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ABSTRACT

Weekly iron and folic acid supplementation (WIFAS) is among the 8 key effective actions for improving adolescent nutrition included by the WHO
in the 2018 guidelines. However, at present WIFAS in the WHO-recommended formulation is not included in the Model Essential Medicines List
(MEML), limiting the potential for countries to import, produce, and prioritize this formulation as part of their national supply management and
procurement plans for medicines. The WHO WIFAS guideline presents evidence that the formulation reduces anemia, but not that folic acid reduces
neural tube defects (NTDs), because sufficient evidence was unavailable at the time of the last review. Recently, a 3-arm, parallel-group, randomized,
double-blind, placebo-controlled folic acid efficacy trial on WIFAS was conducted to address this evidence gap. The study population included 331
women (18–45 y old), randomly assigned to 3 treatment groups, including a supplement with 60 mg Fe as ferrous fumarate and either 0 mg,
0.4 mg, or 2.8 mg of folic acid, to be consumed once weekly for 16 wk, followed by a 4-wk washout period. In this article we critically review how
the outcomes of this folic acid efficacy trial, and how the evidence generated, could potentially be used to inform WHO WIFAS guidelines for the
potential inclusion of this formulation on the MEML, and how this, in turn, may affect product availability. If the new evidence on weekly folic acid is
assessed as adequately reducing the risk of NTDs, a guideline revision could be warranted and WIFAS could be presented to the MEML for the dual
benefits of anemia reduction and NTD prevention. This inclusion could enable acceleration of implementing policies and programs to contribute
to global anemia and NTD reduction efforts. Adv Nutr 2021;12:334–342.
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Introduction
Adolescent anemia
The World Health Assembly has called for a 50% reduction
in anemia in women of reproductive age (aged 15–49 y) by
2025 (1). To reach this goal, the ∼600 million adolescent
girls living in developing countries should become a prime
focus of anemia reduction efforts. Although adolescent-
specific data are lacking globally, it is estimated that ∼30%
of adolescents are anemic (2). Iron deficiency anemia is now
recognized as the number 1 cause of lost disability-adjusted
life years in adolescent girls aged 10–19 y and boys aged 10–
14 y globally (3).

Anemia has 3 major consequences for adolescent girls:
1) decreased school performance (and challenges in concen-
tration); 2) loss of productivity (e.g., helping with younger
siblings, agricultural work, wage labor, or community activi-
ties); and 3) decreased current and future reproductive health
for those that become pregnant (4). Related to this, young
maternal age increases the risk of maternal anemia during
pregnancy (5, 6). Although birth rates have declined in low-
resource countries over the past 2 decades, adolescent birth
rates have not seen the same decreases. Globally, 11% of all
births are by adolescent girls (15–19 y old), with 95% of these
in low-resource countries, leading to an increased risk of
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adverse outcomes for the adolescent mother and her child
(7).

Intermittent (i.e., weekly) iron and folic acid supplemen-
tation is one of the few nutrition interventions shown to be
effective among studies of anemia reduction programs in the
Asia region. The WHO recommends intermittent iron and
folic acid supplementation (at least once weekly for 3 mo,
administered twice yearly, or after the school semester) as
an effective strategy to prevent anemia in populations where
anemia prevalence in women of reproductive age is of public
health concern (anemia >20%) (8). The WHO Effective
Actions for Adolescent Nutrition include weekly iron and
folic acid supplementation (WIFAS) as 1 of 8 key effective
actions for improving adolescent nutrition.

The Global Strategy for Women’s, Children’s and Adoles-
cents’ Health (2016–2030) highlights adolescents as a priority
group for reaching the Sustainable Development Goals (1).
However, adolescent nutrition has been an area previously
neglected in global and national investment, policy, and
programming in developing countries.

What is the Essential Medicines List and why does it
matter for nutrition?
The WHO’s Model Essential Medicines List (MEML) was
first created in 1977 to guide the selection of medicines,
including nutritional supplements, for the priority health
care needs of the population (8). The selection of essential
medicines is based upon the prevalence of disease and
public health relevance; evidence of clinical efficacy and
safety; as well as the comparative cost and subsequent cost-
effectiveness. The inclusion of a medicine in this list implies
that it should be available at all times, in adequate amounts,
within a functioning health care system (9). Essential
medicines should also be available in the appropriate dosage
forms, with assured quality, and at a price point both
individuals and communities can afford.

The MEML was not designed as a global standard, but
rather as a guide for the development of national essential
medicines lists (EMLs) and institutional EMLs. Since its
creation, many countries have developed their own EMLs
and some even have provincial or state lists. These lists are
closely tied to national health care guidelines for clinical
health care practice (9). Lists of essential medicines guide
the procurement and supply of medicines in the public
sector, schemes that reimburse medicine costs, medicine
donations, and local medicine production. When adapting
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or translating the MEML to a national EML, countries often
consider local demography, disease patterns, health care
facilities, health care personnel training, and the availability
of pharmaceutical products, financial resources, and envi-
ronmental factors (2). With this in mind, many international
organizations commonly use the essential medicines concept
and base their supply system on the MEML (9). Implement-
ing a supplementation intervention, such as micronutrient
supplementation, depends on commodity availability. If a
micronutrient supplement is on the MEML, its supply
management is prioritized.

Currently, WIFAS is recommended by the WHO in the
formulation of 60 mg Fe and 2.8 mg folic acid for anemia
prevention. However, this formulation is not currently in
the MEML. Increasing numbers of countries are looking
for ways to improving adolescent nutrition, and WIFAS is
one of the few interventions supported by effectiveness data.
Many governments are interested in this intervention as
part of anemia reduction strategies (10), so challenges arise
when WIFAS in the 60 mg Fe and 2.8 mg folic acid WHO-
recommended formulation is not available or accessible.

In the present article, we focus on the case of WIFAS
as recommended in the WHO intermittent iron folic acid
supplementation guideline (11), and the gaps in data that
have prevented the commodity from being included in
the MEML (12, 13). Further, we explore how data from
a randomized controlled efficacy trial could be used to
inform its inclusion in the MEML, and some of the practical
consequences derived from it.

How medicines are added to the list and how this has
changed over time
In 1999, the Expert Committee decided that the process
by which the MEML was updated should be changed to
reflect the advances in the science of evidence-based decision
making, the link between essential medicines and guidelines
for clinical health care, and the high cost of new medicines.
The Committee moved that a more systematic approach
be used for applications to the MEML. This represented
a change from an “experience-based” approach, wherein
selection decisions were made by members of the Expert
Committee through applications from WHO program staff
and the pharmaceutical industry (14). In addition, a more
transparent process was initiated that allowed for interested
parties to comment on the applications and draft recom-
mendations (15). Different WHO departments also became
involved in the application and selection process and a new
WHO essential medicines library was developed. Overall,
these actions aim to ensure that the Expert Committee
operates with full scientific independence when making its
final recommendations.

The current standard is that the MEML is updated every
2 y, reflecting the need to incorporate updates in the available
evidence and new therapeutic options, while also accounting
for changing therapeutic needs (15). The current list is
the 21st iteration and was prepared by the WHO Expert
Committee in June 2019 (16).
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The selection of new additions to the MEML depends on
many factors, namely the disease burden and accurate data
on efficacy, safety, and comparative cost-effectiveness. Data
on stability, the need for special diagnostic or treatment facil-
ities, or pharmacokinetic properties may also be considered
if available and appropriate (15). Should accurate scientific
data not be available, the decision may be deferred until more
evidence is available, or expert opinion and experience may
be used. The majority of essential medicines consist of a
single product (e.g., a micronutrient), although combinations
of products in specific formulations may be included when a
proven advantage has been shown with regards to therapy,
safety, or adherence when compared with single compounds
given separately (15).

Current WHO guidelines regarding WIFAS
In 2011, the WHO released guidelines for Intermittent Iron
and Folic Acid Supplementation in Menstruating Women that
were developed by the Nutrition Guidance Expert Advisory
Group (11). The WHO recommended that intermittent
iron and folic acid supplementation be used as a public
health intervention to improve iron status in menstruating
adolescent girls and women living in areas where the
prevalence of anemia in women of reproductive age (15–49 y
of age) is >20% and no other micronutrient interventions are
in place to control anemia.

The current guidelines state that the supplement should be
taken once weekly for a period of 3 mo, followed by a 3-mo
period with no supplementation. After this, supplementation
should restart (11). Alternatively, if feasible, supplements
could be given throughout the school or calendar year.
WIFAS should contain 60 mg of elemental iron (which
may be provided by 300 mg ferrous sulfate, 180 mg ferrous
fumarate, or 500 mg ferrous gluconate) in addition to 2.8 mg
of folic acid (the synthetic form of folate). This supplement
should be available in tablet or capsule form and adminis-
tered orally (11). In areas where malaria is endemic, WIFAS
should be given along with measures to prevent, diagnose,
and treat malaria (11). Because WIFAS is a preventative
strategy, any woman diagnosed with anemia in a clinical
setting should receive daily iron (120 mg elemental iron)
and folic acid (0.4 mg) until her hemoglobin concentrations
return to normal (17). Subsequently, she can then switch
to an intermittent regimen to prevent anemia recurrence.
This preventative measure could also be administered to
women planning to become pregnant to reduce anemia
and improve iron stores. However, upon confirmation of
pregnancy, women should receive standard antenatal care of
daily supplementation with iron and folic acid as a public
health approach or where available in response to any clinical
assessment on anemia and iron status (11, 18).

Rationale for a weekly supplementation schedule
An intermittent (i.e., weekly) iron supplementation schedule
was proposed as an alternative to the usual daily dose because
of the limited absorptive capacity of the intestinal cells,
which leads to an accumulation of nonabsorbed iron in

TABLE 1 Alternative iron salts to provide the concentration of iron
recommended on the Essential Medicines List

Ferrous salt formulation
60 mg elemental iron

equivalent dose

Ferrous sulfate heptahydrate 300 mg
Ferrous fumarate 180 mg
Ferrous gluconate 500 mg

the intestinal mucosa and subsequent side effects. Given
that intestinal cells turn over every 5–6 d, an intermittent
supplementation regime would expose only new cells to the
iron compound, leading to increased absorption and reduced
iron exposure, decreasing subsequent oxidative stress (19,
20). This could minimize absorptive competition between
iron and other minerals, and reduce some of the unpleasant
side effects associated with daily supplementation (21, 22).
With respect to the latter, intermittent supplementation
programs have been shown to increase adherence and
acceptability among participants (23, 24).

The weekly dose of 2.8 mg folic acid was chosen because
it was 7 times the daily dose (0.4 mg) found to be effective
in reducing the risk of NTDs in clinical trials (25). Although
studies examining the effect of weekly folic acid have found
that it is effective in increasing RBC folate and plasma folate
concentrations (26), a rigorous trial had not been conducted
to assess if 2.8 mg folic acid/wk is the optimal dose to allow
women to reach an RBC folate concentration associated with
a low risk of NTDs (>906 nmol/L) (27).

Current formulations of iron and folic acid on the EML
Ferrous salt.
Currently, iron salt is listed on the WHO MEML under
“Section 10.1. Antianaemia medicines.” It is recommended
in either oral liquid or tablet form. The oral liquid form
should be equivalent to 25 mg Fe (as sulfate)/mL, whereas the
tablet form should contain 60 mg Fe (16). This amount of iron
in tablet form may be provided by different concentrations of
iron salts, as Table 1 shows.

Folic acid.
In 2015, the 19th WHO MEML welcomed the addition of
daily 0.4 mg folic acid tablets for periconceptional use in
women of reproductive age. This dose of folic acid was
included as a public health intervention to prevent the first
occurrence of NTDs and is listed under “Section 10.1. Anti-
anemia medicines” (28).

An inverse relation between RBC folate and risk of NTDs
has been demonstrated. In 1995, a case-control study in
Ireland assessed the relation between both plasma folate and
RBC folate and the risk of an NTD-affected pregnancy (29).
In this study, researchers examined blood samples taken
at ∼15 weeks of gestation (median value) from 84 cases
and 266 controls and followed women until delivery. It was
found that the risk of NTDs was inversely associated with
maternal RBC folate concentrations in early pregnancy. A
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low risk (8 per 10,000 births) was associated with an RBC
folate concentration >906 nmol/L, but there was a risk
reduction across the entire range of RBC folate. Overall, there
was a >8-fold difference in risk of NTD-affected pregnancy
between women with RBC folate >906 nmol/L and those
with RBC folate <340 nmol/L (P < 0.001) (29). This was
later confirmed in 2014 when the Community Intervention
Project (1993–1995; n = 247,831) and Folic Acid Dosing
trial (2003–2005; n = 1194) found that the “optimal”
population RBC folate concentration for the prevention of
NTDs was ∼1000 nmol/L (30). The cutoff of 906 nmol/L
is used to identify folate insufficiency for NTD prevention.
It should be noted that the threshold for insufficient folate
concentration (i.e., the concentration above which there is
optimal protection against the risk of NTD) is higher than the
305 nmol/L used to identify those at risk of folate deficiency
anemia (31).

That periconceptional folic acid supplementation reduces
NTD risk is beyond refute and is summarized in a 2014
Cochrane systematic review (26). The review included
5 high-quality studies, including 6708 births, and reported
that daily folic acid supplementation (where supplement
doses included were 0.36 mg, 0.8 mg, 2 mg, and 4 mg folic
acid) had a protective effect for the prevention of NTDs
compared with no intervention/placebo or other minerals
without folic acid [risk ratio (RR): 0.31; 95% CI: 0.17, 0.58].
Folic acid was also found to have a significant protective effect
on the recurrence of NTDs (RR: 0.34; 95% CI: 0.18, 0.64)
in an analysis that included 4 studies and 1846 births (26).
In a subgroup analysis the authors of this report concluded
that daily doses >0.4 mg conferred no additional benefit
on the reduction of NTD occurrence and it did not matter
whether folic acid was consumed alone or as part of a
multiple micronutrient formulation (26). It should be noted
that the WHO-recommended once-weekly iron folic acid
formulation containing 60 mg Fe and 2.8 mg folic acid was
not included in this review.

In addition, it should also be noted that for women at
high risk of an NTD-affected pregnancy, such as women
with a previous NTD-affected pregnancy (32), the recom-
mended dose of folic acid is much higher (5 mg folic acid
daily). This formulation is currently included on the WHO
MEML.

Ferrous salt and folic acid.
Currently, the combination of a ferrous salt and folic acid is
listed on the WHO MEML under “Section 10.1. Antianaemia
medicines.” The formulation listed includes 60 mg Fe and
0.4 mg folic acid for use as a nutritional supplement during
pregnancy (28). It is intended to be used as a daily oral
supplement to prevent maternal anemia, puerperal sepsis,
low birth weight, and preterm birth (33).

The WHO makes a distinction between “supplementa-
tion,” meant to prevent anemia by improving iron status
before iron deficiency anemia is manifest, and “therapeutic
supplementation,” meant to correct (treat) established iron
deficiency anemia. The first intervention may be delivered

by community-based initiatives such as women’s organiza-
tions, schools, religious and community leaders, or self-
administered; the second one should be part of the health
care delivery system.

The recommended formulation for prevention of iron
deficiency anemia (i.e., low hemoglobin and low ferritin) in
women of reproductive age, as listed in the WHO guideline, is
daily supplementation with 30–60 mg Fe and 0.4 mg folic acid
for a period of 3 mo (34). Although this approach is effective,
success from a public health perspective is often hampered
by low coverage rates, insufficient tablet distribution, and low
adherence due to unpleasant side effects (e.g., constipation,
dark stools, and metallic taste), lack of diagnosis, and low
feasibility of screening (11). Most commonly, inadequate
supply, not adverse side effects, has been noted as the primary
reason women did not consume their supplements (35, 36).
This has been regarded by health care providers as a problem
of inadequate procurement procedures at the local level as
opposed to upper or central levels (35). Side effects have
been noted to only affect adherence minimally because the
proportion of women who stop taking the supplements is
small and is not seen as a reason for program failure (36).

Review of the evidence to support inclusion of WIFAS on
the EML.
In 2013, an application was made to the WHO MEML
to include an intermittent regime of a fixed-dose combi-
nation of 60 mg elemental iron and 2.8 mg folic acid to
be used by menstruating women and adolescent girls in
areas where the prevalence of anemia is moderate or high
(i.e., >20% in the population) (12). Evidence to support
this application came from a 2011 Cochrane review that
found that, compared with no supplementation or placebo,
women taking intermittent iron supplements had improved
hemoglobin and ferritin concentrations, and were less likely
to develop anemia (36). There was variability in data quality,
however; when compared with data from eligible trials
of daily iron supplementation, women using intermittent
supplements were more likely to be anemic and have lower
ferritin concentrations, despite having similar hemoglobin
concentrations (37). Therefore, the Expert Committee did
not support the application to the MEML, because the data
to support this recommendation did not show that the
intermittent regime was at least as effective as the daily fixed
dose combination (60 mg Fe and 0.4 mg folic acid) for the
prevention and control of anemia in menstruating women
(12, 13).

In 2015, a new application was made to the 19th WHO
MEML for this WIFAS formulation of ferrous salt and
folic acid on behalf of the WHO Department of Nutrition
for Health and Development. This application included
additional data on the efficacy of weekly folic acid on
improving RBC folate status for the prevention of NTDs
(13). Evidence from 2 clinical trials was included in the
application, showing the effects of once-weekly (2.8 mg or
4 mg) compared with daily folic acid supplementation (where
daily doses included 0.1 mg, 0.4 mg, and 4 mg) on RBC
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folate concentrations (38, 39). The studies presented found
that after 12 wk, weekly 2.8 mg folic acid supplementation
increased RBC folate concentrations to 900 nmol/L (95% CI:
828, 978 nmol/L), whereas after 6 mo, 4 mg folic acid/wk
raised RBC folate concentrations to 888.6 nmol/L (95%
CI: 840.1, 939.9 nmol/L) (38, 39). The rise in RBC folate
concentrations was linear and did not reach a plateau in the
study time frame. Both of these concentrations are close to
906 nmol/L, corresponding to the concentration associated
with the largest reduction in risk of NTDs (29). However,
both weekly folic acid supplementation schedules produced
lower plasma folate and RBC folate concentrations than
did daily supplementation. Therefore, the Expert Committee
determined that weekly folic acid supplementation (either
2.8 mg or 4 mg) was not as effective as daily supplementation
with 0.4 mg for the prevention of NTDs (13).

The Expert Committee considered that the strength of
the evidence presented ranged from low to moderate, and
considered it insufficient to recommend the addition to the
MEML of the new fixed-dose combination formulation of
ferrous salt plus folic acid (60 mg and 2.8 mg), for either
the prevention of anemia or the reduced risk of NTDs (13).
Two other issues that the Committee reported were the lack
of adequate adherence data along with the fact that the
commercial availability of the product at the time of the
report was limited to 1 country (13).

How to improve the evidence to support the potential
inclusion of WIFAS on the MEML
In 2019, an efficacy trial, titled “Effect of once weekly folic
acid supplementation on erythrocyte folate concentrations in
women to determine potential to prevent neural tube defects:
a randomised controlled dose-finding trial in Malaysia”
(herein referred to as the Folic Acid Efficacy Trial), was
conducted in order to provide evidence for the guideline on
weekly folic acid supplementation in menstruating women
(40). This trial was coordinated by Nutrition International,
the South Australia Health and Medical Research Institute,
Universiti Putra Malaysia, and the University of British
Columbia. This trial took place in Selangor, Malaysia,
where the prevalence of anemia among females was 35.5%
according to the 2015 National Health and Morbidity Survey
(41, 42). A previous study conducted in 2005, including
399 Malaysian women aged 18–40 y, showed that 15.1%
had plasma folate deficiency (defined here as <6.8 nmol/L),
whereas 9.3% had RBC folate deficiency (defined here as
<363 nmol/L) (43). Only 15.2% of the women had RBC
folate concentrations above the sufficiency threshold of
906 nmol/L.

Background for the study.
In 2015, the overall global estimated prevalence of NTD-
affected birth outcomes was 260,100 [95% uncertainty
interval (UI): 213,000, 322,000] (44). This estimate excluded
spontaneous fetal loss and equates to 18.6 per 10,000 live
births (95% UI: 15.3, 23.0 per 10,000 live births). Asia
and Africa have the highest prevalence of NTD-associated

stillbirths, representing 85% of the global prevalence. Within
Malaysia, data from the 2009 Malaysian National Neonatal
Registry found that, from a cohort of 141 infants with
various NTDs, the prevalence was 4.2 per 10,000 live births
(45). This, however, is likely an underestimate because the
authors were unable to include information on stillbirths
and abortions in the participating hospitals; data from
home deliveries (∼5% of the total births) and from private
hospitals; and screening of all the unborn infants, using
ultrasonography, to detect spina bifida occulta and other less
obvious NTDs (45). In addition, a previous study by Green
et al. (46) looked at the RBC folate status and predicted NTD
rate in 3 Asian cities (Beijing, Kuala Lumpur, and Jakarta) and
found that Kuala Lumpur, Malaysia, had a mean RBC folate
concentration of 674 nmol/L (95% CI: 644, 704 nmol/L),
which corresponded to a predicted NTD rate of 24 per 10,000
live births (95% CI: 22, 25 per 10,000 live births). It is relevant
to mention that Malaysia does not have a folic acid food
fortification program.

Study design.
This study included a total of 331 women (18–45 y of age),
recruited from the local community surrounding Universiti
Putra Malaysia. Inclusion criteria required that women were
nonpregnant (self-reported), not planning on becoming
pregnant, not currently taking micronutrient supplements
containing folic acid or participating in another nutritional
intervention, apparently healthy, not taking any medication
known to affect folate status, and not planning to leave
the community during the timeline of the study. The study
protocol called for women found to have severe anemia
(defined as hemoglobin <80 g/L) to be contacted within
3 d and referred to a local health center for follow-
up, but they were not excluded from the study unless
their medical practitioner recommended withdrawal (47).
The study design corresponded to a 3-arm, parallel-group,
randomized, double-blind, placebo-controlled trial with a
16-wk intervention period followed by a 4-wk washout
period. The washout period was included to simulate a
school break/vacation or break from supplementation to
enable assessment of how folate concentrations changed
in the period without supplementation, because the WHO
suggests ≤3 mo without supplementation in the WIFAS
guideline (11). Ethical approval was received from the
Ethics Committee for Research Involving Human Subjects
of Universiti Putra Malaysia (JKEUPM-2018-255) and the
University of British Columbia Clinical Research Ethics
Board (H18-00768).

Intervention.
Women were randomly assigned at the individual level to 1 of
3 treatment groups, including 2 intervention groups and a
placebo. The treatment groups included a supplement with
60 mg Fe as ferrous fumarate and either 0 mg, 0.4 mg, or
2.8 mg folic acid, to be taken once weekly on a prespecified
day for 16 wk. The rationale for the dosing schedule was
based on the current RDA for folic acid for women of
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reproductive age (0.4 mg/d) (31), and it is also the daily
dose recommended to decrease the risk of an NTD-affected
pregnancy (25). This formulation is commonly available on
the market, because it is on the EML, and represents the
current standard of care for women of reproductive age
(11). The 2.8 mg folic acid/wk, corresponding to 7 times the
daily dose (7 d × 0.4 mg/d), was chosen because it is the
current WHO-recommended formulation for WIFAS. The
tablet containing 0 mg folic acid corresponded to the placebo.

Outcome measures.
Fasting venous blood was collected at 0, 16, and 20 wk.
The primary outcome measure was RBC folate at 16 wk.
Secondary outcomes included RBC folate concentrations at
20 wk (after a 4-wk washout period) as well as plasma folate
concentrations at 16 and 20 wk. The percentages of women
with an RBC folate concentration ≥906 nmol/L (equivalent
to the 748-nmol/L calibrator-adjusted concentration), asso-
ciated with the highest protection at the population level
against the risk of an NTD, after 16 wk of treatment and 4 wk
of washout were also determined (29).

Discussion of how the results of the Folic Acid Efficacy
Trial should influence the recommendation for WIFAS
and the MEML
The Folic Acid Efficacy Trial helps address several of the
concerns the Expert Committee had with the previous 2015
application involving a new formulation of ferrous salt and
folic acid. Here, we also discuss considerations of additional
supply and demand–related changes in the enabling envi-
ronment. Such concerns include 1) the insufficient amount
of high-quality efficacy evidence, because there is a dearth
of randomized clinical trials addressing this issue with a
study sample sufficiently powered to evaluate the statistical
significance of the differences under evaluation; 2) the lack
of adequately reported adherence data, which precluded a
proper assessment of the effect of the intervention; and 3)
the commercial unattainability of the WHO-recommended
weekly iron folic acid formulation (28). The study was
designed so that if 1 or both of the weekly supplementation
schemes proved effective at raising population RBC folate
concentrations >906 nmol/L (29), the formulation could be
considered for inclusion in the MEML, adding the potential
of reducing the risk of NTDs in women of reproductive age to
its role in the prevention of anemia. In this section we discuss
potential implications for the availability and use of WIFAS
and/or weekly iron supplementation.

Overview of the Folic Acid Efficacy Trial in Malaysia
results.
In September 2019, a total of 324 women of the 331 women
initially recruited completed the trial: 94% adherence. At
16 wk women receiving the WIFAS with 0.4 mg and 2.8 mg
folic acid/wk had a higher mean RBC folate than those
receiving iron only (0 mg folic acid). Moreover, women
receiving the WIFAS with the 2.8 mg folic acid had a 271-
nmol/L greater mean RBC folate than those receiving 0.4 mg

(P < 0.0001). At 16 wk, 68% of women in the 2.8 mg group
achieved RBC folate concentrations >906 nmol/L, values
associated with a low risk of an NTD-affected pregnancy,
compared with only 8% and 4% in the 0.4 mg and iron-only
groups, respectively. This trial used a US CDC–endorsed
assay, where a reading of 748 nmol/L is equivalent to the
WHO-recommended cutoff of 906 nmol/L. For ease of
interpretation, we report this value as >906 nmol/L. Most
notably, women consuming the higher dose of weekly folic
acid (2.8 mg) were 7 times more likely than those receiving
0.4 mg to achieve an RBC folate concentration >906 nmol/L
(P < 0.0001).

After the 4-wk washout period, mean RBC folate fell
in both groups receiving folic acid, but remained higher
than in those receiving iron alone. Importantly, >50% of
women receiving 2.8 mg had RBC folate concentrations
>906 nmol/L compared with only 11% in those receiving
0.4 mg. Thus, after a school break of ≤4 wk of not taking
folic acid, women receiving 2.8 mg folic acid as part of
iron folic acid supplementation would still have protection
against NTDs, whereas those who received 0.4 mg would
not (48).

Effectiveness of 60 mg Fe and 2.8 mg folic acid to increase
population RBC folate concentration > 906 nmol/L.
Because the results of the Folic Acid Efficacy Trial show that
a significant proportion of the treatment group receiving
2.8 mg folic acid weekly had endline (16 wk) RBC folate
concentrations significantly above the threshold associated
with a low risk of NTDs (>906 nmol/L) (29), this may
contribute the efficacy evidence needed for the WHO Expert
Committee to consider its inclusion in the MEML upon
resubmission.

The ability of the weekly treatment with 2.8 mg folic
acid during 16 wk of supplementation to raise RBC folate
concentrations to a concentration associated with the most
reduced risk of NTDs for a significant proportion of
the population would provide the EML application with
additional high-quality efficacy evidence. This trial features
a high-quality study design because it is a double-blind,
randomized, placebo-controlled trial. In addition, the sample
size is larger than that of the Norsworthy et al. (39) trial,
which is the only other trial that has looked specifically at
the effects of a weekly dose of 2.8 mg folic acid on RBC
folate. The Folic Acid Efficacy Trial also measured adherence
data associated with the trial protocol, which was promoted
by weekly mobile text consumption reminders and active
follow-up, addressing an additional concern posed by the
Expert Committee for the MEML.

If the resubmission to the MEML is successful, this means
there would be a new formulation of ferrous salt and folic
acid present on the MEML. Not only would there be a
new formulation present, but also there would be a new
purpose listed. This formulation of ferrous salt and folic acid
would be listed as a public health measure for the prevention
of anemia with the added benefit of reducing the risk of
NTDs.
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At the time of the previous application, 20 low- and
middle-income countries were surveyed and it was found
that none of their NEMLs contained 60 mg Fe and 2.8 mg
folic acid (49, 50). This was expected, because this formu-
lation is not on the EML, and there was only 1 identified
international supplier that produced this formulation (Labo-
ratorios Prieto in Panama). Inclusion of this new formulation
in the MEML could drastically change this. Because many
countries base their national formularies on the WHO EML
(9), the inclusion of 60 mg Fe and 2.8 mg folic acid could
prompt more countries to acquire this formulation, giving
more suppliers incentive to produce it. A recent development
on the supply side of WIFAS in the WHO-recommended
formulation is the inclusion of the 60 mg Fe and 2.8 mg
folic acid combination in the UNICEF supply catalogue, as
of 2019 (51). This product is listed as “anti-anaemic” and
one of the purposes is “for the prevention of neural tube
defects and other congenital malformations in the foetus.”
Having evidence of the dual benefits of anemia reduction
and NTD prevention could possibly galvanize additional
support and resources to implement and scale up WIFAS
programs for adolescent girls, especially in countries with
high rates of adolescent pregnancies. Delivery of WIFAS
could also be expanded to women of reproductive age. An
additional advantage to a unique product for WIFAS, that is
a distinct formulation from the daily dose of iron folic acid
for pregnant women, is a reduction in current challenges in
supply management, which has required joint forecasting,
procurement, and supply chain management. A distinct
WIFAS formulation and product could help avoid the risks
of stock outs that have occurred when adolescent nutrition
programs have increased the demand for existing maternal
iron and folic acid supply at national, subnational, or facility
level.

Considerations for the dosing regime.
In a previous study, Norsworthy et al. (39) administered a
weekly dose of 2.8 mg folic acid to women of reproductive
age and evaluated its effect on RBC folate after 12 wk of
treatment, with assessments at 6 and 12 wk. They found
a linear response in RBC folate concentration during the
intervention, and although half the sample achieved a
RBC folate concentration >905 nmol/L at week 12, this
concentration had not reached a plateau by the end of
the study, raising the possibility that a higher proportion
would have exceeded the threshold for greatest NTD risk-
prevention had the study gone on for longer.

The results at 16 wk of supplementation in the current
Folic Acid Efficacy Trial may also inform the dosing schedule
for the WIFAS guideline.

Independently of the specific outcome of the trial, it will
also be crucial to do further analyses to look at the effects
of each treatment arm on anemia outcomes, focusing on
hemoglobin and ferritin concentrations as well as on RBC
folate, in order to evaluate the effect of the treatment on iron
and folate deficiency anemias, separately and in conjunction.

Conclusions
WHO guidelines for nutrition supplements, especially those
with multiple micronutrients such as iron and folic acid,
are limited by a lack of availability of high-quality evidence.
Due to the lack of high-quality evidence, some products
are unlikely to be included in the MEML as well as in
national and regional EMLs. This can create a situation
where program guidance is not harmonized with supply,
limiting potential implementation of effective interventions,
such as WIFAS, for anemia prevention. This also limits
the interest of global pharmaceutical suppliers to respond
to demands from Ministries of Health, because without a
clear market production they are deprioritized. Such is the
case for WIFAS, because there has been clear evidence for
anemia reduction but insufficient evidence for adherence,
comparability with daily supplementation for anemia re-
duction, and potential to reduce the risk of NTDs. The
updated evidence on WIFAS from the Folic Acid Efficacy
Trial, showing the potential for population RBC folate to
increase to concentrations associated with a reduced risk of
NTDs, has potential to influence the WHO guidelines and
the MEML. Harmonization between the WHO guidelines
and MEML would provide an optimal opportunity for
public health anemia reduction programs as well as NTD
prevention.
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