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Background and current gap 

Stunting is an indicator of impaired linear growth 

with immediate and long-term negative 

consequences for both physical growth and 

neurodevelopment.1 Without early intervention, 

stunting can result in potential long-term, 

cumulative health and wellbeing implications 

across a child’s life trajectory.1 In early life, 

stunting can affect survival during infancy, 

contribute to development deficits such as 

cognitive development that later hamper their 

educational attainment.2-4 Stunted children are 

often more susceptible to frequent infections and 

to sensory, motor, cognitive, language, 

socioemotional, cultural, and behavioral 

impairments.3,4 When children are stunted and 

have other deficit conditions such as wasting 

and/or underweight, they are at even higher 

risks for mortality.5 Stunting can also influence 

economic opportunities later in life, since poor 

school performance and decreased learning 

capacity associated with stunting can lead to 

lower adult wages, lost productivity, and other 

long-term economic consequences.6,7 

Over the last decade, several review papers of 

clinical trials or observational studies have 

rigorously investigated the effects of 

interventions to address stunting. However, 

these focused on a single class of interventions 

or investigated within one early life stage.8 

Similarly, comprehensive reviews have been 

limited to summarizing key findings of more 

focused reviews.7,8 No synthesis has attempted 

to summarize and quantify the effectiveness of 
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multiple classes of interventions, across the 

three key early life stages: pregnancy, exclusive 

breastfeeding (infants aged 0-6 months) and the 

complementary feeding period (6-24 months), as 

well no assessment of conjoint effects has been 

undertaken on stunting and mortality using the 

Lives Saved Tool.9   

Our goal and approach 

We aimed to determine the effectiveness of 

interventions to prevent adverse birth outcomes 

and improve linear growth in LMICs using a 

systematic review and network meta-analysis 

approach. As there were limited head-to-head 

randomized clinical trials (RCTs) comparing 

active interventions, we employed a network 

meta-analysis to allow for the incorporation of 

indirect evidence (comparison of two 

interventions via their relative effects to some 

common control). We aimed to apply this 

approach separately to each of the three life 

stages to determine the effects of interventions 

under the classes of micronutrients, balanced 

energy protein or food supplements, deworming, 

maternal education, and water, sanitation, and 

hygiene (WASH). We focused on preventive 

interventions and did not include interventions 

aimed for treatment as in the case of severe 

acute malnutrition; this class of interventions has 

been reviewed elsewhere.10,11  

We applied a Bayesian network analysis. We 

conducted comprehensive searches and 

network meta-analyses using RCTs of 

interventions provided to pregnant women, 

infants (0-6mo), and children (6-24mo) in LMICs. 

We compared effects on preterm birth and 

birthweight for pregnancy, LAZ for EBF, and 

HAZ for CFP, and probabilities of interventions 

being superior to standard-of-care (SOC) by at 

least a minimal clinically importance difference 

(MCID) for each life-stage. 

In this article, we report their effects on birth 

outcomes of preterm birth and birthweight 

(pregnancy) and linear growth outcomes of 

length-for-age (LAZ; exclusive breastfeeding 

period) and HAZ (complementary feeding 

period) in the three life stages across the first 

1,000 days of life.  

Our findings 

Literature review 

In total, our systematic search of databases and 

hand searching of reference lists from relevant 

published reviews yielded 22,738 abstracts. Of 

these, 1,072 studies underwent full-text review 

resulting in 235 published articles reporting on 

182 trials met our inclusion criteria. Of these, 

169 trials (Pregnancy: n = 87; Exclusive 

breastfeeding period: n = 27; Complementary 

feeding period: n = 68 trials) were included for 

the analyses. In total, these trials included 

294,571 participants that were randomized to 

461 intervention arms; of these, there were 29 

cluster randomized clinical trials included that 

randomized 4,207 clusters (182,421 patients) to 

88 intervention arms. Studies were located 

predominantly in the following geographic 

regions: South East Asia (n=89), Africa (n=72) 

and South America (n=27). In all three life 

stages, micronutrient supplementation 

(n=133/169) was the most common intervention 

domain investigated (Pregnancy: n=76/87; 

Exclusive breastfeeding period n=10/27; and 

Complementary feeding period n=47/68 trials) 

Network meta-analysis results  

We found several nutritional interventions that 

demonstrated effectiveness against SOC. For 

instance, compared to SOC, maternal 

supplements of multiple micronutrients (MMN) 

reduced the odds for preterm birth (OR=0·54; 

95%CrI: 0·27, 0·97) and improved mean 

birthweight (Mean difference=0·36kg; 95%CrI: 

0·12, 0·59kg), but not LAZ during EBF (Mean 

difference=−0·02; 95%CrI: −0·18, 0·14). 

Supplementing infants and children with MMN 

improved LAZ (Mean difference=0·20; 95%CrI: 

0·03, 0·35) and HAZ (Mean difference=0·14; 

95%CrI: 0·02, 0·25). We also found that 

pregnancy interventions generally had higher 

MCID probabilities than the interventions for the 

EBF/CFP.
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Implications of our findings  

With continued efforts to improve MNCH under 

the Sustainable Development Goals era, steps 

to prevent adverse birth outcomes and improve 

linear growth in children across the early life 

stages are crucial. We have found several 

compelling and evidence-based interventions of 

multiple domains that should be combined and 

tested for effectiveness as a combined package.  

Our analyses highlight the importance of 

intervening early, during pregnancy if possible. 

There is a need to combine compelling and 

evidence-based interventions from multiple 

domains and test for their effectiveness as a 

package. 

 

For more information about this paper, 

please contact us at info@mteksciences.com 
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Table 1: Population, Interventions, Comparator, Outcomes, and Study Design (PICOS) criteria 

Criteria  Pregnancy Exclusive breastfeeding  

period: 0 – 6m 

Complementary feeding 

period: 6–24m 

Population Pregnant women living in low & 

middle-income countries (LMICs) 

Newborn infants of age 0 to 6 living in 

LMICs 

Children age of 6-24 months 

living in LMICs 

Interventions • Micronutrient and calcium 

supplementation to mother 

• Balanced energy protein (i.e. 

food) supplementation to mother 

• Deworming 

• Maternal education 

• Any water, sanitation and 

hygiene (WASH) intervention 

• Micronutrient & calcium 

supplementation to mother or to 

infant 

• Balanced energy protein 

supplementation to mother 

• Food supplementation or 

fortification to infant 

• Deworming 

• Maternal and breastfeeding 

education and support 

• Any WASH intervention 

• Kangaroo care* 

• Micronutrient & calcium 

supplementation to 

children 

• Food supplementation to 

children 

• Deworming 

• Maternal education and 

support 

• Any WASH intervention 

 

Comparator • Placebo 

• Standard-of-care (if applicable) 

• No intervention 

• Any of the interventions listed above as monotherapy or in combination that can be used for indirect 

comparison 

Outcomes At least one of the following 

outcomes: 

• Preterm birth (<37 weeks of 

gestational age) 

• Low birthweight (<2500g)* 

• Birthweight (continuous) 

At least one of the four outcomes: 

• Length for age z-score 

(LAZ) 

• Proportion of stunted (LAZ 

<-2SD)* 

• Height/length* 

• Head circumference* 

At least one of the two 

outcomes: 

• Height for age z-

score (HAZ)  

• Proportion of stunted 

(HAZ<-2SD)* 

 

Study design Randomized controlled trial 
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Figure 1: Life course conceptual framework for linear growth interventions 

Note: The 
study was guided by concepts denoted in Figure 1. Comprehensive literature reviews and network meta-analyses were conducted 
at each early life stage (1A, 1B and 1C) to establish the most well-studied and efficacious interventions within key MNCH 
intervention domains. Prevention and treatment interventions can be implemented at all three life stages. Our assumption is that 
because growth and development varies across groups and environmental contexts, a multi-level approach is the most effective. 
The conceptual framework is informed by Bronfenbrenner’s ecological systems theory.12 Intervening at different life stages will have 
health and social implications in adolescence and in adulthood. Adolescent and adult outcomes will feedback to impact the health 
and social outcomes of the next generation at preconception.  
 

Figure 2: Overall network diagrams for interventions for pregnancy; exclusive breastfeeding; complementary 
feeding period life stages 
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Figure 3: Probability of key interventions under the domains of micronutrients, balanced energy protein and 
food supplements, deworming, and maternal education, and WASH being superior to standard of care by at 
least the MCID** across life stages 

 

*Selected interventions had comparative effect sizes (vs SOC) of a promising magnitude. 
 
**Note: A minimal clinically importance difference (MCID) was defined as the following: 15% relative reduction for preterm birth; 71g 
in mean birth weight, 0.15 for LAZ and HAZ.  
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