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come countries (LMICs) and may have critical implications for the health and
education of school-age children and adolescents. This systematic review aimed
to assess the impacts of school feeding on educational and health outcomes of
children and adolescents in LMICs.

Methods Interventional studies on the effects of school feeding on nutrition-
al and health outcomes of children and adolescents receiving primary or sec-
ondary education in LMICs were included. MEDLINE, EMBASE, CINAHL, the
Cochrane Library, and grey literature were searched (through December 2019)
to identify eligible studies. We included randomized controlled trials and con-
trolled before-after studies on school feeding conducted in LMICs among chil-
dren and adolescents aged 6 to 19 who received primary or secondary educa-
tion. Two reviewers independently conducted study selection, data extraction,
and risk of bias assessment. Meta-analyses were performed for outcomes avail-
able in three or more independent studies. Subgroup analyses were conducted
by study design and school feeding modality whenever possible.

Results Fifty-seven articles met the inclusion criteria for the review, includ-
ing 44 randomized controlled trials and 13 controlled before-after studies;
19 articles were included in the meta-analysis. School feeding resulted in a
significant increase in height (mean difference=0.32 cm; confidence interval
(CD=0.03, 0.61; P=0.032) and weight (mean difference: 0.58 kg; 95% 95%
CI=0.22, 0.93; P=0.001) over 12 months, compared to those in the control
groups. School feeding also resulted in a significant increase in the percentage
of school days attended (2.6%; 95% CI=1.2%, 3.9%; P<0.001).

Conclusions School feeding is an important approach to improving the health
and education outcomes of children and adolescents living in LMICs. More
well-designed research is needed to establish further the effectiveness of school
feeding for nutritional outcomes and academic achievement.

PAPERS

Across the developing world, millions of school-age children go to school every
day hungry [1]. It is estimated that 73 million children of primary school age living
in extreme poverty in 60 countries do not have access to national school feeding
programs [1]. Attending classes while hungry severely impacts children’s abilities
to learn, thrive, and realize their full educational and health potential as adults
[2]. School feeding programs, which provide food to school-going children and
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adolescents, are ubiquitous worldwide. Most countries have some forms of school meal programs, though in
varying formats and scales [3], and it is estimated that 368 million school-aged children and adolescents glob-
ally were reached by school feeding programs in 2017 [3]. In low- and middle-income countries (LMICs), it
is estimated that some 305 million schoolchildren, approximately half of all those enrolled, eat a daily meal
at school; for many of these children, this represents the only regular meal of the day [1]. Therefore, school
feeding programs are imperative for the second Sustainable Development Goal (SDG), which entails ending
hunger and achieving food security [4].

Besides alleviating hunger, school feeding programs may also increase school attendance, improve academic
performance, and generate health, nutrition, and social protection benefits [3,5-7]. Nonetheless, school feed-
ing programs tend to have incomplete coverage in LMICs, where the need for such interventions is greatest
[6]. The coronavirus disease 2019 (COVID-19) pandemic has had devastating impacts on people’s livelihoods
[8] and has propelled 265 million people worldwide into acute food insecurity [9]. With potentially less food
available to children and adolescents at their homes during the pandemic, the role of school meal programs
in safeguarding nutrition and education by providing regular and nutritious food will become even more crit-
ical. In the meantime, existing determinants of food insecurity remain at regional and household levels, such
as household income, household size, household educational level, food production and availability, and food
price [10]. School feeding programs play pivotal roles in SDG 3 (ensuring healthy lives and promoting well-be-
ing for all at all ages) and SDG 4 (ensuring inclusive and equitable quality education and promoting lifelong
learning opportunities for all); it is also highly relevant for SDG 5 (achieving gender equality and empowering all
women and girls) since girls dropped out of school disproportionally compared to their male counterparts [4].

Despite being one of the most long-lasting and well-established social protection programs in LMICs, con-
tinuous evidence synthesis is needed on the impacts of school feeding on educational and health outcomes
in the ever-changing landscape of child and adolescent development. The only Cochrane systematic review
on school feeding reported that participants in lower-income countries who were fed at school gained more
weight, attended school more frequently, and had better performances in math and short-term cognitive tasks
compared to those not fed at school in control groups [11]. However, this Cochrane review was published
more than a decade ago and does not include all of the studies currently available [11]. More recent reviews
on the benefits of school feeding exist, yet are limited in scope regarding the age range, school level, and the
types of outcomes included [12,13]. Therefore, an updated synthesis of the evidence of the impacts of school
feeding on a wide array of educational and health outcomes among children and adolescents is imperative.

In this systematic review and meta-analysis, we aimed to assess the impacts of school feeding programs on ed-
ucational and health outcomes of children and adolescents in LMICs. We focused on educational and health
outcomes due to their critical implications to long-term development and well-being and their high relevance
to the SDGs. Through this work, our goal was to provide an evidence base that will be informative to the de-
sign and implementation of future programs that seek to provide food to school-going children and adoles-
cents in the developing world.

METHODS

Eligibility criteria

Inclusion criteria

We included studies that met all of the inclusion criteria detailed below. We did not place restrictions on the

year, sample size, or duration of the intervention.

1) Randomized controlled trials (RCTs) and controlled before-after studies (CBAs) were eligible. The interven-
tion could be allocated individually or in clusters (classes or schools).

2) Published articles or grey literature were eligible.

3) Studies conducted in low-income, lower-middle-income, or upper-middle-income countries, as defined by
the World Bank for the 2020 fiscal year, were eligible.

4) Studies among children and adolescents (girls and boys) aged 6 to 19 years who were receiving primary or
secondary education (i.e., primary, middle, or high school) were eligible.

5) Studies that examined the impacts of the provision of food or beverages in the school, including formal
meals (breakfast, lunch, or dinner) or snacks, were eligible. We also included food distributed to house-
holds conditional on school enrollment and consumed outside the school setting (ie, take-home ration) [6].
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6) The comparison (control) group in each study did not receive the school feeding intervention; comparisons
among school feeding menus with different food compositions were also eligible.

7) Studies that included at least one outcome of children and adolescents pertinent to education, nutrition,
anthropometry, cognition, or morbidity, were eligible. Eligible education outcomes included school enroll-
ment, school attendance, school dropout, grade repetition, and academic performances (math, reading, spell-
ing, vocabulary). Eligible nutrition outcomes included micronutrient status (eg, hemoglobin concentrations
and anemia, ferritin concentrations, retinol concentrations) and macronutrient status (eg, blood lipid levels
and blood albumin levels). Eligible anthropometry outcomes included height, weight, body mass index,
mid-upper arm circumference, skinfold thickness, and bone development (including their z-scores). Eligi-
ble cognition outcomes included intelligence quotient, on-task behavior, and memory. Eligible morbidity
outcomes included infectious disease diagnoses (eg, malaria and helicobacter pylori infection) or symptoms
(eg, fever, cough, diarrhea, and vomiting).

PAPERS

Exclusion criteria

We excluded studies with any of the following characteristics.

1) Interventional studies without a proper control group, such as uncontrolled before-after studies, were in-
eligible.

2) Observational studies were ineligible.

3) Editorials, commentaries, opinions, or review articles were ineligible; these articles, however, were reviewed
to identify eligible studies.

4) Studies conducted among preschool children only were ineligible. Feeding interventions among preschool
children are important and of great interest but are beyond the scope of this work, which will focus on pri-
mary and secondary school settings.

5) Studies that examined the impacts of micronutrient fortification, micronutrient supplementation, or nu-
trition education were ineligible unless such interventions were complementary to eligible school feeding
interventions.

6) Clinical treatment programs targeting patients with medical conditions or exclusively toward individuals
with underweight, overweight, or obesity were ineligible.

7) Descriptive studies of school feeding programs without the inclusion of specific outcomes were ineligible.

Information sources and search strategy

We searched four databases to identify eligible studies, from the inception of each database through De-
cember 2019: MEDLINE (via PubMed), EMBASE, CINAHL, and the Cochrane Library. The selection of the
electronic databases was made in consultation with a health science librarian with expertise in systematic
searching and covered all databases recommended by the Cochrane Handbook for Systematic Reviews of In-
terventions [14]. A search strategy including a combination of keywords, indexing (eg, MeSH terms), and
free-text terms, was used. The specific search terms for each database are provided in Table S1 in the On-
line Supplementary Document. We also searched ClinicalTrials.gov and other governmental or organiza-
tional websites (World Food Programme, World Health Organization, Food and Agriculture Organization,
and World Bank) for studies not identified from the database searching. We conducted a manual search of
references included in key articles and previous reviews. We included articles published in English or Chi-
nese. The six articles excluded were in Persian (two articles), Portuguese (one article), or Spanish (three ar-
ticles). We used EndNote X9 (Clarivate Analytics, Pennsylvania, United States) to store the records retrieved
from searches of electronic databases. We imported the records into Covidence (Veritas Health Innovation,
Melbourne, Australia) to facilitate streamlined management of the records. Duplicate records were detect-
ed and removed by Covidence.

Study selection

To improve the accuracy of study selection, two reviewers (DW and SS, or DW and TY) independently screened
titles and abstracts to assess the initial eligibility of the articles, and irrelevant studies were removed. The full
texts of potentially eligible studies were then independently assessed by two reviewers (DW and SS) to confirm
eligibility. Disagreements between reviewers were resolved by discussion. Specific reasons for study exclusions
were recorded and summarized using the flow diagram for the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) [15].
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Data extraction

To improve the accuracy of the extracted data, two reviewers (DW and SS) independently extracted data from
the retained studies and entered data into an extraction form, which was pilot-tested using five randomly se-
lected studies. Discrepancies in data extraction were resolved by discussion. We extracted the following infor-
mation from each article: title, corresponding authors (name and contact information), journal (or source of
information), year of publication, year of intervention, country and setting, source of funding, study design,
sample size (number of participants and number of clusters when relevant), age and sex distributions of the
sample, intervention (including timing, duration, food and nutritional content, and co-interventions), compar-
ator/control, outcomes assessed, and main findings with point estimates and measures of variance (standard
errors, 95% confidence intervals, or p-values). We collated multiple reports of a single study as additional re-
sults might be available in different articles.

Risk of bias assessment

Two reviewers (DW and SS) independently evaluated the risk of bias, with any disagreement resolved by dis-
cussion. For RCTs, we used version 2 of the Cochrane risk-of-bias tool (RoB 2), which includes five domains
for individually randomized RCT [16] and an additional domain for cluster RCT [17]. We judged each domain
as “low risk of bias,” “high risk of bias,” or “some concerns.” We considered an RCT to be of low risk of bias
if it is judged to have a low risk of bias for all domains; we considered an RCT to be of a high risk of bias if it
is judged to have a high risk of bias in at least one domain; we considered an RCT to have some concerns if it
raises some concerns in at least one domain but is not of a high risk of bias for any domain [16].

For CBAs, we used the Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool, which con-
siders biases from seven domains [18]. We judged each domain as “low risk of bias,” “moderate risk of bias,”
“serious risk of bias,” “critical risk of bias,” or “no information.” We considered a CBA to be of low risk of bias
if it is judged to have a low or moderate risk of bias for all domains; we considered a CBA to be of a high risk
of bias if it is judged to have a serious or critical risk of bias in one or more domains; we considered a CBA to
have some concerns if the assessment has no information for one or more domains but is of low or moderate
risk of bias for all other domains.

Data synthesis

We summarized the characteristics and key findings of all included studies in the form of a summary table.
Random-effects, inverse-variance-weighted meta-analyses were conducted for outcomes included in three or
more independent studies with a sufficiently consistent definition of the outcome and the timing of the out-
come assessment. As a result, the meta-analyses included nine outcomes, including 1) height; 2) height-for-
age Z-score (HAZ); 3) weight; 4) weight-for-age Z-score (WAZ); 5) body mass index-for-age Z-score (BAZ); 6)
hemoglobin concentrations; 7) plasma/serum ferritin concentrations; 8) mathematical or arithmetic skills; and
9) school attendance. We used the random-effects method because the effect of school feeding is presumed to
be heterogeneous across time and populations, and also because the menus of previous school feeding inter-
ventions have been quite heterogeneous.

We treated school feeding as a dichotomous exposure. Effect estimates for continuous outcomes were expressed
as mean differences with 95% confidence intervals (Cls) comparing the intervention group with the control
group. To account for the different durations of the intervention across studies, we converted the estimates
to the differences between the two groups over a period of 12 months using the monthly difference between
arms. School attendance was standardized across studies as the percentage of possible school days attended in
each study. When two or more relevant school-feeding arms (eg, in-school feeding and take-home ration, or
different school feeding menus) were present, the average effects across arms were used. When cluster-based
studies did not account for the clustered design in the analysis, we used the extracted average cluster size and
an intracluster correlation coefficient (ICC) to correct the variance estimate using the approach recommended
in the Cochrane Handbook for Systematic Reviews of Interventions [14]. Based on values recommended or
commonly used in previous literature [11,19,20], the ICC values used to correct the variance estimate were
0.016 for HAZ, 0.025 for weight, WAZ, BAZ, hemoglobin concentrations, and plasma/serum ferritin concen-
trations, and 0.15 for attendance and mathematical/arithmetic skills.

We assessed the robustness of the results by removing each study from the meta-analyses (ie, the “one-study-
removed” procedure). Whenever possible (ie, when at least two studies were available in each subgroup), we
conducted subgroup analyses by study design (RCT or CBA) and modality of intervention (formal meals or
snacks) to assess the sources of heterogeneity of the effects. We did not conduct subgroup analyses by risk of
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bias as most of the included studies had a high risk of bias. Other subgroup analyses we considered that were
not ultimately feasible due to the small number of studies or lack of subgroup-specific results included the
presence of co-interventions (by itself or combined with complementary interventions), year of study, country
or region, level of food insecurity of the region, age group of participants (primary or secondary education),
sex of participants, and type of report (published or unpublished). We used funnel plots to detect publication
bias for outcomes available in at least five studies. We conducted meta-analyses using Comprehensive Me-
ta-Analysis Software Version 3 [21] using a two-sided level of 0.05.

Assessment of certainty of evidence

The overall certainty of evidence for each outcome included in the meta-analyses was assessed using the Grad-
ing of Recommendation, Assessment, Development, and Evaluation (GRADE) approach that considers risk of
bias, publication bias, imprecision, inconsistency, and indirectness [22-27]. The evidence for each outcome
was accordingly judged as high, moderate, low, or very low [22].

PAPERS

Registration and reporting

The full protocol of this work was published elsewhere [28]. This work was registered with the International
Prospective Register of Systematic Reviews (PROSPERO ID: CRD42020159003). We conducted and reported
this study in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analysis Proto-
cols (PRISMA) [15].

RESULTS
Basic characteristics of the included studies

We identified 7854 articles from four electronic databases and a manual search of references of key articles,
previous reviews, and grey literature. Among the retrieved articles, 7613 were judged as irrelevant and ex-
cluded after the title and abstract screening. Among the 241 articles included in the full-text review, 184 were
excluded due to various exclusion criteria, resulting in 57 articles included in the data synthesis (Figure 1).

Among the 57 retained articles, 44 and 13 were based on RCTs [29-72] and CBAs [73-85], respectively. The
57 articles arose from 39 independent studies, of which 26 were RCTs and 13 were CBAs, and most (12 RCTs
and 10 CBAs) allocated the intervention by school. The majority of the studies included a separate control
group that did not receive school feeding, with four studies [30,33,38,48] employing a crossover design where
the same individuals received both the intervention and the control. Five studies each were conducted in Chi-
na [38,43,01,62,82] and India [48,54,58,72,76], three in Jamaica [30,36,74], two each in Ghana [69,71], In-
donesia [35,73], Iran [57,81], Kenya [39,80], Peru [32,33], Philippines [37,65], South Africa [68,77], Ugan-
da [50,83], and Vietnam [53,78], and one each in Bangladesh [84], Benin [79], Burkina Faso [52], Colombia
[75], Lebanon [85], Papua New Guinea [29], Senegal [67], and Thailand [55].

Seventeen studies focused on the provision of in-school snacks [39,43,53,54,57,58,62,65,09,73,78,80-85],
eight on the provision or modification of in-school breakfast [30,32,33,36,38,01,74,77], seven on the provi-
sion or modification of in-school lunch [55,67,68,71,72,75,76], and seven included more than one modality
of school feeding [29,35,37,48,50,52,79]. In-school meals were prepared either centrally in one or a handful
of kitchens or a decentralized manner in each school. The distribution of take-home rations was involved in
two studies [50,52]. For in-school meals, the compliance was often monitored through direct supervision by
teachers or study staff when students consumed the food. Details on the costs of food or the costs of opera-
tion were rarely provided.

Most of the studies used school feeding as the sole intervention without any complementary interventions
(to all participants or those in the intervention arms), with the exception of three studies that provided de-
worming [61,63,68], four that provided nutrition or health education [72,80,81,85], and one that provided
both deworming and nutrition education [78]. The duration of intervention ranged from one week to 2 years.
Two studies were conducted among secondary school students [74,79], three studies among both primary
and secondary school students [54,72,81], and the rest 34 studies were among primary school students. The
sample size for each study ranged from 39 to 4236 students. Four studies were conducted among girls only
[43,54,75,79], one study among boys only [73], and the remaining 34 studies among girls and boys. Ten stud-
ies were conducted among children of middle childhood (6 to 9 years) [30,38,48,53,57,69,76,78,80,83], 10
studies among adolescents (10 to 19 years) [43,54,55,62,67,68,72,74,79,85], and the remaining 18 studies
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Figure 1. PRISMA flow diagram.

including both children and adolescents; the age distribution for one study was not reported [37]. Most of the
studies were conducted in governmental/public schools. The main characteristics of the included studies are
provided in Table 1.

Risk of bias

Among the 44 articles based on RCTs, 40 were judged to have a high risk of bias, and four were judged to have
some concerns (Table S2 in the Online Supplementary Document). The primary sources of bias for RCTs
included bias in selection of the reported results (32 had a high risk of bias), bias arising from the randomiza-
tion process (20 had a high risk of bias), and bias due to missing outcome data (18 had a high risk of bias).
Among the 13 articles based on CBAs, 11 were judged to have a high risk of bias, one was judged to have a
low risk of bias [84], and one was judged to have some concerns [85]. The primary sources of bias for CBAs
included bias due to confounding (10 had a high risk of bias), bias in selection of the reported results (seven
had a high risk of bias), bias due to missing data (five had a high risk of bias), and bias in selection of partici-
pants into the study (five had a high risk of bias).

Meta-analyses

Nine outcomes were included in three or more independent studies with sufficiently consistent out-
come definitions, allowing for meta-analyses. These outcomes were: 1) height; 2) HAZ; 3) weight; 4)
WAZ; 5) BAZ; 6) hemoglobin concentrations; 7) plasma/serum ferritin concentrations; 8) mathematical
or arithmetic skills; and 9) school attendance. Nineteen studies were included in any of the meta-analyses
[29,35,36,52,53,56,57,60,62,65,66,68,09,71-73,76,78,85]. The main reasons for outcomes being excluded
from meta-analyses were failure to report quantitative results, lack of variance estimates, reported estimates not
able to be synthesized with other studies, or outcomes being included in only one or two studies.
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Height

The meta-analysis for height included seven studies [29,36,53,57,73,76,78]. In the random-effects meta-analy-
sis including all seven studies (Figure 2), school feeding resulted in a statistically significant increase in height;
participants who received school feeding gained, on average, 0.318 (95% CI=0.027, 0.609; P=0.032) centi-
meters greater heights over 12 months compared to the those in the control groups. No publication bias was
detected using the funnel plot (Figure S1 in the Online Supplementary Document). The positive effect on
height was robust to the removal of any particular study; the estimates with one study removed ranged from
0.141 (95% CI=0.054, 0.228; P=0.002) centimeters with Lampl 1978 removed to 0.463 (95% CI=0.043,
0.883; P=0.031) centimeters with Bailey 1962 removed. The effect on height was stronger in RCTs (mean
difference=0.858; 95% CI=0.312, 1.403; P=0.002) than in CBAs (mean difference =0.050; 95% CI=-0.359,
0.460; P=0.81) (Figure S2 in the Online Supplementary Document), and stronger when formal meals (break-
fast, lunch, or dinner) were provided (mean difference=0.586; 95% CI=0.109, 1.063; P=0.016) than when
snacks were provided (mean difference=0.111; 95% CI=-0.362, 0.584; P=0.65) (Figure S3 in the Online
Supplementary Document). The certainty of the evidence for height was rated as moderate.

Statistics for each study Difference in means and 95%Cl

Difference Lower Upper Relative

inmeans limit limit p-Value weight
Agarwal 1989 -0155 -0.759 0449 0.616 12.63
Bailey 1962 0050 -0.102 0.202 0.519 25.82
Hall 2007 0164 0027 0.301 0.019 26.17
Lanpl 1978 2250 1492  3.008 0.000 - 9.62
Lien 2009 0.800 -3620 5220 0.723 043
Powell 1998 0250 0074 0426 0.005 h 2521
Rahmani 2011 -1.200 -9714 7314 0.782 0.12

0318 0027 0.609 0.032 l‘
-8.00 -4.00 0.00 4.00 8.00

Figure 2. Random-effects meta-analysis of school feeding interventions on 12-month height gain (in centimeters), com-
paring the group receiving school feeding intervention to the control group. =82.02%.

Height-for-age Z-score

The meta-analysis for HAZ included six studies [53,69,71,72,78,85]. In the random-effects meta-analysis in-
cluding all six studies (Figure 3), school feeding did not have a statistically significant effect on HAZ (mean
difference over 12 months=-0.018; 95% CI=-0.048, 0.012; P=0.23), and the results were robust to the re-
moval of any particular study. No publication bias was detected using the funnel plot (Figure S4 in the Online
Supplementary Document). The certainty of the evidence for HAZ was rated as moderate.

_Statistics for each study Difference in means and 95%Cl

Difference Lower Upper Relative

in means limit limit p-Value weight
Anitha 2019 -0.120 -1.766 1.526 0.886 0.03
B Harake 2018 0380 -0.349 1.109 0.307 0.16
Gelli 2019 0050 -0028 0.128 0.211 1343
Hell 2007 -0035 -0.066 -0.004 0.029 i 64.46
Lee 2018 -0013 -0074 0.047 0.665 21.84
Lien 2009 0.160 -0957 1.277 0.779 0.07

-0018 -0048 0.012 0.232

=2.00 -1.00 0.00 1.00 2.00

Figure 3. Random-effects meta-analysis of school feeding interventions on 12-month change in height-for-age Z-score,
comparing the group receiving school feeding intervention to the control group. ’=4.85%.

Weight

The meta-analysis for weight included seven studies [29,36,53,57,73,76,78]. In the random-effects meta-analy-
sis including all seven studies (Figure 4), school feeding resulted in a statistically significant increase in weight;
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Statistics for each stu _Difference in means and 95%Cl
Difference Lower Upper Relative
inmeans limit limit p-Value weight
Agarwal 1989 0715 0484 0946 0000 B 195
Balley 1962 0050 -0065 0165 0393 208
Hall 2007 0184 0057 0311 0005 207
Lanpl 1978 1800 1388 2212 0000 = 165
Lien 2009 0900 -1401 3201 0443 o 21
Fowell 1998 0420 0244 059 0000 [ | 202
Rahrmani 2011 -4400 -11.017 2217 0192 03 5
0576 0221 0932 0001 <o &
€5
-4.00 -2.00 0.00 2.00 4.00 %
[a¥

Figure 4. Random-effects meta-analysis of school feeding interventions on 12-month weight gain (in kilograms), compar-
ing the group receiving school feeding intervention to the control group. #=93.20%.

participants who received school feeding gained, on average, 0.576 (95% CI=0.221, 0.932; P=0.001) kilo-
grams more weights over 12 months compared to the those in the control groups. No publication bias was
detected using the funnel plot (Figure S5 in the Online Supplementary Document). The positive effect on
weight was robust to the removal of any particular study; the estimates with one study removed ranged from
0.327 (95% CI=0.080, 0.573; P=0.009) kilograms with Lampl 1978 removed to 0.721 (95% CI=0.265,
1.177; P=0.002) kilograms with Bailey 1962 removed. The effect on weight was stronger in RCTs (mean dif-
ference=0.993:; 95% CI=0.433, 1.554; P=0.001) than in CBAs (mean difference=0.308; 95% CI=-0.140,
0.756; P=0.18) (Figure S6 in the Online Supplementary Document), and stronger when formal meals were
provided (mean difference=0.904; 95% CI=0.521, 1.287; P<0.001) than when snacks were provided (mean
difference=0.123; 95% CI=-0.303, 0.550; P=0.57) (Figure S7 in the Online Supplementary Document).
The certainty of the evidence for weight was rated as moderate.

Weight-for-age Z-score

The meta-analysis for WAZ included five studies [52,53,69,78,85]. In the random-effects meta-analysis in-
cluding all five studies (Figure 5), school feeding did not have a statistically significant effect on WAZ (mean
difference over 12 months=0.043; 95% CI=-0.022, 0.108; P=0.19). The lack of statistical significance ap-
peared to be due to the non-significant estimates from Hall 2007, which had a large sample size and a greater
contribution to the pooled estimate. The effect with Hall 2007 removed was positive and statistically signifi-
cant (mean difference over 12 months=0.100; 95% CI=0.012, 0.189; P=0.027). The asymmetry in the funnel
plot suggests a potentially slight selective publication of studies with positive findings (Figure S8 in the Online
Supplementary Document). The certainty of the evidence for WAZ was rated as low.

Statistics for each study Difference in means and 95%Cl

Difference Lower Upper Relative

in means limit limit p-Value weight
B Harake 2018 0500 -0417 1417 0.285 ! 0.50
Hall 2007 0.007 -0020 0.034 0617 64.31
Kazianga 2009 0.189 -0040 0418 0.105 7.24
Lee 2018 0080 -0017 0477 0.106 27.67
Lien 2009 0060 -1.159  1.279 0.923 0.28

0.043 -002 0.108 0.1%4 | b

-2.00 -1.00 0.00 1.00 2.00

Figure 5. Random-effects meta-analysis of school feeding interventions on 12-month change in weight-for-age Z-score,
comparing the group receiving school feeding intervention to the control group. I’=25.38%.

Body mass index-for-age Z-score

The meta-analysis for BAZ included four studies [52,71,72,85]. In the random-effects meta-analysis includ-
ing all four studies (Figure 6), school feeding did not have a statistically significant effect on BAZ (mean dif-
ference over 12 months=0.074; 95% CI=-0.088, 0.235; P=0.37), and the results were robust to the removal
of any particular study. The asymmetry in the funnel plot suggests a potential selective publication of studies
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Statistics for each study Difference in means and 95%Cl

Difference Lower Upper Relative
in means limit limit  p-Value weight
Anitha 2019 0680 -1601 2961 0559 : | 0,50
B Harake 2018 0500 -0006  1.006 0.053 L 9.02
Gelli 2019 0080 -0038 0.198 0.182 54.35
Kazianga 2009 -0.051 -0246 0.144 0.609 36.13
0074 -0088 0235 0.373

-2.00 -1.00 0.00 1.00 200

Figure 6. Random-effects meta-analysis of school feeding interventions on 12-month change in body mass index-for-age
Z-score, comparing the group receiving school feeding intervention to the control group. F=33.92%.

with positive findings (Figure S9 in the Online Supplementary Document). The certainty of the evidence
for BAZ was rated as low.

Hemoglobin concentrations

The meta-analysis for hemoglobin concentrations included six studies [35,52,53,62,65,68]. In the random-ef-
fects meta-analysis including all six studies (Figure 7), school feeding did not have a statistically significant
effect on hemoglobin concentrations (mean difference over 12 months=0.065 g/L; 95% CI=-1.676, 1.807;
P=0.94), and the results were robust to the removal of any particular study. No publication bias was detected
using the funnel plot (Figure S10 in the Online Supplementary Document). The certainty of the evidence
for hemoglobin concentrations was rated as low.

Study name Statistics for each study Difference in means and 95% Cl
Difference Lower Upper Relative
in means limit limit p-Value weight
Cervo 2014 15493 -13328 44.315 0.292 0.36
de Pee 1998 -1.780 -4567  1.007 0.211 L 2444
Kazianga 2009 0075 -0283 0433 0.682 . 63.50
Kleiman-Veiner 2013 4620 -2234 11474 0.186 5.88
Lien 2009 9600 -3533 22733 0.152 1.71
van der Hoeven 2016 -0960 -9270 7.350 0.821 412
0065 -1676 1807 0941 =
-8.00 -4.00 0.00 4.00 8.00

Figure 7. Random-effects meta-analysis of school feeding interventions on 12-month change in hemoglobin concentra-
tions (g/L), comparing the group receiving school feeding intervention to the control group. F=23.87%.

Plasma/serum ferritin concentrations

The meta-analysis for plasma or serum ferritin concentrations included three studies [35,53,68]. In the ran-
dom-effects meta-analysis including all three studies (Figure 8), school feeding did not have a statistically sig-
nificant effect on hemoglobin concentrations (mean difference over 12 months=0.612 pg/L; 95% Cl=-0.722,
1.947; P=0.37), and the results were robust to the removal of any particular study. The certainty of the evi-
dence for plasma or serum ferritin concentrations was rated as low.

Study name Statistics for each study Difference in means and 95%Cl
Difference Lower Upper Relative
inmeans limit limit p-Value weight

de Pee 1998 1066 0412 1721 0,001 | _ 57.54

Lien 2009 41400 -11.992 94792  0.129 0.06
van der Hoeven 2016 0064 -1.303 1.175 0919 42.40
0612 072 1947 0.369

-2.00 -1.00 0.00 1.00 2.00

Figure 8. Random-effects meta-analysis of school feeding interventions on 12-month change in plasma or serum ferritin
concentrations (pL), comparing the group receiving school feeding intervention to the control group. I’=57.62%.
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Mathematical/arithmetic skills

The meta-analysis for mathematical or arithmetic skills included five studies [36,60,62,66,76]. In the ran-
dom-effects meta-analysis including all five studies (Figure 9), school feeding did not have a statistically sig-
nificant effect on mathematical/arithmetic skills (mean difference in scores=0.320; 95% CI=-0.148, 0.789;
P=0.18), and the results remained largely robust to the removal of any particular study. No publication bias
was detected using the funnel plot (Figure S11 in the Online Supplementary Document). The certainty of
the evidence for mathematical or arithmetic skills was rated as moderate.

(0]

Study name Statistics for each study Difference in means and 95%Cl @4

62

Difference Lower Upper Relative (a W)

inmeans  limit  limit p-Value weight <

Agarwal 1989 3800 -2433 10.033 0.232 | 0.56 =2
Hulett 2014 2153 -2958 7265 0.409 0.83
Kazianga 2012 000 0014 0166 0.020 64.59
Keinman-Weiner 2013 0045 -2708 2798 0.974 278
Powell 1998 0710 0102 1318 0.022 - 31.24

0320 -0148 0789 0.180

-8.00 -4.00 0.00 4.00 8.00

Figure 9. Random-effects meta-analysis of school feeding interventions on 12-month change in mathematical or arithme-
tic skills, comparing the group receiving school feeding intervention to the control group. ?=32.37%.

School attendance

The meta-analysis for school attendance included three studies [36,56,60]. In the random-effects meta-anal-
ysis including all three studies (Figure 10), school feeding resulted in a statistically significant increase in the
percentage of school days attended; participants who received school feeding attended, on average, 2.56 (95%
CI=1.20, 3.92; P<0.001) percent more school days compared to the those in the control groups. The posi-
tive effect on attendance was robust to the removal of any particular study; the estimates with one study re-
moved ranged from 2.30 (95% CI=0.82, 3.78; P=0.002) percent with Kazianga 2012 removed to 3.48 (95%
CI=0.51, 6.46; P=0.022) percent with Powell 1998 removed. The certainty of the evidence for school atten-
dance was rated as moderate.

Statistics for each study Difference in means and 95%Cl
Difference Lower Upper Relative
in means limit limit p-Value weight
Kazianga 2012 4005 0541 7469 0.023 | T | 1541
Omwarri 2011 2009 -3800 7.819 0.498 548
Powell 1998 2320 0.791 3.849 0.003 + 79.12

253 1203 392 0.000

-8.00 -4.00 0.00 4.00 8.00

Figure 10. Random-effects meta-analysis of school feeding interventions on 12-month change in school attendance (per-
centage of possible school days attended), comparing the group receiving school feeding intervention to the control
group. ’=0.00%.

DISCUSSION

We present a systematic review and meta-analysis on the impacts of school feeding interventions on a wide
range of health and education outcomes among children and adolescents living in LMICs. We report that school
feeding programs confer benefits on height, weight, and school attendance. This work presents an evidence
base that will be informative to the design and implementation of school feeding programs targeted toward
children and adolescents in resource-constrained settings.

A few systematic or non-systematic reviews have previously synthesized the impacts of school feeding inter-
ventions on the health and education of children and adolescents [11-13,86,87]. The only Cochrane system-
atic review on the impacts of school feeding interventions was published in 2007 and included 18 studies, of
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which nine were from LMICs [11]. Comprehensive at the time of publication, this Cochrane systematic review
included five RCTs conducted in LMICs. More recent reviews on the benefits of school feeding interventions
are available but were limited in scope. A qualitative review assessed the impacts of school feeding on the edu-
cation and health of children in primary schools in LMICs [12]. However, studies conducted at the secondary
school level or published before 1990 were not included in this review. Another two reviews [86,87] evalu-
ated interventions for improving education outcomes among children and adolescents in LMICs. Nonethe-
less, they did not specifically focus on school feeding, nor did they include outcomes related to nutrition and
health. The impacts of school feeding on the anthropometry and nutritional status of primary-school-age chil-
dren and preschool and adolescent girls in LMICs have been reviewed [13], but this work did not specifically
examine the impacts on educational outcomes. As more studies become available, updated evidence synthesis
on a wide range of outcomes based on systematic literature review is critical.

School meals may provide nutritional benefits for children and adolescents. The benefits of school feeding on
anthropometry and school attendance in our review are consistent with those reported in previous work. The
estimated benefit of school feeding on weight gain (0.58 kg over 12 months) is similar to the estimates from
the Cochrane systematic review [11], which reported that children and adolescents in LMICs receiving school
feeding gained an average of 0.25 and 0.75 kg more weight over 12 months in RCTs and CBAs, respective-
ly, compared to those in the control groups. We found a significant effect on height gain (0.32 cm over 12
months) comparing the school feeding group to the control group; this is also generally in line with the slight-
ly mixed results shown in the Cochrane systematic review, which reports non-significant gain in RCTs and a
significant gain of 1.43 cm in CBAs [11].

We did not find significant benefits of school feeding on indicators of undernutrition such as HAZ, WAZ, and
BAZ. The lack of observed benefits on the anthropometry Z-scores may be due to the small magnitude of the
effects (in absolute terms) that might have been insufficient to materially alter the underlying nutritional status
or the relative standings in the population. However, most studies were of short or moderate durations, with
few studies exceeding 12 months, so they might not have accumulated adequate time for the nutritional ben-
efits of the school feeding interventions to fully manifest. Similarly, the non-significant effects on hemoglobin
concentration and ferritin concentrations may be explained by the failure to include iron-rich, animal-source
food. When optimally designed considering all the nutritional needs of children and adolescents (beyond
merely providing total energy) and provided for an extended period of time, school feeding interventions may
have the potential to prevent undernutrition. Future studies should preferably provide formal school meals
(as opposed to snacks only) with animal-source food for years and conduct longitudinal follow-up of the par-
ticipants to better evaluate school feeding programs’ long-term benefits.

In addition to the direct nutritional benefits, school feeding has long been used to confer educational bene-
fits. The Cochrane systematic review estimates that children and adolescents receiving school meals attend-
ed 4 to 6 more school days per year (in a school year of 172 school days) than those without school meals
[11]. Assuming also a school year of 172 days, our estimate of 2.6% more school days attended is equiva-
lent to 4.5 more school days attended, in line with the estimates from the Cochrane systematic review. This
finding confirms that school meals can motivate the parents to send their children to school and keep the
students in attendance.

The high level of heterogeneity of the school feeding menus and modality indicates that the estimates from the
meta-analyses should be interpreted as the average effects; different school feeding programs may well con-
fer quite different levels of benefits. This observation also highlights a historical lack of clear consensus and
guidance on the design of school meals in resource-limited settings. It was beyond the scope of the current
study to provide definitive recommendations on the design of school feeding programs. However, recent years
have seen significant developments in the innovative tools for the development and standardization of school
feeding programs in LMICs. For example, the Partnership for Child Development School Meals Planner can
be used to create nutritionally balanced and market-costed school meals using daily reference nutrient intake
[88]. Similarly, the upcoming PLUS School Menus software will be able to optimize school meals [89]. Based
on mathematical optimization algorithms, the PLUS School Menus software calculates the most cost-effective
menus, covering the nutritional needs of children from different age groups and optimizing the use of local-
ly sourced food [89]. With global scale-up and capacity building at the country and school levels, tools like
these will prove vital for maximizing the potential benefits of school meals in resource-constrained settings.
Even with such tools, school feeding interventions nevertheless allow a great deal of flexibility in the design
(eg, menu, quantity, timing) based on the specific context; the key elements for successful programs need to
be better understood.
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A challenge that complicates the interpretation of our results is the generally high risks of bias in previous
studies. The primary concerns for both RCT and CBA study designs were the selected reporting of the results
and missing data of the outcomes. While school feeding is one of the most long-lasting and well-established
nutrition interventions worldwide, it was noted that many studies on school feeding were lacking in the rig-
or of the methodology or the quality of the reporting. Future studies to evaluate the effectiveness and imple-
mentation of school feeding programs should consider the transparent reporting of all pre-specified outcomes,
preferably supplemented by a registered protocol. Also, the number of participants with missing data for each
outcome (and the reasons for missingness), the potential of selection bias, and measures taken to control for
confounding should all be carefully considered and clearly described. Randomized studies should additional-
ly report the process of randomization clearly, so there is no ambiguity on how the intervention received by
each study unit (eg, each school) was determined.

PAPERS

Future research priorities may not be whether school feeding impacts nutrition or education in general, but
instead on assessing and improving the quality of school feeding programs. Some specific knowledge gaps
include identifying appropriate and measurable nutrition indicators, examining school feeding programs by
finer age strata, improving the quality and diversity of school meal menus, and strategies for scaling up. The
consensus among stakeholders regarding such issues is yet to be reached, and additional studies will contrib-
ute valuable insights to the broader research agenda of establishing school feeding guidelines.

The main strengths of this systematic review included the coverage of a wide array of health and education
outcomes and the inclusion of all modalities of school feeding. This study has a few potential limitations. First,
as most of the included studies had relatively short follow-up periods, we could not make strong inferences
regarding the long-term impacts of the school feeding interventions. Second, most of the studies compared
school feeding intervention with no intervention at all, which limited our abilities to evaluate whether differ-
ent contents of school feeding interventions may have different impacts. Third, as a limited number of studies
reported process details of the intervention such as the fidelity of the intervention [90] or provided stratified
estimates by age or sex, our abilities to conduct subgroup analyses by those characteristics were constrained.
Fourth, combining estimates of anthropometry measures across studies conducted among different age groups
of children and adolescents was not ideal. However, we also included more age-standardized metrics when-
ever possible (eg, HAZ, WAZ, and BAZ), which lessened this issue.

In conclusion, this study provides a much-needed synthesis on the impacts of school feeding interventions
on the health and education outcomes of children and adolescents living in LMICs. Findings from this study
are informative to various stakeholders, including researchers, policymakers, non-governmental organiza-
tions, and individual schools, in the design and implementation of school feeding programs. We highlight a
need for rigorously designed school feeding studies that have long-term follow-up periods, that are conducted
among adolescents in secondary school settings, and that evaluate the impacts on micronutrient deficiencies
and academic achievements. Future work is needed to develop clear guidelines and scale up emerging tools
for school feeding among children and adolescents in LMICs who are urgently in need of this critical nutrition
intervention, especially during the ongoing COVID-19 pandemic.
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