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Abstract

Objective—To evaluate whether the fetal linear growth effects of maternal nutrition 

supplementation would be maintained through 6 months postnatal age.

Study design—The Women First trial was a multicountry, individually randomized clinical trial 

that compared the impact of maternal nutrition supplementation-initiated preconception (Arm 1) 

vs at ~11 weeks of gestation (Arm 2), vs no supplement (Arm 3); the intervention was 

discontinued at delivery. Trial sites were Democratic Republic of Congo, Guatemala, India, and 

Pakistan. Analysis includes 2421 infants born to 2408 randomized women. Primary outcome was 

the trajectory of length-for-age z scores (LAZ) by arm, based on assessments at birth and 1, 3, and 

6 months. We fitted longitudinal models on growth from birth to 6 months using generalized 
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estimating equations; maternal intervention effects were evaluated, adjusting for site and baseline 

maternal covariates.

Results—Linear growth for Arms 1 and 2 was statistically greater than for Arm 3 in 3 of the 4 

countries, with average pairwise mean differences in LAZ of 0.25 (95% CI 0.15–0.35; P < .001) 

and 0.19 (95% CI 0.09–0.28; P < .001), respectively. Compared with Arm 3, average overall 

adjusted relative risks (95% CI) for stunting (LAZ <–2) were lower for Arms 1 and 2: 0.76 (0.66–

0.87; P < .001) and 0.77 (0.67–0.88; P < .001), respectively.

Conclusions—Improved linear growth in early infancy observed for the 2 intervention arms 

supports the critical importance of maternal nutrition before conception and in the early phase of 

gestation.

Trial registration—ClinicalTrials.gov: NCT01883193.

Reduction of childhood stunting is a global health priority.1–3 Despite recent progress 

toward this goal, nearly 150 million young children are stunted. The first several months of 

postnatal growth, which is normally very rapid, reflect both intrauterine and postnatal 

exposures, including nutritional adequacy. Population studies and observational cohorts from 

low- and middle-income settings indicate that linear growth faltering is often observed very 

early in the postnatal period,4–7 strongly suggesting a deprived intrauterine environment. To 

date, however, interventions to improve maternal nutritional status during pregnancy have 

resulted in increased birth size but have had only modest impact on postnatal growth.8–10

Although a strong theoretical rationale exists for the importance of preconceptional maternal 

nutritional health to fetal and early postnatal growth, data are very limited.11–14 In the 

multicountry “Women First” trial, a comprehensive maternal nutrition intervention initiated 

either before conception or by the end of the first trimester, resulted in greater newborn 

length and weight as well as lower rates of stunting and small for gestational age compared 

with no nutritional intervention.15 The a priori trial hypothesis examined in this report was 

that the gains of the intervention would be maintained at least through 6 months’ postpartum 

among the offspring of mothers who received nutritional supplementation.16 Specifically, we 

compared the trajectory of growth from birth to 6 months by maternal intervention arm for 

linear growth, weight gain, and head circumference (HC) gain, and for rates of stunting and 

wasting. Secondary objectives were to characterize the infant feeding patterns during the 

follow-up period and to analyze the effects of the maternal intervention on postnatal 

morbidity and mortality.

Methods

This report describes growth data obtained at birth, and 1, 3, and 6 months postnatal age for 

the offspring of the participants in the Women First preconception nutrition trial 

(clinicaltrials.gov NCT01883193).15,16 The original study was a multisite individually 

randomized clinical trial in which nonpregnant women were randomly assigned to 1 of 3 

arms: initiation at time of randomization a daily small quantity lipid-based nutrient 

supplement (SQ-LNS) with continuation for at least 3 months before conception through to 

delivery (Arm 1); initiation of the same supplement late in the first trimester of pregnancy 

and continued through to delivery (Arm 2); or receipt of no trial supplement (Arm 3). In 
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addition, women in Arm 1 and Arm 2 (once on the primary supplement) who were 

underweight or had inadequate gestational weight gain were provided an extra protein-

energy supplement.16 The SQ-LNS provided modest quantities of protein and energy (2.6 g 

protein and 118 kcal), polyunsaturated fats in a favorable balance, and 22 micronutrients in 

quantities appropriate for pregnancy. The protein-energy supplement was also lipid-based 

and provided 300 kcal and 11 g protein (~15% of energy) without additional supplemental 

micronutrients. The total duration of exposure to the intervention supplement was 76.6 

weeks for women in Arm 1, and 25.4 weeks for women in Arm 2.15

The study was conducted in rural and small city settings in the Democratic Republic of 

Congo, Guatemala, India, and Pakistan. Details of these sites have been provided previously.
16

Participants

The infants in the present report are the offspring of the participants of the Women First trial. 

Birth anthropometric measurements, including length, weight, and HC, were obtained by at 

least 7 days of postnatal life, and 98.2% were obtained within 48 hours of birth. Data were 

collected between February 2015 and May 2017.

Anthropometry

Length, weight, and HC measurements were obtained by assessment teams who had not 

been directly involved in administration of the study intervention or the biweekly home 

visits throughout the trial. The assessors were trained and certified according to standardized 

procedures; they were recertified every 3 months. The equipment included infant electronic 

balances accurate to 10 g (seca 334), non-stretch, plasticized measuring tape (seca 201) 

(seca North America, Chino, California) and infantometers accurate to 1 mm (neonatal 

stadiometer, Ellard Instrumentation, Ltd, Monroe, Washington). Z scores, which accounted 

for sex and age at the time of measurement, were calculated for length, weight, body mass 

index (BMI, kg/m2), and HC from the World Health Organization (WHO) Child Growth 

Standards.17

Infant Feeding

Breastfeeding and overall feeding history was obtained at all anthropometry visits. 

Assessment included use of pre-lacteals in first 3 days of life; use of any/type of liquids 

besides breast milk and any/type of non-breast milk foods at subsequent visits; and use of 

any commercial fortified liquids or foods. Exclusive breastfeeding was defined as no other 

liquids or foods.

Infant Morbidity

Infant hospitalization or illness for which the family sought medical care, including visits to 

traditional healers, was recorded by research assistants at biweekly home visits throughout 

the 6-month study period. Specific questions addressed episodes of respiratory illness 

(treatment, yes/no); diarrhea (defined as 3 or more loose or watery stools per day); and 

malaria (confirmed by health worker and/or blood test, and treatment, yes/no).16
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Ethics

The project was approved by the Colorado Multiple institutional review board, University of 

Colorado, the local and/or national ethics committees for each of the 4 sites (registered with 

US Office of Human Research Protection and with Federal-wide Assurance in place), and 

the data coordinating center. Written informed consent was obtained from all participants. 

The study protocol is available online at https://www.ncbi.nlm.nih.gov/pmc/articles/

PMC4000057/. Throughout the intervention phase of the trial, a data monitoring committee 

designated by the Eunice Kennedy Shriver National Institute of Child Health and Human 

Development monitored safety of the trial. Adverse events that were monitored included 

pregnancy outcomes, adverse neonatal events, hospitalizations, and allergic reactions.15,16

Data Management and Analysis

After excluding biologically implausible anthropometric measurements (length and HC) 

according to WHO guidelines,17 the longitudinal analysis included all live-born infants with 

birth length measurements obtained by 7 days of age who had at least 2 follow-up visits (1-, 

3-, or 6-month). Weight-for-length z scores (WLZ) could not be obtained for infants with 

length <45.0 cm at any visit due to limitations in the WHO standards17 and were set to 

missing for that visit.

Maternal baseline characteristics and unadjusted growth outcomes for infants were 

summarized using mean and SD for continuous variables and percentages for categorical 

variables. Primary and secondary outcomes were analyzed using longitudinal generalized 

estimating equations for each outcome and accounting for the correlation of repeated 

measures over time as well as study cluster (site/location). The models also were adjusted 

for age at visit, parity, and maternal education at baseline, the latter because the rates were 

significantly different across the 3 intervention arms in our analysis sample. Interactions 

between arm and other covariates (site, sex, and nulliparous/parous) were evaluated, using a 

cut-off of P < .10. The generalized estimating equation models used linear, log binomial or 

robust Poisson formulations, as appropriate, depending on whether the outcomes were 

continuous or binary. An autoregressive order 1 covariance structure was used to account for 

correlated longitudinal data. A 2-sided P < .05 was considered significant. Statistical 

analyses were conducted using SAS (Version 9.4, Cary, North Carolina). Treatment effects 

for continuous outcomes are presented as model adjusted pairwise mean differences and 

those for binary outcomes are presented as adjusted relative risks, along with respective 95% 

CIs.

Results

This analysis is based on 2408 women with a live birth in the longitudinal analysis 

population. Enrollment and randomization took place between December 2013 and October 

2014. Maternal characteristics are presented in Table I (available at www.jpeds.com); no 

differences among arms were evident except for Arm 1 having more women with no 

education (P = .018). The infants represented in the longitudinal analysis for the combined 

sites included 2421 infants, with 785, 827, and 809 in Arms 1, 2, and 3, respectively. There 
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were 2395 singletons, and 13 twin pairs (7, 2, and 4 pairs in Arm 1, 2, and 3, respectively) 

(Figure 1; available at www.jpeds.com).

Anthropometric measurements at birth, 1, 3, and 6 months for the infants included in the 

longitudinal analysis are presented by arm in Table II. Mean unadjusted length-for-age z 

scores (LAZ) at birth were approximately −1.0 for both Arms 1 and 2, and −1.25 for Arm 3, 

similar to previously reported birth outcomes15 and indicated in Figure 2. The analysis for 

longitudinal LAZ and weight-for-age z score (WAZ) changes from birth to 6 months 

demonstrated no difference between Arms 1 and 2, but both were more positive compared 

with Arm 3 (Figure 2). For all arms, the mean LAZ scores were relatively stable from birth 

through 3 months but declined between 3 and 6 months (Figure 2).

The adjusted pairwise mean differences for length over the 6-month study period were 0.49 

cm (95% CI 0.28–0.70, P < .001) and 0.34 cm (95% CI 0.13–0.54, P = .001) for Arms 1 and 

2, respectively, compared with Arm 3 (Table III). The adjusted longitudinal analysis showed 

that the interaction between arm and site was close to our cut-off for significance for LAZ (P 
= .07) and was, therefore, included in the final model. Adjusted mean differences for Arm 1 

vs Arm 3 for LAZ were statistically different, ranging from 0.21 to 0.44, for all sites but 

Guatemala (Table III). Mean differences for Arm 2 vs Arm 3 were smaller and statistically 

significant only for Democratic Republic of the Congo and Guatemala (Table III). No other 

interactions for combined sites were significant and were excluded from all other final 

models for all other outcome measures.

Unadjusted means of WAZ at birth were also slightly lower than −1.0 for Arms 1 and 2, and 

as for LAZ, the longitudinal mean WAZ for both arms were consistently less negative than 

that of Arm 3 over the 6-month period (Figure 2). In contrast to the LAZ, however, the WAZ 

did not decline appreciably over the birth to 6 months period (Figure 2). The adjusted mean 

differences in WAZ for both Arm 1 and Arm 2 compared with control Arm 3 were smaller 

than for LAZ, although both differences were statistically significant (P < .001 and .005, 

respectively) (Table III). No differences by arm at birth or in the longitudinal analyses were 

observed among arms for BMI-for-age z score, WLZ, or HC-for-age z score (Table III).

No growth differences were observed between sexes, and models adjusted for maternal 

characteristics, including parity and education, demonstrated similar findings as the 

unadjusted models. Longitudinal analyses further adjusted for parity (primiparous vs 

multiparous) did not substantially change the comparisons of mean differences for 

continuous variables or the adjusted relative risks for the binary outcomes (data not shown).

Stunting rates across the 6-month period were similar for Arms 1 and 2 and were 

significantly lower than those for Arm 3 (Figure 3). The adjusted mean probability for 

stunting changed only slightly between birth and 3 months for all arms, but rates increased 

for all arms between 3 and 6 months (Figure 3). The adjusted relative risks for stunting over 

the study period were 0.76 (95% CI 0.66–0.87) and 0.77 (95% CI 0.67–0.88) for Arm 1 vs 

Arm 3 (P < .001) and for Arm 2 vs Arm 3 (P < .001), respectively (Table III). At 6 months 

of age, the percentages of stunted infants were 22.9%, 25.2%, and 30.7% for Arms 1, 2, and 

3, respectively (Figure 3). In contrast to stunting, no statistical differences in the longitudinal 
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risk of wasting (BMI-for-age z score <–2 and WLZ <–2) or of low head circumference (HC-

for-age z score <–2) were observed for any comparison among arms; risk of underweight 

(WAZ <–2) was reduced for both Arms 1 and 2 compared with Arm 3 (Table III).

Maternal reports of infant feeding practices indicated essentially universal breastfeeding, 

with rates of >99% for women in all arms throughout the study period. Pre-lacteal feeds in 

the first 3 days after birth were reported by 20%, 17%, and 16% of women in Arms 1, 2, and 

3, respectively. The most commonly reported pre-lacteal fluids were traditional medicines 

(10%), infant formula (2.1%), and plain water (1.7%), with no differences by arm. Exclusive 

breastfeeding at 14 days was reported by 80%−84% of women in the three intervention 

arms; at 1 and 3 months, the figures were lower at 72%−74% and 69%−71%, respectively. 

The dominant non-breast milk liquid was traditional medicine (20%), followed by other 

milk (4–5%), and plain water (2%−8%). By 6 months, most mothers (58%) reported offering 

non-breast milk liquids, most commonly plain water (39%), traditional medicine (18%), and 

thin porridge (15%). At 3 months, less than 5% of mothers reported use of non-liquid 

complementary foods, whereas by 6 months, most reported offering some type of 

complementary foods, with cereals (non-commercial), fruits and vegetables, and some type 

of fat being the foods most commonly reported. No differences were evident among arms at 

any time point or for any liquid or food, with the differences between arms typically less 

than 3%.

Reported illnesses for all livebirth singletons did not differ by arm, but the number of 

hospitalizations was higher for Arm 1 (5%) compared with Arm 3 (2.8%) (relative risk 1.80, 

95% CI 1.09–2.97, P = .02) (Table IV; available at www.jpeds.com). No statistical 

differences were observed among arms for respiratory, diarrheal, or malaria illnesses (Table 

IV). With respect to mortality, Arm 2 had a greater rate of neonatal deaths (<28 days) 

compared with Arm 3, with neonatal mortality rates (NMR) 41.9 per 1000 vs 23.3 per 1000, 

respectively (RR 1.79; 95% CI 1.08–2.97; P = .02); rate for Arm 1 vs Arm 3 was 

intermediate at 37.2/1000 (RR 1.56; 95% CI 0.87–2.81; P = .14). For all arms, most (75%

−84%) of the neonatal deaths occurred during the first week of life. Primary causes of death 

were “infection/trouble breathing” (44%), “prematurity or low birth weight” (13%), and 

“birth asphyxia” (8%). Inspection of the by-site data indicated only Pakistan had an NMR 

greater for Arm 2 vs Arm 3: 66.4 per 1000 vs 23.4 per 1000 (RR 2.84; 95% CI 1.05–7.68; P 
= .04). Infant deaths over the entire 6-month study period did not differ by arm (Table IV).

Discussion

The key finding in this analysis was the persistence through the first 6 months of postnatal 

life of the benefits for fetal growth that resulted from comprehensive maternal nutritional 

supplementation initiated before conception or at the end of the first trimester. Despite no 

postnatal intervention, both length and weight, and the respective z scores, were significantly 

greater, and stunting rates were lower at 6 months for infants of mothers randomized to the 

intervention arms compared with those of the women in the control group. The multisite 

study was undertaken in diverse, low=resource settings, all with rates of young child 

stunting ≥40%.1 LAZ scores declined and stunting rates increased for all 3 groups, 

especially between 3 and 6 months, but stunting rates remained 20%−30% greater at 6 
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months for the infants of mothers in the control arm compared with those of women who 

received the intervention.

Our findings contrast with the limited literature on growth patterns in early infancy after 

maternal nutrition supplementation during pregnancy and lactation. Two studies of pre- and 

postnatal maternal micronutrient supplementation with SQ-LNS that were conducted in 

Bangladesh and Malawi reported no difference in length velocity or LAZ by group for the 

birth to 6 months’ postnatal period.9,10 Our findings also contrast with those of a 

randomized trial in Burkina Faso that compared effects of LNS vs multiple micronutrient 

supplements initiated in the second trimester and continued until parturition. In that study, 

although birth length was significantly greater in infants of mothers who received LNS, the 

postnatal growth was actually slower in the LNS group, and by 6 months the growth 

trajectories had converged, and no difference in LAZ at 6 months was observed.8 The 

differing results among these studies and our findings for early growth may reflect 

differences in study populations, baseline maternal nutritional status, and/or in study design, 

eg, the early timing and/or the comprehensive nature of the nutrition intervention, which 

included both the SQ-LNS and a lipid-based balanced protein and energy supplement 

without additional micronutrients.

The relatively steady linear growth between birth and 3 months also differs from multiple 

reports of substantial linear growth faltering in the early weeks of postnatal life.4,5,9,10,18

Cross-sectional data from national anthropometric measurements from 54 countries 

demonstrated an early and progressive decline in LAZ, particularly in Sub-Saharan Africa 

and South Asia.4 In a longitudinal observational study in the same area in Guatemala, the 

sharpest decline in LAZ occurred between birth and 3 months, with more gradual decline 

thereafter through 6 months.5 The large multicountry longitudinal birth cohort study, MAL-

ED (Etiology, Risk Factors and Interactions of Enteric Infections and Malnutrition and the 

Consequences for Child Health and Development), which linked growth, enteric infections, 

and nutritional intake, reported considerable variability in the onset of stunting. In that study, 

sites in Africa and South America demonstrated increases in the proportion of stunted 

infants by approximately 3 months, but in the other sites increases occurred primarily after 6 

months.18 In MAL-ED, asymptomatic enteropathogen detection, not diarrhea, was 

associated with slower linear growth as early as the first 2 months of postnatal life.19 

Enteropathogen carriage was not tracked in our study and may have differed among the 

Women First trial sites. Indicators of socioeconomic status and water and sanitation ranged 

widely among sites20 but did not differ among the intervention arms for those women with 

birth outcomes.15 The significant interaction between intervention arm and site that we 

observed for LAZ supports this heterogeneity of linear growth faltering, but the significant 

positive effects of the intervention in three of the four sites for the preconception arm also 

supports generalizability of our findings.

Lack of exclusive breastfeeding has been associated with poor growth and infectious 

morbidity including, especially, diarrhea.21 Although rates of exclusive breastfeeding 

steadily declined, the rates were comparable with or exceeded those of the observational 

MAL-ED birth cohort study, which found no association of breastfeeding (full or partial) 
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and linear growth in the first 6 months.19 In addition, 2 trials of maternal LNS 

supplementation for 6 months postpartum reported no benefit on linear growth.9,10 The 

randomized design of the intervention trial, the nearly parallel LAZ trajectories for all three 

arms, and the similarity of reported feeding practices suggest that prenatal factors were more 

potent than postnatal diet in influencing growth during this observation period. In addition, 

maternal nulliparity and baseline anemia were identified as critical effect modifiers in the 

Women First trial such that the women with these characteristics had newborns with 

substantially greater birth length and weight, especially for those in the preconception group.
22 Although continued follow-up of these offspring of the Women First trial will be essential 

to determine the durability of these growth effects as other environmental factors, including 

dietary, water, and hygiene factors become progressively influential,19 our findings 

emphasize the importance of maternal nutrition for this critical period of post-natal growth 

and development.

The unexpected findings of greater hospitalizations for the infants of mothers in the 

preconception arm (Arm 1) compared with the controls, and of greater NMR for the infants 

of women in the prenatal arm (Arm 2) compared with the controls are difficult to explain, 

especially in light of the more favorable growth for infants of mothers in both of the 

intervention arms. The outstanding observation for the Pakistan site was actually the very 

low and somewhat-implausible NMR for the control arm, which was less than half that 

reported from the same communities in a multicountry maternal neonatal health registry.
23,24 The NMR for Arms 1 and 2 in the Pakistan site were in line with the registry reports, 

suggesting that the Arm 3 finding was due to factors unrelated to the intervention. No 

differences among arms were observed for rates of either miscarriages (<20 weeks of 

gestation) or stillbirths (≥20 weeks of gestation), thus arguing against intervention group-

based differences in potential vulnerability of the newborns.15 Moreover, a recent review 

that compared maternal and infant outcomes for prenatal SQ-LNS vs iron-folate 

supplements found no difference in neonatal deaths.25 We also found no differences among 

the intervention arms or among the sites in exclusive breastfeeding, which has consistently 

been found to be strongly protective against morbidity and mortality, especially related to 

diarrhea and other infectious diseases.26–28 Thus, in the absence of a plausible biological 

etiology and unless our findings are replicated in studies with larger sample sizes and more 

intense monitoring, we conclude that the greater NMR for the infants of the women in the 

prenatal intervention arm was due to chance and should not discourage ongoing interest in 

the use of SQ-LNS as a potentially effective nutrition-specific intervention.

The strengths of this study include the randomized assignment to the nutrition intervention 

arm before conception for all women; the relatively large sample size; and the high rate of 

follow-up for the postnatal measurements, with approximately 95% of live-born infants in 

the intervention phase of the trial having at least 2 measurements for the current analysis. 

We also acknowledge limitations, including the relatively low intensity of surveillance for 

morbidity and mortality outcomes, which was not sufficient to provide more insight for 

underlying explanation(s) for the observed findings.

In summary, in these diverse low-resource settings, both linear and ponderal growth from 

birth through 6 months were significantly greater and stunting rates were lower for infants 
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whose mothers received nutrition supplementation in the preconception period or late in the 

first trimester compared with infants whose mothers received only the standard of care in 

their setting. These improved growth patterns impacted infants at the crucial time of most 

rapid postnatal growth and were observed despite no postnatal intervention to either the 

mothers or infants. Our results add to the current understanding of growth in the first half of 

the first 1000 days and support the critical and possibly enduring importance of optimized 

maternal nutrition before conception and the early phase of gestation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Glossary

BMI Body mass index

HC Head circumference

LAZ Length-for-age z score

MAL-ED Etiology, Risk Factors and Interactions of Enteric Infections and 

Malnutrition and the Consequences for Child Health and 

Development

NMR Neonatal mortality rate

SQ-LNS Small quantity-lipid nutrient supplement
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WAZ Weight-for-age z score

WHO World Health Organization

WLZ Weight-for-length z score
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Figure 1. 
Consort diagram: screening, randomization, and longitudinal 0- to 6-month analyses 

population by intervention arm. a Excludes women who became pregnant <3 months into the 

study. The women who had eligible pregnancies may have had delivery data obtained or they 

may have exited the study before delivery. bAfter excluding extreme invalid measurements 

as determined by expert internal review, the 0- to 6-month longitudinal analysis subset 

includes all live-born infants with birth length measurements measured by 7 days of age and 

at least 2 follow-up visits (1-month, 3-month, or 6-month).
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Figure 2. 
Longitudinal data for A, LAZ, B, WAZ; and C, BMI-for-age z score from birth to 6 months 

of age by intervention arm. Data are presented as mean ± SEM. Maternal participants in 

Arm 1 (N = 785 infants) started lipid-based nutrition supplements ≥3 months before 

conception; Arm 2 (N = 827 infants) started the same supplement at ~11 weeks of gestation; 

and Arm 3 (control, N = 809 infants) received no trial supplements. Different subscripts 
denote significant differences between arms when adjusted for site, cluster, maternal 

education, parity, and (for LAZ) site-by-arm interaction (P < .05).
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Figure 3. 
Progression of stunting from birth to 6 months of age by intervention arm. Data represent 

unadjusted means. Maternal participants in Arm 1 (N = 785 infants) started lipid-based 

nutrition supplements ≥3 months before conception; Arm 2 (N = 827 infants) started same 

supplement at ~11 weeks of gestation; and Arm 3 (control, N = 809 infants) received no trial 

supplements. Different superscripts denote significant differences between arms.
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