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Abstract

Purpose

To determine whether 5-methylenetetrahydrofolate (MTHF) is more effective than folic acid

supplementation in treatment of recurrent abortion in different MTHFR gene C677T and

A1298C polymorphisms.

Methods

A randomized, double blind, placebo-controlled trial conducted April 2011-September 2014

in recurrent abortion clinics in Tehran, Iran. The participants were women with three or more

idiopathic recurrent abortion, aged 20 to 45 years. Two hundred and twenty eligible women

who consented to participate were randomly assigned to receive either folic acid or 5-MTHF

according to the stratified blocked randomization by age and the number of previous abor-

tions. Participants took daily 1 mg 5-methylentetrahydrofolate or 1 mg folic acid from at least

8 weeks before conception to the 20th week of the pregnancy. The primary outcome was

ongoing pregnancy rate at 20th week of pregnancy, and the secondary outcomes were

serum folate and homocysteine at the baseline, after 8 weeks, and at the gestational age of

4, 8, 12, and 20 weeks, MTHFR gene C677T and A1298C polymorphisms.
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Results

There was no significant difference in abortion rate between two groups. Serum folate

increased significantly in both groups over time; these changes were significantly higher in

the group receiving 5-MTHF than the group receiving folic acid (value = 2.39, p<00.1) and

the result was the same by considering the time (value = 1.24, p<0.01). Plasma tHcys

decreased significantly in both groups over time; however these changes were not signifi-

cantly different between the groups (value = 0.01, p = 0.47).

Conclusion

The results do not support any beneficial effect of 5-MTHF vs. folate supplementation in

women with recurrent abortion with any MTHFR C677T and/or A1298C polymorphism.

Trial Registration

ClinicalTrials.gov NCT01976676

Introduction
Idiopathic recurrent abortion (IRA) is a frustrating situation for the family, which affects 3% of
the couples[1]. More than 20% of women with IRA have been noted to display elevated serum
levels of total homocysteine (tHcy)[2, 3], and Low plasma folate levels were associated with an
increased risk of early spontaneous abortion [4–8]. Disturbed methionine-homocysteine
metabolism resulting in mild hyperhomocysteinemia has been reported as a risk factor for IRA
[9–13] Therefore, lowering plasma tHcy concentrations is one of the most important therapeu-
tic goals in IRA management, which usually overcome by folate supplementation [14–17].

On the other hand, polymorphisms associated with an impaired folate metabolism such as
methyltetrahydrofolate reductase (MTHFR) C677T and A1298C are overrepresented among
women with IRA [18, 19]. It seems that patients with mutated MTHFR gene respond to MTHF
better than Folic acid supplementation. Thus, we designed this study to evaluate whether
patients with MTHFR gene polymorphism benefit from administration of MTHF more than
folic acid.

Methods

Study Design and Participants
In this stratified randomized double blind clinical trial, the patients were recruited between
April 2011 and February 2014 from Recurrent Abortion clinics in Tehran, Iran. Eligible
patients were informed about the study procedures by their gynecologist or trained clinic staffs.
After a full review of the inclusion and exclusion criteria and explanation of the risks and bene-
fits of the study, women with three or more idiopathic abortion who filled out the written con-
sent form, were enrolled. All women underwent a standard diagnostic workup to rule out the
presence of antiphospholipid syndrome or anatomic, cytogenetic, hormonal, or infectious
pathologies. Diagnostic procedures included hysteroscopy; paternal and maternal karyotype;
cervical cultures; a comprehensive hormonal status, and evaluation of antiphospholipid syn-
drome with IgM and IgG anticardiolipin antibody assessment and lupus anticoagulant testing.
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Participants’ self-described age, race ethnicity, demographic information, medical, obstetric,
occupational and family histories, lifetime history of tobacco use, intake of nutritional supple-
ments, lifestyle and environmental exposures were recorded for preplanned analyses of possi-
ble moderators of the primary outcome.

Ethical Approval
This trial was approved by the Human Ethics Committee of the National Nutrition and Food
Technology Research Institute of Shahid Beheshti University of Medical Sciences (Ethics Code:
1157, June 2010). Written informed consent was obtained from all participants. This clinical
trial was registered on IRCT (registration number: IRCT138903034010N1, July2010), and
then, we also, registered it on clinicaltrial.gov (Identifier: NCT01976676, Oct 2013) because we
thought that this registration web site is acceptable for a wide range of journals. The authors
confirm that all ongoing and related trials for this drug/intervention are registered.

Randomization, Masking and Interventions
Details about the recruitment, randomization, and follow-up of this study appear in the study
flow diagram (Fig 1). Randomization was stratified by age and the number of abortions. Partic-
ipants were assigned using computer-generated randomization to receive either 1mg folic acid
or 1 mg 5-MTHF during the study period. The dosage was determined according to previous
studies [20, 21], and every patient undertook her concurrent therapy along with the supple-
ments. The supplements were purchased from Thorne Research Company, ID, USA. The

Fig 1. CONSORT Flow Diagram of Trial Participants.

doi:10.1371/journal.pone.0143569.g001
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group assignments were concealed in sealed envelopes and opened at enrollment by somebody
who was blinded to all baseline assessments.

Treatment and Follow-Up
The participants were evaluated by their Gynecologist at baseline, after 8 weeks, and at the ges-
tational age of 4, 8, 12, and 20 weeks; women who did not get pregnant within six months of
the study beginning, were excluded from the study. Study protocol adherence and plasma folate
and homocystein concentration were assessed at all of these visits while plasma vitamin B12,
Pyridoxal phosphate (PLP), and MTHFR gene polymorphisms for C677T and A1298C were
evaluated at randomization time. Weekly telephone contacts were made to encourage adher-
ence, and answer study-related questions. Adverse effects, adverse events, and medical status
were recorded at each contact. The supplements were delivered to the patients every four
weeks.

Treatment Adherence
Every four weeks, participants were given enough supplements to last 3 days after their next
scheduled visit and were instructed to return all unused supplements at each visit. The remain-
ing supplements were counted and subtracted from the number provided to determine the
number taken. The participants were asked to confirm that all capsules removed were actually
taken as prescribed.

Primary and Secondary Outcomes
The ongoing pregnancy at week 20th was the primary outcome measure. Secondary outcomes
included serum folate and tHcy concentration at the beginning, after 8 weeks, and at the gesta-
tional age of 4, 8, 12, and 20 week.

Procedures
Information on baseline characteristics was obtained by interviewer administered question-
naire at the first visit and included data on demographics, occupation, medical history, number
of previous abortions, smoking, and current medications. Folate, tHcy, Vitamin B12, and PLP
concentrations in EDTA-treated plasma were measured in EDTA-treated plasma with using
their commercially available immunoassay kits for the IMx Analyzer (Abbott,Wiesbaden, Ger-
many) with intraassay CV:<2.9%; interassay CV:<4.8%.

For assessment ofMTHFR gene polymorphism, DNA was extracted from the leukocyte-rich
buffy coat fraction of centrifuged, EDTA-treated whole blood by using the QIAamp DNA
blood mini kit (Qiagen,Hilden, Germany); the MTHFR polymorphisms were detected accord-
ing to the method of Zetterberg et al [22]. All other blood variables were measured with the use
of standard automated laboratory techniques.

Anthropometric Measurements
All participants underwent measurements of weight and height. Weight was measured to the
nearest 0.5 kg using digital scales (Soehne, Berlin, Germany) with participants minimally
clothed and barefoot. Height was measured to the nearest 0.5 cm using a fixed, non-stretch
tape meter with participants barefoot in a standing position. Measurements were taken at the
time of randomization. Body Mass Index (BMI) was calculated by dividing the patient’s weight
in kilogram by his squared height in meter.
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Dietary Intake
Patients received prospective serial assessment of nutritional intake with three days written
food records. All enrolled subjects received instructions to record their daily dietary intake for
three days including a weekend day at the first, third, and last visits. Dietary intakes were ana-
lyzed by USDA food composition table (FCT) and Iranian FCT, and folate intakes from dietary
sources were determined.

Statistical Analysis
The sample size was calculated so that the 10 nmol/L difference in plasma folate indicates a sig-
nificant difference, with power = 80. The sample size was calculated as 22 patients in each
group. We included ten times more samples to outcome the loss to follow up in this study due
to our previous experience at the clinic.

All continuous data were tested for normal distribution with the Shapiro–Wilk test.
Parametric tests were used based on normal distributions, and nonparametric tests were per-
formed when assumptions were not met.

Data analysis could be performed by repeated measure analysis of variance and intention-
to-treat approach, but this method involves data imputation for missing ones which is not pre-
cise and suitable, so we selected mixed models and multivariate regression.

For data analysis, we converted single leveled data to multileveled data in order to run
mixed regression models. Time and squared time are included in the model as the effect of
time assumes to be quadratic.

Mixed models regression analysis was conducted to examine the relationship between
serums folate or tHcy and various potential predictors after adjustment for baseline values and
other confounders.

All hypothesis tests were two-tailed, with P<0.05 denoting statistical significance. SPSS ver-
sion 20 and R statistical software version 3.1.2 were used for all statistical analyses.

Results
Out of 220 participants, 135 women became pregnant within 6 months; twenty seven of 66
women in folic acid group and thirty six of 69 women in 5-MTHF group had ongoing preg-
nancy at the end of the study. Patient enrollment and retention by treatment group are shown
in Fig 1. The baseline clinical and demographic data of the two groups were similar with
respect to anthropometric data, laboratory data, dietary folate intake, and MTHFR polymor-
phism (Table 1).

There was no significant difference in abortion rate between two groups. Furthermore,
there was no significant relationship between abortion rate and participants’MTHR genotypes,
age, and number previous abortions; however, there was a significant association between
abortion rate and plasma tHcys concentrations in 1st, 2nd, and 3rd measurement.

With respect to dietary folate intake, no change was observed throughout the study period,
so that it did not differ within two groups or between the groups at the first, third and last visits.
Both supplements were well tolerated and safe; no treatment-related adverse side effects were
observed. The compliance with respect to supplement intake was high and did not differ signif-
icantly between the groups (P> 0.05). All participants had consumed more than 90% of the
supplements in each visit.

Values of the investigated clinical chemistry or hematologic blood variables before and after
treatment were generally within the respective reference range, although some values deviated
from the range slightly. However, these deviations were not clinically relevant.
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Plasma folate and tHcys concentrations at each time point are shown in Figs 2 and 3, respec-
tively. There was no significant difference between two groups in baseline values.

Serum folate increased significantly in both groups over time; these changes were signifi-
cantly higher in group receiving 5-MTHF than group receiving folic acid (value = 2.39,
p<0.01) and result was the same by considering the time (value = 1.24, p<0.01) (Fig 2).

Plasma tHcys decreased significantly in both groups over time; however these changes were
not significantly different between the groups (value = 0.01, p = 0.147) (Fig 3).

The mixed regression model for serum folate concentration with all predictors produced
(R² = 0.93). Standard deviation of random effects for intercept, time and residual was 0.0031,
0.0059 and 0.0019, respectively.

Plasma folate and tHcys concentrations with respect to MTHFR polymorphism, at each
time point are shown in Figs 4 and 5, respectively. Only genotype TTAA had significant differ-
ent folate value from reference group, CCAA (value = -0.98 (SE = 0.52), p = 0.05). Trend of
change in serum folate over time in patients with CCAC, CTAA and TTAA genotype was sig-
nificantly different from the reference group (p = .056, p = .051, p<00.1).

Only genotype TTAC had significant different tHcys value from reference group (value =
-0.38 (SE = 0.19), p = 0.05). Trend of changes in serum tHcys in TTAA genotype was signifi-
cantly different from reference group (p<0.01).

The mixed regression model for serum tHcys concentration with all predictors produced
(R² = 0.83). Standard deviation of random effects for intercept, time and residual was 0.13, 0.03
and 0.15, respectively.

Discussion
To our knowledge, this is the first study comparing the effects of folic acid vs. 5-MTHF in the
management of recurrent abortion considering MTHFR gene polymorphism. The results of
this long term double blind clinical trial have shown that the 5-MTHF, in comparison to the
same amount of folic acid, could significantly increase serum folate concentration; however

Table 1. Demographic characteristics of the study sample at baseline.

Characteristics Folic acid group (n = 110) MTHF group (n = 110)

Age 33.4±4.5 33.6±5.1

BMI (kg/m2) 28.8 ±3.4 29.1±4.2

Dietary folate intake (μg/day) 246±32 250±28

Previous abortions 3.5±0.7 3.6±0.8

Plasma folate (nmol/L) 17.5±2.1 17.9±1.5

Plasma tHcys (μmol/L) 8.6±2.2 8.5±2.4

Plasma vit B12 (pmol/L) 234±102 240±111

MTHFR 677CT (n)

C/C 55 54

C/T 44 45

T/T 11 11

MTHFR 1298AC (n)

A/A 76 76

A/C 25 24

C/C 9 10

MTHFR, 5Methyltetrahydrofolate; BMI, Body Mass Index.

There was no significant difference between groups.

doi:10.1371/journal.pone.0143569.t001
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there was no significant difference in serum homocystein concentration and abortion rate
between two groups.

There is no study comparing the effects of folic acid vs. 5-MTHF in women with recurrent
abortion; however, some previous studies have compared the effect of these supplements on
serum folate and homocysteine in healthy women. Our results are consistent with previous
studies on healthy women which have shown that administration of 5-MTHF is more effective
than folic acid supplementation at improving folate status[23], and preventing neural tube
defects in early pregnancy[24, 25]. Moreover, 5-MTHF was shown to be an adequate alterna-
tive to folic acid in reducing tHcy concentrations in healthy women [26].

Fig 2. Serum folate concentration in folic acid andMTHFR groups over time.

doi:10.1371/journal.pone.0143569.g002

Fig 3. Serum tHcys concentration in folic acid and MTHFR groups over time.

doi:10.1371/journal.pone.0143569.g003
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It seems that MTHFR polymorphism can affect the folate and MTHF supplementation effi-
cacy; however, we found that only genotype TTAA had significant different folate value from
CCAA genotype. Previous studies have shown controversial results. Fohr et al have shown that
women with the TT genotype benefit the most from supplementation with either FA or MTHF
[27]. Prinz-Langenohl et al have reported that 5-MTHF increases plasma folate more effec-
tively than folic acid irrespective of the 677CT mutation of the MTHFR[28].

Recent studies suggest that MTHFR polymorphism is a genetic risk factor for pregnancy
loss and neural tube defects [29, 30]; however, the results on the effect of MTHFR polymor-
phism in the response to tHcy-lowering therapy are controversial. A meta-analysis study
results have shown a significant association between MTHFR C677T mutation and IRA, but
no significance in MTHFR A1298C mutation[31]; however, Creus et al have reported that IRA
is not associated with the MTHFR gene mutation[32]. Other meta-analyses supported the asso-
ciation between MTHFR C677T genotype and increased risk of IRA, except for Caucasians
[33], and Chinese population [34].

Our data showed that 5-MTHF increased serum folate significantly more than folic acid,
but the serum homocystein was not significantly different between two groups, which might be
due to presence of autoantibodies that bind to folate receptors and can block the cellular uptake
of folate [35]; however, Molloy et al found no association between the presence and titer of
maternal folate-receptor autoantibodies and a neural-tube defect-affected pregnancy in the
Irish population [36].One of the limitations of this study is that we did not measure folate-
receptor autoantibodies. The other limitations are selection bias, and the concurrent therapies
undertaken by the patients, which we tried to overcome these limitations by randomization

Fig 4. Serum folate concentration in folic acid andMTHFR groups in different MTHFR polymorphisms
over time.

doi:10.1371/journal.pone.0143569.g004
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assignment of the two groups. Furthermore, the optimistic sample size estimation, and the
high rate of lost to follow up could be the limitations of this study; however, we tried to over-
come them by the intention to treat analysis.

In conclusion, this long term, randomized double-blind, placebo-controlled study does not
support any beneficial effect of 5-MTHF vs. folate supplementation in women with recurrent
abortion with any MTHFR C677T and/or A1298C polymorphism except for serum folate
concentration.
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