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ABSTRACT

Introduction Weekly iron—folic acid (IFA) supplements
are recommended for all menstruating women in
countries where anaemia prevalence is >20%. Anaemia
caused by folate deficiency is low worldwide, and the
need to include folic acid is in question. Including folic
acid might reduce the risk of a neural tube defect

(NTD) should a woman become pregnant. Most weekly
supplements contain 0.4 mg folic acid; however, WHO
recommends 2.8 mg because it is seven times the daily
dose effective in reducing NTDs. There is a reluctance
to switch to supplements containing 2.8 mg of folic

acid because of a lack of evidence that this dose would
prevent NTDs. Our aim was to investigate the effect of
two doses of folic acid, compared with placebo, on red
blood cell (RBC) folate, a biomarker of NTD risk.
Methods We conducted a three-arm double-blind efficacy
trial in Malaysia. Non-pregnant women (n=331) were
randomised to receive 60 mg iron and either 0, 0.4, or

2.8 mg folic acid once weekly for 16 weeks.

Results At 16 weeks, women receiving 0.4 mg and

2.8 mg folic acid per week had a higher mean RBC folate
than those receiving 0 mg (mean difference (95% Cl) 84
(54 to 113) and 355 (316 to 394) nmol/L, respectively).
Women receiving 2.8 mg folic acid had a 271 (234 to
309) nmol/L greater mean RBC folate than those receiving
0.4 mg. Moreover, women in the 2.8 mg group were seven
times (RR 7.3, 95% Cl 3.9 to 13.7; p<0.0001) more likely
to achieve an RBC folate >748 nmol/L, a concentration
associated with a low risk of NTD, compared with the

0.4 mg group.

Conclusion Weekly IFA supplements containing 2.8 mg
folic acid increases RBC folate more than those containing
0.4mg. Increased availability and access to the 2.8 mg
formulation is needed.

Trail registration number This trial is registered

with the Australian New Zealand Clinical Trial Registry
(ACTRN12619000818134).

4,5

Key questions

What is already known?

» Women should take folic acid supplements prior
to and during early pregnancy to reduce the risk of
neural tube defects (NTDs). However, many preg-
nancies are unplanned and women may not take
supplements.

» In countries where anaemia prevalence is >20%,
WHO recommends all menstruating women 15-49
years of age take a weekly supplement containing
60 mg iron and 2.8 mg folic acid to prevent anaemia
and reduce the risk of NTDs, but most supplements
currently available in countries implementing pro-
grammes contain only 0.4 mg of folic acid.

» Evidence is needed to determine whether 2.8 mg
would be more effective than 0.4mg folic acid
weekly to reduce NTDs.

What are the new findings?

» In this efficacy trial, we showed that weekly iron—
folic acid (IFA) supplements containing 2.8 mg folic
acid increased red blood cell (RBC) folate, a bio-
marker of NTD risk, four times as much as 0.4mg
compared with 0 mg.

» Sixty-eight per cent of women receiving 2.8 mg folic
acid per week achieved a RBC folate concentration
>748nmol/L, a level associated with a low NTD risk,
compared with 8% in the 0.4 mg group.

What do the new findings imply?

» Weekly IFA supplements containing the WHO recom-
mended 2.8mg dose of folic acid should be made
more widely available.

INTRODUCTION

WHO recommends blanket weekly iron-
folic acid (IFA) supplementation for all non-
pregnant adolescent girls and women (15-49

BM)
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years) of reproductive age to prevent anaemia in areas
where the prevalence of anaemia is higher than 20%."
Globally, WHO estimates that 50% of anaemia is caused
by iron deficiency.” However, the burden of anaemia
caused by folate deficiency is very low, and the need to
include folic acid in the weekly supplement is in question.
Folic acid taken before and during early pregnancy can
reduce the incidence of neural tube defects (NTD),*?
birth defects such as spina bifida and anencephaly. As
standard practice, WHO recommends that all women,
from the moment they begin trying to conceive until 12
weeks of gestation, take a daily 0.4mg folic acid supple-
ment.® Unfortunately, many pregnancies are unplanned,
especially among adolescent girls, and the neural tube
closes early in pregnancy (~28 days) before most women
know they are pregnant. At least 10million unplanned
pregnancies occur each year among adolescent girls aged
15-19 years in low-income and middle-income countries.

Therefore, a potential benefit of retaining folic acid in
weekly IFA supplements is that if a woman were to have
an unplanned pregnancy, it might reduce her risk of an
NTD-affected pregnancy.

To help prevent NTDs, WHO recommends weekly IFA
supplementation with 2.8mg folic acid." This dose of
folic acid was chosen because it is seven times the daily
0.4mg dose found to be effective in reducing NTDs in
controlled trials.” Most weekly supplements currently
available contain 60 mg iron and 0.4mg folic acid, as this
formulation is the standard for anaemia prevention and is
readily available.” Moreover, 0.4mg folic acid with 60 mg
of iron is what is recommended daily during pregnancy,’
thus, the 2.8 mg requires a different formulation. Of the
4.2million IFA packs distributed by UNICEF in 2019,
only 284000 contained the WHO recommended folic
acid dose of 2.8mg (Personal communication, Andreas
Tjornehoj, UNICEF Supply Division, Copenhagen,
2020). There is a reluctance to switch to IFA supple-
ments containing 2.8 mg of folic acid because of a lack
of evidence this dose, or any weekly dose, would prevent
NTDs. New folic acid trials with NTD as an outcome are
unlikely. Fortunately, cohort studies have found that red
blood cell (RBC) folate in early pregnancy is inversely
associated with subsequent NTD risk. RBC folate is now
a well-accepted biomarker of NTD risk at the population
level.” ' While the optimal RBC folate for NTD preven-
tion is not known with certainty, WHO has recommended
a concentration >748 nmol/L for women of reproductive
age as desirable at the population level.'' However, the
relationship between RBC folate and NTD risk is contin-
uous, and any increase in RBC folate would be expected
to decrease NTD risk. Although the relationship is
continuous, there appears to be little additional benefit
above this threshold, as the reduction in risk approaches
an asymptote at concentrations of ~1058-1216nmol/L
(calibrator adjusted) o

Our primary aim was to determine the effect of 16
weeks of weekly iron (60mg) with 0mg, 0.4mg or 2.8 mg
of folic acid on RBC folate concentrations in women of

reproductive age. We also examined the percentage of
women by treatment group who achieved an RBC folate
concentration >748nmol/L, the concentration associ-
ated with a low risk of NTDs. As IFA supplementation
is commonly initiated during adolescence in school
settings, we secondarily assessed the effect of a 4-week
washout period on RBC folate concentrations in an
attempt to mimic the effect of school holiday periods.

METHODS
Study design
Full details of the study design are in the published
trial protocol.'” The study was a parallel design, double-
blind placebo-controlled randomised efficacy trial. It
was conducted at Universiti Putra Malaysia in Selangor,
Malaysia. Malaysia was chosen because the prevalence
of anaemia is >20% among women of reproductive
age, vitamin supplement use is low, and there is no folic
acid fortification.”™" To be eligible, women had to be:
between 18 and 45 years; non-pregnant (self-reported);
not planning on becoming pregnant; not taking folic acid
containing supplements; not participating in another
nutritional intervention; and not taking any medications
known to inhibit folate status (methotrexate, certain anti-
convulsants or sulfasalazine). The primary outcome was
RBC folate at 16 weeks postrandomisation. Secondary
outcomes included plasma folate at 16 weeks and RBC
folate and plasma folate at 20 weeks following a 4-week
washout period in which women did not take supple-
ments. Plasma and RBC folate were measured using a
microbiological method described below.

All participants gave written informed consent.

Patient and public involvement

The development of the research question and outcome
measures were not informed by the participants’ priori-
ties, experience and preferences. Participants were not
involved in the design of this study.

Procedures

Women were recruited through advertisements, word-of-
mouth, and classroom presentations at Universiti Putra
Malaysia. Women expressing an interest were given a
participant information sheet and pre-screened for
eligibility. If women were eligible and willing to partici-
pate, they were asked to attend a morning clinic at the
university health centre following an overnight fast. After
reconfirming eligibility and obtaining written consent,
a blood sample was collected by venepuncture into two
evacuated tubes containing ethylenediaminetetraacetic
acid (EDTA) as an anticoagulant. After sociodemo-
graphic, health and anthropometric data were recorded,
women were randomised. Women were asked to take
one tablet at the clinic and then one tablet every week
on the same day for 16 weeks; they were also asked not
to take any nutritional supplements during the study
other than the investigational products provided. Partic-
ipants were reminded weekly by text message to take
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their supplement, to encourage adherence, and asked if
they had experienced any adverse events. After 16 weeks,
women returned to the clinic following an overnight fast
and another blood sample was collected. Participants
were instructed not to consume the supplement in the
48 hours preceding the blood draw. Adherence was
assessed by counting the number of remaining tablets in
the bottles at 16 weeks. Participants discontinued their
supplements and returned to the clinic 4 weeks later for a
final fasting blood draw.

Supplements, randomisation and masking

Supplements were manufactured by Unison Nutra-
ceutical Sdn Bhd (Ayer Keroh, Malacca, Malaysia) and
approved by the National Pharmaceutical Regulatory
Agency in Malaysia. The company had no other role
in the trial. Supplements were manufactured as tablets
containing 60 mg of iron as ferrous fumarate and either
0, 0.4 or 2.8 mg folic acid as the active ingredients. Inac-
tive ingredients included microcrystalline cellulose, poly-
vinylpyrrolidone, colloidal silicon dioxide, magnesium
stearate and pregelatinised starch. The supplements were
sent blinded to an external lab for independent folic acid
testing (Factors Group of Nutritional Supplements, BC,
Canada); the 0, 0.4 and 2.8 mg tablets had a measured
value of 0, 0.38 and 2.72mg, respectively. The supple-
ments and the opaque glass bottles they were packed
in were identical in appearance except for a coloured
sticker to identify treatment group.

The randomisation schedule was prepared by an inde-
pendent statistician using ralloc.ado version 3.7.6 in Stata
V.15.1 (Stata Corp). Randomly permuted blocks of size
six were used to assign participants to one of six colour
codes; two colour codes were used per treatment to
assist with blinding. Participants, outcome assessors and
data analysts were blinded to treatment group. Partici-
pants were randomised using a secure web application
(Research Electronic Data Capture) by trained research
assistants.'® !’

Laboratory analysis

After each blood collection, one EDTA tube was sent to
Clinipath Malaysia Sdn. Bhd. (Selangor, Malaysia) for
a full blood count determination using an automated
haematology analyser (Sysmex XP-100, Sysmex). An
aliquot of whole blood from the remaining tube was
removed, diluted to 1 in 11 in 1% ascorbic acid, and
incubated for 30 min at 38°C. The remaining blood was
centrifuged at 3000 rpm for 10min at 4°C. The resulting
plasma was removed and aliquoted. All samples were
stored at —80°C until analysis.

Blood samples were shipped on dry ice to Adelaide,
Australia for folate analysis. Whole blood and plasma
folate concentrations were determined using the micro-
biological method based on the method of O’Broin and
Kelleher, using standardised kits from the US Centres
for Disease Control and Prevention (US CDC; Atlanta,
GA)." This method uses 96 well microplates, 5-methyl

tetrahydrofolate (Merck) as the calibrator, and chlor-
amphenicol resistant Lactobacillus rhamnosus (ATCC
27773TM) as the test organism. High and low quality
controls (QC) for each of whole blood folate and plasma
folate, provided by the US CDC, were run in quadruplets
on every plate. RBC folate was calculated by subtracting
plasma folate from whole blood folate and correcting for
haematocrit.

As per US CDC instructions®": if all QC results were
within mean (2 SD) limits, the assay was accepted; if more
than one of the QC results were outside of the mean (2
SD) limits or any of the QC results were outside of the
mean (3 SD) limits, then the assay was rejected. Results
from assay runs that passed QC were recorded only when
the quadruplets were below 15%. If the coefficient of vari-
ation (CV) of the quadruplets was above 15%, the largest
outlier was removed and the results recorded as long as
the CV of the remaining triplicates was below 10%; other-
wise, the sample measurement was repeated.

At the population level, WHO recommends RBC folate
concentrations be >906 nmol/L in women of reproduc-
tive age to prevent NTDs. This RBC folate value was
generated using folic acid as the calibrator.” ' We used
a newer method recommended by the US CDC that
uses b-methyl tetrahydrofolate as the calibrator. Since 5-
methyl tetrahydrofolate gives lower RBC folate concen-
trations than folic acid, we used a cut-off of >748 nmol/L
to define the optimal RBC folate concentration for NTD
risk reduction.”**

Statistical analyses

A sample size of 63 participants per treatment group was
required to detect a clinically meaningful difference of
100nmol/L in mean RBC folate concentrations across
groups at the end of the intervention period (16 weeks),
while adjusting for baseline RBC folate concentration,
with 80% power and two-sided o, of 0.0167 for pairwise
comparisons between the three treatment groups (overall
0=0.05). The sample size assumes an SD of 202 nmol/ L,25
a correlation between RBC folate concentrations at base-
line and 16 weeks of 0.6, and a drop-out rate of up to
10%. We aimed to recruit 100 participants per group to
allow for some uncertainty in the assumed values.

A descriptive comparison of the randomised groups
was conducted on all baseline demographic characteris-
tics and baseline measures of the outcomes. The primary
analysis was performed on the available data according
to treatment allocation at randomisation (intention-to-
treat analysis). A secondary ‘per-protocol’ analysis was
also performed, including only women who completed
the study and were >80% adherent to the treatment
regime. Continuous outcomes were analysed using
linear regression models, and binary outcomes were
analysed using log-binomial regression models, or log
Poisson regression models with robust variance estima-
tion if convergence issues occurred. Adjustment was also
made for baseline body mass index (BMI) category in an
unplanned sensitivity analysis after observing a chance
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imbalance in BMI between the treatment groups. Treat-
ment group, time point (16 or 20 weeks), and a treat-
ment group by time point interaction were included as
predictors and analyses were adjusted for the baseline
measure of the outcome. The generalised estimating
equation method with an exchangeable working correla-
tion structure was used to account for the correlation
between outcomes at 16 and 20 weeks. Global interac-
tion tests were performed, and the difference in means
or the relative risk (with two-sided 95% CI and p value)
comparing each pair of treatment groups was estimated
for each time point separately. Statistical significance was
set at p<0.05 for interaction tests and p<0.0167 for pair-
wise comparisons between treatment groups. Analyses
followed a prespecified statistical analysis plan and were
completed using Stata SE V.15.1 (StataCorp).

RESULTS

Recruitment commenced 20 August 2019, and finished
12 September 2019, with 429 women screened for eligi-
bility. Of these, 94 declined to participate mainly due to a
fear of giving blood (n=24) or their parents did not want
them to participate (n=21). Four women were excluded
before randomisation because a blood sample could
not be obtained. The first study visit was conducted on
3 September 2019, and the final study visit occurred 13
February 2020. Of the 331 women randomised, 110, 110
and 111 were allocated to the 0, 0.4 and 2.8 mg folic acid

groups, respectively. Overall, 98% (n=324) of participants
returned for the 16-week visit and 94% (n=311) returned
for the 20-week visit (figure 1). The study ended when
the last participant who remained in the trial completed
her final visit on 13 February 2020.

Overall, the median (IQR) age of the participants
was 18 (18, 18) years, with ~95% of the 331 participants
between the ages of 18 and 21 years. Eighty-nine per cent
of participants were Malay (n=295), >99% had never been
married, and 77% were in a Foundation year at Universiti
Putra Malaysia. More than half of the participants had
a healthy BMI (table 1). The overall mean+SD baseline
plasma folate concentration was 10.7+5.1 nmol/L, and
the overall mean+SD baseline RBC folate concentration
was 482+148 nmol/L.

Overall, 94% (n=312/331) participants were adherent,
consuming >80% of the required tablets throughout
the 16 weeks of intervention. In the 2.8 mg folic acid
group, 95% (n=106/111) were adherent, while 93%
(n=102/110) and 95% (n=104/110) were adherent in
the 0.4mg and Omg groups, respectively. Thirty-five
women (11%) reported experiencing at least one side
effect (n=10 in the O mg group, n=10 in the 0.4mg group
and n=15 in the 2.8mg group). Common side effects
included: nausea (n=9), diarrhoea (n=10), vomiting
(n=4), gas (n=8) and constipation (n=7).

After 16 weeks of supplementation, the mean RBC
folate was significantly higher in the groups receiving

| Assessed for eligibility (n=429) ‘

Excluded (n=98)
= Declined to participate (n=94)
» = Other reasons (n=4)

Randomised (n=331)

|

I )

Allocation

Follow-Up

Analysis

Follow-Up

Analysis

Allocated to 60 mg iron + 0 mg folic acid (n=110)
= Received allocated intervention (n= 110)
= Did not receive allocated intervention (n=0)

A 4

Allocated to 60 mg iron + 0.4 mg folic acid (n=110)
= Received allocated intervention (n=110)
= Did not receive allocated intervention (n=0)

Allocated to 60 mg iron + 2.8 mg folic acid (n=111)
= Received allocated intervention (n=111)
= Did not receive allocated intervention (n=0)

Lost to follow-up (n=3)
= Declined follow-up (n=3)

A 4

A 4

\4

Lost to follow-up (n=2)
= Declined follow-up (n=2)

Lost to follow-up (n=2)
= Declined follow-up (n=1)
= Unable to collect blood sample (n=1)

Analyzed at 16 week timepoint (n=107)
= Excluded from analysis (n=0)

A4

l

l

Analyzed at 16 week timepoint (n=108)
= Excluded from analysis (n=0)

Analyzed at 16 week timepoint (n=109)
= Excluded from analysis (n=0)

l

Lost to follow-up (n=4)
= Declined follow-up (n=3)
= Non-compliant (n=1)

Lost to follow-up (n=3)
= Declined follow-up (n=3)

Lost to follow-up (n=6)
= Declined follow-up (n=6)

A4

Analyzed at 20 week timepoint (n=103)
= Excluded from analysis (n=0)

v

l

Analyzed at 20 week timepoint (n=105)
= Excluded from analysis (n=0)

Figure 1 Flow diagram of trial enrolment.

Analyzed at 20 week timepoint (n=103)
= Excluded from analysis (n=0)

=
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Table 1 Baseline characteristics of enrolled Malaysian women by treatment group*®

0mg folic acid (n=110)

0.4 mg folic acid (n=110)

2.8 mg folic acid (n=111)

Age, years 18 (18,18)
Ethnicity
Malay 96 (87 %)
Chinese 9 (8%)
Indian 1(1%)
Other 4 (4%)
Never married 110 (100%)
People living in household 5 (4,6)
Current level of schooling
Foundation year 84 (76%)
Bachelor’s degree 22 (20%)
Completed Bachelor’s degree or higher 4 (3.6%)
Monthly household income, US$
Less than US$250 5 (5%)
US$250-US$450 18 (16%)
US$450-US$900 22 (20%)
US$900-US$1400 21 (19%)
US$1400 and above 33 (30%)
Declined 11 (10%)
BMI category (kg/m?)
Underweight, <18.5 19 (17%)
Normal weight, 18.5-24.9 64 (58%)
Overweight, 25-29.9 13 (12%)
Obese, >30 14 (13%)
Baseline Hb, g/L 129+12
Anaemia prevalence, Hb <120g/L 18 (16%)

18 (18,18) 18 (18,19)
99 (90%) 100 (90%)
7 (6%) 8 (7%)
2 2%) 2 (2%)
2 (2%) 1 (1%)
107 (97%) 110 (99%)
5 (4,6) 5 (5,6)
87 (79%) 83 (75%)
19 (17%) 22 (20%)
4 (4%) 6 (5%)
3 (3%) 10 (9%)
20 (18%) 12 (11%)
18 (16%) 14 (13%)
21 (19%) 17 (15%)
30 (27%) 52 (47%)
18 (16%) 6 (5%)
25 (23%) 16 (14%)
61 (56%) 74 (67%)
15 (14%) 11 (10%)
9 (8%) 10 (9%)

128+12 128+11
20 (18%) 20 (18%)

*Values are mean+SD, median (IQR), or n (%).
BMI, body mass index; Hb, haemoglobin.

2.8mg and 0.4mg folic acid than 0 mg (mean difference
(MD) 355 (95% CI 316 to 394) and 84 (95% CI 54 to
113) nmol/L, respectively (p<0.0001)) (table 2). RBC
folate was 271 (95% CI 234 to 309) nmol/L higher on
average in the group receiving 2.8 mg than those receiving
0.4mg (p<0.0001). Following washout, mean RBC folate
remained significantly higher in the groups receiving
2.8mg and 0.4mg folic acid per week than O mg (MD 293
(95% CI 259 to 327) and 82 (95% CI 52 to 113) nmol/L,
respectively (p<0.0001)). After 16 weeks of supplementa-
tion, mean plasma folate was significantly higher in the
group receiving 2.8mg folic acid than the 0.4mg and
Omg groups (MD 14.9 (95% CI 12.0 to 17.8) and 19.6
95% CI (16.9 to 22.4) nmol/L, respectively (p<0.0001)).
Following washout, mean plasma folate remained signifi-
cantly higher in the group receiving 2.8 mg folic acid than
the groups receiving 0.4mg and Omg (MD 8.0 (95% CI
5.7 10 10.3) and 9.5 (95% CI 6.8 to 12.3) nmol/L, respec-
tively (p<0.0001)). The per-protocol analysis produced
similar findings (online supplemental table 1), as did an

unplanned sensitivity analysis adjusting for baseline BMI
category due to a chance imbalance between the treat-
ment groups (data not shown).

At 16 weeks, the 2.8 mg group was more likely to have
RBC folate concentrations >748 nmol/L than the 0.4mg
(relative risk (RR) 7.3, 95% CI 3.9 to 13.7) and the Omg
folic acid group (RR 16.0,95% CI 6.1 to 42.3), while there
was no evidence of a difference between the 0.4 and 0 mg
groups. Following the washout period, the 2.8 mg group
was still more likely to have RBC folate >748 nmol/L than
the 0.4mg (RR 4.2, 95%CI 2.4 to 7.3) and Omg group
(RR 14.6, 95% CI 5.2 to 41.1). The difference between
the 0.4 and Omg groups at 20 weeks did not reach statis-
tical significance after adjustment for multiple compari-
sons (table 3).

DISCUSSION
Here, we provide the first evidence that the recom-
mended weekly dose of 2.8 mg folic acid, rather than the
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Table 2 RBC and plasma folate concentrations by treatment group at 16 and 20 weeks

0.4 vs Omg 2.8 vs 0.4mg

2.8 vs Omg

Mean difference

P valuetx (95% CI)t

Mean difference

P valuetx (95% CI)t

Mean difference

(95% CI)t

P valuet

111)*

2.8mg (n

0.4mg (n=110)*

=110)*

Omg (n

Outcome

RBC folate, nmol/L§

507+168
851+208

474+136
554+146

466+136
466+158
443+134

Baseline

<0.0001 271 (234t0309)  <0.0001
211 (173 to 249)

<0.0001

<0.0001 84 (54 to 113)

<0.0001

355 (316 to 394)
293 (259 to 327)

16 weeks

<0.0001

82 (52 to 113)

766+183

5341155

20 weeks

Plasma folate, nmol/L§

11.6+6.6

10.3+4.3
15.6+7.2

10.1+4.0
10.7+4.8
13.5+10.3

Baseline

<0.0001 4.8(35t06.0) <0.0001 14.9(12.0t0 17.8) <0.0001
8.0 (5.7 to 10.3)

<0.0001

19.6 (16.9 to 22.4)

31.5+14.5
24.2+11.0

16 weeks
20 weeks

<0.0001

0.15

5 (=0.5 to 3.6)

9.5 (6.8 to 12.3)

15.2+6.2

*Values are mean+SD based on the raw data of the intention-to-treat population.

TMean differences are adjusted for the baseline value of the outcome.

IStatistical significance set at p<0.0167 for pairwise comparisons of treatment groups.

§P<0.0001 for treatment group by time point interaction test.

RBC, red blood cell.

commonly used 0.4mg weekly dose, is more effective at
increasing RBC folate. Therefore, we would expect the
2.8mg dose to be more protective against NTDs should
a woman or adolescent girl become pregnant. After 16
weeks of treatment, 68% of women in the 2.8 mg group
attained an RBC folate >748 nmol/L, compared with only
8% in the 0.4mg weekly group. Moreover, at 16 weeks,
women receiving 0.4 mg folic acid were not more likely to
achieve RBC folate >748 nmol/L than women receiving
Omg—further highlighting the minimal impact of
providing 0.4 mg once weekly.

With respect to the reduction in NTD, Crider et al esti-
mated a risk reduction from 35.9 (95% CI 28.1 to 46.2)
NTDs per 10000 births to 14.6 (12.4 to 17.0) NTDs per
10000 births following a 300nmol/L increase in RBC
folate among US women with RBC folate concentrations
in the fifth percentile.'” Given that women in our trial
receiving 2.8 mg folic acid per week had a similar increase
in RBC folate concentrations, a large risk reduction, such
as the one demonstrated above, would be predicted—
especially among women with low baseline status. Overall,
weekly IFA supplements that contain 60 mg of elemental
iron and 2.8mg of folic acid could not only prevent
anaemia but also reduce the risk of NTD if a woman were
to become pregnant. The 2.8 mg dose of folic acid would
be particularly benefit adolescent girls beause of their
high rate of unplanned pregnancies.’

While no studies have compared iron with different
weekly folic acid doses on RBC folate, weekly dosing has
been compared with daily supplementation in at least
two trials. Unsurprisingly, daily dosing is more effective
than weekly at increasing blood folate indices. Among
New Zealand women (18-40 years), daily supplementa-
tion with 0.4mg folic acid was more effective than 2.8 mg
weekly at increasing RBC folate after 12 weeks (MD
(95% CI) 411 (325 to 504) and 265 (192 to 345) nmol/L,
respectively) compared with the 0 mg group.” Neverthe-
less, the authors concluded that 2.8 mg folic acid weekly
would still be expected to decrease NTD risk. Moreover,
in the New Zealand study, over half of the women taking
the weekly folic acid supplement achieved an RBC folate
concentration associated with a low risk of NTD at week
12 compared with nearly three-quarters in the daily
0.4mg group. Compared with their respective placebo
groups, the MD in RBC folate among women receiving
2.8mg folic acid weekly in the New Zealand study was
not as great as the difference reported in our study (MD
265 vs 355 nmol/L). The greater difference in mean RBC
folate observed in our study may be due to the longer
duration of our study compared with the New Zealand
study (16 vs 12 weeks), as baseline RBC folate concentra-
tions were similar after calibrator adjustment.

Hao et al compared the effect of 4.0 mg folic acid weekly
vs 0.4mg folic acid daily on RBC folate concentrations in
Chinese women (24-42 years) 25 After 3 and 6 months of
supplementation, RBC folate concentrations increased
by ~171and ~278nmol/L, respectively, in the 4.0mg
weekly group compared with ~310and ~430nmol/L in
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Table 3 RBC folate concentrations >748 nmol/L by treatment group at baseline, 16 and 20 weeks

Treatment N Baseline* 16weeks* Relative risk (95%CI)t P valuet 20weeks* Relative risk (95%CIl)t P valuef
2.8mg folic acid§ 111 9 (8%) 74 (68%) 16.0 (6.1 to 42.3) <0.0001 55 (53%) 14.6 (5.2 to 41.1) <0.0001
0.4 mg folic acid 110 4 (4%) 9 (8%) 2.2 (0.7t0 6.8) 0.17 12 (11%) 3.5(1.1t0 10.7) 0.03
0mg folic acid 110 3 (3%) 4 (3%) Reference 3 (83%) Reference

*Values are n (%) of women with RBC folate concentrations greater than 748 nmol/L based on the raw data of the intention-to-treat population.
TRelative risks are relative to the 0mg folic acid group and are adjusted for baseline RBC folate levels.

FStatistical significance set at p<0.0167 for pairwise comparisons of treatment groups.

§RBC folate relative risk for 2.8 mg vs 0.4mg was 7.3 (95% CI 3.9 to 13.7; p<0.0001) at 16 weeks and 4.2 (95% Cl 2.4 to 7.3; p<0.0001) at 20

weeks. P=0.31 for treatment group by time point interaction test.
RBC, red blood cell.

the group receiving 0.4mg folic acid daily. The increase
seen when supplementing with 4.0mg folic acid weekly
was half that in our study at a similar time point (12 and
16 weeks), despite using a higher dose. The women in
the study by Hao et al had a high prevalence (>30%) of
the TT variant of the methylenetetrahydrofolate reduc-
tase (MTHFR) 677C—T genotype, an enzyme polymor-
phism that is associated with altered folate metabolism.
The increase in those with the TT variant receiving the
weekly supplement was only half that of those with the
CC wildtype at 3 months (~123 vs 220nmol/L, respec-
tively).?” The global prevalence of this variant is estimated
at less than 10%.”*’ In our recent study in a similar
group in Malaysia (n=75), only one woman carried the
TT variant.”’ Thus, this Chinese population may not be
representative of the wider global population.

Plasma folate concentrations at week 16 by treatment
group generally paralleled RBC folate. Plasma folate is
affected by recent dietary intake, especially folic acid
supplement use, and is less stable than RBC folate, which
better reflects tissue folate concentrations.?* Moreover,
WHO recommends that plasma folate not be used as
a biomarker for NTD prevention, and no sufficiency
threshold for plasma folate is given."'

Strengths of this trial include the randomised placebo
controlled design and high retention (98% at 16 weeks)
and adherence rates (94% at 16 weeks). Further, there is
no fortification with folic acid in Malaysia and the prev-
alence of anaemia among women of reproductive age is
greater than 20%," suggesting that WHO recommended
intermittent IFA programming is warranted in this popu-
lation for non-pregnant women. We used a well-accepted
biomarker of NTD risk, RBC folate, which is inversely asso-
ciated with NTD risk in diverse populations, including
Irish and Chinese women.’ ! Moreover, the finding that
folic acid fortification, which typically provides women
with less than 0.4mg/daily, has increased RBC folate and
lowered NTD risk in countries where it has been imple-
mented further supports the use of this biomarker.”’™*
The work was carried out in Malaysia because it had
anaemia rates high enough to justify a weekly IFA
programme and the necessary infrastructure and exper-
tise to carry out a high-quality efficacy trial. However, we
are confident that our results are generalisable to other

countries where weekly IFA supplements are used and
will reduce the burden of these devastating birth defects.

Limitations include that no trial has shown that weekly
folic acid, at any dose, lowers NTDs. Evidence supporting
weekly folic acid comes from México, where a 50%
reduction in NTDs was found following a public health
campaign that recommended women take 5 mg folic acid
weekly.34 Moreover, the 16-week duration of our inter-
vention likely underestimates the full potential of the
intervention effect on RBC folate concentrations. It has
been previously shown that women consuming 0.4mg
folic acid daily for 40 weeks had still not yet reached a
steady-state of RBC folate concentrations. Houghton
et al estimated that it would likely require 96 weeks for
women to achieve 90% of the estimated steady-state when
supplementing with 0.4 mg folic acid per day.” While our
intervention was short, intermittent IFA supplementa-
tion is recommended to commence after menarche and
continue through to menopause,1 meaning that adoles-
cent girls and women participating in IFA programmes
could be consuming the supplements for long periods
and will reach a steady-state. Also, our secondary anal-
yses examining the dichotomized outcome presented for
RBC folate >748 does not have the same degree of statis-
tical precision as our pre-specified primary outcome on
which the trial’s sample size was based, RBC folate as a
continuous variable (which had excellent statistical preci-
sion (table 2)).

Finally, we did not measure MTHFR genotype nor
account for differences in efficacy based on BMI. The
MTHEFR TT variant is associated with lower plasma and
RBC folate concentration527; however, the prevalence
of the TT variant is thought to be relatively low in the
Malay population. A higher BMI has been shown to
alter distributions of plasma and cellular folate, leading
to lower plasma concentrations and higher RBC folate
concentrations.””® WHO guideline states that weekly
IFA supplementation is to be targeted to all menstru-
ating adolescent girls and women in populations where
the prevalence of anaemia in non-pregnant women of
reproductive age is 20% or higher." In practice, there
is unlikely to be different doses of IFA supplements
for populations depending on their BMI or MTHFR
genotype.
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Daily supplementation with folic acid remains the
best practice to prevent NTDs in women planning a
pregnancy. Where women are not planning to become
pregnant, or do not take a daily supplement, our find-
ings show that weekly IFA supplements containing the
WHO recommended dose of 2.8 mg folic acid are more
effective at improving RBC folate concentrations and
reducing the risk of NTDs than the dose currently used in
practice (0.4mg folic acid per week). In order to achieve
success in a real world setting, weekly IFA programmes
must be designed using evidence-based best practices
that encourage maximal coverage and adherence.” *
We recommend that countries currently using weekly IFA
supplements containing 0.4 mg folic acid be enabled and
supported to switch to 2.8 mg.
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