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Abstract 
Background: Optimizing linear growth in children during 
complementary feeding period (CFP) (6-24 months) is critical for their 
development. Several interventions, such as micronutrient and food 
supplements, deworming, maternal education, and water, sanitation 
and hygiene (WASH), could potentially be provided to prevent 
stunting, but their comparative effectiveness are currently unclear. In 
this study, we evaluated comparative effectiveness of interventions 
under these domains on child linear growth outcomes of height-for-
age z-score (HAZ) and stunting (HAZ <-2SD) 
Methods: For this study, we searched for low- and middle-income 
country (LMIC)-based randomized clinical trials (RCTs) of 
aforementioned interventions provided to children during CFP. We 
searched for reports published until September 17, 2019 and hand-
searched bibliographies of existing reviews. We performed random-
effects network meta-analysis (NMA) for HAZ and stunting. 
Results: The evidence base for our NMA was based on 79 RCTs (96 
papers) involving 81,786 children. Among the micronutrients, 
compared to standard-of-care, iron + folic acid (IFA) (mean difference 
=0.08; 95% credible interval [CrI]: 0.01, 0.15) and multiple 
micronutrients (MMN) (mean difference =0.06; 95%CrI: 0.01, 0.11) 
showed improvements for HAZ; MMN also reduced the risks for 
stunting (RR=0.86; 95%Crl: 0.73, 0.98), whereas IFA did not (RR=0.92; 
95%Crl: 0.64, 1.23). For food supplements, flour in the caloric range of 
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270-340 kcal (RR=0.73; 95%Crl: 0.51, 1.00) and fortified lipid-based 
nutrient supplements (LNS) containing 220-285 kcal (RR=0.80; 95%Crl: 
0.66, 0.97) decreased the risk of stunting compared to standard-of-
care, but these interventions and other food supplements did not 
show improvements for HAZ. Deworming, maternal education, and 
WASH interventions did not show improvements for HAZ nor stunting. 
Conclusion: While we found micronutrient and food supplements to 
be effective for HAZ and/or stunting, the evidence base for other 
domains in this life stage was limited, highlighting the need for more 
investigation. 
Registration: PROSPERO CRD42018110449; registered on 17 October 
2018.
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Introduction
Linear growth is a marker of healthy childhood progression, 
closely linked with neurodevelopment in early life1. Despite 
global improvements in maternal, newborn, and child health 
(MNCH), the rate of children that fail to achieve their linear 
growth potential in low- and middle-income countries (LMICs) 
is high2. Prevention of linear growth faltering, also known as 
stunting (low height for age), during the complementary feeding  
period (6 to 24 months of age) is critical, since stunting during 
this life stage can have immediate, short- and long-term con-
sequences that are difficult to reverse3–5. Continued malnutri-
tion in children experiencing stunting can result in increased 
susceptibility and frequency to infections, as well as enhanced 
likelihood of cognitive, motor, and language impairment2,6. In  
later life, stunted children may also experience reduced life 
chances such as poor academic performance that may affect 
future earnings and increased risk for chronic diseases, includ-
ing obesity if accompanied by excessive weight gain in  
adulthood5,7–9.

As children begin to wean off breastfeeding, there is a criti-
cal and continual need to ensure proper nutrition, hygiene, 
control of infectious diseases, and overall care during the  
complementary feeding period. Despite multiple factors play-
ing a role in child’s linear growth, the majority of the reviews 
concerning linear growth for children during this life period 
in the past have focused on a single intervention domain  
(e.g. micronutrients) (Table 1). The comparative effectiveness 
of interventions is not clear across multiple domains, such as  
micronutrients, food supplements, deworming, maternal educa-
tion, and water, sanitation, and hygiene (WASH) that could be  
important solutions to optimize linear growth during this 
life period. Additionally, all of the existing reviews have 
implemented a traditional pairwise meta-analysis that only  
allows for comparison between two interventions that have 
directly been compared head-to-head in clinical trials. Given 

that the majority of trials have used placebo or other com-
parators with limited clinical interest, the utility of pairwise 
meta-analysis can be limiting, particularly when assessing the  
broad sets of interventions that could be provided during  
the complementary feeding period.

Network meta-analysis, as an extension of conventional pair-
wise meta-analysis, allows for comparisons of interventions that 
have not been directly compared in head-to-head randomized 
clinical trials within a single analysis10,11. While network 
meta-analysis is new to MNCH, this technique has been endorsed 
by the World Health Organization (WHO) to support the  
development of intervention guidelines in global health11, 
with the past WHO guidelines on HIV drug and behavioral 
therapies and direct acting agents against hepatitis C having 
been formulated using network meta-analysis12–14. This study 
uses a systematic review and network meta-analysis to determine 
the comparative effectiveness across intervention domains in  
micronutrient supplements, food supplements, deworming, mater-
nal education, and WASH interventions on HAZ and stunting  
for children aged 6–24 months living in LMICs. 

Methods
The protocol for this study was registered on PROSPERO 
(CRD42018110449). The study was conducted according to 
the Preferred Reporting Items for Systematic Reviews and  
Meta-Analysis (PRISMA) extension to network meta-analysis15.

Search strategy and selection criteria
Two-way sensitivity searches were conducted for this study. 
First, key MNCH articles, including Bhutta et al.16, and the  
Lancet 2013 umbrella review on evidence-based interventions2,17, 
were reviewed for relevant systematic reviews and trials. A 
hand-search of the bibliography of Bhutta et al.16 was done  
to identify relevant systematic reviews and trials, and searches 
were done on PubMed and the Cochrane Database of Sys-
tematic Reviews to identify additional reviews that were pub-
lished after 2013. The list of published reviews relevant to this  
study is provided in Table 1. 

As the second step, a full comprehensive search of litera-
ture was conducted from database inception up to September 
17, 2019. The Cochrane Central Register of Controlled Trials, 
Embase, and MEDLINE were searched to identify relevant 
trials and any additional relevant reviews that were missed 
in the prior step (search terms are provided in Extended data,  
Supplementary Tables 1, 2, and 3)18. Hand searches were done 
on the reference lists from the relevant reviews identified to  
improve the sensitivity of this study’s search.

Table 2 summarizes the Population, Intervention, Compara-
tor, Outcomes, and Study Design (PICOS) criteria used to guide 
the study selection for our systematic literature review. In brief, 
randomized clinical trials that assessed interventions’ compara-
tive effectiveness on HAZ and/or stunting (a HAZ score of less 
than 2 SDs below the WHO Child Growth Standards median)19  
for children aged 6 to 24 months living in LMICs. The interven-
tion domains of focus included: micronutrient supplements, 
food supplements, deworming, maternal education, and WASH  
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Table 1. Existing reviews on interventions for children aged 6 to 24 months.

Study ID Title Interventions 
domains

No of 
studies

Types of studies included

Dangour 201320 Interventions to improve water quality and 
supply, sanitation and hygiene practices, 
and their effects on the nutritional status of 
children (Review)

WASH 1� RCTs, cluster-RCTs, quasi- and 
non-randomised trials, controlled 
cohort or cross-sectional studies 
and historically controlled studies

Darlow 201621 Vitamin A supplementation to prevent 
mortality and short- and long-term 
morbidity in very low birth weight infants 
(Review)

Micronutrient: Vitamin 
A

10 RCTs

Das 201322 Micronutrient fortification of food and 
its impact on woman and child health: a 
systematic review

Micronutrients 201 RCTs, quasi-experimental and 
before-after studies.

De-Regil 201123 Intermittent iron supplementation for 
improving nutrition and development in 
children under 12 years of age (Review)

Micronutrient: Iron 
(intermittent)

33 RCTs and quasi-RCTs with 
either individual or cluster 
randomisation

De-Regil 20132� Home fortification of foods with multiple 
micronutrient powders for health and 
nutrition in children under two years of age 
(Review)

Home fortification 8 RCTs or quasi-RCTs

Devakumar 
201625

Maternal antenatal multiple micronutrient 
supplementation for long-term health 
benefits in children: a systematic review and 
meta-analysis.

Micronutrient: MMS 9 RCTs, cluster-RCTs

Gaffey 201326 Dietary management of childhood diarrhea 
in low- and middle-income countries: a 
systematic review.

Diet for diarrhea 
management

29 RCTs

Gough 201�27 The impact of antibiotics on growth 
in children in low and middle income 
countries: systematic review and meta-
analysis of randomised controlled trials

Antibiotics 10 RCTs

Imdad 201128 Effect of preventive zinc supplementation 
on linear growth in children under 5 years 
of age in developing countries: a meta-
analysis of studies for input to the lives 
saved tool

Micronutrient: Zinc 36 RCTs

Imdad 201729 Vitamin A supplementation for preventing 
morbidity and mortality in children from six 
months to five years of age (Review)

Micronutrient: Vitamin 
A

�5 RCTs, Cluster-RCTs

Kristjansson 201530 Food supplementation for improving the 
physical and psychosocial health of socio-
economically disadvantaged children aged 
three months to five years

Food supplementation 26 RCTs and studies with historical 
controls

Lassi 201331 Impact of complementary food and 
education on complementary food on 
growth and morbidity of children less than 
2 years of age in developing countries: a 
systematic review

Complementary foods 16 RCTs, nonrandomized trials

Matsungo 201732 Lipid-based nutrient supplements and 
linear growth in children under 2 years: a 
review

Lipid supplements 7 RCTs

Mayo-Wilson 
201�33

Zinc supplementation for preventing 
mortality, morbidity, and growth failure in 
children aged 6 months to 12 years of age 
(Review)

Micronutrient: Zinc 80 RCTs
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Table 2. Population, interventions, comparator, outcomes, and study design 
(PICOS) criteria.

Category Inclusion criteria

Population Children of age 6 to 2� months, living in low- and middle-income 
countries

Intervention

•   Micronutrient & calcium supplementation to children 
•   Food supplementation to children 
•   Deworming 
•   Maternal education 
•   Any water, sanitation and hygiene (WASH) intervention

Comparators

•   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 (reported after at least 3 months): 
•   Height for age z-score (HAZ) 
•   Proportion of stunted (HAZ < -2SD)

Study Design Randomized clinical trials

Other Published in the English language

Study ID Title Interventions 
domains

No of 
studies

Types of studies included

Pasricha 20133� Effect of daily iron supplementation on 
health in children aged �–23 months: a 
systematic review and meta-analysis of 
randomised controlled trials.

Micronutrient: Iron 35 RCTs

Petry 201635 The Effect of Low Dose Iron and Zinc 
Intake on Child Micronutrient Status and 
Development during the First 1000 Days of 
Life: A Systematic Review and Meta-Analysis.

Micronutrient: Iron + 
zinc

90 RCTs or quasi-RCTs

Salam 201336 Effectiveness of micronutrient powders 
(MNP) in women and children

Micronutrient: 
Micronutrient powders

17 RCTs

Sguaseero 201237 Community-based supplementary feeding 
for promoting the growth of children under 
five years of age in low and middle income 
countries (Review)

Community-based 
supplementary feeding

8 RCTs

Taylor-Robinson 
201538

Deworming drugs for soil-transmitted 
intestinal worms in children: effects on 
nutritional indicators, haemoglobin and 
school performance (Review)

Deworming �5 RCTs or quasi-RCTs

interventions. Non-English-language studies were excluded. Four 
reviewers (JJHP, ES, LD, and NEZ) independently reviewed 
all abstracts and proceedings identified in the systematic  
search. The same reviewers independently conducted the full-text  
review. Any discrepancies were resolved by discussion, and  
if a resolution could not be achieved, a fifth reviewer (KT)  
settled the disagreements.

Using a standardized data sheet in Microsoft Excel, four inves-
tigators (JJHP, ES, LD, and NEZ) independently extracted 
data for study characteristics, interventions used, partici-
pant characteristics at baseline, and outcomes from the final  
subset of eligible studies. Any discrepancies observed during 
data extraction were resolved by consensus achieved through  
discussion.
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Data analysis
The network meta-analyses for this study were done using 
the Bayesian framework in R via the R2WinBUGS v14  
package39,40. Bayesian models were performed according to  
the guideline of NICE Technical Support Document 2  
(TSD2)41. Estimates of comparative effectiveness were meas-
ured using mean differences in HAZ with associated 95%  
credible intervals (95% CrI); and risk ratios (RRs) with  
associated 95% CrI for the stunting outcome. As heterogene-
ity was anticipated, random-effects network meta-analysis mod-
els were performed. In all models, an empirically informative  
heterogeneity prior distribution were used, as suggested by  
Rhodes et al.42 for continuous outcomes and Turner et al.43  
for dichotomous outcome, to stabilize the estimation of het-
erogeneity in the face of low number of trials per comparison 
in the network. The model selection was informed by using the 
deviance information criterion (DIC) and the deviance-leverage  
plots that could help identify outlier(s) in terms of model fit,  
in accordance to the NICE TSD2 recommendations41.

For both HAZ and stunting, the primary analysis included 
both cluster and non-cluster randomized clinical trials (with 
the unit of randomization performed at the individual level). 
Within the cluster trials included in our network meta-analysis,  
an average value of ICC of 0.0505 was reported. Thus, in 
order to adjust for clustering effects of the cluster trials, a  

conservative intracluster correlation coefficient of 0.05 was 
assumed and we used inflated variances accordingly for the con-
tinuous outcome, and adjusted the sample sizes and the number 
of cases for the dichotomous outcome, following the principles 
recommended by Uhlmann et al.44 Sensitivity analyses were  
conducted for each outcome by using non-cluster randomized  
clinical trials only in the analyses. Full details of the  
statistical approaches are provided in the Extended data  
(Supplementary Table and figures file)18.

Risk of bias within and across studies
Each full text article was evaluated for reporting quality  
according to the Cochrane Risk of Bias Tool45. Bias was evalu-
ated using the Cochrane Risk of Bias tool in the areas of  
selection, performance, detection, attrition, reporting, and 
other sources of bias. Over 60% of the studies exhibited low 
bias in terms of attrition, selection, and reporting bias. Sources 
of detection and performance bias were unclear in about  
25–30% of the studies. The risk of bias assessment within and  
across studies are provided in the Extended data (Supplementary 
Table 8)18. 

Results
A total of 20,511 abstracts was found from our database 
searches and hand searches of the bibliography of published 
reviews (Figure 1). Of these, 1,094 studies underwent a full-text  

Figure 1. Study selection.
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review with 96 papers reporting on 79 trials that met the inclu-
sion criteria. The list of included studies is provided in the  
Extended data (Supplementary Table 4 for included and Table 5  
for the list of excluded studies)18. Trial characteristics and 
participant characteristics of the included studies are pro-
vided in the Extended data, Supplementary Tables 6 and 718,  
respectively. In total, these trials comprised of 81,786 chil-
dren who were randomized to 236 unique interventions  
(Figure 2). Of these trials, 22 were cluster trials with 2,990 
clusters (53,057 children) randomized to 80 interventions. 
The majority of trials were conducted in African (n = 35) and 

South Eastern Asian (n = 25) countries with double blinding  
(i.e. blinding of participants and investigators; n = 40) being the 
most common blinding feature. Micronutrient supplementa-
tion was the most common intervention domain studied (n = 50 
trials). Only a handful of these micronutrient trials compared 
interventions from other domains (food supplements: n = 11 tri-
als46–56 and maternal education: n = 2 trial57,58). There were four 
cluster trials on WASH (WASH Benefits Bangladesh59, WASH 
Benefits Kenya60, SHINE61, and Shafique et al.62), and these 
trials also included intervention arms that consisted of food  
supplements (i.e. LNS) or multiple micronutrients (i.e. MMN).

Figure  2.  Overall  network  of  the  comparisons  between  interventions  for  children  aged  6  to  24  months.  Each node (circle) 
represents an intervention, each line represents a direct comparison between interventions, with the lines with width representing the 
number of trials with the direct comparisons in question (i.e. thicker width represents a direct comparison with larger numbers of trials). The 
different intervention domains are indicated with the following colors: blue for micronutrient supplements; brown for food supplements; 
yellow for education and counseling interventions; green for deworming interventions; and orange for WASH interventions. Vit. vitamin; IFA, 
iron and folic acid; LNS, lipid-based nutrient supplements; Fort, fortification; MMN, multiple micronutrients; HS, hand sanitizer.
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Height-for-age z-score (HAZ)
The network of evidence pertaining to the analysis of the  
outcome HAZ included 67 trials (69,223 children randomized 
to 220 intervention arms; Extended data, Supplementary  
Figure 1)18. Of these, 16 were cluster trials that randomized 
1,440 clusters (36,032 children) to 62 intervention arms. Key 
results of the primary analysis that included both cluster and  
non-cluster randomized clinical trials are illustrated using a for-
est plot (Figure 3). Among micronutrient supplementations, 
iron + folic acid (IFA) (mean difference =0.08 95%  
CrI: 0.01, 0.15), and multiple micronutrients (MMN) (mean dif-
ference =0.06; 95% CrI: 0.01, 0.11) showed improvements 
in HAZ in comparison to standard-of-care. Iron (mean dif-
ference =0.03; 95% Crl: -0.02, 0.08) showed a trend towards  
HAZ improvement versus standard-of-care, but its credible 
intervals contained the null effect of 0. No food supplements 
showed improvements for HAZ versus standard-of-care.  
Similarly, no deworming interventions during the complementary 

feeding period or WASH interventions showed improvements  
in HAZ compared to standard-of-care.

Sensitivity analysis for HAZ
The network diagram of the sensitivity analysis restricted to 
non-cluster randomized clinical trials for HAZ is provided in 
the Extended data (Supplementary Crosstable and Supple-
mentary Tables and Figures)18. In comparison to standard of 
care, IFA showed results highly consistent with the primary 
analysis (mean difference =0.08; 95% CrI: 0.00, 0.16). MMN, 
on the other hand, did not show effectiveness over standard-
of-care in the sensitivity analysis, but the trend was similar to 
the findings from the primary analysis (mean difference =0.05; 
95% CrI: -0.03, 0.12). Similar to the primary analysis, no 
deworming and food supplements showed improvements  
in HAZ in comparison to standard-of-care. No WASH  
interventions were available for the sensitivity analysis, as it was  
limited to non-cluster trials only.

Figure 3. Forest plot for the effects of interventions on HAZ (mean difference), primary analysis. Vit. vitamin; IFA, iron and folic 
acid; LNS, lipid-based nutrient supplements; Fort, fortification; MMN, multiple micronutrients; WASH, – water treatment, toilet facilities, and 
handwashing. * Denotes mean difference values that do not contain the null effect of 0.
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Stunting (HAZ < -2SD)
The network of evidence for the primary analysis of the  
stunting outcome consisted of 20 trials with 40,193 children 
randomized to 77 intervention arms (Extended data, Sup-
plementary Figure 3)18. Of these, 12 were cluster trials with 
1,608 clusters (33,660 children) randomized to 50 intervention 
arms. A forest plot for the comparative effects of interventions 
on stunting (RRs) is provided in Figure 4. Among micronu-
trient supplements, MMN (RR: 0.86, 95% CrI: 0.73, 0.98) 
demonstrated superiority over standard-of-care, whereas IFA 
(RR: 0.92, 95% CrI: 0.64, 1.23) did not reduce the risks of 
stunting relative to standard-of-care; however, intake of Iron  
(RR: 0.91; 95% Crl: 0.76, 1.06) showed trend towards reduc-
ing risks for stunting. For food supplements, fortified  
lipid-based nutrient supplements (LNS) containing 220–285 
kcal (RR: 0.80, 95% CrI: 0.66, 0.97) and flour containing 270 
– 340 kcal (RR: 0.73, 95% CrI: 0.51, 1.00) showed reduced 

risks of stunting versus standard-of-care. Among other interven-
tion domains, compared to standard-of-care, Maternal education 
also showed a trend towards decreasing the risks of stunting 
(RR: 0.91, 95% CrI: 0.75, 1.08); but no deworming or WASH  
interventions showed reduced risks for stunting except for 
WASH combined + fortified LNS containing 118 kilocalories 
that had showed a trend towards reducing the risks of stunting  
(RR: 0.91, 95% CrI: 0.73, 1.10).

Sensitivity analysis for stunting
The network diagram of the sensitivity analysis for stunting 
is provided in the Extended data (Supplementary Figure 4)18.  
The results of the sensitivity analyses are provided in the 
Extended data, Supplementary Cross-table file (tab: “Sensitivity,  
Stunting”)18. We found several interventions that showed either 
reduced risks for stunting or trends towards reduced risks. 
For instance, relative to standard-of-care, MMN (RR: 0.78; 

Figure  4. Forest plot for the effects of interventions on stunting (risk ratio), primary analysis. Vit. vitamin; IFA, iron and folic 
acid; LNS, lipid-based nutrient supplements; Fort, fortification; MMN, multiple micronutrients; WASH, – water treatment, toilet facilities, and 
handwashing. * Denotes values of risk ratio that do not contain the null effect of 1.
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95% CrI: 0.59, 1.00) and fortified LNS 220–285 kcal (RR: 
0.80; 95% Crl: 0.62, 1.00) showed reduced risks for stunt-
ing. Similarly, iron (RR: 0.89, 95% CrI: 0.74, 1.06) and flour 
270–340 kcal (RR: 0.71; 95% Crl: 0.48, 1.02), showed trends 
towards reducing the risks of stunting versus standard-of-care,  
but their Crls contained the null effect of 1. No deworming  
interventions showed reduced risks for stunting over standard-
of-care. Similar to the sensitivity analysis for HAZ, no WASH  
interventions were available.

Discussion
In this study, systematic literature review and network meta-
analysis were used to determine the comparative effectiveness of 
interventions for linear growth under the domains of micronu-
trients, food supplements, deworming, maternal education, and 
WASH interventions for LMIC-based children in the age  group 
of 6 to 24 months. During the complementary feeding period 
life stage, micronutrient supplements such as IFA and MMN 
showed improvements for HAZ compared to standard-of-care,  
with iron showing some trends towards improved HAZ. Deworm-
ing, maternal education, food supplements, and WASH interven-
tions, on the other hand, did not show improvements in HAZ 
versus standard-of-care. For stunting, food supplements of  
fortified LNS 220–280 kcal and flour 270–340 kcal showed 
reduced risks of stunting, with other interventions such as iron,  
MMN, and MMN combined with maternal education, demon-
strating trends towards reduced stunting risks, in comparison to  
standard-of-care.

The key strengths of this study were the consideration of multi-
ple intervention domains and the use of network meta-analysis.  
The approach undertaken for this study differed from previous 
reviews (Table 1) that have had limited scopes of single 
intervention or single intervention domains; these reviews 
have all used pairwise meta-analysis, thus being limited to  
trials and interventions that have only been directly compared 
to one another. The use of network meta-analysis allowed for  
consideration of a broader evidence base to estimate the  
comparative effectiveness of multiple interventions under  
multiple treatment domains. By incorporating statistical adjust-
ments for clustering effects, this study was able to incorpo-
rate cluster randomized clinical trials that mostly did not report 
information on clustering effects (i.e. ICC or design effects)  
into the statistical analyses.

Nonetheless, the existing evidence base limited our analyses. 
The majority of the randomized clinical trial evidence base 
was confined to the micronutrient supplementation domain 
(n = 50), and the evidence base for intervention domains 
for food supplements, deworming, maternal education, and  
WASH being limited. This imbalance in intervention class could 
partly be explained by the narrow bounds in the population cri-
terion (i.e. the age criteria of 6 to 24 months) of our PICOS cri-
teria. For instance, there were a number of trials that recruited 
children using a wider age eligibility criterion (e.g. 6 months  
up to 5 years of age) that encompassed children in the com-
plementary feeding life stage, but these trials were excluded 

since growth rates and determinants of children older than 
24 months are different than children in the complementary  
feeding period age group. While this age restriction lim-
ited the number of eligible trials for our analysis, it is impor-
tant to note that the population criteria was determined a priori  
before the screening was initiated for this systematic review 
since we recognized that growth determinants and rates can  
vary substantially for children between these ages63. Another 
limitation related to our categorisation of interventions is  
that we combined interventions into broad categories to assist 
with interpretation and acknowledge that a different approach  
to categorisation might have altered the results.

This study has shown that the existing evidence base on inter-
ventions aimed to improve linear growth in children during 
the complementary feeding period is limited and inconsistent. 
Generally, investigation of interventions outside of the domain 
of micronutrient supplements was limited. There were only 
two trials on deworming64,65 and four WASH trials59–62 report-
ing on linear growth outcomes in our analyses. There were 
eight trials under the maternal education domains57,58,62,66–70,  
but the components and the delivery of these educational inter-
ventions varied considerably between these trials. For food  
supplement trials, poor adherence and household food inse-
curity that may promote family sharing could influence why 
these interventions did not show improvements in linear growth.  
Moreover, the food supplements in these trials were all based 
on a single type of food, so children may have refused to  
consume as they have become tired of consuming same type of 
food over time. There were no trials that investigated nutri-
tional strategies that aimed to improve dietary diversity in order 
to improve linear growth in children during this life stage, nor 
were there any trials that aimed to address household food  
insecurity. It is also important to note that there was ran-
domness in the data as well as substantial heterogeneity 
observed in the duration of the interventions and the timing 
of outcome assessments that can be attributed to the variation  
in impact on HAZ and stunting.

A previous report from Bangladesh has shown that the taste 
of LNS is generally acceptable, and at least in shorter-term, 
adherence to LNS was high and sharing of these food sup-
plements could be minimized in the household71. However,  
acceptability and adherence to LNS in other settings are not 
clear; the long-term acceptability and adherence to LNS or other 
types of food supplements that consist of a single food on daily 
basis over long-term are also questionable. Additionally, our  
analysis did not show that supplementing children with high  
caloric food supplements result in improved linear growth when 
compared to standard of care or to other lower caloric food 
supplements. Aside from previously described issues associ-
ated with tolerability of nutritional supplementation that may 
be exacerbated by high caloric formulations, it is possible that 
in households with food insecurity, caregivers may choose to 
share these supplements with other children or members of the  
household who are not enrolled in the trial. Understand-
ing compliance and the influence that this may have on our 

Page 10 of 23

Gates Open Research 2020, 3:1660 Last updated: 24 SEP 2020



analyses was not possible, as we found that compliance 
was usually not measured or reported in the included food  
supplement trials72–76.

Our findings identified several directions for future research. 
There is a need to combine interventions across multiple 
domains as a package. Instead of singling out interventions 
from one domain, there is a need for comparisons between dif-
ferent packaged interventions because a combined set of inter-
ventions will likely result in the greatest improvements in 
linear growth. Strategies should consider local contexts and  
challenges. The feasibility of conducting trials that incor-
porate food supplement strategies aimed to improve dietary 
diversity and address household food insecurities is undoubt-
edly difficult. However, it is important to recognize these fac-
tors will be important for long-term acceptability and adherence 
to food interventions, and interventional strategies that incor-
porate diverse local foods will have higher acceptability and 
adherence in the long run. Trials with longer follow-up are also  
needed, as the median follow-up among the trials included for 
this review was only 6 months. Lastly, there is a need for more 
innovative trial approaches77. The majority of the trials identi-
fied for this review used a conventional trial approach with a 
fixed sample size design, where the assessment of interven-
tions occurred only after the number of participants recruited 
reached the sample size target. It is important to recognize that 
such approach can be inefficient, and adopting adaptive trial 
design approaches that allow for pre-specified modifications,  
with the decision being made based on accumulating trial data 
may improve both the efficiencies of the trial evaluation in  
this avenue of research78.
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areas where the authors need to clarify or speculate reasons for their findings:
The authors should explain why they think certain interventions had an impact on HAZ 
index (HAZ<-2.0) but not on actual HAZ. 
 

1. 

Considering that the interventions were of variable duration, did the authors explore 
sensitivity analyses that limited analyses to intervention domains that were implemented 
for comparable periods of time (i.e. within each domain)? If not possible then some 
explanation and concession on how this could have affected the results should be included 
in the write up. 
 

2. 

It is commonly accepted that interventions' effects vary depending on context. In the realm 
of this analysis it seems it is not possible to include effect modification analysis and if that is 
true, the discussion should highlight the impact lack of such analysis may have had on the 
findings. 
 

3. 

I am not entirely clear on the definition of standard of care. In Table 2 this is defined as 
placebo/no intervention/standard of care/or monotherapy or combination therapy that can 
be used for indirect comparison. This seems too broad and heterogeneous. Did the authors 
try narrowing this down further to the placebo/no intervention and rest? How did this very 
broad categorization affect the findings?

4. 

 
Are the rationale for, and objectives of, the Systematic Review clearly stated?
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Is the statistical analysis and its interpretation appropriate?
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Are the conclusions drawn adequately supported by the results presented in the review?
Partly
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Sincerely, 
 
Edward J. Mills 
 
 
The authors should explain why they think certain interventions had an impact on HAZ 
index (HAZ<-2.0) but not on actual HAZ. 
 

Thank you for your comment. The observed differences between the impact on HAZ and 
stunting can be attributed to randomness in the data as well as substantial heterogeneity 
observed in the duration of the interventions and the timing of outcome assessments. We 
have amended the discussion section to include this as a limitation.

○

  
Considering that the interventions were of variable duration, did the authors explore 
sensitivity analyses that limited analyses to intervention domains that were implemented 
for comparable periods of time (i.e. within each domain)? If not possible then some 
explanation and concession on how this could have affected the results should be included 
in the write up. 
 

In order to address heterogeneity between different trials, we employed random effects 
models for our network meta-analyses with empirically informative priors for the 
heterogeneity variance. We did not conduct analyses that were limited to one specific 
intervention domain, as this approach would have mimicked a pairwise meta-analysis 
approach. We considered different random-effects model options with or without baseline 
adjustments or meta-regression based on baseline characteristics and intervention 
duration. However, we did not find them to affect our treatment estimates nor did they 
improve the model fit.

○

  
It is commonly accepted that interventions' effects vary depending on context. In the realm 
of this analysis it seems it is not possible to include effect modification analysis and if that is 
true, the discussion should highlight the impact lack of such analysis may have had on the 
findings. 
 

We considered different random-effects model options with or without baseline 
adjustments or meta-regression based on baseline characteristics and intervention 
duration. However, we did not find them to affect our treatment estimates nor did they 
improve the model fit.

○

  
I am not entirely clear on the definition of standard of care. In Table 2 this is defined as 
placebo/no intervention/standard of care/or monotherapy or combination therapy that can 
be used for indirect comparison. This seems too broad and heterogeneous. Did the authors 
try narrowing this down further to the placebo/no intervention and rest? How did this very 
broad categorization affect the findings? 
 

We thank you for this comment. We have acknowledged this as a limitation in our revised 
manuscript. We have amended the discussion section to include the following:

○
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“Another limitation related to our categorisation of interventions is that we combined 
interventions into broad categories to assist with interpretation and acknowledge that a different 
approach to categorisation might have altered the results.”  
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In addition to the feedback provided by the other reviewer, we have a few comments for the study 
author’s consideration. 
  
The study presented was well conducted, with detailed methods provided in the Supplementary 
Appendices (SA) demonstrating the rigour of the author’s approach. In addition, the registration of 
the study protocol on PROSPERO and adherence to the PRISMA statement is a strength of the 
study. 
  
The broad research question, with wide-ranging interventions, led to a high volume of evidence 
being identified. As noted by the authors, the interventions grouped by domain in this analysis 
would benefit from an analysis based on individual interventions. 
  
For reproducibility purposes, the manuscript would benefit from clarifying the unexplained 
discrepancies in the number of trials reported in the SA tables. The PRISMA diagram (Figure 1) 
states 96 papers were included, representing 79 trials. However, SA Table 4 (list of included 
studies) lists 91 trials, SA Table 6 (trial characteristics) lists 77 trials, SA Table 7 (patient 
characteristics) lists 99 trials and SA Table S8 (risk of bias) lists 72 trials. In addition, the asterisk in 
Figure 3 and 4 should be explained. Finally, in Figure 4 there also appears to be two values of one 
represented on the x-axis. 
  
Furthermore, given the large volume of evidence reviewed, the GRADE assessment would be 
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useful to rate the certainty of evidence included in this SLR/NMA. The authors should mention the 
results of their risk of bias assessment for the included trials to elucidate any biases that might be 
contributing to the heterogeneity or inform future study designs. 
  
As detailed in the SA, the authors may also want to state whether or not it was feasible to conduct 
any meta-regression or subgroup analyses based on effect modifiers in the main manuscript. This 
would provide the reader with a sense of what might be the source of the heterogeneity and 
inform future research in this field. Similarly, with mean differences as an outcome, the length of 
follow-up time may be a source of heterogeneity and no data on the follow-up time is noted in the 
main manuscript, but it may enhance the interpretation for the reader. Finally, a brief statement 
on assessing model convergence and inconsistency in the NMA would be informative in the main 
manuscript for more technical readers. Overall, the statistical methods of the study were robust 
and thoroughly reported in the SA document.
 
Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Yes

Is the statistical analysis and its interpretation appropriate?
Yes

Are the conclusions drawn adequately supported by the results presented in the review?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Systematic literature review and network meta-analysis.

We confirm that we have read this submission and believe that we have an appropriate level 
of expertise to confirm that it is of an acceptable scientific standard.

Author Response 21 Aug 2020
Edward Mills, University of British Columbia, Vancouver, Canada 

Dear Reviewers: 
  
Thank you for your thorough review of our manuscript. Our responses to your 
recommendations and comments are marked with bullets below.   
  
Sincerely, 
 
Edward J. Mills 
 
 
The broad research question, with wide-ranging interventions, led to a high volume of 
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evidence being identified. As noted by the authors, the interventions grouped by domain in 
this analysis would benefit from an analysis based on individual interventions. 
 

Thank you for your comment. The Supplementary Crosstable – v1.0 that we provided 
captures interactions between individual interventions. The Bayesian network analysis tool 
that was used to create the cross table can also be used to report analysis based on 
individual intervention. Given the nature and objective of our paper, we provided a 
comprehensive framework where comparative effectiveness of multiple interventions 
under multiple treatment domains can be understood.

○

  
For reproducibility purposes, the manuscript would benefit from clarifying the unexplained 
discrepancies in the number of trials reported in the SA tables. The PRISMA diagram (Figure 
1) states 96 papers were included, representing 79 trials. However, SA Table 4 (list of 
included studies) lists 91 trials, SA Table 6 (trial characteristics) lists 77 trials, SA Table 7 
(patient characteristics) lists 99 trials and SA Table S8 (risk of bias) lists 72 trials. In addition, 
the asterisk in Figure 3 and 4 should be explained. Finally, in Figure 4 there also appears to 
be two values of one represented on the x-axis. 
 

Thank you for pointing out the discrepancy. The PRISMA chart shows that we have 96 
papers as final includes which consist of both primary and secondary studies. Among the 
96 papers, there are 79 unique trials, that is, they exclude secondary studies with the same 
trial ID. SA Table 4 has now been updated to reflect 96 studies. Please note that the paper 
Zambrana 2019 is one single primary study, reporting on two separate trials with unique 
trial registries. As a result, it has been captured as two trials on SA Table 4. Menasria 2018, 
which was initially part of the final includes, was not included in our analysis since the 
intervention arms did not consist the usual food/dietary supplements and thus 
represented as an outlier. Hence, the number of unique trials that were part of the analysis 
was 78. The updated SA table can be found here: https://doi.org/10.17605/OSF.IO/DTZK7.

○

SA Table 6 includes characteristics from 77 trials. The two trials from Zambrana 2019 have 
been combined into one here, both clinical trials from this study share similar study 
characteristics, which is why the number is 77.

○

SA Table 7 has been updated to reflect 78 trials.○

SA Table 8 has been updated to reflect 77 studies. You can find the updated table here 
https://doi.org/10.17605/OSF.IO/DTZK7.

○

Explanations for Figures 3 & 4 have been updated. The horizontal axis for Figure 4 has 
been edited.

○

  
Furthermore, given the large volume of evidence reviewed, the GRADE assessment would 
be useful to rate the certainty of evidence included in this SLR/NMA. The authors should 
mention the results of their risk of bias assessment for the included trials to elucidate any 
biases that might be contributing to the heterogeneity or inform future study designs. 
 

Thank you for your suggestion. We have updated the bias section of the manuscript to 
include the following:

○

“Bias was evaluated using Cochrane risk-of-bias assessment tool  in the areas of selection, 
performance, detection, attrition, reporting, and other sources of bias. Over 60% of the studies 
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exhibited low bias in terms of attrition, selection, and reporting bias. Sources of detection and 
performance bias were unclear in about 25-30% of the studies.” 
  
As detailed in the SA, the authors may also want to state whether or not it was feasible to 
conduct any meta-regression or subgroup analyses based on effect modifiers in the main 
manuscript. This would provide the reader with a sense of what might be the source of the 
heterogeneity and inform future research in this field. Similarly, with mean differences as an 
outcome, the length of follow-up time may be a source of heterogeneity and no data on the 
follow-up time is noted in the main manuscript, but it may enhance the interpretation for 
the reader. Finally, a brief statement on assessing model convergence and inconsistency in 
the NMA would be informative in the main manuscript for more technical readers. Overall, 
the statistical methods of the study were robust and thoroughly reported in the SA 
document. 
 

We thank you for this comment. Given the limited evidence base, meta-regression analyses 
of different potential effect modifiers were not possible. We have checked the model fit 
using leverage plots and DIC and consistency assumption using consistency plots of 
indirect and direct evidence. These results can be found in the Supplementary File 
(Supplementary Figures 5-8).

○

 

Competing Interests: No competing interests were disclosed.

Reviewer Report 26 November 2019

https://doi.org/10.21956/gatesopenres.14225.r28242

© 2019 Walson J. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Judd L. Walson   
Department of Global Health, University of Washington, Seattle, WA, USA 

This is a very interesting study describing the results of a network meta-analysis of studies of 
interventions to improve HAZ (and therefore reduce stunting in LMIC settings). There are a 
number of issues that should be addressed in the manuscript:

I find it difficult to reconcile the differences observed in the analyses between changes in 
HAZ and changes in stunting. I would have expected that the analysis incorporating a 
continuous variable (HAZ) would have had more power to detect differences than the 
analysis of stunting as a dichotomous variable? If this is so, what is a reasonable 
explanation for the finding that interventions would have an impact on stunting but not on 
HAZ (given that stunting is a function of LAZ)? 
 

1. 

It would be useful to comment on the clinical relevance of these findings. What would be 2. 
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the expected population level impact on developmental outcomes or survival based on 
these effect sizes? 
 
The authors adhered to the PRISMA guidelines, which is excellent. However, there are few 
unclear issues with the methods. It appears that the authors searched reviews but then 
abstracted individual trials? Did the search also focus on individual trials or where these 
only identified through reviews? If individual trials were included, then these should be 
listed. 
 

3. 

Is it possible to include the I2 with the forest plots? 
 

4. 

I am concerned by the blanket use of am ICC of 0.05. Would it not be preferable to estimate 
the ICC for each individual study based on similar studies in that environment or with a 
similar design effect? Perhaps categorizing into 5 different ICCs that could be applied to 
each? At the very least, it would be useful to conduct a sensitivity analysis where the ICC is 
varied. 
 

5. 

The authors note that flour appeared to have an effect on stunting. However, the 95% CI 
includes 1.0. Should this be considered a significant finding? 
 

6. 

Some of the grammar in the manuscript could be improved, particularly in the abstract. 
Please edit for grammar.

7. 

 
 
Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Yes

Is the statistical analysis and its interpretation appropriate?
Partly

Are the conclusions drawn adequately supported by the results presented in the review?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: infectious disease, nutrition, trials in LMIC settings

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 21 Aug 2020
Edward Mills, University of British Columbia, Vancouver, Canada 
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Dear Dr. Walson: 
  
Thank you for your thorough review of our manuscript. Our responses to your 
recommendations and comments are marked with bullets below.   
  
Sincerely, 
 
Edward J. Mills 
 
 
I find it difficult to reconcile the differences observed in the analyses between changes in 
HAZ and changes in stunting. I would have expected that the analysis incorporating a 
continuous variable (HAZ) would have had more power to detect differences than the 
analysis of stunting as a dichotomous variable? If this is so, what is a reasonable 
explanation for the finding that interventions would have an impact on stunting but not on 
HAZ (given that stunting is a function of LAZ)? 
 

Thank you for your comment. The observed differences between the impact on HAZ and 
stunting can be attributed to randomness in the data as well as substantial heterogeneity 
observed in the duration of the interventions and the timing of outcome assessments. We 
have updated the discussion section to include this as a limitation.

○

It would be useful to comment on the clinical relevance of these findings. What would be 
the expected population level impact on developmental outcomes or survival based on 
these effect sizes? 
 

We have pointed out in the discussion section that the existing evidence base is limited and 
does not provide a robust answer in regards to how food and other interventions, such as 
deworming, maternal, and WASH, impact linear growth outcomes in children in LMICs. As 
such, there is no strong evidence to report on population level impact on developmental 
outcomes.

○

The authors adhered to the PRISMA guidelines, which is excellent. However, there are few 
unclear issues with the methods. It appears that the authors searched reviews but then 
abstracted individual trials? Did the search also focus on individual trials or where these 
only identified through reviews? If individual trials were included, then these should be 
listed. 
 

Our search started with a review of systematic reviews before finalizing the study scope in 
terms of PICOS and the search strategies. For this, we performed a hand-search of the 
bibliography of Bhutta 2013 to identify relevant systematic reviews and trials, and 
searches were done on PubMed and the Cochrane Database of Systematic Reviews to 
identify additional reviews that were published after 2013. The list of published reviews 
relevant to this study is provided in Table 1.

○

For the individual randomized clinical trials for our meta-analyses, a comprehensive 
search of literature was conducted from the Cochrane Central Register of Controlled Trials, 
Embase, and MEDLINE database to identify relevant trials and any additional relevant 
reviews that were missed in the prior step. The database search was complemented by 
bibliographical review of the published literature reviews to ensure that we did not miss 

○
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any important clinical trials in our evidence base. The list of included and excluded trials 
are available in the Extended data (Supplementary Table 4 for included and Table 5 for the 
list of excluded studies). Here is the URL for your reference: 
https://doi.org/10.17605/OSF.IO/DTZK7.

 Is it possible to include the I2 with the forest plots? 
 

In order to address heterogeneity between different trials, we employed random effects 
models for our network meta-analyses. We used empirically informative priors for the 
heterogeneity variance for binary outcomes and non-informative priors for continuous 
outcomes. Since the use of I2 as a measure of heterogeneity in Bayesian network meta-
analysis is uncommon, we have decided to exclude it for the purpose of this study.

○

I am concerned by the blanket use of am ICC of 0.05. Would it not be preferable to estimate 
the ICC for each individual study based on similar studies in that environment or with a 
similar design effect? Perhaps categorizing into 5 different ICCs that could be applied to 
each? At the very least, it would be useful to conduct a sensitivity analysis where the ICC is 
varied. 
 

Thank you for this comment. Within the cluster trials included in our network meta-
analysis, an average value of ICC of 0.0505 was reported, so we assumed a conservative 
value of 0.05 to adjust for the clustering effects of the cluster trials in our analyses. The ICC 
was used to inflate variance accordingly for the continuous outcome and to down-adjust 
the sample sizes and the number of cases for the dichotomous outcome, as recommended 
by Uhlmann 2016 (https://pubmed.ncbi.nlm.nih.gov/27390267/). It is expected that in a 
network meta-analysis with cluster randomized trials, a varying level of ICC would not 
impact/change results.

○

The authors note that flour appeared to have an effect on stunting. However, the 95% CI 
includes 1.0. Should this be considered a significant finding? 
 

The reason why we reported this is because flour showed some reduction in stunting 
compared to standard of care in contrast to other interventions whose CI completely 
crossed the null effect of 1.

○

Some of the grammar in the manuscript could be improved, particularly in the abstract. 
Please edit for grammar. 
 

This is now corrected.○
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