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Aim: To evaluate a two-year longitudinal development of health-related fitness, anthropometry and body
composition status amongst adolescents in Tlokwe Municipality, Potchefstroom, South Africa.

Setting: A total of 283 high-school learners (111 boys and 172 girls) of ages 14 and 15 years who were part
of the ongoing Physical Activity and Health Longitudinal Study (PAHLS) participated in the study. For
the purpose of the present study, data collected for 2011 and 2012 for anthropometric, body composition
and health-related physical fitness were used.

Results: Body mass index (BMI) classification of boys and girls for 2011 and 2012 showed that 24.3% of
them were underweight compared with 21% in 2012. In 2011, 50% of boys and girls had normal body
weight compared with 52% in 2012, whilst 25.5% of the total group of participants were overweight
compared with 27% in 2012. Both boys and girls showed significant increases of 5.9% in body fat (BF)
and 3.2 kg in body weight over two years’ measurements, respectively. Regarding health-related fitness
(i.e BAH), boys showed an increase of 14.8 seconds whilst girls gained 9.6 seconds. Significant decreases
were found for sit-ups in both boys and girls. A significant VO,max increase of 2.9 mL/kg/min. was
found in boys over the time period. A non-significant decrease of -0.5 mL/kg/min. was observed in girls.
Regression coefficients showed that changes in BMI were inversely associated with those in health-related
physical fitness. The changes in percentage BF were negatively associated with standing broad jump
(SB]), bent arm hang (BAH) and VO, max in both boys and girls. A low significant positive association
was found between changes in waist-to-height ratio (WHtR) and SBJ in both genders, whilst inverse low
associations were found between WHtR and BAH in girls and for VO,max in both genders.

Conclusion: Changes in BMI, %BF and WHtR were negatively associated with strength and running
performances in the participating children. The relative increase in overweight, especially in girls,
negatively affected their endurance running and static strength performances. The health implications
of the observed findings are discussed and recommendations offered for physical activity intervention in
school physical education (PE) programmes.

Etude longitudinale de deux ans de la condition physique liée a la santé, de ’anthropométrie et de
I’état de la composition corporelle chez des adolescents de l1a municipalité de Tlokwe: Etude ELAPS.

Objectifs: Evaluer pendant deux ans le développement longitudinal de la condition physique liée a la
santé, de I'anthropométrie et de I'état de la composition corporelle chez les adolescents de la municipalité
de Tlokwe, a Potchefstroom, en Afrique du Sud.

Lieu: 283 éleves du secondaire (111 garcons et 172 filles) de 14-15 ans faisant partie de 1'Etude longitudinale
de I"Activité physique et de la Santé (ELAPS) ont participé a 1'étude. Pour cette étude on a utilisé les
données collectées en 2011 et 2012 pour l'anthropométrie, la composition corporelle et la condition
physique liée a la santé.

Résultats: La classification de l'index de masse corporelle (IMC) des garcons et des filles en 2011 et
2012 a montré que 24.3% d’entre eux avaient un poids insuffisant comparé a 21% en 2012. En 2011, 50%
des garcons et des filles avaient un poids normal comparé a 52% en 2012, alors que 25.5% du groupe
participant étaient en surpoids comparé a 27% en 2012. Les garcons tout comme les filles montraient
une augmentation significative de 5.9% de graisse corporelle (GC) et 3.2 kg de masse corporelle sur
deux ans, respectivement. En ce qui concerne la condition physique liée a la santé (i.e. BAH), les garcons
avaient gagné 14.8 secondes et les filles 9.6 secondes. On a trouvé une diminution significative pour les
redressements assis chez les gargons comme chez les filles. On a remarqué une augmentation VO,max de
2.9 mL/kg/min. chez les garcons pendant cette période. On a noté une diminution peu importante de -0.5
mL/kg/min. chez les filles. Les coefficients de régression ont montré que les changements en IMC étaient
inversement associés a ceux de la condition physique liée a la santé. Les changements dans le pourcentage
de GC étaient liés négativement avec le saut en longueur sans élan (SLSE), la suspension a bras pliés (SBP)
et le VO,max chez les gargons et les filles. On a trouvé un rapport significatif entre les changements du
rapport Tour de taille sur Taille (RTtT) et le SLSE chez les deux sexes, alors qu'il y avait un faible rapport
inverse entre le RTtT et la SBP chez les filles et pour le VO,max chez les deux sexes.

Conclusion: Les changements dans I'IMC, le %GC et le RTtT étaient associés négativement avec la force
et la performance a la course des enfants participants. L’augmentation relative de poids, surtout chez les
filles, a affecté leur endurance a la course et leurs performances de force statique. Les implications pour
la santé des résultats observés sont discutées et des recommandations sont proposées de plans d’activités
physiques dans les programmes d’Education physique (EP) des écoles.
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Introduction

Childhood obesity has become a major public health concern
in the new millennium’ and is one of the most important risk
factors of non-communicable diseases in both developed
and developing countries.? The prevalence of underweight,
overweight and obesity in youth has resulted in an
increased mortality rate worldwide.>* Therefore, it is of vital
importance to understand trends in the development of body
weight disorders in the youth and the negative effect thereof
on overall health.®

According to the World Health Organization (WHO),
physical inactivity is one of the fastest growing risk factors
of non-communicable diseases.® For instance, the WHO
reported that the number of children below the age of
5 who were overweight was estimated to be at least 42
million worldwide.” Furthermore, obesity and overweight
have been found to be major contributors to the risk
factors of cardiovascular disease amongst children and
adolescents.®? Measured in terms of body mass index (BMI)
and percentage body fat (%BF), obesity has been found
to be negatively associated with performance tasks in
which the body is raised off the ground, such as standing
broad jump (SBJ), and the tasks for which the body has
to be lifted in space, such as bent arm hang (BAH) and
sit-ups.’

From early childhood, a sedentary lifestyle and poor health-
related fitness lead to undesirable health consequences,'
including imbalances in body composition. The increasing
prevalence of childhood overweight and obesity over
the past decades therefore raises concern.! Amongst the
detrimental consequences of childhood overweight on
current and future health are that children and adolescents
who are overweight have very low levels of fitness compared
with those who are slimmer.’>?* Furthermore, overweight
is found to be a leading factor associated with inactivity
amongst children.™

Excessive consumption of food high in kilojoules, and
physical inactivity, worsened by prolonged TV viewing, the
use of social media and playing computer video games, have
also been identified as major contributory factors to the high
incidence of overweight and obesity amongst children and
adolescents.® Wiecha et al.”® reported that the prevalence of
overweight children and adolescents has increased between
1976 and 1994 to 13%, is continuously increasing, and reached
about 15.5% in 2000. Furthermore, it was revealed that most
of the youths affected lived in developing nations. The rate
at which children in this domain consume fatty food is
alarming.! The WHO stated that the excessive consumption
of processed food leads to accumulation of body fat (BF)
and a high BMI, causing overweight and finally leading to
obesity.'®

From an epidemiological standpoint, obesity is associated
with physical inactivity and is assumed to be the outcome
of several health risk factors during childhood and
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adolescence'; hence, the need for strategic interventions to
stem the menace of overweight and physical inactivity in
children is imperative.®

In view of the link between physical activity, physical fitness
and body composition in children, it is important to have
a comprehensive understanding of the relationship, using
prospectiveresearch designinorder toimplementappropriate
intervention strategies. However, very little epidemiological
research exists that examines such longitudinal trends.’®"
Furthermore, few studies on the longitudinal relationship
between health-related physical fitness, physical activity and
body composition amongst South African children have been
conducted.??"?? Therefore, the purpose of the present study
was to evaluate the two-year longitudinal development of
health-related fitness, anthropometry and body composition
status amongst adolescents in Tlokwe Municipality, South
Africa.

Methods
Design

The present research was part of the ongoing Physical
Activity and Health Longitudinal Study (PAHLS),> which
commenced in 2010 following a mixed longitudinal survey
designed to evaluate the development of physical activity
(PA), determinants of health risk, and factors affecting
participation in sport and recreational activities amongst
14-year-old high school learners in Tlokwe Municipality,
an area within Dr Kenneth Kaunda District Municipality
which is located near Potchefstroom, the capital city of
North-West Province, South Africa. For the purpose of the
present study, analyses of findings from the cross-sectional
measurements of 2011 and measurements of 2012 are
presented.

Participants

A total of 283 high school learners (111 boys and 172 girls),
aged 14 and 15 years, who were purposefully drawn from
six secondary schools in Tlokwe Municipality, which
granted permission to carry out the research, participated
in the study. The participants provided demographic
information regarding gender, race and school locale
(i.e. town or township). The school-based locales
comprised four schools from the town and four others in
economically deprived township areas. The former group
of schools (Potchefstroom town) thus comprised learners
predominantly of high socioeconomic background, and
the latter group of schools (Ikageng township) comprised
learners predominantly of low socioeconomic background.
The South African Department of Education categorises
schools in quintiles (1 to 5) according to physical condition,
facilities and crowding, and the relative poverty of the
community around the schools.” Of the 8 schools initially
selected, 2 urban schools declined to participate in the study,
without giving any reasons. Detailed information regarding
the participants® and methods of data collection have been
published elsewhere.?
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Anthropometric measurements

The participants’” height, body weight, skinfold thickness
(triceps and subscapular skinfolds), and waist circumference
(WC) respectively were measured using the protocol
of the International Society for the Advancement of
Kinanthropometry (ISAK).* Waist-to-height ratio (WHtR)
and BMI were calculated as waist (cm)/height (cm) and
mass/stature? (kg.m?), respectively. Subsequently, age-
specific BMI for children was used to determine the following
categories: overweight, normal weight and underweight/
thinness.” Percentage body fat (%BF) for boys was: 2 = very
low; 6-12 = low; 13-18 = optimal range; 19-25 moderately
high; 26-31 = high; > 32 very high; and %BF for girls was:
4-10 = very low; 11-15 = low; 15-24 = optimal range; 26-30
= moderately high; 31-35.5 = high; > 35.5 = very high). % BF
was calculated from skinfold measurements using Slaughter
et al.’s* equation which is internationally accepted for use in
children and adolescents from different ethnic groups.

Health-related physical fitness measurements

The participants’ health-related physical fithess status was
determined by assessing their cardiorespiratory endurance,
muscle strength and endurance, and flexibility, using
standardised techniques.”? Cardiovascular endurance was
assessed with the 20-metre multistage shuttle run test which is a
valid measure of aerobic capacity inadolescents.” The following
health-related fitness test items were measured according
to the EUROFIT® test protocol: sit-and-reach (SAR) (a test of
hamstring flexibility, expressed in centimetres); sit-up (SU) (a
measure of abdominal strength and endurance, determined
by the number of correctly performed SUs in 30 seconds);
SBJ (a test of explosive strength of leg extensors measured in
centimetres), and BAH (which measures functional arm and
shoulder muscular endurance to exhaustion in seconds).

Measurement procedures

Before data collection, permission to conduct the
measurements was granted by the District Manager of the
Department of Basic Education in Potchefstroom, North-
West Province. Clearance was also received from the Ethics
Committee of North-West University, Potchefstroom
Campus (Ethics no: NWU-0058-01-A1). The participating
schools were briefed about the purpose of the study, and
informed consent forms were signed by the school authorities
as well as the learners and their parents. To minimise loss
of interest and fatigue amongst the participants and prevent
disruption of teaching and learning activities at the schools,
data were collected on days agreed to by the participating
schools. Only the data of learners who were 14 and 15 years
old at the time of testing were analysed.

Before the anthropometric and health-related fitness
measurements were carried out, a demographic questionnaire,
under the supervision of the principal investigator, was
completed. The physical and physiological variables were
measured in the following order: anthropometry, health-related
fitness, and gross and fine motor fitness. All anthropometric
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sites were measured twice by Level 2 ISAK-certified
anthropometrists according to standardised procedures.

Data analyses

The cross-sectional data on the high school learners” health-
related fitness, body composition and PA were analysed using
descriptive statistics, such as means and standard deviations.
Independent r-tests were computed to determine age and
sex differences in the variables amongst the high school
learners. A non-parametric paired -test was used to examine
significant differences between two outcome variables, and a
chi-square test to evaluate significant differences. The effect
size statistics reported as Cohen’s d (standardised mean
differences) and 95% confidence interval (CI) were calculated.
Values of Cohen’s d = 0.2, 0.5 and 0.8 were regarded as
small, medium and large effects, respectively. To study the
development over time of the body composition indicators
and health-related physical fitness, Pearson’s product
moment correlation coefficients were calculated for the first
and second measurements for all outcome variables. To
further examine the relationships between the independent
and dependent measures, linear regression analyses corrected
for gender, race and locality were computed. If a significant
interaction with gender was established, separate coefficients
were reported for boys and girls separately. All data analyses
were performed with the Statistical Package for the Social
Sciences (SPSS), Version 20.0 2011. A probability level < 0.05
was taken to indicate significance.

Results

Table 1 presents the percentage distribution of the learners’
BMI categories by year of study (i.e. for both 2011 and 2012).
Based on BMI classifications of boys and girls over the 2-year
period, 24.3% of them were underweight, with a decrease of
3.3 (21%) in 2012. For 2011, 50% of the boys and girls were
in the normal weight category, with an increase of 2% (52%)
in 2012, whilst 25.5% of the total group of participants was
overweight in 2011, thus yielding an overall increase of 1.5%
(27%) in 2012.

Table 2 comprises data on the percentage distribution
of BMI by gender for the learners in 2011 and 2012. In
the measurements for 2011, 23% of the boys were in the
underweight category; a decrease of 3.5% in the incidence
of underweight was found amongst them in the second
measurementsessionin2012. For girls, 25% were underweight
in 2011, and in 2012 a decrease of 3.1% was found. Amongst

TABLE 1: Percentage distribution of BMI categories for total group of participants
by year of study.

BMI classification 2011 (boys and girls) 2012 (boys and girls)
Frequency % Frequency %

Underweight (BMI between 60 24.3 52 21

17 and 18.5)

Normal weight (BMI between 124 50.2 128 52

18.5 and 25)

Overweight (BMI > 22.62 for 63 255 66 27

boys and > 23.34 for girls)

Total 247 100.0 246 100

BMI, body mass index.
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TABLE 2: Percentage distribution of BMI of participants by gender for 2011 and 2012.

BMI classification 2011 2012
Boys Girls Boys Girls
Frequency % Frequency % Frequency % Frequency %
Underweight (BMI between 17 and 18.5) 20 23.0 40 25.0 17 19.5 35 219
Normal weight (BMI between 18.5 and25) 49 56.3 75 46.9 42 48.3 86 53.8
Overweight (BMI > 22.62 for boys and > 18 20.7 45 28.1 28 32.2 38 23.8
23.34 for girls)
Total 87 100.0 160 100 87 100.0 159 99.4
BMI, body mass index.
TABLE 3: Gender differences in the high school learners’ anthropometric and body composition characteristics.
Variables Boys Girls Cohen’s d
2011 (1 = 87) 2012 (n = 86) 2011 (n = 159) 2012 (n = 158)
Mean + SD Mean + SD Average mean change over time Cohen’s d Mean + SD Mean + SD Mean differences
and confidence intervals
Stature (cm) 160.7 £ 10.0 162.6 9.4 1.9 (-7.42 to -1.06) 0.65 157.8 +7.09 163.0+9.43 5.2 (-7.16 to -3.39) 0.67
Body mass (kg) 57.1+14.17 57.0+13.4 -0.1(-4.10 to 4.25) 0.02 54.1+13.15 57.3+14.0 3.2(-6.23t0-0.21)F  0.25
BMI (kg.m™2) 20.5+3.81 21.7 £4.56 1.2 (-2.48 to 0.04) 0.69 21.6 £4.45 21.4+4.30 -0.2 (-0.52 t0 1.17) 0.03
%BF 14.44 £9.09 20.3+9.36 5.9 (-8.41to-3.11)1 0.89 26.4+8.61 19.4 £9.68 -7 (4.87 t0 9.10)1 0.89
WHtR (mm) 0.42 +0.04 0.43 +£0.05 0.01(-0.02 to 0.01) 0.33 0.43 £0.05 0.42 £0.51 -0.01 (-0.00 to 0.02)f 0.47
SBJ (cm) 156.4 + 26.2 162.5+86.7 6.1(-26.11 to 13.82) 0.48 165.7 +30.8 159.8+54.7  -5.9(-3.77t015.59)  0.09
BAH (x/sec.) 8.0+9.38 22.8+12.4 14.8 (-18.43 to -11.15)} 0.88 10.8+12.1 20.4+14.2 9.6 (-12.50 to -6.71)1 0.87
SU (x/sec.) 29.3+10.7 13.9 +15.36 -15.4 (11.32 to 19.42)7 0.92 28.0 £10.46 17.0+14.3 -11(8.43t0 13.66)7  0.84
qugnax (mL/kg/ 31.2+7.75 34.2+7.96 3 (-5.58 to -0.36) 1 0.56 34.6 £8.33 34.1+8.56 -0.5 (-1.58 t0 2.61) 0.15
min
SAR (cm) 44,7 + 8.64 45.8+8.42 1.1(-3.55t01.25) 0.10 45.6 +8.55 46.1+8.76 0.5 (-2.33 to0 1.38) 0.02

T, A significant change over time with p < 0.05.

SD, standard deviation; BMI, body mass index; %BF, percentage body fat; WHtR, waist-to-height ratio; SBJ, standing broad jump; BAH, bent arm hang; SU, sit-up; VO,max, maximal oxygen uptake;

SAR, sit-and-reach.

the boys, those overweight showed an increase in incidence
of 11.5%, whilst a decrease in incidence of 4.3% was found
amongst the girls.

Descriptive data by gender differences in the anthropometric
and body composition characteristics (boys and girls in 2011
and 2012) are shown in Table 3. In 2011, the boys’ mean
height was 160.7 = 9.1 cm (n = 87) which reveals that they
were not significantly taller than the mean height of 162.6
+ 9.4 cm (n = 87) (p > 0.117) noted in 2012. For the girls in
2012, results showed that they were taller (163.0 + 9.43 cm;
n = 159) than they were (157.8 + 7.09 cm; n = 159) in 2011,
but the difference was not significant (p > 0.608). Boys were
slightly heavier (57.09 + 14.17 kg; n = 87) in the first year than
in the second year (57.02 + 13.4 kg; n = 87), but the difference
was also not statistically significant (p > 0.959). However, in
the second year, girls were heavier (57.33 + 14.0 kg; n = 159)
than they were in the first year (54.11 + 13.15 kg; n = 159),
similarly yielding a non-significant difference (p > 0.992).

Both series of measurements for boys showed a significant
increase of 1.9 cm (95% CI-7.42 to-1.06 and Cohen’s d = 0.63) in
height, and 5.9% BF (95% CI-8.41 to-3.11 and Cohen’s d=0.89),
over 2 years. Amongst the girls, a significant increase of 5.2
cm (95% CI -7.16 to -3.39 and Cohen’s d = 0.67) in height and
3.2 kg (95% CI -6.23 to -0.21 and Cohen’s d = 0.25) in body
weight were found. Regarding health-related physical fitness,
boys showed a significant increase of 14.8 seconds (95% CI
-18.43 to -11.15 and Cohen’s d = 0.88) in BAH and 3 mL/kg/
min. (95% CI -5.58 to -0.36 and Cohen’s d = 0.56) in VO,max.
A significant decrease of 15.4 counts per second (95% CI 11.32
to 19.42 and Cohen’s d = 0.88) was found in SUs in boys. For
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TABLE 4: Correlation coefficients for body composition variables over two
annual measurements.

Variables %BF2 Body mass2 BMI2 %BF2 2SKF2  WHtR2
% BF1 - 0.02 -0.02 -0.06 -0.06 -0.07

Body mass1 .02 - 0.867 0.44+ 0.55F 0.70%

BMI1 -.02 0.86+ - 0.72} 0.817F 0.887

% BF1 -.06 0.447 0.72} - 0.96F 0.65F

SSKF1 -.06 0.55+ 0.81F 0.96+ - 0.75F

WHtR1 -.07 0.70t 0.887 0.65F 0.757 -

F, Correlation is significant at the 0.01 level (2-tailed).
%BF, percentage body fat; BMI, body mass index; SKF, sum of skinfolds; WHtR, waist-to-
height ratio.

TABLE 5: Correlation coefficients for health-related fitness over two annual
measurements.

Variables SBJ2 SuP2 BAH2 SAR2 VO:max2
SBJ1 -0.02 0.07 0.02 0.001 0.02
BAH1 -0.03 0.11 -0.01 0.04 0.02
SUP1 0.04 0.09 0.10 -0.002 0.05
VO,max1 -0.05 0.10 -0.02 0.002 0.02
SAR1 -0.01 -0.06 0.04 0.13% 0.09

+, correlation is significant at the 0.05 level (2-tailed).

girls, a significant increase of 9.6 seconds (95% CI -12.50 to
-6.71 and Cohen’s d = 0.87) in BAH was found. Additionally,
a significant decrease of 11 counts (95% CI 8.43 to 13.66 and
Cohen’s d = 0.85) was found for SUs in girls. A non-significant
decrease of 5.9 cm (95% CI -3.77 to 15.59 and Cohen’s d = 0.09)
in SBJ and 0.5 mL/kg/min (95% CI -1.58 to 2.61 and Cohen’s
d = 0.15) in VO,max were observed (Table 4).

Significantly high correlation coefficients were found for BMI
and %BF, sum of skinfolds and WH{tR at all measurements
points for all participants (Table 5).
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TABLE 6: Age- and race-adjusted regression

Page 5 of 7 . Original Research

coefficients (B) and p-values for the relationship of changes in body composition and changes in health-related fitness

parameters.
Variable Gender Parameter SBJ (cm) BAH (sec.) SAR (cm) sup VO,max
[ p [ P R P B p R p
BMI Boys Crude -0.011 0.057 -0.037 0.38 -0.09 0.138 -0.04 0.198 -0.229 0.001
Adjusted -0.012 0.56 -0.03 0.51 -0.10 0.155 -0.049 0.163 -0.226 0.002
Girls Crude -0.012 0.05 -0.075 0.002 -0.015 0.72 -0.01 0.696 -0.19 0.000
Adjusted -0.12 0.068 -0.08 0.001 -0.008 0.84 -0.01 0.694 -0.197 0.000
%BF Boys Crude -0.03 0.007 -0.229 0.006 0.15 0.566 -0.31 0.000 -.081 0.000
Adjusted -0.03 0.01 -0.227 0.01 0.13 0.34 -0.32 0.000 -0.82 0.000
Girls Crude -0.056 0.000 -0.335 0.000 0.03 0.756 -0.22 0.000 -0.899 0.000
Adjusted -0.058 0.000 -0.334 0.000 0.03 0.71 -0.23 0.000 -0.88 0.000
WHtR Boys Crude 0.00 0.009 0.00 0.34 -0.070 0.589 -0.001 0.067 -0.02 0.00
Adjusted 0.00 0.008 0.00 0.47 -0.071 0.602 -0.001 0.05 -0.003 0.001
Girls Crude 0.00 0.02 -0.001 0.00 -0.070 0.41 0.000 0.44 -0.002 0.00
Adjusted 0.00 0.028 -0.001 0.00 -0.056 0.52 0.000 0.49 -0.002 0.00

BMI, body mass index; %BF, percentage body fat; WHtR, waist-to-height ratio; SBJ, standing broad jump; BAH, bent arm hang; SAR, sit-and-reach; SU, sit-up; VO,max, maximal oxygen uptake.

The results also showed low non-significant correlation
coefficients between health-related physical fitness in the
first and second measurements, except for a significant
correlation found between SAR at first and second
measurements.

Table 6 presents the age-adjusted regression coefficients for
the relationship of changes in body composition and the
health-related fitness parameters. The changes in BMI were
inversely associated with health-related physical fitness. The
changes in %BF were negatively associated with SB], BAH
and VO,max in both boys and girls. A low significant positive
association was found between changes in WHtR and SBJ in
both genders, whilst low inverse associations were found
between WHtR and BAH in girls and for VO,max amongst
both genders.

Discussion

The present study was carried out to examine a two-
year longitudinal development in health-related physical
fitness, PA and body composition in randomly selected
South African schoolchildren. In general, the results
showed a steady decrease in underweight on the one
hand, whilst on the other hand a relative increase in
overweight amongst the boys and girls was observed.
In a study on health-related fitness and weight status in
Hong Kong adolescents, Mak et al.*® reported higher body
weight characteristics and comparatively poorer age- and
gender-specific performance measures than amongst the
South African children in the present study. However,
our study showed an increasing tendency to be fatter
and overweight, as indicated by BMI scores of the South
African boys and girls over the 2-year period. As many
factors affect body composition, it is important that those
factors be identified so that preventative measures can be
put in place to address them. The outcome of the negative
health effects of underweight and obesity is likely to
be the development of diseases that emanate from a
sedentary lifestyle such as hypertension, cancer and Type
II diabetes®*'*>* which can considerably reduce children’s
health-related physical fitness.**
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In the present study, significantly high inter-correlations
were found for BMI and %BF, sum of skinfolds and WHtR
over the two testing sessions. This finding is not surprising as
studies have consistently shown that, because these variables
are all indicators of fatness, positive associations amongst
them are to be expected.*

It was of particular interest in the present study to examine
the longitudinal relationship between body composition
and fitness performance measures amongst the South
African learners; the results showed that changes in
BMI and %BF were inversely associated with health-
related physical fitness amongst the boys and girls.
Furthermore, significant positive relationships were found
between changes in WHtR and SBJ in both genders, with
correspondingly low inverse correlations noted between
WHtR and BAH in girls, and VO,max in both genders.
These results are probably linked to the decrease in physical
activity/exercise and work capacity amongst the children,
which consequently reduced their health-related physical
fitness performances.* Furthermore, Shang et al.* reported
that overweight and obese youth do not perform well, as
was shown by their poor performance in SBJ, and in the
50 m sprint and shuttle run, compared with youths of normal
weight. These observations show that explosive strength,
cardiorespiratory fitness, speed, agility and muscular
capability of the youths are progressively reduced owing
to excess fat accumulated in the body,* which becomes
an extra load for them to carry in weight-bearing tasks or
whilst performing gross motor skills.

Research has shown that physical fitness is another important
issue from a public health perspective.®” According to
Brunet et al.*® and Artero et al.* who examined whether there
is a relationship between weight status and health-related
physical fitness in youth, there was a decrease in physical
fitness with increasing BMI amongst children. Although
the major influence of fat mass and fat-free mass is still not
clear,* it should be noted that body composition constitutes
an important element of health-related physical fitness and
is a powerful factor in providing specific information on
wellness.’
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One influence that could account for the tendency for South
African children to develop excess BF and weight is the
fact that they have limited exposure to PA in school. For
instance, it was reported in the study conducted by Reddy
et al.* that, amongst South African adolescents, more than
54.3% have physical education (PE) classes as part of their
school curriculum, and more than 52.8% engage in vigorous
physical activity (PA) during school hours. Despite this
shortcoming (i.e. excessive BF amongst learners), attention
is not paid to PE in the public school system, and many
schools are constructed without playgrounds.® To stem
the rising trend of obesity and physical inactivity in South
African high school learners, it is of vital importance that
the school system provides children and adolescents ample
opportunity to be physically active. The need to design PA
intervention programmes, even in the temporary absence of
PE, is therefore urgent and imperative.

Limitations of the study

The findings of the present study should be interpreted
in the light of the following limitations. In view of the
longitudinal nature of the study, only a small sample of
schoolchildren was involved. It was also not feasible to
involve more children as the sample was based on the
permission granted by the authorities of the schools where
the study was conducted, and care was taken not to disrupt
the learners’ classes as a result of their participation in the
research. The results might have been different if a larger
sample size had been used. As the study was undertaken
in 6 public high schools in the Tlokwe Municipality area
of the Dr Kenneth Kaunda District Municipality, the
findings should not be generalised as reflecting the status
of PA, physical fitness and body composition amongst
schoolchildren in Tlokwe Municipality and North-West
Province as a whole. Such a generalisation would require
much larger samples that would be representative of
schools in the province.

Conclusion and recommendations

Based on the findings, it is concluded that changes in BMI,
%BF and WHIR are negatively associated with strength and
running performances in children. The relative increase
in overweight, especially in girls, negatively affected their
endurance running and static strength performances. Based
on these findings, we therefore recommend the need for PA
interventions in school PE programmes. In addition, future
studies that will cover larger samples of South African
learners are required.

Acknowledgements

The co-operation of the District Office of the Department of
Basic Education, school authorities, teachers, parents and
children in Tlokwe Municipality is greatly appreciated. We
thank the fourth-year students in the School of Biokinetics,
Recreation and Sport Science and the PAHLS research team
for their valuable support in the study. The material is based

Page 6 of 7 . Original Research

http://www.phcfm.org . doi:10.4102/phcfm.v7i1.896

upon work supported financially by the National Research
Foundation (NRF) and the Medical Research Council of
South Africa (MRC).

Competing interests

The authors declare that they have no financial or personal
relationship(s) that may have inappropriately influenced
them in writing this article.

Authors’ contributions

O.T. (North-West University), a PhD student, is responsible
for the development of the objectives, data arrangements,
interpretation and write-up of the article. M.M. (North-West
University) is the principal investigator in the PAHL study,
and was responsible for the total design, planning, logistics
and funding application of the entire study. Furthermore,
M.M. contributed to the data analyses and write-up of the
article, and commented on the final article. A.T. (Tshwane
University of Technology) contributed to the write-up and
commented on the final version.

References

1. Ademola OA, Monday OM. Aerobic and progressive resistance exercise effects
on body composition of primary school children in Ibadan, Nigeria. Br J Educ Soc
Behav Sci. 2013;3:163-173.

2. Bishwalata R, Brogen SA, Joy-Singh A, Usharani L. Assessment of body composition
and body mass index of adolescent school children in Imphal-West district,
Manipur. J Med Sociol. 2012;26:184-188.

3. Hands B, Larkin D, Parker, H, Straker L, Perry M. The relationship among physical
activity, motor competence and health-related fitness in 14-year-old adolescents.
Scand J Med Sci Sports. 2009;19:655-663. PMID: 18694431, http://dx.doi.
org/10.1111/j.1600-0838.2008.00847.x

4. Artero EG, Espafia-Romero V, Ortega FB, et al. Health-related fitness in
adolescents: Underweight, and not only overweight, as an influencing factor. The
AVENA Study. Scand J Med Sci Sports. 2010;20:418-427. PMID: 19558383, http://
dx.doi.org/10.1111/j.1600-0838.2009.00959.x

5. Monyeki MA, Neetens R, Moss SJ, Twisk J. The relationship between body
composition and physical fitness in 14 year old adolescents residing within
the Tlokwe local municipality, South Africa: The PAHL study. BMC Public
Health. 2012;12:374. PMID: 22626033, http://dx.doi.org/10.1186/1471-
2458-12-374

6. World Health Organization. Global health risks. Mortality and burden of disease
attributable to selected major risks. c2009 [cited 2011 October 2]. Available from:
www.who.int/healthinfo/global _burden_disease/ GlobalHealthRisks _report_
full.pdf

7. World Health Organization. Global strategy on diet, physical activity and health:
Childhood overweight and obesity. c2011 [cited 2012 February 8]. Available from:
www.who.int/dietphysicalactivity/childhood/en/

8. Toriola OM, Monyeki MA. Health-related fitness, body composition and physical
activity status among adolescent learners: The PAHL study. Afr J Phys Health Educ
Recreat Dance. 2012;18:795-811.

9. Tremblay MS, Williams JD. Is the Canadian childhood obesity epidemic related
to physical inactivity? Int J Obes Relat Metab Disord. 2003;27:1100-1105. PMID:
12917717, http://dx.doi.org/10.1038/s.ij0.0802376

10. Monyeki MA, Koppes LLJ, Kemper HCG, et al. Body composition and physical
fitness of undernourished South African rural primary school children. Eur
J Clin Nutr. 2005;59:877-883. PMID: 15915157, http://dx.doi.org/10.1038/
sj.ejcn.1602153

. Pahkala K, Hernelahti M, Heinonen OJ, et al. Body mass index, fitness and physical
activity from childhood through adolescence. Br J Sports Med. 2013;47:71-77.
PMID: 22809525, http://dx.doi.org/10.1136/bjsports-2011-090704

12. Kriemler S, Manser-Wenger S, Zahner L, Braun-Fahrlander C, Schindler C, Puder JJ.
Reduced cardiorespiratory fitness, low physical activity and an urban environment
are independently associated with increased cardiovascular risk in children.
Diabetologia. 2008;51:1408-1415. PMID: 18560801, http://dx.doi.org/10.1007/
500125-008-1067-z

13. Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness in childhood and
adolescence: A powerful marker of health. Int J Obes. 2008;32:1-11. PMID:
18043605, http://dx.doi.org/10.1038/sj.ijo.0803774

14. Metcalf BS, Hosking J, Jeffery AN, Voss LD, Henley W, Wilkin TJ. Fatness leads to
inactivity, but inactivity does not lead to fatness: A longitudinal study in children
(EarlyBird 45). Arch Dis Child. 2011;96:942—947. PMID: 20573741, http://dx.doi.
org/10.1136/adc.2009.175927

1

[N



http://www.phcfm.org
http://dx.doi.org/10.1111/j.1600-0838.2008.00847.x
http://dx.doi.org/10.1111/j.1600-0838.2008.00847.x
http://dx.doi.org/10.1111/j.1600-0838.2009.00959.x
http://dx.doi.org/10.1111/j.1600-0838.2009.00959.x
http://dx.doi.org/10.1186/1471-2458-12-374
http://dx.doi.org/10.1186/1471-2458-12-374
http://www.who.int/healthinfo/global _burden_disease/ GlobalHealthRisks _report_full.pdf
http://www.who.int/healthinfo/global _burden_disease/ GlobalHealthRisks _report_full.pdf
http://www.who.int/dietphysicalactivity/childhood/en/
http://www.ncbi.nlm.nih.gov/pubmed/12917717
http://dx.doi.org/10.1038/sj.ijo.0802376
http://dx.doi.org/10.1038/sj.ejcn.1602153
http://dx.doi.org/10.1038/sj.ejcn.1602153
http://dx.doi.org/10.1136/bjsports-2011-090704
http://dx.doi.org/10.1007/s00125-008-1067-z
http://dx.doi.org/10.1007/s00125-008-1067-z
http://dx.doi.org/10.1038/sj.ijo.0803774
http://dx.doi.org/10.1136/adc.2009.175927
http://dx.doi.org/10.1136/adc.2009.175927

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wiecha JL, El Ayadi AM, Fuemmeler BF, et al. Diffusion of an integrated health
education programme in an urban school system: Planet health. J Paediatr
Psychol. 2004;29:467—-474. PMID: 15277589, http://dx.doi.org/10.1093/jpepsy/
jsh050

World Health Organization. Media centre: Obesity and overweight. c2011 [cited
2012 February 8]. Available from: http:// www.who.int/mediacentre/factsheets/
fs311/en/

Kovacs VA, Fajcsak Z, Gabor A, Martos E. School-based exercise program improves
fitness, body composition and cardiovascular risk profile in overweight/obese
children. Acta Physiol Hung. 2009;96:337—347. PMID: 19706375, http://dx.doi.
org/10.1556/APhysiol.96.2009.3.7

Kristensen PL, Mgller NC, Korsholm L, Wedderkopp N, Andersen LB, Froberg K.
Tracking of objectively measured physical activity from childhood to adolescence:
The European youth heart study. Scand J Med Sci Sports. 2008;18:171-178. PMID:
17555542, http://dx.doi.org/10.1111/j.1600-0838.2006.00622.x

Nelson MC, Neumark-Stzainer D, Hannan PJ, Sirard JR, Story M. Longitudinal and
secular trends in physical activity and sedentary behaviour during adolescence.
Pediatrics. 2006;118:e1267-e1634. PMID: 17142492, http://dx.doi.org/10.1542/
peds.2006-0926

Kruger R, Kruger HS, Macintyre UE. The determinants of overweight and obesity
among 10- to 15-year-old schoolchildren in the North West Province, South Africa
— the THUSA BANA (Transition and Health during Urbanisation of South Africans;
BANA, children) study. Public Health Nutr. 2006;9:351-358. PMID: 16684387,
http://dx.doi.org/10.1079/PHN2005849

Amusa LO, Goon DT, Amey AK, Toriola AL. Health-related physical fitness
among rural primary school children in Tshannda, South Africa. Sci Res Essay.
2011;6:4665-4680. http://dx.doi.org/10.5897/SRE10.522

Monyeki MA, Koppes LLJ, Monyeki KD, Kemper HCG, Twisk JWR. Longitudinal
relationships between nutritional status, body composition, and physical fitness
in rural children of South Africa: The Ellisras longitudinal study. Am J Hum Biol.
2007;19:551-558. PMID: 17546607, http://dx.doi.org/10.1002/ajhb.20616

Department of Education. National norms and standards for school funding.
Government notice 20. Pretoria: Department of Education; 2003.

Marfell-Jones M, Old T, Steward A, et al. International standards for anthropometric
assessment. Auckland: ISAK; 2006.

ColeTJ, Flegal KM, Nicholls D, Jackson AA. Body massindex cut offs to define thinness
in children and adolescents: International survey. BMJ. 2007;335(7612):194.
PMID: 17591624 http://dx.doi.org/10.1136/bm;j.39238.399444.55

Slaughter MH, Lohman TG, Boileau RA, et al. Skinfold equations for estimation of
body fatness in children and youth. Hum Biol. 1988;60:709-723. PMID: 3224965.

Australian Sports Commission. 20m shuttle run test: A progressive shuttle run test
for measuring aerobic fitness. Belconnen: Australian Coaching Council; 1999.

Page 7 of 7 . Original Research

28.
29.
30.
31.
32.

33.
34,

35.
36.
37.

38.

39.

EUROFIT. Handbook for the EUROFIT test of physical fitness. Strasbourg: Council
of Europe Committee for the development of sport, Committee of experts on
sport research; 1988.

Davis JA. Direct determination of aerobic power. In: Maud PJ, Foster C, editors.
Physiological assessment of human fitness. 2nd ed. Champaign, IL: Human
Kinetics; 2006; p. 9-18.

Mak K, Ho S, Lo W, et al. Health-related physical fitness and weight status in Hong
Kong adolescents. BMC Public Health. 2010;10:88. PMID: 20178615, http://
dx.doi.org/10.1186/1471-2458-10-88

Bovet P, Shamlaye C, Gabriel A, Riesen W, Paccaud F. Prevalence of cardiovascular risk
factors in a middle-income country and estimated cost of a treatment strategy. BMC
Public Health. 2006;6:9. PMID: 16423280, http://dx.doi.org/10.1186/1471-2458-6-9

Rivera IR, Mendoca-Da Silva MA, Almeida-Silva RDT, et al. Physical inactivity, TV-
watching hours and body composition in children and adolescents. Socieda de
Brasileira De Cardiologia. 2009;67:278-295.

Lubans DR, Boreham CA, Kelly P, Foster CE. The relationship between active
travel to school and health-related fitness in children and adolescents: A
systematic review. Int J Behav Nutr Phys Act. 2011;8:5. PMID: 21269514, http://
dx.doi.org/10.1186/1479-5868-8-5

Rey-Lopez JP, Vincent-Rodriguez G, Biosca M, Moreno LA. Sedentary behaviour
and obesity development in children and adolescents. Nutr Metab Cardiovasc Dis.
2008;18:242-251. PMID: 18083016, http://dx.doi.org/10.1016/j.numecd.2007.
07.008

Katzmarzyk PT, Barreira TV, Broyles ST, et al. The international study of childhood
obesity, lifestyle and the environment (ISCOLE): Design and methods. BMC Public
Health. 2013;13:900. PMID: 24079373, http://dx.doi.org/10.1186/1471-2458-13-900

Shang X, Liu A, Li Y, et al. The association of weight status with physical fitness
among Chinese children. Int J Pediatr. 2010;2010: 6. PMID: 20652083, http://
dx.doi.org/10.1155/2010/515414

Myers J, Kaykha A, George S, et al. Fitness versus physical activity patterns in
predicting mortality in men. Am J Med. 2004;117:912-918. PMID: 15629729,
http://dx.doi.org/10.1016/j.amjmed.2004.06.047

Brunet M, Chaput JP, Tremblay A. The association between low physical fitness
and high body mass index or waist circumference is increasing with age in
children: The ‘Quebec en Forme’ Project. Int J Obes. 2007;31:637-643. PMID:
17006443, http://dx.doi.org/10.1038/sj.ij0.0803448

Reddy SP, Panday S, Swart D, et al. Umthente Uhlaba Usamila — The South African
Youth Risk Behaviour Survey. Cape Town: South African Medical Research Council;
2002 [cited 2009 October 18]. Available from: www.mrc.ac.za/ health promotion/
reports.htm

http://www.phcfm.org . doi:10.4102/phcfm.v7i1.896



http://www.phcfm.org
http://dx.doi.org/10.1093/jpepsy/jsh050
http://dx.doi.org/10.1093/jpepsy/jsh050
http:// www.who.int/mediacentre/factsheets/fs311/en/
http:// www.who.int/mediacentre/factsheets/fs311/en/
http://dx.doi.org/10.1556/APhysiol.96.2009.3.7
http://dx.doi.org/10.1556/APhysiol.96.2009.3.7
http://dx.doi.org/10.1111/j.1600-0838.2006.00622.x
http://dx.doi.org/10.1542/peds.2006-0926
http://dx.doi.org/10.1542/peds.2006-0926
http://dx.doi.org/10.1079/PHN2005849
http://dx.doi.org/10.5897/SRE10.522
http://dx.doi.org/10.1002/ajhb.20616
http://dx.doi.org/10.1136/bmj.39238.399444.55
http://dx.doi.org/10.1186/1471-2458-10-88
http://dx.doi.org/10.1186/1471-2458-10-88
http://dx.doi.org/10.1186/1471-2458-6-9
http://dx.doi.org/10.1186/1479-5868-8-5
http://dx.doi.org/10.1186/1479-5868-8-5
http://dx.doi.org/10.1016/j.numecd.2007.07.008
http://dx.doi.org/10.1016/j.numecd.2007.07.008
http://dx.doi.org/10.1186/1471-2458-13-900
http://dx.doi.org/10.1155/2010/515414
http://dx.doi.org/10.1155/2010/515414
http://dx.doi.org/10.1016/j.amjmed.2004.06.047
http://dx.doi.org/10.1038/sj.ijo.0803448

