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Background: A worldwide occurrence like stunting and wasting affects both children’s health
and academic performance.

Aim: The aim of the study was to determine the effect of stunting and wasting on academic
performance amongst primary school boys over a period of 7 years (2010-2016) in the North
West Province of South Africa.

Methods: The study forms part of a longitudinal research design, the North-West
Child-Health-Integrated-Learning and Development (NW-CHILD) study, stretched over a
period of 7 years from 2010 to 2016. Baseline measurements and two follow-up measurements
of boys (n = 181) formed part of this study. Two-way frequency tables and analyses of variance
(ANOVA) tests were used to analyse the data (p < 0.05).

Setting: The study was conducted in the North West Province of South Africa.

Results: The prevalence of stunting (3.32% — 6.63%) and wasting (3.86% — 6.63%) increased
each year from 2010 to 2016. Language, mathematics and overall average academic scores
were affected statistically by stunting and wasting (p <0.05). Over a period of 7 years (overall),
it was found that stunting and wasting influenced academic performance, especially
concerning language and mathematic subjects.

Conclusion: Stunted and wasted primary school boys in the North West Province of
South Africa reported a strong negative association with academic performance, especially
language and mathematic subjects. Limited data are available concerning stunting, wasting
and academic performance, and further studies are therefore recommended to strengthen and
support the findings of this study with regard to a better understanding of the effect.

Keywords: academic performance; boys; primary school; stunting; wasting.

Introduction

Wasting and stunting affect several areas of child development, and these include cognitive
communication, academic achievement, motor skills and psychological development (Daniels
et al. 2005; Van Niekerk et al. 2015; Wingfield et al. 2011). Furthermore, it has been reported that
malnutrition leads to several health problems in children and includes weight loss (that could
lead to wasting), growth stunting, poor immune systems that lead to poor resistance to infections,
dehydration, behavioural problems, poor cognitive development and premature deaths (Brown
& Pollitt 1996; Saunders et al. 2014). Fifty million children under the age of 5 years worldwide are
affected by wasting, whilst 16 m of these children are severely wasted (WHO 2016). Wasting
refers to the inadequate mass for height (too thin for height) (Victora 1991; WHO 2016) and can be
indicated by a Z-score (less than -2 standard deviations [SDs]) using body mass index (BMI) for
age and percentiles below five (De Onis et al. 2006). In recent years it seems as though wasting is
decreasing worldwide; however, the prevalence of wasting remains a problem (UNICEF 2016).

Several studies reported that the prevalence of wasting amongst boys between the ages of five
and 12 years, from different countries (South Nigeria, Ethiopia, Pakistan, Australia and Egypt),
is still a major concern (Ene-Obong et al. 2012; Mushtaq et al. 2011; Pearce et al. 2016; Rashmi
et al. 2015; Sharaf & Rashad 2016). These researchers indicated that the overall prevalence of
wasting ranges from 6.0% to 54.3%, whilst children (19.0%) tend to have a higher prevalence of
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wasting compared with adolescents (8.3%). Furthermore,
children younger than 5 years may suffer from moderate to
severe wasting. Additionally, various researchers reported
that children from rural areas (33.0%) had a higher
prevalence of wasting when compared with children from
urban areas (20.0%) in Pakistan and central India (Mushtaq
et al. 2011; Patil et al. 2016). In a trend analysis, it was
confirmed that wasting was more prevalent amongst boys
(8.6% in 2009) when compared with girls (5.6% in 2009)
(Matanda, Mittelmark & Kigaru 2014). These researchers
also reported that the boys from rural areas (8.8%) had
higher wasting prevalence when compared with urban
areas (7.4%). However, these researchers indicated that
wasting amongst the different demographic settings (in
Kenya) decreased from 1998 to 2009 (9.4% - 8.8%).
Confirming the latter results, higher wasting prevalence
was found amongst boys (2.8%) in rural areas (13.7%) when
compared with urban areas (11.1%) in Argentina (Nufiez et
al. 2016). Various researchers have reported that the
prevalence of wasting in South Africa (North West Province,
Northern Cape Province and South Africa based on
consensus data) ranges from 1.4% to 23.4% (Kruger et al.
2012, 2014; Walsh, Dannhauser & Joubert 2001) and that
wasting is more prevalent amongst African children when
compared with Caucasian children. Research regarding the
prevalence of wasting was more prevalent in rural areas
when compared with urban areas, ranging from moderate
to severe wasting (Steenkamp, Lategan & Raubenheimer
2016; Tomlinson et al. 2016). In Monyeki et al.’s (2008)
longitudinal study (1996-2003) on children aged 3-10 years
in the Ellisras District of South Africa, it was found that
boys’ prevalence of wasting ranged as follows: mild (23.6%),
moderate (14.9%) and severe (43.6%). The boys presented
higher wasting percentages and persistence when compared
with the first measurement. According to Benefice et al.
(2006), children who are wasted may have long-term
consequences such as stunting.

Stunting is also a global problem and affects millions of boys
worldwide (UNICEF 2016). Stunting refers to a child’s
Z-scores of height-for-age ratio below -2 SDs from the
median according to the World Health Organization (WHO)
Child Growth Standards (WHO 2014). Studies (from
developed and developing countries) have reported that the
prevalence of stunting in children between the ages of five
and 19 years ranges from 17.4% to 27.0%, with 22.2% of
children being severely stunted (with boys being more
stunted than girls) (De Onis, Blossner & Borghi 2011;
Senbanjo et al. 2011). De Onis et al. (2011) also reported in
2010, that 167 m children from developing countries were
stunted. These researchers further indicated that the
prevalence of stunting amongst the African region has
increased over the past decade (in developed and developing
countries). Furthermore, the WHO (2015) reported that,
globally, almost one in every four children (156 m) below 5
years of age (thus adding up to 23% of children) were stunted
and that the highest prevalence of stunting was observed in
the African region (38%).
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Studies from Africa, more specifically South Africa, reported
that the prevalence of stunting also affects boys. In this
regard, researchers have reported that boys younger than
5 years of age are more affected by stunting than school
children and the prevalence of stunting ranges between 0%
and 43.6% amongst boys (aged 6-13 years) in the Ellisras
District (Motswagole et al. 2012). A study by Shisana (2014)
reported the prevalence of stunting amongst the different
provinces of South Africa, indicating the following: North
West with 23.7%, Mpumalanga with 23.1% and Northern
Cape Province with 22.8% of children being stunted.
Furthermore, these researchers indicated that boys from
rural areas (23.2%) are more affected by stunting when
compared with boys from urban areas (13.6%) (Shisana 2014).
Results from the Western Cape, Northern Cape and Free
State reported that 47% of children were moderately stunted
and 32% were severely stunted (Steenkamp et al. 2016). With
regard to longitudinal studies in South Africa, the Ellisras
District Transition and Health during Urbanisation of South
Africans (THUSA BANA) study indicated that stunting
amongst boys ranged from 8% to 47.6% in the North West
province (Monyeki et al. 2008). Another study by Kruger et
al. (2014) in the North West Province reported that 4.29% of
the children were stunted, with 4.06% of them being boys.
Adding to this, these researchers reported that African Grade
1 learners had a higher stunting prevalence when compared
with Caucasianlearners (6% vs. 0%). The Ellisras Longitudinal
Growth and Health Study (ELS) in the Limpopo Province
reported an overall prevalence of stunting being 6.1%, whilst
13.7% of the boys in this study were stunted (Motswagole et
al. 2012). Various researchers reported a relationship between
cognitive abilities, scholastic achievements, early school
failure and stunting (Brown & Pollitt 1996; Mendez & Adair
1999; Rashmi et al. 2015; Victoria et al. 2008; Walton & Allen
2011), internationally and locally.

According to various researchers, a strong link between
malnutrition and academic performance exists (Benton 2010;
Dewey & Begum 2011; Hughess & Bryan 2003). Benton (2010)
is of the opinion that malnutrition occurs in the first year of
the child’s life and could have long-term effects on the
cognitive abilities (that could include lower intelligence
coefficient and academic performance) and behaviour of the
child. Stunting and wasting are associated with cognitive
communication and developmental delays, and therefore a
strong correlation was found amongst stunted and wasted
children and their academic performance. Studies conducted
in Sweden, Australia, Finland and the United States of
America indicated that wasted children had poor cognitive
and academic development, higher dropout or failure rates,
higher absenteeism from school, lower mathematic marks
and learned at a slower rate when compared with their peers
(Alaimo, Olson & Frongillo 2001; Hughess & Bryan 2003).
Several studies have found a significant association between
wasting and lower academic performance amongst children
between the ages of three and 14 years in Bangladesh and
Sri Lanka (Cook & Jeng 2009; Golam et al. 2014) as well as
poor concentration (Wisniewski 2010). Wasting and stunting
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were reported to be positively associated with lower grades
in mathematics and language subjects, as well as cognitive
and communication development (Hollar et al. 2010; Pearce
et al. 2016; Sudfeld et al. 2015). Moreover, children (Peru and
Jamaica) suffering from severe stunting tested up to 10 points
lower on the Wechsler Intelligence Scale for Children —
Revised test, and these children especially struggled with
spelling and reading (Berkman et al. 2002; Chang et al. 2010).
Prendergast and Humphrey (2014) reported in their review
article that various studies confirmed that children affected
by stunting do have lower cognitive development, and these
children tend not to enrol for school or enrol much later. This
may be because of these children looking immature.
Furthermore, these researchers indicated that stunted
children have lower grades and have a lack of sufficient
memory when compared with non-stunted children
(Prendergast & Humphrey 2014). Miller et al. (2015) reported
that stunting and severe stunting were negatively associated
with learning and affected not only these children’s literacy
skills, but also their numeracy development (Patil et al. 2016).

Stunting and wasting’s effect on children worldwide was
observed, and the same tendency can be observed in South
Africa. According to Casale, Desmond and Richter (2014),
children younger than 5 years and primary school children’s
schooling and cognitive development are affected by
stunting. Longitudinal studies conducted in the rural areas of
Ellisras in South Africa reported a positive association
between wasting and English and mathematics performance
amongst Grade 4-8 learners (Matabane, Liebenberg &
Monyeki 2012; Themane et al. 2003). Moreover, these
researchers also reported a negative association between
academic intelligence performance and growth parameters
amongst boys in Grade 4-8. Furthermore, stunted South
African children have lower cognitive development, and
these children have lower academic achievements when
compared with non-stunted children (Skosana 2016). From
the literature, it seems that boys show lower academic
achievements when they are stunted or wasted compared
with their healthy peers.

It is clear from the above literature that stunting and wasting
are not just worldwide occurrences, but also a problem in
South Africa, impacting school boys” academic performance.
Longitudinal studies regarding stunting, wasting and the
effect on academic performance (overall and individual
subjects) in South Africa are limited. However, studies have
not investigated gender differences concerning stunting,
wasting and its effect on academic performance. Thus, it
strengthens this study, as boys were taken into consideration.
Therefore, the aim of this study was to determine the effect of
stunting and wasting on academic performance over a period
of 7 years on primary school boys in the North West Province
of South Africa.

Studies and research regarding the effect of body composition
on academic performance on South African boys are still
limited. These findings will be beneficial for the Department
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of Basic Education, Government, schools, teachers,
‘Kinderkinetics’ and other healthcare professionals with
regard to meaningful statistics about stunting and wasting,
intervention and physical activity or nutritional programmes
regarding children in South Africa. These findings will also
provide a profile regarding boys’ physical development,
health and scholastic skills. Furthermore, the findings will
help to determine whether these issues are related to SES and
race when focussing on primary school boys. (In this article
SES refers to the socio-economic status of the children, pre-
determined by their school setting, ranging from Quintile 1
to 5. Quintile 1 schools receiving the most financial support
from the government and Quintile 5, receiving the least.)

Research methods and design
Research design

This study forms part of a longitudinal research design,
the North-West Child-Health-Integrated-Learning and
Development (NW-CHILD) study and stretched over a
period of 7 years (2010-2016). A baseline measurement and
two follow-up measurements were included. The baseline
data were collected in 2010, the first follow-up measurement
was conducted in 2013 and the second follow-up in 2016, in
the North West Province of South Africa. The four regions
that formed part of this study was randomly selected (please
see description of the participants for more details).

Participants and research setting

The sample was selected by means of stratified random
sampling in conjunction with the Statistical Consultation
Service of the University of Potchefstroom, North West
Province. To determine the sample for baseline measurements,
a list of names of schools in the North West Province was
obtained from the Department of Basic Education. From the
list of schools of the North West Province, which contains
eight education districts and which each represented 12-22
regions with about 20 schools (minimum 12, maximum 47)
per region, 4 regions and 20 schools were randomly selected
with regard to population density and school status. In South
Africa the Department of Basic Education divides schools into
five Quintiles (categories) on the basis of their poverty
classification (Hall & Giese 2009), where Quintile 1 represents
the least well-off schools, whilst Quintile 5 represents the best-
off schools. The poverty classification of schools is carried out
in accordance with the national poverty table as compiled by
the Treasury (Hall & Giese 2009) and includes the income
levels, dependency relations as well as the literacy levels of
the inhabitants of the area (Hall & Giese 2009; Stats SA 2013a).
For the purposes of this study the five Quintiles were only
divided into two groups, where the low SES group represented
Quintiles 1-3 and the high SES group Quintiles 4 and 5.

In 2010 (the initial measurement), Grade 1 boys (n = 419)
participated in the North West Province of South Africa. Boys
of all races were randomly selected from the list of population
density and school status, where Quintile 1 represented schools
from low SES areas and Quintile 5 represented schools from
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high SES areas. For the purpose of this study, Quintiles 1-3 (n =
92) were combined as low SES and Quintiles 4-5 (n = 89) as
high SES. During the first follow-up measurements in 2013, 282
boys were still available. The last follow-up measurements
were conducted in 2016, with most of the learners in Grade 7.
This group consisted of 181 boys (63 Caucasian, 118 African
and Mixed race boys). This group was divided into SES groups.
Only data from the boys from all three measurements were
utilised for the purposes of this study.

Measuring instruments

Body composition, stunting and wasting

The anthropometric measurements include body mass (kg),
height (ecm), waist circumference (cm) and three skinfolds
(sub-scapular, triceps and medial calf) (mm). Trained
postgraduate students in Human Movement Sciences,
specialising in  Kinderkinetics, ~measured all the
anthropometrical variables. Anthropometric measurements
were taken by an anthropometrist to ensure quality and
inter-tester reliability, in accordance with the protocol of
the International Society for the Advancement of
Kinanthropometry (Stewart et al. 2011). Height was measured
by using a portable stadiometer to the nearest 0.1 cm, and
body mass was measured to the nearest 0.1 kg with an
electronic scale (BF 511, Omron) (Stewart et al. 2011). Each
participant’s BMI (kg/height [m?]) was calculated from the
individual height and body mass measurements. The WHO
(2007) reference data were used as a standard to determine
the Z-scores for height-for-age (HAZ), referred to as stunting,
and weight-for-age (WAZ), known as wasting. Z-score
values of less than -2 from the SD for HAZ were used to
determine the prevalence of stunting. The Z-scores for
wasting were determined by using BMI-for-age (De Onis
et al. 2006). Three skinfolds were taken, namely the sub-
scapular (two centimetres from the sub-scapular landmark,
running obliquely and laterally downwards), the triceps (is a
parallel skinfold, taken along the long axis of the upper arm
at the triceps skinfold site) and medial calf (is a vertical
measurement on the medial calf skinfold site) (Stewart et al.
2011). These skinfolds were measured by using a pair of
Harpenden skinfold callipers and each measured twice to
calculate an average measurement that was used for analysis
(Stewart et al. 2011).

Academic performance

In Grade 1 (2010), during the June examinations, the Mastery
of Basic Learning Areas Questionnaire was used to
determine the academic performance of the different
learning areas. A four-point scale was used, with 1 indicating
not achieved, 2 partially achieved, 3 achieved and 4
outstanding achievement. Lastly, a cluster point was
calculated from three variables: reading, writing and
mathematics. In Grade 4 (2010), the June examination results
were collected from all participating schools, and the same
procedure was followed in 2016, when the learners were
mainly in Grade 7. The learning areas according to the
Department of Basic Education’s Curriculum and
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TABLE 1: Grading scales for Annual National Assessments.

Rating code Description of competence %

7 Qutstanding achievement 80-100
6 Meritorious achievement 70-79
5 Substantial achievement 60-69
4 Adequate achievement 50-59
3 Moderate Achievement 40-49
2 Elementary achievement 30-39
il Not achieved 0-29

Source: Department of Basic Education, 2015, ‘National Curriculum Statements (NCS) Grades
R — 12/, DBE, Republic of South Africa, viewed 24 May 2016, from https://www.education.
gov.za/Curriculum/NationalCurriculumStatementsGradesR-12.aspx.%20

Assessment Policy Statements (CAPS) are: mathematics,
home language, second additional language, life orientation
(LO), natural science (NS), social science and technology.
Academic performances regarding Annual National
Assessments (ANA) of September 2010 and 2013 were
collected from all the learners who participated in this
study. The ANA results of 2016 were also collected after the
learners had completed the ANA examination in September
2016. The language and mathematics results of the learners
were made available by the Department of Basic Education.
All six learning areas as mentioned above were assessed by
using the ANA grading scales (Table 1). The percentages
were used regarding the ANA assessments.

Data analysis and statistical procedures

Statistica StatSoft (2017) was used to analyse the data. The
Statistical Consultation Service of the university was
consulted during the data analysis process. The data were
analysed descriptively by using means (M), SD and
minimum and maximum values. Two-way tables were
used to determine the number of learners in each SES and
their stunting or wasting status. Pearson Chi-square was
used to indicate the significance of the relationships
(stunting, wasting and academic performance), and the
level of statistical significance was set at p < 0.05. The
strength of the relationship was indicated by phi-coefficient,
with w = 0.1 indicating a small effect, w = 0.3 a medium
effect and w > 0.5 a large effect. Analyses of variance
(ANOVA) with Tukey’s post hoc tests were used for each
year to compare the classifications of the different SES,
stunting and wasting over a period of 7 years, and the level
of statistical significance was set at p <0.05. Cohen’s ‘d” was
calculated to determine practical significant differences
between standardised means. The following guideline
values were used where an effect size of d = 0.2 indicates a
small effect or practical non-significant difference, an effect
size of d = 0.5 indicates a medium effect or practical visible
difference and d =~ 0.8 a large effect or practical significant
difference. These cut-off points were used as described by
Cohen (1988).

Ethical consideration

Ethical approval for the execution of the project was obtained
from the Ethics Committee of the North-West University,
Potchefstroom Campus (No. NW-00070-09-A1, 2015/10/12).
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Permission was also obtained from the Department of Basic
Education to gather data during school hours. Permission
had also been obtained from all school principals of the
schools that were identified to part take in this study.
The parents or legal guardians of learners who participated
in the study were requested to complete the informed consent
forms whilst learners gave assent on the test-day. An effort
was made to re-evaluate the same learners who had been
evaluated in Grade 1 again during the two follow-up
measurements. The data were collected by senior researchers
and postgraduate students with a qualification in Human
Movement Science, specialising in Kinderkinetics.

Results

The group consisted of 181 boys (63 Caucasian and 118
African and mixed race). Table 2 represents the descriptive
statistics for 2010, 2013 and 2016, regarding age, stature,
weight and BML

Two-way tables were used to determine the number of
learners in each SES and their stunting or wasting status.
Table 3 reports that wasting (3.86%) overall had a higher
percentage when compared with stunting (3.32%) in 2010.

TABLE 2: Descriptive statistics for primary school boys over the period of 7 years
(2010-2016).

Variable N Mean Minimum Maximum SD
2010

Age 181 6.9 6.0 7.8 0.4
Stature 181 120.8 102.1 141.7 6.5
Weight 181 23.1 16.4 45.9 5.0
BMI 181 15.7 12.6 26.8 2.2
2013

Age 181 9.9 9.0 10.7 0.4
Stature 181 136.1 117.0 161.0 6.9
Weight 181 32.6 19.6 65.6 8.8
BMI 181 17.5 12.9 30.8 3.4
2016

Age 181 12.9 11.9 13.7 0.4
Stature 181 152.6 131.9 178.8 9.2
Weight 181 453 23.1 100.8 13.5
BMI 181 19.3 14.0 36.5 4.2

N, number of participants; SD, standard deviation; BMI, body mass index.
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The same tendency was found in 2013; however, in 2016,
stunting and wasting presented equal percentages (6.63%).
Further indicated by Table 3 is that more boys were stunted
(5.16%) in 2010, when compared with wasting (4.12%)
amongst the low SES group. The opposite was found
amongst the high SES group with wasting (3.57%) being
higher when compared with stunting (1.19%). The same
findings were obtained in 2013 (high and low SES) and
2016 (only low SES) with regard to the last finding of
higher wasting percentages when compared with stunting.
Furthermore, it is clear that boys from the low SES groups
had higher percentages of stunting and wasting when
compared with the percentages of boys from high SES
groups (Table 3). Lastly, only one statistical significant
relationship was reported over a period of 7 years in 2016
between wasting and high SES (p = 0.007).

Analyses of variances were used for each year to compare
SES, stunting and wasting over a period of 7 years (see
Tables 4 and 5). From Table 4, it is clear that SES affects
academic performance. In 2010, numeracy (p = 0.001),
language (p = 0.004) and the average academic mark (p =
0.001) were statistically significant (p <0.05) when compared
with SES. The same tendency was observed in 2013 between
language, mathematics, average academic mark, language
(department) and average academic mark (department).
Furthermore, language, mathematics and average academic
mark (for department as well) all reported a statistical
significance in 2016. Effect sizes were further determined
between SES (high and low), normal weight and stunting.
In 2010, a medium effect was reported amongst the average
academic mark and normal weight boys (d = 0.59). A large
effect was also reported between language (d = 0.80), the
average academic mark (d = 0.84) and stunting. Furthermore,
a small effect was reported between numeracy (d = 0.23),
language (d = 0.21) and the average academic mark
(d = 0.23) and low SES. In 2013, only mathematics (d = 0.84)
reported a large effect amongst high SES. Lastly, in 2016,
0.53) and
mathematics (department) a large effect (¢ = 0.85) amongst
boys with normal weight. Furthermore, a small effect was

language reported a medium effect (d =

TABLE 3: The relationship between socio-economic status, stunting and wasting over 7 years.

Variable Normal Stunting Wasting Overall
n % n % n % n %

2010

Low SES 88 90.72 5 5.16 4 4.12 97 53.59
High SES 80 95.24 1 1.19 3 3.57 84 46.41
Overall 168 92.82 6 3.32 7 3.86 181 100.00
2013

Low SES 82 88.17 5 5.38 6 6.45 93 51.38
High SES 83 94.32 2 2.27 3 3.41 88 46.62
Overall 165 91.16 7 3.87 9 4.97 181 100.00
2016

Low SES 77 79.38 9 9.28 11 11.34 97 53.59
High SES 80 95.24 3 3.57 1 1.19* 84 46.41
Overall 157 86.74 12 6.63 12 6.63 181 100.00

SES, socio-economic status.

*, p<0.05.
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TABLE 4: Analyses of variances between normal weight, stunting and academic subjects per year.

Year Subjects Normal Weight Stunting MSE p-values Effect size of SES Effect size (normal
weight and stunting)
Low High SES Low High SES Stunting  SES Stunting Normal Stunting Low High
SES (M%) (M%)  SES (M%) (M%) and SES weight SES SES
2010 Numeracy 70.97 84.72 66.67 81.25 348.5 0.34  <0.001 0.92 0.74% 0.78% 0.23F 0.19
Language 66.33 75.86 62.08 78.13 397.8 0.82 0.004 0.45 0.487 0.80§ 0.21F 0.11
Average 67.88 78.82 63.61 79.17 340.8 0.63 <0.001 0.57 0.59% 0.84§ 0.23F 0.02
2013 Language 44.16 65.73 43.57 65.85 217.8 0.94 <0.001 0.91 1.46§ 1.51§ 0.04 0.01
Mathematics 41.11 60.21 38.00 45.40 311.5 0.23  <0.001 0.72 1.08§ 0.42F 0.18 0.84§
Average 51.49 67.73 49.94 65.66 164.1 0.49 <0.001 0.92 1.27§ 1.23§ 0.12 0.16
Language (ANA) 43.61 69.39 36.74 62.00 264.0 0.04 <0.001 0.94 1.59§ 1.55§ 0.42F 0.45F
Average (ANA) 41.44 64.80 36.65 58.20 230.8 0.08 <0.001 0.78 1.54§ 1.42§ 0.32} 0.43}
2016 Language 55.72 62.33 50.82 59.50 155.5 0.08 <0.001 0.63 0.53% 0.70% 0.39F 0.23F
Mathematics 44.50 57.12 43.42 54.75 263.2 0.54 <0.001 0.82 0.78% 0.70% 0.07 0.15
Average 50.41 62.28 48.07 59.69 123.1 0.21  <0.001 0.95 1.07§ 1.05§ 0.21F 0.23F
Language (Dep.) 49.78 57.37 46.08 59.67 179.9 0.76  <0.001 0.20 0.57% 1.01§ 0.28F 0.17
Mathematics (Dep.) 40.02 56.22 41.50 53.33 359.6 0.83  <0.001 0.51 0.85§ 0.62% 0.08 0.15
Average (Dep.) 4191 56.90 41.33 58.99 118.7 0.69 <0.001 0.48 1.38§ 1.62§ 0.05 0.19

ANA, Annual National Assessment; Dep., departmental marks; Average, average academic mark; SES, socio-economic status; MSE, mean square error.

p<0.05.

Effect size: d > 0.2 small effect, d > 0.5 medium effect, d > 0.8§ large effect.

TABLE 5: Meaningful differences between normal weight, wasting and academic subjects per year.

Year Subjects Normal Wasting MSE )4 Effect size of SES Effect size of normal
and wasting
Low High SES Low High SES Wasting SES Wasting Normal Wasting Low High
SES (M%) (M%) SES (M%) (M%) and SES SES SES
2010 Numeracy 71.54 82.92 63.46 86.67 343.1 0.53 <0.001 0.09 0.61% 1.25§ 0.447 0.20F
Language 65.19 73.77 62.98 79.17 393.7 0.67 <0.001 0.30 0.43+ 0.82§ 0.11 0.27+
Average 67.31 76.81 63.14 81.67 336.7 0.92 <0.001 0.19 0.52% 1.01§ 0.23F 0.26F
2013 Language 45.02 65.78 40.60 70.14 222.5 0.99 <0.001 0.15 1.39§ 1.98§ 0.30F 0.29%
Mathematics 58.37 65.18 52.12 67.00 256.0 0.50 <0.001 0.22 0.43+ 0.93§ 0.39F 0.11
Average 52.15 67.34 48.59 70.39 166.2 0.92 <0.001 0.21 1.18§ 1.69§ 0.28+ 0.24+
Language (ANA) 54.07 68.79 34.00 71.45 284.0 0.25 <0.001 0.06 0.87§ 2.22§ 1.19§ 0.16
Mathematics (ANA) 42.72 58.43 33.83 65.64 316.9 0.82 <0.001 0.03 0.88§ 1.79§ 0.50% 0.41+
Average (ANA) 42.73 63.61 33.52 68.55 238.1 0.51 <0.001 0.03 1.35§ 2.27§ 0.60% 0.32}
2016 Language 55815 62.20 48.98 63.91 158.8 0.37 <0.001 0.12 0.56% 1.18§ 0.49 0.14
Mathematics 46.44 56.93 40.32 60.45 255.6 0.68 <0.001 0.13 0.66% 1.26§ 0.38F 0.22}
Average 50.76 61.78 46.43 64.78 123.9 0.76 <0.001 0.10 0.99§ 1.65§ 0.39 0.27+
Language (Dep.) 50.04 58.09 43.32 60.41 181.4 0.41 <0.001 0.09 0.60% 1.27§ 0.50% 0.17
Mathematics (Dep.) 45.23 56.72 33.16 58.94 342.0 0.18 <0.001 0.05 0.62% 1.39§ 0.65% 0.12
Average (Dep.) 43.20 57.72 38.68 58.13 116.3 0.34 <0.001 0.25 1.35§ 1.80§ 0.427 0.04

ANA, Annual National Assessment; Dep., departmental marks; Average, average academic mark; SES, socio-economic status, MSE, mean square error.

p<0.05.

Effect size: d > 0.2 small effect, d > 0.5% medium effect, d > 0.8§ large effect.

found between language (department), the average
academic mark and low SES (d = 0.21 and 4 = 0.28
respectively). The same was reported between the high SES
for the average academic mark (d = 0.23). Lastly, it was seen
that the participants who were diagnosed with stunting and
living in the high SES reported higher percentages in all the
academic skills over all 3 years than their peers with stunting
in the low SES.

Table 5 reports the effect of wasting and SES on academic
performance. Table 5 reports that language,
mathematics and average academic mark were statistically
significant (p < 0.05) when compared with SES in 2010.
The ANA marks only represent the marks obtained by the

also

ANA tests, whereas the department marks represent the
term mark (including all tests and projects) per subject.
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The same was reported in 2013 and 2016, with regard to
language, mathematics, average academic mark, language
(ANA), language (department), mathematics (department)
and the average academic mark (department). Further, in
2013, statistical significance was found with regard to SES
and wasting (p = 0.03) between mathematics (department)
and the average academic mark (department). The same
tendency was reported in 2016, where a statistical
significance (p = 0.05) was reported with regard to the effect
of SES and wasting on the mathematics marks (department).
Effect sizes were determined for the relationships between
wasting, normal weight and SES. A small effect was found
between high SES, numeracy (d = 0.20), language (d = 0.27)
and the average academic mark (d = 0.26) in 2010. The same
effect was observed regarding low SES and the average
academic mark (d = 0.23). Also reported in 2010 was a
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medium effect with regard to boys with normal weight
(d = 0.52) and a large effect regarding wasting and SES
(d = 0.82). In 2013, language (d = 0.29) and the average
academic mark (d = 0.28) reported a small effect for the
high SES. The same effect was observed for the relationship
between the average academic mark and low SES (d = 0.24).
A large effect was reported for language (ANA) and
mathematics (ANA) amongst boys with normal weight
(d = 0.87 and d = 0.88 respectively). Also, a medium effect
was found amongst mathematics (ANA) and low SES
(d = 0.50). Language and language (department) both
reported a medium effect amongst boys with normal
weight and low SES respectively (d = 0.56 and d = 0.50) in
2016. A small effect was observed amongst mathematics
(d = 0.22) and the average academic mark (d = 0.27) with
regard to high SES. In Table 5 it was seen that the
participants who were diagnosed with wasting and living
in the high SES reported higher percentages in all the
academic skills over all 3 years than their peers with and
without wasting living in high and low SES. In 2013
participants with wasting living in high SES also performed
statistically (p = 0.03) better than their peers with and
without wasting living in the different SES regarding their
mathematics (ANA) and the average academic mark
(ANA). However, in 2016 only statistical differences
(p = 0.05) between the participants in the wasted group
living in high SES and their peers with and without wasting
living in high and low SES were reported for the
mathematics (department) only.

Discussion

The aim of this study was to determine the effect of stunting
and wasting on the academic performance of primary school
boys over a period of 7 years in the North West Province of
South Africa. This study found that the overall stunting and
wasting percentage has increased from 2010 (3.32% vs. 3.86%)
to 2016 (6.63% vs. 6.63%). Furthermore, amongst the low SES,
stunting and wasting percentages increased with each
assessment. The same tendency was reported amongst the
stunted boys in the high SES; however, a decrease in wasting
was reported from 2010 (3.57%) to 2016 (1.19%). The study
reported lower percentages when compared with studies
conducted globally. This might be because of larger sample
sizes in the other studies, which were also not longitudinal in
nature. In a cross-sectional study conducted in South Nigeria, it
was reported that 13% of their group was wasted and that the
prevalence of wasting was higher in children aged 59 years
(19%) than in adolescents aged 10-18 years (8.3%) (Ene-Obong
et al. 2012). In South Africa, a study conducted by Shisana
(2014) reported that the stunting prevalence amongst boys was
the highest at age 0-3 years (26.9%) when compared with the
7-9-year-old boys (10%). Symington et al. (2016) found that
overall 17% of the children (3-9 years of age) in their study
were stunted and that the lowest prevalence of stunting was
found in the Gauteng Province (16.5%) when compared with
the Mpumalanga Province (18.2%). Younger age groups were
used as these are the ages during which stunting and wasting
generally appears (Symington et al. 2016).
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Poor academic performance has a positive correlation with
stunting and wasting amongst boys. The current study found
that, in 2010, the stunted (boys from high and low SES) and
wasted (boys from low SES) boys had a significant association
with language, mathematics and their average academic
score. Additionally, in 2013 and 2016, language, mathematics
and average academic scores (which included the
departmental average academic scores as well) were mostly
influenced by stunted (boys from high and low SES) and
wasted (boys from low SES) boys. Furthermore, the only
statistically significant relationships that were reported
between wasting and SES over the period of 7 years were for
the mathematics (ANA and department) in 2013 and 2016,
and again with the academic average mark (ANA) in 2013,
where the boys representing the wasting group in the high
SES outperformed their peers with and without wasting in
both the SES groups. A possible reason for these results could
be because of the small number of participants (» = 3 in 2013
and n =11in 2016). However, these study results also indicated
that children with stunting and wasting living in higher SES
had higher academic percentages in all the subjects compared
with their peers with stunting or wasting in lower SES. The
findings are consistent with research that stated language
and mathematics are the main subjects that are affected by
stunting and wasting. This may be because of low school
attendance, negative cognitive development and a lack of
reading and/or writing (Kleinman et al. 2002). Jyoti, Frongillo
and Jones (2005) have found that food insecurity will lead to
a decline in academic performance regarding reading and
mathematics. Certain studies (Miller et al. 2015; Prendergast
& Humphrey 2014) regarding stunting found that stunted
and severely stunted children had lower cognitive abilities,
enrolled late or not at all in school and had poor memory and
lower academic performance. These children also had
problems with learning, and it affected both the children’s
literacy skills and numeracy development. Rashmi et al.
(2015) found strong relationships between children’s
nutritional status and academic performance. These
researchers further reported that children who were wasted
had lower grades in their first language and mathematics.
South African studies (Matabane et al. 2012; Themane et al.
2003) found the same tendency where wasting had a positive
association with poor academic performance, especially with
regard to English and mathematics. According to Gallahue
and Ozmun (2006), nutritional status is related to income
status and provides evidence that children growing up in
poor socio-economic environments are performing
academically poorer. Children who are malnourished
experience problems with regular school attendance, struggle
to concentrate and solve problems during teaching sessions
and lack motivation and energy to participate in the teaching
process, according to Hughess and Bryan (2003). This could
be a possible reason why the children living in higher SES
with stunting or wasting outperformed the children with
stunting or wasting living in lower SES. Additionally, an
intervention study by Hollar et al. (2010) on elementary
school children indicated that the intervention (food
ingredients and whole food) group had higher mathematics
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and reading scores when compared with the control (wasted)
group. Supporting these researchers, Jyoti et al. (2005) found
that food insecurity impairs academic performance like
reading and mathematics.

Conclusion

The study reported that stunting amongst primary school
boys gradually increased from 2010 (3.32%) to 2016 (6.63%),
and the same tendency was reported regarding the wasting
amongst boys (3.36%—6.63%). It is clear that the prevalence
of stunting and wasting remained a major concern
(including as a health risk) over a period of 7 years. Stunted
and wasted children are at risk of various health issues,
including low immune systems which will lead to more
absent days from school and a lack of essential nutrients for
development (physically and cognitively). Furthermore,
the study reported that stunting and wasting amongst
primary school boys lead to lower academic achievements
when compared with children with normal weight and
with SES being the most influential factor. From the
literature, it is clear that stunting and wasting have a great
effect on academic performance, especially amongst
subjects such as mathematics and language. Valuable
findings were reported; however, strengths and
shortcomings were encountered. The study can be seen as a
ground-breaking study in South Africa, because of its
longitudinal (over the period of 7 years) nature, following
the boys throughout the primary school. The study sample
was randomly selected, which could lead to generalisation;
however, the small sample size could have complicated
this. The longitudinal effect of the study provided the
researchers with valuable data with regard to stunting and
wasting and academic performance. More studies are
recommended in the other provinces of South Africa as this
study concentrated only on the North West Province and
more longitudinal studies in the South African setting
should be conducted, to strengthen the findings. Lastly, a
successful outcome for these results would be to influence
the relevant parties to such an extent that nationwide
intervention studies (e.g. physical activity intervention
programmes) could be conducted to, for example, improve
feeding schemes and lessen the effect of stunting and
wasting; furthermore, it is recommended that special
intervention is required for these disadvantaged children
to remedy their academic skills.
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