
Human Nutrition and Metabolism
Research Communication

Increases in Blood Folate Indices
Are Similar in Women of
Childbearing Age Supplemented
with [6S]-5-Methyltetrahydrofolate
and Folic Acid1

(Manuscript received 4 July 2002. Initial review completed 5 August
2002. Revision accepted 18 August 2002.)

Bernard J. Venn,* Timothy J. Green,*2 Rudolf Moser,**
Joanne E. Mckenzie,† C. Murray Skeaff* and Jim Mann*

*Department of Human Nutrition and †Preventive and Social
Medicine University of Otago, Dunedin, New Zealand and **Eprova
AG, Im Laternenacker 5, CH-8200, Schaffhausen, Switzerland

ABSTRACT The natural diastereoisomer [6S]-5-methyltet-
rahydrofolate ([6S]-5-MTHF) may be a safer fortificant than
folic acid for neural tube defect (NTD) prevention because it is
unlikely to mask vitamin B-12 deficiency. An inverse relation-
ship between NTD risk and blood folate concentrations has
been reported. In this randomized, placebo-controlled, dou-
ble-blind trial, we compared the effects of [6S]-5-MTHF and
folic acid supplementation for 24 wk on plasma folate and red
cell folate (RCF) in women of childbearing age (18–49 y).
Women (n � 104) were randomly assigned to receive a sup-
plement containing [6S]-5-MTHF (113 �g/d), folic acid (100
�g/d) or placebo. The mean estimated linear increase in
plasma folate concentration was 0.3 [95% confidence interval
(CI): 0.1, 0.5], and 0.4 (0.2, 0.6) nmol/(L � wk) in the [6S]-5-MTHF
and folic acid groups, respectively. The mean estimated linear
increase in RCF was 7.4 (95% CI: 4.5, 10.3), and 8.3 (4.4, 12.3)
nmol/(L � wk) in the [6S]-5-MTHF and folic acid groups, re-
spectively. There were no differences in the slopes between
the [6S]-5-MTHF group and the folic acid group in either
plasma folate (P � 0.48) or RCF (P � 0.70). At 24 wk, estimated
mean increases in plasma folate concentrations were 6.9
(95% CI: 1.7, 12.2) and 9.2 (3.3, 15.1) nmol/L, and in RCF, 251
(143, 360) and 275 (148, 402) nmol/L, in the [6S]-5-MTHF and
folic acid groups, respectively, relative to the placebo group.
These data suggest that low dose [6S]-5-MTHF and folic acid
supplementation increase blood folate indices to a similar
extent. A steady state in the blood indices had not been
reached by 24 wk. J. Nutr. 132: 3353–3355, 2002.
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Folic acid taken before and during early pregnancy reduces
a woman’s risk of a neural tube defect (NTD)3-affected preg-
nancy (1). A high rate of unplanned pregnancies led United
States health authorities to mandate fortification of grain-
based foods with folic acid in 1998 (140 �g/100 g enriched
grains) (2). Mandatory fortification of foods has not occurred
in many other countries in part because of concerns about
excessive folic acid intakes. A major concern is that folic acid
could mask the hematological signs of vitamin B-12 defi-
ciency, delaying diagnosis and allowing progression of neuro-
logical damage (3,4). Recently, a reduced form of folate, [6S]-
5-methyltetrahydrofolate ([6S]-5-MTHF), has become available
that may be safer as a food fortificant because it is unlikely to
mask a vitamin B-12 deficiency (5). Folic acid is able to mask
the hematological signs of vitamin B-12 deficiency because it
is readily converted to tetrahydrofolate, the form of folate that
supports erythropoiesis, whereas [6S]-5-MTHF requires a vita-
min B-12–dependent enzyme, methionine synthase, for con-
version to tetrahydrofolate (3,4,6).

It is not known whether [6S]-5-MTHF will reduce the NTD
rate. However, the risk of NTD is inversely associated with
maternal plasma and red blood cell folate (RCF) concentra-
tions (6). Accordingly, any strategy that increases blood folate
could be expected to decrease NTD risk. Mandatory fortifica-
tion of folic acid in the United States was estimated to
increase average folic acid intake by women of childbearing
age by 80–100 �g/d (7). We compared the linear effects of
three treatments (placebo; folic acid 100 �g/d; [6S]-5-MTHF
113 �g/d) over time on plasma folate and RCF in women of
childbearing age (18–49 y).

SUBJECTS AND METHODS

Participants. Women of childbearing age (n � 104; 18–49 y
old) were recruited through distribution of leaflets to homes and
advertisement in local newspapers. Participants had no diagnosed
chronic disease, were not pregnant or planning a pregnancy, and were
not users of supplements or regular consumers of folic acid–fortified
foods (�3 servings/wk). The Human Ethics Committee of the Uni-
versity of Otago approved the study and participants gave written
informed consent.

Study design. The study was a 24-wk, placebo-controlled, dou-
ble-blind trial. Participants were randomly assigned to one of three
treatment groups, i.e., placebo, folic acid or an equimolar amount of
[6S]-5-MTHF. Blood samples were taken from fasting subjects at
baseline and at 4-wk intervals for 24 wk. Compliance was assessed by
counting returned supplements and from completed diaries.

Supplements. The supplements were manufactured as hard gel-
atin capsules each containing a blend of magnesium stearate and
microcrystalline cellulose as a filler (placebo), and either 100 �g (227
nmol) folic acid, or 113 �g (227 nmol) [6S]-5-methyltetrahydrofolic
acid, calcium salt (Metafolin, Eprova, Schaffhausen, Switzerland).
The natural diastereoisomer of 5-methyltetrahydrofolate has a [6S,
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�S] configuration, referred to in this paper as [6S]-5-MTHF. Supple-
ments were coded so that neither the investigators nor the partici-
pants were aware of the contents. Supplements were tested and both
forms of folate were found to be completely stable (100% recovery)
over the period of the study.

Biochemical analyses. Blood samples were collected in tubes
containing EDTA. Plasma was separated within 2 h of collection by
centrifugation (2000 � g for 10 min at 4°C). Plasma folate and
whole-blood folate concentrations were determined using the micro-
titer technique as described by O’Broin and Kelleher (8) with chlor-
amphenicol resistant Lactobacillus casei as the test microorganism.
RCF was calculated from whole-blood folate by subtracting plasma
folate and correcting for hematocrit. Hematocrits were measured on
freshly collected blood using a Cell Dyn 1200 (Abbott Laboratories,
Abbott Park, IL). The interassay CV for the folate assay was 10.6%
based upon repeated measurements of a pooled control.

Statistics. For RCF and plasma folate, a generalized estimating
equation was fitted to test for significant differences between the
linear effects of the treatments on the outcome over time. Each model
included a separate intercept and slope term for each treatment
group. The generalized estimating equation was fitted using the xtgee
command in Stata 7.0 (College Station, TX), with an independent
correlation structure and robust standard errors. This allowed for the
correlations that occur within person from collecting multiple mea-
surements from each participant over time.

RESULTS

Of the 104 women who started, 97 completed the trial and
7 withdrew. The age of the participants was 38 � 8.4 y (mean
� SD). The numbers of women in each group were placebo (n
� 28), [6S]-5-MTHF (n � 38) and folic acid (n � 31). The
RCF concentrations at baseline were 944 � 364, 837 � 291
and 932 � 311 nmol/L, and for plasma folate, 23.5 � 10.8,
20.0 � 8.7 and 25.2 � 11.5 nmol/L in the placebo, [6S]-5-
MTHF and folic acid groups, respectively. There were no
differences among the groups for baseline folate concentra-
tions or age.

Over time, RCF and plasma folate concentrations increased
in the folic acid and [6S]-5-MTHF groups (Fig. 1). The mean
estimated increases in RCF per week were 7.4 [95% confidence
interval (CI): 4.5, 10.3] and 8.3 (4.4, 12.3) nmol/(L � wk) in
the [6S]-5-MTHF and folic acid groups, respectively. The
mean estimated increases per week were 0.3 (95% CI: 0.1, 0.5)
and 0.4 (0.2, 0.6) nmol/(L � wk) for plasma folate in the
[6S]-5-MTHF and folic acid groups, respectively. In the pla-
cebo group, there were no changes over time in plasma folate
0.0 (95% CI: �0.1, 0.2) or RCF �3.1 (�6.6, 0.4) nmol/
(L � wk). There were no differences in the slopes between the
[6S]-5-MTHF group and the folic acid group in either plasma
(P � 0.48) or RCF (P � 0.70).

At 24 wk, estimated mean increases in plasma folate con-
centrations were 6.9 (95% CI: 1.7, 12.2) and 9.2 (3.3, 15.1)
nmol/L, and in RCF, 253 (143, 360) and 275 (148, 402)
nmol/L, in the [6S]-5-MTHF and folic acid groups, respec-
tively, relative to the placebo group. The estimated mean
differences in blood folate concentrations between the folic
acid group and the [6S]-5-MTHF group at 24 wk were 2.3
nmol/L (95% CI: �4.0, 8.6) and 23 nmol/L (�95, 142) for
plasma folate and RCF, respectively. There appeared to be no
plateau reached by 24 wk.

DISCUSSION

We estimated that 24 wk of low dose folate supplementa-
tion (�100 �g/d) raises mean RCF concentrations by 251–275
nmol/L and plasma folate concentrations by 6.9–9.2 nmol/L in

women of childbearing age. Our increase in RCF was higher
than that reported by Daly and co-workers (9) in which RCF
folate increased by 180 nmol/L after 6 mo in women taking
100 �g folic acid/d. However, compliance may have been
lower in their study. There are no other published reports on
the effects of [6S]-5-MTHF on blood folate concentrations in
women of childbearing age. Fohr and co-workers (10) com-
pared the effects of racemic [6S, 6R]-5-MTHF (480 �g/d) with
folic acid (400 �g/d) on plasma and erythrocyte folate over 8
wk. It is difficult to make meaningful comparisons between the
two studies. Only half of racemic methyltetrahydrofolate is the
physiologically active [6S]- isomer and the authors reported
methodological problems associated with measuring folate by
the immunoassay used due to possible interference by the
[6R]-isomer.

An advantage of [6S]-5-MTHF over folic acid is that it is
unlikely to mask a vitamin B-12 deficiency. Thus, [6S]-5-
MTHF may be an attractive alternative to folic acid for the
prevention of NTD. We recognize that it has not been estab-
lished through randomized trials that [6S]-5-MTHF will reduce
NTD rate. However, in a case control study in Ireland, risk of
NTD was inversely associated with maternal plasma and RCF
concentrations (6). Most of the women in the Irish cohort,
even those with high blood folate concentrations, were prob-
ably not receiving folic acid. Thus, any strategy that increases
blood folate could be expected to decrease NTD risk. Further,
observational studies (11–13) and at least one intervention

FIGURE 1 Weekly mean changes in red blood cell (A) and plasma
(B) folate concentrations in women of childbearing age (18–49 y) sup-
plemented with 113 �g/d [6S]-5-methyltetrahydrofolate ([6S]-5-MTHF;
n � 38); 100 �g/d folic acid (n � 31); and placebo (n � 28). The fitted
lines were determined from a generalized estimating equation. 1b rep-
resents the slope in nmol/(L � wk). 2The treatment slope differed from
the placebo slope (P � 0.01). 3Slopes did not differ between folic acid
and [6S]-5-MTHF (P � 0.05).
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study (14) suggest that intake of naturally occurring folate is
inversely associated with NTD occurrence. Naturally occur-
ring folates found in food are polyglutamylated and in a re-
duced form. Absorption of natural folates is usually considered
to be less efficient than absorption of folic acid, possibly due to
the food matrix or incomplete removal of polyglutamates by
intestinal conjugase (15). Synthetic [6S]-5-MTHF monoglu-
tamate in supplemental form is not food bound; it does not
require conjugase activity and absorption characteristics are
similar to those of folic acid (16). Accordingly, we would
expect [6S]-5-MTHF monoglutamate to be at least as effective
as dietary natural folates, which consist mainly of [6S]-5-
MTHF polyglutamates, at decreasing NTD rates. The [6S]-5-
MTHF used in this study (as a calcium salt) was completely
stable in supplemental form over the study period. Preliminary
tests by the manufacturer indicate good stability of [6S]-5-
MTHF when sprayed onto cereals and incorporated into white
bread. Stability of [6S]-5-MTHF in food processing operations
would have to be confirmed if it were to be considered as a
food fortificant.

Our analysis suggested that neither RCF nor plasma folate
concentrations had reached a steady state at 24 wk. The results
indicate that a longer duration is required to assess the max-
imal effect of folate supplementation on blood folate accumu-
lation. Plasma folate concentration is considered a short-term
indicator of folate intake, whereas RCF changes over a longer
term, reflecting the erythrocyte lifespan of 120 d. Our finding
that blood folate concentrations had not reached a plateau by
24 wk was unforeseen. In a preliminary study with a small
number of subjects, Ward et al. (17) found that plasma folate
concentrations had peaked by 6 wk for doses of folic acid �200
�g, whereas it took up to 14 wk for doses of 400 �g folic acid
to stabilize. These findings have implications for women plan-
ning a pregnancy. Health authorities in several countries ad-
vise women to take folic acid before becoming pregnant (18).
A question that remains is, how long before becoming preg-
nant should a woman take a supplement? Our findings suggest
that the accumulation of blood folate was slower than previ-
ously thought. Accordingly, achieving a maximal increase in
blood folate associated with NTD risk reduction may take
several months.

In conclusion, we have shown that low dose [6S]-5-MTHF
supplementation raises blood folate indices up to 24 wk. Fur-
ther, blood folate indices had not reached a steady state at 24
wk in either of the folate-supplemented groups. On the basis of
changes in blood folate indices, we would expect that [6S]-5-
MTHF would be effective in decreasing NTD rate.
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