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ABSTRACT

Background: Prenatal multiple micronutrient supplementation
(MMYS) and lipid-based nutrient supplementation (LNS) can improve
birth outcomes relative to iron-folic acid supplementation (IFA);
however, effects on child postnatal growth remain unclear.
Objectives: The aim was to compare the effect of prenatal MMS,
medium-quantity LNS (MQ-LNS), and IFA on child growth up to 2
y of age.

Methods: We conducted a cluster randomized controlled trial of
prenatal nutritional supplementation in Madarounfa, Niger. Villages
were randomly assigned for pregnant women to receive IFA (17
villages, 1105 women), MMS (18 villages, 1083 women) or
MQ-LNS (18 villages, 1144 women). Pregnant women received
nutritional supplements weekly until delivery, and children were
followed up monthly from 6-8 wk to 24 mo of age. We assessed the
effect of prenatal MMS and MQ-LNS compared with IFA and the
effect of prenatal MMS compared with MQ-LNS on child length-
for-age z scores (LAZ), weight-for-age z scores (WAZ), and weight-
for-length z scores (WLZ) at 24 mo of age using generalized linear
models. In secondary analyses, we used mixed-effects models to
assess the trajectories of anthropometric z scores longitudinally from
6-8 wk to 24 mo.

Results: Compared with IFA, MMS and MQ-LNS had no effect on
child LAZ, WAZ, or WLZ at 24 mo of age (P > 0.05). Children in the
MQ-LNS arm had significantly higher mid-upper arm circumference
at 24 mo than children in the MMS arm: mean difference 0.50 cm
(95% CI 0.10, 0.91 cm). WAZ and WLZ trajectories were more
negative in the MQ-LNS arm compared with IFA and MMS, with
lower z scores from 14 to 20 mo of age. However, WAZ and
WLZ trajectories converged after 20 mo of age, and there were no
differences by 24 mo of age.

Conclusions: Prenatal MMS and MQ-LNS had limited effect on
anthropometric measures of child growth up to 24 mo of age as
compared with IFA in rural Niger. ~ Am J Clin Nutr 2022;115:738—
748.
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Introduction

Maternal undernutrition in pregnancy is a major risk factor for
poor child growth (1-3). In low- and middle-income countries
(LMICs), 14% of child stunting is attributable to fetal growth
restriction (4), and low maternal body mass index (BMI) in
pregnancy is a leading risk factor for child wasting (5). Multiple
concurrent micronutrient deficiencies and macronutrient defi-
ciency are common among pregnant women in LMICs due to low
dietary intake and increased nutrient demands in pregnancy (6,
7). Although data on micronutrient deficiencies among pregnant
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women are sparse, data on women of reproductive age in Africa
suggest that ~40% are folate or zinc deficient, 30% are iodine
deficient, and 20% are vitamin B-12 deficient (6). In addition,
14% of pregnant women in LMICs are macronutrient deficient, as
defined by low BMI (in kg/m?; <18.5) (3). Supplementation with
multiple micro- and/or macronutrients could improve maternal
nutrition in pregnancy in LMICs where pregnant women are at
risk of undernutrition.

Prenatal multiple micronutrient supplementation (MMS) is
one strategy to address maternal micronutrient deficiencies
during pregnancy and improve birth outcomes (8, 9). Compared
with iron and folic acid supplementation (IFA), MMS reduces
the risk of stillbirth, low birth weight (LBW), small-for-
gestational age, and preterm birth (6, 10-12). Although MMS
has been shown to reduce adverse birth outcomes, which
may contribute to poor postnatal child growth outcomes (4),
evidence on the effect of MMS on postnatal child growth
remains limited. Meta-analyses and systematic reviews suggest
no overall effect of prenatal MMS on child stunting, wasting, or
underweight as compared with IFA; however, only 7 trials were
identified in the most recent meta-analysis (8, 12—14). In certain
contexts, individual trials have demonstrated small-to-medium—
sized benefits on anthropometric z scores and large reductions in
child stunting (15-17), suggesting heterogeneity of effects across
settings.

Another strategy to address both macro- and micronutrient
deficiencies during pregnancy is prenatal supplementation with
lipid-based nutrient supplements (LNS). LNS are ready-to-use
supplements, which typically contain many of the same vitamins
and minerals as MMS, but also provide energy, protein, and fatty
acids (18). Prenatal LNS can improve birth outcomes, such as
birth weight, birth length, and newborn stunting, as compared
with IFA (19); however, effects on postnatal child linear or
ponderal growth have not been demonstrated compared with IFA
(19) or MMS (20).

Given the high burden of maternal undernutrition in LMICs
and its potential consequences for child outcomes, more evidence
is needed on the effect of prenatal nutritional supplementation on
improving child outcomes in infancy. In this study, we assessed
the effect of prenatal supplementation with MMS or LNS as
compared with routine IFA on child growth outcomes in the
first 2 y of life in rural Niger. In this setting, MMS and LNS
supplementation had no effect on LBW and had a limited effect
on gestational weight gain (Rattigan SM, Garba S, Plikaytis B,
Sudfeld CR, Guindo O, Soumana I, Langendorf C, Grais RF,
Isanaka S; unpublished data).

Methods

Study setting

This study was conducted in the Madarounfa Health District,
Maradi region of south-central Niger. Maternal and child nutri-
tional status in the region was poor, with 54% of children <5y
being stunted, 19% being wasted, and 43% being underweight
(21). Approximately 20% of women of reproductive age were
underweight (BMI <18.5) and 43% were anemic (21).

Study design, participants, and enrollment procedures

We conducted a double-blind, placebo-controlled randomized
phase III clinical trial to assess the efficacy of Rotasiil (Serum
Institute of India, Pvt Limited), a live, oral rotavirus vaccine
against severe rotavirus gastroenteritis (22). Details on the study
design, participants, and procedures of the vaccine efficacy
trial have been previously published (22). Given evidence of
lower efficacy of oral vaccines in high-mortality settings and the
potential of nutritional supplementation to boost immunogenicity
(23, 24), we nested a cluster randomized controlled trial (RCT)
within the parent vaccine trial to test the effect of the type of
prenatal nutritional supplementation on infant immune response
to 3 doses of a live, oral rotavirus vaccine (immunogenicity
trial) (25). By design, the nested immunogenicity trial was
conducted concurrently with the parent vaccine trial, drawing
from the same population but with separate enrollment and
outcome assessment (Figure 1). The unit of randomization in the
immunogenicity trial was the village (n = 53). Randomization
of village clusters in the immunogenicity trial was stratified
by village size (<100, 100-249, >250 nonpregnant women of
reproductive age), and block randomization with permutated
blocks of random sizes was used to allocate villages in a 1:1:1
ratio to 1 of 3 prenatal supplementation arms: /) IFA, 2) MMS,
and 3) LNS. After providing consent for village participation, the
head of each village selected the name of 1 of the 3 supplements
from a jar, which served as randomized village assignment.
Nonpregnant women of reproductive age in participating villages
provided informed consent for monthly pregnancy surveillance.
Women with a confirmed pregnancy (based on a urine test)
were screened for eligibility to enroll in the immunogenicity
trial and begin prenatal supplementation. Inclusion criteria for
pregnant women in the immunogenicity trial were as follows:
<30 weeks’ gestation at the time of enrollment, intended to
remain in the study area through delivery and for 2 y thereafter,
and did not have a chronic health condition, severe illness, evident
pregnancy complications (moderate to severe edema, hemoglobin
(Hb) <7 g/dL, or diastolic blood pressure >90 mmHg), or
known peanut allergy at the time of enrollment. Eligible women
who provided informed consent were enrolled and received the
supplement until pregnancy outcome. Women were enrolled
into the immunogenicity trial from March 2015 to November
2016.

At 6-8 wk after birth, infants were screened for eligibility for
enrollment in the parent double-blind, placebo-controlled phase
III vaccine trial (22). Infant inclusion criteria for the vaccine trial
were 6-8 wk of age, able to swallow and no history of vomiting
within the past 24 h, parent/guardian intended to remain in the
study area for 2 y, and parent/guardian provided written informed
consent. Infants enrolled in the vaccine trial were followed up
monthly until they reached 24 mo of age.

Study supplements

Women in the IFA arm received tablets containing 60 mg
iron and 400 g folic acid (Remedica Ltd) as the standard of
care. Women were instructed to take 1 tablet daily. Women
in the MMS arm received capsules containing a daily dose of
30 mg iron, 400 pg folic acid, and 20 other micronutrients
(DSM Nutritional Products). The capsules provided 2 times the
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FIGURE 1 Sequence of events in the parent vaccine trial and the immunogenicity substudy.

RDA for each micronutrient, except for iron, folic acid, calcium,
phosphorous, potassium, and magnesium. This dose was more
effective in improving birth weight in Guinea Bissau as compared
with routine IFA relative to 1 time the RDA compared with IFA
(26). Women in the LNS arm received a daily 40-g sachet of
fortified, ready-to-use food made of peanuts, oil, dried skimmed-
milk powder, and sugar (Nutriset S.A.S.). The LNS contained
the same 22 micronutrients as the MMS. Due to its size, the
product is classified as a medium-quantity LNS (MQ-LNS) (18).
Detailed nutritional composition of the 3 study supplements is
shown in Supplemental Table 1. Formative work conducted
prior to the start of the trial showed that the 3 supplements
were well accepted by the communities and pregnant women
27).

A study midwife provided the first package of supplements
and instructions for use and storage at the time of enrollment.
Community health assistants thereafter conducted weekly home
visits to distribute a 10-d supply of the supplements: 7
days’ supply to be consumed until the next scheduled weekly
home visit and 3 days’ extra supply. The extra supply was
provided in case of loss, damage, or unexpected delay until
the next home visit and was returned to the community health
assistant at the next home visit if unused. Each week, the
community health assistants reviewed supplement adherence,
discussed health events and concerns since the last distribu-
tion, and provided the next 10-d supply. Since supplements

were not identical in appearance, participants and study staff
were not blinded to intervention allocation. Data analysts
remained blinded to intervention allocation until the analysis was
completed.

Data collection and measures

At enrollment, a study midwife collected data on maternal
and household socioeconomic and demographic characteristics,
conducted a physical and obstetric examination, and assessed
maternal anthropometry, Hb, and malaria infection. Maternal
weight was assessed using an electronic scale, and underweight
defined as a BMI <18.5. Maternal Hb concentration was assessed
from a finger-prick sample using a HemoCue machine (HemoCue
Hb 301), and anemia was defined as Hb <11 g/dL. Malaria
infection was assessed using a rapid diagnostic test [SD Bioline
Malaria Ag Pf (HRP-2)]. Adherence to the supplementation
regimen was defined as the mean percentage of supplements
consumed by the woman, based on used supplement counts made
by community health assistants during each home visit divided by
the total number of supplements that should have been consumed
from enrollment into the trial until delivery. A household wealth
index was constructed using principal components analysis of
10 items describing asset and livestock ownership and housing
quality. Food security was assessed using the household hunger
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scale (28). Improved sanitation was defined as household having
access to a flush toilet, improved pit latrine, or slab latrine.
Improved water source was defined as household using a covered
or protected ground well for drinking water.

At infant enrollment in the vaccine trial at 6-8 wk of age, study
staff assessed child growth at the health facilities. From 3 to 24
mo of age, community health assistants conducted monthly home
visits to assess child growth, health, and nutrition. Child weight,
length, and mid-upper arm circumference (MUAC) were assessed
using standard protocols (29). Child weight was measured to the
nearest 0.1 kg using a SECA scale until 6 mo and Salter scale
thereafter. Recumbent length was measured to the nearest 0.1 cm
using a wooden height board. We calculated anthropometric z
scores according to the 2006 WHO child growth standards (30):
length-for-age z score (LAZ), length-for-weight z score (WLZ),
and weight-for-age z score (WAZ). Extreme values (< -6 z or >
6 z) for all anthropometric z scores were excluded. Stunting was
defined as LAZ < -1, underweight as WAZ < —2, and wasting
as WLZ < -2 (30).

Ethics

The study was approved by the Comité Consultatif National
d’Ethique in Niger, the Comité de Protection des Personnes in
France, the Commission d’Ethique de la Recherche sur 1’Etre
Humain, Hopitaux Universitaires de Geneve in Switzerland, the
Research Ethics Review Committee of the WHO in Switzerland,
and the Western Institutional Review Board in Olympia, WA,
USA. An independent Data Safety and Monitoring Board,
established prior to the start of the parent trial, conducted
safety reviews for adverse and serious adverse events after
half the pregnancies were enrolled and every 6 mo thereafter.
The parent trial was registered with ClinicalTrials.gov, identifier
NCT02145000.

Sample size

The primary endpoint of the immunogenicity trial designed to
test the effect of prenatal nutritional supplementation on infant
immune response was anti-rotavirus IgA seroconversion, defined
as a >3-fold rise in serum titer of anti-rotavirus IgA from
Rotasiil dose 1 to 28 d post—Rotasiil dose 3. The immunogenicity
trial’s sample size was based on power calculations to detect
a 20% absolute difference in the proportion of children that
seroconvert between nutritional supplements with 90% power
and 0.05 «, assuming a 30% seroconversion rate in the IFA arm,
20% nonaccessibility, and 30% exclusion due to detection of
rotavirus disease between Rotasiil doses (25).

Statistical analysis

In our primary analysis, we evaluated the effect of prenatal
MMS and MQ-LNS compared with IFA and the effect of prenatal
MQ-LNS compared with MMS on postnatal growth of singleton
children at 24 mo of age. Multiple births were excluded from the
analysis. We used generalized linear models to assess differences
in continuous LAZ, WLZ, and WAZ at 24 mo of age and log-
binomial models to assess the relative risk of stunting, wasting,
and underweight at 24 mo of age. We present unadjusted mean

differences (MDs) for continuous outcomes and relative risks
(RRs) for binary outcomes with their 95% CIs. All models
accounted for clustering at the village level using cluster-robust
SEs.

In secondary analyses, we examined differences in LAZ,
WAZ, and WLZ trajectories from 6—8 wk to 24 mo of age using
linear mixed-effects models. Trajectory analyses included all
singleton live births with at least 1 anthropometric measurement
after birth. The models included the intervention arm, month
of assessment, and an interaction term between these variables.
The trajectory models accounted for clustering by village and
a compound symmetry correlation structure for within-subject
correlation. We tested for difference in trajectory over time
for each group comparison: MMS vs. IFA, MQ-LNS vs. IFA,
and MQ-LNS vs. MMS. If the test for difference in trajectory
for a group comparison (interaction of intervention arm and
assessment month) was statistically significant, we presented
differences in mean z scores at each month of assessment from 6—
8 wk to 24 mo. Differences were tested applying a Tukey-Kramer
adjustment for multiple comparisons.

As a sensitivity analysis of the primary and secondary
analyses, we estimated multivariate models to account for
potential imbalance between randomized arms at enrollment and
to potentially increase precision (31). We controlled for the
following prespecified covariates, which are known predictors
of child growth: household wealth, size, and food security;
maternal age, education, and underweight; and child age and
sex. We also controlled for maternal anemia, malaria infection,
and whether the woman was enrolled into the immunogenicity
trial during the hunger season (May—September). Multivariate
models also accounted for whether the child was randomly
assigned to the vaccine or placebo group of the parent vaccine
trial.

Finally, we explored potential effect modification of MMS
and MQ-LNS, relative to IFA, on postnatal growth outcomes
by prespecified enrollment factors: maternal education, anemia,
underweight, and season of enrollment into the trial; household
wealth, food security, improved sanitation, and improved water
source; child sex; and adherence to supplements. Interactions
were considered statistically significant at P < 0.10 based on a
Wald test. All analyses used the intention-to-treat principle and
were conducted in Stata version 16 (StataCorp LP) (32).

Results

A total of 3332 pregnant women were enrolled in the
immunogenicity trial (Figure 2). At enrollment, mothers’
socioeconomic and demographic characteristics were similar
across intervention arms (Table 1). The current analysis of
child growth outcomes included 2409 children with at least
1 anthropometric measurement, of whom 2095 (87%) had a
measurement at 24 mo of age. Median adherence (Quintilel,
Quintile 3) to the supplementation regimen was 84% (70%, 93%)
in the IFA arm, 86% (73%, 93%) in the MMS arm, and 88%
(76%, 94%) in the MQ-LNS arm (P value for differences across
arms = 0.395). Results showed per-protocol efficacy of 66.7%
(95% CI: 49.9%, 77.9%) (22).

Overall, at 24 mo of age, 69% of children were stunted, 41%
were underweight, and 12% were wasted. MMS and MQ-LNS
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FIGURE 2 Study profile of the randomized trial of prenatal supplementation with IFA, MMS, and MQ-LNS. IFA, iron and folic acid; MMS, multiple
micronutrient supplements; MQ-LNS, medium-quantity lipid-based nutrient supplements.

had no effect on any of the child anthropometric outcomes at 24
mo of age, relative to IFA (Tables 2 and 3). When comparing MQ-
LNS with MMS, children in the MQ-LNS arm had significantly
higher MUAC at 24 mo of age (MD: 0.50 cm; 95% CI: 0.10, 0.91
cm). Multivariate-adjusted estimates showed similar intervention
effects (Supplemental Table 2).

We examined trajectories in anthropometric z scores from 6—8
wk to 24 mo of age (Figures 3-5). Mean LAZ and WAZ over
time were significantly lower in the MQ-LNS arm relative to
IFA (P value for difference in trajectory <0.001, Figure 3, and P
value for difference in trajectory <0.001, Figure 4, respectively),
although we observed no statistically significant differences in
LAZ or WAZ between intervention arms at individual time points
(Supplemental Tables 3 and 4). The mean change in WLZ
was significantly different in both the MMS and MQ-LNS arms
(both P values for difference in trajectory <0.001), relative to
IFA (Figure 5). Although children in the MQ-LNS arm had
significantly higher WLZ at 1 mo of age compared with children
in the IFA arm, they had lower WLZ from 16 to 19 mo of
age (Supplemental Table 5). In addition, we found significant
differences in mean LAZ, WAZ, and WLZ trajectories when
comparing the MQ-LNS with MMS arms (all 3 P values for
difference in trajectory <0.001). Relative to MMS, children in
the MQ-LNS arm had significantly lower WAZ from 16 to 18 mo
of age and lower WLZ from 14 to 20 mo of age (Supplemental
Tables 4 and 5).

In exploratory analyses to assess potential effect modifiers, we
found that maternal anemia at enrollment modified the effect of
MQ-LNS relative to IFA on LAZ and stunting at 24 mo of age.
Specifically, the effect of MQ-LNS on LAZ as compared with
IFA was MD = -0.11 (95% CI: -0.38, 0.16) among children
of pregnant women who were anemic at enrollment and MD =
0.12 (95% CI: —0.16, 0.41) among children of pregnant women
who were not anemic at enrollment (P-interaction = 0.02). The
effect of MQ-LNS on stunting as compared with IFA was RR =
1.05 (95% CI: 0.89, 1.25) among children of pregnant women
who were anemic at enrollment and RR = 0.94 (95% CI: 0.80,
1.10) among children of pregnant women who were not anemic
at enrollment (P-interaction = (0.08). In addition, we found that
enrollment during the hunger season modified the effect of MQ-
LNS relative to IFA on wasting at 24 mo of age: RR = 2.13
(95% CI: 0.79, 5.77) among children of pregnant women enrolled
during the non-hunger season (October—April); and RR = 1.12
(95% CI: 0.49, 2.55) among children of pregnant women enrolled
during the hunger season (P-interaction = 0.08). Last, we found
that child sex and household sanitation modified the effect of
MMS relative to IFA on wasting at 24 mo. Specifically, the effect
of MMS on wasting as compared with IFA was RR = 0.74
(95% CI: 0.37, 1.48) among boys and RR = 1.50 (95% CI: 0.90,
2.49) among girls (P-interaction = 0.05). The effect of MMS
on wasting as compared with IFA was RR = 1.48 (95% CI:
0.91, 2.41) among children in households without an improved
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TABLE 1 Socioeconomic and demographic characteristics of women enrolled in the trial at the time of enrollment'

IFA MMS MQ-LNS
(n=1105) (n=1083) (n=1144)
Household characteristics
Wealth index* 0.1 £ 1.6 02 £+ 1.8 —-03 1+ 1.6
Number of children <5y 22+ 19 24 +£20 25+ 19
Number of household members 10.5 £ 6.8 10.0 £ 6.5 10.1 £+ 6.6
Access to an improved latrine? 694 (63.3) 605 (56.2) 585 (51.3)
Access to an improved water source® 258 (23.4) 267 (24.7) 312 (27.3)
Little-to-no hunger in the past month’ 974 (88.4) 985 (91.2) 1091 (95.8)
Maternal characteristics
Age,y 26.5 + 6.8 26.8 + 6.8 27.0 £ 7.2
Completed primary or higher education (>6y) 61 (5.5) 80 (7.4) 66 (5.8)
Married or cohabitating 1081 (97.9) 1068 (98.6) 1128 (98.6)
Anemic® 320 (32.5) 317 (32.7) 397 (38.4)
Underweight’ 39 (3.9) 37 (3.7) 62 (5.9)
Malaria infection® 162 (16.2) 150 (15.3) 229 (21.9)
Enrolled in the hunger season (May—September) 482 (43.7) 363 (33.5) 573 (50.1)
Gestational age, wk 18.1 £3.9 18.3 +4.1 177+ 39

'Values are means & SDs or n (%) unless otherwise specified. IFA, iron and folic acid; MMS, multiple
micronutrient supplements; MQ-LNS, medium-quantity lipid-based nutrient supplements.
2Constructed using principal components analysis of 10 items describing asset and livestock ownership, and

housing quality.

3Improved sanitation was defined as household having access to a flush toilet, improved pit latrine, or slab latrine.
4Improved water source was defined as household using a covered or protected ground well for drinking water.

SBased on the Household Hunger Scale (33).
% Anemia defined as hemoglobin <11 g/dL.
7Underweight defined as BMI <18.5 kg/m?.

8Malaria infection based on a positive rapid diagnostic test.

latrine at enrollment and RR = 0.85 (95% CI: 0.48, 1.49) among
children in households with an improved latrine at enrollment (P-
interaction = 0.05).

Discussion

In this cluster RCT conducted in rural Niger, prenatal
MMS and MQ-LNS supplementation had no effect on child
anthropometric measures at 24 mo of age relative to [FA. MQ-
LNS improved MUAC at 24 mo as compared with MMS. MQ-
LNS also improved WLZ at 1 mo of age relative to IFA. However,
relative to both IFA and MMS, MQ-LNS led to more negative
WAZ and WLZ trajectories in the second year of life, although
differences in trajectories did not persist to 24 mo of age.

Prior studies to test the effect of prenatal MMS relative to
IFA are few and have shown limited effect on child growth

outcomes up to 24 mo of age. Several meta-analyses suggest that
prenatal MMS does not improve child growth up to 9 y of age
as compared with routine IFA (8, 12-14). However, individual
trials in Burkina Faso, Nepal, and Vietnam have demonstrated
small-to-medium-sized benefits on anthropometric z scores
and large reductions in child stunting (15-17). Likewise, prior
trials suggest that prenatal LNS supplementation appears to
have no effect on postnatal child growth as compared with
IFA, although the latest meta-analysis pooled only 4 studies
(19). In undernourished populations, balanced energy and protein
(BEP) supplementation, which typically provides more calories
and protein than MQ-LNS, is recommended for improved birth
outcomes (34). Although positive effects on small-for-gestational
age and birth weight were found in 8 RCTs that used BEP
supplements containing 417 to 1017 kcal with 7 to 40 g protein/d
(35, 36), 1 meta-analysis showed that BEP supplementation did

TABLE 2 Unadjusted effects of prenatal MMS, MQ-LNS, and IFA on continuous child growth outcomes at 24 mo of age!

IFA MQ-LNS MMS

(n=718)? (n=735)? (n = 642)? MQ-LNS vs. IFA3 MMS vs. IFA3 MQ-LNS vs. MMS?

LAZ 253 + 0.99 249 + 0.96 —2.60 + 1.06 0.04 (-0.22, 0.30) -0.07 (-0.33,0.18) 0.11 (=0.15, 0.38)
WAZ -1.75 + 1.06 ~1.87 + 1.09 -1.80 + 1.08 ~0.12 (-0.44, 0.19) -0.05 (-0.29, 0.18) —0.07 (-0.38, 0.25)
WLZ -0.59 + 1.08 ~0.80 + 1.32 -0.64 £+ 1.14 -0.21 (-0.69, 0.26) -0.05 (-0.25, 0.15) -0.16 (-0.64, 0.32)
MUAC, cm 13.69 + 1.13 14.03 + 1.12 13.52 + 1.10 0.34 (-0.05, 0.73) -0.16 (-0.48, 0.15) 0.50 (0.10, 0.91)

'IFA, iron and folic acid; LAZ, length-for-age z score; MMS, multiple micronutrient supplements; MQ-LNS, medium-quantity lipid-based nutrient
supplements; MUAC, midupper arm circumference; WAZ, weight-for-age z score; WLZ, weight-for-length z score.

2Values are means + SDs.

3Values are mean differences (95% Cls) derived from generalized linear models. All estimates were unadjusted. SEs were clustered at the village level.
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TABLE 3 Unadjusted effects of prenatal MMS, MQ-LNS, and IFA on binary child growth outcomes at 24 mo of age'

IFA MQ-LNS MMS MQ-LNS vs.
(n="718)* (n = 735)* (n = 642)? MQ-LNS vs. IFA3 MMS vs. IFA3 MMS3
Stunted, LAZ < -2 499 (69.6) 498 (67.9) 447 (70.0) 0.98 (0.84, 1.14) 1.01 (0.88, 1.14) 0.97 (0.83, 1.13)
Underweight, WAZ < -2 277 (38.6) 311(42.4) 268 (41.8) 1.10 (0.86, 1.41) 1.08 (0.86, 1.36) 1.01 (0.78, 1.32)
Wasted, WLZ < -2 67 (9.3) 113 (15.4) 67 (10.5) 1.65 (0.67, 4.05) 1.12(0.71, 1.77) 1.47 (0.62, 3.47)

'IFA, iron and folic acid; LAZ, length-for-age z score; MMS, multiple micronutrient supplements; MQ-LNS, medium-quantity lipid-based nutrient

supplements; WAZ, weight-for-age z score; WLZ, weight-for-length z score.
2Values are n (%).

3Values are RRs (95% CI) derived from log-binomial models. All estimates were unadjusted. SEs were clustered at the village level.

not increase child weight or length at 1 y of age, relative to
IFA, based on 1 RCT that used supplements containing 470 kcal
with 40 g protein/d (35). However, the varying macronutrient
composition of individual BEP supplements used in these RCTs
and this study’s MQ-LNS formulation, as well as differences in
the study populations, make the evidence difficult to compare.
Several explanations for the lack of effect of MMS and MQ-
LNS as compared with IFA on LAZ, WLZ, and WAZ at 24
mo are plausible. First, findings from the immunogenicity trial
suggested that MMS and MQ-LNS reduced LBW risk by 17%
and 7%, respectively, relative to IFA; however, these findings
were not statistically significant. There was also a limited effect
on gestational weight gain (Rattigan SM, Garba S, Plikaytis B,
Sudfeld CR, Guindo O, Soumana I, Langendorf C, Grais RF,
Isanaka S; unpublished data). These results suggest that MMS
and MQ-LNS in this study population did not meaningfully
improve maternal undernutrition or fetal growth, which may
have been expected to be on the pathway to improved child
growth assessed in this analysis (4). Second, given the poor
nutrient status in the region, it was hypothesized that the prenatal

supplements may correct pre-existing micronutrient deficiencies
(37). Although 1 time the RDA may be sufficient to improve
micronutrient status but insufficient to eliminate micronutrient
deficiencies as shown in 1 trial among pregnant women in rural
Bangladesh (38), it is possible that 2 times the RDA provided by
the MMS and MQ-LNS in this study were sufficient to reduce
underlying deficiencies in the mother but may have still been
insufficient to channel nutrients to the fetus needed for sustained
improvements in child growth. Third, frequent acute or chronic
infections during pregnancy, which can be prevalent in LMICs
(39), can lead to nutrient losses and nutrient sequestration in the
mother (26), which, in turn, may have limited the quantity of
nutrients available to the fetus. Our study did not have complete
data on maternal infection throughout pregnancy, but if prevalent
in this setting, acute or chronic infection may have reduced
the effective micronutrient dose provided to the mother through
the study supplements. Likewise, acute or chronic infection in
the child could have limited the potential benefits from the
micronutrients received by the fetus during pregnancy. Last, IFA
supplementation (60 mg Fe and 400 ng folic acid) has been

P-value for interaction:
MQ-LNS vs. IFA: P <0.001
MMS vs. IFA: P=0.414

MMS vs. MQ-LNS: P=<0.001
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FIGURE 3 Unadjusted effect of daily prenatal supplementation with MMS or MQ-LNS as compared with IFA on child length-for-age z score from 6-8
wk to 24 mo of age. n = 824 in the IFA arm, n = 748 in the MMS arm, and n = 838 in MQ-LNS arm. Curves were derived from a linear mixed-effects model.
Bars represent 95% Cls for each intervention arm at each time point. P values were derived from the interaction term between intervention arm and child age.
IFA, iron and folic acid; MMS, multiple micronutrient supplements; MQ-LNS, medium-quantity lipid-based nutrient supplements.
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P-value for interaction:
MQ-LNS vs. IFA: P<0.001
MMS vs. IFA: P=0.754

MMS vs. MQ-LNS: P=<0.001
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FIGURE 4 Unadjusted effect of daily prenatal supplementation with MMS or MQ-LNS as compared with IFA on child weight-for-age z score from 6-8
wk to 24 mo of age. n = 824 in the IFA arm, n = 748 in the MMS arm, and n = 838 in the MQ-LNS arm. Curves were derived from a linear mixed-effects
model. Bars represent 95% Cls for each intervention arm at each time point. P values were derived from the interaction term between intervention arm and
child age. IFA, iron and folic acid; MMS, multiple micronutrient supplements; MQ-LNS, medium-quantity lipid-based nutrient supplements.

shown to be effective to reduce LBW and is associated with
reduced risk of stunting and higher LAZ (8, 40). However, the
iron content of the MMS and MQ-LNS supplements in our study
was lower (30 mg), such that we were simultaneously testing a
reduced iron dose with the addition of macro- and micronutrients.
Several trials have compared prenatal MMS and IFA with equal
iron content (60 mg) and also showed no difference in child
growth (41-43), indicating that the difference in iron content
between nutritional supplements in our study might not explain
the lack of effects on child growth observed later in infancy.
While we found no effect on indicators of child growth at 24
mo of age, except for MUAC when comparing MQ-LNS with
MMS, we unexpectedly found that MQ-LNS led to transiently
lower WAZ and WLZ from 14 to 20 mo of age as compared
with IFA and MMS. One potential explanation for the observed
transient deficit in WAZ and WLZ in late infancy is that infants
exposed to MQ-LNS in utero had better nutritional conditions
and may have been more sensitive to suboptimal postnatal
environmental and nutrition factors. In a trial in Burkina Faso,
which found that prenatal LNS led to greater declines in LAZ
in the first year of life, as compared with MMS, Lanou et al.
(20) hypothesized that these results were due to a mismatch
between a better nutritional environment in utero (as evidenced
by larger placentas in pregnant women who received LNS) and
a poorer nutritional environment postnatally. Our findings that
MQ-LNS improved WLZ at 1 mo of age relative to IFA are
consistent with this hypothesis of a better nutritional environment
in utero. Another potential explanation is that there was a higher
propensity to share MQ-LNS with other household members or
substituting it for food (27) and therefore the actual micronutrient
intake in the MQ-LNS arm may have been lower than planned.
Additional research is needed to understand the mechanisms that
may lead to transient differences in anthropometric outcomes in

children whose mothers receive prenatal MQ-LNS as compared
with MMS or IFA.

Finally, we found evidence that maternal anemia at enrollment
modified the effect of prenatal MQ-LNS relative to IFA on
LAZ and stunting at 24 mo of age. Other studies have also
demonstrated that maternal anemia during pregnancy modified
the effect of MQ-LNS and MMS on birth outcomes, with larger
benefits among anemic women (11, 44, 45). In this study,
although we found statistical evidence of effect modification,
we could not determine whether benefits were larger among
anemic or nonanemic women given our wide CIs. Apart from
direct improvements in maternal Hb, non-Hb pathways of impact
of the supplements on child growth may include reductions in
maternal and child inflammation and improvements in oxidative
metabolism (11). In addition, we also found evidence of
modification of the effect of MQ-LNS relative to IFA on wasting
by season of enrollment into the trial, and of the effect of MMS
relative to IFA on wasting by household sanitation and child
sex. However, similar to maternal anemia at enrollment, we
observed wide CIs and could not determine which subgroups may
have benefited more from MQ-LNS or MMS. Previous studies
have also shown significant interactions of the effect of prenatal
LNS with other maternal characteristics at enrollment, such as
maternal underweight (BMI <18.5), age, parity, and short stature
(44, 45). Together with ours, these findings suggest that future
interventions may target specific subgroups of pregnant women
who might benefit most from prenatal LNS.

Our trial and the existing evidence suggest that, in the context
of LMICs, prenatal supplementation alone is not sufficient to
prevent child growth faltering (8, 12-14, 19). In our trial,
nutritional supplementation started in pregnancy and therefore it
is possible that preconception nutritional supplementation may
confer greater benefits on child growth. Nevertheless, 1 trial
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FIGURE 5 Unadjusted effect of daily prenatal supplementation with MMS or MQ-LNS as compared with IFA on child weight-for-length z score from
6-8 wk to 24 mo of age. n = 824 in the IFA arm, n = 748 in the MMS arm, and n = 838 in the MQ-LNS arm. Curves were derived from a linear mixed-effects
model. Bars represent 95% Cls for each intervention arm at each time point. P values were derived from the interaction term between intervention arm and
child age. IFA, iron and folic acid; MMS, multiple micronutrient supplements; MQ-LNS, medium-quantity lipid-based nutrient supplements.

conducted in 4 LMICs found that starting MQ-LNS prior to
conception did not yield additional benefits on child linear growth
at birth relative to starting MQ-LNS in pregnancy (46). As
a result, evidence on preconception nutrition interventions in
LMIC settings remains limited and it is not clear if initiation
of MMS and MQ-LNS prior to conception would provide
greater effects. In contrast, evidence suggests that combined pre-
and postnatal supplementation might be an alternative strategy
to improve child growth (47-52). Evidence on combining
child micronutrient supplementation with water, sanitation, and
hygiene (WASH) interventions is growing, but effects on child
growth have been limited (53) and no trials to date have assessed
the combination of prenatal micronutrient supplementation
and WASH on postnatal child growth. For potentially more
durable effects on child growth, future studies could therefore
assess the effectiveness of interventions that combine prenatal
micronutrient supplementation with postnatal interventions that
improve child nutrition (through improved breast-milk quality or
complementary feeding) and reduce environmental stressors such
as WASH.

Our trial is subject to several limitations. First, we lacked data
on maternal biomarkers and were therefore unable to directly
assess intermediate effects of the study supplements on maternal
micronutrient status. However, we observed high adherence (84%
in the IFA arm, 88% in the MQ-LNS arm, and 86% in the
MMS arm) and acceptability of the supplements (27), indicating
improvements in micronutrient status were possible. Second,
we lacked data on maternal infection and could not determine
the extent to which maternal infection may have influenced
nutrient availability. Third, child growth was only assessed
through anthropometry. Data on child body composition might
have provided a more complete picture of the effect of prenatal
supplementation on child growth than anthropometry alone.

In conclusion, we found a limited effect of prenatal MMS
and MQ-LNS on child growth at 24 mo of age in rural Niger.
MQ-LNS increased MUAC at 24 mo as compared with MMS
but appeared to lead to temporary, but more negative, WAZ and
WLZ trajectories relative to IFA and MMS during the period of
14 and 20 mo of age, despite improving WLZ at 1 mo of age
relative to IFA. It is important to note that, while we identified
some transient differences in child growth between the prenatal
supplementation arms, this study suggests that MMS and MQ-
LNS were insufficient to prevent growth faltering for children
in rural Niger at 24 mo of age. Future research should evaluate
alternative nutritional support strategies that may improve child
growth, such as combined pre- and postnatal supplementation
and/or combining prenatal nutritional supplementation with
interventions that reduce infections, environmental stressors, and
other factors that may influence child growth in rural Niger for a
more durable impact.
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