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Abstract

Malnutrition remains a major public health challenge in low- and middle-income countries and
disproportionately affecting children under five. Eggs, given their high nutrient density and
relative physical or economic accessibility, have been tested for their effect on improving
nutritional outcomes in children under five. However, findings from scientific exercises to test
the impact of egg-based trials on child growth have not been systhematically pooled and
synthesised. Therefore, this meta-analysis aimed to synthesise evidence on the impact of egg-
based interventions on the nutritional status of children underfive as determined by weight-for-
height Z-score (WHZ), weight-for-age z-score (WAZ), and height-for-age z-score (HAZ).
Research articles of randomised controlled trials published between 2013 and 2023 were
identified through a comprehensive search of PubMed/MEDLINE, Web of Science, CINAHL,
Embase, Science Direct, Google Scholar, and African Index Medicus data bases. Articles
evaluated the effect of egg-based interventions against alternative diets, behaviour-change
education, or no alternative intervention were included. Primary outcomes are WHZ, WAZ,
and HAZ. Random-effects models were used to pool effect sizes (mean difference), and sub-
group analyses and meta-regression explored sources of heterogeneity. Publication bias was
assessed using funnel plots and Egger’s test. Seven studies involving 3673 children met the
inclusion criteria. Egg-based intervention significantly improved WAZ (MD: 0.33; 95% CI:
0.11-0.55) and WHZ (MD: 0.30; 95% CI: 0.12-0.48). However, no significant effect was
observed on HAZ (MD: 0.05; 95% CI: -0.05-0.14). It is figuredout that egg-based interventions
can improve weight-related nutritional outcomes (WHZ and HAZ) among children underfive
in sub-Saharan Africa, but not linear growth (HAZ).

Introduction

Malnutrition is a common public health problem in the world, especially among children under
the age of five years in low- and middle-income countries. As per the estimates of the UNICEF,
the WHO, and the World Bank, there were 150.2 million children under 5 estimated to be
stunted and 42.8 million wasted in 2025.? These statistics underscore the urgent need for
feasible food-based solutions to combat undernutrition and its multifaceted long-term
consequences.

Egg supplementation or egg-based interventions refer to any nutritional or dietary strategies
that include the promotion, provision, or supplementation of eggs to improve the nutritional
status and health outcomes of specified populations.®® Even though it has been hypothesised
that regular provision of eggs to children at risk of undernutrition may prevent stunting, which
affects 22% of children under five years old globally and 33% in sub-Saharan Africa,® the
comparative effectiveness of egg-based interventions against other dietary approaches or no
intervention among malnourished children aged 6-59 months in sub-Saharan Africa remains
unclear. Moreover, the existing literature presents inconsistent findings. Some studies®®
reported an insignificant effect of egg-based intervention on stunting, while others demonstrate
notable improvements in child growth indicators following egg-based interventions.””~"
Furthermore, unlike the previous meta-analysis,'”’ which evaluated the impact of egg sup-
plementation on child growth using absolute changes in height/length and weight, our analysis
evaluated undernutrition using standardised anthropometric indices, including weight-for-age
z-score (WAZ), weight-for-height z-score (WHZ), and height-for-age z-score (HAZ).

Therefore, this meta-analysis is timely for a couple of reasons. First, it provides a com-
prehensive assessment of the current state of evidence regarding egg-based interventions for
malnourished children. Second, the findings inform policymakers, programme planners, and
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healthcare professionals about the role of egg-based interventions
on children’s nutritional status. Third, the review identifies gaps in
the existing literature, potentially guiding future studies to deal
with child nutrition, health and overall development. Thus, this
meta-analysis is conducted to systhmatically synthesize impact of
egg-based interventions on child nutritional status as determined
by WHZ, WAZ, and HAZ.

Materials and Methods

This meta-analysis is conducted and reported in accordance with
the reporting guidance provided in the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocols (PRISMA-
P).lY" The study protocol was prospectively registered at
PROSPERO (CRD42024537866).

Eligibility criteria

The population, intervention, comparison, and outcome (PICO)
framework guided the study selection process. We included peer-
reviewed studies that reported interventions involving egg con-
sumption or egg-based supplementary foods for children, as well as
studies assessing compliance with egg consumption interventions
in the context of malnutrition.

Population: The study population was all children aged 6-59
months old. Studies on children with complicated SAM and any
other primary condition affecting child development other than
malnutrition, that is, neurological or musculoskeletal disorders,
neurodevelopmental disorders, autism spectrum disorders, or
cardiovascular (e.g. congenital heart failure), were excluded.

Intervention: The study compared the egg/egg-based inter-
vention to any type of dietary intervention or no intervention.
Eligible interventions included eggs provided in any form (e.g.
boiled, scrambled) as part of the child’s diet. Studies were excluded
if they evaluated non-nutritional interventions (e.g. pharmacologic
or medical treatments), chicken supplementation rather than egg
consumption, acute medical conditions, enteral or parenteral
feeding, or therapeutic feeding products used for the treatment of
severe acute malnutrition (SAM).

Comparison: Studies that compare the egg-based interventions
with other dietary interventions (e.g. fortified foods, supplements),
behavioural change education, or no intervention at all.

Outcome: Studies that report on outcomes related to
nutritional status, such as weight gain, height, mid-upper arm
circumference (MUAC), height-for-age, weight-for-age, and
weight-for-height/length.

Design and language: All articles of randomised controlled
trials published in English were included. Articles and documents
conducted in any other design were excluded, such as observa-
tional studies, editorials, conference proceedings, abstracts only,
case reports, case series, qualitative formative assessments, dis-
cussion papers, gray reports, and unpublished papers.

Data sources and search strategy

A comprehensive systematic search was conducted across multiple
electronic databases, including PubMed/MEDLINE, Web of
Science, CINAHL, Embase, Google Scholar, Science Direct, and
African Index Medicus (AIM), to identify relevant studies to
estimate the egg or egg-based intervention and its effect on mal-
nourished children under five. In addition, reference lists and free
web-based searches were conducted to retrieve other relevant
materials. The search was performed independently by two authors
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using the following keywords. The key term used in the database
search was ‘egg’ OR ‘egg incorporated’ OR ‘egg enriched” OR ‘egg-
based’ OR ‘egg blended’ OR ‘egg mixed” OR ‘egg mashed” AND
‘undernutrition” OR ‘malnutrition” OR ‘nutritional status’ OR
‘malnourished’ OR ‘stunting’ OR ‘underweight’ OR ‘wasting’ OR
‘acute malnutrition’ OR ‘HAZ/LAZ’> OR ‘WAZ’ OR ‘WHZ’ OR
‘growth faltering’ AND ‘intervention’ OR ‘treatment’ OR ‘sup-
plement’ OR ‘management’ OR ‘complement’ OR ‘intake’ OR
‘consumption” AND ‘under five children’ OR ‘infant’ OR ‘young
child®” OR ‘child* AND ‘Sub-Saharan Africa’ OR ‘developing
country* OR ‘low-income country’. Also, a search strategy was
developed by combining both MeSH terms and free-text words
related to children under five and egg or egg-based food inter-
vention. The search was conducted from April to October 2024 for
research articles published between 2013 up to 2023.

Screening and study selection

All records retrieved from the search were imported into EndNote
for deduplication and management. The screening process was
conducted in two stages. Two reviewers independently screened all
titles and abstracts against the predefined inclusion and exclusion
criteria guided by the PICO framework. In the second stage, the
same two reviewers independently assessed the full texts of
potentially eligible studies. At both stages duplicate (double)
screening was performed, and any disagreements were resolved
through discussion to reach consensus; a third reviewer was
consulted if necessary. Only studies for which both reviewers
agreed on inclusion progressed to the next stage. Reasons for
exclusion were documented at the full-text review stage. Studies
were excluded if the full text was inaccessible after attempts to
contact the corresponding author, if the article was not in English,
or if key outcome data relevant to the review were not reported.
EndNote was used throughout the screening process to organise
records, track reviewer decisions, and ensure a systematic and
reproducible workflow.

Data extraction

A data extraction format was developed in a Microsoft Excel
spreadsheet. Two authors independently extracted data from the
included studies. Disagreements were resolved through discussion.
Data on the following interests were extracted from each included
research article: first author name, publication year, country where
the study was conducted, age of target population, follow-up
duration, sample size, study arm (intervention vs control), and
mean and standard deviation of both interventional and control
groups for baseline and end-line outcomes.

Outcome variable and measure of effect

The impact of egg-based dietary interventions on children aged
6-59 months was evaluated using three primary outcomes: WHZ,
WAZ, and HAZ. According to WHO,!? these indices are meas-
ures of children’s nutritional status. The effect measures used in
this review were the mean difference (MD), which is computed by
comparing post-intervention measurements (mean and SD). Even
though reporting changes from baseline and post-intervention
values is recommended, studies rarely report the standard devi-
ation of the change, which makes taking the estimate more
complex. According to the Cochrane review guideline,'® when
insufficient information is available in a study to calculate the
standard deviation (SD) of change scores, the SDs can be imputed
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using change-from-baseline SDs for the same outcome measure
reported in other studies included in the review. However, the
appropriateness of using an SD from another study depends on
whether the studies used the same measurement scale, had a
similar degree of measurement error, applied the same time
interval between baseline and post-intervention assessments, and
involved comparable populations. These conditions were not met
in our case. To minimise bias associated with imputing SDs from
external studies, we applied an alternative approach recommended
by Cochrane: comparing post-intervention measurements. In a
randomised trial, baseline characteristics are expected to be
comparable across groups due to randomisation; therefore, we
chose to report the post-intervention means and SDs.

Risk of bias and quality assessment

Cochrane Risk of Bias tool for randomised trials (RoB 2.0)1¥ was
used for bias assessment. RoB 2.0 addresses five specific domains:
(1) bias arising from the randomisation process; (2) bias due to
deviations from intended interventions; (3) bias due to missing
outcome data; (4) bias in measurement of the outcome; and (5) bias
in selection of the reported result. Two review authors inde-
pendently applied the tool to each included study and recorded
supporting information and justifications for judgements of risk of
bias for each domain (low, high, some concerns). Any discrep-
ancies in judgements of risk of bias or justifications for judgements
were resolved by discussion to reach consensus between the two
review authors, with a third review author acting as an arbiter when
necessary.

Statistical analysis

A narrative synthesis summarised the study characteristics,
populations, interventions, outcome measures, and key findings. A
random effect Meta-analysis was conducted using Stata software
version 17 to estimate the pooled effect of egg-based intervention
on the nutritional status of children. Forest plots were used to
display the pooled estimates. Heterogeneity was assessed using
Cochran’s Q statistic, I* statistic, and chi-square test (p < 0.05); and
the level of heterogeneity was classified as low (1% 0-25%),
moderate (1% 25-50%), or high (1% >50%).(>19) Subgroup analyses
and meta-regression explored potential sources of heterogeneity,
considering study country, duration of the intervention, publica-
tion year, and sample size. Publication bias was evaluated using
Egger’s test, which quantifies funnel plot asymmetry.7:!%
Sensitivity analysis was also done using the leave-one-out method
to evaluate the effect of removing a single study from the analysis.

Result
Article screening

A comprehensive search across multiple databases yielded a total
of 99 relevant research articles, with 59 from PubMed, 28 from
Google Scholar, and 12 from other sources that are listed in the
method section. PRISMA flow diagram guided a two-stage article
screening work.(!") At the first stage, of the 99 articles retrieved,
after reviewing the titles and removing duplicates, 23 articles were
excluded. Further scrutiny of the remaining 76 abstracts led to the
removal of 42 articles due to abstracts that did not meet the
inclusion criteria. At the second stage, the authors then conducted
a full-text assessment of the remaining 34 articles; 27 articles were
excluded as they did not report their primary outcome (n = 12), for

being an uncreatable outcome indicator (n=38), a different
intervention (n=>5), and absence of extractable empirical data
(n=2). Finally, 7 articles were included in this SRMA as they met
the eligibility criteria (Figure 1).

Characteristics of the studies

This meta-analysis included seven studies derived from five unique
randomised controlled trials conducted in sub-Saharan Africa
between 2013 and 2023. Across these trials, a total of 3673 par-
ticipants were enrolled at baseline, with 1801 assigned to the
intervention groups and 1872 to the control groups. All studies
employed a randomised controlled trial. The effect of the egg-based
intervention on HAZ was examined in 7 studies, on WAZ in 6, and
on WHZ in 6. Two studies were included from Malawi,*® one
from Kenya,) three studies from Ethiopia”!**” and one from
South Africa.?!) Three trials”*!) assessed the effect of one egg per
day supplementation versus control, and three trials®~”) assessed
the effect of one egg per day supplementation versus behavioural
change intervention. Moreover, one trial evaluated the effect of one
egg per day supplementation and behaviour-change interventions
versus behaviour-change interventions (Table 1).®

Risk of bias assessment

We used the RoB 2.0 tool to assess the risk of bias for each of the
included studies. All the studies included in the review had a low
risk of bias arising from the randomisation process. In one study,”’
the participants were not blinded to the intervention, and two of
the studies did not report whether participants and/or personnel
were blinded, resulting in an unclear risk of bias.!*2)) And only the
assessor was blinded,® and there is no information on blinding.*%
Regarding bias due to missing outcome data, a 10% loss to follow-
up was reported from one study,® and even though the final
sample had 80% power, a 25% lost from the study'® had a high risk
of bias. Almost all studies had a low risk of bias in the measurement
of the outcome, in which they used appropriate outcome meas-
urement. However, one study®" didn’t report the outcome to
measure weight for age and weight for height. Overall, one study
was identified as high risk due to a lack of information on allo-
cation sequence, either adequately concealed or not, lack of
blinding of both participants, assessor, and a higher loss to follow-
up rate.”®) Studies such as”1*2! had some concerns about risk, and
studies®*?% had a low risk of bias.

The impact of egg-based interventions on weight-for-age

Six studies®”*1>20) encompassing 3173 participants were analysed
to evaluate the effect of egg-based interventions on the weight-for-
age of the children. Due to heterogeneity between studies
(?=93.13%), a random-effects meta-analysis was employed to
pool the effect sizes. The results indicated that egg-based inter-
vention significantly improved the weight-for-age of the children
(MD: 0.33; 95% CI: 0.11-0.55) (Figure 2).

Investigating heterogeneity

To investigate sources of heterogeneity, subgroup analysis by
country of the study and duration of intervention was conducted.
Based on the subgroup analysis, the effect size in Ethiopia (MD:
0.52; 95% CI: 0.14-0.90) and Kenya (MD: 0.42; 95% CI: 0.41-0.43)
indicates the study country may significantly contribute to the
statistical heterogeneity. However, the effect size from studies
from Malawi (MD: 0.13; 95% CI: -0.04-0.30) was not significant
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Figure 2. Pooled effect of egg-based interventions on weight-for-age z-scores (WAZ) among children aged 6-59 months.
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Table 1. Characteristics of the studies included in the review
Child age at Duration of Sample
enrolment intervention Sample size size Quality of the
Author (months) Country (months) intervention control Intervention evidence
Stewart et al., 2019®) 6-9 Malawi 6 290 305 1 egg/d vs no intervention Medium
Wegmiiller et al., 2022 0-35 Kenya 24 375 361 1 egg vs Behavioural education High
Omer et al., 202217 6-18 Ethiopia 6 122 121 1 egg/day vs behavioural Medium
education
Passarelli et al., 202019 0-35 Ethiopia 18 242 307 1 egg vs no intervention High
Ricci et al., 20232Y 6-9 South 6 250 250 1 egg/day vs behavioural Medium
Africa education
Anteneh Omer et al., 6-12 Ethiopia 6 122 128 1 egg and 1 eggshell powder/ Medium
20199 day vs no intervention
Bragg et al., 2023%) 6-9 Malawi 6 400 400 1 egg/day vs behavioural High
education
Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
(Anteneh Omer et al., 2019) 122 -1.07 0.96 128 -1.50 1.08 —il— 0.43[ 0.18, 0.68] 15.08
(Stewart et al., 2019) 290 -0.61 1.11 305 -0.74 1.00 - 0.13[-0.04, 0.30] 16.98
(Wegmiiller et al., 2022) 375 0.50 0.10 361 0.08 0.03 [ 0.42[ 0.41, 0.43] 18.91
(Omer et al., 2022) 122 -0.20 0.86 121 -1.09 1.05 —l— 0.89 [ 0.65, 1.13] 15.38
(Bragg et al., 2023) 400 -0.60 1.10 400 -0.50 1.10 - -0.10[-0.25, 0.05] 17.32
(Passarelli et al., 2020) 242 -092 1.23 307 -1.17 1.15 —— 0.25[ 0.05, 0.45] 16.34
Overall R 0.33[ 0.11, 0.55)
Heterogeneity: T° = 0.07, I’ = 93.15%, H’ = 14.59
Test of 6 = 6; Q(5) = 72.94, p = 0.00
Testof8=0:z=293, p=0.00

Favours_.- [Control]

J 1
Favours [Intervention]
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Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Ethiopia
(Anteneh Omer et al., 2019) 122 -1.07 0.96 128 -1.50 1.08 —— 0.43[ 0.18, 0.68] 15.08
(Omer et al., 2022) 122 -0.20 0.86 121 -1.09 1.05 —l— 0.89[ 0.65, 1.13] 15.38
(Passarelli et al., 2020) 242 092 1.23 307 -1.17 1.15 —— 0.25[ 0.05, 0.45] 16.34
Heterogeneity: 1° = 0.10, I’ = 87.74%, H’ = 8.16 e 0.52[ 0.14, 0.80]
Test of 6 = 6;: Q(2) = 16.32, p = 0.00
Kenya
(Wegmiiller et al., 2022) 375 050 0.10 361 0.08 0.03 (| 0.42[ 0.41, 0.43] 18.91
Heterogeneity: T° = 0.00, I = %, H" = | 042 0.41, 0.43]
Test of 8 = 6;: Q(0) =-0.00, p =.
Malawi
(Stewart et al., 2019) 290 -0.61 1.11 305 -0.74 1.00 - 0.13[-0.04, 0.30] 16.98
(Bragg et al., 2023) 400 -0.60 1.10 400 -0.50 1.10 —i -0.10[-0.25, 0.05] 17.32
Heterogeneity: 1° = 0.02, I’ = 74.41%, H = 3.91 0.01[ -0.21, 0.24]
Testof 8 = 6;: Q(1) =3.91, p = 0.05
Overall - 0.33[ 0.11, 0.55]
Heterogeneity: 1° = 0.07, I = 93.15%, H = 14.59
Test of 8, = 6;: Q(5) = 72.94, p = 0.00
Test of group differences: Q:(2) = 12.84, p = 0.00

-5 0 5

Favours [Control]

Random-effects DerSimonian-Laird model

Favours [Intervention]

Figure 3. Subgroup analysis of the pooled effect of egg-based interventions on weight-for-age z-scores (WAZ) among children aged 6-59 months, stratified by country.

(Figure 3). The subgroup analysis based on the duration of
intervention, the overall estimate was higher among studies with
longer duration of intervention (24 months) reporting larger
effect of intervention on the WAZ (MD: 0.42; 95% CI: 0.41-0.43) and,
studies with intervention duration of 6 months reported non-sig-
nificant effect size (MD: 0.33; 95% CI: -0.07-0.73) (Figure 4).

The meta-regression analysis on the effect of egg-based inter-
ventions on children’s WAZ yielded inconclusive results. None of
the moderators (intervention group size, control group size, and
publication year) showed statistically significant effects (all
p-values > 0.05). These findings suggest that other factors, not
included in this analysis, may be more important in explaining the
variability in the effects of egg-based interventions on children’s
WAZ scores. The statistical heterogeneity may be due to
unmeasured factors and factors analysed in subgroup analysis,
such as countries and intervention duration.

Assessment of publication bias

Publication bias was assessed using the funnel plot and Egger’s test
(f =1.7, p = 0.6298), which provided a non-significant regression
intercept, indicating no evidence of the small-study effects and
evidence of publication bias. The funnel plot indicates a slight
deviation of the plot to the left and a suggestion of publication bias
(Figure 5). However, trim and fill analysis indicated that additional
studies are needed. This indicates the publication bias is not a
major issue in the analysis.

Sensitivity analysis
The sensitivity analysis indicated that removing two studies” *)
affects the overall estimate of the effect of egg-based interventions

on weight-for-age. Removing the study done by Omer et al.”)
reduces the estimate to 0.22 and makes it negligible. While
removing the study done by Wegmiiller et al.®) reduces the effect
size to 0.31 and is insignificant (Figure 6).

The impact of egg-based interventions on weight-for-height

Six studies®"~*1>20) with a total of 3173 participants were analysed

to evaluate the effect of egg-based interventions on the weight-for-
height. Due to heterogeneity between studies (I>=89.39%), a
random-effects meta-analysis was employed to pool the effect
sizes. The results indicated that egg-based intervention signifi-
cantly improved weight-for-height (MD: 0.30; 95% CI: 0.12-0.48)
(Figure 7).

Investigating heterogeneity

Based on the subgroup analysis by country, the effect of egg-based
interventions on weight-for-height (WHZ) showed some vari-
ation. Studies in Ethiopia reported a non-significant positive effect
(MD: 0.35; 95% CI: -0.23-0.93), whereas the findings from Kenya
(MD: 0.33; 95% CI: 0.32-0.34) and Malawi (MD: 0.19; 95% CI:
0.07-0.30) were significant (Figure 8). The estimate was higher
among studies with longer duration of intervention (24 months)
reporting a larger effect of intervention on the WHZ (MD: 0.33;
95% CI: 0.32-0.34) (Figure 9).

Moreover, a meta-regression analysis examining the effect of
egg-based interventions on children’s weight-for-height revealed
significant moderating effects of sample sizes and a potential
influence of publication year. The analysis showed that larger inter-
vention group sample sizes were associated with greater positive
effects (coefficient = 0.0059602, p = 0.002), while larger control
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Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
6 Months
(Anteneh Omer et al., 2019) 122 -1.07 0.96 128 -1.50 1.08 —— 0.43[ 0.18, 0.68] 15.08
(Stewart et al., 2019) 290 -0.61 1.11 305 -0.74 1.00 Hl- 0.13[-0.04, 0.30] 16.98
(Omer et al., 2022) 122 -0.20 0.86 121 -1.09 1.05 —l— 0.89[ 0.65, 1.13] 15.38
(Bragg et al., 2023) 400 -0.60 1.10 400 -0.50 1.10 - -0.10[-0.25, 0.05] 17.32
Heterogeneity: 1° = 0.16, I = 94.01%, H* = 16.70 = 0.33[ -0.07, 0.73]
Test of 8 = 6;: Q(3) = 50.11, p=0.00
18 Months
(Passarelli et al., 2020) 242 -092 1.23 307 -1.17 1.15 —— 0.25[ 0.05, 0.45] 16.34
Heterogeneity: 1° = 0.00, I = .%, H" = > 0.25[ 0.05, 0.45]
Testof 8 =6;: Q(0)=0.00,p=.
24 Months
(Wegmdller et al., 2022) 375 0.50 0.10 361 0.08 0.03 [ 042[ 0.41, 0.43] 18.91
Heterogeneity: 1° = 0.00, I = %, H = | 0.42[ 041, 0.43]
Test of 8 = 6: Q(0) =-0.00, p = .
Overall = 0.33[ 0.11, 0.58]
Heterogeneity: 1° = 0.07, I’ = 93.15%, H’ = 14.59
Test of 8, = 6;: Q(5) = 72.94, p = 0.00
Test of group differences: Qu(2) = 2.97, p = 0.23

5 0 5 1

Favours [Intervention]

Figure 4. Subgroup analysis of the pooled effect of egg-based interventions on weight-for-age z-scores (WAZ) among children aged 6-59 months, stratified by duration of

intervention.
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weight-for-age z-scores (WAZ).

group sizes were linked to smaller effects (coefficient = -0.0080304,
p = 0.000). However, publication year was a non-significant trend
with no effect on the pooled estimate of the egg-based inter-
vention on WHZ (coefficient = 0.0575818, P = 0.084). Thus, the
model explained 95.82% of the variability in effect sizes, with

low to moderate heterogeneity (I* =24.22%). The analysis was
limited by the small number of studies and the potential influence of
unmeasured moderators, suggesting avenues for future research to
enhance our understanding of factors affecting the efficacy of egg-
based interventions in improving children’s nutritional status.
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Mean diff.

Omitted study with 95% CI p-value

(Anteneh Omer et al., 2019) 0.31[ 0.06, 0.56] 0.016

(Stewart et al., 2019) T 0.37[ 0.1, 0.62] 0.005
(Wegmdiller et al., 2022) . 0.31[-0.00, 0.62] 0.051
(Omer et al., 2022) 0.22[-0.00, 0.45] 0.054
(Bragg et al., 2023) . 0.41[ 0.23, 0.59] 0.000
(Passarelli et al., 2020) * 0.34[ 0.08, 0.60] 0.009
6 |2 ‘Iq 25 Figure 6. Sensitivity analysis (leave-one-out)

Random-effects DerSimonian—Laird model

showing the effect of egg-based interventions
on weight-for-age z-score (WAZ) with 95% Cls.

Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
(Passarelli et al., 2020) 242 -0.92 1.23 307 -1.17 1.15 —— 0.25[ 0.05, 0.45] 16.21
(Stewart et al., 2019) 290 -0.13 1.04 305 -0.30 0.97 —-— 0.17[ 0.01, 0.33] 17.38
(Wegmiiller et al., 2022) 375 0.40 0.10 361 0.07 0.02 O 0.33[ 0.32, 0.34] 20.10
(Omer et al., 2022) 122 0.43 0.79 121 -0.40 0.89 —ll— 0.83[ 0.62, 1.04] 15.84
(Passarelli et al., 2020) 242 -0.01 1.40 307 015 1.18 —+ -0.16 [ -0.38, 0.06] 15.70
(Anteneh Omer et al., 2019) 122 -0.25 0.95 128 -0.63 1.02 —— 0.38[ 0.14, 0.62] 14.78
Overall < 0.30[ 0.12, 0.48]
Heterogeneity: T° = 0.04, I” = 89.08%, H’ = 9.15
Test of 8 = B Q(5) =45.77, p=0.00
Testof8=0:z=3.21,p=0.00
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Figure 7. Pooled effect of egg-based interventions on weight-for-height Z-scores (WHZ) among children aged 6-59 months.

Assessment of publication bias

Publication bias was assessed using the funnel plot and Egger’s test.
Therefore, Egger’s test (B=0.1, P = 0.9741) provided a non-sig-
nificant regression intercept, indicating no evidence of the small-
study effects and evidence of publication bias. The funnel plot
indicates a slight deviation of the plot to the left and a suggestion of
publication bias (Figure 10). However, the trim and fill analysis
suggests the presence of publication bias in the meta-analysis, with
two potentially missing studies imputed. After adjustment, the
estimated MD increased from 0.290 (95% CI: 0.116-0.464) to 0.423
(95% CI: 0.240-0.606), indicating that the original analysis may
have underestimated the intervention’s effect. While this suggests a
potentially stronger intervention effect, the results should be
interpreted cautiously due to the limitations of the trim and fill
method and the small number of observed studies. Egger’s tests
indicate no publication bias, while the trim-and-fill method sug-
gests its presence. This could be because Egger’s tests often have
low statistical power, especially with a small number of studies.

Sensitivity analysis

The sensitivity analysis indicated that the study done by Wegmiiller
et al.®) affects the pooled estimate of the effect of egg-based inter-
ventions on weight-for-height and makes it negligible (Figure 11).

The impact of egg-based interventions on height-for-age

Seven studies™ 7% 121 encompassing 3673 participants were
analysed to evaluate the effect of egg-based interventions on the

height-for-age of the children. Due to heterogeneity between
studies (I*=89.68%), a random-effects meta-analysis was
employed to pool the effect sizes. The results indicated that egg-
based intervention did not significantly improve the height-for-age
of the children (MD: 0.05; 95% CI: -0.05-0.14) (Figure 12).

Investigating heterogeneity

Based on subgroup analysis, while studies in Ethiopia (MD: 0.35;
95% CI: 0.19-0.52) and Kenya (MD: 0.03; 95% CI: 0.02-0.03)
showed promise, others in those countries and studies from
Malawi and South Africa produced mixed results. High hetero-
geneity across studies (except in Ethiopia) suggests these findings
may not be generalisable. The subgroup analysis done using the
duration of intervention shows that the longer the duration of
intervention, the higher the effect of intervention on height-for-
age. Thus, the intervention duration of 24 months had a signifi-
cantly higher effect of egg-based intervention (MD: 0.03; 95% CI:
0.02-0.04).

The meta-regression revealed that none of the moderators
(intervention group size, control group size, and publication year)
showed statistically significant effects (all p-values > 0.05). These
findings suggest that other factors, not included in this analysis,
may be more important in explaining the variability in the effects of
egg-based interventions on children’s HAZ scores. The statistical
heterogeneity may be due to unmeasured factors and factors
analysed in subgroup analysis, such as countries and intervention
duration.
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Treatment Control Mean diff. Weighl
Study N Mean SD N Mean SD with 95% CI (%)
Ethiopia
(Omer et al., 2022) 122 043 0.79 121 -0.40 0.89 —l— 0.83[ 0.62, 1.04] 15.53
(Passarelli et al., 2020) 242 -0.01 140 307 0.15 1.18 —W+ -0.16 [-0.38, 0.06] 15.39
(Anteneh Omer et al., 2019) 122 -0.25 0.95 128 -0.63 1.02 B 0.38[ 0.14, 0.62] 14.43
Heterogeneity: T° = 0.26, I = 95.15%, H’ = 20.63 ——e— (.35] -0.24, 0.94]
Test of 6: = 6;: Q(2) = 41.26, p = 0.00
Kenya
(Wegmilller et al., 2022) 375 040 0.10 361 0.07 0.02 [} 0.33[ 0.32, 0.34] 20.07
Heterogeneity: T = 0.00, I = %, H" = . 0.33[ 0.32, 0.34]
Testof 8i=6,: Q(0)=0.00,p=.
Malawi
(Stewart et al., 2019) 290 -0.13 1.04 305 -0.30 0.97 — - 0.17[ 0.01, 0.33] 17.15
(Bragg et al., 2023) 400 0.30 1.10 400 0.10 1.10 - 0.20[ 0.05, 0.35] 17.43
Heterogeneity: 1° = 0.00, I’ = 0.00%, H* = 1.00 < 0.19[ 0.08, 0.30]
Test of 8 = 8;: Q(1) = 0.07, p=0.79
Overall = 0.29[ 0.11, 0.46)
Heterogeneity: T° = 0.04, I = 89.57%, H" = 9.58
Test of 6, = 6;: Q(5) = 47.92, p = 0.00
Test of group differences: Qu(2) = 6.44, p = 0.04
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Figure 8. Subgroup analysis of the pooled effect of egg-based interventions on weight-for-height Z-scores (WHZ), among children aged 6-59 months. stratified by study country.

Publication bias was assessed using a regression-based Egger
test under a random-effects model. The test indicated significant
small-study effects (f; =2.57, p = 0.011), suggesting potential
publication bias. However, the trim-and-fill analysis did not
impute any missing studies, suggesting that the observed asym-
metry may not materially affect the pooled estimate.

Sensitivity analysis done using the leave-one-out method and
removing single study turn by turn didn’t affect the pooled esti-
mate of the effect of egg-based intervention on the height-for-age
of the children.

Discussion

This meta-analysis pooled the collective effect of egg-based
interventions compared to other alternative interventions or no
intervention among children aged 6-59 months in SSA. It figur-
edout that egg-based interventions can help enhance weight-
related nutritional outcomes (WAZ and WHZ) of children aged 6—
59 months.

The meta-analysis revealed a noteworthy beneficial impact of
egg-based interventions on Weight-for-Age (WAZ) scores (MD:
0.33) and Weight-for-Height (WHZ) (MD: 0.29), indicating that
adding eggs to the diet could contribute to child weight increment.
This finding is consistent with other previous reports done on the
effect of egg on the weight of children,'”) which reported that egg
included in the diet had a positive impact on weight. Similarly, a
report from China®” and low-income countries likely to be
resource limited®?? indicated that the egg intervention can
improve child development. This could be for that egg is rich in
complete protein and other important micronutrients. An average

egg contains approximately 75 calories, 7 g protein, 5 g fat, 1.6 g
saturated fat, vitamins, and carotenoids'>”; and egg intervention
increased the quantity and quality of protein intakes among young
children.?® This review indicated that studies conducted in
Ethiopia (MD 0.52) reported the highest MD, indicating the effect
of egg-based intervention was most important. The length of the
intervention seemed to impact WAZ and WHZ outcomes, as
longer interventions (24 months) had greater effects on WAZ
(MD: 0.42) and WHZ (MD: 0.33), compared to shorter inter-
ventions (6 months) with insignificant effects. Also, a similar
positive result was reported by a research from Bangladish®” in
which daily intake of eggs for a longer time can have a significant
impact on the linear growth of the children. Eggs have been
suggested as a potentially efficacious dietary intervention because
of their nutrient density, as they contain all the essential amino-
acids forming complete protein, vitamins, and minerals that are
significant to child growth and development.!*?>) Eggs are a rich
source of multiple nutrients that support growth and development
among young children, including protein with an optimal balance
of amino acids to support requirements, and vitamins and minerals
such as vitamin A, vitamin B12, choline, and selenium.!>?%) Eggs
are recognised for their high nutrient density, which supports
growth and development, particularly in resource-limited set-
tings.®) The continual discovery that extending intervention
lengths resulted in greater impacts highlights the necessity for
ongoing, extended nutrition initiatives. However, while the egg
remains a nutritional powerhouse, its effectiveness is mediated by
the complex realities of biology, environment, and existing diet.”
When developing and carrying out interventions centred on eggs,
it is important to take into account factors like the cultural
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Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
6 Months
(Stewart et al., 2019) 290 -0.13 1.04 305 -0.30 0.97 — - 0.17[ 0.01, 0.33] 17.15
(Omer et al., 2022) 122 043 0.79 121 -0.40 0.89 —l— 0.83[ 0.62, 1.04] 15.53
(Anteneh Omer et al., 2019) 122 -0.25 0.95 128 -0.63 1.02 B 0.38[ 0.14, 0.62] 14.43
(Bragg et al., 2023) 400 0.30 1.10 400 0.10 1.10 - 0.20[ 0.05, 0.35] 17.43
Heterogeneity: T° = 0.08, I” = 89.35%, H = 9.39 g 0.39] 0.10, 0.68]
Test of 8 = 6;: Q(3) = 28.18, p = 0.00
18 Months
(Passarelli et al., 2020) 242 -0.01 1.40 307 0.15 1.18 —+ -0.16 [-0.38, 0.06] 15.39
Heterogeneity: 1° = 0.00, I = %, H' = . = -0.16 [ -0.38, 0.06]
Test of 8 = 8;: Q(0) = 0.00,p =
24 Months
(Wegmiiller et al., 2022) 375 040 0.10 361 0.07 0.02 ] 0.33[ 0.32, 0.34] 20.07
Heterogeneity: 1° = 0.00, I = %, H' = . | 0.33[ 0.32, 0.34]
Test of 6 = 6;: Q(0) = 0.00,p = .
Overall B 0.29[ 0.1, 0.46]
Heterogeneity: 1° = 0.04, I” = 89.57%, H* = 9.58
Test of , = 6;: Q(5) = 47.92, p = 0.00
Test of group differences: Q:(2) = 19.90, p = 0.00
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Figure 9. Subgroup analysis of the pooled effect of egg-based interventions on weight-for-height Z-scores (WHZ) among children aged 6-59 months, stratified by intervention

duration.
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acceptance of eggs, local food systems, and the existing nutritional
status of the population.*?) Although subgroup analysis found a
non-significant intervention effect on WHZ in Ethiopia, this aligns
with prior evidence: a recent systematic review of child nutrition
programmes in Ethiopia reported that nearly two-thirds of
interventions had no impact on stunting or wasting, and more than
half failed to improve underweight.®!) A more recent review of

Figure 10. Result on publication bias assessment of studies
included in the meta-analysis of egg-based interventions on
Weight-for-height Z-scores (WHZ).

food and nutrition programmes (2015-2025) also observed that
single-component interventions often produced limited or
inconsistent improvements in child anthropometry, while multi-
component programmes (e.g. combining supplementation, food
support, maternal education, WASH, and social protection) were
more likely to yield positive results.*? These findings together
suggest that the lack of statistically significant effect in our Ethiopian
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Mean diff.

with 95% CI p-value

(Stewart et al., 2019)
(Wegmiiller et al., 2022)

0.31[ 0.10, 0.53] 0.004
- 0.28[-0.01, 0.57] 0.055

(Omer et al., 2022) . 0.19[ 0.04, 0.35] 0.015

(Passarelli et al., 2020) —}—~——  037[ 021, 053] 0.000

(Anteneh Omer et al., 2019) . 0.27[ 0.07, 0.48] 0.008

(Bragg et al., 2023) re 0.31[ 0.09, 0.53] 0.006
Figure 11. Sensitivity analysis (leave-one-out) 0 2 P 6

showing the effect of egg-based interventions on
Weight-for-height Z-score (WHZ) with 95% Cls.

Random-effects DerSimonian—Laird model

Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
(Stewart et al., 2019) 290 -1.08 1.08 305 -1.10 1.00 Ar 0.02[-0.15, 0.19] 13.47
(Wegmiiller et al., 2022) 375 0.13 0.03 361 0.10 0.05 0.03[ 0.02, 0.04] 24.60
(Omer et al., 2022) 122 -1.04 1.04 121 -1.58 1.25 —a— 0.54[ 0.25, 0.83] 7.08
(Passarelli et al., 2020) 242 -1.55 1.70 307 -1.83 147 —— 0.28[ 0.01, 0.55] 7.97
(Ricci et al., 2023) 250 -1.41 0.21 250 -1.33 0.23 [ | -0.08 [-0.12, -0.04] 23.58
(Anteneh Omer et al., 2019) 122 -1.86 0.99 128 -2.13 1.01 —a— 0.27[ 0.02, 0.52] 8.72
(Bragg et al., 2023) 400 -1.10 1.10 400 -0.90 1.10 —— -0.20 [-0.35, -0.05] 14.58
Overall > 0.05[ -0.04, 0.14]

Heterogeneity: 7° = 0.01, I = 89.71%, H* = 9.72
Test of 8 = 8;: Q(6) = 58.30, p = 0.00
Testof 8=0:z=0.99, p=0.32
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Figure 12. Pooled effect of egg-based interventions on height-for-age z-scores (HAZ) among children aged 6-59 months.

sample may reflect structural and contextual constraints such as
inadequate dietary diversity, insufficient programme intensity or
duration, weak integration of complementary interventions, or high
baseline burden of malnutrition rather than a failure of the overall
concept of nutritional intervention. It highlights the need for future
interventions in Ethiopia to adopt a comprehensive, integrated
approach (combining nutrition, WASH, food security, maternal
education, and social protection) rather than relying on a single
component to effectively reduce undernutrition.

However, egg-based interventions did not have a significant
impact on height-for-age (HAZ) scores, with an MD of 0.05. This
indicates that egg-focused strategies may not significantly affect
height development in the near to mid-term. The finding is
consistent with the report from Bangladesh.?*) The intervention
reported did not have a statistically significant effect on mean LAZ,
but it did have a significant impact on the WHZ. This could be the
fact that chronic undernutrition and stunting are complex issues
influenced by multiple factors, including overall dietary diversity,
health status, and environmental conditions.'”) Furthermore, the
substantial diversity among studies (I* = 89.68%) shows significant
variation in results, which could be due to disparities in study
countries or implementation strategies. When subgroup analysis
was conducted by country, Ethiopia (MD: 0.35) showed positive
outcomes. Moreover, longer intervention length was identified as a
possibly crucial element, as extended interventions (24 months) had
a notable beneficial impact on HAZ. The variation in geography on
the effect of egg-based intervention on stunting indicates that the

success of egg-related interventions could depend on the specific
situation, potentially affected by factors like eating habits, cultural
acceptance of eggs, local food systems, and the existing nutritional
status of the population or surroundings.!” Moreover, continued
nutritional interventions may be needed to make significant
enhancements in height gain.*%

Strength

The primary strength of this study lies in its power to provide a
definitive, evidence-based answer to a critical public health question
using the most rigorous methodological approach available. It moves
beyond anecdote or findings from a single location to offer a con-
solidated, quantitative verdict on the role of eggs in combating child
malnutrition in a high-need region. This makes it an exceptionally
valuable tool for researchers, policymakers, and practitioners aiming
to implement effective, scalable nutrition interventions.

Limitations and future research directions

The high heterogeneity observed across studies for all outcomes
suggests that unmeasured factors may influence the effectiveness of
egg-based interventions. Future research should aim to identify
and quantify these factors. Future research should investigate the
long-term impacts of egg-based interventions on child growth,
development, and health outcomes. The analysis did not consider
the cost-effectiveness of egg-based interventions compared to
other nutrition strategies. Future research should incorporate


https://doi.org/10.1017/jns.2026.10097

https://doi.org/10.1017/jns.2026.10097 Published online by Cambridge University Press

Journal of Nutritional Science

economic evaluations to inform policy decisions. Furthermore, the
subgroup analysis included a limited number of studies, which may
not reliably reflect true differences in effect sizes across countries or
intervention durations. To address the limitations of current
interventional researches, future studies should evaluate the effi-
cacy of egg-based interventions and the specific timeframe
required to achieve measurable outcomes in malnourished
children.

Conclusion

This meta-analysis demonstrates that egg-based interventions can
improve weight-related nutritional outcomes (WAZ and WHZ) in
children aged 6-59 months across sub-Saharan Africa, particularly
weight-for-age WAZ) and weight-for-height (WHZ) Z-scores.
These findings suggest that incorporating eggs into children’s diets
can contribute to their physical growth. The strongest positive
effect of egg-intervention on child physical growth was observed in
Ethiopia. Moreover, impact of egg-based intervention on child
growth depends length of the intervention, longer intervention
duration resulted with agreator positive impact. Nevertheless, the
absence of notable impacts on linear growth/height (HAZ) indi-
cates that adding eggs by themselves may not be enough to tackle
chronic undernutrition. The impact of these measures seems to be
affected by elements like location, length of intervention, and scope
of implementation. Further, future studies should concentrate
on enhancing intervention strategies focusing on evaluating the
effect of egg-based interventions among children with malnutri-
tion, examining the length of intervention on the children’s
anthropometric outcomes, and delving into cost efficiency and
durability evaluations. Policymakers and programme imple-
menters should incorporate egg-based nutrition interventions in
nutrition programs to support children in resource limited settings
grow and develop to their full potential growth falterings.
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