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Effect of multiple micronutrient supplements v. iron and folic acid
supplements on neonatal mortality: a reanalysis by iron dose
Abstract
Objective: Antenatal multiple micronutrient supplements (MMS) are a
cost-effective intervention to reduce adverse pregnancy and birth outcomes.
However, the currentWHO recommendation on the use of antenatal MMS is condi-
tional, partly due to concerns about the effect on neonatal mortality in a subgroup
of studies comparing MMS with iron and folic acid (IFA) supplements containing
60 mg of Fe. We aimed to assess the effect of MMS v. IFA on neonatal mortality
stratified by Fe dose in each supplement.
Methods:We updated the neonatal mortality analysis of the 2020 WHO guidelines
using the generic inverse variance method and applied the random effects model
to calculate the effect estimates of MMS v. IFA on neonatal mortality in subgroups of
trials (n 13) providing the same or different amounts of Fe, that is, MMS with 60 mg
of Fe v. IFA with 60 mg of Fe; MMS with 30 mg of Fe v. IFA with 30 mg of Fe; MMS
with 30 mg of Fe v. IFA with 60 mg of Fe; and MMS with 20 mg of Fe v. IFA with
60 mg of Fe.
Results: There were no statistically significant differences in neonatal mortality
between MMS and IFA within any of the subgroups of trials. Analysis of MMS
with 30 mg v. IFA with 60 mg of Fe (7 trials, 14 114 participants), yielded a
non-significant risk ratio of 1·12 (95 % CI 0·83 to 1·50).
Conclusion: Neonatal mortality did not differ between MMS and IFA regardless of
Fe dose in either supplement.
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Overview of WHO analyses on neonatal mortality

The neonatal period (the first 28 d of life) is the most vul-
nerable time for child survival. Although the global number
of neonatal deaths has declined from 5 million in 1990 to
2·4 million in 2019, they now comprise 47 % of all child
deaths under the age of 5 years. The most common causes
of neonatal mortality (death in the first 28 d following a live
birth) are preterm birth, intrapartum complications leading
to birth asphyxia, infections and congenital defects(1). In
2019, sub-Saharan Africa had the highest neonatal mortality
rate (27 deaths/1000 live births), followed by Central and
Southern Asia (24 deaths/1000 live births)(1).

Prenatal multiple micronutrient supplements (MMS)
containing iron and folic acid (IFA) are a cost-effective
intervention to reduce adverse pregnancy and birth
outcomes(2–5). Growing evidence in favour of MMS led to
an update in the global recommendation of prenatal
MMS, such that the most recent 2020 WHO guidelines(6)

now recommend this intervention ‘in the context of
rigorous research’. This remains a conditional recommen-
dation in part because the guideline development group
expressed concerns based on a sensitivity analysis in a

subgroup of trials possibly showing a higher risk of neona-
tal mortality with MMS v. IFA providing 60 mg of Fe.

The studies included for analysis in the 2020 WHO
guidelines(6) compared the effect of MMS v. IFA on a
number of outcomes and provided a range of Fe dose,
from 20 mg to 60 mg of Fe in MMS and either 30 mg
or 60 mg of Fe in IFA. Most MMS, including the widely
used and well-established UNICEF/WHO/United
Nations University International Multiple Micronutrient
Preparation (UNIMMAP) formulation, contain 30 mg of
elemental Fe(7), consistent with the WHO recommended
30–60 mg of Fe for IFA(8). The neonatal mortality analyses
in the WHO guidelines(6) included two comparisons:
(1) MMS (any Fe dose, from 20 mg to 60 mg) v. IFA
(30 mg or 60 mg of Fe) and (2) MMS UNIMMAP (30 mg
of Fe) v. IFA (30 mg or 60 mg of Fe). A subsequent sensi-
tivity analysis was limited to the trials that provided 400 mg
of folic acid in the IFA group, excluding two studies that
used a higher or lower amount of folic acid in the IFA
group. The results of the neonatal mortality analyses of
the 2020 WHO guidelines are summarised in Table 1. In
both comparisons 1 and 2, results for the subgroup of
MMS v. IFA with 60 mg of Fe suggested that MMS was
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associated with an increased risk of neonatal mortality when
the analyseswere limited to the trials using 400mgof folic acid.
Based on these results, the 2020WHOguidelines(6) concluded
that ‘when compared with IFA supplements containing a
higher dose of Fe (60mg), MMSmay be less effective in reduc-
ing neonatal mortality’.

A reanalysis of the WHO neonatal mortality data
The MMS Technical Advisory Group(9), hosted by New
York Academy of Sciences, determined that a reanalysis
of the neonatal mortality data from trials included in the
2020 WHO guidelines(6) according to Fe dose provided
by MMS and IFA would be useful. Given the wide range
of Fe doses used in the studies included in those analyses(6),
we reanalysed the data presented in therein using four
comparison groups according to Fe dose. Thus, we aimed
to assess the effect of MMS v. IFA on neonatal mortality
in the subgroups of studies providing MMS with 60 mg
of Fe v. IFA with 60 mg of Fe, MMS with 30 mg of Fe v.
IFA with 30 mg of Fe, MMS with 30 mg of Fe v. IFA with
60 mg of Fe and MMS with 20 mg of Fe v. IFA with
60 mg of Fe.

In our analyses, we identified and corrected the
following methodological issues and made additional
adjustments.

First, the 2020 WHO guidelines’(6) sensitivity analyses
were limited to trials that provided IFA with 400 mg of folic
acid, which led to removal of the Sunawang 2009 trial(10)

wherein the control group received 250 mg of folic acid,
and removal of the large West 2014 trial with 44 567 preg-
nant women(11) wherein MMS and control group received
600 mg of folic acid rather than 400 mg. The WHO guide-
line development group’s rationale for excluding trials
based on the folic acid dosewas ‘if countries are to consider
transitioning to MMS, they would most likely be switching

from one of these two IFA formulations (i.e. 30 mg of
Fe/400mg of folic acid or 60mg of Fe/400mg of folic acid)’.
However, this variation in the dose of folic acid is likely
irrelevant to the Fe dose question. Folic acid supplementa-
tion has been shown to reduce neonatal mortality from
neural tube disorders(12), but women should take a folic
acid supplement as early as possible, ideally before con-
ception, to prevent neural tube defects(8,13). Most of these
trials had a mean gestational age at enrolment that falls into
the second trimester of gestation; they rarely started at the
beginning of the pregnancy, as recommended, when folic
acid supplementation has an especially critical role. In
addition, in theWest trial, 0·6 mg of folic acid was provided
in both groups and, as such, any difference between
groups cannot be attributed to folic acid. Thus, we have
not conducted sensitivity analyses based on dose of folic
acid provided in the supplements.

Second, the Tofail 2008 trial(14,15) included six arms
(three receiving early food supplementation and three
receiving usual food supplementation), which have been
merged into three according to dose of Fe: MMS with
30 mg of Fe, IFA with 30 mg of Fe and IFA with 60 mg
of Fe. The neonatal mortality analysis of the 2020 WHO
guidelines(6) excluded the group providing IFA with
60 mg, which we included in our reanalysis as it provides
relevant data.

Third, the Kaestel 2005 trial(16) also included three arms:
MMS with 30 mg of Fe, MMS with 60 mg of Fe and IFA with
60 mg of Fe. The neonatal mortality analysis of the 2020
WHO guidelines(6) generated, incorrectly, the same effect
estimates for this trial in both comparisons (comparisons
1 and 2); however, comparison 2 should have been limited
to the arm that provided 30 mg of Fe in MMS v. IFA with
60 mg of Fe. In addition, the sample sizes of each study
arm reported in both forest plots (comparison 1 and 2)
were related to the total number of women randomised

Table 1 Summary of 2020 WHO guidelines(6) comparing the effect of MMS v. IFA on neonatal mortality, both overall and sensitivity analysis

Subgroup

Overall analyses
Sensitivity analysis limited to
trials with 0·4 mg of folic acid

Number of
studies
(studies)

Risk ratio for
neonatal mortality

(95% CI)

P-value for
subgroup
differences

Number of
studies
(studies)

Risk ratio for
neonatal
mortality 95% CI

Comparison 1 0·08
MMS (any Fe dose) v.
IFA with 60 mg of Fe

9 (a, b, c, d, e,
g, h, j, m)

1·22 0·94, 1·56 8 (a, b, c, d, e,
g, h, m)

1·32 1·05, 1·65

MMS (any Fe dose) v.
IFA with 30 mg of Fe

4 (f, i, k, l) 0·95 0·87, 1·04 3 (f, i, k) Not reported

Comparison 2 0·05
MMS UNIMMAP (30 mg
of Fe) v. IFA with 60
mg of Fe

6 (b, e, g, h,
j, m)

1·25 0·94, 1·67 5 (b, e, g, h, m) 1·38 1·05, 1·82

MMS UNIMMAP (30 mg
of Fe) v. IFA with 30
mg of Fe

3 (f, i, k) 0·90 0·78, 1·05 3 (f, i, k) 0·90 0·78, 1·05

MMS,multiplemicronutrient supplements; IFA, iron and folic acid; a, Ashorn 2010; b, Bhuta 2009; c, Christian 2003; d, Dewey 2009; e, Kaestel 2005; f, Liu 2013; g, Osrin 2005;
h, Roberfroid 2008; i, SUMMIT 2008; j, Sunawang 2009; k, Tofail 2008; l, West 2014; m, Zeng 2008.
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to each arm. Specifically, the 2020 WHO guidelines used
708 women for the IFA arm, 695 women in the MMS
30-mg Fe arm and 697 women in the MMS 60-mg
Fe arm(6), rather than the number of live births for which
they had data (i.e. 519, 525 and 542, respectively). In our
reanalysis, we used the total number of events (i.e. neona-
tal mortality) within the sample of live births for each group.

Fourth, the West 2014 trial(17) provided 27 mg of Fe in
MMS and IFA to match the US Institute of Medicine RDA
for Fe in pregnancy(18) and was excluded from comparison
2 of the neonatal mortality analysis of the 2020WHO guide-
lines(6). The analysis of chemical composition of the MMS
and IFA tablets showed that the percentage of proposed Fe
in MMS (27mg) varied from 105 % to 112 %, which is equiv-
alent to 28·4 mg and 30·2 mg of Fe, respectively. In addi-
tion, the composition of MMS recommended by WHO/
WFP/UNICEF for pregnant women in emergency settings
has 27 mg of Fe(19). In our reanalysis, we therefore consid-
ered this study as providing about 30mg of Fe in each study
arm, thereby including it in the subgroup providing IFA
with 30 mg of Fe v. MMS with 30 mg of Fe.

After making the above changes, we used the same
methods as the neonatal mortality analysis of the 2020
WHO guidelines(6), using the log risk ratio, standard error
and number of participants in each study arm, for all the
thirteen studies included in comparison 1. Subgroup
analyses were done based on the four comparison groups
by Fe dose provided by MMS and IFA. We extracted new
and corrected data for the Tofail 2008(14,15) and Kaestel
2005 trials(16), where each of the three study arms (for both
studies) were allocated to the appropriate comparison
group. Similar to the neonatal mortality analysis of the
2020 WHO guidelines(6), we used the generic inverse
variance method and applied the random effects model
to calculate the effect estimates of MMS v. IFA. We did
not conduct a non-inferiority analysis, as we have deliber-
ately chosen to follow the same methodology used for the
2020WHOguidelines, that is, subgroup analyses according
to Fe dose provided by the supplements.

Results

The forest plot of the effect of MMS v. IFA on neonatal mor-
tality stratified by Fe dose (new analysis) is represented in
Fig. 1. There were no statistically significant differences in
neonatal mortality between MMS and IFA within any of the
subgroups. This finding is consistent with the results of the
previous Smith et al. 2017 two-stage meta-analysis of indi-
vidual patient data and effect modifiers from seventeen
randomised controlled trials from fourteen low-income
and middle-income countries, which compared MMS and
IFA in 112 953 pregnant women, and observed an overall
neonatal mortality risk ratio of 0·99 (0·89–1·09)(3).

Our main comparison of interest, which addresses the
WHO concern regarding the effects of providing IFA with

60 mg of Fe v. MMS with 30 mg of Fe, included 7 studies
with 14 114 participants and resulted in a risk ratio of
1·12 (95 % CI 0·83, 1·50) for neonatal mortality. While a
possibility of increased risk cannot be excluded given this
wide CI, MMS with 30 mg of Fe likely results in little or no
difference in neonatal mortality, in comparison with IFA
providing 60 mg of Fe.

In an additional analysis, we added the Fawzi 2007
trial(20) (Appendix Figure 1), which was excluded from
the WHO analyses because it did not meet the inclusion
criterion of having at least thirteen micronutrients provided
by MMS but was included in the 2017 individual patient
data meta-analysis. The participants of this trial’s interven-
tion group(20) receivedMMSwith vitamins B1, B2, B3, B6, B9,
B12, C and E, in addition to Fe. The addition of this
trial to the analyses did not change the conclusions.
Specifically, no differences in neonatal mortality were
observed between MMS and IFA in the subgroup of trials
providing 60 mg of Fe in IFA and 60 mg of Fe in MMS.

Our results are also in line with a previous article
that concluded there was no indication that MMS
increases the risk of neonatal mortality in the subgroup
of trials whose control groups provided 60 mg of Fe(21).
Furthermore, our results do not suggest that Fe dose plays
an important role in this outcome; Fig. 1 shows that the
comparison of 60 mg of Fe in MMS v. 60 mg of Fe in IFA
tends to favour IFA, while the comparison of 20 mg of
Fe in MMS v. 60 mg of Fe in IFA tends to favour MMS.

The removal of studies from theWHO analysis based on
variations in folic acid dose, which likely have little clinical
significance, led to a supposed increase in neonatal mortal-
ity with MMS in the WHO analysis. This could cause con-
cern among countries that follow theWHO guidelines and,
consequently, prevent the transition to MMS programmes
and their associated well-documented benefits in reducing
the risk of low birth weight, small for gestational age, still-
birth and preterm birth(2,3).

Conclusion

The present analysis of the neonatal mortality data from the
thirteen trials included in the 2020WHOguidelines(6) suggests
that this outcome does not differ between MMS and IFA
regardless of Fe dose in either supplement – a finding consis-
tentwith othermeta-analyses showingno risk, that is, neonatal
mortality risk ratio of 0·99 (0·89–1·09)(3). A transition from IFA
containing 60 mg of Fe to MMS containing 30 mg of Fe would
not adversely affect neonatal mortality. TheWHO should con-
sider thepresent analysiswhenupdating theguidelines related
to the use of MMS during pregnancy.
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Kaestel 2005
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Osrin 2005
Roberfroid 2008
Sunawang 2009
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9·3%

1222
411
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432
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0·1743 11·0%191218990·3912
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1476 100·0%
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Liu 2013
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15486
6266
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Fig. 1 New analysis: effect of MMS v. IFA on neonatal mortality stratified by iron dose provided in each arm of thirteen trials. MMS,
multiple micronutrient supplements; IFA, iron and folic acid
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