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Developing countries are worse hit with under nutrition since 
80% of the world’s malnourished children live in just 20 developing 
countries in Africa, Western Pacific, Middle East and Asia [3].

Most nutrition interventions are currently focused on the first 1000 
days of a child’s life [4].

This is because the period provides a critical opportunity in 
which interventions to improve maternal and child undernutrition 
can have a positive impact on the prospects of survival, growth and 
development among young children especially in countries with a 
high burden of under nutrition [5].

As such pregnant women and children under the age of 2 years 
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Abstract
Context: Children in developing countries may survive the critical stage of the first 1000 days of life but may still carry unresolved micronutrient 
deficiencies into school age. Iron deficiency anaemia is the commonest form of micronutrient deficiency which affects school age children. School 
feeding programmes may provide an opportunity to reduce the micronutrient deficiencies in the light of limited nutrition interventions that target 
school age children in developing countries.

Objective: The objective of this systematic review is to examine the evidence on the impact of school feeding programmes in reducing iron deficiency 
anaemia among primary school children in developing countries.

Data sources: Electronic searches were carried out in PUBMED, Web of Science and Cochrane library. The reference lists of relevant articles were 
also hand searched.

Data extraction: Articles that were published by May 2019 where the study intervention was in-school feeding to primary school children were 
included.

Data analysis: A meta-analysis was conducted to evaluate changes in haemoglobin, serum ferritin and dietary iron intake following school feeding 
interventions. A random effects model was applied to calculate the mean differences for the net changes in the study outcomes which were all 
evaluated as continuous variables. Sub group analysis was conducted to explore the effects of covariates such as fortification status of meals, type 
of meals on the net pooled effect.

Conclusion: School feeding programmes improved dietary iron intake of primary school children, improved haemoglobin and serum ferritin 
concentrations and thus have a potential to reduce iron deficiency anaemia.
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Introduction
Rationale

In spite of the significant progress in the fight against hunger and 
malnutrition, the prevalence of malnutrition in the general population 
still remains unacceptably high with about 795 million people in the 
world being undernourished [1].

Children are not left out of the scourge of malnutrition as 161 
million children are stunted; “below minus two standard deviations 
from median height for age of reference population” and 51 million 
are wasted, “below minus two standard deviations from median 
weight for height of reference population” [2].

https://www.sciforschenonline.org
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for iron during the period of rapid growth which tends not to be met 
by dietary intakes at the household level [21]. In addition, there is a 
further increase in iron requirements in older school girls due to the 
onset of menstruation [22].

Anaemia is known to have deleterious effects such as impaired 
cognitive performance, behavior and physical growth among young 
children [23].

Objectives
This systematic review which was done following Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines aims to evaluate the impact of school feeding programmes 
in reducing iron deficiency anaemia among primary school children 
in developing countries. The authors specifically assessed how 
school feeding programmes impact on haemoglobin and serum 
ferritin concentrations of primary school children and examined the 
contribution of school feeding programmes to dietary iron intake of 
primary school pupils.

Methods
Eligibility criteria

Type of studies: In order to synthesize evidence of the highest 
standard, Randomized Trials which are deemed the gold standard of 
primary research [24] were included in this review and used for both 
qualitative and quantitative synthesis (meta-analysis). Conference 
abstracts of randomized trials that did not have sufficient information 
however were excluded from this review.

Observational studies including prospective cohort and cross 
sectional studies have also been included in the review and used only 
for the purpose of qualitative synthesis (systematic review) and hence 
did not contribute to the pooled effect estimates which constitute the 
main conclusions of this review. No language and publication date 
restrictions were imposed.

Type of participants: Studies whose subjects were primary school 
children from developing countries were included in this review. 
Studies where the participants were described as primary school 
children were included hence no specific age restrictions were applied 
to determine inclusion of study participants because of variations in 
age cut offs for primary school. Developing countries were determined 
using the World Bank’s list of economies [25] and inclusion was not 
restricted based on geographical differences in socio economic status 
within developing countries.

Type of intervention: Studies were only included in this review 
if the main treatment element/intervention was a school feeding 
programme. School feeding programmes are interventions where 
meals are provided to school children either as take-home rations or 
in-school meals [6].

In this review school feeding was limited in definition to in-school 
meals including breakfast or lunch provided at school level and also 
snacks but excluded take-home food rations. Take-home food rations 
were excluded because food may be shared with other members of the 
family [26] and effect measures may be misleading.

Studies that had multiple-arm interventions were included in 
this review and the results of the intervention that fits the definition 
of school feeding described above were included in the quantitative 
synthesis.

Studies were excluded if they evaluated food stamps and school 
based micronutrient supplementation.

are prioritized making children of school going age less targeted 
with nutrition interventions making them potentially at risk of 
malnutrition.

School Feeding Programmes thus offer and excellent window of 
opportunity to target children of school going age to reduce their 
vulnerability to malnutrition especially in developing countries. There 
are as many types of school feeding programmes as there are countries 
however the World Food Programme defines school feeding as the 
provision of food to school children either as in-school feeding, where 
children are fed in school or take-home rations, where families are 
given food if their children attend school. In-school feeding is the most 
commonly adopted form of school feeding and entails programmes 
that provide both meals and high-energy biscuits or snacks [6].

Over 70 developing countries use school feeding programmes to 
provide meals to over 385 million school children mostly to serve as 
an incentive to improve school enrolment and attendance as well as 
reduce short term hunger and improve the nutritional status of school 
children [6].

School feeding programmes have proved to be effective in increasing 
school enrolment and retention, reducing short term hunger [7] and 
improving cognitive function [8,9]. However, evidence on the impact 
of school feeding programmes in improving nutritional status has 
been mixed and inconclusive [10].

Systematic reviews on the impact of school feeding programmes on 
nutritional status have often focused on physical nutrition outcomes 
such as children’s anthropometry [11,12] with little attention on 
micronutrient status.

Children of school going age are not only prone to protein energy 
malnutrition but also to micronutrient malnutrition which is a 
“hidden” form of undernutrition. Micronutrient malnutrition can 
adversely affect child growth and development, increase susceptibility 
to frequent infections and has implications for child survival [13].

Iron deficiency is one of the commonest forms of micronutrient 
deficiency which affects 305 million (25.4%) school age children 
globally and 40% in developing countries [14] making it a serious 
public health problem [15].

Iron is an important component of haemoglobin and myoglobin 
which are both proteins and required for the transport of oxygen, 
and it also plays important roles in immune functions and energy 
production [16].

The main source of iron in the body is through dietary intake either 
from animal sources as haeme iron or from largely plant sources as 
non-haeme iron [17]. The level of iron in the body is maintained by 
the regulation of iron absorption in the small intestine in the absence 
of losses through active excretion [17].

 Iron deficiency results from low dietary iron intake and/or from 
poor bioavailability of dietary iron to the extent that the body cannot 
up regulate iron to meet its needs [18]. It is the most significant 
contributing factor to anaemia, low blood haemoglobin concentration 
[19]. Approximately 50% of the global cases of anaemia are considered 
to be due to iron deficiency though the proportion probably varies 
among population groups and in different areas, according to the local 
conditions [20].

Anaemia occurs at all stages of the life cycle, but prevalence levels 
are higher among pregnant women and young children [14]. Young 
children from low income families have a higher risk of developing 
anaemia due to iron deficiency that occurs as a result of high demand 
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Type of outcome measures: The primary outcome of this review 
is iron deficiency anaemia status hence the inclusion criteria for the 
studies used in this review covered studies that measured indicators of 
iron deficiency anaemia status (haemoglobin levels and serum ferritin 
concentrations) of both the intervention/experimental and control 
groups.

Studies that evaluated the effects of school feeding programmes 
on dietary iron intakes of primary school pupils were also included 
in this review as a secondary outcome of interest. The Participants, 
Interventions, Comparators, Outcomes and Study design (PICOS) 
criteria for inclusion and exclusion are described in table 1.

Information sources
The studies included in this review were mainly published peer 

reviewed articles identified using electronic database searches from 
the COCHRANE LIBRARY, PUBMED and WEB OF SCIENCE.

Additionally, World Health Organization (WHO) international 
clinical trials registry platform (http://apps.who.int/trialsearch/) was 
also searched for studies which have been completed but not published 
in peer review journals as a way of exploring grey literature and to 
reduce publication bias.

Reference lists of articles that were included based on the electronic 
database searches were also hand searched and used for the review.

Search
A number of different search terms were used to identify the studies 

that were used in this review. The basic search terms that was used 
included, ‘school lunch’, ‘school feeding’, ‘mid-day meal’, ‘school meals’, 
‘school nutrition’. Some additional terms that were used included 
‘anaemia’, ‘iron deficiency’ and ‘nutritional status’. The search was done 
using a combination of the basic and additional terms to generate the 
articles (Table 2).

Selection of studies and data synthesis
The search of electronic databases: Cochrane library, Web of 

Science and PUBMED generated a total of 774 articles, 2 articles were 
obtained from references and 5 additional articles were obtained as 
grey literature. 774 articles remained after duplicates were removed. 

Through the screening of titles and abstracts, 746 articles were excluded 
leaving 28 articles upon which full text reading was done. Checking for 
eligibility using the inclusion and exclusion criteria, 16 articles were 
included in the review of which 10 articles were randomized trials and 
6 studies were observational studies (Figure 1).

Data collection process
Data collection forms were developed a priori in a way that allowed 

eligibility to be assessed and that extracted data responded to the 
research questions. The data extraction forms were pilot- tested using 
three included articles to ensure that they were easy to use and that data 
extracted was consistent, clear and complete. Eligibility assessment 
was done by two persons independently and disagreements resolved 
by consensus.

Data was extracted on study characteristics such as year, country 
of origin, study design, sample sizes for intervention and control 
groups, gender, age and length of intervention. Description of the 
intervention and outcome measurement as well as key findings and 
data on direction of results were also extracted. Data was also collected 
on potential effect modifiers and recorded in a remark column.

Authors of three studies [27-29] were contacted via email to request 
unreported data such as group means and standard deviations of 
haemoglobin and serum ferritin concentrations of study participants 
at both baseline and end line to facilitate the calculation of the effect 
size of the interventions and also to evaluate attrition. However, a 
response was received from only one author [27].

Risk of bias assessment in individual studies
Methodological quality appraisal of Randomized Controlled Trials 

(RCTs) was done using risk of bias assessment based on the Cochrane 
risk of bias tool in the following areas; random sequence generation, 
allocation concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data (>20% 
loss), selective reporting and other bias [30].

Each study was assessed and judged to be of low risk of bias 
(adequate) or of high risk of bias (inadequate) or unclear risk of bias 
(unclear) for each of the areas of risk of bias tool. Risk of bias data was 
entered into RevMan software (version 5.3, Cochrane Collaboration) 
to produce summary tables and graphs. (Table 2)

PICOS Criteria Inclusion Exclusion

Participants
Study subjects being primary school children Pre-school children and high school children

Study participants being from a developing country Study participants being from a developed country

Interventions School feeding in-school meals provided; breakfast or lunch or 
snacks

Take home food rations

School based micronutrient supplementation

Food stamps

Comparators
Articles with an intervention and comparison group/control group Control group receiving any form of in-school feeding/

micronutrient supplementationControl/comparison group did receive any kind of

Outcomes
Primary: studies that measured indicators of iron deficiency 
anaemia (haemoglobin and serum ferritin concentrations)

Secondary: dietary iron consumption from in-school meals

Study Design
Randomized trials

Conference abstracts of randomized trials without sufficient 
informationObservational studies; to be used for only qualitative synthesis

Table 1: PICOS Criteria for Inclusion and Exclusion of Studies.

http://apps.who.int/trialsearch/
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Summary measures and synthesis of results
Meta-analysis was conducted on studies reporting similar 

comparisons for the same outcome measures using RevMan (version 
5.3, Cochrane Collaboration) and adopting a random effects model 
which was determined a priori because the studies had eminent clinical 
heterogeneity. All the three outcomes of this review, haemoglobin 
and serum ferritin concentrations as well as dietary iron intakes were 
evaluated as continuous outcomes using mean differences. In studies 
where haemoglobin and ferritin concentrations were measured in 
metrics other than g/dl and µg/l respectively, they were converted and 
used in the meta-analysis.

For studies that presented outcome data as medians with upper 
and lower quartiles instead of mean and standard deviation, a normal 
distribution was assumed and the median was used in the analysis 
while standard deviations were calculated by dividing the inter quartile 
range by 1.35 [31].

Risk of bias across studies
Both clinical and statistical heterogeneity were assessed. The type of 

intervention, study participants and outcomes were considered in the 
assessment of clinical heterogeneity whilst visual inspection of forest 
plots, I2 measure for heterogeneity [32] and chi square test were used 
to assess statistical heterogeneity. An I2 greater than 75% was evaluated 
as considerable heterogeneity [32].

The studies used for the meta-analysis were few hence it was 
inappropriate to use funnel plots to assess publication bias [33]. 
However, a robust search strategy was adopted and included an 
extensive hand search of references and the use of the WHO and WFP 
websites to identify articles that were not published in peer reviewed 
journals as a means of avoiding publication bias.

Additional analysis
Subgroup analysis was planned by age, sex, socioeconomic status, 

and fortification status of meals, types of meals (snack/lunch), 
anaemia status of participants and location of feeding. However, the 
included studies did not stratify the results for the outcomes of interest 
by age, sex and socio economic status hence subgroup analysis was not 
possible for these categories. (Table 3)

Sub group analysis was performed by fortification status of meals 
for haemoglobin concentration, serum ferritin concentration as well 
as dietary iron intake as all these outcomes could be influenced by 
whether the meals used for the intervention are fortified with iron or 
not [34].

The type of meals provided during the intervention (whether snack 
or lunch made from local recipes) was investigated as a potential 
source of heterogeneity in all three outcomes of interest in this review. 
Because of the differences in available iron from animal and plant 
based diets [35] an additional sub group analysis by type of meals in 
terms of whether the meals are made of animal sources or non-animal 
sources was performed for dietary iron intake.

It was hypothesized that school feeding would be more effective 
in improving haemoglobin and serum ferritin levels of children who 
are anaemic before the intervention hence a sub group analysis was 
conducted based on anaemia status of participants enrolled in the 
trials.

The location where the intervention trials was conducted was also 
explored as a potential source of heterogeneity due to differences in 
types of food available, dietary behaviors and other factors which can 

affect dietary iron intake and absorption. A subgroup analysis was 
therefore conducted by continent/sub region for all three outcomes; 
haemoglobin, serum ferritin levels and dietary iron intake.

Results
Study selection

The search of electronic databases: Cochrane library, Web of 
Science and PUBMED was conducted in May 2018 and updated 
in June 2019. The search generated a total of 774 articles, 2 articles 
were obtained from references and 5 additional articles were 
obtained through other sources. Upon checking for eligibility using 
the inclusion and exclusion criteria, 16 articles were included in the 
review of which 10 articles were controlled trials and 6 studies were 
observational studies. See results of search as shown in study flow 
diagram in figure 1.

Characteristics of included studies
The review included studies representing a wide variety of 

countries. Studies were from eleven (11) developing countries across 
three (3) continents. Majority of the studies were conducted in Africa 
(6 countries); [23,28,29,36-41] followed by Asia (4 countries) [42-46] 
and Latin America (3 countries) [27,47,48].

All the participants in the studies that were used in the review 
were primary school pupil with age range between 4 and 15 years. See 
table of included studies (Apendix 6 and 7) for details of participants 
in each study. The number of participants per study ranged from 147 
[39] to 1,116 [27] with a total of 2,551 participants included in the 
trials that were analyzed for the impact of school feeding programmes 
on haemoglobin. 1,627 and 1,187 participants included in trials were 
used to evaluate programme impact on serum ferritin and dietary iron 
intake respectively. (Table 4)

All the trials included in this review provided the feeding 
intervention in a school setting with or without added micronutrients. 
The length of the interventions ranged from 3 months [27,40] to 
24 months [27] with an average of 9 months of feeding. The type of 
feeding provided varied from snacks (Milk, beverages, biscuits) to 
lunch meals made from local foods.

Risk of bias in included studies
For the randomized control trials which have been included in this 

review, the risk of bias judgements have been shown in the ‘risk of bias’ 
summary tables and ‘risk of bias’ graph in figure 2 and 3 respectively.

Random sequence generation for allocation of participants was 
described well in two trials [38,42] and were judged to have a low 
risk of bias while eight (8) other trials [27,29,39,40,41,43,44,47] were 
judged to have an unclear risk of bias for random sequence generation 
because the method of sequence generation was not reported.

Aaron GJ, et al. [38] was judged to be of low risk of bias for allocation 
concealment whiles Muthayya S, et al. [42] was rated as having a high 
risk of bias for allocation concealment because the allocation was done 
by date of birth. The remaining nine (9) trials in this review were rated 
as unclear risk of bias for allocation concealment.

Blinding of participants and personnel in the feeding trials was not 
described in any of the studies. However all the studies were judged to 
be of low risk of bias for blinding of participants because the outcomes 
of interest are not likely to be influenced by a lack of blinding.

For blinding of outcome assessment, five (5) trials [29,38,39,42,43] 
were rated as having a low risk of bias. Three (3) trials [27,40,47] were 
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Figure 1: Flow Diagram of Literature Search Process.

Search (((("school feeding") OR "school lunch*") OR "school meal*")) AND nutritional status[MeSH Terms]
Search ((((("school feeding") OR "school lunch*") OR "school meal*") AND Humans[Mesh])) AND anemia[MeSH Terms] AND (Humans[Mesh])
Search (((schools[MeSH Terms]) AND food services[MeSH Terms]) AND nutritional status[MeSH Terms]) OR anemia[MeSH Terms] 
Search (((schools[MeSH Terms]) AND food services[MeSH Terms]) AND nutritional status[MeSH Terms]) OR micronutrients[MeSH Terms] 
Search (((schools[MeSH Terms]) AND food services[MeSH Terms]) AND nutritional status[MeSH Terms]) OR anemia[MeSH Terms]
Search ((((("school feeding") OR "school lunch*") OR "school meal*") AND Humans[Mesh])) AND anemia, iron deficiency[MeSH Terms]
Search ((((("school feeding") OR "school lunch*") OR "school meal*") AND Iron deficiency[Mesh])) AND anemia[MeSH Terms]
("school feeding") AND iron intake AND (full text[sb] AND Humans[Mesh])
Search ((((("school feeding"[ti]) OR "school meal*"[ti]) OR "school lunch*"[ti]) AND free full text[sb])) AND health AND (free full text[sb]) Schema: syn

Table 2: Search strategy.
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Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

1.1 Haemoglobin Level 8 2551 Mean Difference (IV, Random, 95% CI) 0.22 [0.01, 0.43]

1.1.1 Fortified meals 6 1870 Mean Difference (IV, Random, 95% CI) 0.33 [0.11, 0.55]

1.1.2 Unfortified meals 2 681 Mean Difference (IV, Random, 95% CI) -0.06 [-0.30, 0.17]

1.2 Serum Ferritin Level 6 1627 Mean Difference (IV, Random, 95% CI) 7.43 [0.02, 14.84]

1.2.1 Fortified meals 5 1404 Mean Difference (IV, Random, 95% CI) 5.74 [-2.18, 13.67]

1.2.2 Unfortified meals 1 223 Mean Difference (IV, Random, 95% CI) 20.00 [5.30, 34.70]

1.3 Iron intake 9 1187 Mean Difference (IV, Random, 95% CI) 1.88 [0.95, 2.81]

1.3.1 Fortifiied meals 1 106 Mean Difference (IV, Random, 95% CI) 5.10 [4.21, 5.99]

1.3.2 Unfortified meals 8 1081 Mean Difference (IV, Random, 95% CI) 1.12 [0.41, 1.84]

Table 3: Effect estimates on outcomes stratified by fortification status of meals.

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

3.1 Hemoglobin concentrations 8 2551 Mean Difference (IV, Random, 95% CI) 0.22 [0.01, 0.43]

3.1.1 Snack Group 6 1991 Mean Difference (IV, Random, 95% CI) 0.17 [-0.05, 0.38]

3.1.2 Lunch Group 2 560 Mean Difference (IV, Random, 95% CI) 0.53 [0.20, 0.87]
3.2 Serum Ferritin concentration 6 1627 Mean Difference (IV, Random, 95% CI) 7.43 [0.02, 14.84]

3.2.1 Snack Group 4 1106 Mean Difference (IV, Random, 95% CI) 8.12 [-3.64, 19.89]

3.2.2 Lunch Group 2 521 Mean Difference (IV, Random, 95% CI) 7.80 [-1.74, 17.33]
3.3 Iron Intake 9 1187 Mean Difference (IV, Random, 95% CI) 1.88 [0.95, 2.81]
3.3.1 Snack Group 3 333 Mean Difference (IV, Random, 95% CI) 4.70 [0.30, 9.11]
3.3.2 Lunch Group 6 854 Mean Difference (IV, Random, 95% CI) 0.31 [-0.17, 0.79]

Table 4: Effect estimate on outcomes stratified by type of feeding.

rated as have a high risk of bias because outcome (dietary iron intake) 
assessment was done through 24 hr recalls and as such lack of blinding 
could result in detection bias Hulett JL, et al. [41] and do Lien TK, et al. 
[44] did not report on blinding of outcome assessment and were thus 
judged to have an unclear risk of bias for blinding.

Nine (9) of the trials included in this review [27,29,39,40,41,43,44,47] 
were judged to have a low risk of attrition bias. Aaron GJ, et al. [38] 
and Muthayya S, et al. [42] were rated as having high risk of bias and 
unclear risk of bias respectively for incomplete outcome data.

Low risk of reporting bias was noted in five (5) studies [40-44] as 
their protocols were available and primary and secondary outcomes 
were reported as indicated in their respective protocols.

Five (5) other trials [27,29,38,39,47] though reported at least one of 
the outcomes of interest in this review, were judged to have an unclear 
risk of risk of reporting bias as their protocols could not be retrieved 
hence there was no enough information available to serve as basis of 
judgment.

Preference and consent bias were the other potential sources of bias 
that were evaluated. Four (4) trials [38,42-44] were judged to have a 
potential risk of preference bias because they enrolled only children 
who were not severely anaemic into the feeding trials. This implies that 
children who would have most likely benefitted more from the feeding 
interventions were excluded from the research.

Van Stuijvenberg ME, et al. [39], Murphy SP, et al. [40], Lannotti 
LL, et al. [27], Kazianga H, et al. [29], 9 were rated as having low risk 

of other potential sources of bias whiles two other studies [41,47] were 
rated with an unclear risk of other potential sources of bias. 

Synthesis of Results
Haemoglobin concentration

Six randomized controlled trials [27,38,39,42-44,] with a total of 
2,551 school children were included in a meta-analysis to evaluate 
the impact of school feeding on haemoglobin levels. Two of the 
randomized controlled trials [27,44] provided two arm interventions 
which were all included in the analysis.

School feeding was conducted in these trials for an average of 6 
months with either snacks in the form of biscuits and cereal based 
beverages [27,29,39] or lunch using local foods and recipes [42,43] 
or milk [44]. The results of the meta-analysis show a small significant 
impact of school feeding programmes on increasing haemoglobin 
levels. Haemoglobin levels of children who were fed in school increased 
by an average of 0.22 g/dl (95% confidence interval of 0.01 to 0.43) 
compared with those who were not fed. The increase was significant at 
p=0.04. See the forest plots on haemoglobin in figure 4.

There was considerable heterogeneity in the trials that contributed 
to the pooled effect (Tau2=0.07; chi2=35.05; df=7; p<0.0001; I2=80%).

Sub group analysis was conducted to explore the effects of the 
fortification status of food used for the intervention, the type of 
feeding, anaemia status of participants and location of feeding on 
haemoglobin concentration of the children.
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Figure 2: Risk of bias summary: review author’s judgments about each risk of bias item for each included study.

 

Figure 3: Risk of bias graph: review author’s judgments about each risk of bias item presented as percentages across all included studies.
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This analysis found significant differences in the effect of 
fortification status of meals used for the intervention on haemoglobin 
levels (chi2=5.72, df=1, I2=82.5%) significant at p=0.02. School feeding 
was effective in increasing the haemoglobin levels of children who 
received meals that were fortified with iron and other micronutrients 
compared to children who received unfortified meals.

Children who received fortified foods significantly increased their 
haemoglobin levels by 0.33 g/dl (95% confidence interval of 0.11 
to 0.55; p=0.03) over their controls whiles those who were fed with 
unfortified foods rather had decreased haemoglobin concentrations 
compared to their controls although the reduction was not significant 
(p=0.60).

The type of meals provided during the trials whether snack or lunch 
prepared using local recipes contributed differently to the overall effect 
on haemoglobin levels (chi2=3.24, I2=69.1%; p=0.07). In trials where a 
lunch was provided, the programme significantly (p=0.002) increased 
haemoglobin concentrations by 0.53 g/dl (95% CI; 0.20-0.87) whiles 
no significant impact was observed in the snack subgroup.

Four studies [36,41-43] enrolled only children who are not severely 
anaemic at baseline (haemoglobin concentration of >70 g/l). In this 
subgroup, the feeding programmes have been effective in significantly 
increasing the haemoglobin concentration of program beneficiaries by 
0.29 g/dl over controls. In the other subgroup where children who were 
severely anaemic were included in the trials [27,39] the effect of feeding in 
increasing haemoglobin levels was marginal and not significantly different 
from that of controls (0.12, 95% CI, -0.36–0.61, p=0.62).

A subgroup analysis based on the location of trials show that school 
feeding had a significant positive impact on haemoglobin levels of 
children in Asia where program beneficiaries had their haemoglobin 
concentrations increased by 0.32 g/dl (95% CI, 0.05–0.59; p=0.02). 
Results from trials conducted in Africa and Latin America showed 
no significant positive impact of school feeding programmes on 
haemoglobin levels of participating children; 0.40 (95% CI, -0.02-0.83; 
p=0.06) and -0.12 (95% CI, -0.31-0.06; p=0.19) respectively.

Serum ferritin concentration
Four (4) single arm intervention trials [38,39,42,43] and one double 

arm intervention trial [44] were included in the meta-analysis to 
evaluate the impact of school feeding programmes on serum ferritin 
levels of primary school pupils in developing countries.

The type of feeding provided in the trials varied from biscuit snacks 
and cereal beverages [38,39] to milk [44] and lunch meals made from 
local recipes [42,43]. The average feeding period for the trials was 7 
months and a total of 1,627 participants were used in the analysis.

There was a statistically significant (p=0.05) increase (by 7.43 
µg/l; 95% CI 0.02-14.84) in serum ferritin concentration among the 
children who benefited from the feeding programmes over those who 
were not fed in school as shown in the forest plots on serum ferritin 
concentration in figure 5.

The studies were considerably heterogeneous at an I2 of 88%, 
Tau2=64.40; Chi2=41.08, df=5, p<0.00001. A subgroup analysis based 
on fortification status of the meals used for the interventions showed 
no differences (Chi2=2.80; df=1(p=0.09); I2=64.3%).

Children who were fed fortified meals had a slightly increased 
serum ferritin levels (5.74 µg/l) over their controls (p =0.16; 95% CI; 
-2.18-13.67). One trial [44] which provided non fortified regular milk 
to school children showed a significantly higher increase in serum 
ferritin levels of the beneficiaries compared to the non-beneficiaries 
(20 µg/l; p=0.008, 95% CI; 5.30-34.70).

Trials in which a snack was provided and those in which a 
lunch was provided using local recipes were homogenous in their 
contribution to the overall effect of school feeding programmes on 
serum ferritin levels (Chi2=0.00; df=1; I2=0%; p=0.97). Both snack 
and lunch sub groups recorded increases in serum ferritin levels 
over their controls however the increases were not significant (8.12 
µg/l; 95% CI; -3.64-19.89; p=0.18 and 7.8 µg/l; 95% CI,-1.74 -17.33; 
p=0.11 respectively).

The anaemia status of children enrolled in the feeding programmes 
also has an effect on programme impact on serum ferritin levels. In 
trials that enrolled children who were not severely anaemic in the 
feeding intervention, serum ferritin concentrations were observed to 
have increased significantly (p=0.02) over their controls by 9.61 µg/l 
(95% CI; 1.78-17.44). Studies that included severely anaemic children 
did not have any positive impact on serum ferritin levels of children 
who were enrolled in the feeding programmes compared to those who 
were not. The results showed a rather reduced serum ferritin levels by 
4.69 µg/l (95% CI; -14.69-5.31; p=0.36).

Three (3) of the trials [42-44] that were conducted in Asia showed 
an overall positive effect of school feeding on serum ferritin levels of 
children. School feeding beneficiaries showed a significantly higher 
(p=0.01) serum ferritin concentration over their controls by 12.3 µg/l 
(95% CI; 4.64-19.99).

The trials that were conducted in Africa [38,39] showed no overall 
positive school feeding programme impact on serum ferritin levels 
of children (-0.69 µg/l (95% CI; -4.52-3.14; p=0.72) whiles no trial 
conducted in Latin America evaluated school feeding programme 
impact on serum ferritin levels of school children (Tables 5-7).

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

4.1 Haemoglobin level 8 2551 Mean Difference (IV, Random, 95% CI) 0.22 [0.01, 0.43]

4.1.1 Non Severely Anaemic 5 1527 Mean Difference (IV, Random, 95% CI) 0.29 [0.09, 0.49]

4.1.2 Severely Anaemic 3 1024 Mean Difference (IV, Random, 95% CI) 0.12 [-0.36, 0.61]

4.2 Serum Ferritin level 6 1627 Mean Difference (IV, Random, 95% CI) 7.43 [0.02, 14.84]

4.2.1 Non Severely Anaemic 5 1488 Mean Difference (IV, Random, 95% CI) 9.61 [1.78, 17.44]

4.2.2 Severely Anaemic 1 139 Mean Difference (IV, Random, 95% CI) -4.69 [-14.69, 5.31]

4.3 Iron Intake 9 1187 Mean Difference (IV, Random, 95% CI) 1.88 [0.95, 2.81]

4.3.1 Animal Source meals 2 252 Mean Difference (IV, Random, 95% CI) 0.34 [0.07, 0.61]

4.3.2 Non Animal Source meals 7 935 Mean Difference (IV, Random, 95% CI) 2.48 [1.15, 3.82]

Table 5: Effect estimates on outcomes stratified by anaemia status.
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Study (year), 
and Location

Sample Size (n), age of 
participants

Duration of 
intervention

Measurement of exposure and 
outcomes of interest

Summary of key findings
Direction of 

results
Remarks

Aaron GJ, et 
al. (2011) [38]

Nigeria

Intervention group=270

Control group=564

Children aged 5-13 years

6 months

Intervention Measurement: 
250mls of pre-cooked maize and 
soy with additional minerals and 
vitamins served to children in 
packs on each school day (5days/
week)

Outcome measurement:Fasting 
venous blood was taken at 
baseline and end line and 
hematological analysis done to 
determine haemoglogin, serum 
ferritin concentration

Haemoglobin and serum 
ferritin concentration 
increased in both groups 
but the changes did 
not differ significantly 
between the intervention 
and control groups .

Odds ratio for anaemia 
OR=0.69 95% CI (0.43-
1.11)

Odds ratio for iron 
deficiency OR=0.77, 95% 
CI (0.31–1.95)

*Negative

Intervention did 
not significantly 
improve 
hemoglobin and 
serum ferritin 
levels

All children included in 
the study at baseline had 
haemoglobin ≥ 70g/l

Muthayya S, 
et al. (2012) 
[42]
India

N(total)=401 at baseline ( 
intervention group=200, 
control group=201)

n(total)=379 at end line 
(intervention group=186, 
control group=193)
children aged 6-15 years

7 months

Intervention measurement: Each 
child received 3 standard sizes 
of chapatis made from 100g of 
wheat flour with 4 different local 
recipe for vegetable or lentil 
dishes. Children were fed 6days/
week except on holidays

Outcome measurement: 
Hematological analysis was 

done for haemoglobin, serum 
ferritin, transferrin receptor, zinc 
protoporphrin

Anaemia prevalence 
reduced in treatment 
group (20.5 to 14% 
p<0.001) but increased 
in control group (19.2 to 
24.4%; p=0.05)

Prevalence of iron 
deficiency decreased 
in intervention group 
(62.5%- 20.5%; p<0.01) 
but did not change in 
control group

Iron deficiency anaemia 
prevalence decreased 
in intervention group 
(17.7%-8.6%; p<0.001) but 
there was no change in 
control group

*Positive 

Intervention 
significantly 
reduced iron 
deficiency and 
iron deficiency 
anaemia

The study area is not 
endemic for malaria and 
presence of intestinal 
parasites is low.

The wheat based meal 
(chapatis) provided was 
fortified with iron as NaFe 
EDTA which is known to 
protect iron from phytic 
acid making iron more 
bioavailable.

Anemia was defined as 
an Hb Conc. <120 g/L in 
children aged >12 y and 
<115 g/L in children
aged 5-11 y . 

ID was defined as having 
an SF <15 mg/L 

Van 
Stuijvenberg 
ME, et al. 
(2001) [39]

South Africa-
Kwazulu Natal

N(total)=139
Intervention group=108
Control group=31

Children aged 6-11 years

12 months

Intervention measurement: 
School pupils received 3 biscuits 
weighing 15g each within the 
first two hours of school days. 
Each child also received a cold 
drink fortified with vitamin C

Outcome measurement: 
Hematological analysis was done 

to determine serum ferritin, 
serum iron and total iron binding 
capacity

Significant increase 
in haemoglobin 
concentration as well 
as serum ferritin among 
the intervention group 
(p<0.0001 and p<0.005 
respectively)

*Positive

Intervention 
resulted in 
significant 
improvement in 
serum ferritin, 
haemoglobin 
and transferrin 
saturation in 
the intervention 
group at 12 
months of follow 
up

Biscuits were fortified with 
iron=5mg

Children were also 
dewormed with 400mg 
albendazole at 4 monthly 
interval

Vitamin c rich drink 
provided could enhance 
iron absorption.
All indicators or iron status 
were observed to have 
declined after the summer 
holidays

Lannotti LL, 
et al. (2015) 
[27]

Haiti 

N(total)=1167
Mamba intervention 
group=301(baseline), 
314(endline)
Tablet Yo intervention 
Group=347(baseline), 332 
(endline)
Control 
group=288(baseline), 251 
(end line)
Children aged 3-13 years

100 days

Intervention Measurement: 
Children in the Mamba group 
received 50g of the product and 
the Tablet Yo group received 42g 
of the product once per day and 
compliance was monitored 

Outcome Measurement: 
Biochemical, anthropometric and 
bioelectrical impedance were 
used to determine haemoglobin 
concentration, nutritional 
status and body composition 
respectively

Haemoglobin 
concentration did not vary 
significantly among groups 
at end point (p=0.40)
Anaemia prevalence did 
not differ among groups 
at end line (p=0.32)

Mamba provision showed 
reduced odds (28%) of 
developing anaemia over 
control ( OR=0.72, 95%CI, 
0.57-0.91)

*Negative
Intervention 
has no impact 
on mean 
haemoglobin 
concentration 
and anaemia 
prevalence with 
only Mamba 
showing 
reduced odds 
of developing 
anaemia

School pupils in the 
intervention groups 
were given take home 
rations for 10 days during 
vacation.
The Mamba group 
received fortified food
One control school 
reported children have 
received iron supplements 
from a community based 
programme
Deworming was done for 
both intervention groups 
as well as control group.

Table 6: Summary table of included studies: controlled trials.
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Jacoby E, et 
al. (1998) [47]

Peru

N(Total)=116
Intervention group=58
Control group=58

School children aged 5-10 
years

7 months

Intervention measurement: daily 
provision of breakfast consisting 
of cake and milk like beverage 
during school days
Outcome measurement: 
Nonconsecutive 24Hr dietary 

Incidence of anaemia 
reduced significantly in 
the intervention group 
from 66% to 14%.
Mean iron intake was 
significantly higher 
(p<0.001) in intervention 
group

*Positive
Intervention 
reduced Anaemia 
incidence and 
increased iron 
intake

Data on dietary intakes 
was reported for 2 months 
of follow up.

Kazianga H, et 
al (2009) [29]

Burkina Faso

N(Total)=4140 (45 schools)

Lunch group=15 schools

Take home ration 
group=16 schools

Control group=14 schools

School children aged 6-15 
years

1 year

Intervention measurement: 
School based lunches were 
provided every school day and 
compliance monitored. 10kg of 
cereal flour was provided as take 
home rations every month

Outcome measurement: 
Haemoglobin was measured and 
difference in differences (DID) 
specification is used to estimate 
impact.

There was no significant 
impact of both school 
based lunch and take 
home rations on 
haemoglobin levels.

*Negative 
Intervention 

did not improve 
haemoglobin 
levels 

The take home rations 
were given to only girls in 
the selected schools.

Pinkaew S, et 
al. (2013) [43]

Thailand

N(total)=203
Intervention group=101
Control group=102

School children aged 4-12 
years

5 months

Intervention measurement: 
School lunch comprising rice with 
chicken or fish and occasionally 
with vegetables for 5days/week. 
200mls of milk is also provided 
5d/week

Outcome measurement: 
Biochemical analysis of 
blood samples to determine 
concentrations of Haemoglobin 
and serum ferritin

There was no significant 
difference in change 
in haemoglobin and 
serum ferritin between 
intervention and control.

*Negative
Intervention 

did not have a 
significant impact 
on haemoglobin 
and serum 
ferritin levels

The rice used for the 
intervention was triple 
fortified with zinc, iron and 
vitamin A.

All participants were not 
iron deficient at baseline.

Prior to the study, 
all children were 
receiving weekly iron 
supplementation

Hulet JL, et al. 
(2013) [41]

Kenya

N(total)=360
Energy Group=99
Milk Group=105
Meat Group=67
Control Group=89

2 years

Intervention measurement: 
Intervention1: 185g of Githerie 
with added oil served on each 
school day except holidays
Intervention 2: 185g of Githerie 
with 85g of minced meat served 
each school day
Intervention3: 185g of Githerie 
with 250ml of 

Outcome measurement:
-repeated24Hr dietary recall 
were taken to estimate nutrient 
intake.

Dietary iron intake in the 
energy group did not vary 
significantly from the 
control group.
The meat and milk groups 

had significantly higher 
iron intakes over baseline 
levels and control

*Negative
Energy 

intervention 
did not have an 
impact on dietary 
iron intake

*Positive
Meat and milk 

interventions had 
a positive impact 
on dietary iron 
intakes

Dietary iron intakes were 
estimated as available 
iron instead of total iron 
intake. Availability was 
calculated based on 25% 
availability of haeme iron 
for all people and that 40% 
of iron from meat, fish and 
poultry is haeme iron.

do Lien TK, et 
al. (2009) [44]

Vietnam

N(total)=454

Regular milk group=
Fortified milk group= 

Control group=
School children aged 7-8 
years

6 months 
(November 
2004-April 
2005) 

Intervention measurement: 
Intervention 1: 250 ml of regular 
milk provided 6 days per week 
and compliance monitored.
Intervention 2: 250 ml of milk 
fortified with mineral and 
vitamins and inulin served in the 
morning for 6 days per week

Outcome measurement:
Biochemical analysis to assess 

levels of haemoglobin, serum 
ferritin.

24 Hr recalls conducted for 
dietary intake

Only fortified milk group 
showed significant 
increase in daily iron 
intake over control 
(p<0.01)

Anaemia reduced in 
all groups and serum 
ferritin levels increased in 
bothgroups 

*Positive
Fortified milk 

intervention 
improved iron 
intake

Both 
interventions 
reduced anaemia
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Study (year), 
and Location

Sample Size (n), 
age of participants

Duration of 
intervention

Measurement of exposure 
and outcomes of interest

Summary of key findings Direction of results Remarks

Neervoort F, et 
al. (2013) [28]

Kenya

Intervention 
group=67

Control group=81
1 year

Exposure Measurement: 
school based lunch provided 
on each school day with 
health education

Outcome measurement: 
Haemoglobin concentration 
was measured and adjusted 
for age and altitude

Anaemia was 19% among 
the intervention group and 
42% anaemia prevalence 
was recorded among the 
control group (difference is 
significant at p=0.01)

*Positive Intervention 
is associated with 
lower anemia levels

The following confounders 
were adjusted for; family 
size, age and education of 
mother, adoption status, 
amount of food consumed 
at home.
All children were dewormed

Abizari AR, et al. 
(2014) [52]

Ghana

N(total)=383
SFP 

participants=Non 
SFP 
participants=School 
children aged 5-13 
years

children aged 6-15 
years

Exposure measurement: 
School based lunch was 
provided each school day 
except on holidays

Outcome measurement: 
24Hr recalls, weighed food 

records and biochemical 
analysis to determine 
concentrations of Hb, 
serum ferritin and soluble 
transferrin receptor

Mean probability of 
adequacy of micronutrient 
intake was significantly 
higher among SFP 
participants (0.61 vrs 0.18) 
p<0.001
SFP participants had 6g/l 
higher Hb concentration 
(p<0.001) and about 10% 
points lower anaemia 
prevalence (p=0.06)

Concentration of soluble 
transferrin receptor was 
lower in intervention group 
(p=0.004)

There was no significant 
difference in iron and iron 
deficiency anaemia.

*Positive 
SFP participants had a 

higher Haemoglobin 
concentration and 
lower prevalence of 
anaemia.

Iron intake was higher 
SFP participants

*Negative
There is no significant 

difference in Iron 
deficiency and iron 
deficiency anaemia 
among SFP and Non 
SFP participants

Adjustment was done for 
background differences.

Study area is hyper 
endermic for malaria

Corn soy blend which 
is given is multiple 
micronutrient fortified and 
orange was given twice a 
week

Afridi F (2010) 
[45]

India

N(total)=226
School meal 

participants=143
Non school meal 

participants=93
Children aged 

children

Exposure measurement: 
Provision of school lunch 
each school day

Outcome measurement: 
24 Hr recalls for school day 

and non school day

Daily iron deficiency was 
reduced by 10% associated 
with school feeding during 
school days

Increased iron intake 
during school days by 3.85 
mg (p<0.001)

*Positive

School feeding 
during school days 
is associated with 
increased dietary iron 
intake

Walker SP, et al. 
(1997) [48]

Jamaica

N(total)=147
School meal group 
=73

Non school meal 
group=74 
Children aged 7-10 
years

Exposure Measurement: 
Children offered lunch in 
school prepared by school 
(paid for) during school days

Outcome Measurement: 
Repeated 24Hr recalls of 
dietary nutrient intake

Dietary iron intake was 
significantly higher in the 
school meal group (3.4mg 
± 1.8 vrs 0.5mg ± 0.9)

*Positive
School feeding was 
associated with 
increase dietary iron 
intake

School meals were relative 
expensive ($6-10) compared 
to other cooked meals and 
lunch items available from 
shops and street vendors

Harding KB, et 
al. (2012) [37]

Ghana

N(Total) = 193
School feeding 
participants=104
School feeding Non 
participants=89
School children 
aged 2-5 years

7 months

Exposure measurement: 
SFP participants received 
one meal at lunch for each 
school day. Meals vary

Outcome measurement: 
24Hr dietary recalls on two 
non consecutive days. Blood 
samples were analyzed for 
haemoglobin levels

SFP participants had 
a higher intake of 
iron compared to non 
participants but after 
controlling for confounders 
SFP participants had 
a reduced iron intake 
compared to non 
participants.

There was no significant 
difference in haemoglobin 
levels between the two 
groups.

*Negative
School feeding was 
associated with 
decreased dietary 
iron intake and 
haemoglobin levels 
were not significantly 
different between 
participants and non 
participants

Foods used for the 
feeding programme were 
contributed by parents, 
cooked and shared among 
pupils. Foods were from 
local sources and not 
fortified.

Table 7: Summary Table of Included Studies: Observational Studies.
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Dietary iron intake
Four (4) trials [40,41,44,47] were combined in the meta-analysis 

to determine the effect of school feeding programmes on dietary 
iron intake of primary school children. Two of these trials [40,41] 
provided three different types of feeding interventions using local 
recipes [44] provided fortified milk and regular milk as two separate 
feeding interventions whiles Jacoby ER, et al. [47] provided a beverage 
comprising cake and milk.

A total of 1,187 participants were included in the trials that 
contributed to determining the pool effect of the feeding programmes 
on dietary iron intake. Children who were in the experimental group, 
thus being fed in school were found to be getting more iron from 
their diets compared to those in the control group. Forest plots on 
dietary iron intake in figure 6 showed that School feeding resulted in a 
significantly increased (p<0.0001) dietary iron intake by 1.88 mg (95% 
CI; 0.95-2.81) in participating children compared to non participants.

Heterogeneity was assessed to be considerable among the trials 
(Tau2=1.63; Chi2=212.59; df=8 (p<0.00001); I2=96%). To explore the 
sources of the heterogeneity, a sub group analysis using fortification 

status of meals was conducted and test of differences showed 
significant difference between fortified meals and non-fortified meals 
(I2=97.9%; p<0.00001). Although both fortified meals and unfortified 
meals proved to significantly increase dietary iron intake of school 
meal participants, the fortified meal subgroup showed a higher margin 
of increase over their controls compared to the unfortified meal sub 
group (5.10 mg; 95% CI, 4.21-5.99 vs 1.12 mg; 95% CI, 0.41-1.84). See 
Appendix 5 for detailed sub group analysis.

The type of meals provided in school feeding programme is a source 
of difference in the its impact on dietary iron intake as demonstrated 
in a sub group analysis where a significantly higher dietary iron intake 
is observed among children provided with snacks (4.7 mg; 95% CI, 
0.30-9.11, p=0.04) whiles those who received a lunch made from local 
recipes did not record a significant increase in dietary iron intake over 
their controls.

School children who received meals of animal sources as well those 
who received meals from non-animal sources both had a significantly 
increased dietary iron intake compared to their controls although 
the non-animal source meals sub group recorded a relatively higher 

 
Figure 4: Forest Plot for School Feeding vs. control, RCT’s, Outcome: Haemoglobin Concentration (g/dl).

 

Figure 5: Forest Plot of School Feeding vs. control, RCTs, Outcome: Serum Ferritin Concentration (µg/l).
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impact on dietary iron intake (2.48 mg; 95% CI, 1.15-3.82, vs 0.34 mg; 
95% CI, 0.07-0.61).

Jacoby ER, et al. [47] which is the only trial in this review conducted 
in Latin America which assessed programme impact on dietary iron 
intake showed a positive impact of school feeding on iron intake. 
Children who were provided feeding in school had a significantly 
increased (p<0.00001) iron intake by 9.10 mg (95% CI; 6.92-11.28) 
over their controls. However a trial conducted in Asia [44] and two 
trials in Africa [40,41] recorded marginal increases in dietary iron 
intake in favour of the experimental groups but the increases are not 
statistically significant (p=0.28 and p=0.20 respectively).

Discussion
Summary of evidence

After screening 781 articles, a total of sixteen studies were included 
in this review of which nine trials were used in the meta-analysis. The 
studies were conducted in eleven developing countries across Africa, 
Asia and Latin America. The feeding interventions provided in the 
trials were either snacks or lunch made from local recipes.

The meta-analysis of six randomized controlled trials that included 
2,551 primary school children showed an increase in haemoglobin 
concentrations of the children who were enrolled in the school 
feeding programme compared to non-participants although there was 
significant heterogeneity across studies. The increase in haemoglobin 
levels of programme participants over their controls was marginal 
(0.22 g/dl over an average feeding period of six months) and may be of 
limited clinical significance.

Programme impacts on haemoglobin were however higher when 
foods provided to children are fortified with iron. Fortification 
provided for only between 10% [38] to 50% [39] of the Recommended 
Daily Intake (RDI) for iron of the children who were provided with 
fortified foods. Therefore programme effects could have been even 
higher if fortification provided for a much higher proportion of the 
RDI of iron for children.

Also, when children were provided with a lunch made from local 
recipes instead of snacks, there is more impact on haemoglobin 
concentrations (0.53 g/dl, 95% CI, 0.20, 0.8 vs. 0.17 g/dl; 95% CI, -0.05, 
0.38).

This may be explained by the fact that such meals were probably 
more accepted and more likely to be eaten by children. They were also 
made from different varieties of local foods which contained iron and 

as such each individual food contributed to the iron content of the 
meals.

Contrary to the hypothesis of this review that severely anaemic 
children will benefit more from the intervention, school feeding 
proved more effective in improving the haemoglobin levels of children 
who were not severely anaemic before the intervention. This finding 
defies biological plausibility as iron bioavailability is expected to 
be up-regulated among individuals of low iron status [49]. This 
could therefore be explained by other factors within programme 
implementation such as low level of compliance [50]. Other factors 
that could account for this is the consumption of inhibitors of iron 
absorption among the severely anaemic sub group or other external 
factors such as malaria infection and worm infestations [20].

Serum ferritin concentration is a very useful measure of iron status 
and a very important indicator of iron deficiency anaemia [51]. This 
review has shown that school feeding programmes can have positive 
impacts on serum ferritin concentrations of primary school children. 
The meta-analysis of five trials including 1,627 children with a feeding 
intervention that lasted for an average of 7 months revealed an increase 
in serum ferritin concentrations of school feeding participants by 
7.43 µg/l compared to controls. This increase is both statistically 
and clinically significant. If a similar trajectory were maintained 
following feeding for 14 months, children would have a serum ferritin 
concentration of about 15 µg/l due to school feeding alone which is 
above the threshold considered to be predictive for low iron storage 
and therefore iron deficiency anaemia [52].

The change in serum ferritin concentration associated with 
school feeding is more marked than the change in haemoglobin 
concentrations. This is probably because serum ferritin concentration 
is not affected by malaria, helminths and other micronutrient 
deficiencies as is the case for haemoglobin [20].

Food based approaches including dietary diversification; 
biofortification and fortification have been deemed to be most 
desirable and sustainable in preventing iron deficiency [53]. This 
was generally supported by the evidence from this review as school 
feeding programmes which provided diverse foods increased dietary 
iron intake of primary school children. This evidence is from a meta-
analysis of four trials with multiple-arm interventions which included 
a total of 1,187 school children where programme participants had a 
dietary iron intake of 1.88 mg more than non-participants.

Children who received fortified meals had a greater margin of 
difference in iron consumption compared to recipients of unfortified 

 

Figure 6: School Feeding vs. control, RCT’s, Outcome: Dietary Iron Intake (mg).
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meals and controls for obvious reasons of intentional iron addition to 
the food and this probably accounts for the difference in programme 
impact on haemoglobin based on fortification status of meals.

This review also revealed that irrespective of the type of meals 
provided to school children whether made largely from animal sources 
or plant sources, school feeding can increase dietary iron intake 
(difference of 0.34 mg and 2.48 mg more than controls respectively). 
However, from this review, most of the iron consumed by children 
through the school feeding programmes are obtained from non- 
animal sources which provide non haem iron which generally has a 
low bioavailability (<10%) [54]. This therefore could have reduced 
the impact of the feeding interventions on haemoglobin and serum 
ferritin concentrations.

Agreement and disagreements with other reviews

There was no earlier review or meta-analysis of randomized 
controlled trials found on school feeding programmes and dietary iron 
intake and iron deficiency anaemia in developing countries. Instead, 
two Cochrane reviews of randomized controlled trials on impact of 
similar feeding interventions on haemoglobin concentrations were 
found.

One review [55] measured the impact of food supplementation 
at household level on improving physical and social health of socio 
economically disadvantaged children aged 3-5 years. The other review 
[56] analysed the effectiveness of school feeding but on improving the 
physical and psychosocial health of disadvantaged students. In both 
reviews, haemoglobin was assessed as a secondary outcome and only 
Kristjansson EA, et al., [55] conducted a meta-analysis on it using 5 
randomized controlled trials which included 300 children.

The conclusion of this review that school feeding programmes 
can be effective in improving haemoglobin concentration of school 
children is similar to the findings of Kristjansson EA, et al. [55] 
where supplementary feeding resulted in an increased haemoglobin 
concentration and lowered anaemia levels in low income countries.

In contrast, the earlier review [56] which included very few studies 
that reported on biochemical outcomes, reported a mixed impact of 
school feeding on haemoglobin of children.

Another review article [57] was found which evaluated the 
impact of iron-fortified foods on haemoglobin concentration in 
children less than 10 years. The findings of Ramesh A, et al. [57] 
concur with the findings of this review that feeding with iron-
fortified foods is an effective strategy for reducing iron deficiency 
anaemia in children.

Agreement and disagreements with other reviews
This review included six observational studies which assessed 

the effects of school feeding on either one or more of the outcomes 
of interest. Two of them [36,37] evaluated programme impacts on 
haemoglobin concentrations and the results were mixed. The impact of 
school feeding on serum ferritin concentrations was reported by only 
one observational study [36] which found no significant differences 
between programme participants and controls.

All the observational studies included in this review that reported 
on dietary iron intake [36,37,45,48] found school feeding programmes 
to significantly increase dietary iron intake of participants. This largely 
supports the findings from the meta-analysis of randomized controlled 
trials in this review of programme effectiveness in promoting dietary 
iron intake.

Factors that may impact on effectiveness
From this review school feeding programmes have shown small 

positive effects particularly on haemoglobin concentration. The 
interpretation of sub group analysis does indicate that effects could 
be higher with improvement in programme implementation. 
Notwithstanding this, there are a number of factors which could still 
have affected effectiveness.

Low haemoglobin concentration among school age children is 
not only due to iron deficiency but has multiple etiologies including 
malaria and other parasitic infections [58]. Most of the trials were 
done in Africa where malaria is endemic [59]. Only the study done 
by Muthayya S, et al. [42] in India described the study setting as 
not endemic for malaria and the presence of parasites being low. 
Deworming was done only in three studies [27,38,39]. The apparent 
high levels of parasitic infections among the children could have 
compromised programme effects on haemoglobin.

Evidence suggests that, in malaria endemic areas where 
asymptomatic malaria is protracted, iron absorption could be 
decreased by 40% [60]. This could further decrease the efficacy of 
feeding programmes to reduce iron deficiency anaemia.

Additionally, the absorption of dietary iron depends on other dietary 
factors which are either inhibitors (eg. Phytates and polyphenols) or 
enhancers (eg.. Vitamin C) [61]. The inclusion of any sources of either 
inhibitors or enhancers in the meals used for school feeding could 
have implications for programme effects on haemoglobin and serum 
ferritin concentration. Whereas the consumption of inhibitors is 
known to be widespread in developing countries [54], only two studies 
[36,39] provided Vitamin C rich fruits and fortified drinks to enhance 
iron absorption.

Another factor that could affect programme impact is substitution; 
where the home diet may be reduced for children who are benefiting 
from school feeding. Though none of the studies in this review 
provided data on this, other studies have reported it among poor 
families [62,63].

Considering that in this review even fortified school foods only 
provided a maximum of 50% of the RDI for iron of school pupils, it 
is essential that children are able to consume all of the day’s ration 
of school meals in order to assure maximum dietary iron intake. 
However, daily compliance was only high (up to 80%) in three trials 
[38,39,42] and it was therefore not surprising that programme effects 
were high in these trials. Many studies did not report on compliance. 
However it does seem compliance could affect programme effects on 
outcomes.

Conclusion
In conclusion, this review has found school feeding programmes 

in developing countries to have small positive effects on dietary 
iron intake leading to a marginal positive impact on haemoglobin 
concentrations of primary school children. The impact on serum 
ferritin concentrations was significantly high and provides an 
indication of a high potential of feeding programmes to reduce iron 
deficiency anaemia among children in developing countries. However 
the quality of the evidence presented by this review is limited due to 
inherent risk of bias in the trials and the high level of heterogeneity.

The findings from this review imply that the magnitude of the 
impact of school feeding programmes on the reduction of iron 
deficiency anaemia will depend on the design, implementation and 
monitoring of the programme.
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This review provides evidence that has implications for practice 
such as the finding that iron deficiency anaemia may only be reduced 
among primary school children if school feeding programmes provide 
fortified foods. This suggests that reduction of iron deficiency anaemia 
may be unachievable by merely providing an additional meal through 
school feeding unless there is a deliberate addition of micronutrients 
(iron).

The use of local foods in school feeding programmes has the 
potential to promote food sovereignty and make school feeding 
programmes more sustainable [53]. Further evidence from this review 
suggest that school feeding using lunch made from local foods are 
more effective in reducing iron deficiency anaemia through adequate 
dietary iron consumption.

School feeding programmes have taken a paradigm shift from the 
traditionally food import driven programmes to Home-Grown School 
feeding where food is procured locally from small holder farmers to 
promote economic growth and sustainability [6]. From this review 
however, local foods still need to be fortified in order to achieve 
impacts on adequate micronutrient intake especially iron and to reduce 
iron deficiency anaemia therefore bio fortification could be explored.

Local communities in developing countries normally do not 
have the capacity to do large scale fortification hence the use of 
biofortification will serve the purpose of providing iron fortified foods 
even though the initial investment in research may be high [35].

The findings from this review equally have implications for 
further research. Very few primary research exist on the impact of 
school feeding on iron deficiency anaemia in developing countries 
as evidenced in the few studies included in this review despite many 
countries are implementing these programmes.

There is therefore the need for more randomized controlled trials 
which are of high methodological quality to be able to attribute 
causality and to be eligible to be used in a larger meta-analysis to 
confirm or otherwise reject the evidence produced by this review. In 
these studies, a lot more attention will need to be paid to the process 
of randomization, allocation concealment, blinding of outcome 
measurement especially when measuring dietary intake as well as 
attrition to improve quality.

Additionally, subsequent primary research will need to provide a 
breakdown of programme effects by age, sex and socioeconomic status 
in order for analysis to be accordingly stratified to cater for biological 
differences that exist due to these grouping. Other covariates such as 
children’s percentage compliance to feeding and substitution effect 
should be adequately reported.

As finding from this review point to a high potential of school 
feeding programmes that use local foods to impact on reducing 
iron deficiency anaemia, there is need for larger studies that adopt 
the model of the home-grown school feeding as an intervention to 
evaluate impact on dietary iron intake and iron deficiency anaemia.
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