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Abstract

Meta‐analyses consistently have found that antenatal multiple micronutrient

supplementation (MMS) compared with iron and folic acid (IFA) alone reduce

adverse birth outcomes. In 2020, the World Health Organization (WHO) placed a

conditional recommendation for MMS and requested additional trials using

ultrasounds to establish gestational age, because the evidence on low birthweight

(LBW), preterm birth and small for gestational age (SGA) was considered

inconsistent. We conducted meta‐analyses to determine if the effects of MMS on

LBW, preterm birth and SGA differed by gestational age assessment method. Using

data from the 16 trials in the WHO analyses, we calculated the effect estimates of

MMS versus IFA on birth outcomes (generic inverse variance method and random

effects model) stratified by method of gestational age assessment: ultrasound,

prospective collection of the date of last menstrual period (LMP) and confirmation of

pregnancy by urine test and recall of LMP. The effects of MMS versus IFA on

birthweight, preterm birth and SGA appeared consistent across subgroups with no

evidence of subgroup differences (p > 0.05). When limited to the seven trials that

used ultrasound, the beneficial effects of MMS were demonstrated: risk ratios of

0.87 (95% confidence interval [CI] 0.78–0.97) for LBW, 0.90 (95% CI, 0.79–1.03) for

preterm birth and 0.9 (95% CI, 0.83–0.99) for SGA. Sensitivity analyses indicated

consistency in the results. These results, together with recent analyses demonstrat-

ing comparable effects of MMS (vs. IFA) on maternal anaemia outcomes, strengthen

the evidence to support a transition from IFA to MMS programmes in low‐ and

middle‐income countries.
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1 | INTRODUCTION

Micronutrient deficiencies are highly prevalent, affecting two in three

women of reproductive age worldwide (Stevens et al., 2022). During

pregnancy, the prevalence is likely to be even higher, as requirements

for several micronutrients are increased by up to 50% to accommo-

date maternal and foetal demands (Gernand, Schulze, et al., 2016).

The deleterious consequences of micronutrient deficiencies during

this critical stage of life and development include low birthweight

(LBW), preterm birth, being born small for gestational age (SGA),

perinatal mortality, maternal mortality, maternal and child cognitive

impairment, premature rupture of membranes, insufficient gesta-

tional weight gain and congenital anomalies (Bourassa et al., 2019;

Gernand, Schulze, et al., 2016).

Antenatal multiple micronutrient supplements (MMS)—containing

13–15 micronutrients including iron and folic acid (IFA)—are designed

to reduce the typically wide gap between the requirements for these

essential nutrients and average intakes during pregnancy in low‐ and

middle‐income countries (LMICs) (Bourassa et al., 2019; World Health

Organization [WHO] et al., 1999). MMS are cost‐effective for reducing

adverse birth outcomes in LMICs (Engle‐Stone et al., 2019; Keats

et al., 2019, 2022; Smith et al., 2017).

In 2016, the antenatal micronutrient intervention recommended

by theWHO for all pregnant women was daily elemental IFA supple-

ments (30–60mg), while MMS was not recommended (WHO, 2016).

Considering the increasing evidence on MMS that emerged subse-

quently, in 2020 WHO updated the recommendation on using MMS

during pregnancy, stating that this intervention was recommended ‘in

the context of rigorous research’ (WHO, 2020). This conditional

recommendation acknowledged the benefits of MMS but stipulated a

need for additional research.

In describing the additional research needed, WHO noted that

‘Evidence on the effects of MMS on the component parts of LBW is

inconsistent and controlled clinical trials are needed in which early

pregnancy ultrasound is used to establish gestational age with certainty,

to understand where the effect on LBW is derived’ (Tuncalp et al., 2020).

Given the desire of the WHO to have results for the effects of

MMS from trials that assessed gestational age by ultrasound

(WHO, 2020), we conducted additional analyses of the large body

of existing data that informed the WHO guidelines. In particular, we

aimed to (1) describe methods (ultrasound or other methods) used to

determine gestational age in all the trials included for analysis in the

2020 WHO guidelines (WHO, 2020) and (2) determine whether the

effect of MMS versus IFA on the three birth outcomes of interest

(LBW, preterm birth and SGA) differed according to the method used

to assess gestational age in each trial.

2 | METHODS

When examining the effects of antenatal MMS compared with IFA,

the 2020 WHO guidelines (WHO, 2020) relied on data from 16

selected trials (out of 20 trials) of a Cochrane systematic review

(Keats et al., 2019). The difference between the 20 trials included in

the Cochrane review and the 16 trials included in the 2020 WHO

guidelines is due to the slightly different inclusion criteria regarding

the intervention and control considered for each analysis. The

Cochrane review (Keats et al., 2019) included trials that compared

MMS (containing at least three micronutrients) to iron (with or

without folic acid) or placebo. Meanwhile, the guideline development

group (WHO, 2020) decided to include trials that compared MMS

with 13–15 micronutrients to IFA. As two trials compared MMS with

placebo, one trial evaluated a supplement with eight micronutrients

plus IFA and one trial did not provide folic acid to the control group,

only 16 trials contributed data to the updated 2020 WHO guidelines

(WHO, 2020). Of these 16 trials, 6 evaluated supplements with 13 or

14 micronutrients and 10 evaluated the well‐established United

Nations International Multiple Micronutrient Antenatal Preparation

(UNIMMAP) supplements that included 15 micronutrients (WHO

et al., 1999). Thus, the WHO analyses were presented in two ways:

comparison 1, which compared MMS with 13–15 micronutrients

against IFA, and comparison 2, which compared the UNIMMAP

supplements against IFA.

For all the 16 trials included in the analyses of the 2020 WHO

guidelines, we extracted data on the method used to determine

gestational age when women were enrolled in the trial. When this

was unclear, we contacted the authors via e‐mail to clarify how

gestational age was assessed in their study.

We categorized the methods used for gestational age assess-

ment into:

1. Group 1—gestational age assessed by ultrasound.

2. Group 2—gestational age assessed by prospective collection of

the date (1st day) of the last menstrual period (LMP) and

confirmation of pregnancy by a urine test.

Key messages

• World Health Organization (WHO) has a conditional

recommendation for antenatal multiple micronutrient

supplementation (MMS) noting ultrasound to assess

gestational age should be used in future trials.

• These meta‐analyses of the 16 trials informing theWHO

guidelines showed that the benefits of MMS versus iron

and folic acid on low birthweight, preterm birth and

small‐for‐gestational‐age were not different in subgroups

of trials using different gestational age assessment

methods.

• In trials that performed ultrasounds for gestational age

assessment, the benefits of MMS on birth outcomes

were demonstrated.

• These analyses strengthen the evidence for the transition

to MMS in antenatal care programmes in low‐ and

middle‐income countries.
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3. Group 3—gestational age assessed by a recall of the date (1st day)

of the LMP.

We then conducted meta‐analyses of the effect of MMS versus

IFA on LBW (birthweight less than 2500 g), preterm birth (births

before 37 weeks of gestation) and SGA (as defined by the authors of

the trials [Keats et al., 2019]), stratified by different methods of

gestational age assessment.

For this purpose, we extracted the data on the effect estimates

(log risk ratio, standard error) in each study arm for each trial on the

three outcomes of interest, and then calculated the pooled effect of

MMS versus IFA for each outcome: overall, stratified into three

subgroups (groups 1, 2 and 3), and stratified into two subgroups

(combining groups 1 + 2, i.e., the two best methods, vs. group 3) of

gestational age assessment.

The main analysis included all trials, consistent with 2020 WHO

guidelines comparison 1 (MMS vs. IFA, Annex 3, pp. 40–42).

Subsequently, we conducted a sensitivity analysis limited to the

trials that used UNIMMAP supplements in the intervention arm,

following the same trial selection as used for the WHO guidelines

(comparison 2, UNIMMAP vs. IFA, pp. 52–53). We repeated the same

sensitivity analyses, but added the West trial (West et al., 2014).

Comparison 2 of the 2020 WHO guidelines (WHO, 2020) excluded

the West 2014 trial because it provided 27mg of iron and 0.6 mg of

folic acid in the MMS arm, while the UNIMMAP supplement contains

30mg of iron and 0.4 mg of folic acid. However, it should be noted

that the actual composition of MMS in the West trial was

28.4–30.2mg of iron, not meaningfully different from 30mg, calling

into question the removal of a controlled trial with more than 40,000

women.

We used Review Manager (version 5.4) to calculate the overall

and subgroup pooled effect estimates (risk ratios [RR] and 95%

confidence intervals [CI]) of MMS from individually randomized and

cluster‐randomized trials, using the generic inverse variance methods,

as per the methodology used for the 2020 WHO guidelines

(WHO, 2020). Subgroup differences were assessed with the χ2 test

for heterogeneity across subgroups, and a p value for heterogeneity

of <0.05 was considered statistically significant.

3 | RESULTS

Supporting Information: Appendix Table 1 presents the methods

used for gestational age assessment in each of the 16 trials, including

the evidence used to support the classification of each study into one

of the three groups.

Ultrasound was the most frequent method used to assess

gestational age, reported in 7 of the 16 trials (44%) included for

analysis (Adu‐Afarwuah et al., 2015; Ashorn et al., 2015; Bhutta

et al., 2009; Johnson et al., 2017; Osrin et al., 2005; Persson

et al., 2012; Roberfroid et al., 2008). The mean gestational age

at enrollment, and the time of the ultrasound scan, varied between 9

and 17 weeks. Four trials (25%) used the date (1st day) of the LMP

collected prospectively and confirmation of pregnancy by urine test

to determine gestational age (Christian et al., 2003; West et al., 2014;

Zagre et al., 2007; Zeng et al., 2008). This method consisted of a

pregnancy surveillance system that involved regular visits (e.g.,

monthly) to the homes of women of reproductive age to ask about

LMP dates and conduct urine‐based testing to confirm pregnancies,

allowing the identification of pregnancies early in gestation (Gernand,

Paul, et al., 2016). Five trials (31%) based gestational age on maternal

recall of date (1st day) of LMP (Friis et al., 2004; Kæstel et al., 2005;

Liu et al., 2013; Shankar et al., 2008; Sunawang et al., 2009).

A summary of the meta‐analysis results, including overall

analyses, subgroup analyses with three groups and subgroup analyses

with two groups, is presented in Table 1. The effects of MMS versus

IFA on birthweight, preterm birth and SGA were similar across

subgroups stratified by the three methods used to assess gestational

age, that is, there were no significant differences between subgroups

(p < 0.05) and the direction of the effect estimates was the same

(consistently pointing towards a risk reduction). When limited to the

seven trials that used ultrasound for gestational age assessment,

MMS versus IFA resulted in a RR of 0.87 (95% CI, 0.78–0.97) for

LBW, 0.90 (95% CI, 0.79–1.03) for preterm birth and 0.90 (95% CI,

0.83–0.99) for SGA.

The two best methods (1 and 2) have a similar RR for preterm

birth; when results for these two methods were combined (11 trials),

MMS versus IFA resulted in a RR of 0.91 (95% CI, 0.84–0.99) for

preterm births, RR of 0.89 (95% CI, 0.85–0.92) for LBW and 0.98

(95% CI, 0.96–1.00) for SGA. The forest plots of the subgroup

analyses for each of the three outcomes are presented in

Figures 1–3 (groups 1–3), and Supporting Information: Appendix

Figures 1–3 (groups 1 + 2 vs. group 3).

The results of the sensitivity analyses limited to the trials that

provided UNIMMAP supplements in the intervention arm can be

found in Supporting Information: Appendix Table 2 (excluding the

West et al. trial [West et al., 2014] and Supporting Information:

Appendix Table 3 (including the West et al. trial [West et al., 2014]).

Results of these sensitivity analyses were consistent with the overall

findings, with no significant differences across the subgroups of the

gestational age assessment method.

The West 2014 (West et al., 2014) trial observed significant

reductions in preterm births (RR, 0.85; 95% CI, 0.80–0.91) and

LBW (RR, 0.88; 95% CI, 0.85–0.91), but not SGA births (RR, 0.98;

95% CI, 0.96–1.01). This may explain the trend for a reduction in RR

of preterm birth in the sensitivity analyses that include theWest trial

(Supporting Information: Appendix Table 3), and a null effect with the

exclusion of this trial (Supporting Information: Appendix Table 2). It

may also explain why the sensitivity analyses without the West trial

suggest greater reductions in SGA (RR, 0.91; 96% CI, 0.85–0.98;

Supporting Information: Appendix Table 2) than the analyses with the

West trial (RR, 0.97; 96% CI, 0.96–0.99; Supporting Information:

Appendix Table 3).

The certainty of the evidence contributing to the effect

estimates for preterm births and SGA was graded as moderate

and for LBW was graded as high (WHO, 2020). The original review
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(Keats et al., 2019) described the overall risk of bias of the included

studies as generally low with at least 50% of the judgements at ‘low

risk’ for two domains (allocation concealment and incomplete

outcome data) and at least 75% of judgements at ‘low risk’ for the

remaining five domains.

4 | DISCUSSION

The present analyses, based on the data extracted from the 16 trials

used for the 2020 WHO guidelines (WHO, 2020), explored the

impact of using ultrasound or other methods of gestational age

assessment on the effect estimates of MMS versus IFA on the three

birth outcomes of interest (LBW, preterm and SGA). We found that:

1. There were three main methods used to assess gestational age,

with ultrasound at study enrollment being the most frequently

used method.

2. The results of the overall and subgroup analyses for the three

outcomes of interest are consistent, pointing towards a risk

reduction, across the three methods used to assess gesta-

tional age.

3. When the evidence is limited to the trials that used ultrasound—

the gold standard for gestational age dating—the beneficial

effects of MMS in comparison to IFA are demonstrated (RR of

0.87 [95% CI, 0.78–0.97] for LBW, RR of 0.90 [95% CI,

0.79–1.03] for preterm birth and RR of 0.90 [95% CI,

0.83–0.99] for SGA). This observation also applies to the pooled

estimates from the trials that used the two best methods for

gestational age assessment (ultrasound and prospective collec-

tion of date of LMP with confirmation of pregnancy by urine

test), where benefits are evident for preterm birth (RR of 0.91

[95% CI, 0.84–0.99]).

4. When the evidence is limited to the trials that provided

UNIMMAP in the intervention arm, the results remained consist-

ent in both sensitivity analyses.

4.1 | Gestational assessment methods: strengths,
limitations and impact on birth outcomes

The most accurate method to establish or confirm gestational age

is an ultrasound measurement of the fetus in the first trimester, up to

and including 13 weeks and 6 days of gestation; gestational age

assessment based on measurement of the crown‐rump length has an

accuracy of 5–7 days (Committee on Obstetric Practice American

Institute of Ultrasound in Medicine Society for Maternal–Fetal

Medicine, 2017). Second‐trimester ultrasound scans conducted

TABLE 1 Summary of results: subgroup analyses of the effect of multiple micronutrient supplementation versus iron and folic acid
supplementation on low birthweight, preterm and small for gestational age births, according to method used for gestational age assessment.

Method used for gestational age assessment

Effect of MMS versus
IFA on LBW

Effect of MMS versus
IFA on preterm birth

Effect of MMS
versus IFA on SGA

RR (95% CI) RR (95% CI) RR (95% CI)
n trials n trials n trials

Overall analyses 0.88 (0.86–0.91)
16 trials

0.94 (0.88–1.00)
16 trials

0.98 (0.86–1.00)
15 trials

Subgroup analyses (three groups)

p Value (subgroup differences) 0.82 0.23 0.32

1—Ultrasound 0.87 (0.78–0.97)
7 trials

0.90 (0.79–1.03)
7 trials

0.90 (0.83–0.99)
7 trials

2—Prospective date of LMP collection and
confirmation of pregnancy by urine test

0.89 (0.84–0.95)
4 trials

0.92 (0.82–1.04)
4 trials

0.98 (0.92–1.05)
4 trials

3—Recall of date of LMP 0.86 (0.76–0.97)
5 trials

0.99 (0.99–1.04)
5 trials

0.93 (0.84–1.04)
4 trials

Subgroup analyses (two groups)

p Value (subgroup differences) 0.69 0.06 0.39

1—Best methods (ultrasound and
prospective LMP collection)

0.89 (0.85–0.92)
11 trials

0.91 (0.84–0.99)
11 trials

0.98 (0.96–1.00)
11 trials

2—Recall of date of LMP 0.86 (0.76–0.97)
5 trials

0.99 (0.84–1.04)
5 trials

0.93 (0.84–.04)
4 trials

Note: Statistically significant results are identified in bold. All p values of χ2 tests for heterogeneity across subgroups were >0.05.

Abbreviations: IFA, iron and folic acid; LBW, low birthweight; LMP, last menstrual period; MMS, multiple micronutrient supplementation; RR, risk ratio;
SGA, small for gestational age.
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between 18 and 28 weeks, despite allowing a detailed foetal

anatomical evaluation, introduce greater variability and complexity

and are less accurate for gestational age assessment (Committee on

Obstetric Practice American Institute of Ultrasound in Medicine

Society for Maternal–Fetal Medicine, 2017); in the first part of the

second trimester (up to 22 weeks) ultrasound has an accuracy of

7–10 days, and between 22 and 28 weeks it has an accuracy of

approximately 10–14 days (Committee on Obstetric Practice Ameri-

can Institute of Ultrasound in Medicine Society for Maternal–Fetal

Medicine, 2017). For the seven trials that used ultrasound for

gestational age assessment, the mean gestational age at enrollment

(and the time of the ultrasound scan) varied between 9 and 17 weeks,

which is in line with WHO's recommendation to perform one

ultrasound scan before 24 weeks of gestation to estimate gestational

age, improve detection of foetal anomalies and multiple pregnancies,

reduce induction of labour for pregnancy thought to be postterm and

improve a woman's pregnancy experience (WHO, 2022).

Although recognized as the best method of gestational

age assessment, ultrasound examinations may be impractical in large

trials conducted in rural areas, or areas where there is a lack of or late

access to antenatal care (ANC). It is noteworthy that the latest

estimated coverage of early (first trimester) ANC visits in low‐income

countries was only 24% (Moller et al., 2017), and other methods for

gestational age dating may be necessary. This is why researchers

conducting micronutrient supplementation trials in LMIC developed a

pregnancy surveillance system to identify pregnancies early in

gestation, involving visits every 5 weeks to the homes of women of

reproductive age to ask them about the date of their LMP (and the

provision of a calendar where women were instructed to mark the

date of the beginning of their menses) and conduct urine‐based

pregnancy tests (Christian et al., 2003). This method was validated

against crown‐rump length measured in early pregnancy by ultra-

sound, showing that gestational age varied by a mean of only 2.8

days (Gernand, Paul, et al., 2016); as such, it can be considered a valid

measure for estimating gestational age and preterm birth rates

(Gernand, Paul, et al., 2016).

Still, the most widely available method for gestational dating in

LMIC is the self‐reported or recall (i.e., retrospective collection) of the

1st day of the LMP. This method is based on the assumption that the

average menstrual cycle is 28 days in length with ovulation occurring

on Day 14, and pregnancy is assumed to last 280 days from the 1st

day of the LMP. It has varying levels of accuracy among different

populations, and several limitations such as uncertainty of the date

due to recall bias, variations in the timing of ovulation and bleeding

that can occur for other reasons other than menses (Lynch &

Zhang, 2007).

F IGURE 1 Effect of MMS versus IFA on low birthweight: subgroup analysis by method of gestational age assessment (three groups).
CI, confidence interval; GA, gestational assessment; IFA, iron and folic acid supplementation; LMP, (1st day of) last menstrual period;
MMS, multiple micronutrient supplementation.
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These limitations of the retrospective collection (recall) of the 1st

day of the LMP can lead to more errors in the estimation of

gestational age, which can affect the estimated prevalence of

preterm birth or SGA. Assessment of birthweight is not dependent

on gestational age measurements, so there may be less error in

estimates of this outcome than is the case for preterm births or SGA.

However, it should be noted that errors in any method used to assess

gestational age (or weight) were expected to be the same in both

MMS and IFA groups of a masked randomized clinical trial. The

potential nondifferential measurement error for outcomes (i.e., if

errors are the same in both trial arms) would bias the results towards

the null (Rothman et al., 2008). Our subgroup analyses are consistent

with this established epidemiological principle. In addition, it should

be noted that it is not expected that LBW is entirely explained by

SGA or through preterm births; both pathways are plausible and may

overlap. Not all preterm births lead to LBW infants and some SGA

babies may not be LBW.

These results provide new evidence to support the benefit of

MMS versus IFA that can be used to inform a reevaluation of the

WHO recommendations on antenatal micronutrient supplements

(WHO, 2020). We conclude there is no need for additional controlled

clinical trials in which early pregnancy ultrasound is used to

determine effects on preterm births or SGA because this has already

been demonstrated with existing trials. New clinical trials would

require substantial resources and time. Further, when considering

that there are already 16 existing trials with over 100,000 pregnant

women, the inclusion of newly generated results would likely have

little impact on the overall effect estimates on birth outcomes.

4.2 | Assessment of benefits of antenatal
micronutrient supplementation by WHO

When reviewing the evidence behind the recommendations for using

antenatal MMS between 2016 (WHO, 2016) and 2020 (WHO, 2020),

WHO noted that ‘The resulting evidence on effectiveness was found

to be largely similar to that evaluated during the 2016 guideline

development process, showing an average 12% (9%–14%) reduction

in low birth weight with MMS but little difference in effects on low

birth weight's component parts (preterm birth or being small for

gestational age). When analyses were limited to the 10 trials

comparing UNIMMAP MMS with IFA supplements, low birth weight

was reduced by 13% (95% CI, 6% to 19%) and small for gestational

age was reduced by 9% (2% to 15%) on average’ (Tuncalp et al., 2020).

This led to the conclusion that while ‘there may be a limited benefit

and little harm in replacing IFA with MMS, the evidence on low

F IGURE 2 Effect of MMS versus IFA on preterm birth: subgroup analysis by method of gestational age assessment (three
groups). CI, confidence interval; GA, gestational assessment; IFA, iron and folic acid supplementation; LMP, (1st day of) last menstrual period;
MMS, multiple micronutrient supplementation.
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birthweight and its component parts (preterm birth and SGA) is

difficult to interpret’ (WHO, 2020). While the relatively wide

confidence intervals of the effect estimates may have contributed

to a conditional recommendation, we would argue that the evidence

is consistent and compelling.

First, we believe that a 12% reduction in LBW (or 13% for the

UNIMMAP supplements) could lead to meaningful benefits. The

latest global estimates indicate that 20.5 million livebirths have a

birthweight of less than 2500 g, and 91% of these are born in

LMICs, mainly southern Asia (48%) and sub‐Saharan Africa (24%)

(Blencowe et al., 2019). Thus, a 12% reduction in LBW observed

with MMS (or an even greater reduction in the group of anaemic

women [Smith et al., 2017]) has the potential to benefit an

estimated 2.2 million infants in LMIC annually. Moreover, an

additional gain in weight or duration of pregnancy would likely be

beneficial to many more infants even if it does not change their

categorization as LBW, preterm or SGA. This is a significant and

important benefit, in addition to the benefit conferred by IFA (the

comparison group), as LBW is shown to be associated with

increased mortality and morbidity (Gu et al., 2017; UNICEF, 2022).

The benefits of MMS for preterm births and SGA (observed when

gestational age is assessed with the best method(s)) are equally

important, as these two outcomes are known to increase mortality

risk in and beyond the neonatal period (Katz et al., 2013).

Second, we note that several current WHO recommendations on

ANC are based largely on reducing LBW including nutrition education

on increasing daily energy and protein intake in undernourished

populations, and restricting caffeine intake (WHO, 2016). Both of

those interventions had little to no effect, and low or very low‐quality

evidence, on preterm birth and SGA. Daily oral IFA supplementation

is also recommended to reduce LBW. Per the WHO guidelines the

risk reduction of IFA versus placebo on LBW is not significant (RR,

0.84; 95% CI, 0.69–1.03) and was graded as low‐certainty evidence,

but was nonetheless interpreted as ‘daily iron may reduce the risk of

low‐birth‐weight neonates’ (WHO, 2016). None of the recommenda-

tions that were based on reduction of LBW were conditional on

additional research or requested evidence from studies with

ultrasound‐based gestational age assessment. In contrast, the risk

reduction of MMS versus IFA on LBW is significant (overall analysis:

RR, 0.88; 95% CI, 0.86–0.91) and was graded as high‐certainty

evidence (WHO, 2020).

5 | CONCLUSION

The present analyses, based on data from the trials used to inform

the 2020 WHO guidelines, demonstrated consistent results

regarding the effect of MMS versus IFA on birth outcomes

F IGURE 3 Effect of MMS versus IFA on small for gestational age: subgroup analysis by method of gestational age assessment (three
groups). CI, confidence interval; GA, gestational assessment; IFA, iron and folic acid supplementation; LMP, (1st day of) last menstrual period;
MMS, multiple micronutrient supplementation.
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regardless of the method of gestational age assessment. The

analyses also showed that 11 of those 16 controlled trials used

valid methods to assess gestational age, and that the benefits of

MMS (in comparison to IFA) in reducing the risk of adverse birth

outcomes were more pronounced in those 11 trials—a finding made

more relevant by new estimates for the burden of LBW globally.

These results provide new evidence to support the validity of

findings from existing trials, challenging the need for new efficacy

trials using ultrasound for gestational age assessment and providing

further support for a transition from IFA to MMS programmes in

LMICs. Future convenings of the WHO guideline development

group should consider these findings, in addition to other recent

analyses demonstrating comparable effects of MMS (vs. IFA) on

maternal anaemia outcomes (Gomes et al., 2022), when updating

recommendations related to using MMS during pregnancy.

AUTHOR CONTRIBUTIONS

Filomena Gomes, Robert E. Black, Parul Christian and Emily R. Smith

conceptualized and designed the analyses. Filomena Gomes and Ziaul

Rana extracted the data. Filomena Gomes carried out the analyses

and drafted the manuscript. All authors contributed to the

interpretation of the analyses, critically revised the manuscript, and

approved its final version.

ACKNOWLEDGEMENTS

We would like to thank Dr Noel Zagre, Dr Zuguo Mei and Dr Seth

Adu‐Afarwuah for providing the additional information that con-

firmed the method used for gestational age assessment in the trials

they were involved in (Adu‐Afarwuah et al., 2015; Liu et al., 2013;

Zagre et al., 2007). This research was funded by a grant from the Bill

& Melinda Gates Foundation (OPP1171060).

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Filomena Gomes http://orcid.org/0000-0003-1702-1433

Robert E. Black https://orcid.org/0000-0001-9926-7984

Kathryn G. Dewey https://orcid.org/0000-0002-4185-3451

Martin N. Mwangi https://orcid.org/0000-0002-8358-4448

Alison Tumilowicz http://orcid.org/0000-0002-8955-1479

REFERENCES

Adu‐Afarwuah, S., Lartey, A., Okronipa, H., Ashorn, P., Zeilani, M.,
Peerson, J. M., Arimond, M., Vosti, S., & Dewey, K. G. (2015). Lipid‐
based nutrient supplement increases the birth size of infants of
primiparous women in Ghana. The American Journal of Clinical

Nutrition, 101(4), 835–846. https://doi.org/10.3945/ajcn.114.091546
Ashorn, P., Alho, L., Ashorn, U., Cheung, Y. B., Dewey, K. G., Gondwe, A.,

Harjunmaa, U., Lartey, A., Phiri, N., Phiri, T. E., Vosti, S. A., Zeilani, M.,

& Maleta, K. (2015). Supplementation of maternal diets during
pregnancy and for 6 months postpartum and infant diets thereafter
with small‐quantity lipid‐based nutrient supplements does not
promote child growth by 18 months of age in rural Malawi: A

randomized controlled trial. The Journal of Nutrition, 145(6),
1345–1353. https://doi.org/10.3945/jn.114.207225

Bhutta, Z. A., Rizvi, A., Raza, F., Hotwani, S., Zaidi, S., Hossain, S. M.,
Soofi, S., & Bhutta, S. (2009). A comparative evaluation of multiple
micronutrient and iron‐folic acid supplementation during preg-

nancy in Pakistan: Impact on pregnancy outcomes. Food and

Nutrition Bulletin, 30(4 Suppl.), S496–S505. https://doi.org/10.
1177/15648265090304s404

Blencowe, H., Krasevec, J., de Onis, M., Black, R. E., An, X., Stevens, G. A.,
Borghi, E., Hayashi, C., Estevez, D., Cegolon, L., Shiekh, S.,

Ponce Hardy, V., Lawn, J. E., & Cousens, S. (2019). National, regional,
and worldwide estimates of low birthweight in 2015, with trends from
2000: A systematic analysis. The Lancet Global Health, 7(7),
e849–e860. https://doi.org/10.1016/S2214-109X(18)30565-5

Bourassa, M. W., Osendarp, S. J. M., Adu‐Afarwuah, S., Ahmed, S.,

Ajello, C., Bergeron, G., Black, R., Christian, P., Cousens, S., Pee, S.,
Dewey, K. G., Arifeen, S. E., Engle‐Stone, R., Fleet, A., Gernand, A. D.,
Hoddinott, J., Klemm, R., Kraemer, K., Kupka, R., … Vosti, S. A.
(2019). Review of the evidence regarding the use of antenatal

multiple micronutrient supplementation in low‐ and middle‐income
countries. Annals of the New York Academy of Sciences, 1444(1),
6–21. https://doi.org/10.1111/nyas.14121

Christian, P. (2003). Effects of alternative maternal micronutrient supple-
ments. BMJ, 326, 571. https://doi.org/10.1136/bmj.326.7389.571

Committee on Obstetric Practice American Institute of Ultrasound in
Medicine Society for Maternal–Fetal Medicine. (2017). Committee
opinion no 700: methods for estimating the due dates. Obstetrics &
Gynecology, 129(5), e150–e154. https://doi.org/10.1097/AOG.
0000000000002046

Engle‐Stone, R., Kumordzie, S. M., Meinzen‐Dick, L., & Vosti, S. A.
(2019). Replacing iron‐folic acid with multiple micronutrient
supplements among pregnant women in Bangladesh and Burkina
Faso: Costs, impacts, and cost‐effectiveness. Annals of the New

York Academy of Sciences, 1444(1), 35–51. https://doi.org/10.

1111/nyas.14132
Friis, H., Gomo, E., Nyazema, N., Ndhlovu, P., Krarup, H., Kæstel, P., &

Michaelsen, K. F. (2004). Effect of multimicronutrient supplementa-
tion on gestational length and birth size: A randomized, placebo‐
controlled, double‐blind effectiveness trial in Zimbabwe. The

American Journal of Clinical Nutrition, 80(1), 178–184. https://doi.
org/10.1093/ajcn/80.1.178

Gernand, A. D., Paul, R. R., Ullah, B., Taher, M. A., Witter, F. R., Wu, L.,
Labrique, A. B., West, K. P., & Christian, P. (2016). A home calendar

and recall method of last menstrual period for estimating gestational
age in rural Bangladesh: A validation study. Journal of Health,

Population, and Nutrition, 35(1), 34. https://doi.org/10.1186/
s41043-016-0072-y

Gernand, A. D., Schulze, K. J., Stewart, C. P., West, K. P., & Christian, P.

(2016). Micronutrient deficiencies in pregnancy worldwide: Health
effects and prevention. Nature Reviews Endocrinology, 12(5),
274–289. https://doi.org/10.1038/nrendo.2016.37

Gomes, F., Agustina, R., Black, R. E., Christian, P., Dewey, K. G., Kraemer, K.,
Shankar, A. H., Smith, E. R., Thorne‐Lyman, A., Tumilowicz, A., &

Bourassa, M. W. (2022). Multiple micronutrient supplements versus
iron‐folic acid supplements and maternal anemia outcomes: An iron
dose analysis. Annals of the New York Academy of Sciences, 1512(1),
114–125. https://doi.org/10.1111/nyas.14756

Gu, H., Wang, L., Liu, L., Luo, X., Wang, J., Hou, F., Nkomola, P. D., Li, J.,
Liu, G., Meng, H., Zhang, J., & Song, R. (2017). A gradient relationship
between low birth weight and IQ: A meta‐analysis. Scientific Reports,
7(1), 18035. https://doi.org/10.1038/s41598-017-18234-9

8 of 10 | GOMES ET AL.

http://orcid.org/0000-0003-1702-1433
https://orcid.org/0000-0001-9926-7984
https://orcid.org/0000-0002-4185-3451
https://orcid.org/0000-0002-8358-4448
http://orcid.org/0000-0002-8955-1479
https://doi.org/10.3945/ajcn.114.091546
https://doi.org/10.3945/jn.114.207225
https://doi.org/10.1177/15648265090304s404
https://doi.org/10.1177/15648265090304s404
https://doi.org/10.1016/S2214-109X(18)30565-5
https://doi.org/10.1111/nyas.14121
https://doi.org/10.1136/bmj.326.7389.571
https://doi.org/10.1097/AOG.0000000000002046
https://doi.org/10.1097/AOG.0000000000002046
https://doi.org/10.1111/nyas.14132
https://doi.org/10.1111/nyas.14132
https://doi.org/10.1093/ajcn/80.1.178
https://doi.org/10.1093/ajcn/80.1.178
https://doi.org/10.1186/s41043-016-0072-y
https://doi.org/10.1186/s41043-016-0072-y
https://doi.org/10.1038/nrendo.2016.37
https://doi.org/10.1111/nyas.14756
https://doi.org/10.1038/s41598-017-18234-9


Johnson, W., Darboe, M. K., Prentice, A. M., Moore, S. E., & Nshe, P.
(2017). Association of prenatal lipid‐based nutritional supple-
mentation with fetal growth in rural Gambia. Maternal & Child

Nutrition, 13, e12367. https://doi.org/10.1111/mcn.12367

Katz, J., Lee, A. C., Kozuki, N., Lawn, J. E., Cousens, S., Blencowe, H.,
Ezzati, M., Bhutta, Z. A., Marchant, T., Willey, B. A., Adair, L.,
Barros, F., Baqui, A. H., Christian, P., Fawzi, W., Gonzalez, R.,
Humphrey, J., Huybregts, L., Kolsteren, P., … Black, R. E. (2013).
Mortality risk in preterm and small‐for‐gestational‐age infants in

low‐income and middle‐income countries: A pooled country analy-
sis. The Lancet, 382(9890), 417–425.

Keats, E. C., Akseer, N., Thurairajah, P., Cousens, S., Bhutta, Z. A., Ali, H.,
El Arifeen, S., Ashorn, U., Belizan, J., Black, R. E., Christian, P., De‐
Regil, L. M., Dewey, K., Dibley, M. J., Fawzi, W., Friis, H., Gomo, E.,

Huybregts, L., Jayatissa, R., … Zhu, Z. (2022). Multiple‐micronutrient
supplementation in pregnant adolescents in low‐ and middle‐income
countries: A systematic review and a meta‐analysis of individual
participant data. Nutrition Reviews, 80(2), 141–156. https://doi.org/
10.1093/nutrit/nuab004

Keats, E. C., Haider, B. A., Tam, E., & Bhutta, Z. A. (2019). Multiple‐
micronutrient supplementation for women during pregnancy. The
Cochrane Database of Systematic Reviews, 3(3), 004905. https://doi.
org/10.1002/14651858.CD004905.pub6

Kæstel, P., Michaelsen, K. F., Aaby, P., & Friis, H. (2005). Effects of
prenatal multimicronutrient supplements on birth weight and
perinatal mortality: A randomised, controlled trial in Guinea‐Bissau.
European Journal of Clinical Nutrition, 59(9), 1081–1089. https://doi.
org/10.1038/sj.ejcn.1602215

Liu, J., Mei, Z., Ye, R., Serdula, M. K., Ren, A., & Cogswell, M. E. (2013).
Micronutrient supplementation and pregnancy outcomes:
Double‐blind randomized controlled trial in China. JAMA

Internal Medicine, 173(4), 276–282. https://doi.org/10.1001/
jamainternmed.2013.1632

Lynch, C. D., & Zhang, J. (2007). The research implications of the selection
of a gestational age estimation method. Paediatric and Perinatal

Epidemiology, 21(Suppl. 2), 86–96. https://doi.org/10.1111/j.1365-
3016.2007.00865.x

Moller, A.‐B., Petzold, M., Chou, D., & Say, L. (2017). Early antenatal

care visit: A systematic analysis of regional and global levels and
trends of coverage from 1990 to 2013. The Lancet Global Health,
5(10), e977–e983. https://doi.org/10.1016/S2214-109X(17)
30325-X

Osrin, D., Vaidya, A., Shrestha, Y., Baniya, R. B., Manandhar, D. S.,
Adhikari, R. K., Filteau, S., Tomkins, A., & de L Costello, A. M.
(2005). Effects of antenatal multiple micronutrient supplemen-
tation on birthweight and gestational duration in Nepal: Double‐
blind, randomised controlled trial. The Lancet, 365(9463),

955–962. https://doi.org/10.1016/S0140-6736(05)71084-9
Persson, L. Å., Arifeen, S., Ekström, E.‐C., Rasmussen, K. M.,

Frongillo, E. A., Yunus, M., & MINIMat Study Team. (2012). Effects
of prenatal micronutrient and early food supplementation on
maternal hemoglobin, birth weight, and infant mortality among

children in Bangladesh: The MINIMat randomized trial. Journal of the
American Medical Association, 307(19), 2050–2059. https://doi.org/
10.1001/jama.2012.4061

Roberfroid, D., Huybregts, L., Lanou, H., Henry, M.‐C., Meda, N.,
Menten, J., Kolsteren, P., & MISAME Study Group. (2008). Effects

of maternal multiple micronutrient supplementation on fetal growth:
A double‐blind randomized controlled trial in rural Burkina Faso. The
American Journal of Clinical Nutrition, 88(5), 1330–1340. https://doi.
org/10.3945/ajcn.2008.26296.1

Rothman, K. J., Sander, G., & Timothy, L. (Eds.). (2008). Validity in
epidemiologic studies. Modern Epidemiology (3rd ed., pp. 128–147).
Lippincott Williams & Wilkins.

Shankar, A. H. V., Jahari, A. B., Sebayang, S. K., Aditiawarman, Apriatni, M.,
Harefa, B., Muadz, H., Soesbandoro, S. D. A., Tjiong, R., Fachry, A.,
Shankar, A. H. V., Atmarita, Prihatini, S., Sofia, G., & SUMMIT. (2008).
Effect of maternal multiple micronutrient supplementation on fetal

loss and infant death in Indonesia: A double‐blind cluster‐
randomised trial. The Lancet, 371(9608), 215–227. https://doi.org/
10.1016/S0140-6736(08)60133-6

Smith, E. R., Shankar, A. H., Wu, L. S. F., Aboud, S., Adu‐Afarwuah, S., Ali, H.,
Agustina, R., Arifeen, S., Ashorn, P., Bhutta, Z. A., Christian, P.,

Devakumar, D., Dewey, K. G., Friis, H., Gomo, E., Gupta, P.,
Kæstel, P., Kolsteren, P., Lanou, H., … Sudfeld, C. R. (2017). Modifiers
of the effect of maternal multiple micronutrient supplementation on
stillbirth, birth outcomes, and infant mortality: A meta‐analysis of
individual patient data from 17 randomised trials in low‐income and

middle‐income countries. The Lancet Global Health, 5(11),
e1090–e1100. https://doi.org/10.1016/S2214-109X(17)30371-6

Stevens, G. A., Beal, T., Mbuya, M. N. N., Luo, H., Neufeld, L. M., & Global
Micronutrient Deficiencies Research Group. (2022). Micronutrient
deficiencies among preschool‐aged children and women of reproduc-

tive age worldwide: A pooled analysis of individual‐level data from
population‐representative surveys. The Lancet Global Health, 10(11),
e1590–e1599. https://doi.org/10.1016/S2214-109X(22)00367-9

Sunawang, Utomo, B., Hidayat, A., Kusharisupeni, & Subarkah. (2009).

Preventing low birthweight through maternal multiple micronutrient
supplementation: A cluster‐randomized, controlled trial in Indra-
mayu, West Java. Food and Nutrition Bulletin, 30(4 Suppl.),
S488–S495. http://www.ncbi.nlm.nih.gov/pubmed/20120790

Tuncalp, Ö., Rogers, L. M., Lawrie, T. A., Barreix, M., Peña‐Rosas, J. P.,
Bucagu, M., Neilson, J., & Oladapo, O. T. (2020). WHO recommen-
dations on antenatal nutrition: An update on multiple micronutrient
supplements. BMJ Global Health, 5(7), e003375. https://doi.org/10.
1136/bmjgh-2020-003375

UNICEF. (2022). Low birthweight. A good start in life begins in the womb.

https://data.unicef.org/topic/nutrition/low-birthweight/
West, K. P., Shamim, A. A., Mehra, S., Labrique, A. B., Ali, H., Shaikh, S.,

Klemm, R. D. W., Wu, L. S. F., Mitra, M., Haque, R., Hanif, A. A. M.,
Massie, A. B., Merrill, R. D., Schulze, K. J., & Christian, P. (2014).
Effect of maternal multiple micronutrient vs iron‐folic acid supple-

mentation on infant mortality and adverse birth outcomes in rural
Bangladesh: The JiVitA‐3 randomized trial. Journal of the American

Medical Association, 312(24), 2649–2658. https://doi.org/10.1001/
jama.2014.16819

World Health Organization, UNICEF, & United Nations University. (1999).
Composition of a multi‐micronutrient supplement to be used in pilot

programmes among pregnant women in developing countries: Report of

a United Nations Children's Fund (UNICEF), World Health Organization

(WHO) and United Nations University workshop. https://apps.who.int/

iris/bitstream/handle/10665/75358/UNICEF-WHO-multi-
micronutrients.pdf?sequence=1&isAllowed=y

World Health Organization (WHO). (2016). World Health Organization

recommendations on antenatal care for a positive pregnancy

experience.

World Health Organization (WHO). (2020). WHO antenatal care recom-

mendations for a positive pregnancy experience. Nutritional interven-

tions update: Multiple micronutrient supplements during pregnancy.
https://www.who.int/publications/i/item/9789240007789

World Health Organization (WHO). (2022). WHO antenatal care recom-

mendations for a positive pregnancy experience. Maternal and fetal

assessment update: Imaging ultrasound before 24 weeks of pregnancy.
https://www.who.int/publications/i/item/9789240046009

Zagre, N., Desplats, G., Adou, P., Mamadoultaibou, A., & Aguayo, V.

(2007). Prenatal multiple micronutrient supplementation has greater

impact on birthweight than supplementation with iron and folic acid.
Food & Nutrition Bulletin, 28(3), 317–327.

GOMES ET AL. | 9 of 10

https://doi.org/10.1111/mcn.12367
https://doi.org/10.1093/nutrit/nuab004
https://doi.org/10.1093/nutrit/nuab004
https://doi.org/10.1002/14651858.CD004905.pub6
https://doi.org/10.1002/14651858.CD004905.pub6
https://doi.org/10.1038/sj.ejcn.1602215
https://doi.org/10.1038/sj.ejcn.1602215
https://doi.org/10.1001/jamainternmed.2013.1632
https://doi.org/10.1001/jamainternmed.2013.1632
https://doi.org/10.1111/j.1365-3016.2007.00865.x
https://doi.org/10.1111/j.1365-3016.2007.00865.x
https://doi.org/10.1016/S2214-109X(17)30325-X
https://doi.org/10.1016/S2214-109X(17)30325-X
https://doi.org/10.1016/S0140-6736(05)71084-9
https://doi.org/10.1001/jama.2012.4061
https://doi.org/10.1001/jama.2012.4061
https://doi.org/10.3945/ajcn.2008.26296.1
https://doi.org/10.3945/ajcn.2008.26296.1
https://doi.org/10.1016/S0140-6736(08)60133-6
https://doi.org/10.1016/S0140-6736(08)60133-6
https://doi.org/10.1016/S2214-109X(17)30371-6
https://doi.org/10.1016/S2214-109X(22)00367-9
http://www.ncbi.nlm.nih.gov/pubmed/20120790
https://doi.org/10.1136/bmjgh-2020-003375
https://doi.org/10.1136/bmjgh-2020-003375
https://data.unicef.org/topic/nutrition/low-birthweight/
https://doi.org/10.1001/jama.2014.16819
https://doi.org/10.1001/jama.2014.16819
https://apps.who.int/iris/bitstream/handle/10665/75358/UNICEF-WHO-multi-micronutrients.pdf?sequence=1%26isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/75358/UNICEF-WHO-multi-micronutrients.pdf?sequence=1%26isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/75358/UNICEF-WHO-multi-micronutrients.pdf?sequence=1%26isAllowed=y
https://www.who.int/publications/i/item/9789240007789
https://www.who.int/publications/i/item/9789240046009


Zeng, L., Dibley, M. J., Cheng, Y., Dang, S., Chang, S., Kong, L., &
Yan, H. (2008). Impact of micronutrient supplementation during
pregnancy on birth weight, duration of gestation, and perinatal
mortality in rural western China: Double blind cluster randomised

controlled trial. BMJ, 337(7680), 2001. https://doi.org/10.1136/
bmj.a2001

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Gomes, F., Askari, S., Black, R. E.,

Christian, P., Dewey, K. G., Mwangi, M. N., Rana, Z., Reed, S.,

Shankar, A. H., Smith, E. R., & Tumilowicz, A. (2023). Antenatal

multiple micronutrient supplements versus iron‐folic acid

supplements and birth outcomes: Analysis by gestational age

assessment method. Maternal & Child Nutrition, 19, e13509.

https://doi.org/10.1111/mcn.13509

10 of 10 | GOMES ET AL.

https://doi.org/10.1136/bmj.a2001
https://doi.org/10.1136/bmj.a2001
https://doi.org/10.1111/mcn.13509

	Antenatal multiple micronutrient supplements versus iron-folic acid supplements and birth outcomes: Analysis by gestational age assessment method
	1 INTRODUCTION
	2 METHODS
	3 RESULTS
	4 DISCUSSION
	4.1 Gestational assessment methods: strengths, limitations and impact on birth outcomes
	4.2 Assessment of benefits of antenatal micronutrient supplementation by WHO

	5 CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




