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Abstract This study aimed at assessing the effect of folic
acid supplementation quantitatively in each MTHFR
C677T genotype and considered the efficiency of tailor-
made prevention of atherosclerosis. Study design was
genotype-stratified, randomized, double-blind, placebo-
controlled trials. The setting was a Japanese company in
the chemical industry. Subjects were 203 healthy men
after exclusion of those who took folic acid or drugs
known to effect folic acid metabolism. Intervention was
folic acid 1 mg/day p.o. for 3 months. The primary
endpoint was plasma total homocysteine level (tHcy). In
all three genotypes, there were significant tHcy de-
creases. The greatest decrease was in the TT homozygote
[6.61 (3.47–9.76) lmol/l] compared with other genotypes
[CC: 2.59 (1.81–3.36), CT: 2.64 (2.16–3.13)], and there
was a significant trend between the mutated allele
number and the decrease. The tHcy were significantly
lowered in all the genotypes, but the amount of the de-

crease differed significantly in each genotype, which was
observed at both 1 and 3 months. Using these time-
series data, the largest benefit obtained by the TT
homozygote was appraised as 2.4 times compared with
the CC homozygote. Taking into account the high allele
frequency of this SNP, this quantitative assessment
should be useful when considering tailor-made preven-
tion of atherosclerosis with folic acid.

Keywords Arteriosclerosis Æ Homocysteine Æ Folic
acid Æ Dietary supplements Æ Methylenetetrahydrofolate
reductase (NADPH2) Æ Polymorphism

Introduction

In 1969, McCully reported the vascular pathology of
severe, inherited, homocysteinemia for the first time
(McCully 1969). Since then, many studies on hype-
rhomocysteinemia have been conducted, and elevated
plasma total homocysteine (tHyc) level has become an
established risk factor for atherosclerotic vascular dis-
eases in many persuasive systematic reviews (Boushey
et al. 1995; Welch and Loscalzo 1998; Hankey and Ei-
kelboom 1999). Investigations at a genetic level have
also progressed and have revealed not only considerably
rare mutations that cause severe inherited homocy-
steinemia but also common polymorphisms, which
moderately elevate the homocysteine level. The latter
has attracted particular attention in the field of public
health because of its high allele frequency in the general
population.

In the metabolic pathway of homocysteine, 5,10-
methylenetetrahydrofolate reductase (MTHFR, EC
1.5.1.20) is one of the key enzymes, as well as methionine
synthase and cystathionine beta synthase. In the genes of
these enzymes, some single nucleotide polymorphisms
(SNPs) have been identified, and many studies are elu-
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cidating the profiles of these polymorphisms. Among
these SNPs, a common C to T substitution at position
677 of the MTHFR gene (MTHFR C677T polymor-
phism) results in an alanine to valine amino acid sub-
stitution in the protein and leads to a 30% decrease of
enzyme activity in the heterozygote and a 60% decrease
in the homozygote (Frosst et al. 1995). This homozygote
(TT genotype) was known to cause mild hyperhomocy-
steinemia more frequently than the major allele homo-
zygote. Furthermore, its allele frequency approaches
30% in many ethnic groups (Wilcken 2003). Thus, in the
present study, we focused our attention upon this SNP
as the target for tailor-made prevention of atheroscle-
rosis.

There was uncertainty over whether the association
between MTHFR C677T polymorphism and athero-
sclerotic diseases actually existed. In 1998, Brattstrom
et al. reported a negative result in a meta-analysis of the
relative risk of vascular disease associated with the TT
genotype 1.12 (0.92–1.37) (Brattstrom et al. 1998). In
2002, however, this hypothesis came to be positively
supported by two persuasive meta-analyses (Klerk et al.
2002; Wald et al. 2002) with more data included. [Klerk
et al. reported CHD risk as 1.16 (1.05–1.28), and Wald
et al. 1.21 (1.06–1.39).] Thus, it is inferred that the
MTHFR C677T TT genotype is an independent risk
factor for atherosclerosis via mild hyperhomocystein-
emia. In addition, B vitamin supplementation such as
folic acid has been shown to lower homocysteine levels
(Homocysteine Lowering Trialists‘ Collaboration 1998;
Vermeulen et al. 2000; Wald et al. 2001). The MTHFR
C677T homozygote could therefore be a target of
effective prevention by folic acid supplementation from
the viewpoint of high-risk approach. However, quanti-
tative data do not currently exist regarding the degree of
response to folic acid in each genotype. This study thus
aimed at assessing the effect of folic acid supplementa-
tion quantitatively in each MTHFR C677T genotype
and considered the efficiency of tailor-made prevention
of atherosclerosis in genotype-stratified, randomized,
double-blind, placebo-controlled trials prepared in con-
cordance with the CONSORT statement (Moher et al.
2001).

Materials and methods

Study subjects

Since we intended to examine the effect of folic acid
supplementation as the primary prevention against
atherosclerosis, we needed to recruit healthy people.
Considering the higher incidence and mortality of
atherosclerotic diseases in men than women, we focused
on healthy men only. After the approval of the ethical
committee of Keio University School of Medicine, we
obtained the written informed consent from 210 healthy
men for participation in the study. They were considered
genetically unrelated according to the information by

the company. Subjects in this trial finally consisted of
203 healthy men after exclusion of those who were
taking folic acid or drugs known to effect folic acid
metabolism. Mean age and body mass index (BMI) were
45.8±11.5 years and 23.7±3.66 kg/m2 (mean ± SD),
which are typical values in Japanese healthy male
workers. The follow-up period was from December 2003
to March 2004. The flow diagram of the progress
throughout the phases of randomized trials is shown in
Fig. 1.

Study design

The study was designed around genotype-stratified,
randomized, double-blind, placebo-controlled trials
(nested RCTs). Intervention consisted of folic acid 1 mg/
day per o.s. or an identical-looking placebo for
3 months since tHcy reduction is known to be maximal
at a folic acid dosage of 1 mg/day (a minimum of
0.8 mg/day has been reported as necessary to achieve the
maximum reduction in the tHcy level) (Vermeulen et al.
2000). The primary endpoint was the change in the
plasma tHcy level, and the secondary endpoint was
changes in the pulse wave velocity (PWV), ankle-bra-
chial pressure index (ABI), and high-sensitive C-reactive
protein (hsCRP) levels. All the measurements were done
at baseline, 1, and 3 months after the start of interven-
tion. As for deciding when intervention should be
stopped in any subject, we made arrangements for
monitoring and judging unexpected adverse events,
including vitamin-B12-deficiency anemia, the masking
of which is the only known side effect of folic acid
supplementation. We decided that if any important ad-
verse events judged by doctors in our group were ob-
served, we would stop the trial quickly, and vitamin B12
levels were continuously monitored in all subjects to
prevent vitamin-B12-deficiency anemia.

To generate the random allocation sequence, we used
SAMPSIZE ver.2 software (Blackwell Science, London,
UK) on a Windows workstation RX-65 (Sony, Tokyo,
Japan). Randomization (blocking size set as four) was
done after genetic stratification of three genotypes (i.e.,
independent three times randomization). Subjects were
randomly allocated to the folic acid group and placebo
group at a ratio of one to one. The doctor and nurses in
the clinic had no information of the group assignment,
and the nurses measuring PWV/ABI and the blood
chemistry technicians also had no information of group
assignment or any subject profiles. The success of
blinding was evaluated by comparing the follow-up rate
and the mean capsule-intake rate between both groups.

Measurements

Age and smoking status were self-reported, and medical
history was acquired by interview. Height, weight, sys-
tolic and diastolic blood pressures, fasting blood glucose
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level, serum lipid levels [total cholesterol, triglyceride,
high-density lipoprotein (HDL) cholesterol], aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyl transpeptidase (gamma-GTP),
blood urea nitrogen (BUN), serum creatinine (Cr), and
serum uric acid (UA) were measured in all subjects.

To monitor the intake of the folic acid or placebo
capsules, we asked all participants to report the actual
daily intake every month in a specific format and mea-
sured the serum folate level at baseline, 1, and 3 months
after the start of intervention. We also monitored the
vitamin B12 level at the same time to prevent vitamin-
B12-deficiency anemia. Serum folate and vitamin B12
concentrations were measured using chemiluminescence
enzyme immunoassay (CLEIA) on UniCel DxI 800
immunoassay systems (Beckman Coulter Inc., CA,
USA).

Fasting blood samples were drawn, and plasma for
tHcy determination was separated with minimal delay
and stored at �20�C until analysis. tHcy levels were
assayed using the high-performance liquid chromatog-
raphy (HPLC) method (Ubbink et al. 1991). The PWV
and ABI were measured with the AT-form PWV/ABI
(Nippon Colin, Aichi, Japan), which can monitor

bilateral brachial and ankle pressure wave forms
simultaneously using the volume plethysmographic
method, with two optional tonometry sensors for car-
otid and femoral arterial wave measurements. The
hsCRP was measured using the N-latex CRP II kit
(Dade Behring Inc., IL, USA).

Genotyping for the MTHFR C677T polymorphism
was performed by the polymerase chain reaction (PCR)
technique and restriction fragment length polymorphism
(RFLP) analysis. We designed PCR primers 5¢-
CCCAGCCACTCACTGTTTTAG-3¢ (sense) and 5¢-
TGGGAAGAACTCAGCGAACT-3¢ (antisense) with
DNASIS Pro Ver.2.0 (Hitachi Software Engineering Co.
Ltd., Tokyo, Japan). Since the C to T transition at
nucleotide 677 produces a Hinf I digestion site, the
amplified 469-bp product derived from the mutant gene
was cleaved into 393-bp and 76-bp fragments by Hinf I
(TaKaRa Bio Inc., Shiga, Japan), which leaves the wild-
type gene unaffected. After electrophoresis through 6%
polyacrylamide gel, the digestion products were visual-
ized by staining with ethidium bromide.

Statistics

We calculated the sample size according to the results of
our pilot trial. We estimated the standard effect size in

Healthy male workers
(n=326)

Declined to participate (n=116)

MTHFR C677T
CC genotype

(n=70)

Randomized
(n=69)

Meet exclusion criteria (n=1)

Assigned to receive 
Folic Acid (n=35)

Assigned to receive
Placebo (n=34)

Completed study
(n=33)

Completed study
(n=30)

Included in analysis
(n=33)

Included in analysis
(n=32)

MTHFR C677T
CT genotype

(n=106)

Randomized
(n=100)

Meet exclusion criteria (n=6)

Assigned to receive 
Folic Acid (n=50)

Assigned to receive
Placebo (n=50)

Completed study
(n=47)

Completed study
(n=41)

Included in analysis
(n=48)

Included in analysis
(n=45)

MTHFR C677T
TT genotype

(n=34)

Randomized
(n=34)

Meet exclusion criteria (n=0)

Assigned to receive
Folic Acid (n=17)

Assigned to receive
Placebo (n=17)

Completed study
(n=16)

Completed study
(n=15)

Included in analysis
(n=17)

Included in analysis
(n=17)

Lost to follow-up (n=2) *
Discontinued intervention (n=2)

†
Lost to follow-up (n=2) *
Discontinued intervention (n=1)

† Lost to follow-up (n=5) *
Discontinued intervention (n=4)

†
 

Lost to follow-up (n=0)
Discontinued intervention (n=1)

†
 

Lost to follow-up (n=0)
Discontinued intervention (n=2)

†Lost to follow-up (n=2) *
Discontinued intervention (n=0)

†

Overall follow up rate after 3 months : 94.6% (CC : 92.8%, CT : 93.0%, TT : 100%)

* No post randomization contact

† Discontinued intervention means insufficient mean capsule intake rate (< 70%)

Genotyping and Stratification
(n=210)

Fig. 1 Process during phases of the randomized trials
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each genotype (CC, CT, and TT) as 0.5, 0.55, and 0.75
by the serum folate stratified analysis of the cross-sec-
tional data in the pilot study. The planned enrollment of
68, 56, and 32 in each genotype gave an 80% power to
detect a pairwise difference, with a two-sided test at
a=0.05.

Analysis was based on the intention-to-treat policy.
The distributions of triglyceride, HDL cholesterol,
AST, ALT, c-GTP, Cr, folate, vitamin B12, tHcy, and
hsCRP concentrations were all skewed and regarded as
log-normal. Therefore, these data were logarithmically
transformed and Student’s t test was applied. As to
age, since the distribution was skewed and not log-
normal, Wilcoxon’s rank sum test was applied. The
other variables were regarded as normally distributed
and Student’s t test was applied. As to cross-table
analysis, the chi-square test or Fisher’s exact test were
applied. Hardy–Weinberg equilibrium was also assessed
by the chi-square test. Comparisons with the baseline
level were conducted with a paired t test. Differences in
the above variables among different genotype sub-
groups (multiple comparisons) were assessed with Tu-
key’s post hoc analysis of variance (ANOVA). Odds
ratios (OR) and 95% confidence intervals (95% CIs)
were calculated using logistic regression analysis.
Changes were evaluated from the baseline level in each
group. All statistical analyses were performed using
SPSS for Windows version 11.0 (Statistical Product
and Service Solutions, IL, USA), and statistical sig-
nificance was accepted for a two-tailed P < 0.05. In-
terim analysis was done at 1 month after the start of
intervention.

Role of the funding source

The sponsor of this investigator-initiated project (the
Ministry of Economy, Trade and Industry, Japan) had
no role in study design; in collection, analysis, or inter-
pretation of data; in writing the paper; or in the decision
to submit the paper for publication.

Results

Genotyping for the MTHFR C677T polymorphism in
the 210 healthy Japanese male subjects showed that 70
were homozygous for the major allele (CC genotype),
106 were heterozygous (CT genotype), and 34 were
homozygous for the minor allele (TT genotype). These
results were in Hardy–Weinberg equilibrium and con-
sistent with the results previously reported in another
Japanese population (Nishio et al. 1996; Lwin et al.
2002). Seven the subjects (CC 6; CT 1; TT 0) who were
taking folic acid or drugs known to effect folic acid
metabolism were excluded.

The baseline characteristics of the study subjects in
each of the MTHFR C677T genotypes (CC, CT and TT)

in the folic acid and placebo groups are shown in Ta-
ble 1.

Of the 203 people who were randomly allocated into
the trial groups, 11 (folic acid group four, placebo group
seven) were lost during the follow-up. Two subjects
complained of a chilled sensation in the hands or
numbness in the fingers and stopped taking the capsules.
Both were in the folic acid group. Of the remaining 192
people, ten (folic acid group two, placebo group eight)
discontinued intervention (less than 70% mean capsule
intake rate), and 182 completed the study. Thus, the
intention-to-treat population consisted of 192 people,
and the follow-up rates in the folic acid and placebo
groups were 96.1% and 93.1%, respectively. The flow of
participants through each stage is shown in Fig. 1.
Reviewing the records on the capsule intake revealed
that the mean capsule-intake compliance rates were
91.8% and 92.8% in the folic acid and placebo groups,
respectively.

As shown in Fig. 2, the serum folic acid level in the
folic acid group was significantly higher than in the
placebo group at both 1 and 3 months after the start of
intervention (both P < 0.001). The plasma tHcy level in
the folic acid group was significantly lower than in the
placebo group at both 1 and 3 months (both P< 0.001).

There were no significant differences between the folic
acid and placebo groups in regard to hsCRP, PWV, and
ABI after the intervention. There were no significant
differences between groups in regard to changes from the
baseline level in hsCRP, PWV, and ABI. These are the
results of the intervention trial without considering
genotypes.

In addition to the significant increase of folic acid and
significant decrease of tHcy, there were also significant
changes in the folic acid groups in all three genotypes.
As shown in Table 2, the TT homozygote group showed
the largest decrease in tHcy, and there was a significant
linear trend between the minor allele number and the
degree of tHcy decrease. The PWV decreased in folic
acid group at 1 month, but the trend with the allele
number was not observed, and no significant change was
observed at 3 months. The hsCRP significantly de-
creased in the folic acid group at 3 months, but no trend
was observed in the allele number. The ABI did not
change significantly in either group. In each of the
MTHFR C677T genotypes (CC, CT, and TT), there
were significant differences between the folic acid and
placebo groups in regard to the decrease of plasma tHcy
and the increase of serum folic acid, but there were no
significant differences between the two groups in regard
to the changes in hsCRP, PWV, and ABI after the
intervention.

The significant differences between the MTHFR
C677T genotypes in the decrease of plasma tHcy in the
folic acid group are shown in Fig. 3. The TT homozy-
gote group showed the largest decrease in plasma tHcy
at both 1 and 3 months after intervention. Based on the
stable results observed twice in the time course, the effect
size of tHcy reduction in the TT homozygote subjects
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was estimated as 2.4· compared with the wild type.
There were significant linear trends between the allele
number and the decrease of plasma tHcy at 1 and
3 months (both P < 0.01). Both these results of the
trend tests were statistically significant, even after being
adjusted for age, BMI, smoking status, and alcohol

consumption at 1 and 3 months (both P < 0.01). Tu-
key’s post hoc test of ANOVA demonstrated a statisti-
cally larger decrease in the TT genotype group than seen
in the CC and CT genotype groups (both P < 0.01 at 1
and 3 months).

All of the analytical strategies were prespecified,
including subgroup analyses and adjustment (no ancil-
lary analysis), and based on the intention-to-treat anal-
ysis.

Table 1 Baseline characteristics in each MTHFR C677T genotype.
Mean (SD) or geometric mean (GSD) are shown. AST/GOT
aspartate aminotransferase/glutamic oxaloacetic transaminase,
ALT/GPT alanine aminotransferase/glutamic pyruvic transami-

nase, c -GTP gamma-glutamyl transpeptidase, hsCRP high-sensi-
tive C-reactive protein, baPWV brachial-ankle pulse wave velocity,
ABI ankle-brachial pressure index

Fig. 2 Serum folic acid and plasma total homocysteine (tHcy)
levels in folic acid and control groups

MTHFR C677T genotypes

CC CT TT

Folic acid
group n = 35

Placebo
group n = 34

Folic acid
group n = 50

Placebo
group n = 50

Folic acid
group n = 17

Placebo
group n = 17

Demographics
Age (years) 45.5 (11.5) 46.1 (12.2) 44.9 (12.1) 46.2 (11.2) 45.2 (10.1) 48.4 (11.4)
Gender (male/female) 35/0 34/0 50/0 50/0 17/0 17/0
Body-mass index (kg/m2) 24.5 (4.98) 23.3 (2.9) 23.8 (3.33) 23.7 (3.46) 23.1 (3.2) 22.7 (3.83)
Smoking 17 (48.6%) 20 (58.8%) 29 (58.0%) 30 (60.0%) 10 (58.8%) 12 (70.6%)
Alcohol intake (g/week) 189.7 (185.0) 129.2 (179.0) 118.5 (175.8) 171.7 (214.4) 322.4 (303.6) 134.2 (152.0)

Blood pressure
Systolic (mmHg) 136.4 (19.1) 132.5 (14.7) 137.1 (20.1) 131.5 (18.9) 135.8 (13.6) 133.7 (17.3)
Diastolic (mmHg) 83.2 (12.4) 78.5 (10.1) 83.6 (14.4) 81.0 (13.0) 85.6 (13.9) 81.4 (12.4)

Laboratory values
Total cholesterol (mg/dl) 215.3 (34.5) 204.1 (39.0) 207.1 (42.2) 200.4 (37.5) 208.8 (41.4) 210.8 (31.3)
Triglyceride (mg/dl) 131.8 (1.82) 135.9 (1.82) 108.8 (1.66) 122.0 (1.85) 102.2 (1.48) 111.1 (1.56)
HDL cholesterol (mg/dl) 55.5 (1.27) 49.6 (1.24) 52.8 (1.27) 51.7 (1.23) 60.0 (1.27) 51.4 (1.33)
AST/GOT (IU/L) 23.4 (1.29) 22.8 (1.35) 23.5 (1.37) 24.0 (1.57) 23.7 (1.26) 21.3 (1.21)
ALT/GPT (IU/l) 26.4 (1.55) 23.0 (1.69) 27.1 (1.75) 25.7 (1.88) 22.7 (1.41) 20.6 (1.53)
c-GTP (IU/l) 47.6 (1.92) * 34.5 (1.90) 49.0 (2.08) 38.5 (1.96) 41.5 (2.08) 30.5 (1.66)
Blood urea nitrogen (mg/dl) 13.7 (3.31) * 15.4 (2.33) 14.4 (2.83) 13.8 (2.38) 13.4 (2.75) 13.7 (3.12)
Serum creatinine (mg/dl) 0.87 (1.13) 0.90 (1.16) 0.82 (1.14) 0.87 (1.16) 0.82 (1.14) 0.81 (1.12)
Serum uric acid (mg/dl) 5.86 (1.09) 5.74 (1.16) 5.53 (1.14) 5.68 (1.20) 5.72 (1.31) 5.54 (1.03)
Serum Vitamin B12 (pg/ml) 548.9 (1.75) 503.7 (1.31) 483.4 (1.33) 475.2 (1.44) 468.1 (1.30) 535.6 (1.35)
Serum folic acid (ng/ml) 6.09 (1.39) 6.68 (1.44) 5.97 (1.56) 6.26 (1.72) 5.61 (1.83) 5.36 (1.50)

Outcome index
Plasma homocysteine (lmol/l) 9.36 (1.28) 8.70 (1.23) 9.46 (1.20) 9.15 (1.25) 12.8 (1.66) 14.5 (1.72)
hsCRP(mg/dl) 0.44 (2.80) 0.51 (2.70) 0.63 (3.16) 0.48 (3.19) 0.42 (2.71) 0.49 (3.02)
baPWV (cm/s) 1410 (235.8) 1367 (231.9) 1407 (239.6) 1393 (211.5) 1381 (152.4) 1349 (228.4)
ABI (no dimension) 1.14 (0.09) 1.13 (0.09) 1.11 (0.07) 1.11 (0.08) 1.15 (0.07) 1.12 (0.08)

* P < 0.05 by t test for comparison with the placebo group
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Discussion

We have shown that a significant lowering effect of tHcy
was observed in the folic acid group in all the MTHFR
C677T genotypes, and the degrees of lowering from the
baseline level were almost the same at 1 and 3 months
after the start of intervention. This indicates that tHcy
lowering effect by folic acid supplementation 1 mg/day
begins to plateau after 1 month or so. The main result of
our study is that the effect size of tHcy reduction in the
minor allele homozygote (TT genotype) is estimated to
be 2.4· compared with that in the major allele homo-
zygote. Since there are significant differences in baseline
homocysteine levels between the TT genotype and the
others, it is possible the baseline level per se influences
the degree of change after the intervention. But the

greater decrease of tHcy in the TT genotype was not due
to the higher baseline level. The change was still larger in
the TT genotype, even if the difference of baseline was
concerned (52.5% reduction in the TT versus 30.1% in
the CC and 29.0% in the CT genotype). This observa-
tion suggests that not only the folate level but also the
MTHFR genotype per se influences the responsiveness
to folate supplementation. Since this polymorphism is
thought to change the affinity of MTHFR to folate
(Guenther et al. 1999), this speculation seems reasonable
from the viewpoint of molecular mechanisms.

In addition to the fact that the MTHFR C677T
polymorphism is very common in many ethnic groups
[allele frequency is about 0.30–0.35 (Wilcken et al.
2003)], it is more important that the mild hyperhomo-
cysteinemia caused by this polymorphism can be im-
proved with folic acid supplementation. Folic acid
intake can easily be fortified by trying to take more
green vegetables or taking supplements. Venn et al.
proved the natural folate intake (350 lg folate derived
from food) significantly changed the serum folate status

Table 2 Changes of outcome variables in each MTHFR C677T genotype

MTHFR C677T genotypes

CC CT TT

Folic acid
group (n = 35)

Placebo
group (n = 34)

Folic acid
group (n = 50)

Placebo
group (n = 50)

Folic acid
group (n = 17)

Placebo
group (n = 17)

Change in plasma homocysteine (mol/l)a

After 1 month �2.59 (2.27)** �0.40 (1.65) �2.64 (1.68)** �1.02 (1.18) �6.61 (6.42) �2.09 (6.96)
After 3 months �3.05 (2.13)** �0.90 (1.51) �2.85 (1.28)** �0.83 (1.40) �6.84 (8.42)* 4.87 (16.2)

Change in serum folic acid (ng/ml)a

After 1 month 12.8 (5.28)** 0.23 (2.25) 11.6 (6.4)** �0.08 (4.23) 7.85 (9.27)** 0.16 (1.33)
After 3 months 13.6 (4.42)** �0.38 (2.45) 14.8 (4.86)** �1.19 (4.74) 9.87 (7.94)** �0.49 (2.22)

a Mean (SD) is indicated
*P <0.05; ** P < 0.01 for t test versus placebo group. Changes are evaluated from the baseline level in each group

Fig. 3 Differences between MTHFR C677T genotypes in the
decrease of plasma total homocysteine (tHcy) in the folic acid
group
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in a randomized controlled trial in free-living subjects
(Venn et al. 2002). This interaction between the
MTHFR genotype and folic acid on the tHcy level is a
typical gene–environmental interaction. Thus, this
polymorphism is one of the ideal targets of tailor-made
prevention from the viewpoint of a high-risk approach.

Since hyperhomocysteinemia is suspected as being a
risk factor for many diseases (oral clefts, Down syn-
drome, placenta-mediated diseases, colorectal neopla-
sias, Alzheimer’s disease, etc.) in addition to vascular
diseases and neural-tube defects (Ray and Laskin 1999;
Ames 1999; Botto and Yang 2000; Ueland et al. 2001;
Ames et al. 2002; Quadri et al. 2004), this information is
useful not only for the prevention of atherosclerosis but
also for that of other diseases when considering a tailor-
made preventative approach.

As for our secondary endpoints, we could not find
clear results on PWV and ABI in 3 months of folic acid
supplementation. There was a significant difference in
the PWV at 1 month, demonstrated by the paired t test
compared with the baseline in the folic acid group (P =
0.021) but not at 3 months. The paired t test showed a
significant difference in the ABI at 3 months compared
with the baseline in the folic acid group (P = 0.015) but
not at 1 month. Furthermore, there were no significant
differences between the folic acid and placebo groups in
regard to changes in PWV and ABI after the interven-
tion.

Since the PWV and ABI are not fine indices of
atherosclerosis and vascular stenosis respectively, to
detect any change in such a short period seems difficult.
It is compatible with the previous report by Mangoni
et al. (Mangoni et al. 2002) that 4 weeks of folic acid
intervention (5 mg/day) did not change the PWV sig-
nificantly in healthy cigarette smokers. It is also com-
patible with the previous report by Vermeulen et al.
that 2 years of folic acid intervention (5 mg folic acid
+ 250 mg vitamin B6/day) did not change the ABI
significantly in healthy siblings of patients with pre-
mature atherothrombotic disease (Vermeulen et al.
2000). Via lowering the tHcy (Homocysteine Lowering
Trialists’ Collaboration 1998; Vermeulen et al. 2000;
Wald et al. 2001) or directly improving endovascular
dysfunction (Mangoni et al. 2002), folic acid may im-
prove the PWV and ABI, but 3 months does not seem
long enough to detect any significant changes. Longer
observation will be needed to clarify this association in
Japanese.

Although Doshi et al. reported that folic acid re-
duces intracellular endothelial superoxide (Doshi et al.
2001) and Nakano et al. reported folic acid protects
against oxidative modification of human LDL (Nakano
et al. 2001), we could not find any clear results with
folic acid supplementation on hsCRP. Although there
was a significant decrease in the hsCRP level in the folic
acid group at 3 months (paired t test, P = 0.041)
compared with the baseline level, the changes from
baseline in the folic acid group and those in the placebo
group were not different significantly (data not shown).

As has been pointed out by Folsom et al., the B vitamin
status is not presumed to be a strong correlate of cir-
culating levels of inflammatory markers (Folsom et al.
2003).

As for generalizability (external validity), these
findings were based on the results of a study of healthy
Japanese male workers. Whereas the allele frequency
of this polymorphism is not so different among ethnic
groups, the response to folic acid can be to some ex-
tent different. In addition, the baseline level of folic
acid will be a more important factor. Dividing our
data into the two groups using baseline folate levels
(more or less than the median value), the baseline
homocysteine levels were significantly different between
the TT and CC genotypes only in the lower folate
group but not in the higher folate group. So, it is
possible the baseline level of folic acid influences the
individual response to folate supplementation. The
Food and Drug Administration in the United States
mandated the fortification of cereal-grain products
with folic acid to prevent neural-tube defects in 1996
(effective by January 1998) (US Food and Drug
Administration 1996). According to the report of
Jacques et al. (Jacques et al. 1999), plasma folate level
changed from 4.6 to 10.0 ng/ml before and after the
fortification (No B vitamin supplements users) using
the data of the Framingham Offspring Study Cohort.
The baseline level of our study subjects was 6.09 ng/ml
(Table 1). Although such a national intervention is
rather rare in the world, the difference in the baseline
level of folic acid is very important, as is shown by
significant heterogeneity between the results obtained
in European populations compared with North
American populations in the meta-analysis by Klerk
et al.(Klerk et al. 2002).

As for side effects from folic acid supplementation,
nothing remarkable was observed. In the dropouts from
the folic acid group, one complained of a chilled sensa-
tion in the hands and one had numbness in the fingers.
Since these complaints were not reported as far as we
know, the association is unclear. None of the subjects
showed any sign of vitamin B12 deficiency during the
serum vitamin B12 monitoring. This finding has verified
that oral folic acid supplementation is quite safe, at least
for 3 months or so.

In conclusion, we report that the MTHFR C677T
minor allele homozygote obtained a 2.4-fold beneficial
decrease in tHcy levels compared with the major allele
homozygote. Considering the high allele frequency of
this polymorphism, the results of this quantitative
assessment should be useful when considering tailor-
made prevention of atherosclerosis with folic acid.
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