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School nutrition programmes exist worldwide, and are considered an 
effective means of impacting positively on poor children’s nutritional 
health, as well as improving school attendance and educational 
outcomes.[1,2] Many school nutrition programmes, particularly in 
low-income countries, are intended to address the outcomes of 
undernutrition, such as wasting and stunting.[3] Middle-income 
countries often face the ‘nutrition transition’, where rapid urbanisation 
and the Westernisation of diets exist alongside traditional diets and 
poverty.[4] This phenomenon results in what is known as the double 
burden of nutrition, where serious food insecurity, and consequent 
undernutrition, exists alongside increasing obesity and associated 
non-communicable diseases, often within the same subpopulation.[4-6] 

Despite this trend, there is limited research that assesses the effect 
of school nutrition programmes on addressing the consequences 
of both undernutrition and obesity within the same population. In 
this article, we address this gap and provide evidence of how a lunch 
programme and a combination lunch-and-breakfast programme 
address stunting and obesity levels within one rural community in 
South Africa (SA). 

Akin to other middle-income countries, SA is faced with a 
nutrition transition,[4] with concomitant effects on both stunting and 
obesity levels. The double burden of undernutrition and obesity has 
implications for the national disease picture in SA and many other 
middle- to low-income countries.[7] Stunting, while still a problem, 
has improved, as 15% of children currently suffer the effects, down 
from 25% in 1994.[2] Childhood obesity, commonly believed to be a 
developed-world problem, has increased in developing countries[6] 

owing to low-quality diets high in fat, starch, sugar and salt, and low 
in nutritional benefits. In SA, as of the most recent figures (2014), 
28% of children are considered to be overweight.[8] As shown in other 
parts of the world, this combination creates, on top of conditions 

of undernutrition such as kwashiorkor and rickets, a second layer 
of diseases that until quite recently were mainly confined to the 
developed world, with diabetes, hypertension and cardiovascular 
problems being the most common.[5] SA is already experiencing the 
costs of this double burden.[9]

School nutrition studies generally focus on evaluating the impact 
of school feeding on either undernutrition or obesity, depending on 
the context, but not the impact on these coexisting health problems. 
For instance, research has demonstrated good results in decreasing 
underweight and stunting through nutritional interventions in 
schools, in low-income contexts such as Bangladesh, Zambia and 
Ethiopia.[3] In addition, obesity has been positively affected by school 
nutrition programmes in higher-income contexts such as the USA 
and the UK, as well as in middle-income countries such as Mexico,[4] 

by facilitating the consumption of micronutrients and nutrient-
dense foods. One important finding is that consistent breakfast 
consumption contributes to the reduction of body weight, especially 
for children and adolescents, and further contributes significantly 
to improved micronutrient status.[10] While these studies provide 
important insights into the effects of school nutrition programmes 
in particular contexts, no single study has considered how a school 
nutrition programme can protect against both obesity and the effects 
of undernutrition, such as stunting. 

SA runs a large National School Nutrition Programme (NSNP) that 
provides a daily meal to 9 million children during school terms.[11] In 
addition, a privately funded nutrition programme provides a second 
daily meal, in the form of breakfast, to approximately 40 000 children 
in selected schools already receiving the NSNP. This arrangement 
allowed us to conduct a comparative assessment of the effects 
of the NSNP on its own, and in combination with the breakfast 
programme, on childhood stunting and obesity. In this article, 
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we consider whether different combinations of school nutrition 
programmes can have effects on levels of stunting and overweight in 
a sample of rural SA primary-school children. 

Methods
The school nutrition programmes
In SA, state schools are classified according to the socioeconomic 
status of the area they serve, from the poorest schools (category 1) to 
the wealthiest (category 5). Schools in categories 1 - 3 are classified 
as poor schools (albeit at different levels of poverty). All learners at 
these schools receive a daily lunch that follows a prescribed menu 
consisting of a starch, a protein (often soya based) and vegetables or 
a fruit, through the NSNP. This menu has been assessed as a balanced 
diet.[12] The privately funded breakfast programme targets the poorest 
schools (mainly category 1 schools), and delivers a daily breakfast 
consisting of a fortified cooked cereal. 

Study design
The study, conducted in Lady Frere – a rural district of the Eastern 
Cape Province, SA – took the form of a comparative design. Three 
groups of children (aged 6 - 12 years) were compared, at a single 
point in time in the course of a school year (April 2015). The first 
group of children (group 1) attended primary schools that received 
the NSNP lunch only, from schools across the three categories. 
Group 2 consisted of children from primary schools that were 
receiving the breakfast programme in addition to the NSNP. These 
schools were predominantly category 1 schools. A true control 
group was not possible, since all children in schools within the first 
three categories receive the NSNP. However, some schools in the 
province had been recently reassessed to take into account their 
level of disadvantage, and subsequently reclassified from category 
4 to category 3, qualifying them to receive the NSNP. Of these 
reassessed schools, two schools in a neighbouring district were 
fairly similar to the group 1 and 2 schools selected for the study, 
in terms of demographics and location, but were slightly better off 
socioeconomically (category 3 only). These two schools formed a 
third comparison group (group 3). They had only started receiving 
the NSNP 2 months prior to the data collection point. This allowed 
us to assess the relative benefits of having received the NSNP since 
starting school, receiving the NSNP and a breakfast since starting 
school, and receiving the NSNP only for a short period of time. In 
addition, for group 3 we were able to assess whether any intrapersonal 
changes occurred over a 6-month period, after children had begun 
receiving the lunch meal. Therefore, for group 3 schools only, we 
introduced a longitudinal element to the study. 

Participants/sampling
The 158 schools in the Lady Frere district were grouped into those 
receiving the NSNP only (128 primary schools), and those receiving 
the additional breakfast (31 primary schools). A proportional (25%) 
sample of schools was randomly drawn from these groups. A total 
of 31 schools were randomly selected for group 1, and 8 for group 
2. Two schools were purposively selected for group 3, as described 
above. Within each school, stratified sampling by grade and sex was 
used to determine which students would participate in the study. 

Measures
The children’s weight, stature and sitting height were measured. 
All anthropometric measurements were taken according to the 
International Standards for Anthropometric Assessments.[13] The 
learners wore light clothing without shoes, and were weighed using 
portable electronic scales. A stadiometer and anthropometric tape 
measure were used to measure weight and height, respectively. 

The inter-rater reliability of the anthropometric measurements 
was enhanced by ensuring that two people were present to take and 

check measurements, each measuring every child with the other 
present. Standardised, calibrated equipment was used throughout 
the data collection. All the fieldworkers were accredited Level 1 
International Society for the Advancement of Kinanthropometry 
(ISAK) anthropometrists. 

Analysis
The data were analysed using the World Health Organization 
(WHO) Child Growth Standards.[14] Height-for-age and BMI [body 
mass index]-for-age z-scores were calculated using the WHO Stata 
macros developed to assess data against the Child Growth Standards. 
This process accounts for age and sex differentials in weight and 
height. It does so by calculating z-scores for each measure to assess a 
child’s weight, height or BMI, adjusted for their age and sex, relative 
to a universal external reference point.[15] For undernutrition, we 
focused on height-for-age. Height-for-age z-scores that fall between 
two and three standard deviations below the universal median are 
classified as stunted, and those that fall more than three standard 
deviations below the median are classified as severely stunted. For 
obesity, we assessed the BMI-for-age. If a child’s BMI-for-age z-score 
falls between one and two standard deviations above the universal 
median, they are classified as overweight, and as obese if their BMI-
for-age z-score falls more than two standard deviations above the 
universal median. 

Analysis of difference was conducted between groups. First, χ2 
tests were used to assess differences in the proportions of children 
from each group who fell into the overweight/obese and the stunted 
categories. Second, one-way analysis of variance (ANOVA) or 
Brown-Forsyth tests were used to assess differences in the mean 
z-scores for height-for-age and BMI-for-age. Finally, for group 3, we 
assessed whether there was any change in obesity/overweight levels 
over time, by conducting a paired t-test. Differences were determined 
to be significant at the p=0.005 level.

Ethics
Ethical approval for the study was granted by the University of 
Fort Hare’s Research Ethics Committee (ref. no. GEN011), and 
permission granted by the national and provincial departments 
of education. Parents of selected children were provided with 
an informed consent form in their first language. Children were 
provided with an opportunity to assent. Only children who had 
assented to the study and whose parents had given consent were 
recruited. Measurements were taken by fieldworkers of the same 
sex as the participants. All data were anonymised to protect the 
confidentiality of participants. 

Results
Overview of sample
The sample composition is shown in Table 1. An analysis of age 
demonstrates that there are small but significant differences in the 
mean age for each group (p=0.000), with group 1 learners having a 
higher mean age than both groups 2 (p=0.000) and 3 (p=0.000). The 
age differences are accounted for by the standardised z-score analysis. 
No significant differences were noted in the proportion of boys and 
girls in each group (p=0.227).

Table 1. Sample characteristics by group
Group 1 Group 2 Group 3 Total

Male, % 52.3 52 46.4 51
Female, % 47.7 48 53.6 49
Mean age, years 10.81* 10.04* 9.85* 10.32
Total, n 572 542 276 1390
*p=0.000.
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Stunting
We observed statistically significant differences in the prevalence 
of stunting across the three groups (Table 2). Those receiving both 
breakfast and lunch had stunting rates that were 5.3% lower than 
those receiving lunch only. Pairwise analysis shows this finding to be 
significant (p=0.003). Children from group 3 schools had stunting 
levels 7% lower than group 2 learners (p=0.001). 

An assessment of the mean z-scores for height-for-age confirms 
the differences discussed above (Table 3). However, a Brown-
Forsythe test demonstrated that these differences are not significant 
(p=0.02). 

Obesity
Rates of children who were overweight and obese were different 
among the groups. Group 3 schools had very high rates of overweight 
and obesity. By contrast, children who had been receiving one meal a 
day over a prolonged period had overweight/obesity levels that were 
12.3% lower. Children receiving two meals a day were even less likely 
to be overweight or obese, with rates 3.5% and 15.8% lower than 
groups 2 and 3, respectively. 

An analysis of the mean z-scores for BMI-for-age confirms the 
above results (Table 5). The Brown-Forsythe test reveals that these 
differences are significant between group 1 and group 2 (p=0.000), 
and between group 2 and group 3 (p=0.000).

For group 3 only, we assessed whether the introduction of the 
lunch meal made any difference, over time, to overweight and obesity 
levels. The percentage of learners classified as obese declined from 
26% at time point 1 to 19% at time point 2 (6 months later).

A paired t-test demonstrates a significant decrease in the mean 
BMI-for-age z-scores over the 6-month period (Table 6).

Discussion
The results presented above demonstrate that both programmes 
contributed positively to children’s anthropometric outcomes. The 
children receiving only the NSNP had stunting levels of 12.59%,  a rate 
similar to the national rate of 15.4% (for children aged 2 - 14 years),[9] 
which is to be expected given that over 63% of children in SA live in 
the poorest 40% of households,[17] and therefore receive the NSNP. 
Children at the relatively poorer schools that were receiving two meals 
(group 1) had lower stunting levels than group 2 learners. The findings 
pertaining to the lower levels of stunting among learners receiving 
two meals are surprising. The research literature demonstrates that 
stunting is very resistant to change, particularly as children age.[18] 

Ideally, undernutrition effects need to be dealt with in early childhood, 
to avoid stunting. However, more recent literature has raised debate 

Table 2. Learners classified as stunted by comparison group 
(both sexes), %

 
Group 1 
(n=572)

Group 2 
(n=542)

Group 3 
(n=276)

Total 
(N=1390)

Not stunted 87.41 92.8 94.57 90.94
Stunted 12.59 7.2* 5.43* 9.06
Total  100 100 100 100
Pearson χ2(2)=15.3201 Pr=0.000.
*p=0.005.

Table 3. Mean z-scores for height-for-age (both sexes)
  Mean SD n
Group 1 –0.706801 1.0883811 572
Group 2 –0.7492251* 0.94779448 542
Group 3 –0.5655435* 1.0496244 276
Total –0.69529496 1.0293213 1390

SD = standard deviation.
*p=0.05.

Table 4. Overweight/obese learners by group (both sexes), %
  Group 1 (n=572) Group 2 (n=542) Group 3 (n=276) Total (N=1390)
Normal BMI-for-age 86.19 89.67 73.91 85.11
Overweight/obese 13.81* 10.33* 26.09 14.89
Total 100 100 100 100

Pearson χ2(2)=36.7104 Pr = 0.000.
*p=0.000.

Table 5. Mean z-scores for BMI-for-age (both sexes)
  Mean SD n
Group 1 –0.11893* 1.0535852 572
Group 2 –0.08825* 0.9256022 542
Group 3 0.33518 1.1183421 276
Total –0.0167985 1.0337002 1390
SD = standard deviation.
*p=0.000

Table 6. Change in mean BMI-for-age z-scores over time (Group 3 only, both sexes)
n Mean SE SD 95% CI

BMI-for-age z-score (timepoint 1) 276 0.3351812 0.0673163 1.118342 0.2026604 - 0.4677019
BMI-for-age z-score (timepoint 2) 276 0.1700725 0.0669906 1.112931 0.038193 - 0.3019519
Diff 276 0.1651087 0.0249157 0.4139315 0.1160589 - 0.2141585

SE = standard error; SD = standard deviation; CI = confidence interval.
mean (diff) = mean (zbfa1 - zbfa2) t=6.6267; Ho: mean(diff) = 0; degrees of freedom = 275; Ha: mean(diff) <0   Ha: mean(diff) != 0   Ha: mean (diff) > 0; Pr(T < t) = 1.0000   
Pr(|T|>|t|)=0.0000   Pr(T>t)=0.0000.
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about the resistance of stunting to change. Prentice et al.[19] suggest that 
children can catch up from stunting later on in life, although it seems 
that cognitive delays are particularly resistant to change.[20] The data 
presented here may mean that the combined effects of a breakfast and 
a lunch meal can shift stunting levels, corroborating a previous study 
conducted in an urban area on the combined effects of breakfast and 
lunch, where stunting was reduced by almost 5 percentage points over 
a 10-month period.[21]

The findings on overweight and obesity levels also point to 
promising effects of such programmes in contexts of the nutrition 
transition and the double burden of disease. The reduction over time 
in the percentage of learners who were overweight in the slightly 
higher socioeconomic status group 3 schools is promising. Studies on 
transitions out of overweight and obesity for children and adolescents 
in the context of school nutrition are largely focused on high-income 
contexts,[10,22] and there is a paucity of previous evidence demonstrating 
the transition occurring at the same rate in middle- or low-income 
contexts. A systematic review of 22 studies in low- and middle-income 
countries reported that school-based obesity reduction programmes 
had favourable effects in 82% of programmes, but only one of 
these interventions was a breakfast programme.[23] Some middle-
income countries with increasingly obesogenic environments, such as 
Brazil and Chile, have redesigned their school nutrition programmes 
specifically to combat obesity.[24] We are therefore cautious in 
attributing our results to the school nutrition programme alone, 
which was not specifically designed to reduce obesity. Nonetheless, 
as the NSNP could have contributed to this shift, the study suggests 
that the NSNP might have protective effects for overweight and 
obesity, and implies that a carefully managed, diverse, nutritious 
daily meal may be a key protective factor for managing childhood 
obesity.

Furthermore, the lower rates of overweight and obesity among 
children receiving two meals a day point to the value of the addition 
of a breakfast to further reduce the risk of obesity for children. This 
latter finding is supported by data from a previous study evaluating 
this in-school breakfast programme that showed that levels of obesity 
were reduced over a 10-month period after the introduction of a 
school breakfast.[21]

School meals are one of a number of emerging platforms for 
addressing adolescent nutrition for enhanced benefits beyond early 
childhood.[25] While literature has previously noted that ‘weight 
gains [from school feeding programmes] can be either positive (in 
underweight populations) or negative (when risks of obesity are 
high)’,[26] the present study raises the possibility that school nutrition 
can have positive impacts on stunting and overweight simultaneously.

Limitations
These findings illustrate trends in school nutrition impacts in a 
sample of rural SA school children, but there are various limitations 
that preclude relationships of causality. Firstly, the comparability of 
the third group of schools to the first two is limited. Because the 
NSNP feeds children at all schools in the first three socioeconomic 
categories, there was no naturally existing control school. Further, 
excluding qualifying children from the NSNP would have been 
ethically indefensible. The closest possible comparison schools were 
those that had been re-categorised. However, these schools were in 
a different geographic area, and were probably serving children of a 
slightly higher socioeconomic status. In addition, the comparability 
of the first two groups also has limitations, in that group 1 schools 
were drawn from across the first three socioeconomic groups, 
whereas those schools receiving the additional breakfast were from 
the poorest schools (predominantly category 1).

Secondly, the length of time that elapsed between the two data 
collection points for group 3 introduced a limitation. The process 
of gaining permission for the study at the national and provincial 

levels meant that the first measurement point was delayed. Schools 
were also averse to data collection taking place in the last term, 
which meant that the second measurement point was earlier 
than planned. This resulted in a relatively short period between 
measurement points. Ideally, a longer period should have elapsed, 
as anthropometric changes typically occur over a longer time 
period.

Thirdly, school effects were not taken into account in the analysis, 
our assumption being that these would be corrected for by the 
random selection. We also observed the schools and interviewed 
principals and teachers to determine whether there were any major 
differences at the school level that may have affected results. None 
were noted.

This article therefore offers a set of tentative conclusions that can 
assist in designing further research and in contributing to public and 
policy debate on school nutrition and children’s health.

Conclusion
Investments in nutrition during school years are important, as 
‘nutrition is foundational to both individual and national development’ 
in economic, health and human development terms.[20-22] Positive 
outcomes in relation to rates of stunting in the schools receiving 
breakfast are very encouraging, and point to the need for further 
research into what interventions can shift stunting in middle-
childhood and during puberty.

In addition, the data presented here tentatively demonstrate the 
effects of the NSNP, and the additional benefits of the breakfast 
programme, in protecting children in these schools from childhood 
obesity. Poor nutrition in childhood has implications for the burden 
of disease, and a rise in rates of childhood obesity is directly linked 
to a rise in non-communicable diseases of adulthood.[24] 

These outcomes suggest that well-managed and balanced school 
nutrition programmes, and the inclusion of breakfast, could play 
an important role in other countries battling the double burden of 
nutrition, with both childhood stunting and obesity public health 
concerns, although further research is required to corroborate these 
findings.
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