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ABSTRACT
Background: Increased plasma total homocysteine (tHcy) is a risk
factor for vascular disease and adverse pregnancy outcomes. Health
authorities recommend periconceptional supplementation with 400
�g folic acid to prevent neural tube defects. Several countries have
implemented food fortification with folic acid. However, excessive
intake of folic acid could mask an undiagnosed vitamin B-12 defi-
ciency. The biologically active [6S]-5-methyltetrahydrofolate ([6S]-
5-MTHF) may be an alternative to folic acid because it is unlikely to
mask vitamin B-12 deficiency symptoms.
Objective: We compared the tHcy-lowering potential of 2 dosages
of [6S]-5-MTHF with that of 400 �g folic acid during 24 wk of
supplementation.
Design: In this double-blind, randomized, controlled intervention
trial, 144 female participants were supplemented daily with 400 �g
folic acid, 416 �g [6S]-5-MTHF, 208 �g [6S]-5-MTHF, or placebo.
Concentrations of tHcy and plasma folate were measured at baseline
and at 4-wk intervals.
Results: After supplementation, there was a significant interaction
between time and treatment with respect to changes in tHcy and
plasma folate (both P � 0.001 by two-factor repeated-measures
analysis of variance). The decrease in tHcy did not differ signifi-
cantly between the 3 supplemented groups (P � 0.05; Tukey’s post
hoc test). The increase in plasma folate in the group receiving 208 �g
[6S]-5-MTHF was significantly lower than that in the groups receiv-
ing 400 �g folic acid (P � 0.001) or 416 �g [6S]-5-MTHF (P �
0.05).
Conclusions: [6S]-5-MTHF was shown to be an adequate alterna-
tive to folic acid in reducing tHcy concentrations. Supplementation
with 416 �g [6S]-5-MTHF was no more effective than that with 208
�g [6S]-5-MTHF. Am J Clin Nutr 2004;79:473–8.

KEY WORDS [6S]-5-methyltetrahydrofolate, folic acid, ho-
mocysteine, plasma folate, long-term effect, supplementation,
healthy women

INTRODUCTION

Elevated plasma total homocysteine (tHcy) is a risk factor for
vascular disease (1, 2), neurodegenerative disorders (3, 4), and
adverse pregnancy outcomes such as preeclampsia, neural tube
defects (NTDs), and placental abruption (5–7). High concentra-
tions of tHcy are correlated with low blood folate, and increasing
folate intake is a highly effective means of lowering tHcy. To
reduce the occurrence of NTDs, public health authorities in sev-

eral countries recommend that women of childbearing age take
� 400 �g folic acid before and during the first trimester of
pregnancy (8, 9). In view of a high number of unplanned preg-
nancies, some countries have implemented mandatory food for-
tification with folic acid (10, 11). Folic acid fortification has been
associated with a decline in NTDs in the United States and Can-
ada (12–14). In the United States, it has also been associated with
a decrease in tHcy in the population (15), which may have an
overall beneficial effect, eg, in terms of a reduction in vascular
disease risk.

Folic acid fortification is not without risk: an excessive intake
of folic acid may mask vitamin B-12 deficiency, potentially
delaying its diagnosis (10). Folate and vitamin B-12 deficiency
have the same hematologic symptom, megaloblastic anemia,
which disappears after supplementation with large amounts
of folic acid (10). However, the neurologic disorders associ-
ated with vitamin B-12 deficiency may progress unchecked (16,
17). Masking of vitamin B-12 deficiency is unique to folic acid.
The predominant naturally occurring form of folate, [6S]-5-
methyltetrahydrofolate ([6S]-5-MTHF), is unlikely to mask vi-
tamin B-12 deficiency. The conversion of [6S]-5-MTHF into
tetrahydrofolate, which is the precursor of folate forms involved
in DNA synthesis, is vitamin B-12 dependent, whereas folic acid
can be converted to tetrahydrofolate independent of vitamin
B-12. Therefore, folic acid may maintain intracellular DNA syn-
thesis and ameliorate megaloblastic anemia (16, 17). As a public
health measure, [6S]-5-MTHF could possibly be used in food
fortification or supplements as an alternative to folic acid, pro-
vided [6S]-5-MTHF has beneficial effects equal to those of folic
acid with respect to reducing vascular disease risk and preventing
NTDs.

1 From the Institute of Nutritional Science, Department of Pathophysiol-
ogy of Human Nutrition, University of Bonn, Germany (YL, RP-L, and KP),
and Merck Eprova AG, Schaffhausen, Switzerland (RM).

2 Supported by Merck KGaA (Darmstadt, Germany), which contributed
financially, and by Merck Eprova AG (Schaffhausen, Switzerland), which
provided Metafolin, the synthetic form of [6S]-5-methyltetrahydrofolate, for
the supplements.

3 Address reprint requests to K Pietrzik, Institute of Nutritional Science,
Department of Pathophysiology of Human Nutrition, University of Bonn,
Endenicher Allee 11-13, D-53115 Bonn, Germany. E-mail: k.pietrzik@uni-
bonn.de.

Received April 21, 2003.
Accepted for publication September 2, 2003.

473Am J Clin Nutr 2004;79:473–8. Printed in USA. © 2004 American Society for Clinical Nutrition

 by guest on F
ebruary 27, 2013

ajcn.nutrition.org
D

ow
nloaded from

 

SHANE-000006

http://ajcn.nutrition.org/
timoc
Text Box
MERCK EXHIBIT 2042
Gnosis v Merck & Cie IPR2013-00117




On the basis of the recommendations for periconceptional
supplementation with 400 �g folic acid to prevent NTDs (9), the
aim of this double-blind, placebo-controlled trial was to compare
the efficacy of a daily intake of 416 �g [6S]-5-MTHF with that
of an equimolar amount of 400 �g folic acid in lowering tHcy in
a group of healthy female subjects. To test whether lower
amounts of [6S]-5-MTHF would be as effective as 400 �g folic
acid, we assessed the dose response by adding to the study a
group of subjects taking 208 �g [6S]-5-MTHF.

SUBJECTS AND METHODS

Subjects

Healthy women aged 18–35 y were recruited in December
2001 through advertisement at the University of Bonn, Germany.
Inclusion criteria for participation in the study were normal re-
sults on routine laboratory tests and adequate vitamin B-12 status
(plasma vitamin B-12 concentration � 110 pmol/L; 18). Women
were not eligible if they were pregnant, lactating, or planning a
pregnancy in the next few months. Regular consumers of folic
acid, defined as persons taking � 100 �g folic acid/d in vitamin
supplements or fortified food during the last 4 mo, were not
included. Further exclusion criteria were medical treatment in-
terfering with folate metabolism (ie, cholestyramine, methotrex-
ate, trimethoprim, sulfasalazin, salicylic acid, cotrimoxazol, ant-
acid, and antiepileptic drugs) and abuse of alcohol or drugs. The
study was approved by the Ethics Committee of the Medical
Association of Hamburg, Germany, and all participants gave
written informed consent.

Design

The study was a 24-wk (January–July 2002), double-blind,
randomized, placebo-controlled intervention trial with parallel
group design. Because the 677C3T polymorphism of the gene
encoding for 5,10-methylenetetrahydrofolate reductase
(MTHFR) has an effect on homocysteine metabolism with re-
spect to the response to folate intake or folic acid supplementa-
tion (19, 20), participants were stratified according to their ge-
notype before randomization to ensure equal distribution of the
3 genotype variants in all groups. Participants were randomly
assigned to receive either a placebo, 400 �g folic acid, 416 �g
[6S]-5-MTHF, or 208 �g [6S]-5-MTHF. Fasting blood samples
were collected by venipuncture at baseline and at 4, 8, 12, 16, 20,
and 24 wk of the study. Participants were asked to take one
capsule every morning before breakfast, except on the blood-
sampling days, when they were asked to take the capsule after
venipuncture. Possible side effects were monitored by question-
ing the subjects at each visit and by reviewing routine laboratory
variables. Compliance was assessed by counting the pills re-
maining at weeks 8, 16, and 24. Dietary intakes were assessed by
using 3-d diet records completed at baseline and at weeks 8, 16,
and 24 and analyzed by using EBISPRO for WINDOWS (ver-
sion 4; J Erhardt, University of Hohenheim, Germany).

Supplements

The supplements were manufactured by PCI Services
(Schorndorf, Germany) as hard gelatin capsules containing a
blend of magnesium stearate and microcrystalline cellulose as a
filler (placebo), 400 �g (906 nmol) folic acid (Caesar & Loretz
GmbH, Hilden, Germany), or 416 �g (906 nmol) or 208 �g (453

nmol) [6S]-5-MTHF as calcium salt (Metafolin; Merck Eprova
AG, Schaffhausen, Switzerland). Subjects and investigators
were blinded to treatment. Stability tests of the supplements
performed at the beginning, middle, and end of the intervention
period showed a recovery of 98% of both folate forms.

Blood sampling and analysis

Blood samples for measurement of plasma folate, tHcy, and
plasma vitamin B-12 concentrations were collected into EDTA-
coated tubes (S-Monovette; Sarstedt, Nümbrecht, Germany),
immediately put on ice, centrifuged within 15 min (3000 rpm for
10 min at 4 °C), and stored at �20 °C before analysis. Plasma
folate and tHcy concentrations were measured by using an im-
munoassay on the Abbott AxSYM analyzer (Abbott, Wiesbaden,
Germany). The intraassay and interassay CVs were 5.9% and
5.6% for plasma folate and 2.3% and 3.5% for tHcy, respectively,
according to the results of the analyses of plasma pools and
controls provided by the manufacturers. To avoid between-run
variation, samples from each participant were measured in one
run. Before the determination of plasma folate concentrations,
blood samples were manually diluted (1:2) with the use of the
AxSYM folate specimen diluent. Plasma vitamin B-12 was mea-
sured at baseline by using an immunoassay on the Abbott
AxSYM analyzer. Routine laboratory variables including serum
creatinine concentrations were measured after venipuncture, at
baseline and at week 24, by the central laboratory of the Univer-
sity Hospital, Bonn. Serum creatinine concentrations were mea-
sured enzymatically by using the method of Jaffé (Dade Behring,
Bad Schwallbach, Germany). Identification of the 677C3T
MTHFR genotype was conducted by using the polymerase chain
reaction according to the method of Frosst et al (21).

Statistical methods

Before further analysis, data were checked for normal distri-
bution with the use of the Shapiro-Wilk test. Because they were
skewed positively, data were log transformed to normalize dis-
tribution for analyses and back-transformed to geometric means
with 95% CI for presentation in tables. One-way analysis of
variance (ANOVA) was used to compare the 4 groups with
respect to baseline characteristics, dietary intake of folate and
methionine, and compliance. Chi-square tests were used to eval-
uate categoric variables such as smoking and the use of oral
contraceptives. For within-group comparison of dietary intake of
folate and methionine at baseline and at week 24, Student’s
paired t test was used.

For further analyses, the natural logarithms of plasma folate
and tHcy were used in all statistical tests as continuous variables.
Two-factor repeated-measures ANOVA was applied to examine
the interaction between time and treatment and to test for changes
within time and treatment. Post hoc analysis was carried out with
Tukey’s honestly significant difference test. In case of signifi-
cant time � treatment interaction, the within-group comparison
was carried out by using a Bonferroni corrected P value of 0.008
(0.05/6). Furthermore, multiple regression was used to determine
mean percentage changes in plasma folate and tHcy after 24 wk
relative to the placebo group after adjustment for baseline values
(22). Between-group comparisons were carried out with the use
of Tukey’s post hoc test. Results were considered significant at
P � 0.05. All analyses were undertaken by using SPSS for
WINDOWS software (version 11; SPSS Inc, Chicago).
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RESULTS

A flow chart of the study is presented in Figure 1. One hundred
eighty-one women came to the screening blood test, 37 of whom
were excluded because of regular consumption of folic acid (n �
20), plasma vitamin B-12 concentration � 110 pmol/L (n � 9),
or personal reasons (n � 8). One hundred forty-four women were
included in the study. During the intervention period, one par-
ticipant withdrew for personal reasons. After the exclusion of one
outlier (baseline tHcy: ��� � 3 SD) and 7 subjects with missing
values (absence on blood-sampling days because of vacation or
illness), data from 135 subjects were entered into statistical anal-
yses.

Baseline characteristics of those 135 subjects are presented in
Table 1. The 4 groups did not differ with respect to age, body
mass index, use of oral contraceptives, or smoking. After ran-
domization, all groups were homogeneous for the main factors,
tHcy and plasma folate concentrations. Plasma vitamin B-12
concentrations did not differ significantly between the groups,
and all participants had an adequate plasma vitamin B-12 status.
Significant baseline differences were found only for serum cre-
atinine, which is a marker of renal function; however, all subjects
had serum creatinine concentrations within the normal range.

Dietary intakes of folate and methionine did not differ signifi-
cantly between the groups at baseline and at week 24 or within the
groups between these points in time (P � 0.05). At baseline, the
mean (� SD) dietary intake of the study population was 257 �
108 �g dietary folate equivalents/d and 1.4 � 0.5 g methionine/d.
The supplements were well tolerated, and no side effects were
reported. Compliance was high and did not differ significantly
between the groups (P � 0.05). Ninety percent of the subjects
consumed � 95% of the supplements, and the other 10% of
subjects consumed 86–94% of the supplements.

The mean concentrations of tHcy and plasma folate at baseline
and throughout the intervention period are shown in Table 2. For
both tHcy and plasma folate, a significant interaction between
time and treatment (P � 0.001) was determined by two-factor
repeated-measures ANOVA. The reduction in tHcy during the
intervention period did not differ significantly between the sup-
plemented groups (P � 0.05; Tukey’s post hoc test). Within-
group comparisons found significant reductions in tHcy concen-
trations between baseline and week 4 and between week 4 and
week 16 in the group taking 400 �g folic acid. Subjects receiving
416 �g or 208 �g [6S]-5-MTHF had a significant decrease in
tHcy concentration after 4 wk of intervention. After this period,
tHcy concentrations in those two groups remained steady until
week 24. Relative to tHcy in the placebo group, tHcy in the
groups receiving folic acid or 416 �g or 208 �g [6S]-5-MTHF
decreased significantly by 15% (95% CI: 8%, 21%), 19% (12%,
24%), and 19% (12%, 25%), respectively, after 24 wk.

Plasma folate concentrations increased significantly (P �
0.001) in all 3 supplemented groups, relative to the placebo group
(Table 2). The increase in plasma folate in the group receiving
208 �g [6S]-5-MTHF was significantly less than that in the
groups receiving 400 �g folic acid (P � 0.001) and 416 �g
[6S]-5-MTHF (P � 0.05). Within-group comparison found that
plasma folate increased until week 8 in the group taking 400 �g
folic acid, and that it remained at that concentration until the end
of the study. The group receiving 208 �g [6S]-5-MTHF had an
increase in plasma folate until week 12. Only in the group re-
ceiving 416 �g [6S]-5-MTHF did plasma folate rise continu-

FIGURE 1. Flow chart of the study. *One participant withdrew after 4 wk
of intervention. MTHFR, methylenetetrahydrofolate reductase; [6S]-5-
MTHF, [6S]-5-methyltetrahydrofolate.

TABLE 1
Baseline characteristics of the study population1

Treatment group

Placebo
(n � 34)

400 �g Folic acid
(n � 34)

416 �g [6S]-5-MTHF
(n � 35)

208 �g [6S]-5-MTHF
(n � 32)

Age (y) 22.6 � 2.42 23.6 � 3.2 24.2 � 4.0 22.9 � 2.4
BMI (kg/m2) 21.3 � 1.8 20.7 � 2.4 21.6 � 3.0 21.0 � 2.4
Plasma tHcy (�mol/L) 8.1 (7.5, 8.7)3 8.2 (7.6, 8.7) 8.3 (7.6, 9.0) 8.1 (7.4, 8.9)
Plasma folate (nmol/L) 14.1 (12.6, 15.7) 14.4 (12.6, 16.5) 13.3 (11.9, 14.9) 14.6 (12.9, 16.5)
Plasma vitamin B-12 (pmol/L) 225 (197, 255) 216 (195, 240) 239 (214, 267) 210 (191, 231)
Serum creatinine (�mol/L) 74.6 (71.1, 78.1) 71.6 (68.9, 74.4) 74.7 (71.7, 77.9) 67.6 (64.4, 71.0)4

MTHFR 677C3T (n)
CC 16 15 16 14
CT 15 16 16 14
TT 3 3 3 4

Use of oral contraceptives (%) 65 65 63 78
Smoking (%) 24 21 29 22

1 [6S]-5-MTHF, [6S]-5-methylenetetrahydrofolate; tHcy, total homocysteine; MTHFR, methylenetetrahydrofolate reductase.
2 Arithmetic x� � SD.
3 Geometric x�; 95% CI in parentheses.
4 Significantly different from the placebo and 416 �g [6S]-5-MTHF groups, P � 0.05 (one-way ANOVA with Bonferroni post hoc test).
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ously until week 20. Multiple regression showed a significant
mean percentage increase in plasma folate in all 3 supplemented
groups relative to the placebo group. Plasma folate increased by
151% (95% CI: 119%, 188%), 164% (95% CI: 130%, 203%),
and 101% (95% CI: 75%, 131%) in the groups receiving 400 �g
folic acid and 416 �g and 208 �g [6S]-5-MTHF, respectively,
after 24 wk.

DISCUSSION

This study is the first to investigate the long-term effect of
different amounts of [6S]-5-MTHF on tHcy in healthy females.
Relative to the placebo group, tHcy decreased by 15%, 19%, and
19% in the groups receiving 400 �g folic acid or 416 �g or 208
�g [6S]-5-MTHF, respectively, after 24 wk. The tHcy reduction
did not differ significantly between the groups receiving supple-
mentation with 400 �g folic acid and the equimolar amount of
[6S]-5-MTHF. As expected in a group of healthy young women,
tHcy concentration decreased by � 20% (23, 24) after supple-
mentation with 400 �g folic acid. Intervention with 416 �g
[6S]-5-MTHF was no more effective than was that with 208 �g
[6S]-5-MTHF in lowering the tHcy concentration. Therefore, a
208 �g dose of [6S]-5-MTHF seems sufficient to reduce tHcy
concentrations in a group of healthy female subjects.

The effect of [6S]-5-MTHF supplementation on lowering
tHcy was not investigated until recently. Venn et al (25) reported
the effect of 113 �g [6S]-5-MTHF on tHcy concentrations.
Twenty-four weeks of that intervention led to a 15% reduction in
tHcy, which was significantly greater than the 9% reduction in
the group receiving 100 �g folic acid (25). Throughout the study
period of 24 wk, tHcy concentrations decreased continuously in
both supplemented groups; it therefore remains unknown
whether the maximum reduction in tHcy was achieved by sup-
plementation with 113 �g [6S]-5-MTHF after 24 wk. In the
present study, the decrease in tHcy concentrations reached a
maximum after 4 wk (P � 0.001), and there were no further
reductions until 24 wk, irrespective of the form and dose of folate.
Baseline tHcy concentrations in both study populations were
similar [8.6 �mol/L (25) and 8.2 �mol/L, respectively], which
allowed us to compare the reductions in tHcy concentration re-
sulting from supplementation with 113, 208, and 416 �g [6S]-
5-MTHF after 24 wk. These reductions were 15% (25), 19%, and
19%, respectively, which indicated that there was no significant
difference in tHcy reduction between the 3 interventions with
[6S]-5-MTHF. However, further trials are needed to compare the
efficacy of 113, 208, and 416 �g [6S]-5-MTHF in one study
population.

Supplementation with folate derivatives improves folate con-
centration in plasma. In the present study, plasma folate concen-
trations increased significantly by 151%, 164%, and 101% in the
groups receiving 400 �g folic acid or 416 �g or 208 �g [6S]-5-
MTHF, respectively, after 24 wk, relative to the control group.
Supplementation with 416 �g [6S]-5-MTHF and an equimolar
amount of folic acid affected plasma folate equally. This finding
is in accordance with the results of Venn et al (26). In the present
study, a steady state was defined as no significant increase in
plasma folate beyond that reached after 24 wk of intervention.
However, that same concentration was reached after only 8 wk of
supplementation with 400 �g folic acid. Thus, plasma folate was
stabilized at an earlier stage by folic acid than by supplementa-
tion with 208 �g and 416 �g [6S]-5-MTHF, with which a steady

state in plasma folate concentrations was reached after 12 and 20
wk, respectively. In the study by Venn et al (26), no steady state
plateau was reached after supplementation with 113 �g [6S]-5-
MTHF and 100 �g folic acid over 24 wk. However, the amount
of folate derivatives given may have been too low, or the obser-
vation period may have been too short.

Plasma folate is a strong determinant of tHcy concentration
(27). Although supplementation with 208 �g [6S]-5-MTHF re-
sulted in a different plasma folate concentration than did that with
416 �g [6S]-5-MTHF, both decreased tHcy equally. Assuming
[6S]-5-MTHF to be the active form of folate in the metabolism
(28) and the main form occurring naturally in food (29, 30), the
finding of an equal tHcy-lowering potential of 400 �g folic acid
and 208 �g [6S]-5-MTHF, despite a lesser increase in plasma
folate after supplementation with the latter is comparable to the
finding of the study by Ashfield-Watt et al (19). In their inves-
tigation, a diet high in natural folate did not increase plasma
folate to the same extent as did supplementation with 400 �g folic
acid over a period of 4 mo. However, the decrease in tHcy
observed in the group consuming the folate-rich diet equalled
that in the group receiving folic acid supplements (19). Boushey
et al (2) reported that a lower plateau of tHcy is reached when
plasma folate concentrations exceed 15 nmol/L. These findings
match results of the present study, as plasma folate between
baseline and week 4 increased to � 15 nmol/L in all 3 supple-
mented groups, whereas tHcy concentrations decreased concur-
rently. However, the study of Venn et al (25) found a reduction
in tHcy even though plasma folate concentrations at baseline
were already � 15 nmol/L. In the present study, plasma folate
concentrations continued increasing in all 3 supplemented
groups after 4 wk, and tHcy stabilized at lower concentrations
after 4 wk in this supplemented group of healthy women. The
effect of plasma folate concentrations on tHcy seems to diminish
at plasma folate concentrations that signify a sufficient folate
supply.

[6S]-5-MTHF may be an adequate alternative to folic acid
because it is unlikely to mask the hematologic symptoms of
vitamin B-12 deficiency. In view of the increasing numbers of
elderly in the population and the high prevalence of vitamin B-12
deficiency in that group (31), the possible masking of the symp-
toms by high folic acid intakes is exceptionally relevant. Where
mandatory food fortification with folic acid has been imple-
mented, some people reach a daily intake of folic acid � 1 mg
(32), which is the tolerable upper intake level above which mask-
ing of vitamin B-12 deficiency has been determined to occur
(10). [6S]-5-MTHF could be an alternative derivative for sup-
plementation or fortification. In the supplemental form offered as
calcium salt in the present study, [6S]-5-MTHF was stable
throughout the study period. Good stability of [6S]-5-MTHF in
some processed foods (cereals, white bread) was reported by the
manufacturer. However, further tests of stability should be per-
formed for different kinds of processed foods (26). The safety of
[6S]-5-MTHF was shown in the study by Bostom et al (33) that
investigated daily supplementation with 17 mg [6S]-5-MTHF
over 12 wk with respect to reducing tHcy in hemodialysis pa-
tients. No side effects were reported. With respect to food forti-
fication with [6S]-5-MTHF, intervention trials are needed to
evaluate the minimum effective dose of supplemented [6S]-5-
MTHF out of food to lower tHcy concentrations.

In conclusion, the present study showed that supplementation
with both 208 and 416 �g [6S]-5-MTHF significantly decreased
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tHcy and significantly increased plasma folate concentrations.
[6S]-5-MTHF did not differ in tHcy-lowering potential from an
equimolar amount of folic acid. Supplementation with 416 �g
[6S]-5-MTHF was no more effective in lowering tHcy concen-
trations than was that with 208 �g [6S]-5-MTHF. In addition to
the observed beneficial effect on tHcy and plasma folate, [6S]-
5-MTHF is unlikely to mask vitamin B-12 deficiency as folic
acid does. Because this folate form is also stable and is as bio-
available as folic acid, it may be an adequate alternative to folic
acid for use in food fortification or supplements. Further studies
should be undertaken to investigate the effect of [6S]-5-MTHF in
women and men of other age groups and especially in those with
elevated tHcy concentrations. Such trials should include dose-
response assessments as were used in the present study.
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