (n = 138) from differ-
ent parts of India [25]. Also, the I allele frequency is
11.0% in Northern Italians and is only 4.3% in South-
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Table 3
Distributions of genotypes and alleles of theMTHFR C677T SNP between genders

Ethnic group Gender Genotype frequency (n/%) Allele frequency (n/%)
C/C C/T T/T C T

Chinesea Male 61/61.6 35/35.4 3/3.0b 157/79.3 41/20.7c

Female 76/46.6 75/46.0 12/7.4 227/69.6 99/30.4
Indian Male 47/70.1 20/29.9 0 114/85.1 20/14.9

Female 49/81.7 11/18.3 0 109/90.8 11/9.2
Malay Male 69/86.25 10/12.5 1/1.25d 148/92.5 12/7.5

Female 56/73.7 19/25 1/1.3 131/86.2 21/13.8
Total Male 177/72.0 65/26.4 4/1.6e 419/85.2 73/14.8f

Female 181/60.5 105/35.1 13/4.3 467/78.1 131/21.9
aOnly 262 Chinese participants (out of 273) provided their gender information.
bThe frequency of the T-allele carriers (C/T+T/T) is significantly lower in males than in
females (p = 0.019).
cThe frequency of the T allele is significantly lower in males than in females (p = 0.015).
dThe frequency of the T-allele carriers (C/T+T/T) is significantly lower in males than in
females (p = 0.049).
eThe frequency of the T-allele carrier (C/T+T/T) is significantly lower in males than in
females (p = 0.005).
fThe frequency of the T allele is significantly lower in males than in females (p = 0.003).

ern Italians. Moreover, even among Northern Italians,
this frequency ranges between 3.5 and 14%, which is a
four-fold difference. The frequencies among Southern
Italians also vary a lot, which range between 2.7 and
7.8% [19]. Generally, among Caucasians, the frequen-
cies of I allele range between 2.7% and 14% [19,20,
26–28], and the highest frequency determined to date is
33.3% reported in Sub-Saharan Africans [29]. There-
fore, although the I allele is associated with reduced
level of plasma Hcy [2,3] and subsequently lowered
risk of developing atherosclerotic and/or thrombotic
diseases, similar study needs to be performed to eval-
uate the influence of theCBS844ins68 polymorphism
in particular sub-populations.

MS plays an important role in the Hcy metabolism
as a key enzyme in the remethylation pathway. The
MSgene has been cloned, sequenced and located, and
several polymorphisms have also been identified [4,
30–32]. The most prevalent polymorphism is the
A2756G SNP that lead to a substitution of aspartic
acid by glycine [4]. TheMS 2756G allele in our
Malay samples (17.9%) was similar to the frequen-
cies in Japanese (17.3%) [33], Hispanics (18.8%), and
Caucasians (19.9%) [34]. TheMS 2756G allele fre-
quency in our Chinese samples, 11.0%, was similar
to the frequencies reported for Chinese (8.5%) [35],
Thais (11.8%) [36] and Koreans (13.1%) [37]. Higher
frequencies of theMS 2756G allele were detected in
African Americans (23.8%) [34] and Northern Indians
(24%) [38], which were similar to that in our Indian
samples (26.4%). TheMS 2756G allele thus appears
to be commonly but also heterogeneously distributed
among the world’s populations.

MTHFR also plays a vital role in the remethylation
pathway of the Hcy metabolism. The C677T transition
in theMTHFRcoding sequence, converting an alanine
(the C allele) into a valine residue (the T allele) was
first reported in 1995 [7]. The T/T genotype of the SNP
shows increased thermolability and about 30% of the
normal MTHFR enzyme activity [7]. The reduced en-
zyme activity led to a hypothesis that the T/T genotype
might result in elevated Hcy level in humans, which
was found to be true in subsequent studies, at least in
some Asian populations [6,8–11]. In this study, the
MTHFR677T allele was less common than the 677C
allele in Singaporeans, which is also the case in Kore-
ans [37], Asian Indians living in South Africa [39] or
UK [40], Japanese [41], and Caucasians [40,42]. How-
ever, in some groups of Northern Chinese [42,43], the
677T allele was more common than the 677C allele. In
this study, the frequency of the 677T allele was most
frequent in Chinese (27.5%), which was lower than
the frequencies in other Chinese populations (30.7 to
44.6%) reported before [44–48]. In Singaporean Indi-
ans, the frequency of the 677T allele was 12.2%, be-
ing similar to the frequencies in Asian Indians living in
South Africa (11%) [39] and UK (15.0%) [40], and to
the frequency in Malays (10.6%) of this study.

As for theMTHFRC677T SNP, we even found that
females were more likely to be carriers of 677T allele
than their male counterparts in Chinese and Malays, be-
cause the combined frequencies of C/T and T/T geno-
types were significantly higher in females of Chinese
(p = 0.019) and Malays (p = 0.049). As such, the
frequencies of T allele were significantly higher in fe-
males of Chinese (p = 0.015). While in the Malay
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group, the difference was not significant. However, fur-
ther analysis showed that there were no gender bias on
the frequency of T/T genotype in Chinese and Malays.
This result was consistent with the recent finding that
genotype frequencies were similar between males and
females [49], but was in contrast to a study reporting
that two-thirds of newborn infants with the T/T geno-
type were males [50]. There is no suggested explana-
tion for such conflicting results yet. Nonetheless, dif-
ferent influence of theMTHFRC677T SNP on males
and females were found [51–53] regarding to diseases,
suggesting a requirement of further studies on the SNP
and, for example, sex-differentiated hormones.

The complicated distributions of the three polymor-
phisms stated above, although difficult to explain, could
be possibly due to the differences in genetic drift or
selection against a particular allele or genotype among
populations. For example, mutations in these genes
in some ethnic groups are so deleterious that they are
lethal to the fetus and are thus not propagated or re-
sulted in rare genotypes. Take theMTHFRC677T as
an example. The frequency of the T/T genotype was
13.2% in Europe [54], whereas in our Indian samples,
there was no T/T genotype at all. Even among other
Indian populations, the frequency of the T/T genotype
was lower than 3% [39,40]. It has been found that
the MTHFR T/T genotype in women was associated
with recurrent early pregnancy loss [55] and that the
prevalence of the T/T genotype was increased follow-
ing supplementation of pregnant women with multi-
vitamins [56]. Compared to Europeans, Indians con-
sumed significantly less B vitamin supplements [57].
Moreover, the majority of Indians are vegetarians due
to cultural and religious reasons, and a strict vegetarian
diet has been associated with an increased risk of vita-
min B deficiency, especially B12 [58–60]. Therefore,
it is reasonable that the frequency ofMTHFRT/T geno-
type was significantly different between ethnic groups.
Besides the possible genetic-environmental selection,
differences in sample size or bias resulting from sam-
ple selection of the populations studied may play a
role. For instance, it was found that the prevalence of
theMS2756G allele was significantly higher in elders
than in younger individuals [61]. Therefore, average
age of the participants in a study should be considered.
In a word, in association studies between these three
polymorphisms and diseases, many factors, i.e., genet-
ic background, sample size, sample characteristics, and
gender ratio, should be counted in with care.

Based on the three polymorphisms determined here,
the risk for elevated Hcy level in Singaporeans was

about 0.7% (4 individuals carrying bothMSA/G geno-
type andMTHFRT/T genotype out of 556 participants).
When the ethnicity of the participants was considered,
the result suggested that Singaporean Chinese were at
higher risk for developing diseases related to higher
Hcy level than Malays, because the combined frequen-
cy of the double risk factors was 1.1% in Chinese and
0.6% in Malays. Simply based on these three poly-
morphisms, it is difficult to compare the risk for elevat-
ed Hcy level between Indians and the other two ethnic
groups. On one hand, Indians had much higher fre-
quency ofMSA/G + G/G genotypes that lead to higher
Hcy level. On the other hand, Indians did not have
MTHFR T/T genotype but had higherCBS844ins68
I allele that related to lower Hcy concentrations [2,3].
Therefore, in order to better understand the relations of
the three polymorphisms and plasma Hcy levels, fur-
ther studies with blood samples from participants are
required, although a previous general study found no
significant differences of plasma total Hcy level among
Singaporean Chinese, Indians, and Malays [62]. In
this sense, it was a major limit that we can only get
buccal cell samples instead of blood samples from the
participants.

Among Asian populations, besides these three gene
polymorphisms, human Hcy level was found to be sig-
nificantly affected by many other non-genetic factors,
such as gender, age, and plasma/serum levels of fo-
late and vitamin B12 [57,63–65]. As such, to fully
understand the gene polymorphisms involved in Hcy
metabolism and Hcy level, all the aforementioned fac-
tors need to be considered and measured in later stud-
ies.

In summary, this report is the first to provide al-
lele frequencies in randomly selected Singaporeans
for the polymorphisms in three genes involved in the
metabolism of Hcy. Although roughly, to screen the
individuals that are at increased risk for elevated Hcy
level (such as the genotypes of the three polymorphisms
studied here) might provide an opportunity for public
prevention and therapeutic intervention of diseases re-
lated to high Hcy level. This is possible because the hu-
man plasma total Hcy is inversely related with plasma
and/or serum levels of folate and vitamin B12 [64–67]
and sufficient intake of folate and vitamin B supple-
ments can compensate the harmful high Hcy level [57,
63,65]. Among Singaporeans, the screening of risk
markers for higher Hcy level seems more important in
Indians, the majority of whom adhere to a vegetarian
diet for cultural and religious reasons, because a strict
vegetarian diet has been associated with an increased
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risk of vitamin B12 deficiency [58–60]. Nonetheless,
it should be noted that the genetic risk for high-Hcy
related diseases could either be greater or lower than
that measured by these three genes. Therefore, in or-
der to be more convincing, it is undoubted that large-
scale prospective population studies are in need to fur-
ther elucidate the relationships between these polymor-
phisms, other polymorphisms, and the susceptibility to
high-Hcy related diseases, such as CAD, CVD, venous
thromboembolism, etc., in Singaporeans.
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