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ABSTRACT
The primary objective of this study was to examine anatomical fat patterning in South
African children (black and white) by utilising principal components analysis and to provide
normative data on fat patterning for South African children. This statistical method has rarely
been used to determine fat patterning in South African children.

A stratified random sampling of 1136 (548 boys and 588 girls, and 581 blacks and 555
whites) children aged 9−13 years attending public primary schools in Pretoria Central, South
Africa, participated in the study.

Anthropometric measurements included stature, body mass, skinfolds (triceps, subscapular,
triceps, biceps, supraspinale, iliac crest, abdominal, thigh, calf) and girths (waist, hip, arm
relaxed, arm flexed and tensed). Physical activity, sedentary and dietary food intake were
assessed by means of questionnaires.

Fat distribution differences between samples were evaluated using principal components
analysis. Three principal components emerged. The first principal component was a size
component (fatness), accounting for 62.3% variance. The second component (upper trunklower trunk) accounted for total variance of 14.1%. The third component (lower trunk-upper
extremity) of relative subcutaneous fat distribution, explained about 10.2% of total residual
variance. Overall, the three components account for approximately 87.0% of total variance.

Boys and girls showed positive loadings in all the skinfold thicknesses, implying a fatness or
size factor component, with a total variance of 48.3% and 54.4% for boys and girls,
respectively. Similarly, black and white children’s skinfold thickness loaded positively on the
first component, indicating a fatness or size factor component, and explaining 52.8% and
48.9% in black and white children, respectively.
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The results indicated that principal component 1, but not 2 and 3, was significantly correlated
with body composition variables and age (p ≤ 0.05), suggesting that component 1 is truly an
indicator of total body fatness and not fat patterning.

High prevalence of excessive weight and obesity among the children in this study, suggests
the need for interventions to reduce their occurrence in all school populations in order to
prevent them from beginning very early in life.

The trunk-extremity and upper-lower body extremity fat patterning components are
discernible among the sample of South African children in Pretoria, and the study
demonstrates that fatness and fat patterning are independent anatomical characteristics of
body composition.

Future studies need to establish the performance of principal components analysis as a
method for studying fat patterning in South African children.
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GLOSSARY

Adipose

Body tissue composed of fat cells.

Acromiale

Landmark point on the superior part of the acromion.

Anthropometry

Measurement of body size and proportion, including
skinfold thicknesses, circumferences, body widths
and lengths, stature, and body mass.

Cross-sectional study

Research plan in which data are collected at a single
point in time and participants are classified by
predictor (independent) and outcome (dependent)
variables.

Fat mass

All extractable lipids from adipose and other tissues
in the body.

Frankfort plane

When the Orbitale (lower edge of the eye socket) is in
the same horizontal plane as the tragion (the notch
superior to the tragus of the ear).

Radiale

Landmark point at the proximal and border of the
head of the radius.

Relative body fat

Fat mass expressed as a percentage of total body
mass.

Intraclass correlation

A measure association (or similarity) among
measurements within a group or class.

Multicomponent model

Body composition model that accounts for interindividual variation in the water, mineral, and protein
content of the fat-free body.

Skinfold

Measure of the thickness of two layers of skin and the
underlying subcutaneous fat.

Tragion

The notch superior to the tragus of the ear.

Visceral fat

Adipose tissue within and around the organs in the
thoracic and abdominal cavities.

Fat-free mass

All residual, lipid-free chemicals and tissues
including water, muscle, bone, connective tissue, and
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internal organs.

Principal components
analysis

Transformation of many possibly correlated variables
into fewer variables

Anatomical fat patterning
Android fat

Fat deposition in the abdominal region

Gynoid fat

Fat accumulation in the hip region

Dyslipidemia

Abnormal levels of lipids in the blood

Risk factor

Clearly defined characteristics that have been
associated with the increased rate of a subsequently
occurring disease.

Type 2 diabetes

Form of diabetes that usually begins as insulin
resistance disorder in which the cells do not use
insulin properly.

Technical error of

Standard deviation of repeated measurements taken

measurement

independently of one another on the same participant.
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CHAPTER 1
INTRODUCTION, JUSTIFICATION AND DIVISION OF THE STUDY

1. 1 INTRODUCTION AND JUSTIFICATION
Obesity is a complex and growing global epidemic involving both children and adults. In
recent decades the prevalence of childhood obesity has risen dramatically in most parts of the
world (Wang & Lobstein, 2006; Lobstein & Jackson-Leach, 2007). Both developed and
developing countries are experiencing upward trends in childhood excess weight and obesity
with varying dimensions (Food and Agriculture Organisation of the United Nations, 2006). A
current estimate (de Onis, Blossner & Borghi, 2010) has shown that in 2010, 43 million
children (35 million in developing countries) were overweight and obese; 92 million were at
risk of being overweight. The global prevalence of childhood excessive weight and obesity is
shown to have increased from 4.2% in 1990 to 6.7% in 2010. It is projected that the trend will
reach 9.1% or ≈60 million in 2020 (de Onis, Blossner & Borghi, 2010) with the prevalence
and trends of excessive weight and obesity among children varying from one country to
another.

For example, over the past three decades, the childhood obesity rate has more than doubled
for children aged 2−5 years and adolescents aged 12−19 years, and it has more than tripled
for children aged 6−11 years in the United States of America (John et al., 2010). According
to the American Obesity Association (2008) more than 20% of the child and adolescent
populations are presently considered overweight, equal to or above the 95th percentile for
body mass index (BMI) for their age and sex. It is estimated that 23.6% of children aged 8-9
years are overweight, and 12.3% are obese in Italy (Binkin, 2009), 25.5% in Europe
(Panagiotakos & Kosti, 2006), 19%−23% of children under the age of 15 in Australia (Zuo et
al., 2006; Sanigorski et al., 2007). In Asian countries, like China (Wang et al., 2002), the
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prevalence of excessive weight and obesity increased from 7.7%−12.4% between 1991 and
1997 while a similar increase in the prevalence was observed in Japan (Matsushita et al.,
2004). Developing countries too, are not spared in this ‘globesity’. In China, between 6.5%
and 17.8% of children are overweight and obese (Raj et al., 2007), 24.6% in Iran (Hamidi et
al., 2006), 13.0% (Fallahzadeh et al., 2009) and 22.7% in urban Thailand (Sakamoto et al.,
2001).

The estimated prevalence of childhood excessive weight and obesity in Africa in 2010 was
8.5% and is expected to reach 12.7% in 2020 (de Onis, Blossner & Borghi, 2010). In subSaharan Africa, Armstrong et al. (2006), Steyn et al. (2005) and Jinablani et al. (2005)
reported overweight and obesity rates of 17.1%−22.8% among South African children. A
study on malnutrition involving six countries (China, Egypt, India, Mexico, Philippines and
South Africa) (FAO, 2006) reported a rising trend in excessive weight and obesity among
children. These alarming trends in excessive weight and obesity worldwide illustrate the
public health consequences of the rapid westernisation, urbanisation, and mechanisation of
modern society.

Obesity refers to the development of excess body fat, which occurs when energy intake is
disproportionate to energy expenditure (McCurdy et al., 2010), a condition which can impair
health (World Health Organisation (WHO), 2006). Although definitions have changed over
time, the Centre for Disease and Control and Prevention (CDC) now uses the terms
“overweight” to describe children aged 2−19 years old with BMI at or above the 85th
percentile and lower than the 95th percentile and “obese” for BMI at or above the 95th
percentile for children of the same age and sex (Barlow, 2007). The amount and distribution
of adiposity is important in cardiovascular disease (CVD) risk (Kuk et al., 2006; Wiklund et
al., 2008).
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According to Ezzati et al. (2002), excessive body weight is the sixth most important risk
factor contributing to the overall burden of disease worldwide. Excess weight during the
growing years is of great importance for three main reasons. First, it constitutes a major risk
of excessive weight and obesity during adulthood life. Second, childhood obesity correlates
with adulthood risk factors for common chronic diseases and with diabetes, cardiovascular
disease and other morbidities (Haslam & James, 2005; Bouchard, 2009). Third, because
obesity is a very strong correlate of excess abdominal visceral fat concentration (Bouchard,
2007) and a low to moderate correlate of skeletal muscle and hepatic lipid deposition
(Goodpaster et al., 2000; Thamer et al., 2003), childhood obesity is likely to set the stage for
visceral obesity and, to some extent, for ectopic fat deposition later in life (Bouchard, 2009).

The consequences of childhood obesity and adolescent excessive weight and obesity are
enormous and include the subsequent development of chronic non-communicable diseases,
psychological dysfunction and excess adiposity in adulthood (Wickramsinghe, 2005; Sacker
& Cable, 2006; Taylor et al., 2006; Orio et al., 2007). The short-and long-term risks to both
physical and psychological health of childhood obesity translate into a reduced quality of life
(Erermis et al., 2004; Zeller & Modi, 2006; Pinhas-Hasmiel et al., 2006). Besides, as children
grow up to become adults, they may be more susceptible to a unique set of obesity-related
health problems because their bodies are growing and developing (Daniels, 2006). Thus, this
underscores the necessity to prevent and control childhood excessive weight and obesity in
order to produce a healthy population in the future. Equally important too, the aetiology of
obesity in childhood is important to the study and has implications for obesity in later life.

Factors associated with childhood obesity are complex. Among the many potential
determinants of excessive weight and obesity, factors such as diet and physical activity have

134

been prominent under the current paradigm of excessive weight as a condition resulting from
energy imbalances (Perez et al., 2007; Fallahzadeh et al., 2009). Also, adverse life
conditions, family demographics and cultural practices interplay in forming obesity patterns
(Green et al., 2003). Obviously, in segments of sub-Saharan African societies, over-nutrition
has become an emerging problem, particularly where lifestyles become urbanised and
westernised, with adverse health and psychological effects (Van der Sande, 2001).

Although obesity has a strong genetic background (Heberbrant, Wulftange & Goerg, 2000),
environmental and lifestyle factors are commonly considered the underlying causes of the
condition. The increase in the prevalence of excessive weight and obesity in children seen in
recent decades is as a result of multiple factors that include the choice and consumption of
foodstuffs in the core of a population (Serra-Majem et al., 2002; Story, Neumark-Sztainer &
French, 2002) and on the habits and lifestyles that impact on energy expenditure (sedentary
lifestyle, physical exercise) (Paz et al., 2003; Spadano et al., 2003; American Dietetic
Association, 2004). Kautiainen et al. (2005) and

Lobstein and Frelut (2003) attribute

escalating obesity among children to too much time spent in front of television (TV) and
computer screens. According to the recommendations of the American Academy of
Pediatrics (AAP) (AAP, 2001), TV viewing in young people should be restricted to two hours
per day to avoid negative effects on body weight and other health outcomes.
Dietary and physical activity habits developed during childhood are likely to become lifelong
habits (Hoos et al., 2003). An increase in energy intake coupled with a decrease in energy
expenditure leads to a higher BMI, defined as weight (kg)/height (m)2 through increasing
adiposity. Prevalence studies during childhood have an important advantage of detecting the
risk factors, since detection of these risk factors allows for appropriate interventions, thus
possibly minimising their potential current and future harmful effects.
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Over the past two decades, it has become clear that fat distribution is a better predictor of
morbidity than total body fatness (Martin et al., 2003). It is likely that the major
cardiovascular and metabolic health risks associated with body composition are most closely
related to the distribution of body fat, rather than to high levels of body fat per se, or excess
mass (Abnerthy et al., 1996; Wells, 2007). Supporting this view, Despres, Lemienux and
Prud’Homme (2001), argue that it is not the total amount of body fat that creates this problem
but rather the location of fat. In particular, an upper-body or ‘apple-shaped’ pattern of fat
distribution also referred to as the central abdominal or android pattern is significantly
associated with an increased risk of developing coronary heart disease and Type 2 diabetes,
independent of total body fat (Lakka et al., 2002). A gynoid, or female fat pattern, with
relatively greater fat in the hip and thigh areas, is associated with less metabolic risk
(Ashwell, 1994).

Seventeen years after independence, South Africa is still experiencing phenomenal economic
and societal transformations. One of the results of these transformations is a change from a
traditional low fat, high fibre to a high fat, low fibre, high-density diet characterised by the
habitual intake of “fast foods” (Cameron, 2003). In addition, social, economic and nutritional
transitions and the process of urbanisation are accompanied by a behavioural transition to a
less active more sedentary lifestyle. Such changes in diet and activity bring with them a
number of risk factors that are already making themselves apparent in South African children.
One such area of risk concerns children who are exposed to an abundant high fat diet
(Cameron, 2003). High fat diet may be associated with excessive weight and obesity in
inactive children. A review of the literature indicates a paucity of information on
determinants of excessive weight and obesity in children in South Africa (Steyn et al., 2005)
and data concerning body fat distribution in South African children are relatively limited
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despite the fact that excessive fatness is a major independent risk factor for several diseases.
Considering the importance of fat distribution at adulthood, a healthy body in terms of
quantity and distribution of fat should be encouraged throughout life.

Anatomical fat patterning refers to the distribution or patterning of fat over the body. The
relative distribution of fat on the trunk and the lower extremities constitutes an aspect of
anatomical patterning. A greater central fat deposition increases the risk of metabolic
complications such as atherogenic lipoprotein profile (high low-density lipoprotein (LDL)
cholesterol and triglycerides and low high-density lipoprotein (HDL) cholesterol) insulin
resistance and corresponding high basal insulin concentrations and glucose intolerance
(Daniels, Khoury & Morrison, 2000; Gower, Nagy & Goran, 2001; Poskitt, 2002; McCarthy,
Ellis & Cole, 2003) in children. Recently, the importance of total body fat and distribution
has been stressed as a major risk factor for both adults and children (Canoy et al., 2007). As
such, early identification and treatment of children with central adiposity is essential.

In a multi-racial society like South Africa, evaluation of the anatomical fat patterning of
children must take their racial origins into account. Since children of different racial groups
may have fat deposits at varying rates and at different sites (He et al., 2004), it is important to
have appropriate information about fat patterning for each group and sex. This may help
delineate the developmental timing of specific associations with health risks. Moreover, race
and ethnicity are an index of many factors, including environmental influences (such as
nutrition) and cultural practices that can affect growth outcomes (Toselli, Argenani & GualdiRusso, 2005). In addition, research evidence suggests that strong associations exist between
socio-economic status (SES), body fatness, nutrition and physical activity (Sallis, 2000).
Excessive weight and obesity have also become common nutritional disorders among
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children in high-and low-income countries (Dietz, 2001; Rudolf et al., 2001; Yanovski &
Yanovski, 2003).

The impact of SES may be a decisive factor in the development of excessive weight and
obesity. For instance, in developed countries, obesity is shown to have an inverse correlation
with socio-economic levels, while in developing countries, obesity has been positively
correlated with SES (Roth et al., 2004; Valeria da Vaiga, Simonone da Cuhna & Sichieri,
2004). However, little is known about the demographic distribution of childhood obesity in
South Africa. Thus, a study about variation in body fatness, nutritional status and physical
activity may be useful for setting priorities and designing programmes that are appropriate for
improving the health of SES subgroups in the population. At the same time, it underlines the
responsibility of the community and the state to act in order to promote health in different
population groups in spite of socio-economic inequalities.

Little information is available in South Africa concerning fat patterning, in relation to
nutrition and physical activity in black and white South African children. Therefore, it is
important to conduct a study among the two racial groups in South African primary schools,
in order to contribute to the body of knowledge on fat patterning, excessive weight and the
obesity epidemic. In light of the above considerations, this study was undertaken to evaluate
the body fat distribution in black and white South African children in Pretoria City, Gauteng
Province, South Africa, aged 9−13 years by utilising a principal components analysis (PCA).
The concept of PCA is the transformation of many possibly correlated variables into fewer
variables. These uncorrelated variables are known as principal components (Chang, Yen &
Chen, 2010). Fat patterning involves the comparison of multiple measures rather than a single
continuously distributed one. A logical statistical method to overcome this problem involves
the use of PCA (Mueller & Ried, 1979). Principal components analysis is an unsupervised
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data projection method that can be helpful in classification. The central idea of PCA is to
reduce the dimensionality (number of variables) of a data set but retain most of the original
variability in the data (Jolliffe, 2002; Daffertshofer et al., 2004). It computes a few linear
combinations of the original variables, which can be used to summarise the data with
minimal loss of information (Deluzio & Astephen, 2007).

Principal components analysis has been applied in many fat patterning studies involving
children (Mueller & Ried, 1979; Ramirez & Mueller, 1980; Hattori et al., 1987; Cameron et
al., 1992; Malina, Huang & Brown, 1995) and adults (Mueller & Ried, 1979; Norgan &
Ferro-Luzzi, 1985; Indech et al., 1991). The principal component protocol considers the total
variance in the skinfold, circumferences and fat patterning indices or ratios data and then by
factor extraction, uncorrelated linear combinations of the observed variables are formed. This
technique of PCA has hardly been used to explore the anatomical fat patterning of children in
South Africa. A good understanding of fat patterning has important clinical and public health
implications. For example, it can refine and develop appropriate anthropometric reference
standards for child and adolescent obesity and direct efforts and resources in the prevention
and management of child and adolescent obesity. This is particularly relevant given the
increasing incidence of obesity globally, including developing countries, and particularly
South Africa, which is reported to have high prevalence of obesity in the sub-Saharan Africa
region (Haslam & James, 2005).

It is postulated that prevention of childhood obesity might not be feasible unless tracking is
done appropriately. Usually, BMI is helpful in tracking obesity in children owing to a
significant association between BMI and fat mass. One possible way, according to Ghosh
(2004) is to utilise sensitivity (SN) and specificity (SP) of BMI and skin fold thickness to
detect excess mass in children (Bedogni et al., 2003; Ghosh, 2004). Several studies (Reilly et
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al., 2000; Bedogni et al., 2003; Ghosh, 2004) have reported that BMI generally has low SN
compared to skin folds in tracking excess adiposity when applied to children, adolescents and
young adults. Whether this is applicable to South African children is not known as no study
has been undertaken so far utilising SN and SP in detecting excess adiposity in South African
children. Such data could be useful to define excessive weight and obesity in South African
children.

The pattern of fat distribution varies between races. These differences may originate from the
disparity in patterns of social, cultural and/or genetic factors. Thus, it is necessary for the
pattern and its fat determinants to be recognised in different races. According to He et al.
(2002), identifying the timing of appearance and sex and race-specific fat distribution
patterns in healthy children will establish phenotypes to guide investigation of metabolic
complications and possible intervention mechanisms. The increase in childhood obesity in
transitional economies such as South Africa presents an opportunity to investigate the
phenomenon of childhood obesity. Although studies on adiposity involving children have
been carried out in South Africa, with possible interventions strategies recommended for the
healthy growth and development of the children, available data on the pattern of fat
distribution involving South African children are lacking. The few studies (Cameron et al.,
1999; Toriola et al., 2001; Monyeki, Kemper & Makgae, 2005) that have been carried out
among rural children utilised other parametric methods of assessing fat patterning. Any such
previous research hardly employed a multivariate PCA and this research assessed other
confounding factors like physical activity and diet in its fat patterning analysis. The only
known study (Cameron & Getz, 1992) in which PCA was undertaken to determine fat
patterning, also involved rural South African black children. Other confounding factors
influencing fat patterning such as physical activity and dietary intake were not investigated in
the study. Also, the study did not investigate racial profiling of fat patterning among the
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children observed. This study, apart from other statistical methods, utilises the PCA to assess
anatomical fat distribution among urban black and white South African children aged 9−13
years, and examines the role of physical activity and dietary intake.

1.2 FORMULATING THE RESEARCH PROBLEM

The importance of total body fat and distribution has been stressed as a major risk factor for
both adults and children (Canoy et al., 2007). As such, early identification and treatment of
children with central adiposity is essential. It is known that the pattern of fat distribution
varies between races (He et al., 2004; Rahman et al., 2009; Tybor et al., 2010), and the
differences may likely be ascribed to social, cultural and/or genetic factors. Thus, it is
necessary for the pattern and its fat determinants to be recognised in different races.
However, little is known concerning fat distribution among South African children. Besides,
the few studies that assessed this phenomenon did not apply the PCA to determine fat
patterning. This constitutes the problem of this study. This investigation was undertaken to
evaluate the trend of fat patterning of South African children living in Pretoria Central region,
and on the basis of the results, infer the possible influences of environmental factors and
lifestyle on their fat patterning, compare the fat patterns of these children on the basis of age,
gender and race;, and examine the effects of fat patterning on the children’s health status. As
with adults, measures of fat distribution may be very useful tools for identifying children and
adolescents who are at risk of excessive weight and obesity. The data may prove useful in
epidemiological studies that correlate growth with nutritional behaviour and physical activity.
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1.3 CONTRIBUTION OF THE STUDY

This study might assist educational institutions and the Ministry of Health in South Africa as
follows:


The findings will be helpful in identifying South African children and adolescents
who are at risk of excessive weight and obesity.



The findings will provide guidelines for the prevention and management of the
childhood obesity epidemic in South Africa.



The findings will provide information on body fat patterning in relation to physical
activity and dietary intake in South Africa.



The findings can direct efforts and reform in the prevention and management of child
and adolescent excessive weight and obesity in South Africa.



The study will provide normative data with which future analysis of fat patterning
involving PCA in South African children could be compared.

1.4 OBJECTIVES OF STUDY

1.4.1

Primary Objective

The primary objective of the study was to examine the anatomical fat patterning in two
groups of South African children (i.e. black and white) by utilising PCA.

1.4.2 Secondary Objectives

The secondary objectives of the study are to evaluate:


age, sex and racial differences in total body fat in the South African children;



age, sex and racial differences in body fat distribution in the South African children;



the sensitivity (SN) and specificity (SP) of BMI and skinfolds thickness, with BMI
(subcutaneous to overall fat) for detecting excess adiposity in South African children;
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the relationship of body composition measures (BMI, fat mass, fat-free mass,
percentage body fat) with fat patterning scores in South African children;



the relationship between age, gender and race and fat patterning in South African
children; and



Fat patterning in relation to dietary intake and physical activity in the children.

1.5 RESEARCH HYPOTHESES

1.5.1 Primary Hypothesis
The primary hypothesis of the study was that PCA can be used to characterise the anatomical
features of fat patterning in skinfolds data among South African black and white children in
Pretoria, stratified by age and gender.

1.5.2 Secondary Hypotheses

In order to properly focus on the problem under investigation, the following null research
hypotheses were formulated to direct the investigation.

1.5.2.1

Secondary Null Hypothesis 1

There will be no significant gender and race differences concerning the total body fat content
among South African children in Pretoria.

Sub-Hypotheses
(a) There will be no significant difference in body mass index (BMI) between male
and female South African children in Pretoria.
(b) There will be no significant difference in percentage body fat (%BF) between
male and female South African children in Pretoria.
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(c) There will be no significant difference in fat mass (FM) between male and female
South African children in Pretoria.
(d) There will be no significant difference in fat-free mass (FFM) between male and
female South African children in Pretoria.
(e) There will be no significant difference in fat mass index (FMI) between male and
female children in Pretoria.
(f) There will be no significant difference in fat-free mass index (FFMI) between
male and female children in Pretoria.
(g) There will be no significant difference in sum of skin folds between male and
female children in Pretoria.
(h) There will be no significant difference in BMI between black and white South
African children in Pretoria.
(i) There will be no significant difference in percentage body fat between black and
white South African children in Pretoria.
(j) There will be no significant difference in FM between black and white South
African children in Pretoria.
(k) There will be no significant difference in FFM between black and white South
African children in Pretoria.
(l) There will be no significant difference in FMI between black and white South
African children in Pretoria.
(m) There will be no significant difference in FFMI between black and white South
African children in Pretoria.
(n) There will be no significant difference in sum of skin folds between black and
white South African children in Pretoria.
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1.5.2.2

Secondary Null Hypothesis 2

There will be no significant gender and racial differences in body fat patterning among South
African children in Pretoria.
Sub-Hypotheses
(a) There will be no significant difference in waist circumference (WC) between male
and female children in Pretoria.
(b) There will be no significant difference in waist-to-stature ratio (WSR) between male
and female children in Pretoria.
(c) There will be no significant difference in waist-to-hip ratio (WHR) between male and
female children in Pretoria.
(d) There will be no significant difference in sub-scapular-to-triceps ratio (STR) between
male and female children in Pretoria.
(e) There will be no significant difference in sub-scapular:supraspinale/triceps ratio
(SST) between male and female children in Pretoria.
(f) There will be no significant difference in subscapular:supraspinale/biceps+triceps
ratio (SSBT) between male and female children in Pretoria.
(g) There will be no significant difference in WC between black and white South African
children in Pretoria.
(h) There will be no significant difference in WSR between black and white South
African children in Pretoria.
(i) There will be no significant difference in WHR between black and white South
African children in Pretoria.
(j) There will be no significant difference in STR between black and white South African
children in Pretoria.
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(k) There will be no significant difference in SST between black and white South African
children in Pretoria.
(l) There will be no significant difference in SSBT between black and white South
African children in Pretoria.

1.5.2.3 Secondary Null Hypothesis 3
The specificity (SP) and sensitivity (SN) of BMI and log10 SF4:BMI will not yield conflicting
results in detecting excess adiposity among South African children in Pretoria.

1.5.2.4 Secondary Null Hypothesis 4
There will be no relationship between body composition measures (BMI, FM, FFM, %BF)
and fat patterning scores in South African children in Pretoria.

1.5.2.5 Secondary Null Hypothesis 5
Age, gender and race will not have any significant relationship with fat patterning scores in
South African children in Pretoria.

1.5.2.6 Secondary Null Hypothesis 6
Fat patterning among South African children in Pretoria will not be mediated by dietary
intake and physical activity.

1.6 DIVISION OF THE STUDY

Chapter 1 deals with the introduction to the study and contains the formulation of the
problem, the study’s objectives, the hypotheses and significance. The chapter also describes
the division of the study.
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Chapter 2 concerns the literature review. In this chapter, the concept of anatomical fat
distribution is defined. The consequences and risk factors for excessive weight and obesity as
well as the assessment and prevention of obesity in children are discussed. The
anthropometric indices for measuring body fat distribution are described. Additionally, the
measurement of dietary intake and physical activity in children are described. Lastly, the
summary of the chapter is presented.

Chapter 3 describes the research methodology that is used in this study. Aspects such as
identifying the required data and the research design, which includes the study area, study
population, sample plan, method of sampling and sample size, screening, pilot study and
reliability are discussed. This is followed by a discussion of the methods for gathering data.
Lastly, the anthropometric measurements procedures and the questionnaire administration are
discussed.

Chapter 4 presents the results, testing of hypotheses and discussion of the study.
In Chapter 5, a summary of the pertinent findings together with the limitations and strengths
of the study are presented. This is followed by the conclusions and recommendations.
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CHAPTER 2
LITERATURE SURVEY
2.1 INTRODUCTION
This chapter reviews the relevant and related literature on anatomical fat patterning. The
review deals with the concepts and empirical work of other researchers related to this study.

2.2 ANATOMICAL FAT PATTERNING
Fat distribution refers to the placement of fat depots on the body (fat topography). Fat can be
classified into essential fat and storage fat (Norgan, 1997). Essential fat, located in bone
marrow, the heart, lungs, liver, kidneys, intestines, muscles and central nervous system,
comprises around 3% of body mass in men and 9% in women (Norgan, 1997). It comprises
both triglycerides and other compounds such as phospholipids, and is considered higher in
women due to fat located in the breast and pelvic region. Storage fat comprises around 12%
and 15% of body mass in men and women, respectively (Norgan, 1997).

For more than 60 years, it has been widely known that cardiovascular risk of obesity and
increased body weight are related more to body fat distribution than to total body fat (Vague,
1956). Individuals with upper abdominal, central or android obesity are at greater risk than
those with gluteal-femoral, peripheral or gynoid obesity. Fat around abdominal viscera in
mesentery and omentum, known as visceral fat, and is different from that present in
subcutaneous areas (subcutaneous fat) (Ibrahim, 2010). Visceral fatness, or the accumulation
of intra-abdominal adipose tissue, increases cardiovascular risk in children (Huang et al.,
2001). Fat cells are distributed throughout the body in various organs and tissues, but they are
largely clustered anatomically in structures known as fat depots (Malina, Bouchard & Bar-Or,
2004).
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Stewart (2003) points out that fat patterning is the distribution of fat throughout an
individual’s body. The author further maintains that although quantity and distribution are
related, a continuing debate engulfs which of these relates more closely to general heath and
which anthropometric indicators a practitioner should use to assess excessive weight or
obesity or to assign a health risk category to an individual. According to Stewart (2003),
excess fat is apportioned between subcutaneous and internal compartments, although the
mechanisms that govern partitioning between the two are unknown.

A striking difference in body fat distribution between men and women has been observed.
Men tend to accumulate adipose tissue in the abdomen (android fat distribution) while
women tend to accumulate fat in the gluteal-femoral region (gynoid fat distribution). The sex
differences in the distribution of adipose tissue have been known for decades through simple
measures of skin fold thickness, and waist and hip girths. Typically, such data are expressed
in the form of ratios, such as the waist/hip ratio or the ratio of central to peripheral skin fold
thickness. Such differences are already obvious at birth. For instance, the ratio of triceps plus
biceps divided by sum of subscapular and supraspinale is around 3% greater in females
compared to males (Rodriguez et al., 2005). However, the validity of skin fold ratios for
assessing adiposity in individuals has been questioned. At later ages, using large data sets, the
evidence demonstrates a non-linear relationship between central and peripheral skin fold
thickness, suggesting that variability in the ratio is an unreliable index of relative central fat
distribution (Wells & Victora, 2005). The influence between sex comparisons due to differing
body proportions might be a likely influencing factor for this variability. At present,
abdominal adipose tissue areas measured by imagining techniques such as computed
tomography (CT) or magnetic resonance imaging (MRI) also demonstrate a clear sex-related
difference (Blouin, Boivin & Tchernof, 2008). These differences are generally conceptualised
as android (upper body trunk) versus gynoid (hip and thigh) distributions of adipose tissue.
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Few studies on fat distribution at younger ages, utilising sophisticated techniques are
available. Nevertheless, in a study of pre-pubertal children matching for age, weight and
height, visceral fat was similar between the sexes, while girls had significantly greater
subcutaneous and total fat mass (Arfai et al., 2002).

Racial differences in fat patterning have been reported in the literature (Ding et al., 2004;
Rahman et al., 2009; Tybor et al., 2010). It is observed that racial differences in the intraindividual distribution of fat tissue are apparent early in life. In a study of black and white
females aged 7−10 years matched for body weight and maturation, black females had less
subcutaneous and visceral adipose tissue (VAT) (Yanovski et al., 1996). Some studies
suggest that the strength of the relationship between central adiposity and CVD risk differs by
race, although other studies have not supported this notion (Gower, Nagy & Goran, 1999;
Bacha et al., 2003; Lee, Bacha & Arslanian, 2006).

2.2.1 Android Shape Fat Distribution

An android form of fat distribution or apple shape of subcutaneous fat refers to a larger fat
proportion being deposited in the abdominal area (Ley et al., 1992; Malina, 1996). This
proportion is also referred to as truncal or visceral patterning, and this type of fat patterning is
typical of men. However, obese women can also have this fat pattern, although it is less
common.

The impact of regional fat distribution on health is related to the amount of visceral fat
located within the abdominal cavity (Heyward & Stolarzyk, 1996). In men, both crosssectional (Pasquali et al., 1991) and longitudinal (Khaw & Barrett-Connor, 1992; Gapstur et
al., 2002) studies have shown that abdominal obesity is usually associated with low plasma
testosterone levels. Waist circumference and waist-to-hip ratio are also inversely associated
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with plasma sex hormone-binding globulin (SHBG) levels in these studies (Pasquali et al.,
1991; Khaw & Barrett-Connor, 1992; Gapstur et al., 2002). These findings are confirmed by
several studies which have measured abdominal fat areas using CT and MRI. In such studies,
visceral fat accumulation measured by CT is significantly correlated with low plasma
testosterone concentrations (Seidell et al., 1990) as well as low plasma SHBG levels
(Couillard et al., 2000; Garaulet et al., 2000; Hajamor et al., 2003; Tsai et al., 2004).

In contrast, it is generally believed that abdominal obesity in women is associated with high
plasma androgen levels. This is based on the observation that women with polycystic ovary
syndrome often show hyperandrogenism related to abdominal obesity and hyperinsulinemia
(Dunaif, 1997). Some studies (Seidell et al., 1990; Pedersen et al., 1995) have reported
abdominal obesity in women with and without androgen excess being associated with
elevated plasma testosterone (total or free) levels. Nevertheless, fewer studies were
performed in women and results are not always consistent (Kaye et al., 1991; Ivandic et al.,
2002). Some studies even report negative associations between plasma testosterone levels and
visceral fat accumulation measured using ultrasound (De Pergola et al., 1994) or CT
(Armellini et al., 1994; Turcato et al., 1997). Plasma SHBG levels are more consistently
associated with abdominal obesity, indicating negative correlations with waist-to-hip ratios
and CT-measured visceral fat areas (De Pergola et al., 1994; Tchernof, Toth & Poehlman,
1999; Ivandic et al., 2002). However, this has not been confirmed in some studies (De
Pergola et al., 1994; Turcato et al., 1997). Central abdominal fat can induce the development
of hypertension through increased activity of adipose tissue rennin-angiotensin-aldosterone
system, sympathetic activation and other mechanisms closely connected with insulin
resistance (Ibrahim, 2010).
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2.2.2 Gynoid Shape Fat Distribution
In the gynoid shape or pear-shaped fat distribution, fat is distributed around the hips, thighs
and buttocks. The gynoid fat pattern is usually typical in women. Presumably, this type of fat
storage is used as energy reserves to support the demands of pregnancy and lactation.

Accumulating evidence suggests a close link between central adiposity and obesity-related
morbidity and mortality (Zhu et al., 2002; Phillips, Jing & Heymsfield, 2003; Nicklas et al.,
2004). A majority of studies report that VAT conveys the highest health risks among the
currently measurable adipose tissue compartments in humans (Faria et al., 2002; Thorne et
al., 2002; Philips, Jing & Heymsfield, 2003). Although there is still controversy surrounding
the question of whether VAT is the cause of these risks and whether VAT is a superior
measure of obesity to the subcutaneous adipose tissue or anthropometric measures (Frayn,
2000; Lovejoy, Smith & Rood, 2001), investigations generally agree that these questions can
best be answered by optimising VAT measurement methods (Tulloch-Reid et al., 2004).

However, one thing is certain, VAT has been reported to increase the risk for hypertension
and Type 2 diabetes (T2D) (Nicklas et al., 2006). The primary mechanism behind this
association is thought to be the constant release of free fatty acids by VAT into circulation,
increasing the risk for cardiovascular disease and promoting insulin resistance (Nielsen et al.,
2004). At the same time, it has also been proposed that VAT may simply be a marker for
intramyocellar triacylglycerol content, a phenotype associated with insulin resistance,
independent of VAT content (Kelly et al., 1999; Simoneau et al., 1995). However, as a
clinically useful precursor of disease risk, fat distribution, specifically central fat mass, seems
to remain a key factor associated with chronic metabolic disease.

Malina, Bouchard and Bar-Or (2004) point out that variations in the metabolic activities of
fat depots in different areas of the body are partly documented in adults, with little or no data
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for children and adolescents. The variation is related to the number and affinity of different
receptors present on the surface or in the cytosol of adipocytes, to differences in sex
hormones to which the adipocytes are exposed, to differential regulation of gene expression,
to activities of key metabolic enzymes, and probably to other factors as well (Arner & Eckel,
1998). However, the exact mechanisms for metabolic differences among different fat depots
and whether they are apparent during the growing years have not been established yet
(Malina, Bouchard & Bar-Or, 2004).

2.2.3 Subcutaneous Fat Distribution
Subcutaneous fat accumulation represents the normal physiological buffer for excess energy
intake with limited energy expenditure. It acts as a metabolic sink where excess free fatty
acids (FFAs) and glycerol are stored as triglycerides (TGs) in adipocytes (Freeland, 2004).
When the storage capacity of subcutaneous adipose tissue is exceeded or its ability to
generate new adipocytes is impaired because of either genetic predisposition or stresses
(physiological and mental stress), fat begins to accumulate in areas outside the subcutaneous
tissue−the natural store house for energy. Chronic stress leads to elevated cortesol levels that
may lead to accumulation of VAT (Bjorntrop, 2001). Hypothetically, it can be stated that the
anatomical and physiological differences between VAT and subcutaneous adipose tissue help
explain the increased metabolic and cardiovascular risks associated with abdominal obesity.

2.2.4 Anatomical Differences
The main areas for subcutaneous fat deposition are the femerogluteal regions, back and
anterior abdominal wall. About 80% of all body fat is in the subcutaneous area (Arner, 1997;
Wajchenberg, 2000). Abdominal fat is present in two main depots, namely subcutaneous and
intra-abdominal.
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Visceral fat accumulation is associated with a tendency to hyperglycaemia, hyperinsulinemia,
impaired glucose tolerance, increased apolipoproteins and B-rich lipopoproteins, which are
features of the insulin resistance syndrome. Increased risk of developing diabetes is greater in
individuals with excess VAT (Lemieux & Despres, 1994; Bjorntorp, 2000; Dobbelsteyn et
al., 2001). Individuals with high levels of VAT have higher mean plasma cholesterol and TG
levels and lower high-density lipoprotein cholesterol values (Despres et al., 1985).

Fatness per se and relative fat distribution are independent risk factors for metabolic and
cardiovascular complications in adults (Larsson et al., 1984; Megnien et al., 1999) and most
emphasis is placed on abdominal subcutaneous fat and VAT. The same trend is suggested in
adolescents (Daniels et al., 1999), but data is limited largely to skin fold thickness and ratios
of skin folds measured on the trunk and the extremities, and indicators of fatness and visceral
fat for children and adolescents are relatively limited (Malina, 2005). The adult pattern of
relative fat distribution emerges during adolescence and there are considerable interindividual differences associated with variation in the timing and tempo of the adolescent
growth spurt and sexual maturation (Malina, Bouchard & Bar-Or, 2004).

Malina (1996) also reports that the estimates of fat free-mass (FFM) and fat mass (FM) reveal
little about the anatomical distribution or regional development of adipose tissue, skeletal
muscles and skeletal tissue. Fat distribution is independently affected by age, sex, adiposity
level and physical activity (Stewart, 2003).

The accumulation of fat and its regional distribution differs between the sexes. Girls develop
more fat than boys during the adolescent growth spurt and often continue to accumulate it
after puberty so that percentage fat increases further (Chinn, Cotes & Martin, 2006). Different
approaches and skin fold thickness have been used to address variations in the relative
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distribution of subcutaneous adipose tissue associated with maturity status during adolescence
(Malina, 1996). Results vary to some extent with criteria of maturity status and age of
participants. For example, cross-sectional studies of early and late maturing 12-year-old girls
and 17-year-old girls indicate differences in overall fatness but not in relative fat distribution.
Among 14-year-old boys, on the other hand, those who mature early have proportionately
higher subcutaneous fat on the trunk compared with those who mature late (Deutsch et al.,
1985). The association between proportionally more subcutaneous fat on the trunk compared
to the extremities and advanced maturity status has been reported in other samples of males,
but not in females (Baumgartner & Roche, 1988).

Corresponding analyses in longitudinal samples provide variable results. Early maturing boys
(age at peak height velocity, (PHV) in the Leuven Longitudinal Study of Belgian males had
proportionally more subcutaneous fat on the trunk compared to late maturing boys from 13
through 18 years and also at 30 years of age (Beunen et al., 1994). Conversely, early and late
maturing boys (ages at PHV) in the Amsterdam Growth Study did not differ in relative fat
distribution from 13 to 16 years and at 21 and 27 years (van Lenthe et al., 1996). Early and
late maturing Amsterdam Growth Study participant girls also did not differ in relative
subcutaneous fat on the trunk (Van Lenthe et al., 1996). The results for girls classified based
on age at menarche contrasted with those for a cross-sectional sample of 17-year-old girls
(Deutsch et al., 1985).

Variation among studies possibly reflects the different skin folds used and the criteria of
maturation and cut-offs for defining groups of contrasting maturity status (Malina et al., 2004
quoted by Koziel & Malina, 2005). In addition, the two longitudinal studies cited above have
a limited lower age boundary (13 years) so that changes in relative subcutaneous fat
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distribution during the transition from childhood into adolescence could not be assessed
(Koziel & Malina, 2005).

Sexual dimorphism plays an important role as excess fat accumulates on the body, leading to
the android (upper-body) gynoid (hip and thigh) distributions typical of men and women,
respectively. The increasing age-related accumulation of fat in adult life, although related to
sex, appears to be under the combined effects of cortisol, growth hormone and testosterone
(Bouchard, 2000). Hormonal responses to physical activity may also explain why exercise
exerts counter-influence to fat centralisation, via preferential lipolysis of abdominal
adipocytes. In adolescent girls, abdominal fat increases proportional to total mass, whereas
thigh fat does not (Eliakim, Burke & Cooper, 1997). In older men and women, intensive
physical activity has been shown to be negatively associated with abdominal fat, after
correction for confounding variables (Visser et al., 1997).

The relation with fat patterns and lifestyle factors may vary by ethnicity. Regardless of the
cause, research indicates that differences in fat patterning exist between blacks and whites.
Relative to the fat deposition patterning of whites, blacks tend to have less subcutaneous fat
in the extremities than in the trunk. Blacks also tend to carry relatively more fat on the back
and lateral portions of their bodies and whites have greater amounts of subcutaneous fat on
the front of their bodies (Vickery, Cureton & Collins, 1988). Malina (1996) states that blacks
consistently have smaller tricep skinfold thicknesses than whites, but the two races have
essentially equal sub-scapular skin fold thicknesses, thus, blacks have a higher ratio of trunk
to extremity skin fold thickness. This finding appears to be the case across age ranges and
athletic status.
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In a study that examined the fat distribution of women residing in the south western United
States, researchers discovered that black and Mexican American women distributed fat
equally between the trunk and extremities, white women deposited a greater proportion of
their fat peripherally and Native Americans deposited more of their total fat on the trunk
(Thomas, Keller & Holbert, 1997). Black women had the smallest waist-to-hip ratio, but had
greater supra-illiac and abdominal skin fold thicknesses than white women. Additionally,
Malina, Huang and Brown (1995) report overall significant differences in the ratio of trunk to
extremity skinfold thickness among adolescent girls (n = 498) from four ethnic groups,
indicating a difference in the relative distribution of subcutaneous adipose tissue. However,
post hoc comparisons show no significant differences in the ratios between black and white
girls.

Goran et al. (1997) expand the knowledge of racial differences with regard to fat patterning
beyond the scope of skinfold-thickness measurements. They used dual energy X-ray
absorptiometry (DEXA) to measure total fat mass and computed tomography to assess intraabdominal adipose tissue and subcutaneous abdominal adipose tissue in a sample of 65 black
and 36 white pre-pubertal children. Black children had significantly less (p < 0.05) intraabdominal adipose (boys, 22 ± 16 cm2; girls, 54 ± 27 cm2) and black children deposited less
intra-abdominal fat per unit of subcutaneous abdominal adipose tissue (0.17 ± 0.02 compared
with 0.23 ± 0.02 cm2; p < 0.05).

The literature indicates consistent differences in fat patterning between blacks and whites.
These differences in fat deposition could produce systematic errors in the estimates of
percentage body fat from field methods that assume a consistent fat patterning between the
two races. Thus, generalised equations need to be cross-validated in black samples. If there is
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poor generalisability, race-specific equations may be needed to obtain accurate estimates of
percentage body fat in the black population from field methods (Wagner & Heyward, 2000).

Differences between races in fat patterning could result in errors when percentage body fat or
body density is estimated from skin fold thicknesses or anthropometry. Most prediction
equations have been developed using white populations. Thus, racial differences in fat
patterning could produce systematic errors in the prediction equations of field methods.
Specifically, the literature shows that blacks deposit relatively less subcutaneous fat on the
extremities and front of the body but more on the trunk and back than whites do (Vickery,
Cureton & Collins, 1988). However, data examining racial differences in fat patterning in
South African children is scarce. Therefore, one of the aims of this study is to fill this
research gap.

2.3 VISCERAL OR PERIPHERAL ADIPOSITY AND METABOLIC DYSFUNCTION

There are conflicting results and an ongoing debate as to the relative influences of visceral
and subcutaneously located fat stores (Deflander, Antonini & Lorant, 2004). Wahrenberg et
al. (2005) point out that visceral adipose tissue as an independent casual risk factor is
significantly correlated with metabolic dysfunction and mortality. These correlations are
often, but not always (Hu et al., 2004), more significant than correlations with total body fat
(Biggaard et al., 2004; Kuk et al., 2006). Given that exercise is closely associated both with
visceral fat use (Ross et al., 2004) and plasma free fatty acids concentrations, controlling for
physical activity is, again, essential to making inferences, even with regard to correlations,
but especially causality.

The literature regarding the site-specific role of adipose tissue is not straightforward, because
it has also been reported that upper body subcutaneous fat makes the greater contribution to
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plasma FFAs, with much lower contributions from leg fat and visceral adipose tissue, even in
persons with abdominal obesity (Jensen, 2006). An interesting and different perspective on
peripheral body fat is provided by the adipose tissue-buffer hypothesis. It has been suggested
that peripherally adipocytes act as a buffer for circulating fats, offsetting the tendency for
ectopic deposition into muscle, liver and pancreas, a process associated with insulin
resistance (Larson-Meyer et al., 2006). According to this hypothesis, fat cells not filled to
capacity may provide a protective effect. This is consistent with the finding that enlarged
adipocytes, but not percent body fat, is found to be positively correlated with insulin
resistance (Weyer et al., 2001). It also provides some theoretical support, independent of any
role of physical activity, for the findings of reduced risk of mortality in overweight compared
with leaner individuals (Farrell et al., 2002; Church et al., 2005; Katzmarzyk et al., 2005),
and it may offer part of the explanation for findings that a low body mass index has been
associated with increased risk of morbidity and mortality (Gu et al., 2006; Romero-Corral et
al., 2006).

In summary, the current evidence for obesity as a casual risk factor for metabolic dysfunction
and insulin resistance is inconclusive, both in terms of its role in increasing plasma FFA
concentration and its role in low-grade inflammation through the cytokines. That several
studies actually suggest lowered risk with increasing body mass index, with some authors
suggesting a benefit in possessing greater storage capacity in adipose tissue, indicates the
complexity of this area of investigation. As Franks et al. (2005) state “Obesity increases the
risk of metabolic syndrome, but as obesity is neither necessary nor sufficient to cause the
syndrome, there is considerable interest in identifying obesity-independent pathways”.
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2.4 EXCESSIVE WEIGHT AND OBESITY
Obesity can be defined as a pathological excess of body fat (Thomas, Baker & Davies, 2003;
Lobstein, Baur & Uauy, 2004; Reilly, 2005). Obesity refers to the development of excess
body fat, which occurs when energy intake is disproportionate to energy expenditure
(McCurdy et al., 2010), a condition which can impair health (WHO, 2006).

Although

definitions have changed over time, the Centre for Disease Control (CDC) now uses the
terms “overweight” to describe children aged 2−19 years old with BMI at or above the 85th
percentile and lower than the 95th percentile and “obese” for BMI at or above the 95th
percentile for children of the same age and sex (Barlow, 2007). Childhood obesity is
associated with a higher chance of premature death and disability in adulthood. Amount and
distribution of adiposity is important in assessing cardiovascular disease (CVD) risk (Kuk et
al., 2006; Wiklund et al., 2008). However, the amount of body fat associated with morbidity
is debatable.

Lohman (1992) and Williams et al. (1992) show that a percentage fat mass over 25% and
30% in boys and girls, respectively, can be associated with detrimental cardiovascular risk
factors and hence propose that obesity should be diagnosed based upon percentage body fat
levels. Dwyer and Blizzard (1996) studied a cohort of Australian children and find that
detrimental cardiovascular risk factors are associated with a percentage body fat of 20% and
30%, in boys and girls, respectively, suggesting that obesity should be defined based on these
values. Wickramasinghe et al. (2005) state that strictly speaking, obesity should be diagnosed
based on the percentage fat mass (%FM), as the methods available for in vivo assessment of
%FM are either expensive or time-consuming and cumbersome to patients.
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Childhood obesity is a growing problem affecting millions of children around the world. The
prevalence of childhood obesity has risen dramatically in most parts of the world (Wang &
Lobstein, 2006; Lobstein & Jackson-Leach, 2007). Both developed and developing countries
are experiencing upward trends in childhood excessive weight and obesity with differing
dimensions (Food and Agriculture Organisation (FAO) of the United Nations, 2006).
According to John et al. (2010), in United States of America, the childhood obesity rate has
more than doubled for children aged 2−5 years and adolescents aged 12−19 years, and tripled
among children 6−11 years, over the past three decades. The American Obesity Association
(2008) reports that more than 20% of the child and adolescent population is presently
considered overweight, equal to or above the 95th percentile for BMI for their age and sex.
The estimated prevalence of excessive weight and obesity in Italian children aged 8−9 years
is 23.6% and 12.3%, respectively (Binkin, 2009). Similar rising trends in childhood excessive
weight and obesity have been reported in Europe 5.5% (Panagiotakos & Kosti, 2006) and
Australia 19−23% (Zuo et al., 2006; Sanigorski et al., 2007). In China, Raj et al. (2007)
reported that between 6.5% and 17.8% Chinese children are overweight and obese, in Iran
24.6% (Hamidi et al., 2006) and 13.0% (Fallahzadeh et al., 2009) and 22.7% in urban
Thailand (Sakamoto et al., 2001). Similarly, different studies within sub-Saharan Africa have
reported a high prevalence of excessive weight and obesity among children. For instance,
Armstrong et al. (2006), Steyn et al. (2005), and Jinablani et al. (2005) report excessive
weight and obesity rates of 17.1%−22.8% among South African children. However, unlike in
other Western countries, only limited data are available in South Africa about the changes in
the prevalence of obesity. In Egypt, studies have indicated the prevalence of excessive weight
in a sample of adolescents girls as 13% (Jackson, Rashed & Saad-Eldin, 2003) and 8.6% in
children <5 years of age (De Onis & Blossner, 2000). Similarly, in the Salazar-Martinez et al.
(2006) study, excessive weight and obesity was 7.2% and 6.6% (11−14 years); 6.5% and
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5.9% (15−19 years) for Egyptian children, respectively. In Kenya, a recent study (Adamo et
al., 2010) diagnosed 6.8% of boys and 16.7% of girls aged 9−13 years in an urban school
setting as overweight and obese, respectively. Studies in other African countries like
Mozambique report an increased prevalence of 4.8% and 7.7% in male and female children,
respectively (Prista et al., 2003). In Nigeria several studies (Ben-Bassey, Oduwole &
Ogundipe, 2007; Senbanjo & Adeejuyigbe, 2007; Goon, Toriola & Shaw, 2010) have
reported the prevalence of childhood excessive weight and obesity with varying prevalence
rates (3−4%), though findings only indicate a gradual emerging phenomenon. It is apparent
that obesity hitherto thought to be rare in developing countries is increasingly becoming an
emerging health problem in some African countries. This upward rise in obesity is a great
challenge for public health and for decision makers in the health sector. It highlights the
importance of prevention studies and makes it apparent that it is very important to initiate
prevention before adulthood, that is, during childhood or adolescence. In order to know how
to prevent childhood obesity, it is important to know the risk factors involved.

2.4.1 Consequences of Excessive Weight and Obesity

Overweight and obesity lead to serious health consequences. Risk increases progressively as
BMI increases (WHO, 2002; Lobstein, Baur & Uauy, 2004; Daniels et al., 2005). The
consequences of childhood and adolescent excessive weight and obesity are enormous and
include the subsequent development of chronic non-communicable diseases, psychological
dysfunction and excess adiposity in adulthood (Wickramsinghe, 2005; Sacker & Cable, 2006;
Taylor et al., 2006; Orio et al., 2007).

Eckel (2008) outlines obesity associated co-

morbidities as including hypertension, glucose intolerance, dyslipedemia, obstructive sleep
apnea, coronary heart disease, congestive heart failure, deep venous thrombosis and
pulmonary thromboembolic disease, cancer, osteoarthritis, gall bladder, hepatic steatosis and
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polycystic ovarian disease. Table 2.1 shows the prevalence in children and adolescents of
various health problems associated with obesity.
Table 2.1: Disorders related to childhood obesity, by body system
System and disorder
Explanation
Cardiovascular
Hypertension
Left ventricular hypertrophy
Atherosclerosis

Metabolic
Insulin resistance
Dyslipidemia
Metabolic syndrome

Type 2 diabetes

Pulmonary
Asthma

Obstructive sleep apnea
Gastrointestinal
Non-alcoholic fatty liver
disease
Gastroesophageal reflux
Skeletal
Tibia vara (Blount disease)

Slipped capital-femoral
epiphysis
Psychosocial
Depression

Other
Polycystic ovary syndrome

Estimated prevalence in
paediatric populations

High blood pressure
Increased thickness of the heart’s main
pumping chamber
Hardening of the arteries

2−4%
Unknown

The process in which the action of insulin
is retarded
Abnormal changes in cholesterol and
triglycerides (fats)
Constellation of risk factors including
increased WC, elevated blood pressure,
increased triglyceride and decreased HDLcholesterol concentrations, and raised
plasma glucose
A condition in which the body either
makes too little insulin or cannot properly
use the insulin it makes, leading to
elevated blood glucose

Unknown

A chronic inflammatory pulmonary
disorder characterised by reversible
obstruction of the airways
A breathing disorder characterised by
interruptions of breathing during sleep

7−9%

Fatty inflammation of the liver not caused
by excessive alcohol use
Backward flow of stomach contents into
the esophagus

3−8% overall, 50% in obese

Bowing of children’s legs caused by a
growth disturbance in the proximal tibial
epiphysis
A disorder of the hip’s growth plate

Uncommon

A mood disorder characterised by sadness
and loss of interest in usually satisfying
activities

1−25 in children
3−5% in adolescents

A constellation of abnormalities including
abnormal menses, clinical manifestations
of such androgen excess as acne and
excessive growth of hair, elevated levels of
circulatory androgens, and polycystic
ovaries on ultrasound evaluation
Pseudotumor cerebri
Raised intracranial pressure
Source: Daniel (2006) estimation based on different sources

50% (fatty streaks)
8% (fibrous plaques)
4% (> 40 in those with stenosis)

5−10%
4% overall, 30% in obese

1−15 persons per 100, 000
Overall, almost all in obese

1−5% overall, approximately
25% in obese

2−20%

1−8 persons per 100,000

Unknown in adolescents, 5-10%
in adults adult women

Rare
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It is known that childhood obesity and/or excessive weight tracked in adulthood (Taylor et
al., 2006; Orio et al., 2007) have positive associations to later adult-life degenerative diseases
like diabetes mellitus, coronary health diseases and hypertension (Abdulkadir, Sohoani &
Agoi, 2009). Childhood obesity is also considered as a predictor of long-term mortality and
morbidity (Power, Lake & Cole, 1997; Must & Strauss, 1999). Adamo et al. (2010) further
maintained that childhood obesity involves a complex inter-play between co-morbidities,
detrimental psychosocial aspects, a reduction in life expectancy and is associated with both
economic and societal burdens. As such, prevention of obesity in children and adolescents
has been argued as a public health priority to combat the obesity epidemic (Dietz, 1994;
WHO, 2000; Lobstein, Baur & Uauy, 2004).

The World Health Organisation (2007) further states that many low-and middle-income
countries are now facing a “double burden” of disease:


While several continue to deal with problems of infectious disease and under-nutrition,
at the same time such countries are experiencing a rapid upsurge in chronic disease risk
factors such as obesity and excessive weight, particularly in urban settings.



It is not uncommon to find under-nutrition and obesity existing side-by-side within the
same country, the same community and even within the same household.



This double burden is caused by inadequate pre-natal, infant and young child nutrition
followed by exposure to high-fat, energy-dense, micronutrient-poor foods and lack of
physical activity.

Obesity is as highly stigmatised as other targets of stigma: Human Immune Virus/Acquired
Immune Deficiency Syndrome (HIV/AIDS), drug addition, criminal behaviour and
homosexuality (Sobal, 1999). It may be more stigmatised than many disabilities. Two classic
studies (Richardson, 1961; Goodman et al., 1963 cited by Lanter, Stunkard & Wilson, 2005)
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show that children consistently preferred peers with one of four disabilities to those with
obesity, these being children holding crutches, sitting in a wheelchair, having a facial
disfigurement, or having a missing hand. A replication of these studies (Latner & Stunkard,
2003) found that children’s stigmatisation of obese peers has increased since the original
study (Richardson, 1961), despite the three-fold rise in the prevalence of childhood obesity
(Ogen et al., 2000). However, studies in South Africa (Faber & Kruger, 2005), the
Mediterranean (Tur et al., 2005) and the Pacific Islands (Pollock, 1995), found that obesity is
not associated with negative stigma.

2.4.2 Risk Factors for Excessive Weight and Obesity
Several factors are believed to contribute to the epidemic of obesity so prevalent today . No
one factor can be blamed, but a combination of factors could lead to an environment where
the child is more likely to be obese (i.e. obesegenic environment). Contrary to a popular
misconception, less than 1% of childhood obesity cases are directly caused by a genetic
disorder (Ells et al., 2005). Although genetics are undeniably important in obesity genesis,
they form part of a complex interaction with many other environmental and behavioural
factors, as illustrated by Bray (2002) cited by Ells et al. (2005), who comments that a child’s
genetic make-up ‘loads the gun’ while his or her environment ‘pulls the trigger’. Genetic
susceptibility helps to explain inter-individual differences in weight gain. Studies in identical
twins show that 60−70% of excessive weight can be ascribed to genetic factors and 30−40%
to environmental influences. If both parents are obese, approximately 80% of their children
will be overweight, and with one obese parent the likelihood is 40%. If neither parent is obese
the likelihood is less than 10% (Dina, 2008). However, the rapid recent increase in the overall
prevalence of obesity in children demonstrates that environmental factors, particularly
behaviours linked to diet and physical activity are central to the causation of obesity (Rennie,
Johnson & Jebb, 2005).
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Excess weight gain results from small positive increments in energy balance, that
accumulates over time. On a daily basis, it is not possible to quantify energy intake and
expenditure at an individual level with sufficient accuracy to infer which aspects of these two
processes are responsible for the rise in the prevalence of childhood obesity. Instead there is a
need to identify aspects of behaviour that underpin the propensity to excess energy intake or
inadequate energy expenditure, particularly those that are amenable to change, either at the
individual or population level. These include dietary choices, eating behaviour, physical
activity and inactivity (Rennie, Johnson & Jebb, 2005).

2.4.2.1. Energy Intake

According to Rennie, Johnson and Jebb (2005) comparisons of dietary surveys in the last two
decades have not shown a secular increase in energy intake. In the United Kingdom reported
energy intakes in a dietary survey conducted in 1997 (National Diet and Nutrition Survey)
were significantly lower in young people than those reported in a comparable survey in 1983
(Diets of British School Children) (Department of Health, 1989; Gregory & Lowe, 2000). For
example, it was reported that in 14−15-year-olds energy intake decreased from 10.0 MJ per
day in boys and 7.6 MJ per day in girls in 1983 to 8.9 and 6.9 MJ per day, respectively, in
1997 (Rennie et al., 2005). Cavadini, Siega-Riz and Popkin, (2000) and Troiano et al. (2000),
remarked that similar declines in reported energy intake have been observed in the US. Some
have argued that this demonstrates that a decrease in energy expenditure lies at the root of the
rising prevalence of obesity rather than increasing dietary intake.

However, participants in the more recent dietary surveys are heavier and have higher body
mass indices than those in earlier surveys. This suggests a secular trend towards greater
under-reporting of energy intake by young people. For example in the United Kingdom, even
if physical activity had decreased drastically in the 14-year period between the surveys, the
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calculated ratio of reported energy intake to basal metabolic rate in 1997 was very low, being
only 1.27 and 1.17 in 14 to 15-year-old boys and girls, respectively (Rennie et al., 2005).
This is on average below the estimated physiological minimum level compatible with
activities of daily living, particularly in older girls. Greater under-reporting of dietary intake
in overweight and obese young people relative to their lean peers is a well-known
phenomenon (Perks et al., 2000). Although the magnitude of under-reporting of energy
intake can be estimated, it is not possible to identify which food items are being misreported.
This systematic bias is problematic when one attempt to analyse dietary factors associated
with the risk of obesity and needs to be taken into a consideration when interpreting data
from dietary studies.

2.4.2.2 Macronutrients and Energy Density
Energy density provides a measure of the energy content of solid foods, expressed per unit
weight of food. Short-term studies in adults have demonstrated that in a laboratory setting,
libitum energy intake is higher when the energy density of the meal is increased (Stubbs et
al., 1995a; 1995b). This implies that the bulk of the foods consumed is an important
determinant of the amount of energy consumed. In free-living conditions, adults and children
with a low energy-dense diet report lower fat intakes and more servings of fruit and
vegetables (Ledikwe et al., 2004; Alexy et al., 2004) and adults who reported a low energydense diet had significantly lower body mass index than those with high energy-dense diets
(Ledikwe et al., 2004). In children, there have been few studies examining the role of energydense foods on energy intake. One prospective study found no relationship between the
consumption of commonly consumed energy-dense foods in adolescents and body fat over a
10-year period (Phillips et al., 2004).
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Energy-dense foods tend to contain high levels of fats. Fat contains more than twice the
amount of energy per gram than protein or carbohydrate. Data from surveys suggest that fat
intake in children and adolescents has decreased in recent decades (Klessges et al., 1995;
Fletcher et al., 2004), but the median value disguises the large variations in intake. For
example in the United Kingdom, although the reported median intake of fat is 36% of food
energy in both boys and girls, there are large variations between children, with one child in
four consuming more than 38% of energy as fat (Gregory & Lowe, 2000). It is also possible
that nutritional advice to decrease fat intake has led to increased under-reporting of fat
relative to other nutrients. Prospective studies have reported inconsistent results between
dietary fat intakes and measures of body fatness (Magarey et al., 2001; Remer, Dimitriou &
Kersting, 2002). This could be explained in part by the range of methods employed to assess
dietary intake and body composition and the age range of the participants. The effect of
dietary fat intake at different stages of growth has not been explored.

Prentice and Jebb (2003) state that foods typically sold at fast food outlets often have a
greater energy density than foods prepared in the home and twice the energy density of
average British diets, characterised as providing less than 35% energy as fat and more than
400 grams of fruit and vegetables a day. The regular consumption of high energy-dense foods
may contribute to excess energy intake, where the volume of food consumed is not downregulated to match the greater quantity of energy being supplied. Fast food products are not
unique in being energy-dense and served in large portions. However, as their very name
suggests, fast food encourages rapid consumption of energy. Being highly processed, it
reduces the time required for chewing the food, allowing faster consumption which in turn
may not provide the body with sufficient time to signal satiety via feedback mechanisms
(Rennie et al., 2005).
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The consumption of fast foods by children has increased threefold in the last two decades
(Nielsen, Siega-Riz & Popkin, 2002). Bowman et al. (2004) reported data from US dietary
surveys where non-beverage energy density was approximately 15% higher in fast-food
consumers compared with non-fast-food consumers in both children and adolescents. They
also demonstrate that on days when children consume fast foods products, energy and fat
intake are higher and fruit and vegetable intake lower. However, Ebbeling et al. (2004) find
that although overweight adolescents consume significantly more energy on days when fast
food is consumed, this is not the case in lean adolescents. In a prospective study, the
frequency of food consumed from quick service outlets in eight to 12-year-olds girls is
positively related to change in body mass index Z−score between baseline and a median
follow-up of six years (Thompson et al., 2004). Girls who eat fast food twice or more at
baseline had a significantly greater increase in body mass index score than those who eat this
fast food once a week or not at all. Such prospective studies are needed in South Africa. The
situation in South Africa regarding fast food outlets appears to be that most of them seem not
to be responding to the obesity concerns by introducing a wider choice of menu items,
including more fruit and vegetables.

There is growing interest in the role of carbohydrates in determining energy intake since the
form of carbohydrates may be an important determinant of satiety. Recent interest has
focused on the glycaemic index. Foods with a low glycaemic index may give a slower rise in
blood glucose with a lower peak and are associated with a reduced insulinaemic respond. In
adults, observational studies have suggested that relatively high consumption of foods with a
low glycaemic index may reduce weight gain over time by promoting satiety and oxidation of
fat at the expense of carbohydrates (Brand-Miller et al., 2002). Few studies have been
undertaken in children. A longitudinal study found the individuals throughout adolescence
had a higher BMI standard deviation score if their habitual diet was high in carbohydrates

169

(especially those with a high glycaemic index, such as bread and confectionery) and low in
fat (Alexy et al., 2004). Warren, Henry and Simonite (2003) demonstrate that when children
consume a high glycaemic index breakfast, their energy intake at lunch is significantly higher
than when they consumed a low glycaemic index breakfast option. The mechanisms for this
relationship are not fully understood. It has been suggested that the rapid glucose rise after
consumption of high glycaemic index foods causes a high insulin response. This in turn
triggers rapid glucose uptake, lowering circulating glucose levels and precipitating the return
of hunger (Brand-Miller et al., 2002). Furthermore, foods that have a low glycaemic index
also tend to be high in fibre and/or wholegrain. It is therefore not clear whether some of the
effect seen is caused by the bulk of these foods and thus reduced energy density. Prospective
long-term studies exploring the effects of the type of carbohydrate on energy intake and
weight gain in children are needed.

2.4.2.3 Sugar-Sweetened Beverages and Fruit Juice

A report by FAO/WHO recognises that there may be a specific role for sugar-sweetened
beverages in promoting weight gain (WHO/FAO, 2003). Prynne et al. (1999) find that in 4years-olds in Britain, the consumption of these beverages increased from only 13 grams per
week in 1950 to 446 grams per week in 1992 and 1993. According to Nielsen and Popkin
(2004), data from the US show a similar trend in the last 20 years, with more than a twofold
increase in consumption of sugar-sweetened beverages. The parallel increase in the
prevalence of obesity has led to suggestions that they may be causally related.

There is currently a paucity of evidence linking intake of sugar-sweetened beverages directly
with increases in the risk of obesity. Some studies in children (Ludwig, Peterson &
Gortmaker, 2001; Berkey et al., 2004), but not all (Newby et al., 2004) have reported
prospective positive relationships. This could be due in part to differences between the
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studies in their measures of dietary intake, body composition, and confounders such as
physical activity. Furthermore, since these beverages are often consumed between traditional
meal-eating episodes it is more likely that these items are misreported. Only modest
correlations were observed in recorded consumption between two measures in a 12-month
period, suggesting that either there is large day-to-day variation in consumption or
misreporting is an important matter (Newby et al., 2004).

The independent effect of sugar-sweetened drinks has not been explored in any detail in
young people. There has been only one intervention study to reduce consumption of these
drinks in seven to 11-year-old children (James et al., 2004). This school-based study did not
find a significant difference in weight gain between the control and intervention arms of the
study over 12 months, but did report a significant increase in the prevalence of excessive
weight and obesity in the control arm. However, the message of reducing sugar-sweetened
beverages was given as just one part of a ‘good health’ programme with an emphasis on
reducing sugar consumption. In the absence of measures of diet, physical activity and other
behavioural factors, it is not clear whether the findings of the study can be attributed to the
small reduction in self-reported carbonated drink consumption in the intervention group.

According to Nielsen and Popkin (2004), the increase in consumption of sugar-sweetened
beverages and fruit juice has also displaced consumption of milk. This decrease in milk
consumption is of major concern as milk is an important source of other nutrients. In
addition, there is a suggestion that dairy-rich diets may play a role in preventing excess
weight gain (Skinner et al., 2003), and milk consumption in childhood has recently been
shown to be statistically inversely associated with BMI z-score in a large cohort of Italian
children (Barba et al., 2005). Milk may be more satiating relative to sugar-sweetened
beverages and fruit juice, possibly due to its higher protein content (Anderson et al., 2004).
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However, there are limited data from studies, particularly in children (Weaver & Boushey,
2003).

2.4.2.4 Portion Size

There has been a well-documented increase in the standard portion size of many foods
offered to children and adults. These include food items sold in discrete units such as ready
meals, snack foods and drinks as well as foods served in restaurants and fast food outlets
(Nielsen & Popkin, 2003).

Young children possess robust mechanisms to regulate intake. A study in infants reported a
remarkable stability in the past 20 years in reported mean food portions consumed
(McConahy et al., 2002). In experimental studies, Rolls, Engell and Birch (2000) have
observed that in 3-year-old children there is no significant difference in energy intake at a
given meal with varying portion size, whereas in 5-year-olds there is a significant increase in
energy intake with the larger portion. This suggests that internal self-regulation of intake may
be overridden as children get older. A further study in pre-school children replicated these
findings and demonstrated that this response is consistent over time, with no improved
compensation in energy intake at the meal with repeated exposure to large portions over a 4day period (Orlet Fisher, Rolls & Birch, 2003). Older children may be more influenced by
environmental factors than by innate biological cues of satiety as compared with younger
children. Observational studies in older girls have found that those who consume more when
exposed to large portions tend to be heavier (Fisher & Birch, 2002).

Foods served in pre-packaged discrete units may be more likely to prompt over-consumption
since the amount consumed is often influenced by the fixed serving size, and the concept of
leaving food is often ingrained as undesirable in many cultures (Rolls et al., 2004). Fisher and
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Birch (2002), find that young children consume 24% more when served a large portion than
when serving themselves.

The choice of portion is often influenced by marketing practices, including price and cultural
norms. The ‘value for money’ concept associated with supersized products is a particular
cause for concern given that there is a relationship between consumption of larger portion
sizes with lower family income, even in very young children (McConahy et al., 2002).
Further research is needed, particularly in identifying ways in which young people can be
educated to choose appropriate sizes.

2.4.2.5 Eating Patterns

Compared with past times, nowadays there is a diet ‘revolution’ due to environmental, socioeconomic, affective and marketing factors (Rodriguez & Moreno, 2006). In children and
adolescents, eating behaviours and the type of foods consumed are influenced by various and
concomitant aspects such as eating away from home, food advertising and promotion, time
limitations with respect to eating and meal preparation. The food industry has responded to
this social demand by increasing convenience foods and prepared meals that might be
associated with the increase in the prevalence of overweight people.

Lin, Guthrie and Frazao, (1999) pointed out that eating outside the home has increased over
time, with a quarter of meals and snacks now being consumed away from home. Food eaten
away from home tends to be more energy-dense than food prepared at home, because it is
higher in fat and lower in fibre. It may also be served in larger portions. In adults in the USA,
it has been shown that eating away from home is associated with higher energy intake and
risk of obesity (McCrory et al., 1999; French, Harnack & Jeffery, 2000). Gillis and Bar-Or
compared eating habits between obese and non-obese children and adolescents in the USA
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and find that, on average, obese participants eat food away from home eight times a month
whilst non-obese subjects did so on average five times a month.

The increase in eating away from home reflects in part the decline in meal-eating and the
increase in snacking behaviour. There has been a secular trend in all age groups away from
the traditional three-meals-a-day eating pattern towards more frequent and informal eating
occasions, which are often described as ‘snacking’. In the USA, data from national surveys
indicate that the prevalence of snacking and number of snacking occasions increased in
young people between 1977 and 1996 (Jahns, Siega-Riz & Popkin, 2001). Snacks tend to be
more energy-dense than meals, which means that the number of snacks consumed per day
can make a significant contribution to daily energy intake. Indeed, foods consumed as snacks
constitute approximately one-quarter of the total daily energy intake in children in the USA
(Jahns, Siega-Riz & Popkin, 2001). There is a dearth of information on the total energy intake
in South African children. Research is therefore needed to explore the eating patterns of
people, particularly among children.

The decline in meal-eating may be an independent risk factor for weight gain. This is
particularly noticeable with regard to breakfast-eating (Nicklas et al., 2004). In adults, a
cross-sectional study has reported an association between skipping breakfast and obesity
(Cho et al., 2003). However, Bralic and Kovacic (2005) found skipping breakfast associated
with higher BMI among adolescent girls, but another study finds no association with body
composition in children (Nicklas et al., 2004). Post-hoc effects may confound these crosssectional studies. Skipping breakfast and the decline in eating the evening meal as a family
have each been associated with poorer dietary quality (Gillman et al., 2000). The Gillman et
al. (2000) study in 9−14-year-olds finds that those who do regularly eat together as a family
consume more fruit, vegetables and fibre and less fat, fried food and soda drinks. These
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associations remain after adjusting for possible confounding factors such as physical activity,
inactivity and social class.

Obesity is the result of an imbalance between energy intake and energy expenditure. There is
not enough evidence to clarify the importance of diet on childhood and adolescent excessive
weight but, nowadays, people are getting fatter, the prevalence of obesity is increasing and
excess body fat onset begins in the precocious life stages. Perhaps, more than an increase in
energy intake, a reduction in energy expenditure might be considered as the main determinant
of the obesity ‘epidemic’.

2.5 ASSESSMENT OF EXCESSIVE WEIGHT AND OBESITY

Power, Lake and Cole (1997) commented that ‘an ideal measure of body fat should be
accurate in its estimate of body fat; precise, with small measurement error; accessible, in
terms of simplicity, cost and ease of use; acceptable to the participant; and well documented,
with published

reference values’. It has also been suggested that ‘no existing measure

satisfies all these criteria’. The measurement of adiposity in children is performed in several
settings such as population research, clinical research, and primary and tertiary health care.
Whilst direct measurements of adiposity, such as underwater weighing, MRI, CT and DEXA
may provide more accurate measures of adiposity, they are costly, time-consuming, and
require specialist equipment and expertise. These methods were initially developed for use in
adult participants and it was subsequently recognised that modifications were necessary for
work with children and adolescents (Rowland, 1996). Additionally, not all these methods are
feasible for larger groups of participants or in testing situations outside of the laboratory.
The assessment of body composition in children can be performed with several sophisticated
methods as shown in Table 2.2. However, in many circumstances, it is more desirable to
utilise widely available and simple techniques, as shown in Table 2.3, such as the

175

measurement of subcutaneous adipose tissue thickness. This allows relatively quick
determination of body composition without the need for specialised laboratories or expensive
equipment (Hills et al., 2001). On the other hand, variations in the relative distribution of
adipose tissue are currently a topic of major interest in epidemiological analyses, where the
relationships between adipose tissue distribution and risk for certain diseases have been
studied (Malina et al., 1999).
Table 2.2: Laboratory methods for body composition assessment in children
Recommendation to use
in children

Method

Advantages

Limitations

Under water
weighing

Directly measures total body
density with excellent precision

Difficult manoeuvre to
perform; expensive
equipment; not practical
for children

Not recommended for
pre-pubertal children

Dual-energy Xray
absorptiometry

Could be used as a reference
methods; quick and simple;
excellent precision for total body
bone mineral; capable of
regional assessment
Could be used as a reference
method; very accurate; measures
tissue area in specific anatomic
locations

Expensive equipment;
different machines and
software for different
participants

Highly recommended
for children

Expensive and limited
availability, CT involves
some radiation

Recommended for prepubertal children

Expensive and limited
availability, time
consuming procedure

Recommended for
children

Magnetic
resonance and
computerised
tomography
scanning (CT)
40
K whole body
counting

Good accuracy, safe, and noninvasive; permits a direct
estimation of lean body mass
Source: Hill et al. (2001)

Table 2.3: Field methods for body composition assessment in children
Method

Advantages

Limitations

Skin folds and
anthropometry

Quick and simple; inexpensive;
useful for large sample groups;
accurate for lean participants
Quick and simple; inexpensive;
useful for large sample groups

Poor validity and
large prediction
errors
Need to have
information on
hydration status of
fat-free mass
Requires high degree
of technical skill

Bioelectrical
impedance
analysis

Computerised
Precise and simple; inexpensive;
optical system
useful for large sample groups
(LIPOMETER)
Source: Hill et al. (2001)

Recommendation to
use in children
Recommended for
children
Highly recommended
for children
Highly recommended
for children

Several specific methods are used for the measurement of body composition. The choice of
the method of body composition depends (apart from financial aspects) on accuracy and
invasiveness. All body composition methods are indirect methods. They all have smaller or
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bigger measurement errors. Some of them are not feasible for testing children. To date, the
most widely accepted measures of adiposity are gained from indirect anthropometric
measurements of BMI, waist-to-hip ratio, waist circumferences and skinfold thickness.

2.5.1 Body Mass Index
Body mass index (BMI), also called the Quetelet Index, is used to assess weight relative to
height. It is calculated as thus:

(Equation 2.1)
In adults a BMI of > 30.0 kg.m-2 has been set as the cut-off limit for the diagnosis of obesity
(WHO, 2000) (Table 2.4).
Table 2.4: Body mass index classification in adults at risk of obesity
Classification

BMI (kg.m-2)

Underweight
Normal range
Overweight
1. Pre-Obese
2. Obese class I
3. Obese class II
4. Obese class III

<18.5
18.4-24.9
≥25
25-29.9
30.0-43.9
35.0-39.9
≥40.0

Risk
Low
Average
Increased
Moderate
Severe
Very severe

However, producing a general cut-off value for all ages and sexes in children is not possible
as BMI varies with age in both sexes. To overcome this, the Centre for Disease
Control/National Centre for Health Statistics (CDC/NCHS, 2000) as well as the British Child
Growth Foundation (Cole, Freeman & Preece, 1995), have developed population-based
gender-specific centile charts for BMI. A BMI above the 95th centile is considered as a cutoff limit for obesity in children (Barlow & Dietz, 1988). Meanwhile, the International
Obesity Task Force (IOTF), using a worldwide representative sample of children, has derived
age and gender-specific obesity and overweight cut-off values which are equivalent to a BMI
of 30 kg.m-2 at 18 years of age (Cole et al., 2000) (Table 2.5). Although there are several
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BMI cut-off values defined to diagnose obesity, scientists and clinicians are yet to agree on a
definite method.
Table 2.5: Cut-off points for BMI for excessive weight and obesity by gender between two and 18 years
defined to pass through BMI 25 and 30 kg.m-2 at age 18.
BMI equivalence at 18 years
25 kg m-2
30 kg m-2
Age (years)

Boys

Girls

Boys

Girls

2
18.41
2.5
18.13
3
17.89
3.5
17.69
4
17.55
4.5
17.47
5
17.42
5.5
17.45
6
17.55
6.5
17.71
7
17.92
7.5
18.16
8
18.44
8.5
18.76
9
19.10
9.5
19.46
10
19.84
10.5
20.20
11
20.55
11.5
20.89
12
21.22
12.5
21.56
13
21.91
13.5
22.27
14
22.62
14.5
22.96
15
23.29
15.5
23.60
16
23.90
16.5
24.90
17
24.40
17.5
24.73
18
25
Source: Cole et al. (2000)

18.02
17.76
17.56
17.40
17.28
17.19
17.15
17.20
17.34
17.53
17.75
18.03
18.35
18.69
19.07
19.45
19.86
20.29
20.74
21.20
21.68
22.14
22.58
22.98
23.34
23.66
23.94
24.70
24.37
24.54
24.70
24.25
25

20.09
19.80
19.57
19.39
19.29
19.26
19.30
19.47
19.78
20.23
20.63
21.09
21.60
22.70
22.77
23.39
24.00
24.57
25.10
25.58
26.02
26.43
26.84
27.25
27.63
27.98
28.30
28.60
28.88
29.14
29.41
29.70
30

19.81
18.55
19.36
19.23
19.15
19.12
19.17
19.34
19.65
20.08
20.51
21.01
21.57
22.18
22.81
23.46
24.11
24.77
25.42
26.05
26.67
27.24
26.76
28.20
28.57
28.87
29.11
29.29
29.43
29.56
29.69
27.84
30

The ability of BMI to diagnose obesity and excessive weight accurately across ethnic groups
has also been questioned (Misra, 2003). Freedman et al. (2007) maintain that although the
BMI is widely used as a surrogate measure of adiposity, it is a measure of excess weight
relative to height, rather than excess body fat. According to Deurenberg, Yap and Van
Staveren (1998), it poorly predicts the percentage fat mass associated with health risks across
different ethnic groups as well as within the same ethnic group living in different socio178

economic environments. This has led to a debate as to whether ethnic-specific BMI cut-offs
should be defined to diagnose excessive weight and obesity (Misra, 2003) or indeed whether
population-specific cut-offs should be used across each country (Stevens, 2003).

In the present study, internationally recommended cut-off points for BMI, which are age and
gender-specific, according to Cole et al. (2000) will be used to categorise the risk factor of
excessive weight and obesity in children. Body mass index is interpreted in percentile range
according to weight status categories. For example: BMI ≥ the 95th percentile indicates
excessive weight; BMI 85th to less than 95th percentile indicates risk of excessive weight;
BMI at the 5th percentile, up to the 85th percentile indicates healthy weight, while BMI less
than the 5th percentile is categorised as underweight. Body mass index correlates well with
co-morbidity conditions in adolescents and children, has a high level of correlation with the
amount of body fat and in addition is a low-cost method to measure body composition (Dietz
& Bellizzi, 1999; Krebs & Jacobson, 2003). Clinical studies also generally use BMI to define
excess adiposity instead of excess weight (Krebs & Jacobson, 2003). Flegal and Troiano
(2000), Horlick (2001), Liete and Nicolosi (2006) argued that although BMI has limitations
with regard to distinguishing between bone, muscle and fat mass and because of the fact that
children are still growing and stature is constantly changing, the index may be used as a
rough estimation of obesity and related health risks.

Ma et al. (2002), Freedman et al. (2005) and Steinberger et al. (2005) stated that the accuracy
of BMI as an indicator of adiposity varies by the degree of body fatness. Bray et al. (2001),
reported correlations between BMI and adiposity of r = 0.30 (lower half of the adiposity
distribution) and r = 0.81 (upper half of the adiposity distribution), and BMI was strongly (r =
≥ 0.83) correlated with the body fatness of relatively heavy Pina Indian children and
adolescents (Lindsay et al., 2001). Therefore, while a high BMI is a fairly good indicator of
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excess adiposity, lower BMI levels may reflect low levels of either fat mass or fat-free mass,
and do not reflect fat distribution (Strickler et al., 2005).

As can be seen from the literature above, it is well accepted that BMI does not always reflect
the percentage body fat accurately. Despite its limitations when used in individuals with
unusual body fat distribution, which can be due to extreme stature, muscle mass or ethnic
group, it remains one of the most effective monitoring tools available to diagnose obesity.

2.5.2 Skinfold Thickness
According to Wang et al. (2000), skin fold thickness measurements to estimate percentage fat
mass are particularly appealing in population studies, because the procedure is relatively easy
to perform, the measurements are non-invasive and do not involve radiation exposure, the
measurements instruments (skin fold calipers) are inexpensive, do not require electrical power
to operate and the measurements can be done practically anywhere. Skin fold thicknesses can
be used as indicators of body fatness without predicting the size of the body compartments.
Skin fold measurement only provides an estimate of subcutaneous fat and cannot be used to
reliably measure fat stored internally, such as visceral fat, which is more strongly associated
with insulin resistance and cardiovascular disease (Watts et al., 2006). The use of Skinfold
calipers has been the most frequently utilised method of measuring subcutaneous adipose
tissue thickness (Hills et al., 2001). If the body fat distribution varies within individuals, it
affects the accuracy and the measurement results. Therefore, the reliability of this method is
relatively low compared with other methods (Wagner & Heyward, 1999). Lohman (1987)
demonstrates that different caliper types may affect skinfold estimates. In order to improve
the accuracy of skinfold caliper measurements, several authors have also carried out log
transformation of skinfold value (Parizkova, 1961, Durnin & Rahman, 1967). The main
reasons for these transformations are skewed data, measurement errors being greater for
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thicker skin folds than thinner skinfolds, and experimentally, skin fold measurement not being
linearly related to body density.

The measurement of skinfold thickness has become relatively popular in school and clinical
settings in children and adults since this technique is relatively easy and inexpensive. The
premise that a relationship exists between body fat content and the sum of any of a number of
combinations of standard skinfold thickness measurements (usually determined by
underwater weighing densitometry) generally holds true at all ages (Slaughter et al., 1988).

Slaughter et al. (1988) have developed equations that accurately relate skinfold sum to
percent body fat in children that take into account the chemical immaturity of the FFM and
the changing relationship between density and skin fold sum with increasing maturity. These
equations are constructed based on the multi-component model. A population of participants
ranging from age seven years to young adulthood are included in their study. The prediction
equation is thus:
Triceps and calf skin folds
% Fat = 0.735 (∑SF) + 1.0 (Boys)

(Equation 2.2)

% Fat = 0.610 (∑SF) + 5.1 (Girls)

(Equation 2.3)

Triceps and subscapular skin folds (> 35 mm)

% Fat = 0.783 (∑SF) + 1.6 (Boys)

(Equation 2.4)

% Fat = 0.546 (∑SF) + 9.7 (Girls)

(Equation 2.5)

Triceps and subscapular skin folds (< 35 mm)
% Fat = 1.21 (∑SF) − 0.008 (∑SF) 2 + 1 (Boys)
2

% Fat = 1.33 (∑SF) − 0.013 (∑SF) − 2.5 (Girls)

(Equation 2.6)
(Equation 2.7)

Where
% Fat = percentage fat
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∑SF = sum of skin folds
mm = millimetres
The Slaughter et al. equations have been cross-validated in subjects eight to 17 years of age
and found to be reliable (Janz et al., 1993) and are internationally accepted for use in children
from different ethnic groups.
Research has indicated that there is large individual variability in fat patterning in adults and
children. The challenge is to establish the correct skin fold sites that best represent percentage
body fat. As children become older and approach late adolescence, it becomes increasingly
important to estimate truncal fat as well, because the evidence suggests chronic diseases are
linked to both fatness and fat distribution and that a disproportionate development of
abdominal fat may put an adolescent at additional risk for disease (Fox et al. 1993).

Different skinfolds ratios have been used to assess subcutaneous adipose tissue distribution.
The ratio of skinfolds from central and peripheral sites is more logical, more valid and of
greater utility in tracking change. The predominant fat storage in children occurs in the limbs,
however, in adults advancing age progressively exerts a centralising effect on fat distribution,
which is usually more pronounced in men than in women. This is conveniently described by
the ratio of triceps to subscapular skinfolds (Malina, 1999), the abdominal to medial calf
skinfold (Stewart, 1999), or the ratio of selected trunk-to-extremity skinfold (Malina &
Bouchard, 1988).

The subscapular-to-triceps ratio (STR) is an indicator of the central versus peripheral
distribution of subcutaneous fat and as such, is considered a useful predictor of susceptibility
to type 2 diabetes (T2D), hypertension and other metabolic disturbances (Moreno et al.,
1997). It is calculated thus:


STR 

Subscapular
Triceps

(Equation 2.8)
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Subscapular
Subscapular  Triceps



S/ST =



SS/SSBT=

Subscapular  Supraspinale
Subscapular  Supraspinale  Biceps  Triceps

(Equation 2.9)

(Equation 2.10)

In a study by Williams et al. (1992), work on the ratio of subscapular to triceps skin folds, an
association of fat distribution with blood pressure and blood lipids was found in adolescents,
but not in children. Adolescents with a ratio of subscapular to triceps skinfold greater than 1.0
should be encouraged to decrease their body fatness until this ratio is below 1.0 and until they
enter the healthy fitness zone for percentage body fat.

Diverse anthropometric measurements such as waist circumference (WC), waist-to-hip
(WHR) and recently the waist-to-stature ratio (WSR) have also been used as supplementary
measurements to assess central body fat distribution. Research has shown that these various
indices of abdominal obesity (WC, WHR, and WSR) are associated with adverse risk factors
among children (Savva et al., 2000; Hara et al., 2002; Kahn, Imperatore & Cheng, 2005) and
are predictive of T2D and CVD in adulthood (Tulloch-Reid et al., 2003; Wang et al., 2005;
Schulze et al., 2006).

2.5.3 Waist Circumference
The notion that measures of fat distribution, particularly WC, are especially important
measures of health status has gained much publicity. In the recent best-seller You: On a Diet:
The Owner’s manual for Waist Management, the authors advocate a diet plan that is based on
managing waist size rather than weight because “waist circumference, not overall weight, is
the most important indicator of mortality” (Roizen & Oz, 2006). Pischon et al. (2008)
corroborate this view in their study reporting that WC is more positively associated with
mortality than is BMI. Waist circumference has been recommended as an appropriate
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alternative measure to BMI or measures of total or subcutaneous body fat to identify adults at
risk of obesity (Cameron et al., 2005). Pouliot et al. (1994) demonstrated in their study that
WC is a better measure of abdominal visceral adipose tissue than the commonly used WHR
in a mixed sample of men and women (n = 151). Additionally, their study show that higher
WC levels were associated with potentially “atherogenic” metabolic disturbances, that is, an
increased risk of premature atherosclerosis and cardiovascular disease. Specifically relating
to the present study, Cameron et al. (2005) compare children’s waist circumference in a birth
to 20 year-old cohort set to other measures of body composition including subcutaneous fat
by skin folds, BMI, DEXA-determined measures of fat tissue, lean tissue and bone mineral
content. Extremely high associations were found between these variables, indicating the
usefulness of waist circumference as an indicator of body composition and particularly body
fat in children. The validity of WC as an indicator of abdominal visceral obesity has been
confirmed in multiple studies (Taylor et al., 2000; Janssen, Katzmarzyk & Ross, 2004; Shen
et al., 2006) using sophisticated but expensive and time-consuming instrumentation, such as
DEXA, CT and MRI. Snijder et al. (2002) study a sample of 150 subjects of mixed ethnic
background and find that the simple anthropometric measures of WC and sagittal abdominal
diameter (SAD) (the distance between the abdominal and back) predict visceral fat (as
determined by CT) as accurately as the sophisticated DEXA method. Similarly, Zamboni et
al. (1988) found similar results for SAD when compared with CT scans. These studies
provide the rationale for incorporating the WC and SAD into standard measures for health
practitioners. This view is further supported by Ho et al. (2001), who study the association
between WC, WHR and CAD risk factors. They found that both BMI and WC provide
unique and independent information and are closely related to CAD risk while WHR adds
nothing new.
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Beyond height and weight, anthropometric circumferences can provide more detail. The
simplicity of these measurements has obvious appeal, but errors can be considerable.
Accuracy is confounded by difficulty in locating the waist in fatter individuals, breathing
artifacts and clothing enlarging the hip measurement (Stewart, 2003). Despite more elaborate
attempts using circumferences to describe a conicity index (Valdez, 1991) more research has
focused on the waist circumferences alone, which is considered to describe abdominal
obesity, requiring intervention at values of at least 102 cm for men and at least 88 cm for
women (Seidell, 2000). On an individual basis, it is unlikely that a WC, especially if not
corrected for total height provides useful information regarding age-related fat centralisation
(Stewart, 2003). It should be noted too, that although WC is known to have correlations with
the amount of intra-abdominal visceral fat, which may be the most detrimental fat depot
(Despres, 2006) it is also associated with subcutaneous abdominal fat and with total body fat
(Lean, Han & Deurenberg, 1996; Molarius & Seidell, 1998).

2.5.4 Waist-to-Hip Ratio
The WHR is a comparison between the circumferences of the waist and the circumference of
the hip. This ratio best represents the distribution of body weight, and perhaps the body fat of
an individual. The pattern of body fat distribution is recognised as an important predictor of
health risks of obesity (ACSM, 2005). There is also evidence that the pattern of body fat
distribution in childhood and adolescence, particularly intra-abdominal fat accumulation, may
be important in increasing the risk for a variety of metabolic disturbances (Fukuyama et al.,
2005).

The WHR has been extensively used to discriminate between android (Type II) and gynoid
(Type IV) fat distributions (Sedgwick & Haby, 1991; Bray, 1992). Waist-hip ratios in excess
of 0.95 and 0.80 for males and females, respectively, indicate a high risk of illness (Bray,
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1992). In contrast, excessive gynoid fat is not correlated with CAD risk factors (Terry et al.,
1991) due to female femoral fat’s association with the cardioprotective HDL-C (Shaw,
Lategan & Loots, 2003).

However, the accuracy of the WHR as a tool to evaluate central adiposity and chronic disease
risk in clinical and epidemiological settings is currently under debate. One concern is that
measurement errors could be included in a ratio and the interpretation of these, in terms of
pathophysiology is difficult (Lee et al., 2008).

2.5.5 Waist-to-Stature Ratio
The WSR is a relatively new anthropometric index which was proposed in Japan (Hsieh &
Yoshinaga, 1995a; 1995b) and the United Kingdom (Ashwell et al., 1996) as a method of
evaluating body shape and monitoring risk reduction. A WSR above 0.5 suggests increased
risk (Hsieh & Yoshinaga, 1995b; Ashwell, Lejeune & McPherson, 1996). It is also suggested
that values above 0.6 show largely increased risk (Cox et al., 1997).

Prospective studies (Hadaegh et al., 2006; Lu et al., 2006; Chei et al., 2008) have
demonstrated that WC and WSR are better than BMI at predicting deaths from CVD and allcause mortality. A recent meta-analysis (Lee et al., 2008) comparing pooled data from 10
studies of various anthropometric indices and CVD risk in adults indicates that WSR is better
than BMI, WC and WHR at predicting CVD risk. Lee et al. (2008) have lent support to the
previously proposed boundary value of WSR of 0.5 (Hsieh & Yoshinaga, 1995b; McCarthy
& Ashwell, 2006).

Studies from Asian countries, have indicated that even in populations with low rates of
obesity and moderate BMIs, such as Japan (Hsieh & Yoshinaga, 1995a; Chei et al., 2008),
Hong Kong (Ho et al., 2003), Taiwan (Lin et al., 2002; Huang et al., 2002; Lin et al., 2007),
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Pakistan (Khan et al., 2008), Bangladesh (Sayeed et al., 2003), Singapore (Pua & Ong,
2005), China (Ho et al., 2003; Lin et al., 2007; Wu et al., 2007), and India (Joshi, 2008), the
measurement of WSR can be an important early indicator of lifestyle related disorders and
could be an important public health approach to preventing diabetes and CVD (Ashwell,
2009).
Waist-stature ratio has also been reported to have closer values between men and women than
BMI or WC, therefore, the same boundary value may apply to children as well (Ashwell,
2009). There is growing evidence that WSR can be used to predict risk in children (Kahn,
Imperatore & Cheng, 2005; Freedman et al., 2007; Weili et al., 2007; Maffeis et al., 2008).
Since the stature and WC of children increases continually as they age, the same boundary
value (WSR = 0.5) could be used to indicate increased risk across all age groups (McCarthy
& Ashwell, 2006; Garnett et al., 2008).

Nambiar et al. (2009) study nearly 3000 Australian children aged 8−16 years, and conclude
that WSR is the best index in clinical and population health studies. These authors further
maintain that WSR boundary values just below 0.5 can identify children with higher
percentage body fat who are at greater risk of developing weight-related, cardiovascular comorbidities at an earlier age. However, as appealing as this anthropometric index may appear,
a recent study of adults found that WSR and BMI are more strongly associated with each
other (r = 0.85−0.91) than with percentage body fat (r = 0.69−0.76), as determined by airdisplacement plethysmography (Bosy-Westphal et al., 2006). These associations highlight the
potential problems in utilising WSR and BMI as indexes of abdominal and generalised
adiposity, respectively. Additionally, the possible relation of disease risk to stature (Hebert et
al., 1993), which is in the denominator of both indices, rendered the interpretation of
associations with BMI and WSR complicated.
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It is reported that among the various anthropometric indices of BMI, WC and WSR, WSR
≥0.5 had the highest sensitivity and more balanced sensitivity and specificity for the
identification of any one or clustering of two or more coronary risk factors from the modified
ATP III criteria in both genders (Hsieh & Muto, 2006; Lee et al., 2008), and greater
simplicity (Hsieh & Muto, 2005; Hsieh & Muto, 2006). The use of WSR and the Ashwell
Shape Chart could be an important new public health tool that has global applicability for
adults and children over five years (Ashwell & Hsieh, 2005). Further validation and adoption,
particularly of the suggested boundary value of 0.5 (children) and 0.6 (adults) to indicate
different action levels of risk, is warranted (Ashwell, 2009). Also, this common
anthropometric index can be a useful guideline for providing education in preventive health
care.

2.6 PREVENTION OF EXCESSIVE WEIGHT AND OBESITY

As the prevalence of obesity and obesity-related physiological and psychological impacts are
increasing worldwide, obesity prevention has become an international public health priority.
Different strategies have been propounded in order to prevent obesity. A strategy aimed at
stabilising or reducing the mean BMI in a population is called “universal prevention”. This
strategy focuses on the population as a whole. In “selective prevention”, attention is directed
towards high-risk children (with obese parents), and “targeted prevention” is focused on
overweight and obese persons in order to prevent further weight gain and/or to reduce body
weight (WHO, 1998).

Studies examining the influence of family, community, and healthcare system have found
school-based interventions to be effective in some aspects of obesity prevention, either
through nutrition education or increased physical activity (Gordon-Larsen, McMurray &
Popkin, 2000; Doak et al., 2006; Hawley, Beckman & Bishop, 2006; Danielzik, Pust &
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Muller, 2007). Researchers have also found that family and community involvement is an
essential aspect of obesity intervention or prevention programmes (Gittelsohn & Kumar,
2007), especially in a rural setting (Hawley et al., 2006). Most of the prevention studies are
performed in the school setting. This highlights the importance of the school environment in
initiating obesity prevention options. Some of the prevention strategies applicable to a school
setting are discussed below.

2.6.1 Exercise Programmes for Preschool Children

The “Exercise Programme for Pre-school Children” assesses the effect of a school-based
aerobic exercise programmes on the obesity indices of 292 preschool children from two
kindergartens in Thailand (Mo-Suwan et al., 1998). The programme is comprised of a 15minutes walk before morning class and a 20-minutes aerobic dance session after the
afternoon nap, three times a week. The programme continued for 30 weeks. In the
intervention group, obesity decreased by between 10 and 12 %. Gender differences in the
response of BMI to exercise were observed. Girls in the exercise group had a lower
likelihood of having an increasing BMI slope than the control girls did. Conclusively, the
findings demonstrate that a 30-week school-based exercise programme can prevent BMI gain
in girls and may induce a remission of obesity in preschool-aged children (Lissau, 2005).

2.6.2 Kid Obesity Prevention Study

The Kid Obesity Study (KOPS) is a planned 8-year follow-up study (Muller et al., 2001). The
programme enrolled children aged between five and seven years on a voluntary basis through
a health examination carried out by school physicians. Kid Obesity Study involves 2440
children, and the baseline measurements were quite comprehensive, including the
anthropometrically determination of nutritional status and bio-impedance. Other variables
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assessed were food frequency, physical activity and social status, cardiovascular risk factors
(blood pressure, blood glucose, cholesterol and triglycerides), resting and 24-hour energy
expenditure (Grund et al., 2000).

School and family-based interventions were involved, with three intervention schools and
three control schools. A structured nutrition education programme gives training to the
teachers and the advice to children and parents was very simple:


eat fruit and vegetables every day;



reduce intake of high-fat foods;



keep active for at least one hour a day; and



reduce TV viewing to less than one hour a day.

Standard materials are used in the KOPS with the intention of making the study easy to
replicate for other authors. After one year of follow-up, there was a significant effect both on
triceps skinfold (intervention 10.9−11.3 mm versus control 10.7−13.0 mm) as well as %FM
(intervention 0.4% versus control 3.6%) (Lissau, 2005).

2.6.3 Multimedia Programme in Elementary and Nursery School Children

The multimedia programme involved 1321 pupils aged three to nine years in three schools in
Rome with homogenous social and economic characteristics (Simonetti et al., 1986). The
schools received a multi-media action programme which included audiovisual, printed
material and discussion meetings with families and teachers.

Alternatively, the schools

received a written action programme, where only written material was distributed among
pupils, teachers and families or, in the case of the control school, no intervention, only
measurements of BMI at baseline and at follow-up. After one year of intervention, the
prevalence of excessive weight and obesity decreased by 12.2 and 12.1%, respectively. There
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was no beneficial effect of receiving written material compared to the control school (Lissau,
2005).

2.6.4 Planet Health
The Plant Health programme is a school-based health behaviour intervention programme on
obesity among boys and girls (Gortmaker et al., 1999), involving 1295 students in the sixth
and seventh grades, with a mean age of 11−12 years. Ten schools were randomly grouped to
either intervention (n = 5) or control schools (n = 5). Obesity was defined adopting the 85th
centile of US age-and gender-specific measures of BMI and triceps skin folds (Must, Dallal
& Dietz, 1991). Planet Health sessions centred on decreasing TV viewing, decreasing the
consumption of high-fat foods, moderate and vigorous physical activity. The prevalence of
obesity among girls in the intervention schools was significantly reduced compared to the
control group, controlling for baseline obesity. After similar controls, no differences were
found between boys receiving the intervention or not (Lissau, 2005). Planet Health is a
promising school-based method, as a decrease in obesity was apparent among female
students. Conclusively, the study suggests that longer-term intervention and follow-up may
be needed to show an effect among male students.

2.6.5 Dance for Health
The main focus of the Dance for Health programme was to increase physical activity in a
manner that was adapted to the age group, namely an enjoyable aerobics programme (Flores,
1995). This programme involves 110 boys and girls at ages 10−13 years, who were
randomised to either Dance for Health or to the usual physical activity programme. The
intervention group received physical education three times a week and dance-oriented
physical education three times a week. After 12 week follow-up, students in the intervention
group had a significantly greater decrease in BMI and resting heart rate than students in the
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control group (Lissau, 2005). From a public standpoint, it is obviously an advantage that the
programme focused on fun in physical activity, which is the most important factor for
keeping children active (U.S. Department of Health and Human Services, 1996).
2.6.6 Trim and Fit
The Trim and Fit programme in Singapore is aimed at improving physical fitness and
reducing obesity in schoolchildren (Toh, Cutter & Chew, 2002). The programme consists
both of universal prevention aimed at all children but also tertiary prevention of excessive
weight in terms of more physical training and nutritional education. Obese children are
referred to doctors and dieticians for more intensive efforts. The programme witnessed a
reduction in obesity from 1992-2000. This seems promising too, given that the prevalence of
obesity has increased in most other countries.

2.6.7 Reducing Children’s TV Viewing
The programme aimed to reduce TV, videotape and videogame use (Robinson, 1999). The
study involved 192 children aged 8−9 years, grouped into either the intervention school or
control school, focusing on their BMI levels. The intervention group had significantly
reduced mean BMI, skin fold thickness and WC compared to the control group. The
intervention group had a statistically significant decrease in children’s TV viewing and meals
eaten in front of the TV. However, physical activity levels and cardio-respiratory fitness
showed no difference between the two groups.

2.6.8 Active Programme Promoting Lifestyle in School

The Active Programme Promoting Lifestyle in School (APPLES) programme was
successfully implemented and produced changes at school level in Europe and tackled risk
factors for obesity (Sahota et al., 2001). A group of randomised, controlled trial, in primary
school children aged 7−11 years was used, so as to assess the efficacy of a school-based
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intervention in reducing risk factors for obesity. Sedentary behaviours were higher in
overweight children in the intervention groups, while global self-worth was higher in the
obese children. There was no difference in BMI, other psychological measures or dieting
behaviour between the groups. Though the programme produced changes at school level, it
had little effect on children’s behaviour, other than a modest increase in the consumption of
vegetables (Lissau, 2004).

2.6.9 Reducing Intake of Carbonated Drinks in School Children

This programme was a school-based education initiative in Britain, which produced a slight
reduction in the number of carbonated drinks consumed, resulting to a decreased in the
number of overweight and obese children (James et al., 2004). This involved 644 children
aged 7−11 years from six primary schools in England. The children received education in
healthy diet and the promotion of drinking water. Additionally, each class was challenged to
produce a song with a healthy message. Besides, the children tasted fruit to learn about the
sweetness of natural products. After 12 months, the consumption of carbonated drinks was
decreased by 0.6 glasses in the intervention groups but increased by 0.2 glasses in the control
group. The percentage of overweight and obese children deceased in the intervention group
by 0.2% but increased by 7.2% in the control group (Lissau, 2004).

All these school interventions programmes discussed above proved promising and could be
implemented elsewhere, as preventative strategies for combating obesity in children. Children
spend most of their time in school and as such school offers a veritable forum to initiate the
fight against excessive weight and obesity in children. In this regard, schools must be
supported and encouraged by the government, parents and relevant bodies to achieve their
objectives regarding children’s weight. It has to be admitted that the fight against obesity is
largely unsuccessful and probably cannot be won in the setting of clinical therapeutic
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medicine but must come from health education teaching children to eat sensibly and to be
more physically active and this must start early in life (Hogan, 2005; Stone & Saxon, 2005).
Nevertheless eating patterns are very resistant to change. In the present dispensation, it is
inevitable that the food industry must be involved for them to offer healthier food to the
public (Lissau, 2004).

In a society where the costs of healthcare and of welfare for disability are managed by state
institutions, the state is likely to develop an active policy in the fight against obesity, for
instance by regulation of the pricing of healthy/unhealthy food, by health education, and by
paying greater attention to physical exercise in the education of the youth of today (Cawley &
Liu, 2008). This would be very relevant in the South African context where there is a public
outcry regarding the weight status (excessive weight/obesity) of the population.

2.7 MEASURING DIETARY INTAKE IN CHILDREN

It is very difficult to obtain reliable data on objective contributions of dietary intake to
childhood obesity or, put simply, the methodology performed for this aim is perhaps not able
to assess it precisely (Rodriguez & Moreno, 2006). Several techniques are presently used to
assess the diet of adults, including food frequency questionnaires (FFQs), diet records, weight
records, diet histories and dietary recalls. Choice of technique may be determined by the
number of participants, budgetary constraints, type of study undertaken and level of accuracy
desired (Biró et al., 2002). Although diet records can be the instrument of choice for smaller
studies, FFQs are often used in large epidemiological studies (Subar et al., 2001). According
to McPherson et al. (2000), FFQ are relatively easy to administer, less expensive than other
assessment methods, and easily adapted for population studies. McDonald (1991) considers
FFQ as a suitable tool for estimating average daily intake of nutrients as well as the intake of
fat, fatty acids and cholesterols. In addition, Paisley et al. (1996) point out that it is suitable
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for classifying individuals into groups based on their energy percentage obtained from fat.
The appropriateness of the food list for the FFQ often needs to be population-specific to
accurately assess usual intake (McPherson et al., 2000).

Measuring dietary intakes in young children, however, is complicated. Any method that
requires young children to report their own intake is vulnerable to error. Separation of days
and the concept of time can be problematic for children. Children also have difficulty
remembering quantities and are not usually knowledgeable about how the foods they eat are
prepared (Livingstone & Robson, 2000; Perks et al., 2000; Biró et al., 2002). The dietary
instrument often used in studies of children is the diet record, administered to parent or child
and is considered by some to be the gold standard (Perks et al., 2000; O’Connor et al., 2001).
Unlike the 24-hour recall or diet history, the diet record does not require reliance on memory.
However, there are disadvantages, including a high participant burden, cost and limitations of
the database used in analysis (Biró et al., 2002). The FFQ has been validated in adults (Willet
et al., 1985; Block et al., 1986) and is being explored for use in children, because of its ease
of administration and low participant burden (Rockett & Colditz, 1997). Two FFQs that are
commonly used in studies to quantify dietary intakes are the Willet questionnaire (Willet et
al., 1985) and the Block questionnaire (Block et al., 1986). The validity and reliability of the
FFQ have been ascertained by Knuiman et al. (1987) and Domel et al. (1994), respectively.
McPherson et al. (2000) in their reviews, highlighted the advantages of FFQ as follows:


trained interviewers needed;



interviewer or self-administered;



relatively inexpensive to collect;



procedure does not alter habitual dietary habits;



low respondent burden;



total diet or elected foods or nutrients can be assessed;
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ranked according to nutrient intake; and



procedure can be automated.

2. 8 ENERGY EXPENDITURE

Energy expenditure comprises three components namely; resting energy expenditure,
thermogenesis, and physical activity (Rennie et al., 2005). Physical activity is the component
that can be changed. Although it is self-evident that physical activity contributes to the
aetiology of obesity in children by reducing energy needs, the relative importance of different
aspects of activity is poorly understood. For instance it is not clear whether obesity risk is
similarly related to a reduction in vigorous-intensity activity, moderate-intensity activity
and/or an increase in sedentary behaviour. There may also be important interactions with
eating habits and the control of food intake.

2.8.1 Physical Activity

Physical activity is considered as behaviour and refers to any bodily movement produced by
skeletal muscles that results in energy expenditure above the resting levels (Caspersen,
Powell & Christenston, 1985). Physical activity has mechanical, physiological and
behavioural components (Malina, Bouchard & Bar-Or, 2004). According to Montoye et al.
(1996), physical activity is composed of various components (the type of movement, purpose
of the activities, behaviour) and can be expressed in several ways (energy cost of activities,
analysis of movement, work productivity). The terms ‘energy expenditure’ and ‘physical
activity’ are not synonymous. Physical activity results in energy expenditure in the same way
as the basal metabolic rate or the thermic effect of foods (Kohl, Fulton & Casperson, 2000).
The contexts of daily tasks as well as the physical and social environment are important
characteristics of activity.
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It should be noted that physical activity and exercise are not synonymous. Exercise usually
refers to structured activities that are performed in order to improve physical fitness and wellbeing. This distinction is particularly important in children (Goran, 1998).

2.8.2 Health Benefits of Physical Activity Participation

There is increasing evidence that physical activity during childhood and adolescence has an
important impact on short and long-term health and behaviour outcomes (Strong et al., 2005).
The physical activity guidelines of the US Department of Health and Human Services
(DHHS) state that regular physical activity helps build and maintain healthy bones and
muscles, reduces the risk of obesity and chronic diseases such as diabetes and CVD, reduces
feelings of depression and anxiety, and promotes psychological well-being (US Department
of Health and Human Services, 2008 ). Several scientific studies provide additional evidence
of the benefits of physical activity. In a prospective, randomised, controlled study, physical
activity was shown to reduce systolic and diastolic blood pressure in young children over an
eight-month period (Hansen et al., 1991). An examination of six hypertensive adolescents
demonstrated a significant reduction in blood pressure after three to seven months of weightlifting (Hagberg et al., 1984).

Physical activity is particularly important in the treatment of T2D in children because of its
potential to improve insulin sensitivity and maintain both short and long-term metabolic
control (Gahagan, Silverstein & American Academy of Paediatrics Committee on Native
American Child Health and Section on Endocrinology, 2003). Lack of physical activity may
contribute to T2D in children. A recent study (Shaibi et al., 2008) assessed cardio-respiratory
fitness in adolescent boys with previously diagnosed T2D during a progressive exercise test.
Cardio-respiratory fitness levels were 18% lower in adolescent males with T2D compared
with males of equal age and BMI. The youth with diabetes also spent about 60% less time per
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day in moderate to vigorous physical activities compared with the control group. According
to Shaibi et al. (2008), although childhood T2D is caused by a complex interaction of genetic
and environmental factors, physical inactivity may contribute through a lack of stimulation of
glucose uptake in skeletal muscle.

A decline in physical activity from childhood to adulthood is a strong predictor of adult
obesity and insulin resistance (Dwyer et al., 2009). In order to carry physically active
behaviour into adulthood, it seems only reasonable that children should be physically active
during childhood. In order to accomplish this, the AAP recommends that parents help their
children be physically active in other ways than organised sports alone, and to plan outdoor
activities for the entire family such as biking or playing outdoors. Additionally, AAP
recommends that children spend as much time outdoors as possible (AAP, 2006).

The evidence that physical activity is important for preventing excess weight gain is plausible
but limited. However, increases in physical activities have other proven health benefits.
Current guidelines recommend that for optimal health benefits, children should accumulate a
minimum of 60 minutes of moderate to vigorous intensity activity per day (Strong et al.,
2005). However, there is no substantial evidence on which to base precise recommendations,
and more data are required to determine the amount and type of physical activity necessary
throughout childhood for good health and to prevent excess weight gain. Information on
activity behaviour is also essential to formulate meaningful recommendations and to
implement effective public health interventions.

Maffeis and Castellani (2007) stated that in industrialised countries, spontaneous physical
activity is the largest component of energy expenditure for physical activity and, by
implication, of the daily total energy expenditure (TEE). It includes the energy of walking,
climbing stairs, playing and dancing. The interaction between environmental factors and
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biological variables explains most of the inter-individual variation of the level of physical
activity. Environmental factors that modify the energy expenditure for physical activity are
examined in the subsections that follow.

2.8.3 Urbanisation and Transport Automation
Maffeis and Castellani (2007) observe that in industrialised countries, cities were not
designed for children’s needs, and there is traffic and the absence of footpaths, parks and
playgrounds which limit the opportunities to walk or play outside without adult supervision.
The AAP has proposed limiting the use of cars and buses whenever possible and using
bicycles or walking (Barlow & Dietz, 1998). A study in Australia reports that in the last 20
years the increase in childhood excessive weight was associated with a reduction in the
number of children who walk or cycle to school (Salmone et al., 2005). Other studies
conducted in the USA designed to quantify the impact of the use of a motor vehicle on body
weight revealed that every hour spent in the car increased the risk of obesity by six percent,
while an hour of walking reduced this risk by about five percent, all this being independent of
race and sex (Lawrence, Andresen & Schmid, 2004).

Some studies have examined specific periods of activity and their contributions to the child’s
overall physical activity. In the absence of good secular data, decreasing numbers of children
walking or cycling have been cited as indicators of reducing activity levels over time
(Parsons et al., 1999). In particular, walking and cycling to school have decreased (National
Travel Survey Unit, 2001). Although this behaviour accounts for only a small proportion of
possible opportunities for daily activity, it does appear that children with ‘active transport’
routes to school tend to have a higher activity level throughout the school day.

Using active modes of transportation (walking, bicycling) for commuting to school has been
suggested as a way of increasing physical activity in children and youth (Tudor-Locke,
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Ainsworth & Popkin, 2001). Children who walk to school would seemingly be more active
during the morning and afternoon compared with those riding in a bus or car. Active
commuters, however, may compensate for their commuting activity by being less active at
other times of the days resulting in no net increase in physical activity. Several studies have
shown that children who walk to school are more active than those who do not (Cooper et al.,
2003; Tudor-Locke et al., 2003). However, a study of 5-year-olds did not find a difference in
overall activity levels with mode of travel to school (Metcalf et al., 2004), suggesting that this
may only be important in older children.

Many reasons are thought to account for low levels of walking to school. Parental safety
concerns such as travel distance, traffic, and crime have been associated with inactive
commuting (Black, Collins & Snell, 2001; Timperio et al., 2004). Also, physical
environmental factors may be associated with children actively commuting to school.
Environmental correlates of children’s overall physical activity have been reported (Timperio
et al., 2004), so it is reasonable to expect environmental variables to be related to specific
types of physical activity such as walking and biking to destinations. According to Timperio
et al. (2004), having to cross several roads was associated with less walking or cycling to
local destinations for children aged 10−12 years. It is well known that “walkable”
neighbourhoods with destinations near homes, inter connected streets and higher residential
densities are associated with more walking and cycling for transportation among adults
(Braza, Shoemaker & Seeley, 2004). Ewing, Schroeer and Greene (2004) indicated in their
study that walking to school is more common in neighbourhoods with side-walks. They
further maintained that land use density and mix variables, although related to adult travel
behaviour, are unrelated to children’s active commuting. In another study, population density
around the school was positively associated with biking and walking to school (Braza,
Shoemaker & Seeley, 2004).
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Data are lacking on the possible physical activity differences between South African children
who walk to school and those who are driven. This information is needed to understand the
potential impact of walking to school on children’s physical activity levels in relation to their
body fatness. Studies are needed to determine whether active transport has a significant
impact on total daily activity of children and how this varies with age and gender. Promoting
active transport to school may be a means to encourage children and their families to
incorporate more activity in their lifestyles.

2.8.4 Sedentary Activity

Sedentary behaviour has been identified as a possible risk factor for obesity (Parson et al.,
1993). Popular sedentary activities, such as watching TV, have been implicated in childhood
obesity, because they reduce resting metabolism, displace physical activity and expose
children to food advertisements (Taras et al., 1989). In the last decades, TV viewing has
become the most common recreational activity in Europe and the USA. In the USA, on
average, children watch TV for two to five hours a day (Kaiser Family Foundation, 2005).
Cross-sectional studies and a recent meta-analysis show a significant association between TV
viewing and prevalence and level of excessive weight (Marshall et al., 2004; Janssen et al.,
2005; Rose & Bodor, 2006). Several longitudinal studies report a relationship between
increased TV viewing and the development of obesity (Kaur et al., 2003; Berkey et al., 2003;
Hancox, Milne & Poulton, 2004; Jago et al., 2005; Vinier & Cole, 2005). For example, a
study in China found that the prevalence rates of obesity among children who watch
television for less than one, one to two, and two to three hours and more than three hours per
day were 10.9, 11.8, 13.2 and 15.1%, respectively (Ma et al., 2002). The AAP suggests
limiting TV viewing to one or, at the most, two hour a day to avoid negative effects on body
weight and other health outcomes (AAP, 2001).
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Burdette and Whitaker (2005) contend that there does not seem to be any significant
association between TV viewing and excessive weight in pre-school children. However,
according to Jago et al. (2005) the influence of TV viewing on the regulation of body weight
increases rapidly after the age of five.

At face value it may be supposed that an increase in this sedentary behaviour results in a
reduction in energy expenditure and, in this way, causes excess weight gain. However, TV
viewing also has an impact on eating habits. A survey among young people in Great Britain
in 1997 showed that there was a significant positive association between sedentary pastimes
outside of school and consumption of savoury snacks, and a negative association with fruit
consumption (Rennie & Jebb, 2003). This has also been shown in other studies (Crespo et al.,
2001; Phillips et al., 2004). The relationship between TV viewing and increased energy
intake could operate through a number of behavioural pathways, such as the greater
opportunity to consume snacks whilst being inactive or through the influence of programme
content or advertising of foods on food choice and dietary habits (Robinson, 2001).
Furthermore, high levels of TV viewing may also be indicative of particular family lifestyles,
which together are associated with an increased risk of obesity.

Some studies in Europe and the USA (Attewell, Suazo-Garcia & Battle, 2003; Stettler, Signer
& Suter, 2004), but not all (McMurray et al., 2000; Gordon-Larsen, Adair & Popkin, 2002)
have identified positive cross-sectional associations between electronic game use and body
weight. Stettler, Signer and Suter (2004) report that this association is independent of
weekday television viewing and snack consumption while watching TV. However, more
prospective studies are required with longer-term measures of exposures and confounders.

Whether there has been an overall increase in sedentary behaviour in recent decades is
anecdotally plausible, but there are very few data on activities in children, making it difficult
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to establish clear secular trends (Livingstone et al., 2003). If there has indeed been an
increase in sedentary behaviour, it is not clear whether it has replaced more vigorous
activities and sedentary or light-intensity activities such as reading. The knock-on effect of
sedentary behaviour on moderate-vigorous intensity activities may not be uniform. Data from
time-use diaries in four to 13-year-old children (n = 1680) found that only home computer
use in excess of eight hours per week displaced sports and outdoor activities suggesting that
there may be a non-linear relationship between sedentary behaviour and activity (Attewell,
Suazo-Garcia & Battle, 2003).

Information is needed about the prevalence of physical activity and sedentary behaviours and
their associations with fat patterning in South African children, in order to develop effective
strategies aimed at enhancing a physically active lifestyle among children and adolescents.
Examining associations between physical activity and sedentary behaviours in relation to fat
patterning can provide important information about the possibilities of enhancing physical
activity by decreasing the amount of time spent on certain sedentary behaviours, which
promote excess body weight.

2.8.5 Family Habits

The lifestyle of parents affects that of their children in that physically active parents have a
greater chance of having physically active children than inactive parents (Davison & Birch,
2002). Maffeis (2000) maintains that if parents support and encourage their children to
participate in sports, or to imitate older siblings’ and peers’ life-styles, their children’s
behaviour will be influenced and, by implication, their energy expenditure in physical activity
will increase.
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2.8.6 Season and Climate

Dietz (1984) analyses the relationship between obesity and environmental factors such as
seasons, geographical location and population density in North American/US children studied
during Cycle II of the National Health Examination Survey. The results show that the
prevalence of obesity was higher in the Northeast and Midwest of the USA than in the West
and was significantly higher in large metropolitan areas than in areas with lower population
densities. The prevalence of obesity was generally lowest in the summer and highest in the
fall or winter. More recent data confirm that children spend approximately twice as much
time doing physical activity in the summer than in the winter (Levine, 2003). Race and socioeconomic status did not affect these relationships.

2.9 MEASURING PHYSICAL ACTIVITY IN CHILDREN

In a review on interrelationships between physical activity and health, Biddle, Gorely &
Stensel (2004), emphasise the need to develop a greater understanding of physical activity in
youth. In order to establish the links between physical activity, health and disease, they state
that an accurate assessment of physical activity is necessary to objectively highlight the
“real” patterns of children’s physical activity over time.

Direct observation, questionnaires, heart rate monitoring, pedometers and accelerometry are
approaches applicable to children. Given the intrusiveness of direct observation, unreliability
of self-report measures and the complexity of heart rate analysis, accelerometry has gained in
popularity (Puyau et al., 2004).

The stress placed on the role of sedentary behaviour in the risk of childhood obesity may be
simply because inactivity, unlike physical activity is relatively easy to measure. However, it
is difficult to quantify physical activity with acceptable validity and reliability (Telford,
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2007). The methodological issues involved in measuring physical activity are exacerbated in
children, particularly those younger than 10 years old, as their daily lives often consist of
spontaneous unstructured activities which are commonly more multi-dimensional in nature
than those in adolescence and adulthood. Young children are not able to recall daily activities
accurately or compartmentalise activities into discrete periods of time. Data from physical
activity questionnaires are therefore unreliable. It is perhaps not surprising that there is a lack
of consistency in studies reporting relationships between measures of physical activity and
body fatness (Livingstone et al., 2003).

Studies in children are increasingly using objective measures of activity which can quantify
the amount of time spent being active and inactive. In addition, many are able to distinguish
between different intensities of activity. Compared with questionnaires, objective measures
facilitate straightforward comparisons between populations. Gender and age differences in
physical activity are clearly apparent from accelerometry data. There is a marked decline in
time spent in moderate and vigorous activity from pre-puberty through adolescence. On the
whole, girls spend significantly less time in moderate-vigorous activities than boys from an
early age and this disparity widens as children get older (Riddoch et al., 2004).

Most studies of correlates of activity levels have relied primarily on self-report measures of
physical activity. Self-reports are easily administered, low-cost measurement options that can
also assess important aspects of physical activity not captured via objective monitoring
(example, specifics of activity type and activity setting). According to Treuth et al. (2005),
self-reported physical activity instruments are often preferable to more objective measures in
large-scale studies due to lower costs and lessened staff and participant burden.

Much emphasis has been placed on the importance of structured activity on overall energy
expenditure, such as physical education time-tabled in schools. There is no doubt that such
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activities have a role to play in encouraging children to engage in sport long-term by teaching
core skills and fostering enthusiasm. However, the immediate impact of this time-tabled
activity on children’s daily activity is not clear. One study in nine-year-olds has shown that
despite large differences in time-tabled physical education at three different schools, total
activity levels recorded by accelerometry were similar, with those children allocated small
amounts of time-tabled physical education compensating by being more active out of school
hours (Mallam et al., 2003). This illustrates the need for careful evaluation of interventions in
both the short-and the long-term, particularly in younger children where activities such as
unstructured play are often difficult to define.

There is no consensus in the literature on the methods that should be used to assess/report
physical activity and measurement of physical activity presents practical problems, especially
in young people (Treuth et al. 2005). It is therefore, imperative that studies using objective
measures of physical activity or a combination of objective and self-report methods can
improve in their ability to accurately measure and monitor activity levels among
children/adolescents and draw valid conclusions regarding the complex determinants of
activity. When the number of studied children is relatively high, (as in this study) selfreported questionnaires should be used (Treuth et al., 2005).

2.9.1 Physical Activity Guidelines for Children and Adolescents

In 1988, the American College of Sports Medicine (ACSM, 1988) developed an opinion
statement on the amount of physical activity needed for optimal functional capacity and
health. They proposed that children and adolescents should obtain 20 to 30 minutes of
vigorous exercise each day. In the beginning of the 1990s this recommendation was refined
by the International Consensus Conference on Physical Activity guidelines for Adolescents,
in which new physical activity guidelines for adolescents were developed (Sallis & Patrick,
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1994). The expert committee, with researchers from the US, Canada, Europe and Australia,
decided not to develop guidelines for children’s physical activity, because of a lack of
scientific evidence in the younger age groups.

The guidelines for adolescent physical activity were two-fold:


all adolescents should be physically active daily or nearly every day as part of their
lifestyle; and



Adolescents should engage in three or more sessions per week of activities that last 20
minutes or more and that require moderate to vigorous levels of exertion.

However, in 1998, the Health Education Authority symposium on the ‘Young and Active’
(Biddle, Sallis & Cavill, 1999) proposed different recommendations for the physical activity
of young people. Their primary recommendation was that all young people should participate
in physical activity of at least moderate intensity for at least half an hour per day. Secondly,
they recommended that at least twice a week, some of the activities should help to enhance
and maintain muscular strength and flexibility and bone health. Besides these internationalbased guidelines, there are several national-based guidelines for physical activity in youth.
For example, in the US, Healthy People 2001 proposed to increase the proportion of
adolescents who engage in vigorous physical activity that promotes cardio-respiratory fitness
three or more days per week for 20 or more minutes per occasion (United States Department
of Health and Human Services, 2001).

Current guidelines recommend that for optimal health benefit, children should accumulate a
minimum of 60 minutes of moderate to vigorous intensity activity per day (Strong et al.,
2005). The Department of Health and Human Services and Department of Agriculture (2005)
and WHO (2003) propose at least 60 minutes of moderate physical activity on most days of
the week and Healthy People 2010 recommends that daily physical education be provided for
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all students and that lessons be designed so that children are physically active at least 50% of
the time (United States Department of Health and Human Services, 2001).

Recommendations for healthy levels of physical activity for children have been established.
However, it appears lack of measurement precision has made it virtually impossible to
accurately assess proportions of children meeting the recommendations.
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CHAPTER 3
METHODS AND MATERIALS
3.1.

INTRODUCTION

The research hypotheses for this study were formulated in Chapter 1, and this chapter
provides a perspective on the design and methodologies used to execute the empirical part of
the study. The research design of the study will be discussed first in this chapter. The research
design includes defining the participants, defining the sample framework, selecting the
method of sampling, determining the sample size and selecting the sample units. Secondly,
attention will be given to the research methods used to collect data. Thirdly, the test-retest
reliability of the anthropometric data variables will be explained. Fourthly, the steps followed
in the anthropometric data collection will be described. Thereafter, procedures involved in the
coding, administration, editing and data capturing will be clarified. Lastly, the statistical
procedures and techniques used to analyse the data will be briefly explained.

3.2.

RESEARCH DESIGN

A cross-sectional research survey was used in this study. The research design for this study
included the collection of data and specific sampling methods used. The research design also
included defining the population, defining the sample plan, selecting the method of sampling,
calculating the sample size and selecting the sample units.

3.3 GEOGRAPHICAL LOCATION
The study was conducted in Pretoria Central. This location is unique in that it can be
described as the “administrative headquarters of South Africa”. Pretoria is located in the
northern part of the Gauteng Province of South Africa. Geographically, it is located between
latitudes 25o 12' E and longitudes 28 o 12' E. The total land area of Pretoria is 1 644 km2, with
an estimated population of 2 345 908 million people (Statistics South Africa, 2007). Pretoria
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is situated approximately 50 kilometres north of Johannesburg in the north-east of South
Africa, in a transitional belt between the plateau of the Highveld to the south and the lowerlying Bushveld to the north. It lies at an altitude of about 1 350 metres above sea level, in a
warm, sheltered, fertile valley, surrounded by the hills of the Magaliesberg mountain range.

The climate of the area is humid and sub-tropical with long hot and rainy summers and short
cool dry winters. Pretoria has an annual mean temperature of 18.7о Celsius (C) and 65.7о
Fahrenheit (F) (Global Historical Climatology Network, 2010).

The major languages spoken in the area are Pedi, Afrikaans, Tswana, Tsonga, Zulu and
English. Ndebele and Sotho are also widely spoken. The largest white ethnic group are the
Afrikaners and the largest black ethnic group are the Northern Sothos.

3.4 STUDY POPULATION
The target population for this study was black and white South African primary school
children. The participants for this study were recruited after due consultation with school
principals. Parental consent materials were distributed to children and information about the
study was presented on a school-wide basis in large assemblies, classroom periods or in
physical education classes. Participants were randomly selected using a balloting technique.
Both boys and girls were eligible to participate in the study. The participants were drawn
from 12 public primary schools in Pretoria Central, Gauteng Province, South Africa. The
sample was comprised of 1136 participants, of which 548 were boys and 588 were girls. The
racial profile of the total population was 581 black children and 555 white children. The
participants were tested from August to December 2008 and in March to June 2009. The age
range of the participants was 9−13 years. School records of birth were used to establish the
ages of participants in the study.
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3.5 SAMPLING PROCEDURE
The sampling frame was defined using the enrolment numbers for each school. This study
employed a stratified, three-stage cluster sampling strategy. This procedure ensures adequate
representativeness of the study population in the sample. The procedure involved
arrangement of study population into schools and grade-level clusters. In the first stage, using
the random number list, 12 schools were randomly selecting from the number of schools
provided by the District Department of Education, Pretoria. Complete lists of schools in
Pretoria Central were assigned a number from 001 in ascending order. Thereafter, the schools
were sampled according to a random number table. The second stage involved the purposive
selection of grade levels three to seven in each of the selected schools. These grade levels
were selected because the targeted ages were 9−13 years. As such, it was thought that the
normal age of entering primary school in most South African schools is 7 years, which is in
grade one. As such, at grade three, the children would have reached 9 years. In each of the
selected grades in the school, simple random balloting was used to select the participants.
This afforded all learners in the selected classes eligibility to participate in the study.
Children were asked to pick a “Yes” and “No” paper. Only children that picked “Yes” papers
participated in the study. Race was determined by the background of both parents by
questionnaire using black and white categories. Participants whose backgrounds did not meet
these criteria were excluded from the study. A total of 1286 children were selected to
participate in the study. However, due to absenteeism and incomplete data for 150
participants, 1136 participants (548 boys and 588 girls) eventually completed the tests and
their data were used in the final statistical analysis.

In order to enlist the interest and participation of the selected schools, details about the study
including the objectives and procedures to be followed were provided to teachers, parents and
children. For a clear understanding of the project, the information given to white South
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African parents and children was translated into Afrikaans by Dr. JVR, a native speaker of
the language. Parents/guardians were then requested to sign the informed consent forms to
indicate their approval for their wards to participate in the study.

The consent forms were completed and sent to each of the selected schools with a letter to the
principal indicating the classes that were selected for the project and the timetable for
assessments. To facilitate data collection, the principals were requested to collect the
completed informed consent forms and hand them over to the research team on the day that
children from the school would be assessed.

3.6 ETHICAL CONSIDERATIONS
The nature and scope of the study were explained to the children and their parents who gave
informed consent (Annexure A). Approval to conduct the study was granted by the Gauteng
Department of Education (DoE), Johannesburg, South Africa (Annexure B). The Research
Ethics Committee of the Tshwane University of Technology, Pretoria, South Africa approved
the research protocol (Annexure D).

3.7 SELECTION AND TRAINING OF RESEARCH ASSISTANTS

The study involved ten research assistants. The research assistants were final year B Tech:
Sport and Exercise Technology students at the Department of Sport, Rehabilitation and
Dental Sciences, Tshwane University of Technology, South Africa, who were trained by a
Level Four International Society for the Advancement of Kinanthropometry (ISAK) criterion
Kinanthropometrist (Prof. JHDR). This special training workshop was organised for the
research assistants to enable them to become competent in all aspects of the project, (i.e.
anthropometric measurements and questionnaire administration). At the training workshop
each person was allocated to serve in specific portfolios (e.g. measure the heights and weights
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of the learners; determine anthropometric landmarks, measure skinfolds, etc.) Each
measurement station had a team leader who coordinated the activities at the station.

3.7.1 Pilot Study
A pilot study was conducted in August 2008 to ascertain the logistical and technical
procedures for data collection. Also, it served to ensure that question formats and sequences
were appropriate for the children’s cognitive and reading levels. The sample for the pilot test
consisted of 20 learners from two primary schools in Pretoria Municipality. The children and
their schools did not participate in the main study.

3.7.1.1 Reliability Testing
Reliability is the degree to which within-subject variability is due to factors other than
measurement error variance or physiologic variation (Moreno et al., 2003). A school that was
not included in the study, but situated within the study area was tested at three-day intervals.
The complete set of anthropometric measurements was performed three times. All
anthropometric variables were measured in sequence, and then the same measurements
repeated a second and a third time. Before the children participated in the pilot testing, written
consent was obtained from their parents or guardians.

The intra-observer reliability of anthropometric measurements was determined. Reliability
was determined by examining the technical error of measurement (TEM) and interclass
correlation coefficient (r) (Pearson’s method) (Malina, Hamill & Lemeshow, 1973). Data to
conduct these calculations were determined by measuring and re-measuring a small sample of
participants (n = 20). The TEM is the squared differences of replicates divided by twice the
number of pairs:
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(Malina, Hamill & Lemeshow, 1973).

(Equation 3.1)

It is also known as the measurement error standard deviation. The coefficient of reliability is
based on the ratio of within-subject (r) and inter-subject (s) variances:
(Malina & Martorell, 1988).

(Equation 3.2)

Higher values demonstrate greater reliability. Technical errors and reliability coefficients for
the present study are summarised in Table 3.1. The reliability data fell within acceptable
ranges when compared with those published in other research studies (Lohman et al., 1988).
Table 3.1: Intra-tester reliability results of anthropometry measurements
Measurement
Value
Percentage (%)

ICC (r)

Body mass (kg)

0.18

0.87

0.97

Stature (cm)

0.20

0.48

0.96

Triceps

0.24

1.63

0.94

Subscapular

0.54

2.80

0.90

Biceps

0.26

1.67

0.95

Iliac Crest

0.31

2.24

0.92

Supraspinale

0.28

2.65

0.93

Abdominal

0.23

0.39

0.95

Medial calf

0.21

1.88

0.96

Front thigh

0.47

1.94

0.87

Arm flexed

0.19

1.80

0.97

Arm flexed and tensed

0.19

1.74

0.98

Waist

0.94

1.76

0.94

Gluteal (hip)

0.65

0.74

0.90

Calf

0.63

0.82

0.96

Skinfolds (mm)

Girths (cm)

ICC: Intra class correlation coefficients; p < 0.0001

3.8 DATA COLLECTION PROCEDURE
The selected schools were requested to participate in the study, both in writing and by
telephone calls after receiving approval from the South African Department of Education.
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Permission was also sought from the principals, learners in the selected classes and their
parents.

Data were collected in designated locations within the school premises between 08h30 and
14h00. The research team conducted the anthropometric measurements and questionnaire
survey. The study utilised 15 anthropometric measures and 13 derived measures.
Measurements commenced at 08h30 in the morning. A self-administered, pre-coded
questionnaire with a combination of open and closed questions was used to collect
information on physical activity and the dietary intake of the participants.

On arrival, the children were received at a reception room. The signed informed consent
forms by both the parents and the children were matched in order to confirm the identity of
the children from whose parents’ permission had been obtained. Children were asked to
remove their jackets, sweaters, shoes and hats as these would interfere with measurements.
Thereafter, they were given the anthropometric data forms and then directed to proceed to
five data collection stations for landmarks, body mass and stature, skin folds, girths and data
verification. Each station was divided into two sections to allow for privacy when measuring
boys and girls. Each child moved sequentially from one station to another while the
measurements were taken. All measurements were taken according to the standard
procedures suggested by the International Society for the Advancement of Kinantropometry
(ISAK) (Marfell-Jones et al., 2006).
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3.9 ANTHROPOMETRIC DATA COLLECTION
In this study, 15 anthropometric measures were taken. The equipment used and descriptions
of the anthropometric measurement procedures are presented below.

3.9.1 Anthropometric Equipment
The anthropometric equipment used in this study to measure anthropometric variables is
presented in Table 3.2.

Table 3.2: Equipment used in anthropometric testing
Anthropometric variable
Body mass
Stature
Skinfolds
Girths

Type of equipment/descriptors
Tanita HD−309 digital scale (Tanita, Tokyo)
Wall mounted stadiometer
Harpenden skinfold caliper and surgical pen marker (Creative Health
Product, MI, USA)
Lufkin non-extensible flexible steel anthropometric tape (W606PM)

3.9.2 Description of Anthropometric Measurements
The anthropometric sites and descriptions used in this protocol are recommended by the
ISAK (Marfell-Jones et al., 2006) and captured on a proforma form (Annexure E).

3.9.2.1 Anatomical Landmarks
Landmarks used were identifiable skeletal points, which generally lay close to the body’s
surface and were the “markers” which identified the exact location of the measurement site,
or from which a soft tissue site was located (Marfell-Jones et al., 2006). All landmarks were
identified with the thumb or index fingers before any measurements were made. The site was
released to remove any distortion of the participant’s skin, then was relocated and marked
using a fine-tipped felt pen. The site was marked directly over the landmark with an
identification mark. The mark was then rechecked to ensure no displacement of the skin
relative to the underlying bone. Landmarks that were made using an anthropometric tape were
marked at the top edge of the tape, with the tape held at a right angle to the limb’s arc. All
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landmarks were found by palpation or measurement. The landmarks used in this study are
described below.

3.9.2.2 Acromiale
The landmark was located at the superior aspect of the most lateral part of the acromion
border.

3.9.2.3 Radiale
The landmark was located at the proximal and lateral border of the head of the radius.

3.9.2.4 Mid-acromiale-radiale
The mark was measured at the mid-point of the straight line joining the acromiale and radiale.
A tape was used to measure this landmark. The linear distance between the acromiale and
radiale landmarks with the participant’s arm relaxed and extended by the side was measured.
This landmark is used for locating the triceps and biceps skinfold sites (Marfell-Jones et al.,
2006).

3.9.2.5 Subscapulare
The landmark was located at the under most tip of the inferior angle of the scapula. Where
there was difficulty in locating the inferior angle of the scapula, the participant was asked to
reach behind the back with his/her right arm. Another method that was adopted to check for
this landmark was to allow the participant to stand with the hand by the side in a relaxed
position.

217

3.9.2.6 Iliocristale
This landmark was measured at the point on the iliac crest where a line drawn from the midaxilla, on the longitudinal axis of the body, meets the ilium.

3.9.2.7 Iliospinale
The landmark was determined at the most inferior or under-most part of the tip of the anterior
superior iliac spine. Where there was difficulty in locating this landmark, the participant was
asked to lift the heel of the right foot and rotate the femur outward. Because the sartorius
muscle originates at the iliospinale, this movement of the femur enables palpation of the
muscle and tracing to its origin (Marfell-Jones et al., 2006).

3.9.3 Basic Measurements
3.9.3.1 Body Mass
Body mass was recorded on a calibrated digital scale to the nearest 100 grammes. Each
participant was weighed in shorts (both boys and girls) and a t-shirt (for girls) and without
shoes. The participant stood on the centre of the scale without support and with the weight
distributed evenly on both feet. The head was up with the eyes facing forward (Marfell-Jones
et al., 2006).

3.9.3.2 Stature
There are four general techniques for measuring stature: free standing, stature against the
wall, recumbent length, and stretch stature (Marfell-Jones et al., 2006). In this study, the
stretch stature method was used because the effect of diurnal variation can be reduced.
Participants stood bare-foot with the feet together on a level cemented floor, with upper
backs, buttocks and heels touching the scale. Each participant’s head was held erect with the
eyes looking forward during measurement. The lower margin of the eye socket (orbitale) and
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the tragion (the notch superior of the tragus of the ear) were in the Frankfort plane. During
measurement the participant would take and hold a deep breath, with the head positioned in
the Frankfort plane. The headboard was firmly placed down on the vertex and measurement
was taken at the end of a deep inhalation. Stature was measured in centimetres to the nearest
0.5 centimetre.

3.9.4 Skinfolds Measurements
The skinfold caliper reading is a measurement of the compressed thickness of a double layer
of skin and underlying subcutaneous tissue, which is assumed to be adipose tissue (Malina et
al., 2004). Skinfold thickness was measured by grasping a fold of skin and the underlying
subcutaneous tissue at the site to be measured. The fold was pulled away from the underlying
muscle and the jaws of the calipers were placed on either side of the site at a depth of
approximately one centimetre away from the edge of the thumb and finger. The skinfold was
held firmly throughout the application of the caliper and the reading was taken when the
needle became steady after the full pressure of the caliper jaws had been applied (less than
two to three seconds). The calipers were applied at right angles to the fold at all times. All
measurements were made on the participant’s right side. The measurement was recorded in
millimetres (mm) with a required accuracy of less than 1.5 mm. In this study, the following
skinfolds described below were measured.

3.9.4.1 Triceps
The triceps skinfold was raised with the left thumb and index finger on the marked posterior
mid-acromiale-radiale line. The fold was vertical and parallel to the line of the upper arm. The
skinfold was taken on the most posterior surface of the arm over the tricep muscle when
viewed from the side. For measurement, the participant’s arm was relaxed with the shoulder
joint slightly externally rotated and elbow extended by the side of the body.
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3.9.4.2 Subscapular
The participant stood erect with the arms by the sides. The thumb was used to palpate the
inferior angle of the scapula to determine the under-most tip. The skinfold was raised with the
left thumb and index finger at the marked site two centimetres along a line running laterally
and obliquely downwards from the sub-scapular landmark at an angle of approximately 45°.

3.9.4.3 Biceps

The participant stood erect with the left arm hanging by the side, the right arm relaxed with
the shoulder joint slightly externally rotated and elbow extended by the side of the body. The
skin fold was measured parallel to the long axis of the arm.

3.9.4.4 Iliac Crest

The participant stood erect with the left arm hanging by the side. The right arm was either
abducted or placed across the trunk. The skinfold was raised immediately superior to the
iliocristale. The fingers of the left hand were aligned on the iliocristale landmark and pressure
was applied inward and the fingers rolled over the iliac crest. The left thumb was substituted
for these fingers and the index finger relocated to a sufficient distance superior to the thumb
and then the skinfold was grasped and measured.

3.9.4.5 Supraspinale

The participant stood with arms by the sides. The right arm was abducted to the horizontal.
The measurement was taken with the fold running obliquely and medially downward at the
supraspinale skin fold site. The fold runs medially downward and anteriorly at about an angle
of 45 degrees as indicated by the natural fold of the participant’s skin.
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3.9.4.6 Abdominal

The participant stood with the arms hanging by the sides. In a vertical fold, the skin fold was
grasped firmly and broadly at the abdominal skinfold site and the readings recorded. Care
was taken not to place the fingers and caliper inside the navel of the participant.

3.9.4.7 Medial Calf

With the participant either seated or with the right foot on a box (knee at 90°) and with the
calf relaxed, a vertical fold was raised on the medial aspect of the calf at a level where it had
maximal circumference.

3.9.4.8 Front Thigh

The participant was seated at the front edge of the box with the torso erect and the arms
supporting the hamstrings and the leg extended. The measurer stood facing the participant at
the right side on the lateral side of the thigh. The skinfold was measured parallel to the long
axis of the thigh at the marked front thigh skin fold site. However, where there was difficulty
in measuring this skin fold with participants having tight skinfolds. Such participants were
asked to assist by lifting the underside of their thighs. The recorder assisted by raising the
fold, with both hands, at about six centimetres on either side of the landmark. The measurer
then raised the skinfold at the marked site and took the front thigh skin-fold measurement of
the participant.

3.9.5 Girth Measurements
The cross-hand technique was used to measure all girths and the readings were taken from the
tape where, for easier viewing, the zero end of the tape was located more laterally than
medially on the participant. The tape was held at right angles to the body segment that was
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being measured and the tension of the tape was constant. Non-tension tapes were used to
control tension by minimising the gaps between the tape and the skin and indentations of the
skin where possible. The tape case was held in the right hand and the stub in the left. Facing
the participant’s body part to be measured, the stub end was passed around the back of the
body segment. The stub was taken with the right hand, thus holding both the stub and the
casing. The left hand was free to manipulate the tape to the correct level. Sufficient tension
was applied to the tape with the right hand and held at this position while the left hand
reached underneath the casing to take hold of the stub again. The middle fingers of both hands
were free to exactly locate the tape at the landmark for measurement and to orientate the tape,
thus the zero was easy to read. The measurer’s eyes were at the same level as the tape when
reading the tape to avoid any error of parallax. Girth measurements were recorded to the
nearest millimetre.

Girths are easier to take and require only simple equipment. In this study, the arm were
relaxed, arms flexed and tensed, and the waist, gluteal (hip) and calf girths were measured as
described.

3.9.5.1 Arm Relaxed
The participant stood erect with the arms by the sides. The participant’s right arm was
abducted slightly to allow the tape to pass around the arm. The arm girth was measured at the
marked level of the mid-acromaile-radiale by positioning the tape perpendicularly to the long
axis of the arm.

3.9.5.2 Arm Flexed and Tensed

The participant stood erect with the left arm by the sides. The right arm was raised anteriorly
to the horizontal with the forearm supinated and flexed at about 45 to 90 degrees to the arm.
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The participant was encouraged to contract the arm muscles as strongly as possible and to
hold the position. The measurement was made at the peak of the contracted biceps. In cases
where there was no obvious peak of the biceps, measurement was taken at the level of the
mid-acromiale-radiale landmark.

3.9.5.3 Waist
The participant stood erect with the arms folded across the thorax. Waist girth was measured
at the level of the narrowest point between the lower costal (10th rib) border and the iliac
crest. If there was no obvious narrowing then the measurement was taken at the mid-point
between those two landmarks. The measurement was taken at the end of a normal exhalation
with the arms relaxed at the sides (with a required accuracy of one millimetre).

3.9.5.4 Gluteal (Hip)
The participant stood erect with the arms folded across the thorax, feet held together and the
gluteal muscles relaxed. The measurement was taken at the level of the greatest posterior
protuberance of the buttocks which usually corresponded anteriorly to about the level of the
symphsis pubis.

3.9.5.5 Calf
The participant stood erect with the arms by the sides. The participant stood in an elevated
position with the feet separated and weight evenly distributed. Measurement was taken at the
marked medial calf skin fold site. The tape was passed around the calf and allowed to slide to
the right hand, while the left hand was used to adjust the level of the tape to the marked level.
The left hand was used to resume control of the stub and by the cross-hand technique the tape
was held in a plane perpendicular to the axis of the leg. The tape was then readjusted as
necessary to prevent it from slipping as the tester avoided excessive indentation of the skin.
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3.10 DERIVED MEASUREMENTS
Several ratios and indices were derived from the collected anthropometric measurements as
set out below.

1.10.1 Body Mass Index
Body mass index was derived from the measurement of body mass and stature. BMI is
defined as the ratio of body mass to stature squared, expressed in kg.m-2 (Plowman & Smith,
2003). The formula is:

.

(Equation 3.3)

3.10.1.1 Defining Excessive Weight and Obesity
Two body-mass-for-stature methods were used to screen for excessive weight and obesity
among the participants. Firstly, age-and-sex-specific BMI charts were used to establish the
prevalence of excessive weight and obesity in the sample. These age and sex-specific BMI
charts were used to compare a child’s BMI to the BMI distribution of a reference sample of
children of similar age (Flegal, Wei & Ogden, 2002). Centile cut-off points were
subsequently used to define the body mass-for-stature in the children. Secondly, in the
absence of age-and-sex-specific BMI reference charts for South African children, the CDC’s
BMI charts (Ogden et al., 2000) were used to classify the children according to weight
categories, i.e. underweight, overweight and obese. Based on this, a BMI between the 85th
and 95th percentile for age and sex was considered to indicate a participant at risk of
excessive weight and a BMI at or above the 95th percentile was considered to indicate
excessive weight or obesity (Himes & Dietz, 1994). Being underweight was defined as a BMI
lower than the 5th percentile for age and sex. The second method utilised was the
International Obesity Task Force (IOTF) age-and-sex-specific BMI cut-off points for
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defining excessive weight and obesity in children between 2 and 18 years old. The cut-offs
are linked to the widely accepted adult definitions for excessive weight and obesity, a BMI of
≥ 25 and 30 kg.m-2, respectively, at age 18 years (Cole et al., 2000). As the latter cut-off
value is not amenable to interpretation based on centile categories, it was of interest in this
study to compare the two definitions and determine the extent to which they can reliably
estimate body weight disorders in South African children.

3.10.2 Body Fat Percentage
In the absence of race-specific equations to estimate percentage body fat (%BF) for South
African children, the skinfold equations of Slaughter et al. (1988) for predicting body fat in
children aged 8−18 years were utilised to predict %BF. These equations use the sum of
triceps and subscapular skinfold thickness to predict body fat. Separate equations were
developed for children whose skinfolds for triceps + subscapular were less or greater than 35
mm (Slaughter et al., 1988) as follows:

(Triceps + Subscapular)  35 mm:

Boys: % Body fat = 0.783 (TSKF + SSKF) + 1.6,

(Equation 3.4)

Girls: % Body fat = 0.546 (TSKF + SSKF) + 9.7,

(Equation 3.5)

(Triceps + Subscapular)  35 mm:
Boys: % Body fat = 1.21 (TSKF + SSKF) – 0.008 (TSKF + SSKF) 2 –1.7, (Equation 3.6)

Girls: % Body fat = 1. 33 (TSKF + SSKF) – 0.065 (TSKF + SSKF) 2 + 2.5, (Equation 3.7)
Where:
% = Percentage body fat;
TSKF = Triceps skinfold thickness; and
SSKF = Sub-scapular skinold thickness.
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3.10.3 Fat Mass

Fat mass (FM) and fat-free mass (FFM) were calculated using percentage fat and body
weight:

.

(Equation 3.8)

.

(Equation 3.9)

3.10.4 Fat-Free Mass

3.10.5 Fat Mass Index
Fat mass index (FMI) and fat-free mass index (FFMI) were calculated by dividing FM or
FFM stature-squared:

.

(Equation 3.10)

3.10.6 Fat-Free Mass Index

.

(Equation 3.11)

3.10.6 Indices of Fat Patterning

Fat patterning was derived according to the method suggested by Monyeki et al. (2005),
Kemper et al. (1999), and Cameron and Getz (1997). These authors use the sum of four
skinfolds (Supraspinale (SUP) + Subscapular (SUB) + Triceps (TRI) + Biceps (BIC)) as an
indicator of total body fatness. The proportion of body fat on the trunk relative to that on the
limbs was used as an indicator of the central pattern of body fat (visceral fat). This was
calculated using the three equations set out below.
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3.10.7.1 Subscapular-to-Triceps Ratio
The subscapular-to-triceps ratio (STR) is calculated using the following equation:

,

(Equation 3.12)

where:
S = subscapular skinfold; and
T = Triceps skin fold.
3.10.7.2 Subscapular/Subscapular + Triceps
For subscapular/subscapular+triceps (SST) ratio, the formula as set out below was applicable:
SST =

Subscapular
.
Subscapular  Triceps

(Equation 3.13)

3.10.7.3. Subscapular + Supraspinale/Subscapular+Supraspinale+Biceps+Triceps Ratio
Below is the formula for calculating the subscapular+supraspinale/subcapular+supraspinale+
biceps(SS/SSBT) ration:
SS/SSBT=

Subscapular  Supraspinale
. (Equation 3.14)
Subscapular  Supraspinale  Biceps  Triceps

The sum of all four skin folds (SUP + SUB + TRI + BIC) was used as an indicator of the
participants’ total body fatness and log10 SF4:BMI was used for detecting excess adiposity.

3.10.7.4 Waist-to-Hip Ratio
The WHR is a relatively simple anthropometric measurement that can be used as a prediction
of deep abdominal adipose tissue and the related risk of cardiovascular disease (Despres et
al., 1991). The waist-to-hip ratio compares the circumference of the waist to the
circumference of the hip. This indicator

was expressed as a ratio, using the following

formula:

WHR =

WC
,
HC

(Equation 3.15)
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where:
WHR = waist-to-hip ratio;
WC = waist circumference; and
HC = hip circumference.
The measurements used in the WHR are:
i.

Waist circumference (cm); and

ii.

Gluteal circumference (cm).

3.10.7.5 Waist-to-Stature Ratio

The waist-to-stature (WSR) is a relatively new anthropometric index to evaluate central
abdominal fatness, and it is calculated by dividing the WC by stature, both measured in
centimetres (Hsieh & Yoshinaga, 1995a; Hsieh & Yoshinaga, 1995b; Ashwell, 2005). A
WSR ≥ 0.5 was used to evaluate excess abdominal fatness. It is calculated thus:
WSR 

WC
,
Stature

(Equation 3.16)

where:
WSR = waist-to- stature; and
WC = waist circumference.
The measurements used in the WSR are:
i.

Waist circumference (cm); and

ii.

Stature (cm).

3.11 DATA COLLECTION PROCEDURE USING SURVEY QUESTIONNAIRES

Questionnaires were used to collect data on the participants’ physical activities and dietary
intake. The main justification for using a questionnaire is the need to obtain responses from
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people, often from a wide geographical area. Questionnaires are normally used to collect
information about present practices, conditions and also demographic data.
The questionnaire survey was completed in the morning as a supervised classroom exercise
with a maximum class size of 40 children. The research assistants read out the instructions
and asked children to complete the questionnaire independently without interacting with one
another. Children were asked to put their hands up when they had finished or if they needed
help with spelling, or further clarification of questions. The research assistants were present
to assist children, some of whom had difficulty in answering the questionnaire. No surveys
were conducted on Mondays to ensure that interpretation of the previous day’s activities on
the child’s questionnaire referred to a weekday rather than the weekend (Annexure F).

3.11.1 Physical Activity

The Previous Day Physical Activity Recall (PDPAR) questionnaire, which was developed by
Weston, Petosa and Pate (1997), was used to collect data on the children’s involvement with
physical activities. The questionnaire was pilot-tested for South African children before
actual data collection took place. The choice of this instrument was based on three factors.
First, PDPAR is known to have correlated highly with objective measures of physical activity
in validity studies and the one-day recall for assessing physical activity would seem more
reliable than recalls with longer intervals. Secondly, the instrument divides the day into time
intervals in order to enhance the reliability of the children’s activity recalls. Recall surveys
are generally thought to influence behaviour to a lesser extent and require less effort by the
respondents than either diaries or logs. The third reason is that short recall questionnaires are
brief, easy for respondents to understand, and relatively simple to score.
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Activities in the PDPAR protocol are grouped into seven categories, but for purposes of this
study these were reduced to three in order to simplify the instrument that the children had to
complete, based on their comments from the pilot study.

According to this method, the participant recalls all activities of every 30-minute period that
he/she participated in on the previous day. Time spent on activities was also taken into
account. As explained earlier, the PDPAR has been used as a valid and reliable (p < 0.01)
instrument by Trost et al. (1999) and a number of researchers (de Ridder et al., 2003) have
also used this questionnaire with good results.

3.11.2 Commuting Physical Activity

Indicators of physical activity were also examined in the children. The participants were
asked about how they travel to and from school and also the time spent daily in physically
active commutes to and from school. The response alternatives were: 1 = Not at all; 2 = Less
than 15 minutes; 3 = 15-30 minutes; 4 = 30-45 minutes; 5 = 45- 60 minutes; 6 = more than 60
minutes, and these scores were converted to 0, 1, 2, 3 and 4 hours in a week.

3.11.3 Sedentary Behaviour

The participants were asked how many hours per day, on average they spend on the following
sedentary activities outside school hours: TV viewing; reading books or magazines; playing
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or working on a computer/playing video games; and on other sedentary activities. The total
spent on all these sedentary activities was also calculated. Each of the sedentary indicators
was evaluated on a response scale of: less than 1 hour; 1−2 hours; more than 2 hours; and
3−4 hours according to an established protocol (Eisenmann, Bartee & Wang, 2000). The
AAP recommends limiting television viewing to no more than two hours per day (AAP,
2001). In this regard, children who watched less than two hours of television per day served
as the reference group.

3.11.4 Dietary Intake

Various methods of evaluating dietary intake include the 24-hour recall, the food record, the
food frequency questionnaire, the diet history and direct observation. However, the preferred
dietary assessment technique in this study was the Food Frequency Questionnaire (FFQ)
which was utilised to collect data on the children’s daily energy and nutrient intake. The idea
behind the choice of FFQ was that it is relatively easy to administer, less expensive than other
assessment methods, and easily adapted for population studies (McPherson et al., 2000).
McDonald (1991) considered FFQ as a suitable tool for estimating average daily intake of
nutrients as well as the intake of fat, fatty acids and cholesterols. In addition, Feunekes et al.
(1995) and Paisley et al. (1996) point out that it is suitable for classifying individuals into
groups based on the percentage of energy obtained from fat. The appropriateness of the food
list for the FFQ often needs to be population-specific to accurately assess usual intake
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(McPherson et al., 2000). Therefore, the FFQ used in this study was designed to
accommodate cultural differences in the study population.

The validity and reliability of the FFQ have been ascertained by Knuiman et al. (1987) and
Domel et al. (1994), respectively.

The food questionnaire had 43 different foods listed in open-ended question format to allow
the introduction of food items not included in the list. Consumption frequency was
categorised into a six-point Likert scale for each food item such as:


Not applicable = 1;



Never = 2;



Sometimes = 3;



Often = 4;



Usually = 5; and



Always = 6.

The respondents were asked to choose food consumption frequency in the past week. Daily
food intake was described to assess intakes at breakfast, lunch, dinner and during snack times
(morning and afternoon snacks).

3.12 STATISTICAL ANALYSIS

After capturing the data on the measurement forms, they were checked for their accuracy in
terms of correct age, demographic information and measurement records of variables. Data
were analysed using a combination of descriptive and inferential statistics. Descriptive
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statistics are used to summarise entire sets of data. Anthropometric measurements were
presented as means and standard deviations (SD).

In order to compare differences in the prevalence of excessive weight and obesity among
children using the two indices (CDC BMI and International Obesity Task Force (IOTF) age
and sex-specific cut-off points), a Chi-square test was applied.

In order to determine the SN and SP of BMI and skinfolds thickness to BMI ratio
(subcutaneous to overall fat) in detecting excess adiposity in the participants, certain
statistical procedures (Bedogni, et al., 2003; Ghosh, 2004) were followed for data analysis.
The procedure involved log transformation (log10) of four skinfolds to obtain a normal
distribution and the transformed values were used for further analyses. Consequently, four
measured skinfolds (triceps, sub-scapular, biceps and supraspinale) were summed to obtain a
composite of subcutaneous fat (4SF) (Fiori et al., 2000). The percentiles (85th and 95th) were
presented. Receiver operating curve (ROC) analysis was used to assess the sensitivity (SN)
and specificity (SP) of BMI, and log10 SF4:BMI to detect excess adiposity (Ghosh, 2004).
Excess adiposity was defined as levels of log10 SF4 greater than the internally derived 85th
percentile (log10 SF4 > 85th percentile) (Ghosh, 2004). The 95% CI for SN and SP were
calculated using Wilson’s method (Newcombe & Altman, 2000).
Inferential statistics allow an investigator to infer characteristics for a large or total
population from characteristics found using a smaller group or sample (Kluka & Love, 2004).
According to Bluman (2004), inferential statistics consist of generalising from samples to
populations, performing estimations and hypothesis tests, determining relationships among
variables, and then making predictions. According to Tabachnick and Fidell (2001), many
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assumptions of multivariate statistics are necessary in order to make inferences. Software
such as Statistical Package for Social Sciences (SPSS) has made it possible to use
multivariate analysis to analyse complex data sets with relative ease. According to Hair et al.
(1998), multivariate analysis refers to all statistical methods that simultaneously analyse
multiple measurements on each individual or object under investigation. Any simultaneous
analysis of two or more variables can be considered multivariate analysis. Principal
components factor analysis was one of the multivariate techniques used in this study.

Tabachnick and Fidell (2001), point out that a sample size of one hundred is too small to use
in factor analysis and a sample size of at least three hundred is acceptable for factor analysis.
In this study, the sample size of the participants was 1136, which makes it possible and
meaningful to execute factor analysis. According to Hair et al. (1998), factor analysis is an
interdependent technique where all variables are simultaneously considered, each related to
all others, and still employing the concept of the individual variables and the linear composite
of variables. In this study, factor analysis was applied to reduce the set of variables to a
smaller set of new, composite dimensions of factors for studying interrelationships among
them.

Two key determinants in interpreting results in a factor analysis are the factor loadings and
the eigen value. Factor loadings are the correlations between factor scores and the original
variables. Factor loadings are also the key to understanding the nature of a particular factor.
Squared factor loadings indicate what percentage of the variance in an original variable is
explained by a factor (Hair et al., 1998). The eigen value is, according to Hair et al. (1998)
the column sum of the squared loadings for a factor, also referred to as the latent root. It
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represents the amount of variance accounted for by a factor. The factor matrix is a table
displaying the factor loadings of all variables on all the factors extracted (David et al., 2002).
The factor matrix was used to extract factors for the total sample.

According to David et al. (2002), principal components analysis (PCA) is a factor extraction
method used to form uncorrelated linear combinations of the observed variables. The
principal components analysis is used to obtain the initial factor solution. It can be used when
a correlation matrix is singular (David et al., 2002).

Ratios and PCA of skin folds taken at various sites on the trunk and extremities are the more
commonly used methods for estimating relative fat distribution (Malina, 1996). Both methods
were used in this study. Principal components analysis of eight skin folds was used to
evaluate fat distribution using the procedures described by Healy and Tanner (1981) and
modified by Mueller et al. (1982). In the first step, each skin fold was transformed into its
natural log and then each log-transformed skin fold was regressed on the mean logtransformed skin folds. Residuals of regression were used in PCA. This method has
advantages in that it allows for the description of fat distribution differences between
individuals or groups independent of their degree of total fatness, since the measure of shape
is described as everything residual to size. Additionally, the method avoids problems related
to units of measurement and differences in the coefficients of variation for each variable
(Bogin & Sullivan, 1986).

The percentage of variance criterion was used to explain the specific amount of variance in
the anthropometric measurements. Using the rotation sums of the squared loadings, the
percentage variance was employed to explain variance in the total sample. The eigen value
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equal to 1.0 or larger than 1.0 was considered as significant and retained, while factors with
eigen values less than 1.0 were viewed as insignificant and were not used for further analysis.
The minimum acceptable level of significance for the loadings was set at 0.5.

The first principal component (or factor) to be extracted accounts for as much variance within
the sample as possible. The second component, independent of the first, explains as much of
the remaining variance as possible and so on, noting that each successive component is
uncorrelated with all others (Daffertshofer et al., 2004; Sadegh et al., 2000). The coefficients
that define these linear combinations are called ‘factor loadings’ and are the correlations of
each corresponding variable with that component (in this case, between each skin fold and
the component). Principal components analysis reduces the problem of multiple comparisons
and redundancy of information and transforms a large array of interdependent variables to a
few independent components (Lee et al., 2009).

Analysis of variance (ANOVA) was used to test for differences in body fat distribution,
physical activity and dietary intake within each sex, by age group. Post hoc analysis was
carried out using Scheffe’s comparisons. F statistics and

were deemed appropriate and thus

used to test for significant differences among racial groups, sexes, and age groups. In order to
examine the relationship between fat patterning, age, sex and race, Pearson correlation
analysis was performed.

All statistical analyses were carried out using the Statistical Package for Social Sciences
(SPSS) for Windows version 17.0 in consultation with a Statistician (Mr. ML) at Tshwane
University of Technology. For all statistical analyses the level of significance was set at p ≤
0.05.
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CHAPTER 4
RESULTS AND DISCUSSION
4.1 RESULTS
The focus of this chapter is the statistical analyses of data and interpretation of the results
obtained from testing the anthropometric, physical activity and dietary intake of the
participants involved in the study.
4.1.1 Sample
Anthropometric and other variables (physical activity, sedentary activity and dietary food
intake) data were collected from 548 boys (48.2 %) and 588 (51.8 %) girls. Out of the total
sample, 581 (51.1 %) were black and 555 (48.9 %) were white children. The mean age of the
participants was 11.1 ± 1.4 years. No significant difference was found for age between boys
and girls (p = 0.512). The age, gender and race distributions of the sample are listed in Table
4.1.
Table 4.1: Sample size by age, gender and race
Age (years) Males %
Females %

Black

%

White

%

Total (male +female)

9+

64

11.7

131

22.3

149

25.6

46

8.3

195

17.2

10+

113

20.6

138

23.5

153

26.3

98

17.7

251

22.1

11+

88

16.1

72

12.2

51

8.8

109

19.6

160

14.1

12+

135

24.6

146

24.8

133

22.9

148

26.7

281

24.7

13+

148

27.0

101

17.2

95

16.4

154

27.7

249

21.9

Total

548

48.2

588

51.8

581

51.1

555

48.9

1136

100

%

4.2. DESCRIPTIVE VARIABLES OF THE STUDY SAMPLE
Shown in Tables 4.2 and 4.3 are the anthropometric measurements of the participants
stratified by gender and race. The mean ages of boys and girls were 11.3 ± 1.4 and 11.0 ± 1.4
years, respectively. No significant difference was found for age (p = 0.512). Except for the
arm flexed and tensed, waist circumference (WC) and calf circumference the values of all
other anthropometric measurements were significantly different across gender.
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The mean values for body mass, all skinfolds, arm relaxed and gluteal circumference were
significantly (p = 0.001; p ≤ 0.05) higher in girls compared to boys. Boys were however,
significantly (p = 0.001; p ≤ 0.05) taller compared to girls (Table 4.2). The highest and lowest
skinfold values among boys were front thigh (17.0 millimetres (mm)) and bicep (7.5 mm)
skinfolds, respectively. Corresponding data for girls were also in respect of front thigh (21.7
mm) and bicep (10.6 mm) skinfolds.
The mean ages of black and white children were 10.8 ± 1.5 and 11.5 ± 1.3 years,
respectively. There was significant difference for age (p = 0.000). When the children’s
anthropometric data were analysed according to race, results showed that supraspinale
skinfold, arm relaxed, arm flexed and tensed, and gluteal (hip) circumference were not
significantly different between black and white children. White children were, however,
significantly (p = 0.001; p ≤ 0.05) heavier and taller and had greater WC than black children.
Conversely, black children had significantly (p = 0.001; p < 0.05) higher mean values of
skinfold thickness, particularly at the triceps, sub-scapular, biceps, iliac crest, abdominal,
front thigh and medial sites, compared to white children (Table 4.3).

Table 4.2: Mean and standard deviation (SD) for anthropometric measurements of South African boys and girls
Boys (n = 548)

Girls (n =588)

Combined (n = 1136)

Variable

Mean ± SD

Mean ± SD

Mean ± SD

95% CI

p-value

Age (years)

11.3 ± 1.4

11.0 ± 1.4

11.1 ± 1.4

11.0-11.0

0.512

Body mass (kg)

41.9 ± 12.0

42.3 ± 12.1

42.1 ± 12.0

41.4-42.8

0.001*

Stature (cm)

146.8 ± 11.1

144.0 ± 10.6

145.4 ± 11

144.7-146.0

0.001*

Basic:

Skinfolds (mm):
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Triceps

11.2 ± 5.9

15.1 ± 5.7

13.2 ± 6.1

12.8-13.5

0.001*

Subscapular

8.2 ± 5.0

13.2 ± 7.4

10.8 ± 6.8

10.4-11.2

0.001*

Biceps

7.5 ± 4.3

10.6 ± 5.1

9.1 ± 5.0

8.8-9.4

0.001*

Iliac Crest

10.4 ± 7.1

14.9 ± 9.0

12.7 ± 8.5

12.2-13.2

0.001*

Supraspinale

8.3 ± 5.6

13.4 ± 7.8

11.0 ± 7.3

10.7-11.4

0.001*

Abdominal

12.0 ± 8.6

16.3 ± 7.8

14.2 ± 8.5

13.7-14.7

0.001*

Front thigh

17.0 ± 7.6

21.7 ± 6.8

19.4 ± 7.6

19.0-19.9

0.001*

Medial calf

12.8 ±7.1

15.9 ± 5.1

14.4 ± 6.3

14.0-14.8

0.001*

Arm relaxed

21.1 ± 3.5

22.3 ± 3.5

21.7 ± 3.5

21.5-22.0

0.001*

Arm flexed and

23.1 ± 3.6

23.6 ± 3.6

23.4 ± 3.6

23.1-23.6

0.034

Waist (minimum)

62.2 ± 10.2

62.8 ± 10.1

62.5 ± 10.1

62.0-63.1

0.381

Gluteal (hip)

77.2 ± 10.6

80.7 ± 10.4

79.0 ± 10.6

78.4-79.7

0.001*

Calf

29.3 ± 3.6

29.5 ± 4.0

29.4 ± 3.8

29.2-29.6

0.343

Girths (cm):

tensed

* Statistically significant at p ≤ 0.05; CI = Confidence Interval; SD = standard deviation

Regarding the derived anthropometric measurements, apart from fat-free mass index which
did not yield any significant gender differences (p = 0.352; p > 0.05), all other body
composition variables and fat patterning indices significantly differed in both sexes (Table
4.4). Generally, girls had significantly higher mean values of body mass index (BMI),
percentage body fat, fat mass (FM), fat mass index (FMI), sum of skinfolds (SSF), waist-tostature ratio (WSR), sub-scapular-to-triceps ratio (STR), SST and SS/SSBT. Conversely, the
mean values for fat-free mass (FFM), and the waist-to-hip ratio (WHR) were significantly
different, with boys having greater values than girls (Table 4.4).

Table 4.3: Anthropometric characteristics of the participants according to race
Black (n=581)

White (n =555

Combined (n = 1136)

Variable

Mean ± SD

Mean ± SD

Mean ± SD

95% CI

p-value

Age (years)

10.8 ± 1.5

11.5 ± 1.3

11.1 ± 1.4

11.0-11.2

0.000*

Body mass (kg)

40.1 ± 11.1

44.2±12.4

42.1 ± 12.0

41.4-42.8

0.001*

Stature (cm)

142.2 ± 10.2

148.7 ± 10.6

145.4 ± 11

144.7-146.0

0.001*

Basic:
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Skinfolds (mm):
Triceps

13.9 ± 6.6

12.4 ± 5.4

13.2 ± 6.1

12.8-13.5

0.001*

Subscapular

11.2 ± 7.4

10.3 ± 6.1

10.8 ± 6.8

10.4-11.2

0.028*

Biceps

9.7 ± 5.3

8.5 ± 4.4

9.1 ± 5.0

8.8-9.4

0.001*

Iliac Crest

13.3 ± 8.1

12.1 ± 8.8

12.7± 8.5

12.2-13.2

0.018*

Supraspinale

11.3 ± 7.6

10.6 ± 6.9

11.0 ± 7.3

10.7-11.4

0.077

Abdominal

14.7 ± 8.6

13.7 ± 8.2

14.2 ± 8.5

13.7-14.7

0.034*

Front thigh

20.0 ± 8.6

18.8 ± 6.3

19.4 ± 7.6

19.0-19.9

0.004*

Medial calf

14.8 ± 7.0

13.9 ± 5.4

14.4 ± 6.3

14.0-14.8

0.019*

Arm relaxed

21.5 ± 3.7

21.9 ± 3.3

21.7 ± 3.5

21.5-22.0

0.109

Arm flexed and

23.1 ± 3.6

23.6 ± 3.6

23.4 ± 3.6

23.1-23.6

0.328

Waist (minimum)

61.6 ± 10.9

63.4 ± 9.1

62.5 ± 10.1

62.0-63.1

0.003*

Gluteal (hip)

78.5 ± 11.3

79.6 ± 9.9

79.0 ± 10.6

78.4-79.7

0.101

Calf

29.1 ± 3.7

29.8 ± 3.9

29.4 ± 3.8

29.2-29.6

0.002*

Girths (cm):

tensed

* Statistically significant at p ≤ 0.05; WC = waist circumference; HC = hip circumference; SD = standard
deviation

Table 4.4: Mean and standard deviation (SD) for derived anthropometric measurements of South African boys
and girls
Boys (n = 548)
Variable

Girls (n =588)

Combined (n = 1136)
95% CI

p-value

Mean ± SD

Mean ± SD

Mean ± SD

-2

BMI (kg.m )

19.1 ± 3.5

20.2 ± 4.2

19.7 ± 3.9

19.4-19.9

0.001*

Body fat (%)

16.1± 7.7

22.7 ± 5.7

19.6 ± 7.5

19.1-20.0

0.001*

Fat mass (kg)

7.3 ± 5.6

10.1± 4.8

8.7 ± 5.4

8.4-9.0

0.001*

FFM (kg)

34.6 ± 8.2

32.3 ± 7.9

33.4 ± 8.1

33.0-33.9

0.001*
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FMI (kg m-2)

3.6 ± 2.4

4.8 ± 2.0

4.2 ± 2.2

4.0-4.9

0.003*

FFMI (kg.m )

15.5 ± 1.8

15.4 ± 2.4

15.5 ± 2.1

14.2-16.1

0.352

∑8SKF

87.3 ± 45.3

121.0 ± 44.3

104.7± 47.8

102.0-107.5

0.001*

∑4SKF

35.1 ± 19.0

52.2 ± 23.8

44.0 ± 23.2

42.6-45.3

0.001*

WHR

0.81 ± 0.07

0.78 ± 0.08

0.79 ± 0.08

0.79-0.80

0.001*

WSR

0.42 ± 0.1

0.44 ± 0.1

0.43 ± 0.1

0.42-0.43

0.002*

STR

0.77± 0.38

0.87 ± 0.36

0.82 ± 0.37

0.80-0.84

0.001*

SST

0.42 ± 0.1

0.44 ± 0.1

0.43 ± 0.1

0.42-0.43

0.001*

SS/SSBT

0.46 ± 0.1

0.49 ± 0.1

0.48 ± 0.1

0.47-0.48

0.001*

-2

* Statistically significant at p ≤ 0.05; CI = Confidence Interval; BMI = Body mass index; FFM = Fat-free mass;
FMI = fat mass index; FFMI = fat-free mass index; ∑4SKF = sum of four skinfolds (triceps, subscapular,
supraspinale, biceps); ∑8SKF = (triceps, subscapular, supraspinale, biceps, iliac crest, abdominal, medial calf,
thigh); ∑4SKF = (triceps, subscapular, supraspinale, biceps); WHR = waist-to-hip ratio; WSR = waist-to-stature
ratio; STR = subscapular-to-triceps ratio; SST = Subscapular/subscapular + triceps ratio; SS/SSBT= subscapular
+ supraspinale/subscapular + supraspinale + biceps + triceps

As shown in Table 4.5, there was no significant (p ≥ 0.05) difference in the mean values of
BMI, FM, WHR, WSR and STR between black and white children. However, the mean
values of percentage body fat and sum of skinfolds were significantly (p ≤ 0.05) higher
among black children compared to whites. The FFM, SST and SSBT mean values were
significantly (p > 0.05) higher in white children than black children.

Table 4.5: Derived anthropometric measurements of the participants according to race
Black (n = 581)

White (n = 555)

Combined (n = 1136

Mean ± SD

Mean ± SD

Mean ± SD

95% CI

-2

BMI (kg.m )

19.6 ± 4.1

19.7 ± 3.7

19.7 ± 3.9

19.4-20.0

0.881

Body fat (%)

20.1± 7.5

19.0 ± 7.4

19.6 ± 7.5

19.1-20.0

0.010*

Fat mass (kg)

8.6 ± 5.3

8.9 ± 5.4

8.7 ± 5.4

8.4-9.0

0.335

Fat-free mass (kg)

31.6 ± 7.3

35.3 ± 8.5

33.4 ± 8.1

33.0 -33.9

0.001*

4.4 ± 1.9

3.4 ± 1.7

3.3 ± 2.0

3.0-4.6

0.022*

-2

FMI (kg.m )

p-value
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FFMI (kg.m-2)

16.3 ± 1.5

18.4 ± 2.1

17.4 ± 2.2

16.2-19.4

0.001*

109.0 ± 51.5

100.2 ± 43.2

104.7 ± 47.8

102.0-107.5

0.001*

(∑4SKF)

46.1± 25.3

41.8 ± 20.7

44.0 ± 23.2

42.6-45.3

0.002*

Waist-to-hip ratio

78.6 ± 8.7

79.8 ± 7.1

79.2 ± 8.0

78.7-79.6

0.008

WSR

0.43 ± 0.1

0.42 ± 0.1

0.43± 0.1

0.42-0.43

0.054

STR

0.81 ± 0.4

0.83 ± 0.3

0.82± 0.4

0.80-0.84

0.510

SST

0.43 ± 0.1

0.44 ± 0.1

0.43± 0.1

0.43-0.44

0.028*

SS/SSBT

0.47 ± 0.1

0.49 ± 0.1

0.48 ± 0.1

0.47-0.48

0.004*

∑8SKF

* Statistically significant at p ≤ 0.05; CI = Confidence Interval; BMI = Body mass index; FMI = fat mass index;
FFMI = fat-free mass index; ∑4SKF = sum of four skinfolds (triceps, subscapular, supraspinale, biceps);
∑8SKF = (triceps, subscapular, supraspinale, biceps, iliac crest, abdominal, medial calf, thigh); WSR = waistto-stature ratio; STR = subscapular-to-triceps ratio; SST = Subscapular/subscapular + triceps ratio; SS/SSBT =
subscapular + supraspinale/subscapular + supraspinale + biceps + triceps

4.3 BODY SIZE
4.3.1 Body Mass
The mean body mass was 41.9 ± 12.0 kilogrammes (kg) (with a 95% confidence interval) for
boys and 42.3 ± 12.1 kg (95% CI 41.4-43.3) for girls. As such, girls had significantly (p =
0.000; p < 0.05) higher mean body mass values than boys. Girls were heavier than boys by
0.4 kg, 0.5 kg, 3.4 kg and 6.3 kg for the age groups nine, 10, 11 and 12 years, respectively.
However, at age 13, boys tended to be heavier than girls by 0.5 kg. Body mass increased with
advancing age in both sexes, with means ranging from 34.9 ± 10.2 kg to 51.2 ± 13.2 in boys
and 35.3 ± 9.3 kg to 50.7 ± 9.5 kg in girls (Table 4.6). Figure 4.1 shows the changes in body
mass of both boys and girls with advancing age.

Table 4.6: Body mass of South African children according to age groups
Body mass (kg)
Boys

Girls

Age (years)

Boys

Girls

(Mean ± SD)

95% CI

(Mean ± SD)

95% CI

p-value

9

64

131

34.9 ± 10.2

33.3-36.4

35.3 ± 9.3

34.7-37.9

0.782

10

113

138

35.5 ± 7.8

34.0-36.9

36.0 ± 9.0

34.5-37.5

0.628

11

88

72

39.4 ± 7.7

37.8-41.1

42.8 ± 11.0

40.3-45.4

0.023*

12

135

146

41.5 ± 1.2

39.8-43.2

47.8 ± 12.8

45.7-49.8

0.001*

13

148

101

51.2 ± 13.2

49.0-53.3

50.7 ± 9.5

48.9-52.5

0.742

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.1: Age differences in body mass of South African boys and girls

Black children recorded a 40.1 ± 11.1 kg (95% CI 39.2-41.1) mean value of body mass, while
it was 44.2 ± 12.4 kg (95% CI 43.2-45.2) for whites. This means that on average white
children were heavier than black children by 2.1 kg. Shown in Table 4.7 is the body mass of
the participants stratified according race and age. Body mass was significantly higher (p =
0.004; p ≤ 0.05) only at age 10 years, with white children being heavier than black children.
Body mass increased with age in both black and white children (Figure 4.2).

Table 4.7: Body mass of South African children according to race and age groups
Body mass (kg)
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
33.8 ± 6.3
31.3-35..3
10
153
98
34.5 ± 7.8
33.3-35.8
11
51
109
42.1 ± 8.1
39.8-44.4
12
133
148
43.5 ± 9.7
41.9-45.2
13
95
154
50.2 ± 13.6
47.4-52.9
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)
35.3 ± 9.5
37.7 ± 9.2
40.4 ± 10.1
45.9 ± 13.7
51.5 ± 10.6

95% CI

p-value

33.1-38.4
35.8-39.5
38.5-42.3
43.6-48.1
49.8-53.2

0.371
0.004*
0.303
0.101
0.402
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Figure 4.2: Age differences in body mass of South African black and white children

4.3.2 Stature
The mean stature of boys (146.8 ± 11.1centimetres (cm); 95% CI 145.9-147.8) was
significantly (p = 0.001; p ≤ 0.05) higher when compared to girls (144.0 ± 10.6; 95% CI
143.1-144.8). Stature increased with age in both boys and girls, with means ranging from
136.3 ± 6.5 cm to 157.6 ± 9.5 in boys and 133.2 ± 6.1 cm to 155.0 ± 6.3 cm in girls. The
mean stature values between the sexes for all age categories were 136.3 ± 6.5 cm, 139.0 ± 6.0
cm, 145.1± 6.5 cm, 147.8 ± 9.4 cm and 157.6± 9.5 cm for boys, while girls’ mean stature
values were 133.2 ± 6.1 cm, 138.5 ± 7.0 cm, 144.8 ± 8.2 cm, 150.5 ± 6.9 cm and 155.2 ± 6.3
cm (Table 4.8). As expected, stature increased with age in both boys and girls (Figure 4.3).
Table 4.8: Stature of South African children according to age groups
Stature (cm)
Age (years)
9

Boys
64

Girls
131

Boys
(Mean ± SD)
136.3 ± 6.5

95% CI
134.7-137.9

Girls
(Mean ± SD)
133.2 ± 6.1

95% CI
132.2-134.3

p-value
0.001*

10

113

138

139.0 ± 6.0

137.8-140.3

138.5 ± 7.0

137.3-139.7

0.618

11

88

72

145.1 ± 6.5

143.8-146.5

144.8 ± 8.2

142.9-146.7

0.776

12

135

146

147.8 ± 9.4

146.2-149.4

150.5 ± 6.9

149.4-151.7

0.006*

13

148

101

157.6 ± 9.5

156.1-159.1

155.2 ± 6.3

154.0-156.4

0.028*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.3: Age differences in stature of South African boys and girls

In general, white children were (148.7 ± 10.6 cm; 95% CI 147.8-149.6) significantly (p =
0.001; p = ≤ 0.05) taller than black children (142.2 ± 10.2 cm; 95% CI 141.3-143.0), with a
mean difference of 5.5 cm. White children were significantly (p = 0.001; p = ≤ 0.05) taller
than black children at ages 9, 10, 12, and 13 years (Table 4.9). Stature increased with
advancing age in both black and white children (Figure 4.4).

Table 4.9: Stature of South African children according to race and age groups
Stature (cm)
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
133.5 ± 5.7
132.3-134.2
10
153
98
136.9 ± 6.1
135.9-137.8
11
51
109
145.8 ± 5.4
144.3-147.3
12
133
148
147.5 ± 6.5
146.4-148.6
13
95
154
155.3 ± 8.2
153.6-156.9
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)

95% CI

p-value

137.3 ± 7.5
141.5 ± 6.2
144.6 ± 8.0
150.8 ± 9.3
157.5 ± 8.5

135.1-139.6
140.3-142.8
143.1-146.1
149.3-152.3
156.1-158.8

0.000*
0.000*
0.351
0.001*
0.045*
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Figure 4.4: Age differences in stature of South African black and white children

4.4 BODY COMPOSITION
4.4.1 Body Mass Index
The BMI of girls (20.2 ± 4.2 kg.m-2; 95% CI 19.8-20.5) was significantly higher than that of
boys (19.1 ± 1.8 kg.m-2; 95% CI 18.8-19.4) (p = 0.001; p ≤ 0.05). As anticipated, BMI varied
considerably with age and gender. At the specific ages, girls had significantly (p ≤ 0.05)
higher BMI than boys, except at ages 10 and 13, when the difference was not statistically
significant (p = 0.618; p ≤ 0.05). In this study, BMI increased linearly in both boys and girls,
with maximum gain in BMI found at age 13 in both boys (1.4 kg.m-2) and girls (0.7 kg.m-2)
(Table 4.10 and Figure 4.5).
Table 4.10: Body mass index of South African children according to age groups
Body mass index (kg.m-2)
Boys
(Mean ± SD)

Girls
(Mean ± SD)

95% CI

p-value

16.1-18.0

18.3 ± 4.7

18.5-20.2

0.054*

18.3 ± 3.2

17.7-18.9

18.6 ± 3.5

18.0-19.2

0.449

72

18.6 ± 2.8

18.0-19.2

20.3 ± 4.1

19.3-21.2

0.003*

135

146

18.8 ± 3.1

18.3-19.3

20.9 ± 4.5

20.1-21.6

0.001*

148

101

20.4 ± 4.0

19.7-21.0

21.0 ± 3.2

20.3-21.6

0.235

Age
(years)
9

Boys

Girls

64

131

17.0 ± 3.8

10

113

138

11

88

12
13

95% CI

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.5: Differences in BMI of South African boys and girls stratified by gender

There was no significant (p = 0.881; p ≥ 0.05) difference between the BMI of both black and
white children. Similarly, when grouped according to age, black and white children were not
significantly (p ≥ 0.05) different in their BMI (Table 4.11). Figure 4.6 shows the variation in
BMI of the participants stratified by race and age.

Table 4.11: Body mass index of South African children according to race and age groups
Body mass index (kg.m-2)
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
17.8 ± 4.6
16.3-19.8
10
153
98
18.3 ± 3.3
17.8-18.9
11
51
109
19.8 ± 3.6
18.8-20.8
12
133
148
19.9 ± 3.8
19.3-20.6
13
95
154
20.6 ± 4.4
19.7-21.5
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)

95% CI

p-value

17.5 ± 3.8
18.6 ± 3.5
19.2 ± 3.5
19.8 ± 4.3
20.6 ± 3.2

16.7-19.6
17.9-19.3
18.5-19.8
19.2-20.5
20.1-21.1

0.404
0.487
0.276
0.867
0.988
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Figure 4.6: Differences in BMI of South African black and white children stratified by gender

4.4.1.1 Excessive Weight, Obesity and Underweight
The CDC has developed categories such that less than the 5th percentile indicates a person
who is underweight, over the 85th percentile indicates excessive weight, and above the 95th
percentile indicates obesity (Cole et al., 2000). Using the CDC BMI based cut-off points, the
prevalence of excessive weight and obesity among the children in this study is presented as
stratified by sex, age and race (Tables 4.12 and 4.13). Utilising Cole et al.’s (2000)
international cut-off points for BMI, 916 (80.6%), 110 (9.7%) and 59 (5.2%) of the children
were normal weight, at risk of being overweight and overweight/obese, respectively. Among
boys, 471 (85.9%) were normal, 38 (6.9%) at risk of being overweight and obesity occurred
in 16 (2.9%), while the corresponding values for girls were 445 (75.7%) normal, 72 (12.2%)
at risk of overweight and 43 (7.3%) obese.

When grouped according to race, black children had 452 (77.8%) normal weight, 68 (11.7%)
at risk of being overweight and 26 (4.5%) obese. White children were 464 (83.6%) normal
weight, 42 (7.6%) at risk of being overweight and 33 (5.9%) who were obese. Black children
were significantly (

(df = 2) = 12.15; p < 0.002) at risk of being overweight compared to
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white children. Figures 4.7 and 4.8, shows the overall percentage of excessive weight and
obesity among boys and girls using the CDC and IOTF definitions.

When the CDC cut-off points of < 5th percentile was used to define being underweight,
results indicated that 23 (4.2%) boys, 28 (4.8%) girls, 35 (6.0%) blacks and 16 (2.9%) whites
were underweight. While there was no significant gender differences with regard to being
underweight, blacks were substantially more underweight than whites (p ≤ 0.05) (Figure 4.9).

Table 4.12: Prevalence of obesity, excessive weight and being underweight among South African school
children in different age groups by gender*
CDC definition
Age (years)

n

Underweight
n (%)

Normal
n (%)

At risk of overweight
n (%)

Obesity
n (%)

Boys
9
64
54 (84.4)
6 (9.4)
4 (6.3)
10
113
11 (9.7)
89 (78.8)
13 (11.5)
11
88
2 (2.3)
82 (93.2)
4 (4.5)
12
135
10 (7.4)
112 (83.0)
11 (8.1)
2 (1.5)
13
148
134 (90.5)
4 (2.7)
10 (6.8)
Total
548
23 (4.2)
471 (85.9)
38 (6.9)
16 (2.9)
Girls
9
131
11 (8.4)
87 (66.4)
20 (15.3)
13 (9.9)
10
138
14 (10.1)
110 (79.7)
14 (10.1)
4 (2.9)
11
72
2 (2.8)
58 (80.6)
8 (11.1)
4 (5.6)
12
146
1 (0.7)
104 (71.2)
24 (16.4)
17 (11.6)
13
101
86 (85.1)
10 (9.9)
5 (5.0)
Total
588
28 (4.8)
445 (75.7)
72 (12.2)
43 (7.3)
Boys + Girls
1136
51 (4.5)
916 (80.6)
110 (9.7)
59 (5.2)
Pearson chi2 (2) = 21.1 p =0.000; *Based on CDC’s BMI age and sex-specific (Cole et al., 2000)

Table 4.13: Prevalence of obesity, excessive weight and being underweight among black and white South
African school children in different age groups*
CDC definition
Age (years)

n

Underweight
n (%)

Normal
n (%)

At risk of overweight
n (%)

Obesity
n (%)

9

149

11 (7.4)

103 (69.1)

22 (14.8)

13 (8.7)

10

153

17 (11.1)

120 (78.4)

16 (10.5)

-

11

51

-

47 (92.2)

2 (3.9)

2 (3.9)

12

133

7 (5.3)

100 (75.2)

20 (15.0)

6 (4.5)

13

95

-

82 (86.3)

8 (8.4)

5 (5.3)

Total

581

35 (6.0)

452 (77.8)

68 (11.7)

26 (4.5)

Black

White
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9

46

-

38 (82.6)

4 (8.7)

4 (8.7)

10

99

8 (8.2)

79 (80.6)

7 (7.1)

4 (4.1)

11

109

4 (3.7)

93 (85.3)

10 (9.2)

2 (1.8)

12

148

4 (2.7)

116 (78.4)

15 (10.1)

13 (8.8)

13

154

-

138 (89.6)

6 (3.9)

10 (6.5)

Total

555

16 (2.9)

464 (83.6)

42 (7.6)

33 (5.9)

CDC = Centre for Disease Control and Prevention; Pearson chi2 (2) = 12.15 p = 0.002; *Based on CDC’s BMI
age-and sex-specific (Cole et al., 2000); - indicates no value

Figure 4.7: Prevalence of excessive weight in boys and girls using the CDC and IOTF definitions

Figure 4.8: Prevalence of obesity in boys and girls using the CDC and IOTF definitions
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Figure 4.9: Prevalence of underweight according to gender and race using the CDC definition

The second method utilised was the IOTF age and sex-specific BMI cut-off points for
defining excessive weight and obesity in children between two-and 18-years-olds. The cutoffs are linked to the widely accepted adult definitions for excessive weight and obesity, that
is, a BMI of ≥ 25 and 30 kg.m-2 , respectively, at age 18 years (Cole et al., 2000). Body mass
index data for age pertaining to the age groups studied for the IOTF method are presented in
Table 4.14.

Table 4.14: Body mass index for age in South African children
Mean BMI of South
BMI cut-off* point for
n
Age

-2

BMI cut-off point for

African children

overweight (25 kg.m )

obesity (30 kg.m-2)

Boys

Girls

Boys

Girls

Boys

Girls

Boys

Girls

9

64

131

17.0

18.3

19.1

19.1

22.8

22.8

10

113

138

18.3

18.6

19.8

19.9

24.0

24.1

11

88

72

18.6

20.3

20.6

20.7

25.1

25.4

12

135

146

18.8

20.9

21.2

21.7

26.0

26.7

13

148

101

20.4

21.0

21.9

22.6

26.8

27.8

(years)

*Cole et al. (2000); BMI = body mass index

The IOTF criteria for excessive weight and obesity according to sex, age and race are
presented in Tables 4.15 and 4.16. Collectively, 805 (70.9%) had normal weight, 198 (17.4%)
were overweight and 133 (11.7) were obese. Gender wise, 82 (15.0%) and 41 (7.5%) of boys
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were overweight and obese, respectively. For girls, 116 (19.7%) and 92 (15.6%) were
overweight and obese, respectively. Racial comparisons demonstrated that 38 (15.9%) black
boys were overweight and 22 (9.2%) were obese, and among girls, 72 (21.1%) were
overweight and 59 (17.3%) were obese. Excessive weight occurred in 44 (14.2%) of the
white boys and obesity was 19 (6.1%). Among the white girls, 44 (17.9%) were overweight
and 33 (13.4%) obese. Overall, 110 (18.9%) and 81 (13.9%) black children were overweight
and obese, respectively. For white children, 88 (15.9%) and 52 (9.4%) were overweight and
obese, respectively.

Table 4.15: Prevalence of excessive weight and obesity among South African school children according to
gender and age
IOTF definition
Age (years)

n

Normal
n (%)

Overweight
n (%)

Obese
n (%)

Boys
9

64

41 (64.1)

12 (18.8)

11 (17.2)

10

113

87 (77.0)

11 (9.7)

15 (13.3)

11

88

67 (76.1)

18 (20.5)

3 (3.4)

12

135

110 (81.5)

23 (17.0)

2 (1.5)

13

148

120 (81.1)

18 (12.2)

10 (6.8)

Total

548

425 (77.5)

82 (15.0)

41 (7.5)

9

131

67 (51.1)

23 (17.6)

41 (31.3)

10

138

95 (68.8)

29 (21.0)

14 (10.1)

11

72

43 (59.7)

22 (30.6)

7 (9.7)

12

146

99 (67.8)

22 (15.1)

25 (17.1)

13

101

76 (75.2)

20 (19.8)

5 (5.0)

Total

588

380 (64.6)

116 (19.7)

92 (15.6)

805 (70.9)

198 (17.4)

133 (11.7)

Girls

Boys + Girls

1136
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IOTF = International Obesity Task Force
Table 4.16: Prevalence of excessive weight and obesity among black and white South African school children
stratified by gender
IOTF definition
Boys
Normal

Overweight

n (%)

n (%)

Girls
Obese
n (%)

Normal
n (%)

Overweight

Obese

n (%)

n (%)

p-value

Black

179 (74.9)

38 (15.9)

22 (9.2)

211 (61.7)

72 (21.1)

59 (17.3)

0.031

White

246 (79.6)

44 (14.2)

19 (6.1)

169 (68.7)

44 (17.9)

33 (13.4)

0.487

IOTF = International Obesity Task Force

Shown in Figures 4.10 and 4.11, are the prevalence of excessive weight and obesity in black
and white South African children using the CDC and IOTF definitions.

Figure 4.10: Prevalence of excessive weight among black and white South African children using the CDC and
IOTF definitions
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Figure 4.11: Prevalence of obesity among black and white South African children using the CDC and IOTF
definitions

4.4.2 Body Fat Percentage
In this study, girls had a significantly higher percentage of body fat compared to boys (p =
0.001; p ≤ 0.05). The mean percentage body fat for the total group of boys was 16.1 ± 7.7%,
(95% CI 15.5-16.8) while the percentage body fat of girls was 22.7 ± 5.7 % (95% CI
22.3−23.2). Percentage body fat fluctuated with age in both boys and girls. In addition, girls
had significantly (p = 0.001) higher percentage body fat measurements at all ages compared
to boys (Table 4:17). Shown in Figure 4.12, are the changes in body fat percentages in both
boys and girls.
Table 4.17: Body fat percentage of South African children according to age groups
Body fat percentage (%)
Age (years)
9

Boys
64

Girls
131

Boys
(Mean ± SD)
17.0 ± 9.6

95% CI
14.9-19.7

Girls
(Mean ± SD)
20.0 ± 6.4

95% CI
19.3-21.5

p-value
0.001*

10

113

138

17.8 ± 6.9

15.9-18.4

20.2 ± 5.2

19.3-21.1

0.001*

11

88

72

16.4 ± 6.2

14.4-17.1

23.5 ± 6.0

22.0-24.9

0.001*

12

135

146

17.8 ± 8.3

15.7-18.5

23.3 ± 5.5

22.4-24.2

0.001*
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13

148

101

17.8 ± 7.8

16.3-18.8

24.1 ± 4.1

23.3-25.0

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval

Figure 4.12: Age differences in percentage body fat of South African boys and girls

Viewed racially, black children were (20.1 ± 7.5) significantly (p = 0.010; p = ≤ 0.05) fatter
than white children (19.0 ± 7.4) with a mean difference of 4.0. Black children were fatter than
white children at ages 9, 10, 12 and 13 years, However, the difference was significant (p =
0.009; p = ≤ 0.05) only at age 12 years (Table 4.18). Shown in Figure 4.13 is the variation in
percentage body fat of black and white children according to age groups.
Table 4.18: Body fat percentage of South African children according to race and age groups
Body fat (%)
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
25.0 ± 10.3
23.3-26.7
10
153
98
20.0 ± 6.4
19.0-21.1
11
51
109
19.6 ±7.3
17.5-21.6
12
133
148
22.7± 8.7
21.2-24.2
13
95
154
21.0 ± 9.8
19.0-23.0
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)
22.5 ± 7.2
19.4 ±7.2
20.0 ± 8.3
20.0 ± 8.3
19.9 ± 7.7

95% CI

p-value

20.3-24.6
17.9-20.8
18.4-21.5
18.7-21.4
18.7-21.1

0.119
0.461
0.773
0.009*
0.308
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Figure 4.13: Age differences in percentage body fat of South African black and white children

4.4.3 Fat Mass
The results of the study indicated that girls had significantly higher (p = 0.000; p ≤ 0.05) fat
mass values compared to boys. The mean fat mass value of girls was 10.1 ± 4.8 kg (95% CI
9.7−10.4), whereas the boys’ mean values were 7.3 ± 5.6 kg (95% CI 6.8-7.8). Interestingly,
girls had significantly (p = 0.0001) higher fat mass values compared to boys in all age
categories as shown in Table 4.19. Figure 4.14, presents the changes in FM in both boys and
girls. FM increased with age in both boys and girls.
Table 4.19: Fat mass of South African children according to age groups
Fat mass (kg)
Boys
Age (years)

Boys

Girls

(Mean ± SD)

9

64

131

5.4 ± 5.8

10

113

138

11

88

12
13

Girls
95% CI

(Mean ± SD)

95% CI

p-value

4.0-6.8

7.0 ± 4.3

6.2-7.7

0.032*

6.1 ± 4.1

5.4-6.9

7.6 ± 4.3

7.0-8.3

0.003*

72

6.1 ± 4.1

5.3-7.0

10.4 ± 4.8

9.3-11.6

0.001*

135

146

7.2 ± 5.1

6.3-8.1

11.6 ± 5.3

10.7-12.4

0.001*

148

101

9.0 ± 7.2

7.8-10.1

12.3 ± 3.6

11.6-13.1

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.14: Fat mass age differences among 9-13-year old South African boys and girls

The FM of black and white children did not differ significantly (p = 0.335; p = ≤ 0.05).
Similarly, the FM of black and white children was not different at all ages (Table 4.20). The
variations in FM of black and white children according to age groups are display in Figure
4.15.

Table 4.20: Fat mass of South African children according to race and age groups
Fat mass (kg)
Black
Age (years)

Black

White

9
10
11
12
13

149
153
51
133
95

46
98
109
148
154

White

(Mean ± SD)

95% CI

(Mean ± SD)

95% CI

p-value

9.8 ± 6.2
7.2 ± 4.1
8.4 ± 4.0
10.4 ± 5.6
11.5 ± 9.5

8.8-10.8
6.6-7.9
7.3-9.6
9.4-11.4
9.6-13.4

8.9 ± 5.2
7.8 ± 4.8
8.6 ± 5.7
10.0 ± 7.0
10.5 ± 5.6

7.4-10.5
6.8-8.8
7.5-9.7
8.8-11.1
9.6-11.4

0.415
0.329
0.821
0.584
0.295
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Figure 4.15: Variations in fat mass of South African black and white children according to age

4.4.4 Fat-Free Mass
There were significant differences in FFM in both sexes with mean total FFM values of 34.6
± 8.2 kg (95% CI 33.9−35.3) in boys and 32.3 ± 7.9 kg (95% CI 31.6-32.9) in girls (p =
0.001; p < 0.05). Boys had a significantly higher mean value in FFM compared to girls at age
13 years. At age 12, girls had significantly (p = 0.040) higher FFM mean values than boys
(Table 4.21). Shown in Figure 4.16, are the changes in FFM in both boys and girls.

Table 4.21: Fat-free mass of South African children according to age groups
Fat-free mass (kg)
Age (years)
9

Boys
64

Girls
131

Boys
(Mean ± SD)
23.5 ± 5.0

95% CI
27.2-29.7

Girls
(Mean ±SD)
24.3 ± 5.2

95% CI
26.4-28.2

p-value
0.127

10

113

138

29.4 ± 4.9

28.5-30.3

28.4 ± 5.6

27.4-29.3

0.152

11

88

72

33.3 ± 5.0

32.3-34.4

32.4 ± 6.9

30.8-34.0

0.332

12

135

146

34.3 ± 6.9

33.2-35.5

36.2 ± 8.1

34.9-37.5

0.040*

13

148

101

42.2 ± 8.3

40.9-43.6

38.3 ± 6.7

37.0-39.7

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.16: Differences in fat-free mass of South African boys and girls

Racial comparison of FFM shows that white children had (35.3 ± 8.5) significantly (p =
0.001; p ≤ 0.05) higher mean FFM than black children (31.6 ± 7.3) with a mean difference of
3.7 kg. The FFM of white children was significantly higher at ages 9, 10, 12 and 13 years. At
age 11 years, the mean FFM of black children was higher compared to white children,
however, the difference was marginally significant (p = 0.059; p ≥ 0.05) (Table 4.22). Shown
in Figure 4.17 are the changes in FFM of black and white children according to age groups.

Table 4.22: Fat-free mass of South African children according to race and age groups
Fat-free mass (kg)
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
26.0 ± 4.1
25.4-26.7
10
153
98
27.3 ± 4.8
26.5-28.1
11
51
109
33.7 ± 6.1
32.0-35.4
12
133
148
33.1 ± 6.0
32.1-34.2
13
95
154
38.7 ± 7.0
37.2-40.1
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)
28.3 ± 5.9
29.9 ± 5.2
31.8 ± 5.6
35.9 ± 8.1
41.0 ± 8.1

95% CI

p-value

26.6-30.1
28.8-30.9
30.8-32.9
34.6-37.2
39.7-42.2

0.003*
0.000*
0.059
0.001*
0.022*
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Figure 4.17: Differences in fat-free mass of South African black and white children

4.4.5 Fat Mass Index
Concerning FMI, girls had a significantly (p = 0.001; p < 0.05) higher mean FMI (4.8 ± 2.3
kg.m-2; 95% CI 4.6-4.9) compared to boys (3.6 ± 2.3 kg m-2; 95% CI 3.1-3.5). At all ages
(nine, 10, 11, 12 and 13) girls exhibited significantly (p = 0.001) higher mean FMI values
compared to boys (Table 4.23). Fat mass index increased almost linearly among age groups in
both sexes (Figure 4.18).

Table 4.23: Fat mass index of South African children according to age groups
Fat mass index (kg.m-2)
Age (years)
9

Boys
64

Girls
131

Boys
(Mean ± SD)
2.1 ± 2.7

95% CI
2.1-2.5

10

113

138

3.4 ± 1.8

2.8-3.4

11

88

72

3.2± 1.6

12

135

146

13

148

101

Girls
(Mean ± SD)
3.2 ± 2.3

95% CI
2.6-4.4

p-value
0.002*

3.9 ± 1.7

3.6-4.2

0.004*

2.5-3.2

4.9 ± 2.1

4.4-5.4

0.001*

3.6 ± 2.3

2.9-3.6

5.0 ± 2.1

4.7-5.4

0.001*

3.9 ± 2.8

3.1-4.0

5.1 ± 1.5

4.8-5.4

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.18: Changes in fat mass index among South African children

Black children had (4.4 ± 1.9) significantly (p = 0.022; p ≤ 0.05) higher FMI compared to
white children (3.4 ± 1.7), with a difference of 1.0 kg.m -2. However, stratified according to
age groups, there was no significant difference between black and white children at all ages
(9−13 years) (Table 4.24). Figure 4.19 indicates the changes in FMI of black and white
children according to age groups.

Table 4.24: Fat mass index of South African children according to race and age groups
Fat mass index (kg.m-2)
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
5.4 ± 3.4
4.9-6.0
10
153
98
3.8 ± 1.9
3.5-4.1
11
51
109
4.0 ± 2.0
3.5-4.6
12
133
148
4.8 ± 2.7
4.3-5.2
13
95
154
4.7 ± 3.7
3.9-5.5
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)

95% CI

p-value

4.6 ± 3.4
3.8 ± 2.1
4.0 ± 2.3
4.3 ± 2.7
4.2 ± 2.2

3.9-5.3
3.4-4.2
3.6-4.5
3.8-4.7
3.9-4.6

0.109
0.989
0.979
0.104
0.227
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Figure 4.19: Changes in fat mass index among South African black and white children

4.4.6 Fat-Free Mass Index
There was no gender difference concerning FFMI. Likewise, at 9−11 years, boys and girls
were not significantly different in FFM. Significant FFMI mean values occurred at 12 and 13
years, with boys having higher FFMI than girls (Table 4.25). Figure 4.20, shows age changes
in FFMI of South African boys and girls.
When compared according to race, the FFMI of white children (18.4 ± 2.1) was significantly
(p = 0.001; p ≤ 0.05) higher than black children (16.3 ± 1.5), with a mean difference of 2.1
kg.m-2. Except at age 13 years, the FFMI of black and white children did not differ
significantly (p ≥ 0.05) across age groups (Table 4.26). Shown in Figure 4.21 are the changes
in FFMI of black and white children stratified to age groups.
Table 4.25: Fat-free mass index of South African children according to age groups
Fat-free mass index (kg.m-2)
Age (years)
9

Boys
64

Girls
131

Boys
(Mean ± SD)
14.6 ± 1.4

95% CI
13.4-15.2

Girls
(Mean ±SD)
14.3 ± 2.5

95% CI
13.0-14.8

p-value
0.025

10

113

138

14.9 ± 2.0

13.6-15.7

14.7 ± 2.0

13.4-15.3

0.054

11

88

72

15.5 ± 1.8

14.2-16.3

15.3 ± 2.3

14.0-15.9

0.432

12

135

146

16.8 ± 1.5

15.6-17.2

15.4 ± 2.6

14.3-16.8

0.001*

13

148

101

17.6 ± 1.7

16.4-18.1

15.9 ± 2.0

15.3.0-16.2

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.20: Differences in fat-free mass index of South African children stratified by age and gender
Table 4.26: Fat-free mass index of South African children according to race and age groups
Fat-free mass index (kg.m-2)
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
14.6 ± 1.8
14.3-14.9
10
153
98
14.5 ± 2.1
14.2-14.9
11
51
109
15.8 ± 2.4
15.1-16.5
12
133
148
15.2 ± 1.9
14.8-15.5
13
95
154
15.9 ± 1.6
15.6-16.2
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)
14.9 ± 1.9
14.8 ± 1.8
15.1 ± 1.9
15.6 ± 2.1
16.4 ± 2.0

95% CI

p-value

14.3-15.4
14.5-15.2
14.8-15.5
15.3-15.9
16.1-16.7

0.467
0.253
0.074
0.066
0.050*

Figure 4.21: Differences in fat-free mass index of South African black and white children stratified by age

4.4.7 Sum of Skinolds
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The sum of skinfold thickness obtained in this study showed significant difference in both
sexes (p = 0.001; p ≤ 0.05). Girls’ total mean sum of skinfolds was 121.0 ± 44.3 millimetres
(mm) (95% CI 117.4-124.5) which was significantly higher compared to that of the boys with
a recorded mean value of 87.3 ± 45.3 mm (95% CI 83.5-91.1). The skinfold measurements
showed that the girls had significantly (p < 0. 0001) higher mean values of the sum of
skinfolds as compared to the boys at all the age groups. Figure 4.22 illustrates age variations
in the sum of skinfolds in both genders. While the sum of skinfolds increased with age, a
downward pattern was observed in boys at ages 11 and 12 years.

Black children had significantly (109.0 ± 7.3; 95% CI 104.8-113.2) (p = 0.002; p ≤ 0.05)
higher sum of skinfolds than the white children (100.2 ± 43.2; 95% CI 96.6-103.8) (Table
4.27). The skinfolds thickness values did not differ significantly between o black and white
children (Table 4.28). Shown in Figure 4.23 are the variations in skinfold skin folds thickness
of the participant stratified according to race and age groups.

Table 4.27: Sum skinfolds of South African children according to age groups
Sum of skinfolds (mm)
Age (years)
9

Boys
64

Girls
131

Boys
(Mean ± SD)
84.7 ± 47.7

95% CI
72.8-96.6

Girls
(Mean ± SD)
105.0 ± 53.2

95% CI
102.8-109.2

p-value
0.001*

10

113

138

86.4 ± 37.7

79.3-93.4

108.7 ± 41.4

101.7-115.7

0.001*

11

88

72

81.7 ± 38.5

73.5-89.9

119.4 ± 39.5

110.1-128.6

0.001*

12

135

146

86.2 ± 43.9

78.7-93.7

121.4 ± 45.4

113.9-128.8

0.001*

13

148

101

91.2 ± 53.8

82.4-99.9

121.4 ± 30.8

115.4-127.5

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.22: Age-related trends in sum of skinfolds among South African children
Table 4.28: Sum skinfolds of South African children according to race and age groups
Sum of skinfolds (mm)

Age (years)

Black

White

Black
(Mean ± SD)

95% CI

9
149
46
97.6 ± 39.2
91.0-102.1
10
153
98
98.7 ± 40.4
92.3-105.2
11
51
109
97.0 ± 42.4
85.1-108.9
12
133
148
109.9 ± 50.1
101.3-118.5
13
95
154
109.4 ± 56.3
97.9-120.9
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

White
(Mean ±SD)
96.4 ± 34.3
98.5 ± 42.7
99.4 ± 43.7
99.6 ± 45.6
99.8 ± 42.1

95% CI

p-value

94.7-101.1
89.9-107.0
91.1-107.7
92.2-107.0
93.1-106.5

0.160
0.958
0.741
0.073
0.125

Figure 4.23: Age-related trends in sum of skinfolds among South African black and white children

4.4.7.1 Receiver Operating Curve of Body Mass Index and Skinfold Thickness
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Shown in Table 4.29, are the means and percentiles (85th and 95th) of BMI, log10 SF4 and
SF4;BMI variables included in the receiver operating curve (ROC) analysis. Table 4.30
provides a summary of the results on ROC analysis used to determine the sensitivity (SN)
and specificity (SP) of BMI and log10 transformed skinfold thickness in detecting excess
mass among the children sampled. Compared to log10 SF4:BMI, BMI had a high SP (0.88;
95% CI 0.84−0.90). Together log10 SF4:BMI identified excess adiposity with a SN and SP of
0.62 (95% CI 0.60−0.67) and 0.68 (95% CI 0.64−0.70), respectively. Further, there was a
decrease in overall misclassification with the use of log10 SF4:BMI instead of BMI at the
95th percentile (9.7% versus 27.1%).
Table 4.29: Mean and percentiles (85th and 95th) of BMI, log10 SF4 and SF4;BMI of participants (n = 1136)
Percentiles
Variable

Mean ± SD

85th

95th

BMI (kg.m )

19.7 ± 3.7

22.8

25.2

log10 SF4

44.0 ± 23.2

64.8

86.2

log10 SF4:BMI

2.23 ± 0.62

2.68

3.00

−2

Table 4.30: Sensitivity (SN) and specificity (SP) of the 95th percentile of BMI and log10 SF4:BMI in South
African children
Variable

SN (95% CI)

SP (95% CI)

BMI

0.37 (0.35−0.42)

0.88 (0.84−0.90)

log10 SF4:BMI

0.62 (0.60−0.67)

0.68 (0.64−0.70)

Excess adiposity was defined as levels of log10 SF4 greater than the internally derived 85th percentile
(log10:SF4 > 85th percentile). CI = Confidence Interval

4.5 FAT PATTERNING INDICES
4.5.1 Waist Circumference
The mean WC in this study was 62.2 cm ± 10.2 (95% CI 61.4-63.1) for boys and 62.8 cm ±
10.1 (95% CI 61.9-63.6) for girls. No significant difference was observed in WC for both
boys and girls. An examination of Table 4.31 shows that boys had a significantly (p ≤ 0.05)
higher mean WC at age 9 compared to girls. Conversely, WC was significantly larger in girls
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at age 12 compared to boys. At age 13 years, boys recorded larger mean WC values than
girls. There was no significant (p ≥ 0.05) difference in the mean WC between boys and girls
at age groups 10 and 11 years. Figure 4.24 displays the variation in WC according to age and
gender.
Table 4.31: Waist circumference of South African children according to age groups
Waist circumference (cm)
Boys

Girls

Age (years)

Boys

Girls

(Mean ± SD)

95% CI

(Mean ± SD)

95% CI

p-value

9

64

131

58.0 ± 17.3

53.5-62.3

53.4 ± 8.5

54.9-62.9

0.054*

10

113

138

60.0 ± 7.9

58.6-61.5

58.0 ± 12.1

56.0-60.0

0.127

11

88

72

61.0 ± 6.6

59.6-62.4

63.3 ± 8.7

60.9-65.0

0.103

12

135

146

61.3 ± 7.8

60.0-62.6

66.3 ± 9.5

64.7-67.8

0.001*

13

148

101

67.3 ± 9.0

65.9-68.8

65.7 ± 7.4

64.3-67.2

0.137

*Statistically significant (p ≤ 0.05); CI = Confidence Interval

Figure 4.24: Age differences in waist circumference of South African boys and girls

The racial comparison of WC indicates that white children had significantly (p = 0.003; p ≤
0.05) larger WC (63.4 ± 9.1) than black children (61.6 ± 10.9), with a WC difference of 1.8
cm. White children had significantly (p = ≤ 0.05) higher mean values of WC compared to
black children at ages 10 and 11 years. There was no significant difference (p ≥ 0.05) in WC
between black and white children at ages 9 and, 11−13 years. However, at age 10 years the
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mean value of WC was higher among white children compared to black children (Table 4.32).
The variations in WC according to race and age are shown in Figure 4.25.
Table 4.32: Waist circumference of South African children according to race and age groups
Waist circumference (cm)
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
60. 4 ± 11.6
58.5-62.3
10
153
98
57.5 ± 11.6
55.7-59.4
11
51
109
61.7 ±7.5
59.6-63.7
12
133
148
64.1 ± 8.3
62.6-65.5
13
95
154
66.7 ± 10.6
64.5-68.8
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)
59.7 ± 14.7
61.1 ±7.9
62.0 ±7.8
63.7± 9.7
66.7± 6.8

95% CI

p-value

55.3-64.1
59.5-62.7
60.5-63.5
62.1-65.3
65.6-67.8

0.735
0.008*
0.816
0.732
0.969

Figure 4.25: Age differences in waist circumference of South African black and white children

4.5.2 Subscapular-to-Triceps Ratio
The subscapular-to-triceps ratio (STR) for the males and females was 0.77 ± 0.38 (95% CI
0.74-0.80) and 0.87 ± 0.36 (95% CI 0.84-0.90), respectively. Significant differences in STR
were found at ages 11, 12 and 13 years, with girls having statistically higher (p ≤ 0.005) mean
values than boys (Table 4.33). Figure 4.26 shows the changes in STR among boys and girls.

Table 4.33: Sub-scapular-to-triceps ratio of South African children according to age groups
Subscapular-to-triceps ratio
Age
(years)

Boys

Girls

Boys
(Mean ± SD)

95% CI

Girls
(Mean ±SD)

95% CI

p-value
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9

64

131

0.71± 0.2

0.67-0.74

0.75 ± 0.3

0.71-0.76

0.067

10

113

138

0.75 ± 0.5

0.66-0.84

0.72 ± 0.3

0.67-0.77

0.509

11

88

72

0.84 ± 0.6

0.70-0.97

0.92 ± 0.3

0.85-1.0

0.001*

12

135

146

0.71± 0.2

0.68-0.75

0.98 ± 0.5

0.91-1.1

0.001*

13

148

101

0.81± 0.2

0.77-0.85

0.92 ± 0.3

0.87-0.99

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval

Figure 4.26: Age differences in subscapular-to-triceps ratio of South African children

There was no significant difference in the STR of black and white children (p = 0.510; p ≥
0.05). Likewise, grouped according to age, there was no significant difference (p ≥ 0.05)
between black and white children (Table 4.34). Shown in Figure 4.27 are the changes in STR
of black and white children according to age groups.
Table 4.34: Subscapular-to-triceps ratio of South African children according to race and age groups
Subscapular-to-triceps ratio
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
0.82 ± 0.3
0.77-0.86
10
153
98
0.84 ± 0.4
0.69-0.83
11
51
109
0.91 ± 0.8
0.79-1.16
12
133
148
0.82 ± 0.4
0.74-0.89
13
95
154
0.83 ± 0.3
0.79-0.90
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)
0.77± 0.2
0.78 ± 0.2
0.90 ± 0.3
0.91 ± 0.3
0.92 ± 0.3

95% CI

p-value

0.68-0.81
0.65-0.74
0.79-0.91
0.83-0.93
0.82-0.91

0.130
0.196
0.402
0.153
0.633
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Figure 4.27: Age differences in subscapular-to-triceps ratio of South African black and white children

4.5.3 Subscapular/Subscapular + Triceps Ratio
The subscapular/sub-scapular-to-triceps ratio (SST) mean values obtained in this study
showed significant differences in both sexes (p = 0.001; p ≤ 0.05). In this regard, girls’ total
mean SST was 0.44 0.1, which was significantly higher compared to that of boys with a
recorded mean value of 0.42 0.1. The SST measure showed that girls, at ages groups 9, 11, 12
and 13 years had higher mean values for SST than boys, though the difference was only
statistically significant (p < 0.05) at ages 11, 12 and 13 years (Table 4.35). The variation in
SST among children is shown in Figure 4.28.
Table 4.35: SST of South African children according to age groups
Subscapular/sub-scapular-to-triceps ratio
Age (years)
9

Boys
64

Girls
131

Boys
(Mean ± SD)
0.40 ± 0.1

95% CI
0.38-0.42

Girls
(Mean ± SD)
0.42 ± 0.1

95% CI
0.40-0.43

p-value
0.160

10

113

138

0.40 ± 0.1

0.39-0.42

0.40 ± 0.1

0.39-0.42

0.915

11

88

72

0.43 ± 0.1

0.41-0.45

0.48 ± 0.1

0.45-0.49

0.005*

12

135

146

0.41 ± 0.1

0.39-0.42

0.49 ± 0.1

0.46-0.50

0.001*

13

148

101

0.44 ± 0.1

0.43-0.45

0.50 ± 0.1

0.46-0.51

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.28: Changes in SST ratio of South African boys and girls

When considered according to race, the mean value of SST was significantly (p = 0.028; p ≤
0.05) higher among white children (0.44 ± 0.1) than black children (0.43 ± 0.1). The SST of
black and white children did not differ significantly (p ≥ 0.05) at ages 9−11 and 13 years.
However, SST was significantly (p = 0.008; p ≤ 0.05) higher in white children than black
children at age 12 years (Table 4.36). Changes in SST among black and white children
according to age groups are displayed in Figure 4.29.
Table 4.36: SST of South African children according to race and age groups
Subscapular/sub-scapular-to-triceps ratio
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
0.44 ± 0.08
0.42-0.45
10
153
98
0.41± 0.10
0.39-0.42
11
51
109
0.44 ± 0.10
0.42-0.47
12
133
148
0.43 ± 0.09
0.41-0.44
13
95
154
0.45 ± 0.07
0.43-0.46
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)

95% CI

p-value

0.42 ± 0.07
0.40 ± 0.07
0.45 ± 0.08
0.47± 0.08
0.45 ± 0.08

0.40-0.44
0.39-0.41
0.43-0.46
0.44-0.47
0.44-0.47

0.204
0.563
0.806
0.008*
0.690

271

Figure 4.29: Changes in SST ratio of South African black and white children

4.5.4 Subscapular + Supraspinale/Subscapular + Supraspinale + Biceps + Triceps Ratio
The subscapular+supraspinale/biceps+triceps ratio (SS/SSBT) as an index of central fat
distribution indicated a significant gender difference between boys and girls with 0.46 ±
0.1(95% CI 0.46-0.47) for boys and a total mean value of 0.49 ± 0.1 (95% CI 0.49-0.50) for
girls (p = 0.001; p ≤ 0.05). There was no significant difference in SS/SSBT for boys and girls
at ages 9 and 10. However, at ages 11, 12 and 13 years, significant differences in SS/SSBT
were observed between boys and girls, with girls having greater mean values of SS/SSBT
than boys (Table 4.37 and Figure 4.30).
Table 4.37: SS/SSBT of South African children according to age groups
SS/SSBT ratio
Boys
Age (years)

Boys

Girls

(Mean ± SD)

9

64

131

0.43 ± 0.1

10

113

138

11

88

12
13

Girls
95% CI

(Mean ± SD)

95% CI

p-value

0.43-0.45

0.44 ± 0.1

0.43-0.45

0.609

0.45 ± 0.1

0.44-0.47

0.46 ± 0.1

0.45-0.47

0.522

72

0.47 ± 0.1

0.45-0.48

0.51 ± 0.1

0.49-0.52

0.001*

135

146

0.44 ± 0.1

0.43-0.46

0.51 ± 0.1

0.49-0.52

0.001*

148

101

0.48 ± 0.1

0.47-0.49

0.52 ± 0.04

0.51-0.53

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.30: Changes in SS/SSBT in South African children

Additionally, the SS/SSBT of the white children (0.49 ± 0.1) was significantly (p = 0.004; p ≤
0.05) higher than that of black children (0.47 ± 0.1). There was no significant difference in
SS/SSBT for black and white children at ages 9 and 10. However, at ages 11, 12 and 13 years,
significant differences in SS/SSBT were observed between black and white children, with
white children having greater mean values of SS/SSBT than black children (Table 4.38 and
Figure 4.31).
Table 4.38: SS/SSBT ratio of South African children according to race and age groups
SST/SSBT ratio
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
0.47 ± 0.06
0.46-0.48
10
153
98
0.46 ± 0.08
0.45-0.48
11
51
109
0.47± 0.07
0.45-0.49
12
133
148
0.46 ± 0.08
0.45-0.48
13
95
154
0.48 ± 0.06
0.47-0.49
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)

95% CI

p-value

0.47± 0.06
0.44 ± 0.07
0.49 ± 0.07
0.49 ± 0.08
0.50 ± 0.07

0.45-0.48
0.43-0.46
0.48-0.51
0.48-0.51
0.49-0.51

0.415
0.052
0.047*
0.001*
0.023*
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Figure 4.31: Changes in SS/SSBT in South African black and white children

4.5.5 Waist-to-Stature Ratio
The mean value of WSR was 0.43 ± 0.1 (95% CI 0.42-0.43), with girls having significantly
(p = 0.002; p ≤ 0.05) higher mean WSR (0.44 ± 0.06; 95% CI 0.43-0.44) compared to boys
(0.42 ± 0.06; 95% CI 0.42-0.43). Waist-to-stature ratio showed inconsistent results in both
sexes and across age groups. Girls had significantly (p = 0.005) higher mean values of WSR
at ages 11 and 12 (Table 4.39). Waist-to-stature ratio remained fairly stable at all ages (Figure
4.32).
Table 4.39: Waist-to-stature ratio of South African children according to age groups
Waist-to-stature ratio
Boys
95% CI
Girls
Age (years) Boys
Girls
(Mean ± SD)
(Mean ± SD)
9
64
131
0.41 ± 0.1
0.37-0.42
0.41 ± 0.1
10
113
138
0.43 ± 0.1
0.42-0.44
0.42 ± 0.1
11
88
72
0.42 ± 0.03
0.41-0.43
0.43 ± 0.1
12
135
146
0.41 ± 0.04
0.41-0.42
0.44 ± 0.1
13
148
101
0.43 ± 0.1
0.42-0.44
0.42 ± 0.04
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

95% CI
0.39-0.45
0.40-0.43
0.42-0.44
0.43-0.44
0.41-0.43

p-value
0.542
0.115
0.046*
0.001*
0.501
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Figure 4.32: Age variation in waist-to-stature ratio of boys and girls

There was no significant (p = 0.054; p = > 0.05) difference in WSR among black (0.43 ±
0.07; 95% CI 0.43-0.44) and white (0.43 ± 0.05; 95% CI 0.42-0.43) children. Racial
comparison indicates that the WSR values did not differ significantly between black and
white children (Table 4.40). Shown in Figure 4.33 are the variations in WSR of the
participants stratified according to race and age groups.
Table 4.40: Waist-to-stature ratio of South African children according to race and age groups
Waist-to-stature ratio
Black
White
(Mean ± SD)
95% CI
(Mean ± SD) 95% CI
Age (years) Black
White

p-value

9

149

46

0.41 ± 0.09

0.40-0.45

0.42 ± 0.10

0.41-0.46

0.208

10

153

98

0.42 ± 0.08

0.41-0.43

0.43 ± 0.05

0.42-0.44

0.223

11

51

109

0.42 ± 0.05

0.41-0.44

0.43 ± 0.04

0.42-0.44

0.562

12

133

148

0.43 ± 0.06

0.43-0.44

0.42 ± 0.05

0.41-0.43

0.051

13

95

154

0.43 ± 0.06

0.42-0.44

0.42 ± 0.04

0.42-0.43

0.420

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.33: Age variation in waist-to-stature ratio of South African black and white children

Shown in Table 4.41 is the proportion of children with a WSR ≥ 0.5 cut-off points for
centripetal fat patterning. A total of 155 (13.6%) had central obesity as measured by WSR.
The number of boys with a WSR ≥ 0.5 was 47 (8.6%), while there were 108 girls (18.4%).
The prevalence of central obesity (WSR ≥ 0.5) was found at all ages, and in both sexes, with
the highest prevalence rate noticeable at age 13 in both sexes. When considered according to
race, generally, black and white girls had a higher prevalence of WSR judged to be at risk
factor than boys (Figure 4.34).
Table 4.41: Percentage of children with a waist-to-stature ratio at 0.5 or above cut-off point
WSR ≥ 0.5
Age (years)
n
%
Boys
9
5
6.3
10
9
7.2
11
6
9.6
12
10
11.0
13
17
15.1
Total
47
8.6
Girls
9
14
14.2
10
20
14.5
11
11
15.3
12
31
21.2
13
32
23.0
Total
108
18.4
Boys/ Girls
155
13.6
WSR = waist-to-stature ratio; n = number of sample; % = percentage
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Figure 4.34: Proportion of waist-to-stature ratio ≥ 0.5 according to race and gender

4.5.6 Waist-to-Hip Ratio
Boys had a larger mean WHR (0.81 ± 0.07 cm) compared to girls (0.78 ± 0.08 cm),
indicating a significant sex difference (p = 0.001; p < 0.05). As expected, due to regional fat
deposition, WHR was significantly higher in boys compared to girls at all ages (Table 4.42
and Figure 4.35). Waist-to-hip ratio showed a gradual decrease with age.
Table 4.42: Waist-to-hip ratio of South African children according to age groups
Waist-to-hip ratio
Boys
Age (years)

Boys

Girls

(Mean ± SD)

9

64

131

0.80 ± 0.1

10

113

138

11

88

12
13

Girls
95% CI

(Mean ± SD)

95% CI

p-value

0.78-0.82

0.77 ± 0.04

0.75-0.80

0.025*

0.81 ± 0.05

0.79-0.84

0.77 ± 0.1

0.75-0.81

0.005*

72

0.80 ± 0.05

0.77-0.81

0.77 ± 0.06

0.76-0.82

0.001*

135

146

0.80 ± 0.09

0.78-0.82

0.79 ±0.06

0.77-0.81

0.004*

148

101

0.80 ± 0.05

0.78-0.82

0.76 ± 0.05

0.74-0.79

0.001*

*Statistically significant (p ≤ 0.05); CI = Confidence Interval
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Figure 4.35: Age variation in waist-to-hip ratios of boys and girls

However, when compared according to race, WHR showed no significant (p = 0.008; p >
0.05) difference between black and white children. While there was no significant difference
in the WHR of black and white children at ages 9, 12 and 13 years, significant differences in
WHR were observed between black and white children, with white children having greater
mean values of WHR than black children (Table 4.43). Figure 4.36 illustrates the changes in
WHR of black and white children stratified according to age groups.
Table 4.43: Waist-to-hip ratio of South African children according to race and age groups
Waist-to-hip ratio
Black
Age (years)

Black

White

(Mean ± SD)

White
95% CI

9
149
46
0.80 ± 0.04
0.80-0.81
10
153
98
0.77± 0.13
0.75-0.79
11
51
109
0.77± 0.06
0.75-0.78
12
133
148
0.80 ± 0.09
0.78-0.81
13
95
154
0.78 ± 0.06
0.77-0.79
*Statistically significant (p ≤ 0.05); CI = Confidence Interval

(Mean ± SD)
0.79 ± 0.16
0.81 ± 0.05
0.80 ± 0.05
0.80 ± 0.07
0.79 ± 0.05

95% CI

p-value

0.74-0.84
0.80-0.82
0.79-0.81
0.78-0.81
0.78-0.80

0.369
0.003*
0.000*
0.941
0.065
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Figure 4.36: Age variation in waist-to-hip ratios of South African black and white children

4.6 PRINCIPAL COMPONENTS ANALYSIS OF SKINFOLDS
4.6.1 All Samples
Fat distribution was further analysed using principal components analysis (PCA). The
unrotated PCA of the combined group of South African children is displayed in Table 4.44.
Three components emerged with eigen values greater than 1.0 and were considered
statistically meaningful. The first principal component (PC1) had a positive correlation with
each skinfold and hence represented a size component (fatness). The proportion of the total
variance explained by PC1 is 62.3%. The second and third principal components represent
the pattern of fat distribution independent of size and fatness. The second principal
component (PC2) is positively loaded on the sub-scapular (0.791), abdominal (0.758) and
iliac crest (0.670) with a negative loading for the triceps (−0.747), medial calf (−0.602) and
front thigh (−0.592) skinfold sites. This component could be considered as indicating an
upper trunk-lower trunk contrast in relative subcutaneous fat distribution among South
African children. The proportion of the total variance explained by PC2 is 14.1%. The third
principal component (PC3) had a positive loading on the triceps (0.506), but a negative
loading on the abdomen (−0.403), iliac crest (−0.197) and supraspinale (−0.855) skinfold
sites, thus suggesting a lower trunk-upper extremity of relative subcutaneous fat distribution.
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Principal component 3 explained about 10.2% of the total residual variance. Overall, the three
components account for approximately 87.0% of total variance. Component loadings,
however, demonstrate stronger patterning in the second and third components for the entire
sample (Table 4.44).
Table 4.44: Principal components analysis of the skinfolds data of for South African children
Principal components
Skinfolds
1
2
Triceps
0.856
−0.747
Sub-scapular
0.812
0.791
Biceps
0.831
0.724
Iliac crest
0.773
0.670
Supraspinale
0.832
0.732
Abdomen
0.858
0.758
Medial calf
0.734
−0.602
Front thigh
0.674
−0.592
Eigen value
3.343
2.072
Percent variance explained
0.623
0.141

3
0.506
0.432
0.314
−0.197
−0.755
−0.403
2.275
0.261
1.669
0.102

4.6.2 Gender
The results of the gender-specific PCA of the eight skinfolds are summarised in Table 4.45.
Like in the combined groups, three components were identified. Boys and girls had positive
loadings in all the skinfold thicknesses, suggesting a fatness or size factor component. This
fatness component accounts for 48.3% and 54.4% of the total variance in skinfold thickness
for boys and girls, respectively. For PC2, boys had a positive loading for the triceps skinfold
(0.725) and negative loading for the abdominal skinfold (-0.672) suggesting a lower trunkupper extremity fat distribution. The proportion of variance explained by this component is
12.6%. The third component has a positive loading for the sub-scapular (0.742) and a
negative loading for the abdominal (−0.419) s and suggests an upper-trunk-lower trunk
contrast in relative subcutaneous fat distribution in boys. This component explains 12.5% of
the total variance. Collectively, PC1, PC2 and PC3 account for (73.4%) of the variance in the
sum of the eight skinfolds in boys.
Among girls, PC2 loaded positively on the abdominal (0.763), biceps (0.653), iliac crest
(0.437) and supraspinale (0.711) skinfolds and had a negative loading on the triceps (−0.627)
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skinfold. This component had 13.2% total variance and could be interpreted as a lower trunkupper extremity contrast in relative subcutaneous fat distribution. Conversely, PC3 with a
variance of 10.3% had a negative loading for the subscapular skinfold (−0.456) and a positive
loading for the triceps skinfold (0.385) and indicates a trunk-extremity contrast in fat
distribution. The three components explain about 77.9% of total variance in the sum of the
eight skinfolds in girls. Collectively, the total variance of the eight skinfolds is high in both
genders; nevertheless, the third component seems to have a different connotation for both
boys and girls.
Table 4.45: Principal components analysis of the skinfolds data for South African children stratified by gender

Skinfolds
Triceps
Subscapular
Biceps
Iliac crest
Supraspinale
Abdomen
Medial calf
Front thigh
Eigen value

PC1
0.887
0.584
0.751
0.846
0.864
0.707
0.710
0.778
2.604

Boys
PC2
0.725
−0.520
0.681
0.701
0.821
−0.672
−0.689
−0.653
1.972

PC3
−0.402
0.742
0.278
0.172
0.173
−0.419
0.164
0.207
1.604

PC1
0.739
0.882
0.778
0.595
0.822
0.875
0.578
0.473
2.812

Girls
PC2
−0.627
−0.803
0.653
0.437
0.711
0.763
−0.497
−0.421
2.120

PC3
0.385
−0.456
0.312
0.213
0.174
0.140
0.176
0.377
1.962

Percent variance
explained
PC = principal components

0.483

0.126

0.125

0.544

0.132

0.103

4.6.3. Race
The results of principal components analysis of skinfold data according to race is displayed in
Table 4.46. Black and white children’s skinfold thickness was loaded positively on PC1. This
component was labelled the fatness or size factor component, explaining 52.8% and 48.9% in
black and white children, respectively. Among black children, PC2 contrasts the sub-scapular
(0.726), iliac crest (0.734), supraspinale (0.751) and abdomen (0.769) (positive loadings)
with the triceps (−0.523), biceps (−0.726), medial calf (−0.583) and front thigh (−0.637)
(negative loadings) and is therefore termed the trunk-extremity component. It accounts for
13.8% of variance. PC3 seems to contrast upper and lower body skinfolds, especially the
extremity skinfolds with a high positive loading on the triceps (0.657) and a moderate
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negative loading on the medial calf skinfold. The loadings for the other skinfolds are in the
same direction but low, that is, sub-scapular and bicep skinfolds are positive and other
skinfolds (iliac crest, supraspinale, abdominal, medial calf and front thigh) are negative. This
component could thus be classified as an upper-lower trunk component, explaining 12.3% of
variance. Overall, the three components explained 78.9% of total variance for black children.

The pattern of components appears to be similar among the two ethnic groups. Like black
children, among white children too, PC2 was positively loaded on the sub-scapular (0.801),
iliac crest (0.472), supraspinale (0.762) and abdominal (0.793) in contrast to the triceps
(−0.359), biceps (−0.671), medial calf (−0.654) and front thigh (−0.502) (negative loadings).
It could also be interpreted as a trunk-extremity component, with a total variance of 17.7%.
PC3 appears to contrast upper and lower body skinfolds, and had a high positive loading on
the triceps (0.662) and a moderate negative loading on the medial calf (−0.274) and front
thigh (−0.327) skinfolds. This third component may be labelled an upper-lower trunk
component, accounting for 14.4% of variation in the component. Together, the three
components (PC1, PC2 and PC3) explained 81.2% of variance.

Table 4.46: Principal components analysis of skinfolds data for black and white South African children
Blacks

Whites

Skinfolds

PC1

PC2

PC3

PC1

PC2

PC3

Triceps

0.473

−0.523

0.657

0.348

−0.359

0.662

Subscapular

0.891

0.726

0.189

0.865

0.801

0.127

Biceps

0.820

−0.781

0.110

0.730

−0.671

−0.373
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Iliac crest

0.877

0.734

−0.208

0.589

0.472

−0.197

Supraspinale

0.869

0.751

−0.109

0.879

0.762

−0.196

Abdomen

0.805

0.769

−0.252

0.880

0.793

−0.213

Medial calf

0.627

−0.583

−0.520

0.713

−0.654

−0.274

Front thigh

0.695

−0.637

−0.585

0.594

−0.502

−0.327

Eigen value

2.581

2.242

1.872

2.656

1.982

1.545

Percent variance explained

0.528

0.138

0.123

0.489

0.177

0.144

PC = principal components

4.7 ASSOCIATION BETWEEN FAT PATTERNING, TOTAL OBESITY AND AGE
The correlation between the three principal component scores (PC1, PC2 and PC3), adiposity
(as measured by BMI, FM, FFM and %BF) and age was examined using correlation analysis.
Table 4.47, shows the Pearson’s correlation coefficient (r) for the principal component
scores, selected anthropometric body composition variables (BMI, FM, FFM and %BF) and
age of South African children. As expected, overall body fatness as represented by PC1 is
highly correlated (p < 0.01) with all anthropometric variables. Specifically, the results
indicate that PC1, but not PC2 or PC3, was significantly correlated with BMI (r = 0.745, p <
0.01) and children’s age (r = 0.062, p < 0.05), affirming that only PC1 was an indicator of
fatness. PC1 (but not PC2 or PC3) was linearly related to BMI.
Table 4.47: Pearson’s correlation coefficients and associated probabilities for the principal components of
eight skinfolds (factor scores) with age and selected indicators of anthropometric body composition of South
African children
Pearson’s correlation coefficient (r)
Variable

Age

BMI

FM

FFM

%BF

PCI ‘fatness’ (size)

−0.062*

0.745**

0.672**

0.583**

0.701**

PC2 ‘fat patterning’ (shape) upper trunk-lower trunk
PC3 ‘fat patterning’ (shape) lower trunk-upper extremity

−0.043
−0.032

−0.059
−0.041

−0.029
−0.022

−0.037
−0.041

−0.502
−0.039

*Correlations statistically significant at the 0.05 level (two-tailed). ** Correlations significant at 0.01 level (twotailed)

4.8 ASSOCIATION BETWEEN ADIPOSITY, FAT PATTERNING AND RACE

The means and standard errors of the principal component scores of black and white South
African children are shown in Table 4.48. Analysis of variance indicates significant
differences in mean component scores of the groups for the first, second and third
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components. Judging from the first component scores (PC1 scores), white children were
fatter than the black children, a ranking similar to that for the fat mass and body fat data.
However, as mean body fat for white and black children were identical (19.0 ± 7.4 and 20.1 ±
7.5), this implies that first component scores are more indicative of fat content (kg) than
fatness (%). There were no racial differences observed in the second and third component
scores (PC2 and PC3 scores). The lower-trunk score, a centripetal fat pattern was the same
between the two ethnic groups.
Table 4.48: Means and standard errors of principal component scores of black and white children
Principal components scores
1

2

3

Mean

s.e.m.

Mean

s.e.m.

Mean

s.e.m.

Black children

−0.86

0.05

−0.39

0.07

−0.27

0.04

White children

0.43

0.10

−0.41

0.09

−0.22

0.08

F, d.f.1, 1034

65.8

1.9

p < 0.001

1.6

p < 0.1

p < 0.1

s.e.m = standard error of mean.
4.9 PHYSICAL ACTIVITY
The frequency of participation in physical activity of the children is shown in Table 4.49.
Most of them indicated that they do not participate in physical activity most of the time while
only few indicated that they do participate regularly in physical activities.

Table 4.49: Physical activity participation of children
Frequency of participation
Not at all

Sometimes

Always

n (%)

n (%)

n (%)

Running

147 (23.1)

410 (64.4)

80 (12.6)

Playing ball

249 (33.4)

391 (52.5)

105 (14.1)

Walking

57 (35.4)

88 (54.7)

16 (9.9)

Physical Activity
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Mixed running and walking

101 (41.4)

126 (51.6)

17 (7.0)

Bicycle

199 (41.2)

224 (46.4)

60 (12.4)

Outdoor activities

171 (27.4)

310 (49.7)

143 (22.9)

Climbing

234 (43.3)

249 (46.1)

57 (10.6)

Basket

191 (63.9)

80 (26.8)

28 (9.4)

Netball

235 (52.9)

158 (35.6)

51 (11.5)

Volleyball

221 (68.2)

77 (23.8)

3 (0.9)

Rugby

203 (53.6)

129 (34.0)

47 (12.4)

Football

161 (34.9)

246 (53.3)

55 (11.9)

Swimming

235 (59.1)

117 (29.4)

46 (11.5)

Jump rope

172 (46.9)

147 (40.0)

48 (13.1)

Dancing

189 (30.3)

374 (59.9)

61 (9.8)

The frequency of participation in physical activity was further stratified by gender (Table
4.50). The results show that except for basketball, swimming, jump rope and dancing, boys
have a significantly (p < 0.05) higher frequency of participation in physical activity compared
to girls. Table 4.51, shows the frequency of participation in physical activity according to
race. In running activity, 80 (23.4%) and 67 (22.7%) of black and white children did not
participate at all, whereas 214 (62.6%) and 196 (66.4%) participated sometimes. However, 48
(14.0%) and 32 (10.8%) black and white children, respectively, maintained participating in
running always, with no statistical significance difference (p > 0.431) between them.
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Table 4.50: Physical activity participation of the children stratified by gender

Physical activity
Running
Playing ball
Walking
Mixed running and walking
Bicycle
Outdoor activities
Climbing
Basket
Netball
Volleyball
Rugby
Football
Swimming
Jump rope
Dancing
*Statistically significant (p ≤ 0.05)

Boys
n (%)
33(11.3)
73 (20.2)
30 (26.0)
28 (25.0)
66 (30.8)
67 (22.3)
75 (34.7)
122 (64.6)
124 (62.0)
108 (41.2)
102 (29.7)
95 54.9)
47 (46.1)
72 (27.6)

Not at all
Girls
n (%)
114 (33.0)
176 (45.9)
37 (44.1)
73 (55.3)
133 (49.4)
104 (32.1)
159 (49.1)
69 (62.7)
157 (45.1)
97 (78.2)
59 (50.0)
140 (62.2)
125 (47.2)
117 (32.2)

Frequency of participation
Sometimes
Boys
Girls
n (%)
n (%)
209 (71.8)
201 (58.1)
215 (59.4)
176 (45.9)
46 (59.7)
42 (50.0)
83 (74.1)
43 (32.6)
99 (46.3)
125 (46.5)
158 (52.7)
152 (46.9)
117 (54.2)
132 (40.7)
53 (28.0)
27 (24.6)
146 (42.0)
57 (28.5)
20 (16.1)
108 (41.2)
201 (58.4)
45 (38.1)
51 (29.5)
66 (29.3)
41 (40.2)
106 (40.0)
163 (62.5)
211 (58.1)

Boys
n (%)
49 (16.8)
74 (20.4)
11 (14.1)
16 (12.1)
49 (22.9)
75 (25.0)
24 (11.1)
14 (7.4)
0 (0.0)
46 (17.6)
41 (11.9)
24 (13.9)
14 (13.7)
26 (10.0)

Frequency of participation
Sometimes
Black
White
n (%)
n (%)
214 (62.6)
196 (66.4)
197 (50.5)
194 (54.7)
24 (36.9)
64 (66.7)
48 (41.7)
78 (60.5)
97 (43.7)
127 (48.7)
162 (50.8)
148 (40.5)
143 (49.5)
106 (42.2)
26 (36.1)
54 (23.8)
80 (43.7)
78 (29.9)
27 (38.0)
50 (19.8)
33 (35.5)
96 (33.6)
126 (63.0)
120 (45.8)
43 (28.7)
74 (29.8)
34 (22.2)
113 (52.8)
200 (66.0)
174 (54.2)

Black
n (%)
48 (14.0)
43 (11.0)
4 (6.2)
12 (10.4)
9 (4.1)
57 (17.9)
23 (8.0)
3 (4.2)
8 (4.4)
0 (0.0)
2 (2.2)
23 (11.5)
3 (2.0)
6 (3.9)
12 (4.0)

Always
Girls
n (%)
31 (8.9)
31 (8.1)
5 (5.9)
1(0.9)
11 (4.1)
68 (21.0)
33 (10.2)
14 (12.7)
45 (12.9)
3 (2.4)
14 (11.9)
19 (8.4)
34 (12.8)
35 (9.6)

p-value
0.001*
0.001*
0.027*
0.001*
0.001*
0.023*
0.003*
0.293
0.001*
0.001*
0.001*
0.001*
0.059
0.968
0.456

Always
White
n (%)
32 (10.8)
62 (17.5)
12 (12.5)
5 (3.9)
51 (19.5)
86 (28.2)
34 (13.6)
25 (11.0)
43 (16.5)
3 (1.2)
45 (15.7)
32 (12.2)
43 (17.3)
42 (19.6)
49 (15.3)

p-value
0.431
0.002*
0.001*
0.007*
0.001*
0.004*
0.061
0.047*
0.001*
0.012*
0.002*
0.001*
0.001*
0.001*
0.001*

Table 4.51: Physical activity participation of the children stratified by race

Physical activity
Running
Playing ball
Walking
Mixed running and walking
Bicycle
Outdoor activities
Climbing
Basket
Netball
Volleyball
Rugby
Football
Swimming
Jump rope
Dancing
*Statistically significant (p ≤ 0.05)

Black
n (%)
80 (23.4)
150 (38.5)
37 (56.9)
55 (47.8)
116 (52.3)
100 (31.4)
123 (42.6)
43 (59.7)
95 (51.9)
39 (54.9)
58 (62.4)
51 (25.5)
104 (69.3)
113 (73.9)
91 (30.0)

Not at all
White
n (%)
67 (22.7)
99 (27.9)
20 (20.8)
46 (35.7)
83 (31.8)
71 (23.3)
111 (44.2)
148 (65.2)
140 (53.6)
182 (71.9)
145 (50.7)
110 (42.0)
131 (52.8)
59 (27.6)
98 (30.5)
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Viewed in the ‘always’ category of physical activity participation, except for running activity,
white children participate more in all physical activities than the black children (p ≤ 0.05).

4.10 SEDENTARY ACTIVITY

Overall, 574 (50.0%) of the children indicated being regularly driven to school, others by public
transport 149 (12.6), and school bus 141 (12.4%). Those who walked to school were 217
(19.0%), walked and took a bus 49 (4.2%) and a only few (0.8%) rode bicycles to school (Table
4.52).
Table 4.52: Mode of transportation to school
Mode of transport

n

%

Car

574

50.0

Public

149

12.6

School bus

141

12.4

Walk

217

19.0

Walk and take a bus

49

4.2

Ride bicycle

6

0.8

The mode of transportation to school was stratified by gender. The majority 320 (53.4%) of girls
were transported to school by car compared to boys 254 (46.5%). Numbers for the different
modes are as follows: public transport 72 (13.1%), 77(13.5%); school bus 68 (11.5%), 75
(12.8%); walking 120 (22.7%), 99 (16.8%); walk and take a bus 28 (5.1%), 17 (3.2%) and ride
bicycle 6 (1.1%) and 0 (0%), for boys and girls, respectively (Table 4.53).

Table 4.53: Mode of transportation to school by gender
Boys
Mode of transport

n

%

Girls
n

%
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Car

254

46.5

320

53.4

Public

72

13.1

77

13.5

School bus

68

11.5

75

12.8

Walk

120

22.7

99

16.8

Walk and take a bus

28

5.1

17

3.2

Ride bicycle

6

1.1

0

0

Table 4.54 displays the time duration of children who walk to or from school. A total of 148
(58.5%) spent less than 15 minutes in walking to school; 86 (34.0%) between 15 and 30 minutes;
8 (3.2%) between 30 and 45 minutes; 6 (2.3%) between 45 and 60 minutes and 5 (2.0) more than
60 minutes.
Table 4.54: Time duration of children who walk to or from school
Time (min)
n

%

Less than 15 minutes

148

58.5

Between 15 and 30 minutes

86

34.0

Between 30 and 45 minutes

8

3.2

Between 45 and 60 minutes

6

2.3

More than 60 minutes

5

2.0

Table 4.55 shows the time spent in sedentary activities among South African children. Sedentary
behaviour figures were as follows: children who spent less than one hour watching TV 271
(24.1%), working/playing on the computer 463 (44.0%), reading 427 (71.8%), listening to music
346 (39.3%), on board games 342 (52.1%), on washing clothes 313 (80.1%), on making phone
calls or playing games on cell phone 180 (76.6%), sweeping 161(70.3%), on arts 124 (61.1%),
and only 4 (28.6%) engaged in other sedentary activity.
Of the total number of children 437 (38.9%) spent 1-2 hours watching TV, 323 (30.7%) played
computer games, 169 (27.2%) read, 289(32.8%) listened to or played music, 219 (33.3%) played
board games, 47 (12.0%) did washing, 55 (23.4%) used the phone, 44 (19.2%) did sweeping, 42
(20.7%) did art work, and 6 (4.2.9%) other activities.
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The majority of children spent more than two hours watching TV (205 participants) (18.3%), 167
worked or played on the computer (15.9%), 6 read (1.0%), 102 played music (11.6%), 45 played
board games (6.9%), 8 did the washing (2.1%), 10 did sweeping (4.4%), 24 did art (11.8%), and
4 spent time on other unspecified activities (28.6%). The majority 210 (18.7%) engaged in 3-4
hours of watching TV, 100 (9.5%) on the computer, 143 (16.3%) playing music, 51 (7.8%)
playing board games, 23 (5.9%) doing washing, 14 (6.1%), and 13 (6.4%) on arts.
The results of time spent in sedentary activities among South African children classified by
gender are shown in Table 4.56. Boys spent more time (2 hours, 3-4 hours) watching TV than
girls. The proportion of those who spent more time on the computer was higher among girls than
boys. Amongst boys 11.2% spent more than 2 hours and 3-4 hours on playing music while the
figures were 11.9% and 20.8% among girls. Boys and girls reported spending more than 2 hours
on the phone.
When the time spent in sedentary activities among South African children was grouped
according to race (Table 4.57), it could be seen that white children spent more time watching TV
than black children. Time spent on using the computer among black children exceeding 2 hours
and3-4 hours was 16.5% and 10.2%, respectively. For white children, 15.2% and 8.7% spent
more than 2 hours and 3-4 hours, respectively on computing. White children reported spending
12.0% of their time or more than 2 hours and 16.7% for 3.4 hours playing music. Compared to
white children, black children spent less time playing music.
Shown in Figure 4.37 is the percentage of children who indicated having a TV in their bedroom.
Those who said they have a TV in their bedroom were 432 (38.0%), whereas 704 (62.0%)
disagreed.
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Figure 4.37: Percentage of children with a TV in their bedrooms
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Table 4.55 Time spent in sedentary activities among South African children aged 9−13 years
Sedentary activity
Time (hours)

TV

Computer

Reading

Music

Board game

Washing

Phone

Sweeping

Arts

Others

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

Less than 1 hour

271(24.1)

463(44.0)

427(71.8)

346(39.3)

342(52.1)

313(80.1)

180(76.6)

161(70.3)

124(61.1)

4(28.6)

1-2 hours

437(38.9)

323(30.7)

162(27.2)

289(32.8)

219(33.3)

47(12.0)

55(23.4)

44(19.2)

42(20.7)

6(42.9)

More than 2 hours

205(18.3)

167(15.9)

6(1.0)

102(11.6)

45(6.9)

8(2.1)

-

10(4.4)

24(11.8)

4(28.6)

3-4 hours

210(18.7)

100(9.5)

-

143(16.3)

51(7.8)

23(5.9)

-

14(6.1)

13(6.4)

-

TV = Television; n = number of responses; % = percentage
Table 4.56: Time spent in sedentary activities among South African children stratified by gender
Sedentary activity
Time (hours)

TV

Computer

Reading

Music

Board Games

Washing

Phone

Sweeping

Arts

Others

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

Less than 1 hour

118(21.7)

190(37.1)

207(72.9)

185(44.3)

142(49.3)

137(86.2)

87(77.7)

71(71.0)

60(63.2)

2(100.0)

1-2 hours

217(40.0)

159(31.1)

75(26.4)

139(33.3)

96(33.3)

15(9.4)

25(22.3)

20(20.0)

15(15.8)

-

More than 2 hours

115(21.2)

102(19.9)

2(0.7)

47(11.2)

19(6.6)

6(3.8)

-

3(3.0)

14(14.7)

-

3-4 hours

93(17.1)

61(11.9)

-

47(11.2)

31(10.8)

1(0.6)

-

6(6.0)

6(6.3)

-

Less than 1 hour

153(26.4)

273(50.5)

220(70.7)

161(34.9)

200(54.2)

176(75.9)

93(75.6)

90(69.8)

64(59.3)

2(16.7)

1-2 hours

220(37.9)

164(30.3)

87(28.0)

150(32.5)

123(33.3)

32(13.8)

30(24.4)

24(18.6)

27(25.0)

6(50.0)

More than 2 hours

90(15.5)

65(12.0)

4(1.3)

55(11.9)

26(7.1)

8(3.4)

-

7(5.4)

10(9.3)

-

3-4 hours

117(20.2)

39(7.2)

-

96(20.8)

20(5.4)

16(6.9)

-

8(6.2)

7(6.5)

4(33.3)

Boys

Girls

TV = Television; n = number of responses; % = percentage
Table 4.57: Time spent in sedentary activities among South African children stratified by race
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Sedentary activity
Time (hours)

TV

Computer

Reading

Music

Board Games

Washing

Phone

Sweeping

Arts

Others

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

n(%)

Black
Less than 1 hour

119(20.8)

212(38.8)

176(66.2)

138(32.9)

157(43.9)

113(82.5)

109(72.2)

21(80.8)

16(69.6)

1(33.3)

1-2 hours

252(44.0)

189(34.5)

86(32.3)

169(40.2)

146(40.8)

16(11.7)

42(27.8)

4(15.4)

2(8.7)

-

More than 2 hours

101(17.6)

90(16.5)

4(1.5)

47(11.2)

28(7.8)

1(0.7)

-

-

2(8.7)

-

3-4 hours

101(17.6)

56(10.2)

-

66(15.7)

27(7.5)

7(5.1)

-

1(3.9)

3(13.0)

2(66.7)

Less than 1 hour

152(27.6)

251(49.6)

251(76.3)

208(45.2)

185(61.9)

200(78.7)

71(84.5)

140(69.0)

108(60.0)

3(27.3)

1-2 hours

185(33.6)

134(26.5)

76(23.1)

120(26.1)

73(24.4)

31(12.2)

13(15.5)

40(19.7)

40(22.2)

6(54.5)

More than 2 hours

104(19.0)

77(15.2)

2(0.6)

55(12.0)

17(5.7)

7(2.8)

-

10(4.9)

22(12.2)

-

3-4 hours

109(19.8)

44(8.7)

-

77(16.7)

24(8.0)

13(1.2)

-

13(6.4)

10(5.6)

2(18.2)

White

TV = Television; n = number of responses; % = percentage
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4.11 DIETARY INTAKE
Principal components analysis with varimax rotation analysis was performed on the 43 food
items. As stated earlier, PCA reduces the data by forming linear combinations of the original
observed variables, thereby grouping together correlated variables which in turn indentify any
underlying dimensions in the data. Foods with loadings above 0.3 on a component were
considered to have a strong association with that component and these were deemed to be the
most informative in describing dietary patterns. Table 4.58 shows the unrotated factor
loadings obtained from South African children concerning their dietary intake using PCA.
Three components were established to describe the dietary patterns of the children in the
present study.

The first component represented a diet based on convenience foods and foods considered to
be high-fat processed items. High positive loadings were obtained for high-fat processed
foods (sweets rolls, hamburgers, chocolate) and snack foods high in fat and/or sugar (such as
crisps, crackers, sweet rolls, chocolate, burgers, chips) and fried foods (chips, hot dogs,
boerewors). As such, this component was labelled as “junk/unhealthy” pattern, explaining
0.44% of the variance. The second component was highly loaded on foods considered to be
“traditional” foods (meat, white bread, potatoes, rice, peanuts, olive oil, groundnut/sunflower
oil) and was termed as such. The proportion of variance for this component was 0.33%. The
third component was loaded positively on vegetables, fruits, cereals, but negatively on soft
drinks. This component was labelled as the “healthy”, and it explained 0.23% of the total
variance.

Table 4.58: Factor loadings of various food items in the three principal dietary components identified in 9−13
year- old South African children based on food frequency questionnaire
Food item
Chips as snack

Junk/unhealthy
0.339

Traditional
0.178

Healthy
−0.148

Milk and dairy products

0.264

0.239

0.282

Meat

0.176

0.389

0.110

Fish

0.235

0.011

0.146

Eggs

0.233

0.270

0.034

Vegetables

0.112

0.271

0.372

Fast food

0.433

0.161

−0.275

Fruits

0.168

0.092

0.408

Sugar

0.142

0.143

−0.008

Fruit juice

0.266

0.183

0.053

Soft drinks

0.140

0.507

−0.406

Ice cream

0.180

0.021

−0.087

Chocolate

0.600

0.126

−0.161

Hamburger

0.648

−0.170

−0.316

Crisps

0.539

−0.183

−0.220

Cake

0.162

−0.210

−0.238

Yoghurt

0.328

−0.027

−0.038

Brown bread

0.292

−0.280

0.156

White bread

0.037

0.358

−0.103

Cereals

0.058

−0.226

0.469

Maize

0.103

−0.064

0.005

Sweets

0.444

−0.064

−0.232

Pap/ mielie meal

0.160

0.098

0.073

Pizza

0.549

−0.104

−0.240

Crackers

0.543

−0.063

−0.095

Potatoes

−0.150

0.621

0.132

Rice

0.248

0.361

0.047

Hot dogs

0.591

−0.185

−0.039

Sweet rolls

0.589

−0.097

−0.053

Margarine on bread

0.376

0.052

0.042

Butter on bread

0.179

−0.067

0.078

−0.033

0.418

0.003

0.573

0.058

0.230

Peanuts
Cheese as a snack
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Meatless tomatoes as snack

0.339

0.429

0.084

Ground turkey

0.439

−0.051

0.103

Baked chicken

0.488

0.048

0.190

Groundnut

0.339

−0.057

0.231

Olive oil

0.270

−0.392

−0.053

Groundnut/sunflower oil

0.040

0.463

0.186

Boerewors

0.457

0.032

0.076

Eigen value
Variance explained (%)
Loadings above 0.3 are shown in bold

4.019
0.44

2.997
0.33

2.064
0.23

Shown in Table 4.59 is PCA of the dietary food intake of South African children stratified by
gender. In both boys and girls, foods considered as high-fat processed foods and snack foods
high in fat and/or sugar and fried foods were highly loaded on the first component. The
component was labelled as the ‘junk/unhealthy’ food component. It accounts for 34.1% and
42.5% variance, in boys and girls, respectively. The second component was highly loaded on
foods considered to be ‘traditional’ foods (white bread, rice, meat), and was considered the
‘traditional’ food pattern. This component accounts for 32.2% in boys and 28.7% in girls.
The third component loaded on eggs and vegetables, and was interpreted as belonging to the
healthy class of foods. This component accounts for 22.7% and 16.8% variance among the
boys and girls, respectively.

PCA of the dietary intake of South African children according to race is presented in Table
4.60. In both black and white children, the first component accounts for 45.9% and 37.5% of
total variance, respectively. It loaded positively on foods items such as ice cream, chocolate,
hamburgers, crisps, sweets, pizza, crackers and sweet rolls. This first component was tagged
the ‘junk/unhealthy’ component. The second component which accounts for 31.2% and
33.1% of the total variance among black and white children, respectively was loaded
positively on food items considered to be ‘traditional’ food, and was interpreted as such.
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Lastly, the third component loaded positively on food items such as eggs, vegetables and
fruits and was labelled as the ‘healthy’ food component. The total variance explained by this
component was 22.9% and 29.4% for black and white children, respectively.

Table 4.59: Principal components analysis of the food items data by gender

Food items
Chips as snack

Junk/unhealthy
Boys
Girls
−0.040
0.290

Principal components
Traditional
Boys
Girls
0.367
0.245

Healthy
Boys
Girls
−0.001
−0.156

Milk and dairy products

0.344

0.204

0.431

0.153

−0.413

0.051

Meat

0.181

0.206

0.430

0.359

−0.082

0.058

Fish

0.244

0.227

−0.110

0.078

−0.221

0.065

Eggs

0.176

0.270

0.131

−0.242

0.324

0.410

Vegetables

0.388

0.360

0.086

0.210

0.135

0.377

Fast food

0.068

0.210

0.479

0.427

0.212

−0.222

Fruits

0.345

0.199

0.085

0.132

0.455

0.174

Sugar

0.071

0.358

0.092

0.385

0.055

0.024

Fruit juice

0.227

0.266

0.167

0.173

0.266

0.208

Soft drinks

−0.127

0.286

0.427

0.474

0.231

−0.222

Ice cream

0.020

0.244

−0.095

−0.007

−0.050

−0.208

Chocolate

0.486

0.669

0.133

0.071

0.094

−0.183

Hamburger

0.619

0.676

−0.196

−0.161

0.198

−0.294

Crisps

0.524

0.583

−0.148

−0.221

−0.076

−0.431

Cake

0.190

0.466

−0.331

−0.319

0.231

−0.261

Yoghurt

0.207

0.550

−0.046

−0.027

0.025

−0.106

Brown bread

0.242

0.255

−0.231

−0.292

−0.386

0.085

White bread

0.102

−0.007

0.273

0.397

0.143

−0.206

Cereals

0.560

0.415

−0.122

−0.204

−0.182

−0.050

Maize

0.091

0.183

−0.043

−0.049

0.038

−0.030

Sweets

0.283

0.612

−0.059

−0.091

0.164

−0.221

Pap/ mielie meal

0.172

0.121

−0.049

0.100

−0.007

−0.108

Pizza

0.512

0.551

−0.062

−0.128

0.232

−0.136
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Crackers

0.535

0.532

0.063

−0.083

0.147

0.025

Potatoes

0.548

0.635

−0.029

−0.225

−0.146

0.120

Rice

0.252

0.252

0.365

0.414

0.034

0.055

Hot dogs

0.544

0.621

−0.068

−0.239

−0.061

0.044

Sweet rolls

0.597

0.577

0.004

−0.162

−0.046

0.039

Margarine on bread

0.328

0.450

0.080

0.138

−0.147

0.024

Butter on bread

0.224

0.294

−0.093

0.165

−0.268

0.118

Peanuts

0.543

0.381

−0.108

0.024

0.204

−0.003

Cheese as a snack

0.455

0.651

0.094

0.092

−0.234

0.250

Meatless tomatoes as snack

0.327

0.335

0.589

0.309

−0.038

0.055

Ground turkey

0.442

0.444

0.022

−0.160

0.214

0.181

Baked chicken

0.504

0.468

0.061

0.021

0.052

0.289

Groundnut

0.259

0.371

0.019

−0.144

−0.060

0.237

Olive oil

0.316

0.249

−0.523

−0.337

0.201

0.064

Groundnut/sunflower oil

−0.071

0.084

0.497

0.388

−0.217

0.079

Boerewors

0.328

0.520

0.073

−0.002

0.132

0.239

Eigen value
3.585
Variance explained (%)
0.341
Loadings above 0.3 are shown in bold

5.018
0.425

3.501
0.322

3.522
0.287

2.321
0.227

2.242
0.168

Table 4.60: Principal components analysis of the food items data by race
Principal components
Junk/unhealthy
Traditional
Food items
Black
White
Black
White
0.344
0.335
0.120
0.275
Chips as snack

Healthy
Black
White
0.173
−0.066

Milk and dairy products

0.308

0.183

0.313

0.025

−0.139

0.251

Meat

0.271

0.292

0.501

0.623

−0.142

0.162

Fish

0.194

0.078

0.088

−0.068

−0.073

0.102

Eggs

0.249

0.202

0.370

0.152

0.098

0.170

Vegetables

0.128

0.278

0.207

−0.145

0.328

0.368

Fast food

0.511

0.424

−0.131

0.217

0.263

−0.131

Fruits

0.005

0.168

0.197

−0.065

0.375

0.427

Sugar

0.521

0.096

0.279

0.085

0.221

0.147

Fruit juice

0.266

0.278

0.192

0.169

−0.054

0.079

Soft drinks

0.561

0.385

0.184

0.261

0.006

−0.097

Ice cream

0.347

0.134

0.100

0.051

−0.130

−0.155

Chocolate

0.586

0.585

0.093

0.297

−0.319

−0.111
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Hamburger

0.691

0.535

−0.131

−0.004

−0.012

−0.345

Crisps

0.596

0.427

−0.168

−0.013

−0.023

−0.296

Cake

0.187

0.159

−0.222

−0.048

−0.096

−0.168

Yoghurt

0.525

0.189

0.009

0.021

−0.370

−0.060

Brown bread

0.214

0.257

0.353

−0.595

0.017

−0.001

White bread

−0.141

0.293

0.300

0.375

−0.102

0.142

Cereals

0.461

0.489

−0.173

−0.303

0.090

−0.196

Maize

0.281

0.053

0.393

−0.101

0.136

−0.080

Sweets

0.354

0.567

−0.140

0.183

0.019

−0.238

Pap/ mielie meal

0.140

0.363

0.303

−0.351

−0.490

0.022

Pizza

0.543

0.526

−0.163

0.168

0.069

−0.259

Crackers

0.477

0.580

−0.019

0.050

0.156

−0.336

Potatoes

1.104

0.231

0.604

0.597

0.027

0.006

Rice

0.115

0.225

0.340

0.302

0.146

0.225

Hot dogs

0.583

0.584

−0.174

−0.175

0.351

−0.196

Sweet rolls

0.568

0.558

−0.006

−0.099

0.215

−0.258

Margarine on bread

0.380

0.293

−0.064

0.156

0.084

0.117

Butter on bread

0.161

0.317

−0.162

0.179

0.271

0.266

Peanuts

0.696

0.297

−0.134

−0.052

−0.125

0.074

Cheese as a snack

0.483

0.583

0.046

−0.005

−0.002

0.116

Meatless tomatoes as snack

0.239

0.385

0.428

0.407

−0.105

0.157

Ground turkey

0.450

0.438

−0.056

−0.094

−0.233

0.166

Baked chicken

0.397

0.544

0.111

−0.205

−0.088

0.308

Groundnut

0.240

0.392

0.014

−0.316

−0.189

0.248

Olive oil

0.291

0.285

−0.398

−0.321

0.018

−0.114

Groundnut/sunflower oil

0.335

0.235

0.456

0.093

−0.013

0.426

Boerewors

0.439

0.487

0.062

−0.091

0.084

0.102

Eigen value
Variance explained (%)
Loadings above 0.3 are shown in bold

3.547
0.459

2.853
0.375

2.098
0.312

2.403
0.331

1.273
0.229

2.016
0.294

4.12 HYPOTHESIS TESTING
A total of six major hypotheses were tested in the study. All the hypotheses 1(a-n), 2(a-l), 3,
4, and 5 were tested at a 95% level of significance.
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4.12.1 Null Hypothesis 1 (a)
The null hypothesis stated that there would be no significant difference in BMI between male
and female children. In this regard, the BMI was found to be higher in female children
compared to the males (p = 0.001; p ≤ 0.05). The null hypothesis was therefore rejected and
the alternative hypothesis retained.

4.12.2 Null Hypothesis 1 (b)
This hypothesis posits that there would be no significant difference in percentage body fat
between male and female South African children. The result of the study indicated that
female children had significantly higher percentage body fat than male children (p =0.001; p
= ≤ 0.05). This led to rejection of the null hypothesis and retention of the alternative
hypothesis that the percentage body fat of female South African children in Pretoria was
significantly higher than that of male children.

4.12.3 Null Hypothesis 1 (c)
Hypothesis 1(c) states that there would be no significant difference in FM between male and
female South African children. The FM of the female children was found to be significantly
different from that of the male children (p = 0.001; p = ≤ 0.05). The null hypothesis was thus
rejected.

4.12.4 Null Hypothesis 1 (d)

This hypothesis speculated that there would be no significant difference in FFM between
male and female children in Pretoria. The findings of this study demonstrated that male
children had significantly higher FFM when compared to females (p = 0.001; p ≤ 0.05). The
null hypothesis was therefore rejected and the alternative hypothesis upheld.
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4.12.5 Null Hypothesis 1 (e)
This hypothesis stated that there would be no significant difference in FMI between male and
female South African children. The FMI of female children was found to be significantly
higher compared to that of males (p = 0.003; p = ≤ 0.05). The null hypothesis was thus
rejected and the alternative hypothesis upheld.
4.12.6 Null Hypothesis 1 (f)
The hypothesis proposed that there will be no significant difference in FFMI between male
and female South African children. Statistical testing of this null hypothesis revealed that no
difference was observed between male and female South African children regarding their
FFMI (p = 0.352; p = ≤ 0.05). The null hypothesis was therefore accepted and the alternative
hypothesis rejected.
4.12.7 Null Hypothesis 1(g)
Hypothesis 1(g) proposed that there would be no significant difference in the sum of
skinfolds between male and female South African children. The findings of this study
demonstrated that female children had significantly higher sum of skinfolds than males (p =
0.001; p = ≤ 0.05). The null hypothesis was therefore rejected and the alternative hypothesis
retained.
4.12.8 Null Hypothesis 1 (h)
The hypothesis held that there would be no significant difference in BMI of black and white
South African children. Statistical testing of this null hypothesis revealed that no significant
difference was observed between black and white children in Pretoria regarding their BMI (p
= 0.881; p ≤ 0.05). The null hypothesis was therefore accepted and the alternative one
rejected.
4.12.9 Null Hypothesis 1 (i)
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The hypothesis proposed that there will be no significant difference in percentage body fat of
black and white South African children. The result of the study demonstrated that black
children had significantly higher percentage body fat than white children (p = 0.010; p ≤
0.05). This led to the rejection of the null hypothesis and the retention of the research
hypothesis that the percentage body fat of the black South African children was significantly
different from white South African children.

4.12.10 Null Hypothesis 1 (j)
This hypothesis stated that there would be no significant difference in FM of black and white
South African children. The results of the study also showed that there was no significant (p=
0.335; p ≤ 0.05) difference in fat mass between black and white South African children. The
null hypothesis was therefore accepted and the research hypothesis rejected.

4.12.11 Null Hypothesis 1 (k)
This hypothesis postulated that there would be no significant difference in FFM of black and
white South African children. The findings of this study demonstrated that white children had
significantly higher fat-free mass than black South African children (p= 0.001; p ≤ 0.05).
The null hypothesis was therefore rejected thus warranting acceptance of the research
hypothesis.

4.12.12 Null Hypothesis 1 (l)
This hypothesis held that there would be no significant difference in FMI between black and
white South African children. The result of the study indicated that black children had
significantly higher FMI than white children (p = 0.022; p ≤ 0.05). This led to rejection of the
null hypothesis and retention of the research hypothesis that FMI of black South African
children was significantly higher from that of white South African children.
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4.12.13 Null Hypothesis 1 (m)
The hypothesis stated that there will be no significant difference in FFMI between black and
white South African children. The findings of the study revealed that white children had
significantly higher FFMI than black children (p = 0.000; p ≤ 0.05). This led to rejection of
the null hypothesis and retention of the research hypothesis that the FFMI of black South
African children was significantly higher from white South African children.

4.12.14 Null Hypothesis 1 (n)
The hypothesis speculated that there would be no significant difference regarding the sum of
skinfolds between black and white South African children. However, the results of the study
indicate that the sum of skinfolds was higher in black South African children than whites (p =
0.001; p ≤ 0.05). The null hypothesis was therefore rejected and the research hypothesis was
retained.

4.12.15 Null Hypothesis 2 (a)
This hypothesis held that there would be no significant difference in WC between male and
female South African children. Statistical testing of this hypothesis revealed no substantial
difference between male and female children in Pretoria concerning their WC (p = 0.381; p ≤
0.05). The null hypothesis was therefore accepted and the research hypothesis rejected.

4.12.16 Null Hypothesis 2 (b)
This hypothesis speculated that there would be no significant difference in WHR between
male and female South African children. The results of this study demonstrate that male
children had significantly higher WHR than female children (p = 0.001; p = ≤ 0.05). This led
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to the rejection of the null hypothesis and the retention of the research hypothesis that the
WHR of male children in Pretoria was significantly different from that of female children.

4.12.17 Null Hypothesis 2 (c)
The hypothesis posited that there would be no significant difference in WSR between male
and female South African children. The WSR of female children was found to be
significantly different from that of male children (p = 0.002; p = ≤ 0.05) in that female
children had significantly higher WSRs compared to males. The null hypothesis was thus
rejected.

4.12.18 Null Hypothesis 2 (d)
This hypothesis stated that there would be no significant difference in STR between male and
female South African children. The STR was found to be higher in female children than
males (p = 0.001; p ≤ 0.05). The null hypothesis was therefore rejected and the research
hypothesis upheld.
4.12.19 Null Hypothesis 2 (e)
Hypothesis 2(e) postulated that there would be no significant difference in SST ratio between
male and female South African children. Comparison analyses using the t-test indicated that
the female SST ratio was significantly higher than that of male children (p = 0.001; p ≤ 0.05).
This led to rejection of the null hypotheses and the alternative hypothesis upheld.

4.12.20 Null Hypothesis 2 (f)

This hypothesis proposed that there would be no significant difference in SS/SSBT ratio of
male and female South African children. A significant difference was observed in the SSBT
ratio between male and female children (p = 0.001; p ≤ 0.05) in that the girls had a higher
SSBT ratio. The null hypothesis was thus rejected and the research hypothesis retained.
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4.12.21 Null Hypothesis 2 (g)
The hypothesis postulated that there would be no significant difference regarding the WC of
black and white South African children. In this regard, the WC was found to be higher in
white children compared to blacks (p = 0.003; p ≤ 0.05). The null hypothesis was therefore
rejected and the research hypothesis was retained.

4.12.22 Null Hypothesis 2 (h)
Hypothesis 2(h) speculated that there would be no significant difference in WHR of black
and white South African children. The WHR of black and white children revealed nonsignificant differences (p = 0.008; p ≤ 0.05). Thus, the null hypothesis was accepted and the
research hypothesis rejected.

4.12.23 Null Hypothesis 2 (i)
This hypothesis postulated that there would be no significant difference in WSR between
black and white South African children. The results of this study demonstrate that black
South African children had significantly higher WSR than white children (p = 0.054; p ≤
0.05).

This led to rejection of the null hypothesis and acceptance of the alternative

hypothesis.

4.12.24 Null Hypothesis 2 (j)
This hypothesis stated that there would be no significant difference in STR between black
and white South African children. The findings of this study indicate no difference between
black and white South African children regarding their STR (p = 0.510; p = ≤ 0.05). This null
hypothesis was therefore rejected and the alternative hypothesis upheld.
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4.12.25 Null Hypothesis 2 (k)
The hypothesis proposed that there would be no significant difference in SST between black
and white South African children. Statistical testing of this hypothesis indicated that white
South African children had significantly higher SST than black children (p = 0.028; p ≤ 0.05).
This led to rejection of the null hypothesis and retention of the research hypothesis.

4.12.26 Null Hypothesis 2 (l)
This hypothesis held that there would be no significant difference in SS/SSBT between black
and white South African children. Statistical analysis showed that white South African
children had significantly higher SSBT than black children (p = 0.004; p ≤ 0.05). The null
hypothesis was thus rejected and the research hypothesis retained.

4.12.27 Null Hypothesis 3
It was hypothesised that the specificity (SP) and sensitivity (SN) of BMI and log10 SF4:BMI
would not yield conflicting results in detecting excess adiposity among South African
children. The results of ROC curve analysis indicate that percentiles of BMI (85th and 95th)
had higher SP but low SN in detecting excess adiposity among South African children. This
hypothesis was therefore rejected and the alternative hypothesis upheld.
4.12.28 Null Hypothesis 4
This hypothesis speculated that there would be no relationship between body composition
measures (BMI, FM, FFM, %BF) and fat patterning scores in South African children. The
correlation coefficients indicating probabilities demonstrated that the overall body fatness
(PC1), but not PC2 or PC3 was significantly correlated with BMI (r = 0.745, p < 0.01), FM (r
= 0.672, p < 0.01), FFM (r = 0.583, p < 0.01), %BF (r = 0.701, p < 0.01), affirming that only
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PC1 was an indicator of fatness. Thus, the hypothesis was partially rejected, in that PC1 had a
significant relationship with body composition measures. Equally, this hypothesis was
acceptable hence PC2 and PC3 had no significant correlation with any of the body
composition variables.
4.12.29 Null Hypothesis 5
This hypothesis proposed that age, gender and race will not have any influence on fat
patterning scores in South African children. The results of the correlation analysis indicate
that age, gender and race have a significant effect on fat distribution in South African
children. The null hypothesis was thus rejected and the research hypothesis accepted.
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4.13 DISCUSSION
In discussing the findings of this study, attention was directed to the results of the hypotheses
that were tested.
4.13.1 Body Mass Index
One of the most commonly used anthropometric indices for assessing excessive weight and
obesity in children is the body mass index (BMI) (Freedman et al., 2007). In this regard, the
BMI was used in this study as a screening tool for identifying possible weight problems
among children. The BMI has been used to determine whether an individual is overweight or
obese, as well as to provide body composition and indicate health risks (Cole, 2000).
It has been reported that the BMI changes with growth from infancy through childhood to
adolescence (Wickramsinghe et al., 2005). The case in point was proven by the present study
when the BMI indicated significant sex differences and linear increases in girls. Girls in this
study had a higher BMI (20.2 kg.m-2) than boys (19.1 kg.m-2) which is consistent with other
studies (Whelton et al., 2007; Goon, Toriola & Shaw, 2010) and this is also reflected in their
levels of adipose tissue. These findings are in contrast with other studies involving South
African (Monyeki et al., 2005), Nigerian (Ben-Bassey, Oduwole & Ogundipe, 2007;
Senbanjo & Adejuyigbe, 2007), Japanese (Ochiai et al., 2010), Portuguese (Ribeiro et al.,
2006; Mota et al., 2008), French (Paineau et al., 2008) and German (Schwandt, Kelisadi &
Haas, 2008) children, which reported non-significant differences between boys and girls in
the BMI. Yet, other studies such as Koutedakis et al. (2005), Chen et al. (2006), Joens-Matre
et al. (2008) and Ko et al. (2008) have reported the BMI among children is significantly
greater among boys than girls. The study of Monyeki, Lenthe and Steyn (1999) involving a
rural community (Ellisras) in South Africa reported the mean BMI of boys to be significantly
higher only at ages seven and eight years, compared to girls. The findings in this study that
girls had higher mean values for stature, body mass and BMI than boys, particularly at age
12, signify a developmental pubertal stage as reported by Malina and Bouchard (2005). In
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this regard, it is suggested that differences in the BMI among girls is due to differences in
body fat whereas in boys changes in the BMI can be explained not only by the difference in
body fat but also by fat-free mass (FFM).
The results of the present study demonstrate no significant difference in the BMI among
black and white South African children. Similar findings were reported by Daniels, Khoury
and Morrison (2000). In contrast, Kruger, Kruger and MacIntyre (2005) reported that white
South African children had a higher BMI value than black children, indicating a higher
percentage of body fat (%BF). Also, the study by Pienaar, Bell and Dreyer (2007) involving
1257 South African children between 10−12 years in the North-West Province, reported
higher BMI in white children (18.0 kg.m-2) compared to black children (16.7 kg.m-2).
However, in the national study of Armstrong et al. (2006), black girls showed higher BMI
than other races after the age of 10 years. Similar findings were reported from the National
Heart, Lung, and Blood Growth and Health Study (Tybor et al., 2010).
4.13.1.1 Excessive Weight and Obesity
In this present study, the rates of excessive weight and obesity according to two different
international criteria were compared using CDC 2000 Growth Charts criteria (International
Obesity Task Force (IOTF), 2000). The idea behind this comparison was based on the fact
that there are no cut-off points developed for South African children; and thus these data will
be compared to determine whether the CDC BMI based cut-off points and IOTF could yield
similar or contrasting results in these samples of children. This would further contribute to
the lingering debate concerning the use of these two diagnostic criteria in assessing body
weight disorders in children. The study of body weight disorders using the CDC and IOTF
BMI-based methods is of prospective interest from a theoretical standpoint. Besides the latter,
utilising these criteria for evaluating obesity in South African children may present an

cccviii

opportunity to monitor an individual’s degree of fatness thus having the practicality of being
used as a simple tool for preventing health problems associated with obesity.
Using the age and sex-specific cut-off points for the BMI recommended by Cole et al. (2000)
in the present study, 9.7% and 5.2% of the children were at risk of excessive weight and
obesity, respectively. Among boys, 6.9% were at risk of being overweight and 2.9% were
obese, while 12.2% of girls were at risk of being overweight and 7.3% were obese. Findings
pertaining to the IOTF criteria indicate that 17.4% and 11.7% of children were overweight
and obese, respectively, with girls being more overweight and obese than boys when using
either of the two methods (CDC or IOTF). This finding is in congruence with several studies
involving South African children (Armstrong et al. 2006; Kruger, Kruger & Macintyre, 2006;
Monyeki, Kemper & Makgae, 2006; Somers et al. 2006; SISA, 2007) and children from
elsewhere (Taylor et al., 2005; Sanigorski et al., 2007; Goon, Toriola & Shaw, 2010), while
in other developed countries the difference is either not significant, or reversed (Ranstrop et
al., 2004; Al-Haddad et al., 2005; Pan et al., 2009). Several factors may explain these sex
differences. Biologically, energy needs differ for boys and girls and also in relation to their
rate of growth. Besides, timing of sexual maturation differs by sex (Wisniewski &
Chernausek, 2009) is an important factor influencing the BMI (Daniels, Khoury & Morrison,
1997; Bini et al., 2000). Unfortunately, in this present study, pubertal staging was not
performed due to some cultural and religious constraints. A previous study in which puberty
was determined indirectly (by questioning girls about age of menarche and pubic hair
development in boys) found that the mean age of puberty in South African boys has shown a
statistically significant (p<0.05) decline in age at initiation between 1992 (12.4 years; 95% CI
12.2-12.6) (Cameron et al., 1993) and 2004 (10.8 years; 95% CI 9.6-12.0) (Jones et al., 2009)
and that of menarche in girls was 12.78 years (95 % CI 12.6-12.9), 12.53 (95 % CI 12.2412.82) in white girls and 12.95 years (95% CI 12.77-13.15) in black girls (Mukudden-
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Petersen & Kruger, 2004). Behavioural factors too, are important in explaining this
phenomenon. Generally, boys are more physically active compared to girls especially during
adolescence (Kruger, Kruger & Macintyre, 2006). Concerns about body image, particularly
among adolescent girls, may lead to problematic eating behaviours such as irregular meal
patterns which may cause increased weight gain (Neumark-Sztainer et al., 2006). Differential
problematic eating behaviours by sex have been reported among South African youth (le
Grange, Telch & Tibbs, 1998). The excessive weight and obesity figures found in this present
study are higher than those reported in the literature involving South African children of
similar age groups (Table 4.61).
Table 4.61: Prevalence of excessive weight and obesity among South African children compared with the
present study
Percentage prevalence of
Percentage prevalence of
excessive weight
obesity
Boys
Girls
Boys
Girls
Definition*
Reference
14.0
17.9
3.2
4.9
IOTF
Armstrong et
al. (2006)
IOTF
Steyn et al.
(2005
IOTF
Jinablai et al.
(2005)
4.2
20.8
0.9
4.5
IOTF
Jinablai et al.
(2007)
4.1
8.3
1.5
1.7
IOTF
Krunger et al.
(2006)
1.1-2.9
0.6-4.6
BMI ≥ 85th
Monyeki et al.
of the
(1999)
NHANES III
percentile
8.4
21.1
IOTF
Somers et al.
(2006)
15.7
15.3
5.5
7.3
IOTF
Monyeki et al.
(2009)
6.9
12.2
2.9
7.3
CDC
Present study
15.0
19.7
7.5
15.6
IOTF
*Diagnostic criteria for excessive weight and obesity

Irrespective of the variation in prevalence rates, which could possibly be attributed to
differences in defining excessive weight, and obesity, age groups studied, geographical
settings, and other socioeconomic differences across studies, it is worth noting that a high
prevalence of excessive weight and obesity is reported in most of the studies. If action is not
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taken to address the problem, these rates are likely to escalate. Given that childhood obesity
tracked into adulthood (Kruger et al., 2005), it is expected that obese children will grow up to
be obese adults. A compilation of obesity prevalence (BMI ≥ 30 kg.m-2) of South African
adults in the literature (Table 4.62) suggests that a large proportion of South African adults
are overweight and so at higher risk for chronic diseases such as T2D (Levitt et al., 1993),
hypertension and hyperlipidemia (Steyn et al., 1996; Schutte et al., 2008), particularly in
women. With the high prevalence of excessive weight and obesity observed among the
sample children in this present study, this would then mean that such children might suffer
from ailments such as hypertension, dyslipidaemia, chronic inflammation, T2D, orthopaedic
problems, low self-esteem and other behavioural problems in their adult life, as these health
and psychosocial problems are associated with obesity (Burke, 2006). The prevention of
obesity in South African adults could well begin with making sure that South African
children and adolescents do not fall into the overweight category.
Again, the number of cases of excessive weight and obesity found in the present study is
alarming, presumably because the study was conducted in public schools. Children from
affluent families (high-income class) in this region, who were mostly attending high-feepaying private schools, were not included in the study. Thus, as this study has shown a high
prevalence of excessive weight and obesity among these supposedly low-to-medium classes,
it will not be unexpected if a survey conducted in the affluent group of children shows a
significant prevalence of excessive weight and obesity.
Table 4.62: Obesity prevalence (BMI ≥ 30 kg.m-2) in South African adults in the literature
Prevalence of obesity (%)
Year of study

Age (years)

Men

Women

Reference

1990

25-64

13.9

48.6

Steyn et al. (1998)

1990

25-64

12.9

43.9

Mollentze et al. (1993)

1988

25-64

17.6

20.4

Jooste et al. (1988)

1990

25-69

3.5

17.6

Seedat et al. (1990)
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The high prevalence of excessive weight and obesity found among the samples of children in
this study could be attributed to several factors. The data presented in the present study
provide some evidence regarding the observed phenomenon. Several environmental factors
are known to be associated with body weight in children. Among the many speculated causes
of childhood excessive weight and obesity are dietary, physical activity and sedentary
lifestyle habits like TV viewing and computer usage. The data concerning dietary food intake
of the sample demonstrated that high positive loadings were obtained for high-fat processed
foods (sweets rolls, hamburger, chocolate) and snack foods high in fat and/or sugar (such as
crisps, crackers, sweet rolls, chocolate, burgers, chips) and fried foods (chips, hot dogs,
boerewors) (Table 4.58). This was classified as the junk/unhealthy component, explaining a
greater percentage (0.44%) of the total variance. Studies on urbanisation in South Africa have
reported decreased intake of staple foods including maize meal, and increased intake of
energy-dense foods including added fats and oils and animal-derived foods (Vorster et al.,
2005). It was shown that the majority of the children do not participate in physical activity
“most of the time” (Table 4.49). Only a few “always” participate in physical activities.
Children’s participation in regular physical activities is important for the prevention of
obesity and is associated with several other health benefits, including the prevention of CVD
and T2D, improved musculoskeletal health, and better mental and emotional health outcomes
(Koplan, Liverman & Kraak, 2005). It has been suggested that socioeconomic status, parent
education, and cultural beliefs may play a significant role in physical activity behaviour
(Ogden & Chanana, 1998; Kimm et al., 2002; Morgan et al., 2003), which may in turn
contribute to variations in levels of body composition. However, these variables were not
measured in this study and therefore their influence on this sample cannot be established.

Similarly, the data investigating the time spent in sedentary activities among South African
children indicate that the majority of children spend more than two hours in sedentary
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activities, mostly watching TV, working on the computer, reading, gaming and playing
music. Additionally, the majority of children utilised 3−4 hours for these sedentary activities.
Overall, the percentage of children engaging in sedentary activity in the categories of > 2 and
3−4 hours is disturbing. The majority of children exceed the cut-off of two hours/day for TV
viewing (AAP, 2001). Nonetheless, time spent watching TV is often seen as a major cause of
inactivity (DuRant et al., 1996; Drenowatz et al., 2010). Additionally, increased TV viewing
by children/adolescents may also be associated with increased consumption of unhealthy
foods seen in TV advertisements (Morgan et al., 2009). If this is so, especially among
children, strategies to substitute activity for TV would be appropriate to help resolve the
problem of decreasing activity with age (Sherar, 2007). Besides, several cross-sectional and
longitudinal studies (Te Velde et al., 2007; Cleland et al., 2008; Kamtsios, Digelidis, 2008;
Fairclough et al., 2009; Fulton et al., 2009) indicate that behaviours, like TV viewing,
computer and internet usage, and engagement in moderate-to-vigorous physical activities or
outdoor activities have been individually linked with increased or decrease body weight or
changes in body weight and/or adiposity. Contributions of these factors to the patterns of
obesity found in this study need further investigation.
Additionally, approximately 76.0% of children are being transported to school by other
means than walking or bicycling (in this case, active commuting) (Table 4.52). This
phenomenon is commonly observed among schools in urban settings. Even those (58.5%)
who walk to school spend less time (less than 15 minutes) for walking to school. However,
active commuting to school not only reduces inactive behaviour (passive commuting), but
replaces it with a moderate-intensity activity (Alexander et al., 2005). Recent studies have
reported higher levels of physical activity in children associated with active travel to school
(Cooper et al., 2003; 2005).

cccxiii

However, when grouped according to race, the findings of this study indicate that when using
the CDC method, 11.7% and 7.6% of black and white South African children are at risk of
excessive weight, with black children significantly at risk of being overweight compared to
white children. Applying the IOTF criteria, 15.9% of black boys were overweight, 9.2%
obese, and among the girls, 21.1% were overweight and 17.3% obese. Excessive weight
occurred in 14.2% of white boys and obesity was 6.1%. White girls were 17.9% overweight
and the obesity rate was 13.4%. Using either the CDC or IOTF methods in classifying
excessive weight and obesity among children suggests racial differences concerning
excessive weight and obesity in children. Racial differences with regard to the incidence of
obesity have been reported in the literature (Daniels, Khoury & Morrison, 1997; Pienaar, Bell
& Dreyer, 2007; Mvo, Dick & Steyn, 1999). The Kruger, Kruger and MacIntyre (2006) study
on South African children of different races, reported white children being overweight
(11.6%) and obese (2.6%) compared with the black children with 5.7% excessive weight and
1.4% obesity. Similarly, the Somer et al. (2006) study found a high prevalence of excessive
weight and obesity (14.2%) among white children compared to black children (7.1%).
However, Armstrong et al. (2006) points out that the combined percentage of overweight and
obese black girls within their sample increased from 11.9% at 6 years to 21.8% at 13 years,
and an opposite trend was evident among the white girls (from 25.4% at 6 years to 14.5% at
13 years). In the Birth-to-Twenty Study, urban children were tracked from birth to twenty
years of age. After 16 years in this study, white children continue to be heavier and taller than
black children, indicating a probability of a higher BMI (Richter et al., 2007). In this present
cross-sectional study, although the white children were significantly heavier and taller than
black children, excessive weight and obesity occurred more among black children than white
children. Though statistically not significant in their BMIs, white children had higher BMIs
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compared to black children. This seems to indicate the complexity involved when making
racial comparisons.

Several studies have reported the prevalence of excessive weight and obesity in
schoolchildren by applying different methods (the 85th and 95th percentile) as cut-off points.
However, comparisons with international studies are rendered difficult by the gathering of
data in different age groups, as well as the use of different BMI curves. Lissau (2004)
determines rules that makes data comparable, and these rules include several aspects such as
being performed the same year, being a national representative, having a certain sample size,
being comparable with regard to age groups, and sex, the selection being random, and that the
study should use the same kind of anthropometrical data and definitions of excessive weight
and obesity. Table 4.63 compares the discordance results of excessive weight and obesity
classifications using different methods in the literature. This underscores the need to adopt a
single definition to diagnose overweight and obese child. No wonder that there is lingering
debate in the literature regarding the use of an international approach compared with
national-based classifications. Additionally, these discrepant findings also highlight the
importance of periodically reviewing the national growth charts. Nevertheless, it should be
noted that constantly redefining obesity based on contemporary indicators will render
comparisons of secular data very difficult.

Table 4.63: Discordance of international adiposity classifications in literature
Criteria
Age
Sample
(years)
CDC
IOTF
Excessive
Obesity
Excessive
Obesity
weight (%)
(%)
weight
(%)
(%)
Bahraini
12-17
13.3 B
16.5 B
15.3 B
14.9 B
adolescents
18.7 G
20.2 G
24.5 G
17.9 G
(506)
Swiss children
6-12
20.3 B
7.63 B
16.6 B
3.85 B
(2431)
19.1 G
5.91 G
19.1 G
3.72 G
South African
8-11
05-17.0
0.5-13.4

Reference

Al-Sendi, Shetty &
Musaiger (2006)
Zimmermann et al.
(2004)
Jinabhai et al.
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children
(25193)
Bogalusa Heart
Study –USA
children (3865)
Tongan
children
(895)

(2003)
4-15

9.9

6.4

11.1

4.3

12.9 B
15.7 G
15.3 B
19.6 G
9.91

2.6 B
7.1 G
2.2 B
19.4 G
0.8 B
6.7 G
4.1 B
9.3 G
2.76

Fukuyama et al.
(2005)

16.1 B
15.7 G
14.9 B
15.9 G
12.44

5.1 B
10.1 G
2.2 B
22.8 G
10.5 B
11.9 G
13.9 B
14.3 G
4.10

27 B
27 G
2.1 B
3.2 G
6.9 B
12.2 G

11 B
12 G
1.6 B
2.8 G
2.9 B
7.3 G

21, 6 B
26, 9 G
1.7 B
2.6 G
15.0 B
19.7 G

6B
9G
0.9 B
2.0 G
7.5 B
15.6 G

Telford et al. (2008)

5-11
12-19

Italian children
3-6
(258)
Irish children
5-12
(596)
Hong Kong
11-18
children (2098)
Australian
8
children (741)
Nigerian
9-12
children (2015)
South African
9-13
children
(1136)
B = boys; G = girls

Janssen et al. (2005)

Vidal et al. (2006)
O’Neill et al. (2007)
Ko et al. (2008)

Goon, Toriola and
Shaw (2010)
Present study

In this survey, there is a high prevalence of obesity in South African children with clear
inconsistencies amongst the IOTF and CDC definitions. In an attempt to overcome this
problem of using international reference data in estimating the prevalence of being
underweight, overweight, and obese, several other developing countries have developed their
own reference data based on nationally representative samples (Hosseini et al., 1999; Jiang et
al., 2006).

The prevalence of obesity, by IOTF method was higher among black children compared to
their white counterparts and marginally lower (4.5%) using CDC compared to white children
at 5.9% (Figure 4.11). What this finding, although being cross-sectional, might reflect, is a
kind of nutrition transition among these children. The nutrition transition has been defined as
changes in diet composition from traditional diets that are primarily derived from plant-based
food sources low in fat and high in fibre, to more “Western” diets that are high-energy dense
and low in fibre (Kimani-Murage et al., 2010). This kind of nutrition transition is considered
to increase the risk of obesity and chronic diseases and is believed to be driven by rapid
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economic transition, urbanisation, globalisation, and technological and social changes
(Department of Health, 2008; Pawloski et al., 2008). If such a transition has occurred in these
children, it might reflect the tremendous economic transition in South Africa, which has
occurred over the past 17 years after independence. It should be observed that South Africa is
still undergoing dynamic economic and societal transformations, which are reflected in
intensive development trends. Given the susceptibility of a developing organism to
environmental factors, the structural, economic and societal changes that occurred in South
Africa following independence are likely to affect the changes in adiposity levels in children
originating from rural areas. This might be particularly relevant for black South African
children.
The post-apartheid era has witnessed several economic policies aimed at empowering black
South Africans and addressing their poverty levels. Such policies have led to somewhat
improved economic status of blacks and created a significant impact in their lives, such that
many black South Africans are wealthier than ever before. Many black South African
families now live in two-income households, most families have two vehicles, and own their
homes. This new wealth has allowed blacks, to shop at superstores, suburban malls, and eat at
Western-style fast food restaurants. It has been observed that black children are usually likely
to eat snacks and processed foods. It is likely that they are being given less fresh fruits and
vegetables. This is evident from the results of the dietary intake which indicate that black
children consume more ‘junks foods’ than white children (Table 4.60). Black children
accounted for 45.9% of the total variance of the first food component termed as
‘junk/unhealthy’, with 37.5% variance among white children. This suggests that black
children are more predisposed to high-fat, energy dense foods that tend to promote excessive
weight and obesity than their white counterparts. The findings pertaining to mode of
commuting to school, demonstrate that black children too, are equally driven to schools, and
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also use other modes (school or public bus) to school rather than walking. What this might
suggest is that probably black children are better off economically. Research suggests that
children from low socio-economic backgrounds are more likely than children from high
socio-economic backgrounds to actively commute to school (Harten & Olds, 2004; Braza,
Shoemaker & Seeley, 2004; McMillian, 2007; Mota et al., 2007). Whether higher socioeconomic position is associated with passive transport to school is only speculative, as this
was not assessed in the present study.
Sedentary activity and excessive TV/video viewing are reported to be significantly associated
with being overweight (Butte et al., 2007; Tremblay & Wilims, 2003). In the Tremblay and
Wilims (2003) study involving Canadian children, the increased risk of excessive TV
watching and playing video games for leading to excessive weight was 17-44% and for
obesity it was 10-61%. Although the odd ratios of either of these cases were not calculated, it
could be observed that most black children were found to spend more than two hours
watching TV and engaging in other sedentary activities that tend to promote excessive weight
and obesity (Table 4.55).
In this regard, the lifestyle, fuelled largely by post-apartheid black economic empowerment,
seems to becoming more and more sedentary, with possible reduction in energy expenditure.
The above analogy and evidence regarding dietary intake, participation in physical activity
and the measurement of passivity provides a clue as to the high prevalence of excessive
weight and obesity among black compared to white children observed in this study.
The findings of the study show that there were significant gender differences in the CDC- and
IOTF-based estimates of excessive weight and obesity in South African children. This
reinforces the need to screen children for excessive weight and obesity using a single
definition. This finding contradicts the findings of Vidal et al. (2006) which do not show
significant gender differences using the two indices. Likewise, the same trend was noted in
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the estimated prevalence of obesity using the two definitions, in boys and girls. However, the
IOTF cut-off point gave the highest prevalence rates in both excessive weight and obesity. In
contrast with other reports that compared estimates of excessive weight and obesity in school
children with the CDC and IOTF references (Flegal et al., 2001; Kain et al., 2002; Goon,
Toriola & Shaw, 2010), this study reveals that the CDC shows a more conservative estimate
of obesity compared to the IOTF’s index.
It should be noted however, that the very low estimates of excessive weight and obesity
found in this study, using the CDC method may underestimate the data thus hindering early
diagnosis and possible prevention as well as masking the problem until it has reached a
significant level. However, the advantage of the CDC is that unlike the IOTF, it provides
information on underweight children. As for the IOTF method, it is limited by the fact that it
has no criteria for identifying children who are underweight and may be at risk of their
growth faltering (Chinn, 2006). Some studies (Reilly, Dorosty & Emmett, 2000;
Zimmermann, Hess & Hurrell, 2000) find a lower sensitivity and specificity when using the
IOTF cut-offs for defining excessive weight and obesity. As such, the use of the CDC
definition to screen for body mass status may seem an appropriate option. According to Vidal
et al. (2006), the CDC charts are better able to allow an early identification of a larger
number of subjects affected by body mass problems, thus reducing the risk of metabolic
complications associated with excessive weight gain. They further maintained that use of the
CDC methods warrants treatment of overweight children at an earlier age. It is recommended
that the IOTF cut-offs, when used, should be combined with other indices in order to
facilitate meaningful comparisons (Chinn, 2006).
Body mass index-for-age however, might not necessarily be appropriate in suggesting that so
many of the children in this study are largely free from excessive weight or obesity. The BMI
values may actually be misleading due to the body proportions of these children. Since BMI
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is derived from mass divided by height squared, it might not accurately reflect risk of
underweight individuals who are shorter and have higher lean mass. Concomitant with
excessive weight and obesity, the present study reveals a high prevalence of being
underweight in South African children, a finding which indicates a possibility that
schoolchildren were at risk of being undernourished. This affirms the proposition that in most
lower-income/developing countries (South Africa inclusive), being undernourished coexists
with obesity (Popkin & Doak, 1998; Parsons et al., 1999).
A potential limitation of the study is that BMI is only a surrogate measure of body
composition, with an inability to differentiate between fat-free mass and adipose tissue.
Perhaps another pertinent issue concerns the definition of appropriate cut-off points for
evaluating abnormalities in body weight. The cut-off points for CDC and IOTF used to
screen body weight disorders in this study were derived based on an arbitrarily set BMI
value, which reflect changes in BMI that occur with age in boys and girls. Although BMI has
become a very common way of estimating excessive weight/obesity, it does not indicate
variations in fat and fat-free mass. It is clear that BMI cannot give an accurate value or
estimate of an individual’s percentage fat mass, which is the morbid factor of obesity (Goon,
Toriola & Shaw, 2010). Despite the inability of BMI for age to accurately estimate the body
fatness of an individual child, this simple index may convey much of the relevant information
on fatness-related metabolic risk, which emphasises the importance of this data from a
preventive point of view.
Granted that body size is influenced by economic, environmental, genetic and nutritional
variables, having growth standards that are nationally representative is an essential
consideration (Livingstone, 2000). However, there is no national reference standard for
screening obesity and weight disorders in South African children. Such data are essentially
important from a public health standpoint as they would provide reliable bases for instituting
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appropriate strategies to identify and combat factors associated with body weight
abnormalities in children. This is particularly relevant given the increasing incidence of
obesity globally, including in developing countries, and particularly in South Africa, which is
reported to have the highest prevalence of obesity in sub-Saharan Africa region (Haslam &
James, 2005). It will be also be important in future studies to define obesity based on
population-specific percentiles rather than using cut-off points derived from other
geographical settings with differing levels of socioeconomic development.
4.13.2 Percentage Body Fat
Excess body fat constitutes a serious health and physical performance problem. Body fat
percentage varies considerably between males and females and between age groups. Usually,
males have lower body fat percentages compared to females. The present study demonstrates
that percentage body fat is higher in girls (22.7 ± 5.7) than in boys (16.1 ± 7.7), and at all
ages, that is, 9−13 years. This sexual dimorphism in adipose tissue in boys and girls is
expected and is widely reported in literature (Murdey et al., 2005; Wickramasinghe et al.,
2005; Ittenbach et al., 2006; Monyeki et al., 2006; Goon, Toriola & Shaw, 2007; Ochaiai et
al., 2010). Additionally, Mantsena, Monyeki and Toriola (2002) in their study of South
African children, found that girls at ages 5−14 years had higher percentage body fat
compared to boys, based on similar anthropometric indicators as used in this study. WebsterGandy, Warren and Henry (2003) report this even as early as 5−7 years among a group of
children in Oxford in the UK. The higher fat accumulation in girls compared to boys might
be due to increased physical activity among boys compared to girls (Reddy & Rao, 1995).
The data concerning physical activity and sedentary behaviour in this study, show that girls
report engaging in less physical activity than boys, spend less time playing electronic games,
in computer-related activities, and on watching TV than boys (Table 4.56). The low physical
activity behaviour among girls may be an overestimation caused by the manner in which the
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question was framed and the typical physical activities in which girls normally engage.
Children participate actively in variety of ways. Boys are more often engaged in organised
sports and competitive teams, and high intensity sports whereas girls spend time on
organised, non-competitive and medium to low intensity sports and exercises.

The study indicates that girls are less likely to walk to school than boys. Research shows that
boys are more likely than girls to actively commute to school (Tudor-Locke et al., 2003;
Harten & Olds, 2004; Schofield, Schofield & Mummery, 2005; Rosenberg et al., 2006).
Higher rates of walking to school among boys may reflect social inclinations of parents to be
more protective of girls and to place greater restrictions on girls’ independent mobility. Such
differences may also reflect gender differences in general levels of physical activity
(Gruunbaum et al., 2003).
The dietary assessment of these children indicates that they are exposed to high fat intake,
thus possibly predisposing them to higher fat accumulation. Again, as earlier mentioned, data
pertaining to dietary food intake of the sample showed high positive loadings on high-fat
processed foods (ice cream, sweets, hamburgers, chocolate) and snack foods high in fat
and/or sugar (such as crisps, crackers, sweet rolls, chocolate, burgers, chips) and fried foods
(chips, pizza, hot dogs, boerewors) (Table 4.58). These food items were first grouped under
food component (junk/unhealthy), accounting substantially for the percentage (0.44%) of
total variance. Hormonal changes too, cannot be ruled out, though this was not evaluated.
Girls gain weight and increase %BF at adolescence, due to the stimulation of their sex
hormones and the development of their reproductive organs (Vizmanos & Marti-Henneberg,
2000). However, one cannot conclusively attribute the increase in percentage BF found
among girls as compared to boys to be indicative of early, sexually diverse changes in body
composition that occur during puberty, as maturation was not assessed.
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The minimum percent body fat considered safe and acceptable for good health is 5% for
males and 12% for females. Adult males have between 15%−18% while adult females have
between 22%−25% (Quinn, 2006). In the present study, boys had percentage fat values of
16.4%−20.0%, while girls had 20.2%−24.1% fat content. Considering the age (9−13 years) of
the children in the study, these values seem high. As such, the prevalence of excessive weight
and obesity observed in these children is not surprising. The high percentage body fat
observed among school children in this region is expected from an urban setting where
lifestyles and other movement habits/behaviours are ‘westernised’. For instance, Western
quick-service restaurants such as KFC, McDonalds, Galitos and Nandos seem to have
expanded rapidly in South Africa. They are popular among young people, and this has
disproportionately increased dietary fat intake in children. Anecdotal as this may appear, it
should be ignored as one of the possible reason for the relatively high body fat seen among
this sample in the present study.
It appears South African children are accumulating high percentages of body fat. A similar
trend was reported by Monyeki, Kemper and Makgae (2006) among children from Ellisras
rural area in Limpopo Province. It could be judged that the relatively higher percentage body
fat among the sample children might be related to the physical inactivity and higher energy
intake by these children. Low physical fitness and physical inactivity have been found to be
related to many chronic diseases (Twisk et al., 2002) whose occurrence starts early in life
(Baker, 1998).
This observation has important clinical and public health implications. Too much body fat is
detrimental to good health and physical performance. Excessive weight and obesity are two
examples of such complications (Amusa, 2009). Equally, too little fat (not a case in this
study) can also create devastating physiological complications and harmful effects. Low
percentage body fat can adversely affect metabolism and health and it may indicate the
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incidence of disease, malnutrition or an eating disorder such as anorexia nervosa (Lohman,
1999).
The racial profiling of percentage body fat of children in this study indicates that black
children accumulated more percentage body fat (20.1%) than the whites (19.0%). These
findings are similar to those reported by Daniels, Khoury and Morrison (2000) in which
percentage body fat was reported to be higher in black children compared to whites.
Contrastingly, although using impedance, the study of Morrison et al. (2001) found
percentage body fat of white children (girls) at 9−12 years to be higher compared to the
blacks. However, black girls had a greater percentage body fat thereafter. These results agree
with white/black differences in body fat levels that have been observed among adults
(Wagner & Heyward, 2000) and children (Harsha, Frerichs & Berenson, 1978; Freedman et
al., 2008). The difference observed in the percentage body fat between black and white
children in this present study is difficult to explain. However, it is observed that the physical
activity and dietary pattern of these two racial groups was also found to be different, and
might possibly be responsible for the disparity in percentage body fat found among them. The
data from the present study reveals that the frequency of participation in physical activity of
black children was low compared to whites (Table 4.51). Besides, the results of the
components analysis of the food intake between these two racial groups indicates that the first
component (junk/unhealthy food) explained 45.9% of the total variance in dietary intake
among black children, whereas the same (junk/unhealthy food) component had 37.5%
variation among the white children. In this regard, the accumulation of more percentage
body fat among the black children compared to whites is not surprising. Studies have linked
the accumulation of excessive body fat among children to the consumption of unhealthy
foods (Ludwig, Peterson & Gortmaker, 2001; Bell et al., 2005). With the availability of fast
food restaurants and processing food industries, many of South African children eat snack
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foods such as potato crisps, 40% eat confectionery and 70% eat high-fat/sugar cereal-based
products such as biscuits, cakes, pies, pizza, and pastries (Viljoen, 2009, personal
communication).
4.13.3 Fat Mass
The results of the study indicate that girls have significantly higher fat mass values compared
to boys. The mean fat mass value of girls is 10.1 ± 4.8 kg, whereas the boys’ mean values are
7.3 ± 5.6 kg. Interestingly, girls have significantly higher fat mass values compared to boys in
all age categories. Similar findings concerning fat mass in children of similar age groups,
with girls having significantly higher fat mass compared to boys are been reported in
Germany (Mast et al., 1998), the Netherlands (Boot et al., 1997), Jamaica (Gaskin & Walker,
2003), Nigeria (Goon et al., 2008), Australia (Wickramasinghe et al., 2005), the United
States of America (Mueller, Chan & Meininger, 2003; Ittenbach et al., 2006) and Denmark
(Ekelund et al., 2001. Differences between males and females in fat mass have generally
been considered to manifest during puberty (Lobstein, Baur & Uauy, 2004). However, recent
studies of pre-pubescent children have also found higher levels of fat among females at much
younger ages (Sweeting, 2007). An increase of FM and a decreased proportion of FFM
during childhood have both been associated with increased risks of developing chronic
diseases later in life (Barker, 2005).
4.13.4 Fat-Free Mass
The present study demonstrates a significant gender difference in FFM, with boys having a
significantly higher mean FFM than girls. Similar findings are reported in children in the
USA (Mueller, Chan & Meininger, 2003; Shaibi et al. 2005) and in Greece (Koutedakis et
al., 2005). The study reveals too, that a significant age difference in FFM between boys and
girls at ages 12 and 13 years exists, with girls tending to have higher mean FFM values than
boys at age 12 and boys overtaking girls at age 13. A plausible explanation for the higher
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level of FFM found in girls at age 12 could reflect a higher bone density or advanced sexual
maturity in girls compared with boys. However, in the study by Monyeki et al. (2005) on
rural South African primary school children aged 7−14 years, girls’ mean FFM values were
higher than boys at ages 10−12 years. However, the FFM values at age 12 for boys and girls
found in this study are dissimilar to the values found by Monyeki et al. (2005) in a similar
age group. For example, the mean FFM values in the present study at age 12 were 34.3 ± 6.9
kg and 36.2 ± 8.1 kg for boys and girls, respectively while Monyeki et al.’s study recorded
values of 28.2 ± 4.2 kg and 29.9 ± 4.3 kg in boys and girls, respectively. The finding that
FFM values increase with age supports the findings of Malina, Bouchard and Bar-Or (2004)
that gender difference in FFM increases with age. This was confirmed by McMurray et al.
(2003) that in normally developing children, especially males, as age and pubertal status
increases, so does FFM. A characteristic spurt in the growth of BF and FFM was noticeable
among the sample in this study. This spurt has been reported to occur with the peak velocities
in stature and body mass (Bell, 1993). Stature is more strongly associated with the indicator
of FFM than with adiposity (Malina, Bouchard & Beunen, 1988). Chowdhury, Chakraborti
and Ghosh (2006) found a similar pattern, to the one in this study.
4.13.5 Fat Mass Index and Fat-Free Mass Index
The fat mass index (FMI) takes into account the amount of fat mass carried by a person and
relates to his/her stature. Conversely, the fat-free mass index (FFMI) accounts for the amount
of muscle mass carried by a person and relates to his/her stature (Chowdhury, Chakraborti &
Ghosh, 2006). As such, these two measures of adiposity (FMI and FFMI) represent the fat
and lean components of BMI, respectively. Therefore FMI and FFMI are recommended in
determining the deeper meaning of BMI (Wells et al., 2002; Esissa et al., 2009).
Computations of FMI and FFMI in the context of BMI allow the clinician to identify children
with normal BMI and excess adiposity (large FMI) and then to initiate intervention. Likewise,
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they facilitate identification of children who are overweight as result of a large FFMI for
primary prevention counselling (Esissa et al., 2009). In the present study, these indices (FMI
and FFMI) display age and sex-related variations among South African children. Children in
this study display a varying pattern of FFMI and FMI from those in other studies
(Zimmermann et al., 2004; Chowdhury, Chakraborti & Ghosh, 2006). Variation in the
distribution of fat may be associated with genetic and racial differences among children.
There is evidence that racial variation affects FFMI (Thomas et al., 2005). To the author’s
knowledge, there is no available data on FMI and FFMI on South African children to which
the results of this study can be compared. Standards for FMI and FFMI need to be
established. The present study contributes to the understanding of FMI and FFMI. A
limitation of the findings here, is that FMI and FFMI calculations require measurement of
percentage body fat.

4.13.6 Sum of Skinfolds
This study indicates that girls have thicker skin folds than boys at all ages. This is consistent
with several studies involving South African children (Mantsena, Monyeki & Toriola, 2002;
Monyeki et al., 2004; Monyeki et al., 2005) and studies done elsewhere (Gultekin et al.,
2006; Goon et al., 2008; Riberio et al., 2006). Differences in the sum of skin folds across
studies might be ascribed to differences in the variability of skin fold measurement and the
number of skin folds measured. The measure of skinfold thickness estimates the total body
fat and fairly determines fat distribution in the body.
Comparison of sum of skinfolds based on race indicates that black children had a
significantly higher sum of skin folds than white children. Morrison et al. (2001) reports
similar findings among black and white American children of similar ages. This finding
suggests that subcutaneous fat accounts for a larger portion of total fat in black children and a
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smaller proportion of total fat in white children, thus highlighting racial differences in fat
patterning. Possible reasons for the differences need to be examined.
4.13.6.1 Receiver Operating Curve Analysis

The present study seeks to confirm whether log10 SF4:BMI at conventional cut-off points has
a relatively high SN and SP in detecting excess adiposity in South African children as
previously reported among Italian (Bedogni et al., 2003), Indian (Ghosh, 2004) and Jamaican
(Gaskin & Walker, 2003) children. Body mass index data is commonly applied to detect
excess adiposity in children (Ghosh, 2004). Nevertheless, several studies on children and
adolescents have reported low SN and high SP associated with conventional BMI cut-off
points in identifying excessive weight (Bedogni et al., 2003; Gaskin & Walker, 2003; Ghosh,
2004). The present study finds that the 95th percentile of BMI demonstrates a low SN (0.37;
95% CI 0.35-0.42) and relatively high SP (0.62; 95% CI 0.60-0.67) compared to the SN of
BMI in other studies (Sarria et al., 2001; Bedogni et al., 2003; Ghosh, 2004), which were
higher. The use of BMI might not necessarily be appropriate in detecting excess adiposity in
South African children. Direct assessments of fat mass using CT and DEXA or other direct
measures might be more reliable, instead of SF4 which is used as a proxy indicator. However,
financial limitation hampers the feasibility of such an undertaking.

The striking feature observed in this study concerning ROC analysis is the relatively high SN
(0.62; 95% CI 0.60-0.67) and SP (0.68; 95% CI 0.64-0.70) of the 95th percentile of log10
SF4:BMI in detecting excess adiposity. According to Bedogni et al. (2003), achieving high
SN and SP simultaneously seems impossible and because of this, one has to give more weight
to the relative importance of SN and SP. The use of the 85th percentile of log10 SF4:BMI
(Sarria et al., 2001; Bedogni et al., 2003; Ghosh, 2004) among South African children is
associated with 11% less true-negative and 2% more true-positive compared to the 85th
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percentile of BMI. However, the 90th percentile of log10 SF4:BMI is associated with 7%
more true-positive than the corresponding BMI percentile. This observation seems similar to
other studies on Indian (Ghosh, 2003) and Jamaican (Gaskin & Walker, 2003) children.
Among Jamaican children, as assessed by triceps skin fold and sum of skin folds, which was
higher, the misclassification of children was between 14% and 30%, respectively. For Indian
children, the use of 90th percentile was associated with a 10% true-positive when compared
to the corresponding BMI percentile.

In this present study, in order to test for BMI and SKF:BMI, internally derived centiles were
used to set the cut-off points of FM% and BMI, similar to Bedogni et al. (2003), Ghosh
(2003) and Sarria et al. (2001). Again, like these studies, a value greater than the internally
derived 85th percentile was employed to define excess FM%. According to Bedogni et al.
(2003), from an epidemiological standpoint, this procedure appears to be a more reasonable
option. However, the caveat is that there is no reason why other values should not be used and
there is no doubt that some of the inconsistencies in the literature occur from the selection of
different cut-off points for estimating body fatness. Adopting externally derived centiles may
produce varying results (Bedogni et al., 2003).

The results of this study pertaining to the SN and SP of BMI and skin fold thicknesses in
detecting excess adiposity among South African children suggests that log10 SF4:BMI at
conventional cut-off points has a relatively high SN and SP in detecting excess adiposity and
therefore could be used to identify the excess adiposity in South African children living in
Pretoria.

4.14 ANTHROPOMETRIC INDICES OF FAT PATTERNING
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In order to estimate the pattern of fat distribution among South African children, a certain
number of anthropometric indices were used. Fat can be located in subcutaneous
compartments across much of the surface of the body, or in and around visceral organs
(subcutaneous versus visceral) (Kelly et al., 2004). The usefulness of several indices
calculated in this present study can be analysed in terms of prediction of intra-abdominal
adipose tissue and metabolic and/or health outcomes.
Total and in particular central adiposity is associated with risk factors for CVD such as
hypertriglyceredemia, dyslipidemia, insulin resistance, elevated blood pressure and
endothelial dysfunction both in children and adults (Kopelman, 2000; Steinberger & Daniels,
2003; Kelly et al., 2004; Reinehr et al., 2006). Thus, studying fat patterning is of concern
from both an epidemiological and clinical viewpoint.
Even if body mass, sum of skin folds, and %BF are similar, subcutaneous fat distribution can
be different. Individual differences in fat distribution emphasise a contrast between the limbs
and trunk, which indicates the role of genetic variables, environmental conditions, and their
interactions (Mueller & Malina, 1980).
4.14.1 Waist Circumference

Waist circumference is a commonly used measure of central obesity (Eissa et al., 2009)
because it is a good predictor of abdominal fat and is more closely related to the development
of cardiovascular diseases and T2D mellitus (Kelishadi et al., 2007). These health-related
risks can be tracked from childhood to adult life, and are associated with adulthood chronic
diseases and premature death (Tzotzas et al., 2008). Additionally, several studies on the
different ethnic populations have shown that the prevalence of dyslipidemia, insulin
resistance, hypertension, etc. and the cluster of these risk factors are linked more closely with
the accumulation of abdominal fat (high WC) than the increase of total body fat (high BMI)
(Camhi, Kuo & Young, 2008).
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In this study, WC was not significantly different between boys and girls, which supports
findings (Huang et al., 2001; Daniels, Paineau et al., 2008; Esissa et al., 2009) that there are
differences in the rate of visceral and subcutaneous abdominal adiposity between gender
groups. However, other studies have reported girls having significantly higher WC values
than boys (Moreno et al., 1999; Webster-Gandy, Warren & Henry, 2003; Goon et al., 2008),
yet in others WC was higher in boys than in girls (Fredriks et al., 2005; Barba et al., 2006;
Kim & Park, 2008; Nambiar et al., 2009; Yabanci, Kilic & Simsek, 2010; Ochiai et al.,
2010). The observed differences in WC across studies might likely be attributed to
inconsistency in measuring sites. Different sites are used in measuring WC and currently
there appears to be no agreement on which site is optimal (Wang et al., 2003). In children,
WC can be measured at five different sites: (i) midway between lowest rib and superior iliac
crest (as in the present study) (McCarthy, Jarrett & Crawley, 2001; Fredriks et al., 2005;
Kelishadi et al., 2007); (ii) at the umbilical level (Zannolli & Morgese, 1996; Savva et al.,
2000; Savva et al., 2001); (iii) at the narrowest point of the torso (Katzmarzyk, 2004); (iv) at
the level of the right upper iliac crest (Fernadez et al., 2004) and (v) at the level of 2 cm
above the umbilicus (Weili et al., 2007). Given the disparity in measuring WC among
children, comparisons of WC data between different studies needs to be undertaken with
caution.

The present study shows age variation in WC in both sexes. The Nambiar et al. (2009) study
on 3691 Australian children aged 5−17 years observed similar age fluctuations in WC across
sexes. In this study, at ages 9−11 years, females had significantly larger WC than males.
However, in the 15−17 age group, males had higher WC than females. The inconsistence in
WC found in this study is an anomaly. Several studies (Katzmarzyk, 2004; Fredriks et al.,
2005; Li et al., 2006; Goon et al., 2008; Eissa et al., 2009) examining WC among children
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and adolescents have shown that WC increases normally with growth. It is also unclear why
the increase in WC is larger in girls than boys and may be indicative of early, sexually
diverse changes in body composition that occur during puberty. Similarly, the observed larger
WC in boys compared to girls at age 13 years may represent a greater increase in FFM than
in FM. However, these are only speculative, as maturational status was not assessed in the
study.

The present study demonstrates that WC differed by race. White children have a larger WC
compared with black children, similar to other studies (Daniels, Khoury & Morrison, 2000).
A recent study (Tybor et al., 2010) examining racial differences in central adiposity in a
longitudinal cohort of black and white adolescent females aged 9−12 years indicates the
variability of WC in black females is larger relative to white females. Black females
demonstrate significantly higher mean WC at each age than white females. What these
observations suggest is that racial differences in central fat deposition do appear early in life.
This observation is consistent with studies on adults, which suggest that black women have
less visceral fat than white women when total adiposity is taken into account (Conway et al.,
1995; Hoffman et al., 2005). Studies of younger children report similar findings concerning
fat patterning between blacks and whites showing that white girls have relatively more total
and intra-abdominal fat than black girls from ages 8−13 years (Daniels, Khoury & Morrison,
1997; Freedman et al., 2000; Huang et al., 2001). In contrast some studies (Dekkers et al.,
2004; Eissa et al., 2009) report WC being larger among black girls compared to other genderrace groups at all ages. Some possible mechanisms for the differences between white children
and black children in this study concerning WC might be related to physiologic, genetic,
cultural and socioeconomic differences, which were not measured here.
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In the absence of international central obesity WC criteria or WC percentiles for South
African children, the percentiles of WC based on those from the National Health and
Nutrition Examination Survey (NHANES) III (Fernandez et al., 2004), have been used to
arbitrarily screen for those at risk factors of central obesity. These were percentiles were also
used by Monyeki, Kemper and Makgae (2008) to identify children in rural South Africa who
are at risk. The proportion of children with a WC above the 90th percentile judged to be
centrally obese was 20.6% (Table 4.64). Although data on the predictive validity of specific
WC cut-off scores for high-risk status are scarce, studies have shown that these measures are
significantly related to components of the lipid profile, blood pressure, insulin, and glucose
values in children and adolescents (Janssen et al., 2005; Lee, Bacha & Arslanian, 2006;
Flores-Huerta et al., 2009). This agrees too, with Monyeki, Kemper and Makgae’s (2008)
study, among rural South African children, which reports children with WC above the 90th
percentiles significantly at greater risk of having hypertension (odds ratio (OR) = 1.1 and
95% CI 0.5-2.3), excessive weight (OR = 22.1 95% CI 12.3-35.7) and greater WHR (OR =
2.7 95% CI 1.9-4.0) than participants with WC below the 90th percentile. Such an analysis is
not undertaken in the present study hence blood pressure has not been measured.
Nevertheless, the data provide evidence for the likely presence of CVD risk factors among
the sample children. Evidence for predictive validity of childhood WC as an indicator of risk
for adult morbidity is provided by a recent study from the Fels Longitudinal Study (Sun et al.,
2008). The first indication of WC differences between adults with and without metabolic
syndrome occurred at age six in boys and age 13 in girls.
Table 4.64: Proportion of children with a waist circumference above 90th percentile
Boys
Girls

Total

Waist circumference below the 90th centile

438(38.6)

464(40.8)

902(79.4)

Waist circumference above the 90th centile

110(9.7)

124(10.9)

234 (20..6)
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The inclusion of WC in the screening protocol to estimate the prevalence of central adiposity
in school-age children is one of the unique features of this study. This study indicates that
WC is relatively easy to incorporate in a school-based screening protocol. The analyses in
this present study did not seek to determine the aetiology of excess WC development in
children, but they indicate that excess WC could likely increase children’s risk for
development of CVD risk factors and CVD as adults.

4.14.2 Subscapular-to-Triceps Ratio

The STR ratio is an indicator of the central versus peripheral distribution of subcutaneous fat,
and as such, it is considered a useful predictor of susceptibility to T2D, hypertension, and
other metabolic disturbances (Blair et al., 1984). In this study, a trend in the central pattern of
fat distribution was observed. Girls had a significantly higher STR ratio, an indication of fat
deposition in trunk skinfolds, than boys. This varies among age groups. Sexual dimorphism
in fat patterning (STR) found in this study contrasts with other studies, indicating higher STR
in boys than girls (Daniels, Khoury & Morrison, 2000; Webster-Gandy, Warren & Henry,
2003; Monyeki, Kemper & Makgae, 2006; Moreno et al., 2007; Amusa et al., 2007). A study
by Cameron and Getz (1997) involving rural South African children aged 7−18 years
reported centralisation of body fat as consistently greater in males but only significantly so
after 14 years of age for the STR. In this study, there was no discrete difference in STR
between boys and girls at ages 9 and 10 years. Gains in the STR were significantly higher in
girls in the 11−13 age group. These findings demonstrate that in this age group girls tend to
gain fat storage in trunk skin folds. This tendency towards truncal/central fat distribution in
girls could be attributed to female sex hormones that developed a gynoid form of fat
patterning, along with excess subcutaneous fat compared to their male counterparts (Brook,
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1995). However, in contrast with Daniels, Khoury and Morrison (2000), STR was not
different for black and white children.

4.14.3 Subscapualar/Supraspinale+Triceps Ratio

In present study, the Subscapular/Supraspinale plus Triceps (SST) ratio was higher for girls
than boys, with girls having higher mean values for SST at all age groups. Like in the STR,
age differences in SST were statistically significant at ages 11, 12 and 13 years. However, in
the Monyeki, Kemper and Makgae (2006) study involving 1884 rural South African children
aged six to 13 years, the SST was significantly higher for boys than for girls. Similarly, a
study of American children aged 7−17 years involving black and white children reports SST
for boys being higher than girls (Daniels, Khoury & Morrison, 2000). Nevertheless, Amusa et
al. (2007) report non-significant differences in the SST of Tshannda boys and girls. In this
study, white children had higher SST than black children. Contrastingly, Daniels, Khoury and
Morrison (2000) report black children’s SST to be higher than white children’s.

4.14.4 Subscupular + Supraspinale/Subscapular+Supraspinale+ Biceps + Triceps

The SS/SSBT as an index of central fat distribution indicates a significant gender mean
difference between boys and girls, with girls having significantly (p = 0.001; p < 0.05) higher
SS/SSTB compared to boys. While no significant difference in SS/SSBT for boys and girls is
discernable at ages 9 and 10 years, significant differences are apparent at ages 11, 12 and 13
years, with girls having greater mean values of SS/SSBT than boys. This agrees with
Cameron and Getz (1997) who report SS/SSTB as significantly greater in females at ages 11
and 12 years among rural South African children. In another study, the SS/SSTB is
significantly higher in females aged four years and significantly higher in males aged eight
years (Monyeki, van Lenthe & Steyn, 1999). In a study involving 1884 rural South African
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children aged 6−13 years, the SS/SSTB is significantly higher for boys than girls (Monyeki,
Kemper & Makgae, 2006). Similar findings are evident among a sample of five to sevenyear-old children in Oxford (Webster-Gandy, Warren & Henry, 2003). However, in the study
by Amusa et al. (2007) involving rural Tshannda children aged 7−13 years, non-significant
differences in SS/SSTB between boys and girls are found. When considered according to
race, white children have higher SS/SSTB than black children.

It is worth noting that in all the indices of subcutaneous fat distribution derived by STR, SST
and SS/SSTB there is greater accumulation of trunk skin fold in girls compared to boys
which is in conformity with the study involving Indian children aged five to 12 years
(Chowdhury, Chakraborti & Ghosh, 2006). In a study with 11-year-old children,
subcutaneous fat deposition was strongly associated with intra-abdominal fat deposition in
girls and was moderately related with intra-abdominal fat deposition in boys, with the
subscapular skinfold providing the best indicator for girls and subscapular/triceps skinfold
ratio providing the best indicator for boys (Chowdhury, Chakraborti & Ghosh, 2006). It was
observed too, in this study, that not just the subscapular skinfold is consistently higher in girls
than boys, but also the triceps skin fold. The propensity towards central fat deposition
observed in this population is expected in an urban setting where lifestyle and other life
habits are characterised by sedentary activities, low physical activity and an inclination
towards western foods, which might tend to promote body fat accumulation. This move to a
central pattern of adipose tissue distribution may seriously affect the future health of these
children, thus addressing their lifestyle habits becomes paramount.

4.14.5 Waist-to-Hip Ratio
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The waist-to-hip ratio is generally considered a good tool for differentiating between the
different types of fat distribution since it is highly correlated with visceral fat and plasma
lipid concentrations (Fredriks et al., 2005). The study demonstrated that boys have higher
WHR mean values than girls. This finding is consistent with previous reports (Al-Sendi et al.,
2003; Webster-Gandy, Warren & Henry, 2003; Monyeki et al., 2005; Barba et al., 2006,
Goon et al., 2008), reflecting a more centralised fat distribution in boys. The larger ratio
might be the outcome of smaller hip circumference in the boys reflecting less gluteal
adiposity. However, Daniels, Khoury and Morrison (2000) report that the mean value of
WHR is higher in girls than boys.

The present study does not show a clear trend in the distribution of WHR with age. This
phenomenon might be explained in the light of individual variations in pubertal stage as
sexual maturation has a strong effect on WHR (Martinez et al., 1994). Consistent with
Mukhopadhyay, Bhadra and Bose (2005), the present study indicates a decreasing trend with
age, in mean WHR. This is because the increase in hip circumference was greater than waist
circumference, resulting to lower WHR. This demonstrates a differential pattern and intensity
of fat deposition at these two levels. However, there is an increase in mean WHR at 12 years
of age. A study among Jat Sikh boys of India (Kapoor et al., 1988) also found that there was
an initial decrease followed by an increase in mean WHR from 11−18 years of age. Similar
results among 12−19 year old girls are also reported from Baharain (Musaiger, Al-Ansari &
Al-Mannai, 2000). It is well known that android or male-type adiposity is characterised by
greater WHR. One probable reason for the increase in WHR at 12 years among South African
girls could be that hormones that influence body fat distribution begin acting more
pronouncedly at this age. The decrease of WHR with age, especially in girls, is due to an
increase in pelvic diameter and predominant fat deposition in the gluteal area (de Ridder et
al., 1992). Since WHR is influenced by age as well as gender (Seideli et al., 2001), similar
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studies should be undertaken among South African children. More importantly, longitudinal
investigations of regional adiposity and WHR are needed to understand the dynamics of the
changes in them from childhood until and beyond adolescent age. Such studies are lacking in
South Africa.

The findings of this study, show that WHR was not significantly (p = 0.008; p > 0.05)
different between black and white children. Daniels, Khoury and Morrison (2000) report
similar findings involving 201 black and white children aged 7−17 years in Ohio, USA.
However, the mean WHR value of white children was higher than black children in this
study, similar to the study by Daniels et al.’s (2000).
4.14.6 Waist-to-Stature Ratio
The WSR is a newly developed index, proposed to be of greater value as a simple
anthropometric index, for predicting abdominal obesity and related cardiovascular comorbidities in adults and children (Ashwell & Hsieh, 2005). It has been proved to be
positively correlated with cardiovascular risks factors such as SBP and DBP, total cholesterol
(T-Chol), TG, LDL-C and negatively correlated with HDL-C (Hsieh & Yoshinaga, 1995;
Daniels, Khoury & Morrison, 2000; Hara et al., 2002; Hsieh, Yoshinaga & Muto, 2003;
Hsieh & Muto, 2005; Hsieh & Muto, 2006; Freedman et al., 2007; Kagawa, Hills & Binns,
2007). It is also positively correlated with body fat variables such as percentage trunk fat and
percentage body fat, measured by DEXA, in both adults and children (Daniels, Khoury &
Morrison, 2000; Kagawa, Hills & Binns, 2007). When measured with stature, WC signifies
an index of proportionality, that is, whether or not the amount of upper body fat accumulation
in relation to stature is appropriate (McCarthy & Ashwell, 2006). The WSR is an index of the
latter relationship which has hardly been studied in South African children.
The WSR is an easy and inexpensive technique which can be used in laboratory and field
settings. The WSR measure assumes that the distribution of fat is independent of age, race,
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and gender. This implies that individuals with a certain anthropometric measure of fat
distribution would have the same degree of fat regardless of their age, race, or gender.
Additionally, WSR has the advantage of better measurement of fat distribution in different
ages and statures (Ashwell & Hsieh, 2005).
The findings of this study indicate that girls had significantly higher WSR mean values than
boys. Similar findings are reported among Nigerian (Goon et al. 2009) and Australian
(Nambiar et al., 2009) children. In contrast, McCarthy and Ashwell (2006), Freedman et al.
(2007) and Moreno et al. (2007) report boys having significantly higher WSR compared to
girls. Sung et al.’s (2009) study among Hong Kong Chinese children aged 6−18 years, WSR
was slightly larger in boys than girls and in both sexes decreased with age but only up to age
14 years and then it changed further. However, Meininger et al. (2010) found no significant
difference between males and females in the prevalence of WSR ≥ 0.5. Again, consistent
with McCarthy and Ashwell (2006) and Goon et al. (2009), this study indicates that WSR
during childhood is affected by age and gender. The variations in the mean WSR across ages
of the studied sample may be reflected by the divergence in the velocities of growth in stature
and waist circumference with age. The correlation between stature and waist circumference
(Figure 4.38) might possibly suggest that the increase in WC in childhood is partly due to
linear growth.
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Figure 4.38: Correlation between stature and waist circumfernce

Precisely how growth in stature affects growth in WC is unknown, but this question should
be considered when variations in age-related WC are examined (Goon et al., 2009). The
WSR differences observed among both genders at all ages reflects the differences in both
body shape and body proportions between genders. This may likely be mediated by gender
differences in physical activity and diet during childhood growth. An examination of the
physical activity and dietary intake of children in this study show marked differences in these
variables. With regard to physical activity participation, girls engaged in less physical activity
than boys. Data concerning the dietary food intake of the sample demonstrate that the three
component scores explain 89.0% and 98.0 of the total variance in boys and girls, respectively.

This study shows that the proportion of children with a WSR ≥ 0.5 exists in both genders and
in all age groups. The proportionality is highly statistically significant. The proportionality of
WSR ≥ 0.5 is higher in girls (18.4%) compared to boys (8.6%). Similarly, among one to 20
years black South African rural children, 10% of adolescents are reported to have WSR ≥ 0.5,
with a significantly higher proportion of girls (15.0%) than boys (3.0%) (Kimani-Murage et
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al., 2010). In Naude, Kruger and Pienaar’s (2009) study involving black South African
adolescents, girls (3.5%) had WSR ≥ 0.5, whereas none of the boys exhibited a WSR ≥ 0.5.
The figures of WSR ≥ 0.5 found in this study seem close to the results of Goon et al. (2009)
for Nigerian children aged 9−12 years. In the latter study girls had higher WSR ≥ 0.5, with
17.7% and 9.9% in boys. However, the figure of 44.2% (WSR ≥ 0.5) reported in the
Meininger et al. (2010) study is exceptionally high, and children with a WSR ≥ 0.5 were
more likely to have high systolic blood pressure and/or diastolic blood pressure (OR = 2.8.
95% CI = 1.8-4.4). The findings pertaining to WSR in this study point essentially to one
thing. The fact that WSR ≥ 0.5 (13.6%) is found in these sample children, even among the
youngest should be a cause for concern since obesity-related problems are likely to be present
among the children. This indicates the need for interventions to reduce total or central obesity
in all school populations and intensive community-based efforts to prevent it beginning very
early in life.

When comparisons are made on the basis of race and gender, the results show that black and
white girls had a higher proportion of WSR judged to be at risk factor (WSR ≥ 0.5) than
boys. This could be attributed to the low physical activity participation level and greater food
intake judged to be saturated with high fat content and energy dense among black children
occurring predominately among girls. This observation is evident in the data on physical
activity participation and dietary food intake of the sample (Tables 4.42 and 4.33).

4.15 PRINCIPAL COMPONENTS ANALYSIS OF FAT PATTERNING
There is a wide range of data and information on fat and fat patterning for samples from the
developed world, however, studies from less developed nations and regions are far less
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common. Additionally, relatively few studies of populations from less developed nations
exist that are based upon samples that are well-defined, that are large enough to provide
statistical power, and in which a sufficient number of anthropometric dimensions are
available for detailed analysis of fat patterns. This study investigates the anatomical
patterning of subcutaneous fat using principal components analysis in a cross-sectional
sample of South African urban children attending public primary schools in Pretoria. This is a
rare study utilising PCA to determine fat patterning in black and white South African children
aged 9−13 years. It has a considerably larger sample size than any other fat patterning study
on children reported in the literature. The results of this study demonstrate the importance of
fat patterning from both an epidemiological and clinical standpoint.

As previously stated, there are various methods of obtaining measures of fat in children.
Direct measures of CT and DEXA are available. Although CT and DEXA measures are the
gold standard for measuring body composition, these methods are likely to be expensive and
impractical in a large epidemiological study. Anthropometric measurements provide an
alternative method where measures such as skin fold thicknesses and circumferences can
represent fat. Mathematical equations for combining these measurements to obtain estimates
of body fat distribution have earlier been highlighted in this study. Principal components
analysis is another way of summarising body fat patterning using these anthropometric
measurements and enables easier analysis of the data by reducing the problem of
multicollinearity. It is a well established statistical method that can be easily implemented
and allows the components to be internally derived from the data (Shields et al., 2006).
Besides, the resulting principal components can further be biologically interpreted.

The statistical procedure utilised in this study was the unrotated components technique. It was
thought that this approach may be better for anatomical fat distribution studies, because
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principal components subsequent to the first (obesity) will then be components truly shaped
independent (statistically) of the influence of fat thickness. In this regard, indices may be
constructed that provide separate information on obesity and anatomical fat distribution, and
such indices may be useful in epidemiological, genetic, or clinical studies, as suggested by
Ramirez and Mueller (1980).
Principal components analysis of eight skin folds has identified three fat pattern components
for urban South Africans living in Pretoria. These components are overall fatness (component
I), extremity-trunk fat patterning (component II), and upper-lower body fat patterning
(component III).

There is hardly data available on fat patterning utilising principal

components in South African populations to compare the present results, except Cameron et
al. (1992), which was conducted on rural black children. In this regard, the results of this
study could only be compared to studies from abroad. Components II and III are comparable
to those identified by Mueller and Reid (1979) for Colombian adults and children and the
Becque et al. (1986) study involving obese adolescents. In this study, components II and III
are dissimilar for boys and girls. Components loadings, demonstrated stronger patterning in
the second component (ventral-dorsal) for girls than boys. Conversely, the third component
loadings (upper-lower trunk) show stronger patterning for boys than for girls (Table 4.30). A
study conducted by Cameron et al. (1992) involving rural black South African children aged
six to 19 years, (nineteen years ago) showed contradictory findings. The study found
component loadings of ventral-dorsal (component II) and upper-lower trunk (component III)
fat patterning as stronger for boys than for girls. It might appear that the slight variation in the
trunk-extremity component (component III), with boys having an advantage over girls, is due
to the fact that boys appear to centralise more than girls. The thickness of eight different skin
fold was used to evaluate fat patterning in this study, whereas the Cameron et al. (1992) study
used four skin folds. It is possible that the difference in the number of skinfold sites in the
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former study compared to this study might have caused the difference. Again, the first
component in this study indicates a size component (fatness), contrasting Cameron et al.’s
(1992) differential distribution of fat on the trunk and extremity (as first component).
For boys, the extremity component includes the sub-scapular skin folds, in contrast the subscapular skin fold is a trunk fat pattern site for girls. The question is why the difference in
anatomical fat patterning of the sub-scapular skin folds between the genders? Obviously, this
scenario renders interpretation difficult. This condition is likely to have been caused by the
variability in age, maturation and/or gender.
The findings of this study demonstrate that for boys, trunk fat is located in the abdominal and
iliac sites, but for girls trunk fat is located at all three sites on the torso: sub scapular, iliac and
abdominal. Similar findings are reported by Becquet et al. (1986).
It is observable that increased lower-body fat for boys occurs particularly at the thigh,
whereas for girls lower-body fat occurs at both the thigh and iliac regions. Similarly,
increased upper-body fat for boys occurs at the triceps site and for girls at the triceps and subscapular sites. Collectively, girls appear to have fat distribution over a greater number of skin
fold sites for each component than boys. This concurs with the earlier observations of Vague
et al. (1959) that female body fat is more evenly distributed over the body surface.
Component I, the size (fatness) component, is strongly correlated with numerous
anthropometric variables for both boys and girls. Expectedly, total body fatness is associated
with increases in body composition and anthropometric variables. Trunk fat patterning
(component II), for girls is associated with lower total body fat. The third component (upperlower trunk) shows stronger patterning for boys. This is a pattern characteristic of adult males
(trunk and upper body), suggesting that even before the pronounced sexual dimorphism in
stature, gender differences in fat patterning emerge (Mueller, Russell, & Reid, 1979).

cccxliv

This study demonstrates that the patterns of subcutaneous fat deposition of this sample are
similar to those described for other populations (Mueller, Russell, & Reid, 1979; Ramirez &
Mueller, 1980; Hattori et al., 1987; Malina, Huang & Brown, 1995). The PCA demonstrates
dissimilar patterns in the trunk-extremity and upper-lower trunk components in both black
and white South African children. Racial comparison of fat patterning in South African
children using PCA is rendered difficult, as limited data exist. Several factors could be
responsible for the different fat patterns observed between black and white South African
children. It is widely held that ethnic variations in fat pattern are primarily genetically
determined. As such, the group of children studied in this study might not be an exception.
The effect of local environments, both physical and cultural, too, may not be ruled out as
factors influencing fat patterning. However, this should be seen as only speculative, since
such conclusions are beyond the data available here.

It is worth noting that the components scores in this study may not have been independent of
overall fatness. Intuitively, there is a relationship between fatness and fat patterning. Males,
at least, tend to accumulate excess fat in their abdominal regions and, as a consequence, one
would expect a greater intensity of patterning in individuals who are fatter. The various
procedures which have been applied in order to permit pattern analysis independent of the
amount of fat may not be completely effective, especially when groups with significantly
different levels of body fat are compared. If pattern intensity is linked to obesity, then the
obese may simply show a greater chance for patterning. One could then reason that obesity
leads to more intense patterning or that the more patterned would be at risk for obesity? This
too, is only speculative and these questions can only be answered by a longitudinal study.

4.15.1 Factors Associated with Total Adiposity and Central Adiposity
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The present study explores the factors (physical activity and diet) that are likely to influence
total adiposity (BMI) and central adiposity as measured by other anthropometric indices.
While gender differences in fatness and fat patterning have been recognised for some time,
the effects of the environment on the different patterns are not well established (Himes,
1988). There is a lingering debate on whether different nutritional treatments can change
these well-entrenched patterns of fat deposition. A review of the literature on the responses of
fat patterning to nutritional intervention indicates that the data are deficient to reach any
conclusions concerning the upper/lower fat distribution. Equally, too there is some suggestion
that centrally located sites are more responsive to nutritional intervention than peripheral sites
(Himes, 1988). Bogin and Sullivan (1986) studied the sub-scapular and triceps skin folds of
upper and lower SES Guatemalan children, and found that, compared to their SES peers;
lower SES Latino children show a relatively greater reduction in triceps than sub-scapular
skin fold thickness. They interpreted these observations as implying that children from
disadvantaged (and presumably nutritionally deprived) environments exhibit a more
centripetal distribution of fatness than others from better circumstances.
Consistent with Garnett et al. (2005) nutritional intake was not significantly associated with
either measure of adiposity in multivariate analysis. Findings from the literature are also
conflicting (Maffeis, Talamini & Tato, 1998; Moore et al., 2003) and potentially highlight
inherent problems in measuring this factor. Other unmeasured variables such as
socioeconomic status, parent education, and cultural beliefs may play a significant role in
levels of adiposity. However, these variables were not measured in this study. Incorporating
these factors in future research on fat patterning among South African children is needed.

The findings of this study suggest the deposition of subcutaneous fat in the trunk extremity
among children. The study documents a pattern of upper-body fatness for South African
children living in Pretoria that is concerning. Neither the causes nor the implications of upper
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body fatness in South African children are clear. Nevertheless, these observations highlight
important clinical and public health implications. Body fat whether in terms of total amount
or relative distribution leads to a variety of metabolic disorders, including hypertension,
diabetes, and dyslipidemia. It also contributes to increased cardiovascular disease risk.
Prevention strategies are thus needed to control the prevalence of excessive weight/obesity
and the pattern of fat distribution among South African children, particularly among those
residing in urban settings susceptible to risk factors likely to promote excess weight and fat
accumulation.
Additionally, the use of simple anthropometric parameters such as BMI, SSKF, WC, WHR
and WSR would serve as indicators of generalised and abdominal obesity, and the STR
would provide an estimate of truncal obesity. These anthropometric parameters could be
utilised to evaluate the metabolic and cardiovascular risks among South African children. For
a developing country (South Africa), the use of these simple anthropometric indices is cost
effective and could be carried out in remote rural areas.

Research into how representative the components are of fat distribution compared with more
complex measures of fat distribution would be of interest. However, other associations found
with the components largely confirm what has been found in other studies looking at
determination of anatomical fat distribution, suggesting PCA is a valid method for analysing
fat patterning.
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CHAPTER 5
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
5.1. SUMMARY
Scanty information exists on fat patterning in South African children, employing the principal
components analysis technique (PCA). The primary objective of this study was to examine
the anatomical body fat distribution in black and white South African children in Pretoria,
Gauteng Province, South Africa, utilising a PCA to provide normative data on fat patterning
for South African children. Principal components analysis, as a multivariate statistical
technique reduces the influence of overall or absolute fatness on relative subcutaneous fat
distribution. The main advantage of PCA is the fact that it is an unsupervised method and
does not require any prior information about the classification, and significant information
can be extracted during the statistical treatment. Studies on anatomical fat patterning
involving South African children and race differentiation are rare. Combining ratios and PCA
of skinfolds, the study examined the anatomical fat patterning in South African children and
compared the results based on gender, age and race, and related the findings to physical
activity and dietary intake variables.
Specifically, the study aimed to:


evaluate age, sex and racial differences in total body fat in the South African children
in Pretoria;



evaluate age, sex and racial differences in body fat distribution in the South African
children in Pretoria;



evaluate the sensitivity (SN) and specificity (SP) of body mass index and skinfolds
thickness: BMI (subcutaneous to overall fat) in detecting excess adiposity in South
African children in Pretoria;



determine the relationship of body composition measures (BMI, FM, FFM,
percentage body fat) on fat patterning scores in South African children in Pretoria;
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examine the influence of age, gender and race on fat patterning in South African
children in Pretoria; and



examine fat patterning in relation to dietary intake and physical activity in the
children.

As a basis for drawing conclusions from the study, six major null hypotheses were
formulated to guide the investigation. These were as follows:
 There will be no significant gender and race differences concerning the total body fat
content among South African children in Pretoria.
 There will be no significant gender and race differences in body fat patterning among
South African children in Pretoria.
 The specificity (SP) and sensitivity (SN) of BMI and log10 SF4:BMI will not yield
conflicting results in detecting excess adiposity among South African children in
Pretoria.
 There will be no relationship between body composition measures (BMI, FM, FFM,
%BF) on fat patterning scores in South African children in Pretoria.
 Age, gender and race will not have any influence on fat patterning scores in South
African children in Pretoria.
 Fat patterning among South African children in Pretoria will not be mediated by
dietary intake and physical activity.

This study was a cross-sectional survey among primary school children attending public
schools in Pretoria, Gauteng province, South Africa. The study population comprised all
grades three, four, five, six and seven attending public schools in Pretoria, South Africa. The
choice of schools depended mostly on their schedules received from the District Department
of Education and the Circuit.
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The study utilised a stratified, three-stage cluster sampling strategy. This procedure ensures
adequate representativeness of the study population in the sample. The procedure involved
arrangement of study population into schools, class-level and race clusters. The samples for
the study comprised 1136 participants (584 boys and 588 girls) and 581 black and 555 white
South African children drawn from 12 primary schools in Pretoria, South Africa.
Anthropometrical measurements consisting of stature, body mass, skin folds (triceps, subscapualar, biceps, supraspinale, abdomen, front thigh, iliac crest and medial calf) and girths
(arm relaxed and flexed, waist, hip and calf) were taken according to the standard procedure
of the International Society for the Advancement of Kinanthropometry (ISAK) (MarfellJones et al., 2006). Several derived measurements of body composition (body mass index,
percentage body fat, fat mass, fat-free mass, fat mass index and fat-free mass index) as well
as fat patterning indices (waist circumference, waist-to-hip ratio and waist-to-stature ratio)
were calculated. Confounding factors influencing fat patterning such as physical activity and
dietary intake were studied, in order to evaluate their likely influence on the fat patterning of
the children.
Data were analysed using means and standard deviations. The parametric t-test was applied
to test significance levels (p < 0.05) between genders and races while the F-test was used to
test the significance level of the variables across the five age groups. Receiver operating
curve analysis was performed to assess the SN and SP of BMI, and log10 SF4:BMI in
detecting excess adiposity. Excess adiposity was defined as levels of log10 SF4:BMI greater
than the internally derived 85th percentile (log10 SF4 >85th percentile). The statistical
significance was set at p ≤ 0.05.
Additionally, a PCA was performed on eight skin fold variables. Unrotated rotation was
applied to examine the component loadings. This procedure generates a linear combination
of variables, with their standardised coefficients representing their relative weights on a set
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of orthogonal components, extracted successfully from a correlation matrix. Eigen values
and biological interpretability were used as criteria for selecting components for analysis. An
eigen value of > 1.0 was retained for analysis.
Pearson’s correlation coefficient was used to determine the relationship of body composition
measures (BMI, FM, FFM, %BF) on fat patterning scores. To examine the relationship
between fat patterning, age, sex, race, physical activity and dietary intake, multiple regression
analysis was performed.
The major findings of the study are highlighted as follows:
1. In comparison with previous published reports, the present study documents a
considerably higher level of excessive weight, and obesity concomitant with being
underweight in South African school children. The high prevalence of excessive weight
and obesity found in this study has implications for the children’s growth and
development.
2. The prevalence rates of obesity in South African children using various diagnostic criteria
stood in stark contrast with the IOTF, given an exceedingly high figure. Additionally,
regardless of the diagnostic criteria, black children were more obese than white children.
3. The study confirms that log10 SF4:BMI at conventional cut-off points has a relatively high
SN and SP in detecting excess adiposity and therefore can be used to identify excess
adiposity in South African children, living in Pretoria.
4. The prevalence of WC ≥ 90th percentile and WSR ≥ 0.5 was evident among South
African children at all ages, suggesting the existence of central body fatness in the
children, and these anthropometric indices can be used to screen children for risk of
metabolic disorders.
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5. Skin fold ratios demonstrated that male South African children deposit fat predominantly
at the lower trunk, in contrast to female children whose fat deposition lies at the upper
parts of the body.
6. The principal components approach identified three major components among South
African children namely size (fatness), trunk-extremity and upper-lower body
distributional components. The components account for approximately 87.0% of total
variance.
7. Generally, PC1 and PC2 suggest a ‘dimorphic’ relationship between the central and
peripheral skin folds, and that sex dimorphism in fat patterning exists in these children,
with female children having more central and peripheral fat distribution compared to
males.
8. Principal components analysis demonstrated that male South African children deposit fat
predominantly at the lower trunk, in contrast to female children whose fat deposition lies
at the upper part of the body. The analyses of skin fold ratios confirmed this too.
9. The findings indicated that PC1, but not PC2 and PC3, was significantly correlated with
body composition variables (BMI, FM, FFM, %BF) and age (p > 0.05), suggesting that
PC1 is truly an indicator of total body fatness and not fat patterning.
10. The study shows that variation exists in fat patterning among black and white South
African children, which are not easily discernable through PCA.
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5.1.2..Limitations of the Study
Several limitations should also be considered when interpreting the results. First, temporality
and causality cannot be inferred from cross-sectional data such as this, thus inferences on
mediating factors need to be confirmed by longitudinal data.
It should be noted that assessment of fat patterning in children can be done through several
methods. Ideally, to estimate visceral adipose tissue independent of total body fat, criterion
measures such as CT and DEXA would be employed. However, the use of such “gold
standard” methods, has limited applicability when screening larger sample sizes such as this,
especially in developing countries like South Africa, largely because it is expensive,
unavailable and time-consuming. In its place, measurements of anthropometry (stature, body
mass, skinfold thickness and circumferences) were taken to determine BMI, %BF and central
fat patterning and general adiposity in a group of South African children living in the Pretoria
Municipality region. The use of this method has been validated (Monyeki et al. 2005).
Although these anthropometric measures can introduce measurement error, such error is
likely to be random and thus would not bias the observed results.
The lack of pubertal staging further limits the interpretation of any sex-related differences in
fat patterning in the study. At the beginning of the study, pubertal status was the planned
variable for assessment. It was thought that as maturational status is a key factor affecting the
changes in fat patterning in children and adolescence, correction for levels of maturation
between children might improve the understanding of fat patterning. However, due to noncooperation of the schools, perhaps because of cultural or religious beliefs regarding their
inclusion in the study, it was removed.

cccliii

It should be noted too, that data was not collected on birth weight, breastfeeding history or
parental weight status, all relevant predicators of childhood obesity (Johnson-Taylor &
Everhardt, 2006; Snethen, Hewitt & Goretze, 2007) that might be helpful in further
understanding the genesis of the racial differences observed in this study.
Another limitation of the study was that only schoolchildren (black and white) were studied,
so that the results of the present study do not necessarily apply to all South African children
or other racial groups. These limitations should be considered when interpreting the findings.
It is very difficult to obtain information on how much and how often children eat certain
types of food. Observation may influence behaviour (Vansani & Hulens, 2006) and is in any
case not feasible in large cohort studies. Single 24-hour recall may not be sufficient to
describe an individual‘s usual intake, and thus only give a glimpse of reality (Gibson, 2005).
Frequency questionnaires as used in this present study will certainly only give a very rough
estimate and will be influenced by attitudes, knowledge and expectations of the responding
population. Similarly, the methodology used for the quantification of physical activity and
sedentary behaviours such as watching TV, playing videogames, or using the computer was
self-reported by the respondents. Participants were assured their responses would be
confidential and anonymity maintained. Nonetheless, there exists the likely possibility that
children may either over-report or under-report information about the level of physical
activity participation and the time spent in sedentary activity. Distortions motivated by the
desire to please and reluctance to tell the truth might also be present. These have the tendency
of creating inaccuracies or skewing the data. As such, the validity and reliability of the
method used in assessing physical activity may not have been high enough to show the role
of physical activity in the relationship between fat patterning. For instance, the physical
activity measure did not include the duration of activities performed. However, it has been
proved that the self-administered questionnaire is valid for group comparisons concerning
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physical activity, watching TV, playing videogames or using the computer (Kautiainen et al.,
2005).
5.1.3 Strengths of the Study
Despite these limitations, the study has provided important new information on fat patterning
in South African children, on which scanty information exists. Additionally, the study
employed PCA, rather than ratios (STR, SST, SSBT, WSR, and WHR) alone in reporting fat
patterning in racial groups of black and white South African school children. The strength of
this study also rests on the finding that the potential mediators (physical activity and dietary
intake) of fat patterning were explored, highlighting the relation between these factors and fat
patterning, in a larger sample of South African urban children.
Also of unique relevance is the inclusion of WC in the screening procedure to estimate the
prevalence of central adiposity in school-age children, thus indicating that WC is relatively
easy to incorporate in a school-based screening protocol.
Larger samples were used to screen the children for and obesity and these large sample sizes
could yield significant findings that suggest that use of different diagnostic criteria for
estimating the prevalence of obesity can lead to extremely contrasting results. Although the
findings may not be representative of all South African children, the random sampling
method in this survey of children from primary schools in Pretoria optimised the
representative nature of the samples.
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5.2 CONCLUSIONS
There is a high prevalence of excessive weight and obesity even among the youngest children
in this study, indicating the need for interventions to reduce excessive weight and obesity in
all school populations in order to prevent it beginning very early in life. This presumes that
excessive weight and obesity in very young children tracks over time and that by preventing
its emergence early in life, a reduction in complications of obesity later in life may be
prevented (Hayman et al., 2007).
The trunk-extremity and upper-lower body extremity fat patterning components are
discernible among the sample of South African children in Pretoria. The present study
indicates a trend in central pattern of fat distribution among the sample children studied.
There were variations in indices of fat patterning studied across gender, age and race. Girls
possessed higher adiposity in their sub-scapular and triceps areas, whereas boys showed more
propensity to a centralised fat pattern. Uncontrolled trend of central fat patterning in these
children might suggest disease risk factors associated with central fat distribution in future.
Therefore, developing health promotion strategies aimed at preventing obesity would be
important. Improvements in children’s fitness through elevated physical activity should be a
priority for successful interventions.
The present study demonstrates that fatness and fat patterning are independent anatomical
characteristics of body composition.

The findings suggest that multivariate statistical methods such as PCA can be employed as a
tool for fat patterning classified by gender and race. More work needs to be done to establish
the performance of this technique to analyse fat patterning in South African children with a
very high degree of similarity.
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5.3 RECOMMENDATIONS
Based on the findings and conclusions drawn from this study, the following
recommendations were formulated to address the issues raised in the study:
1. An intervention programme must be instituted in schools to prevent and control possible
excessive weight and obesity in this age group.
2. Children need to create the right balance between the calories they consume and the
calories they burn. The issue of nutrition comes into focus here. The children should be
encouraged to decrease their consumption of fat and step-up their activity level.
Education is the key emphasis. Parents and teachers need to put exercise and nutrition at
the forefront. The return of Physical Education in the school curriculum (South African
Department of Education, 2008) should be effectively implemented in all grades, in order
to stimulate regular physical activity. In this regard, concerted efforts should be made at
the family, school, community and government levels to promote healthy nutrition and
physical activity behaviours in our children.
3. Future studies examining physical activity levels as well as the environmental conditions
that affect body composition and health of the children are needed to elucidate factors
associated with the prevalence of excessive weight/obesity and the pattern of fatness in
this population. It will also be important in future studies to define obesity based on
population-specific percentiles rather than using cut-off points derived from other
geographical settings with contrasting levels of socio-economic development. As such,
carefully conducted prospective studies are needed to establish limits and guidelines for
South African children.
4. The results of this study pertain, of course, to this South African black and white children
sample, and it would be helpful to have these results confirmed in other racial groups
(Indian and Coloured) as well. Evaluating fat patterning in relation to socio-economic
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status would provide useful information in explaining the possible environmental and
social paradigms affecting fat patterning in a transitional South Africa nation.
5. Physical activity programmes should be promoted in schools. It is important to give
children opportunities to be physically active both during the school day and in their
leisure time. It is very important to have safe spaces for children to play. The more time
children spend outside, the more physically active they are.
6. Children’s screen time activity needs to be monitored to reduce the time they spend in
front of the TV, computer gaming, and/or video watching.
7. The selling of fast food and soft drinks should be banned in schools.
8. The government and the school community should take and sustain a targeted investment
in school health promotion. Indeed, it seems prudent to invest in promising practices in
order to begin immediately to offset the trajectory towards low levels of physical activity
and escalating excessive weight and obesity in children.
9. In order for physical activity initiatives to be adopted and sustained it is essential to
involve school stakeholders (the end-users) in decision-making, be flexible, adaptable,
easy to try and use and offer training and observable results for the end-user (teacher or
administrator). These models, if adopted, would focus away from the child and towards
shifting school culture so that teachers, administrators, parents and the community are
supported and become part of the solution.
10. Future studies examining fat patterning in these children should endeavour to include
cardiovascular risk variables such as total cholesterol, triglycerides, fasting blood
glucose, and systolic and diastolic blood pressures. This will aid understanding of the
relationship of fat patterning with physiological variables often associated with increased
metabolic risk, among South African children. Given the present sample is a cross-
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sectional sample, these issues could not be addressed here. Therefore, a longitudinal
study is warranted.
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4.13 DISCUSSION
In discussing the findings of this study, attention was directed to the results of the hypotheses
that were tested.
4.13.1 Body Mass Index
One of the most commonly used anthropometric indices for assessing excessive weight and
obesity in children is the body mass index (BMI) (Freedman et al., 2007). In this regard, the
BMI was used in this study as a screening tool for identifying possible weight problems
among children. The BMI has been used to determine whether an individual is overweight or
obese, as well as to provide body composition and indicate health risks (Cole, 2000).
It has been reported that the BMI changes with growth from infancy through childhood to
adolescence (Wickramsinghe et al., 2005). The case in point was proven by the present study
when the BMI indicated significant sex differences and linear increases in girls. Girls in this
study had a higher BMI (20.2 kg.m-2) than boys (19.1 kg.m-2) which is consistent with other
studies (Whelton et al., 2007; Goon, Toriola & Shaw, 2010) and this is also reflected in their
levels of adipose tissue. These findings are in contrast with other studies involving South
African (Monyeki et al., 2005), Nigerian (Ben-Bassey, Oduwole & Ogundipe, 2007;
Senbanjo & Adejuyigbe, 2007), Japanese (Ochiai et al., 2010), Portuguese (Ribeiro et al.,
2006; Mota et al., 2008), French (Paineau et al., 2008) and German (Schwandt, Kelisadi &
Haas, 2008) children, which reported non-significant differences between boys and girls in
the BMI. Yet, other studies such as Koutedakis et al. (2005), Chen et al. (2006), Joens-Matre
et al. (2008) and Ko et al. (2008) have reported the BMI among children is significantly
greater among boys than girls. The study of Monyeki, Lenthe and Steyn (1999) involving a
rural community (Ellisras) in South Africa reported the mean BMI of boys to be significantly
higher only at ages seven and eight years, compared to girls. The findings in this study that
girls had higher mean values for stature, body mass and BMI than boys, particularly at age
12, signify a developmental pubertal stage as reported by Malina and Bouchard (2005). In
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this regard, it is suggested that differences in the BMI among girls is due to differences in
body fat whereas in boys changes in the BMI can be explained not only by the difference in
body fat but also by fat-free mass (FFM).
The results of the present study demonstrate no significant difference in the BMI among
black and white South African children. Similar findings were reported by Daniels, Khoury
and Morrison (2000). In contrast, Kruger, Kruger and MacIntyre (2005) reported that white
South African children had a higher BMI value than black children, indicating a higher
percentage of body fat (%BF). Also, the study by Pienaar, Bell and Dreyer (2007) involving
1257 South African children between 10−12 years in the North-West Province, reported
higher BMI in white children (18.0 kg.m-2) compared to black children (16.7 kg.m-2).
However, in the national study of Armstrong et al. (2006), black girls showed higher BMI
than other races after the age of 10 years. Similar findings were reported from the National
Heart, Lung, and Blood Growth and Health Study (Tybor et al., 2010).
4.13.1.1 Excessive Weight and Obesity
In this present study, the rates of excessive weight and obesity according to two different
international criteria were compared using CDC 2000 Growth Charts criteria (International
Obesity Task Force (IOTF), 2000). The idea behind this comparison was based on the fact
that there are no cut-off points developed for South African children; and thus these data will
be compared to determine whether the CDC BMI based cut-off points and IOTF could yield
similar or contrasting results in these samples of children. This would further contribute to
the lingering debate concerning the use of these two diagnostic criteria in assessing body
weight disorders in children. The study of body weight disorders using the CDC and IOTF
BMI-based methods is of prospective interest from a theoretical standpoint. Besides the latter,
utilising these criteria for evaluating obesity in South African children may present an
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opportunity to monitor an individual’s degree of fatness thus having the practicality of being
used as a simple tool for preventing health problems associated with obesity.
Using the age and sex-specific cut-off points for the BMI recommended by Cole et al. (2000)
in the present study, 9.7% and 5.2% of the children were at risk of excessive weight and
obesity, respectively. Among boys, 6.9% were at risk of being overweight and 2.9% were
obese, while 12.2% of girls were at risk of being overweight and 7.3% were obese. Findings
pertaining to the IOTF criteria indicate that 17.4% and 11.7% of children were overweight
and obese, respectively, with girls being more overweight and obese than boys when using
either of the two methods (CDC or IOTF). This finding is in congruence with several studies
involving South African children (Armstrong et al. 2006; Kruger, Kruger & Macintyre, 2006;
Monyeki, Kemper & Makgae, 2006; Somers et al. 2006; SISA, 2007) and children from
elsewhere (Taylor et al., 2005; Sanigorski et al., 2007; Goon, Toriola & Shaw, 2010), while
in other developed countries the difference is either not significant, or reversed (Ranstrop et
al., 2004; Al-Haddad et al., 2005; Pan et al., 2009). Several factors may explain these sex
differences. Biologically, energy needs differ for boys and girls and also in relation to their
rate of growth. Besides, timing of sexual maturation differs by sex (Wisniewski &
Chernausek, 2009) is an important factor influencing the BMI (Daniels, Khoury & Morrison,
1997; Bini et al., 2000). Unfortunately, in this present study, pubertal staging was not
performed due to some cultural and religious constraints. A previous study in which puberty
was determined indirectly (by questioning girls about age of menarche and pubic hair
development in boys) found that the mean age of puberty in South African boys has shown a
statistically significant (p<0.05) decline in age at initiation between 1992 (12.4 years; 95% CI
12.2-12.6) (Cameron et al., 1993) and 2004 (10.8 years; 95% CI 9.6-12.0) (Jones et al., 2009)
and that of menarche in girls was 12.78 years (95 % CI 12.6-12.9), 12.53 (95 % CI 12.2412.82) in white girls and 12.95 years (95% CI 12.77-13.15) in black girls (Mukudden-
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Petersen & Kruger, 2004). Behavioural factors too, are important in explaining this
phenomenon. Generally, boys are more physically active compared to girls especially during
adolescence (Kruger, Kruger & Macintyre, 2006). Concerns about body image, particularly
among adolescent girls, may lead to problematic eating behaviours such as irregular meal
patterns which may cause increased weight gain (Neumark-Sztainer et al., 2006). Differential
problematic eating behaviours by sex have been reported among South African youth (le
Grange, Telch & Tibbs, 1998). The excessive weight and obesity figures found in this present
study are higher than those reported in the literature involving South African children of
similar age groups (Table 4.61).
Table 4.61: Prevalence of excessive weight and obesity among South African children compared with the
present study
Percentage prevalence of
Percentage prevalence of
excessive weight
obesity
Boys
Girls
Boys
Girls
Definition*
Reference
14.0
17.9
3.2
4.9
IOTF
Armstrong et
al. (2006)
IOTF
Steyn et al.
(2005
IOTF
Jinablai et al.
(2005)
4.2
20.8
0.9
4.5
IOTF
Jinablai et al.
(2007)
4.1
8.3
1.5
1.7
IOTF
Krunger et al.
(2006)
1.1-2.9
0.6-4.6
BMI ≥ 85th
Monyeki et al.
of the
(1999)
NHANES III
percentile
8.4
21.1
IOTF
Somers et al.
(2006)
15.7
15.3
5.5
7.3
IOTF
Monyeki et al.
(2009)
6.9
12.2
2.9
7.3
CDC
Present study
15.0
19.7
7.5
15.6
IOTF
*Diagnostic criteria for excessive weight and obesity

Irrespective of the variation in prevalence rates, which could possibly be attributed to
differences in defining excessive weight, and obesity, age groups studied, geographical
settings, and other socioeconomic differences across studies, it is worth noting that a high
prevalence of excessive weight and obesity is reported in most of the studies. If action is not
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taken to address the problem, these rates are likely to escalate. Given that childhood obesity
tracked into adulthood (Kruger et al., 2005), it is expected that obese children will grow up to
be obese adults. A compilation of obesity prevalence (BMI ≥ 30 kg.m-2) of South African
adults in the literature (Table 4.62) suggests that a large proportion of South African adults
are overweight and so at higher risk for chronic diseases such as T2D (Levitt et al., 1993),
hypertension and hyperlipidemia (Steyn et al., 1996; Schutte et al., 2008), particularly in
women. With the high prevalence of excessive weight and obesity observed among the
sample children in this present study, this would then mean that such children might suffer
from ailments such as hypertension, dyslipidaemia, chronic inflammation, T2D, orthopaedic
problems, low self-esteem and other behavioural problems in their adult life, as these health
and psychosocial problems are associated with obesity (Burke, 2006). The prevention of
obesity in South African adults could well begin with making sure that South African
children and adolescents do not fall into the overweight category.
Again, the number of cases of excessive weight and obesity found in the present study is
alarming, presumably because the study was conducted in public schools. Children from
affluent families (high-income class) in this region, who were mostly attending high-feepaying private schools, were not included in the study. Thus, as this study has shown a high
prevalence of excessive weight and obesity among these supposedly low-to-medium classes,
it will not be unexpected if a survey conducted in the affluent group of children shows a
significant prevalence of excessive weight and obesity.
Table 4.62: Obesity prevalence (BMI ≥ 30 kg.m-2) in South African adults in the literature
Prevalence of obesity (%)
Year of study

Age (years)

Men

Women

Reference

1990

25-64

13.9

48.6

Steyn et al. (1998)

1990

25-64

12.9

43.9

Mollentze et al. (1993)

1988

25-64

17.6

20.4

Jooste et al. (1988)

1990

25-69

3.5

17.6

Seedat et al. (1990)
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The high prevalence of excessive weight and obesity found among the samples of children in
this study could be attributed to several factors. The data presented in the present study
provide some evidence regarding the observed phenomenon. Several environmental factors
are known to be associated with body weight in children. Among the many speculated causes
of childhood excessive weight and obesity are dietary, physical activity and sedentary
lifestyle habits like TV viewing and computer usage. The data concerning dietary food intake
of the sample demonstrated that high positive loadings were obtained for high-fat processed
foods (sweets rolls, hamburger, chocolate) and snack foods high in fat and/or sugar (such as
crisps, crackers, sweet rolls, chocolate, burgers, chips) and fried foods (chips, hot dogs,
boerewors) (Table 4.58). This was classified as the junk/unhealthy component, explaining a
greater percentage (0.44%) of the total variance. Studies on urbanisation in South Africa have
reported decreased intake of staple foods including maize meal, and increased intake of
energy-dense foods including added fats and oils and animal-derived foods (Vorster et al.,
2005). It was shown that the majority of the children do not participate in physical activity
“most of the time” (Table 4.49). Only a few “always” participate in physical activities.
Children’s participation in regular physical activities is important for the prevention of
obesity and is associated with several other health benefits, including the prevention of CVD
and T2D, improved musculoskeletal health, and better mental and emotional health outcomes
(Koplan, Liverman & Kraak, 2005). It has been suggested that socioeconomic status, parent
education, and cultural beliefs may play a significant role in physical activity behaviour
(Ogden & Chanana, 1998; Kimm et al., 2002; Morgan et al., 2003), which may in turn
contribute to variations in levels of body composition. However, these variables were not
measured in this study and therefore their influence on this sample cannot be established.

Similarly, the data investigating the time spent in sedentary activities among South African
children indicate that the majority of children spend more than two hours in sedentary
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activities, mostly watching TV, working on the computer, reading, gaming and playing
music. Additionally, the majority of children utilised 3−4 hours for these sedentary activities.
Overall, the percentage of children engaging in sedentary activity in the categories of > 2 and
3−4 hours is disturbing. The majority of children exceed the cut-off of two hours/day for TV
viewing (AAP, 2001). Nonetheless, time spent watching TV is often seen as a major cause of
inactivity (DuRant et al., 1996; Drenowatz et al., 2010). Additionally, increased TV viewing
by children/adolescents may also be associated with increased consumption of unhealthy
foods seen in TV advertisements (Morgan et al., 2009). If this is so, especially among
children, strategies to substitute activity for TV would be appropriate to help resolve the
problem of decreasing activity with age (Sherar, 2007). Besides, several cross-sectional and
longitudinal studies (Te Velde et al., 2007; Cleland et al., 2008; Kamtsios, Digelidis, 2008;
Fairclough et al., 2009; Fulton et al., 2009) indicate that behaviours, like TV viewing,
computer and internet usage, and engagement in moderate-to-vigorous physical activities or
outdoor activities have been individually linked with increased or decrease body weight or
changes in body weight and/or adiposity. Contributions of these factors to the patterns of
obesity found in this study need further investigation.
Additionally, approximately 76.0% of children are being transported to school by other
means than walking or bicycling (in this case, active commuting) (Table 4.52). This
phenomenon is commonly observed among schools in urban settings. Even those (58.5%)
who walk to school spend less time (less than 15 minutes) for walking to school. However,
active commuting to school not only reduces inactive behaviour (passive commuting), but
replaces it with a moderate-intensity activity (Alexander et al., 2005). Recent studies have
reported higher levels of physical activity in children associated with active travel to school
(Cooper et al., 2003; 2005).
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However, when grouped according to race, the findings of this study indicate that when using
the CDC method, 11.7% and 7.6% of black and white South African children are at risk of
excessive weight, with black children significantly at risk of being overweight compared to
white children. Applying the IOTF criteria, 15.9% of black boys were overweight, 9.2%
obese, and among the girls, 21.1% were overweight and 17.3% obese. Excessive weight
occurred in 14.2% of white boys and obesity was 6.1%. White girls were 17.9% overweight
and the obesity rate was 13.4%. Using either the CDC or IOTF methods in classifying
excessive weight and obesity among children suggests racial differences concerning
excessive weight and obesity in children. Racial differences with regard to the incidence of
obesity have been reported in the literature (Daniels, Khoury & Morrison, 1997; Pienaar, Bell
& Dreyer, 2007; Mvo, Dick & Steyn, 1999). The Kruger, Kruger and MacIntyre (2006) study
on South African children of different races, reported white children being overweight
(11.6%) and obese (2.6%) compared with the black children with 5.7% excessive weight and
1.4% obesity. Similarly, the Somer et al. (2006) study found a high prevalence of excessive
weight and obesity (14.2%) among white children compared to black children (7.1%).
However, Armstrong et al. (2006) points out that the combined percentage of overweight and
obese black girls within their sample increased from 11.9% at 6 years to 21.8% at 13 years,
and an opposite trend was evident among the white girls (from 25.4% at 6 years to 14.5% at
13 years). In the Birth-to-Twenty Study, urban children were tracked from birth to twenty
years of age. After 16 years in this study, white children continue to be heavier and taller than
black children, indicating a probability of a higher BMI (Richter et al., 2007). In this present
cross-sectional study, although the white children were significantly heavier and taller than
black children, excessive weight and obesity occurred more among black children than white
children. Though statistically not significant in their BMIs, white children had higher BMIs
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compared to black children. This seems to indicate the complexity involved when making
racial comparisons.

Several studies have reported the prevalence of excessive weight and obesity in
schoolchildren by applying different methods (the 85th and 95th percentile) as cut-off points.
However, comparisons with international studies are rendered difficult by the gathering of
data in different age groups, as well as the use of different BMI curves. Lissau (2004)
determines rules that makes data comparable, and these rules include several aspects such as
being performed the same year, being a national representative, having a certain sample size,
being comparable with regard to age groups, and sex, the selection being random, and that the
study should use the same kind of anthropometrical data and definitions of excessive weight
and obesity. Table 4.63 compares the discordance results of excessive weight and obesity
classifications using different methods in the literature. This underscores the need to adopt a
single definition to diagnose overweight and obese child. No wonder that there is lingering
debate in the literature regarding the use of an international approach compared with
national-based classifications. Additionally, these discrepant findings also highlight the
importance of periodically reviewing the national growth charts. Nevertheless, it should be
noted that constantly redefining obesity based on contemporary indicators will render
comparisons of secular data very difficult.

Table 4.63: Discordance of international adiposity classifications in literature
Criteria
Age
Sample
(years)
CDC
IOTF
Excessive
Obesity
Excessive
Obesity
weight (%)
(%)
weight
(%)
(%)
Bahraini
12-17
13.3 B
16.5 B
15.3 B
14.9 B
adolescents
18.7 G
20.2 G
24.5 G
17.9 G
(506)
Swiss children
6-12
20.3 B
7.63 B
16.6 B
3.85 B
(2431)
19.1 G
5.91 G
19.1 G
3.72 G
South African
8-11
05-17.0
0.5-13.4

Reference

Al-Sendi, Shetty &
Musaiger (2006)
Zimmermann et al.
(2004)
Jinabhai et al.
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children
(25193)
Bogalusa Heart
Study –USA
children (3865)
Tongan
children
(895)

(2003)
4-15

9.9

6.4

11.1

4.3

12.9 B
15.7 G
15.3 B
19.6 G
9.91

2.6 B
7.1 G
2.2 B
19.4 G
0.8 B
6.7 G
4.1 B
9.3 G
2.76

Fukuyama et al.
(2005)

16.1 B
15.7 G
14.9 B
15.9 G
12.44

5.1 B
10.1 G
2.2 B
22.8 G
10.5 B
11.9 G
13.9 B
14.3 G
4.10

27 B
27 G
2.1 B
3.2 G
6.9 B
12.2 G

11 B
12 G
1.6 B
2.8 G
2.9 B
7.3 G

21, 6 B
26, 9 G
1.7 B
2.6 G
15.0 B
19.7 G

6B
9G
0.9 B
2.0 G
7.5 B
15.6 G

Telford et al. (2008)

5-11
12-19

Italian children
3-6
(258)
Irish children
5-12
(596)
Hong Kong
11-18
children (2098)
Australian
8
children (741)
Nigerian
9-12
children (2015)
South African
9-13
children
(1136)
B = boys; G = girls

Janssen et al. (2005)

Vidal et al. (2006)
O’Neill et al. (2007)
Ko et al. (2008)

Goon, Toriola and
Shaw (2010)
Present study

In this survey, there is a high prevalence of obesity in South African children with clear
inconsistencies amongst the IOTF and CDC definitions. In an attempt to overcome this
problem of using international reference data in estimating the prevalence of being
underweight, overweight, and obese, several other developing countries have developed their
own reference data based on nationally representative samples (Hosseini et al., 1999; Jiang et
al., 2006).

The prevalence of obesity, by IOTF method was higher among black children compared to
their white counterparts and marginally lower (4.5%) using CDC compared to white children
at 5.9% (Figure 4.11). What this finding, although being cross-sectional, might reflect, is a
kind of nutrition transition among these children. The nutrition transition has been defined as
changes in diet composition from traditional diets that are primarily derived from plant-based
food sources low in fat and high in fibre, to more “Western” diets that are high-energy dense
and low in fibre (Kimani-Murage et al., 2010). This kind of nutrition transition is considered
to increase the risk of obesity and chronic diseases and is believed to be driven by rapid
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economic transition, urbanisation, globalisation, and technological and social changes
(Department of Health, 2008; Pawloski et al., 2008). If such a transition has occurred in these
children, it might reflect the tremendous economic transition in South Africa, which has
occurred over the past 17 years after independence. It should be observed that South Africa is
still undergoing dynamic economic and societal transformations, which are reflected in
intensive development trends. Given the susceptibility of a developing organism to
environmental factors, the structural, economic and societal changes that occurred in South
Africa following independence are likely to affect the changes in adiposity levels in children
originating from rural areas. This might be particularly relevant for black South African
children.
The post-apartheid era has witnessed several economic policies aimed at empowering black
South Africans and addressing their poverty levels. Such policies have led to somewhat
improved economic status of blacks and created a significant impact in their lives, such that
many black South Africans are wealthier than ever before. Many black South African
families now live in two-income households, most families have two vehicles, and own their
homes. This new wealth has allowed blacks, to shop at superstores, suburban malls, and eat at
Western-style fast food restaurants. It has been observed that black children are usually likely
to eat snacks and processed foods. It is likely that they are being given less fresh fruits and
vegetables. This is evident from the results of the dietary intake which indicate that black
children consume more ‘junks foods’ than white children (Table 4.60). Black children
accounted for 45.9% of the total variance of the first food component termed as
‘junk/unhealthy’, with 37.5% variance among white children. This suggests that black
children are more predisposed to high-fat, energy dense foods that tend to promote excessive
weight and obesity than their white counterparts. The findings pertaining to mode of
commuting to school, demonstrate that black children too, are equally driven to schools, and
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also use other modes (school or public bus) to school rather than walking. What this might
suggest is that probably black children are better off economically. Research suggests that
children from low socio-economic backgrounds are more likely than children from high
socio-economic backgrounds to actively commute to school (Harten & Olds, 2004; Braza,
Shoemaker & Seeley, 2004; McMillian, 2007; Mota et al., 2007). Whether higher socioeconomic position is associated with passive transport to school is only speculative, as this
was not assessed in the present study.
Sedentary activity and excessive TV/video viewing are reported to be significantly associated
with being overweight (Butte et al., 2007; Tremblay & Wilims, 2003). In the Tremblay and
Wilims (2003) study involving Canadian children, the increased risk of excessive TV
watching and playing video games for leading to excessive weight was 17-44% and for
obesity it was 10-61%. Although the odd ratios of either of these cases were not calculated, it
could be observed that most black children were found to spend more than two hours
watching TV and engaging in other sedentary activities that tend to promote excessive weight
and obesity (Table 4.55).
In this regard, the lifestyle, fuelled largely by post-apartheid black economic empowerment,
seems to becoming more and more sedentary, with possible reduction in energy expenditure.
The above analogy and evidence regarding dietary intake, participation in physical activity
and the measurement of passivity provides a clue as to the high prevalence of excessive
weight and obesity among black compared to white children observed in this study.
The findings of the study show that there were significant gender differences in the CDC- and
IOTF-based estimates of excessive weight and obesity in South African children. This
reinforces the need to screen children for excessive weight and obesity using a single
definition. This finding contradicts the findings of Vidal et al. (2006) which do not show
significant gender differences using the two indices. Likewise, the same trend was noted in
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the estimated prevalence of obesity using the two definitions, in boys and girls. However, the
IOTF cut-off point gave the highest prevalence rates in both excessive weight and obesity. In
contrast with other reports that compared estimates of excessive weight and obesity in school
children with the CDC and IOTF references (Flegal et al., 2001; Kain et al., 2002; Goon,
Toriola & Shaw, 2010), this study reveals that the CDC shows a more conservative estimate
of obesity compared to the IOTF’s index.
It should be noted however, that the very low estimates of excessive weight and obesity
found in this study, using the CDC method may underestimate the data thus hindering early
diagnosis and possible prevention as well as masking the problem until it has reached a
significant level. However, the advantage of the CDC is that unlike the IOTF, it provides
information on underweight children. As for the IOTF method, it is limited by the fact that it
has no criteria for identifying children who are underweight and may be at risk of their
growth faltering (Chinn, 2006). Some studies (Reilly, Dorosty & Emmett, 2000;
Zimmermann, Hess & Hurrell, 2000) find a lower sensitivity and specificity when using the
IOTF cut-offs for defining excessive weight and obesity. As such, the use of the CDC
definition to screen for body mass status may seem an appropriate option. According to Vidal
et al. (2006), the CDC charts are better able to allow an early identification of a larger
number of subjects affected by body mass problems, thus reducing the risk of metabolic
complications associated with excessive weight gain. They further maintained that use of the
CDC methods warrants treatment of overweight children at an earlier age. It is recommended
that the IOTF cut-offs, when used, should be combined with other indices in order to
facilitate meaningful comparisons (Chinn, 2006).
Body mass index-for-age however, might not necessarily be appropriate in suggesting that so
many of the children in this study are largely free from excessive weight or obesity. The BMI
values may actually be misleading due to the body proportions of these children. Since BMI
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is derived from mass divided by height squared, it might not accurately reflect risk of
underweight individuals who are shorter and have higher lean mass. Concomitant with
excessive weight and obesity, the present study reveals a high prevalence of being
underweight in South African children, a finding which indicates a possibility that
schoolchildren were at risk of being undernourished. This affirms the proposition that in most
lower-income/developing countries (South Africa inclusive), being undernourished coexists
with obesity (Popkin & Doak, 1998; Parsons et al., 1999).
A potential limitation of the study is that BMI is only a surrogate measure of body
composition, with an inability to differentiate between fat-free mass and adipose tissue.
Perhaps another pertinent issue concerns the definition of appropriate cut-off points for
evaluating abnormalities in body weight. The cut-off points for CDC and IOTF used to
screen body weight disorders in this study were derived based on an arbitrarily set BMI
value, which reflect changes in BMI that occur with age in boys and girls. Although BMI has
become a very common way of estimating excessive weight/obesity, it does not indicate
variations in fat and fat-free mass. It is clear that BMI cannot give an accurate value or
estimate of an individual’s percentage fat mass, which is the morbid factor of obesity (Goon,
Toriola & Shaw, 2010). Despite the inability of BMI for age to accurately estimate the body
fatness of an individual child, this simple index may convey much of the relevant information
on fatness-related metabolic risk, which emphasises the importance of this data from a
preventive point of view.
Granted that body size is influenced by economic, environmental, genetic and nutritional
variables, having growth standards that are nationally representative is an essential
consideration (Livingstone, 2000). However, there is no national reference standard for
screening obesity and weight disorders in South African children. Such data are essentially
important from a public health standpoint as they would provide reliable bases for instituting
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appropriate strategies to identify and combat factors associated with body weight
abnormalities in children. This is particularly relevant given the increasing incidence of
obesity globally, including in developing countries, and particularly in South Africa, which is
reported to have the highest prevalence of obesity in sub-Saharan Africa region (Haslam &
James, 2005). It will be also be important in future studies to define obesity based on
population-specific percentiles rather than using cut-off points derived from other
geographical settings with differing levels of socioeconomic development.
4.13.2 Percentage Body Fat
Excess body fat constitutes a serious health and physical performance problem. Body fat
percentage varies considerably between males and females and between age groups. Usually,
males have lower body fat percentages compared to females. The present study demonstrates
that percentage body fat is higher in girls (22.7 ± 5.7) than in boys (16.1 ± 7.7), and at all
ages, that is, 9−13 years. This sexual dimorphism in adipose tissue in boys and girls is
expected and is widely reported in literature (Murdey et al., 2005; Wickramasinghe et al.,
2005; Ittenbach et al., 2006; Monyeki et al., 2006; Goon, Toriola & Shaw, 2007; Ochaiai et
al., 2010). Additionally, Mantsena, Monyeki and Toriola (2002) in their study of South
African children, found that girls at ages 5−14 years had higher percentage body fat
compared to boys, based on similar anthropometric indicators as used in this study. WebsterGandy, Warren and Henry (2003) report this even as early as 5−7 years among a group of
children in Oxford in the UK. The higher fat accumulation in girls compared to boys might
be due to increased physical activity among boys compared to girls (Reddy & Rao, 1995).
The data concerning physical activity and sedentary behaviour in this study, show that girls
report engaging in less physical activity than boys, spend less time playing electronic games,
in computer-related activities, and on watching TV than boys (Table 4.56). The low physical
activity behaviour among girls may be an overestimation caused by the manner in which the
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question was framed and the typical physical activities in which girls normally engage.
Children participate actively in variety of ways. Boys are more often engaged in organised
sports and competitive teams, and high intensity sports whereas girls spend time on
organised, non-competitive and medium to low intensity sports and exercises.

The study indicates that girls are less likely to walk to school than boys. Research shows that
boys are more likely than girls to actively commute to school (Tudor-Locke et al., 2003;
Harten & Olds, 2004; Schofield, Schofield & Mummery, 2005; Rosenberg et al., 2006).
Higher rates of walking to school among boys may reflect social inclinations of parents to be
more protective of girls and to place greater restrictions on girls’ independent mobility. Such
differences may also reflect gender differences in general levels of physical activity
(Gruunbaum et al., 2003).
The dietary assessment of these children indicates that they are exposed to high fat intake,
thus possibly predisposing them to higher fat accumulation. Again, as earlier mentioned, data
pertaining to dietary food intake of the sample showed high positive loadings on high-fat
processed foods (ice cream, sweets, hamburgers, chocolate) and snack foods high in fat
and/or sugar (such as crisps, crackers, sweet rolls, chocolate, burgers, chips) and fried foods
(chips, pizza, hot dogs, boerewors) (Table 4.58). These food items were first grouped under
food component (junk/unhealthy), accounting substantially for the percentage (0.44%) of
total variance. Hormonal changes too, cannot be ruled out, though this was not evaluated.
Girls gain weight and increase %BF at adolescence, due to the stimulation of their sex
hormones and the development of their reproductive organs (Vizmanos & Marti-Henneberg,
2000). However, one cannot conclusively attribute the increase in percentage BF found
among girls as compared to boys to be indicative of early, sexually diverse changes in body
composition that occur during puberty, as maturation was not assessed.
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The minimum percent body fat considered safe and acceptable for good health is 5% for
males and 12% for females. Adult males have between 15%−18% while adult females have
between 22%−25% (Quinn, 2006). In the present study, boys had percentage fat values of
16.4%−20.0%, while girls had 20.2%−24.1% fat content. Considering the age (9−13 years) of
the children in the study, these values seem high. As such, the prevalence of excessive weight
and obesity observed in these children is not surprising. The high percentage body fat
observed among school children in this region is expected from an urban setting where
lifestyles and other movement habits/behaviours are ‘westernised’. For instance, Western
quick-service restaurants such as KFC, McDonalds, Galitos and Nandos seem to have
expanded rapidly in South Africa. They are popular among young people, and this has
disproportionately increased dietary fat intake in children. Anecdotal as this may appear, it
should be ignored as one of the possible reason for the relatively high body fat seen among
this sample in the present study.
It appears South African children are accumulating high percentages of body fat. A similar
trend was reported by Monyeki, Kemper and Makgae (2006) among children from Ellisras
rural area in Limpopo Province. It could be judged that the relatively higher percentage body
fat among the sample children might be related to the physical inactivity and higher energy
intake by these children. Low physical fitness and physical inactivity have been found to be
related to many chronic diseases (Twisk et al., 2002) whose occurrence starts early in life
(Baker, 1998).
This observation has important clinical and public health implications. Too much body fat is
detrimental to good health and physical performance. Excessive weight and obesity are two
examples of such complications (Amusa, 2009). Equally, too little fat (not a case in this
study) can also create devastating physiological complications and harmful effects. Low
percentage body fat can adversely affect metabolism and health and it may indicate the
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incidence of disease, malnutrition or an eating disorder such as anorexia nervosa (Lohman,
1999).
The racial profiling of percentage body fat of children in this study indicates that black
children accumulated more percentage body fat (20.1%) than the whites (19.0%). These
findings are similar to those reported by Daniels, Khoury and Morrison (2000) in which
percentage body fat was reported to be higher in black children compared to whites.
Contrastingly, although using impedance, the study of Morrison et al. (2001) found
percentage body fat of white children (girls) at 9−12 years to be higher compared to the
blacks. However, black girls had a greater percentage body fat thereafter. These results agree
with white/black differences in body fat levels that have been observed among adults
(Wagner & Heyward, 2000) and children (Harsha, Frerichs & Berenson, 1978; Freedman et
al., 2008). The difference observed in the percentage body fat between black and white
children in this present study is difficult to explain. However, it is observed that the physical
activity and dietary pattern of these two racial groups was also found to be different, and
might possibly be responsible for the disparity in percentage body fat found among them. The
data from the present study reveals that the frequency of participation in physical activity of
black children was low compared to whites (Table 4.51). Besides, the results of the
components analysis of the food intake between these two racial groups indicates that the first
component (junk/unhealthy food) explained 45.9% of the total variance in dietary intake
among black children, whereas the same (junk/unhealthy food) component had 37.5%
variation among the white children. In this regard, the accumulation of more percentage
body fat among the black children compared to whites is not surprising. Studies have linked
the accumulation of excessive body fat among children to the consumption of unhealthy
foods (Ludwig, Peterson & Gortmaker, 2001; Bell et al., 2005). With the availability of fast
food restaurants and processing food industries, many of South African children eat snack
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foods such as potato crisps, 40% eat confectionery and 70% eat high-fat/sugar cereal-based
products such as biscuits, cakes, pies, pizza, and pastries (Viljoen, 2009, personal
communication).
4.13.3 Fat Mass
The results of the study indicate that girls have significantly higher fat mass values compared
to boys. The mean fat mass value of girls is 10.1 ± 4.8 kg, whereas the boys’ mean values are
7.3 ± 5.6 kg. Interestingly, girls have significantly higher fat mass values compared to boys in
all age categories. Similar findings concerning fat mass in children of similar age groups,
with girls having significantly higher fat mass compared to boys are been reported in
Germany (Mast et al., 1998), the Netherlands (Boot et al., 1997), Jamaica (Gaskin & Walker,
2003), Nigeria (Goon et al., 2008), Australia (Wickramasinghe et al., 2005), the United
States of America (Mueller, Chan & Meininger, 2003; Ittenbach et al., 2006) and Denmark
(Ekelund et al., 2001. Differences between males and females in fat mass have generally
been considered to manifest during puberty (Lobstein, Baur & Uauy, 2004). However, recent
studies of pre-pubescent children have also found higher levels of fat among females at much
younger ages (Sweeting, 2007). An increase of FM and a decreased proportion of FFM
during childhood have both been associated with increased risks of developing chronic
diseases later in life (Barker, 2005).
4.13.4 Fat-Free Mass
The present study demonstrates a significant gender difference in FFM, with boys having a
significantly higher mean FFM than girls. Similar findings are reported in children in the
USA (Mueller, Chan & Meininger, 2003; Shaibi et al. 2005) and in Greece (Koutedakis et
al., 2005). The study reveals too, that a significant age difference in FFM between boys and
girls at ages 12 and 13 years exists, with girls tending to have higher mean FFM values than
boys at age 12 and boys overtaking girls at age 13. A plausible explanation for the higher
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level of FFM found in girls at age 12 could reflect a higher bone density or advanced sexual
maturity in girls compared with boys. However, in the study by Monyeki et al. (2005) on
rural South African primary school children aged 7−14 years, girls’ mean FFM values were
higher than boys at ages 10−12 years. However, the FFM values at age 12 for boys and girls
found in this study are dissimilar to the values found by Monyeki et al. (2005) in a similar
age group. For example, the mean FFM values in the present study at age 12 were 34.3 ± 6.9
kg and 36.2 ± 8.1 kg for boys and girls, respectively while Monyeki et al.’s study recorded
values of 28.2 ± 4.2 kg and 29.9 ± 4.3 kg in boys and girls, respectively. The finding that
FFM values increase with age supports the findings of Malina, Bouchard and Bar-Or (2004)
that gender difference in FFM increases with age. This was confirmed by McMurray et al.
(2003) that in normally developing children, especially males, as age and pubertal status
increases, so does FFM. A characteristic spurt in the growth of BF and FFM was noticeable
among the sample in this study. This spurt has been reported to occur with the peak velocities
in stature and body mass (Bell, 1993). Stature is more strongly associated with the indicator
of FFM than with adiposity (Malina, Bouchard & Beunen, 1988). Chowdhury, Chakraborti
and Ghosh (2006) found a similar pattern, to the one in this study.
4.13.5 Fat Mass Index and Fat-Free Mass Index
The fat mass index (FMI) takes into account the amount of fat mass carried by a person and
relates to his/her stature. Conversely, the fat-free mass index (FFMI) accounts for the amount
of muscle mass carried by a person and relates to his/her stature (Chowdhury, Chakraborti &
Ghosh, 2006). As such, these two measures of adiposity (FMI and FFMI) represent the fat
and lean components of BMI, respectively. Therefore FMI and FFMI are recommended in
determining the deeper meaning of BMI (Wells et al., 2002; Esissa et al., 2009).
Computations of FMI and FFMI in the context of BMI allow the clinician to identify children
with normal BMI and excess adiposity (large FMI) and then to initiate intervention. Likewise,
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they facilitate identification of children who are overweight as result of a large FFMI for
primary prevention counselling (Esissa et al., 2009). In the present study, these indices (FMI
and FFMI) display age and sex-related variations among South African children. Children in
this study display a varying pattern of FFMI and FMI from those in other studies
(Zimmermann et al., 2004; Chowdhury, Chakraborti & Ghosh, 2006). Variation in the
distribution of fat may be associated with genetic and racial differences among children.
There is evidence that racial variation affects FFMI (Thomas et al., 2005). To the author’s
knowledge, there is no available data on FMI and FFMI on South African children to which
the results of this study can be compared. Standards for FMI and FFMI need to be
established. The present study contributes to the understanding of FMI and FFMI. A
limitation of the findings here, is that FMI and FFMI calculations require measurement of
percentage body fat.

4.13.6 Sum of Skinfolds
This study indicates that girls have thicker skin folds than boys at all ages. This is consistent
with several studies involving South African children (Mantsena, Monyeki & Toriola, 2002;
Monyeki et al., 2004; Monyeki et al., 2005) and studies done elsewhere (Gultekin et al.,
2006; Goon et al., 2008; Riberio et al., 2006). Differences in the sum of skin folds across
studies might be ascribed to differences in the variability of skin fold measurement and the
number of skin folds measured. The measure of skinfold thickness estimates the total body
fat and fairly determines fat distribution in the body.
Comparison of sum of skinfolds based on race indicates that black children had a
significantly higher sum of skin folds than white children. Morrison et al. (2001) reports
similar findings among black and white American children of similar ages. This finding
suggests that subcutaneous fat accounts for a larger portion of total fat in black children and a
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smaller proportion of total fat in white children, thus highlighting racial differences in fat
patterning. Possible reasons for the differences need to be examined.
4.13.6.1 Receiver Operating Curve Analysis

The present study seeks to confirm whether log10 SF4:BMI at conventional cut-off points has
a relatively high SN and SP in detecting excess adiposity in South African children as
previously reported among Italian (Bedogni et al., 2003), Indian (Ghosh, 2004) and Jamaican
(Gaskin & Walker, 2003) children. Body mass index data is commonly applied to detect
excess adiposity in children (Ghosh, 2004). Nevertheless, several studies on children and
adolescents have reported low SN and high SP associated with conventional BMI cut-off
points in identifying excessive weight (Bedogni et al., 2003; Gaskin & Walker, 2003; Ghosh,
2004). The present study finds that the 95th percentile of BMI demonstrates a low SN (0.37;
95% CI 0.35-0.42) and relatively high SP (0.62; 95% CI 0.60-0.67) compared to the SN of
BMI in other studies (Sarria et al., 2001; Bedogni et al., 2003; Ghosh, 2004), which were
higher. The use of BMI might not necessarily be appropriate in detecting excess adiposity in
South African children. Direct assessments of fat mass using CT and DEXA or other direct
measures might be more reliable, instead of SF4 which is used as a proxy indicator. However,
financial limitation hampers the feasibility of such an undertaking.

The striking feature observed in this study concerning ROC analysis is the relatively high SN
(0.62; 95% CI 0.60-0.67) and SP (0.68; 95% CI 0.64-0.70) of the 95th percentile of log10
SF4:BMI in detecting excess adiposity. According to Bedogni et al. (2003), achieving high
SN and SP simultaneously seems impossible and because of this, one has to give more weight
to the relative importance of SN and SP. The use of the 85th percentile of log10 SF4:BMI
(Sarria et al., 2001; Bedogni et al., 2003; Ghosh, 2004) among South African children is
associated with 11% less true-negative and 2% more true-positive compared to the 85th
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percentile of BMI. However, the 90th percentile of log10 SF4:BMI is associated with 7%
more true-positive than the corresponding BMI percentile. This observation seems similar to
other studies on Indian (Ghosh, 2003) and Jamaican (Gaskin & Walker, 2003) children.
Among Jamaican children, as assessed by triceps skin fold and sum of skin folds, which was
higher, the misclassification of children was between 14% and 30%, respectively. For Indian
children, the use of 90th percentile was associated with a 10% true-positive when compared
to the corresponding BMI percentile.

In this present study, in order to test for BMI and SKF:BMI, internally derived centiles were
used to set the cut-off points of FM% and BMI, similar to Bedogni et al. (2003), Ghosh
(2003) and Sarria et al. (2001). Again, like these studies, a value greater than the internally
derived 85th percentile was employed to define excess FM%. According to Bedogni et al.
(2003), from an epidemiological standpoint, this procedure appears to be a more reasonable
option. However, the caveat is that there is no reason why other values should not be used and
there is no doubt that some of the inconsistencies in the literature occur from the selection of
different cut-off points for estimating body fatness. Adopting externally derived centiles may
produce varying results (Bedogni et al., 2003).

The results of this study pertaining to the SN and SP of BMI and skin fold thicknesses in
detecting excess adiposity among South African children suggests that log10 SF4:BMI at
conventional cut-off points has a relatively high SN and SP in detecting excess adiposity and
therefore could be used to identify the excess adiposity in South African children living in
Pretoria.

4.14 ANTHROPOMETRIC INDICES OF FAT PATTERNING

ccclxxxii

In order to estimate the pattern of fat distribution among South African children, a certain
number of anthropometric indices were used. Fat can be located in subcutaneous
compartments across much of the surface of the body, or in and around visceral organs
(subcutaneous versus visceral) (Kelly et al., 2004). The usefulness of several indices
calculated in this present study can be analysed in terms of prediction of intra-abdominal
adipose tissue and metabolic and/or health outcomes.
Total and in particular central adiposity is associated with risk factors for CVD such as
hypertriglyceredemia, dyslipidemia, insulin resistance, elevated blood pressure and
endothelial dysfunction both in children and adults (Kopelman, 2000; Steinberger & Daniels,
2003; Kelly et al., 2004; Reinehr et al., 2006). Thus, studying fat patterning is of concern
from both an epidemiological and clinical viewpoint.
Even if body mass, sum of skin folds, and %BF are similar, subcutaneous fat distribution can
be different. Individual differences in fat distribution emphasise a contrast between the limbs
and trunk, which indicates the role of genetic variables, environmental conditions, and their
interactions (Mueller & Malina, 1980).
4.14.1 Waist Circumference

Waist circumference is a commonly used measure of central obesity (Eissa et al., 2009)
because it is a good predictor of abdominal fat and is more closely related to the development
of cardiovascular diseases and T2D mellitus (Kelishadi et al., 2007). These health-related
risks can be tracked from childhood to adult life, and are associated with adulthood chronic
diseases and premature death (Tzotzas et al., 2008). Additionally, several studies on the
different ethnic populations have shown that the prevalence of dyslipidemia, insulin
resistance, hypertension, etc. and the cluster of these risk factors are linked more closely with
the accumulation of abdominal fat (high WC) than the increase of total body fat (high BMI)
(Camhi, Kuo & Young, 2008).
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In this study, WC was not significantly different between boys and girls, which supports
findings (Huang et al., 2001; Daniels, Paineau et al., 2008; Esissa et al., 2009) that there are
differences in the rate of visceral and subcutaneous abdominal adiposity between gender
groups. However, other studies have reported girls having significantly higher WC values
than boys (Moreno et al., 1999; Webster-Gandy, Warren & Henry, 2003; Goon et al., 2008),
yet in others WC was higher in boys than in girls (Fredriks et al., 2005; Barba et al., 2006;
Kim & Park, 2008; Nambiar et al., 2009; Yabanci, Kilic & Simsek, 2010; Ochiai et al.,
2010). The observed differences in WC across studies might likely be attributed to
inconsistency in measuring sites. Different sites are used in measuring WC and currently
there appears to be no agreement on which site is optimal (Wang et al., 2003). In children,
WC can be measured at five different sites: (i) midway between lowest rib and superior iliac
crest (as in the present study) (McCarthy, Jarrett & Crawley, 2001; Fredriks et al., 2005;
Kelishadi et al., 2007); (ii) at the umbilical level (Zannolli & Morgese, 1996; Savva et al.,
2000; Savva et al., 2001); (iii) at the narrowest point of the torso (Katzmarzyk, 2004); (iv) at
the level of the right upper iliac crest (Fernadez et al., 2004) and (v) at the level of 2 cm
above the umbilicus (Weili et al., 2007). Given the disparity in measuring WC among
children, comparisons of WC data between different studies needs to be undertaken with
caution.

The present study shows age variation in WC in both sexes. The Nambiar et al. (2009) study
on 3691 Australian children aged 5−17 years observed similar age fluctuations in WC across
sexes. In this study, at ages 9−11 years, females had significantly larger WC than males.
However, in the 15−17 age group, males had higher WC than females. The inconsistence in
WC found in this study is an anomaly. Several studies (Katzmarzyk, 2004; Fredriks et al.,
2005; Li et al., 2006; Goon et al., 2008; Eissa et al., 2009) examining WC among children
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and adolescents have shown that WC increases normally with growth. It is also unclear why
the increase in WC is larger in girls than boys and may be indicative of early, sexually
diverse changes in body composition that occur during puberty. Similarly, the observed larger
WC in boys compared to girls at age 13 years may represent a greater increase in FFM than
in FM. However, these are only speculative, as maturational status was not assessed in the
study.

The present study demonstrates that WC differed by race. White children have a larger WC
compared with black children, similar to other studies (Daniels, Khoury & Morrison, 2000).
A recent study (Tybor et al., 2010) examining racial differences in central adiposity in a
longitudinal cohort of black and white adolescent females aged 9−12 years indicates the
variability of WC in black females is larger relative to white females. Black females
demonstrate significantly higher mean WC at each age than white females. What these
observations suggest is that racial differences in central fat deposition do appear early in life.
This observation is consistent with studies on adults, which suggest that black women have
less visceral fat than white women when total adiposity is taken into account (Conway et al.,
1995; Hoffman et al., 2005). Studies of younger children report similar findings concerning
fat patterning between blacks and whites showing that white girls have relatively more total
and intra-abdominal fat than black girls from ages 8−13 years (Daniels, Khoury & Morrison,
1997; Freedman et al., 2000; Huang et al., 2001). In contrast some studies (Dekkers et al.,
2004; Eissa et al., 2009) report WC being larger among black girls compared to other genderrace groups at all ages. Some possible mechanisms for the differences between white children
and black children in this study concerning WC might be related to physiologic, genetic,
cultural and socioeconomic differences, which were not measured here.
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In the absence of international central obesity WC criteria or WC percentiles for South
African children, the percentiles of WC based on those from the National Health and
Nutrition Examination Survey (NHANES) III (Fernandez et al., 2004), have been used to
arbitrarily screen for those at risk factors of central obesity. These were percentiles were also
used by Monyeki, Kemper and Makgae (2008) to identify children in rural South Africa who
are at risk. The proportion of children with a WC above the 90th percentile judged to be
centrally obese was 20.6% (Table 4.64). Although data on the predictive validity of specific
WC cut-off scores for high-risk status are scarce, studies have shown that these measures are
significantly related to components of the lipid profile, blood pressure, insulin, and glucose
values in children and adolescents (Janssen et al., 2005; Lee, Bacha & Arslanian, 2006;
Flores-Huerta et al., 2009). This agrees too, with Monyeki, Kemper and Makgae’s (2008)
study, among rural South African children, which reports children with WC above the 90th
percentiles significantly at greater risk of having hypertension (odds ratio (OR) = 1.1 and
95% CI 0.5-2.3), excessive weight (OR = 22.1 95% CI 12.3-35.7) and greater WHR (OR =
2.7 95% CI 1.9-4.0) than participants with WC below the 90th percentile. Such an analysis is
not undertaken in the present study hence blood pressure has not been measured.
Nevertheless, the data provide evidence for the likely presence of CVD risk factors among
the sample children. Evidence for predictive validity of childhood WC as an indicator of risk
for adult morbidity is provided by a recent study from the Fels Longitudinal Study (Sun et al.,
2008). The first indication of WC differences between adults with and without metabolic
syndrome occurred at age six in boys and age 13 in girls.
Table 4.64: Proportion of children with a waist circumference above 90th percentile
Boys
Girls

Total

Waist circumference below the 90th centile

438(38.6)

464(40.8)

902(79.4)

Waist circumference above the 90th centile

110(9.7)

124(10.9)

234 (20..6)
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The inclusion of WC in the screening protocol to estimate the prevalence of central adiposity
in school-age children is one of the unique features of this study. This study indicates that
WC is relatively easy to incorporate in a school-based screening protocol. The analyses in
this present study did not seek to determine the aetiology of excess WC development in
children, but they indicate that excess WC could likely increase children’s risk for
development of CVD risk factors and CVD as adults.

4.14.2 Subscapular-to-Triceps Ratio

The STR ratio is an indicator of the central versus peripheral distribution of subcutaneous fat,
and as such, it is considered a useful predictor of susceptibility to T2D, hypertension, and
other metabolic disturbances (Blair et al., 1984). In this study, a trend in the central pattern of
fat distribution was observed. Girls had a significantly higher STR ratio, an indication of fat
deposition in trunk skinfolds, than boys. This varies among age groups. Sexual dimorphism
in fat patterning (STR) found in this study contrasts with other studies, indicating higher STR
in boys than girls (Daniels, Khoury & Morrison, 2000; Webster-Gandy, Warren & Henry,
2003; Monyeki, Kemper & Makgae, 2006; Moreno et al., 2007; Amusa et al., 2007). A study
by Cameron and Getz (1997) involving rural South African children aged 7−18 years
reported centralisation of body fat as consistently greater in males but only significantly so
after 14 years of age for the STR. In this study, there was no discrete difference in STR
between boys and girls at ages 9 and 10 years. Gains in the STR were significantly higher in
girls in the 11−13 age group. These findings demonstrate that in this age group girls tend to
gain fat storage in trunk skin folds. This tendency towards truncal/central fat distribution in
girls could be attributed to female sex hormones that developed a gynoid form of fat
patterning, along with excess subcutaneous fat compared to their male counterparts (Brook,
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1995). However, in contrast with Daniels, Khoury and Morrison (2000), STR was not
different for black and white children.

4.14.3 Subscapualar/Supraspinale+Triceps Ratio

In present study, the Subscapular/Supraspinale plus Triceps (SST) ratio was higher for girls
than boys, with girls having higher mean values for SST at all age groups. Like in the STR,
age differences in SST were statistically significant at ages 11, 12 and 13 years. However, in
the Monyeki, Kemper and Makgae (2006) study involving 1884 rural South African children
aged six to 13 years, the SST was significantly higher for boys than for girls. Similarly, a
study of American children aged 7−17 years involving black and white children reports SST
for boys being higher than girls (Daniels, Khoury & Morrison, 2000). Nevertheless, Amusa et
al. (2007) report non-significant differences in the SST of Tshannda boys and girls. In this
study, white children had higher SST than black children. Contrastingly, Daniels, Khoury and
Morrison (2000) report black children’s SST to be higher than white children’s.

4.14.4 Subscupular + Supraspinale/Subscapular+Supraspinale+ Biceps + Triceps

The SS/SSBT as an index of central fat distribution indicates a significant gender mean
difference between boys and girls, with girls having significantly (p = 0.001; p < 0.05) higher
SS/SSTB compared to boys. While no significant difference in SS/SSBT for boys and girls is
discernable at ages 9 and 10 years, significant differences are apparent at ages 11, 12 and 13
years, with girls having greater mean values of SS/SSBT than boys. This agrees with
Cameron and Getz (1997) who report SS/SSTB as significantly greater in females at ages 11
and 12 years among rural South African children. In another study, the SS/SSTB is
significantly higher in females aged four years and significantly higher in males aged eight
years (Monyeki, van Lenthe & Steyn, 1999). In a study involving 1884 rural South African
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children aged 6−13 years, the SS/SSTB is significantly higher for boys than girls (Monyeki,
Kemper & Makgae, 2006). Similar findings are evident among a sample of five to sevenyear-old children in Oxford (Webster-Gandy, Warren & Henry, 2003). However, in the study
by Amusa et al. (2007) involving rural Tshannda children aged 7−13 years, non-significant
differences in SS/SSTB between boys and girls are found. When considered according to
race, white children have higher SS/SSTB than black children.

It is worth noting that in all the indices of subcutaneous fat distribution derived by STR, SST
and SS/SSTB there is greater accumulation of trunk skin fold in girls compared to boys
which is in conformity with the study involving Indian children aged five to 12 years
(Chowdhury, Chakraborti & Ghosh, 2006). In a study with 11-year-old children,
subcutaneous fat deposition was strongly associated with intra-abdominal fat deposition in
girls and was moderately related with intra-abdominal fat deposition in boys, with the
subscapular skinfold providing the best indicator for girls and subscapular/triceps skinfold
ratio providing the best indicator for boys (Chowdhury, Chakraborti & Ghosh, 2006). It was
observed too, in this study, that not just the subscapular skinfold is consistently higher in girls
than boys, but also the triceps skin fold. The propensity towards central fat deposition
observed in this population is expected in an urban setting where lifestyle and other life
habits are characterised by sedentary activities, low physical activity and an inclination
towards western foods, which might tend to promote body fat accumulation. This move to a
central pattern of adipose tissue distribution may seriously affect the future health of these
children, thus addressing their lifestyle habits becomes paramount.

4.14.5 Waist-to-Hip Ratio
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The waist-to-hip ratio is generally considered a good tool for differentiating between the
different types of fat distribution since it is highly correlated with visceral fat and plasma
lipid concentrations (Fredriks et al., 2005). The study demonstrated that boys have higher
WHR mean values than girls. This finding is consistent with previous reports (Al-Sendi et al.,
2003; Webster-Gandy, Warren & Henry, 2003; Monyeki et al., 2005; Barba et al., 2006,
Goon et al., 2008), reflecting a more centralised fat distribution in boys. The larger ratio
might be the outcome of smaller hip circumference in the boys reflecting less gluteal
adiposity. However, Daniels, Khoury and Morrison (2000) report that the mean value of
WHR is higher in girls than boys.

The present study does not show a clear trend in the distribution of WHR with age. This
phenomenon might be explained in the light of individual variations in pubertal stage as
sexual maturation has a strong effect on WHR (Martinez et al., 1994). Consistent with
Mukhopadhyay, Bhadra and Bose (2005), the present study indicates a decreasing trend with
age, in mean WHR. This is because the increase in hip circumference was greater than waist
circumference, resulting to lower WHR. This demonstrates a differential pattern and intensity
of fat deposition at these two levels. However, there is an increase in mean WHR at 12 years
of age. A study among Jat Sikh boys of India (Kapoor et al., 1988) also found that there was
an initial decrease followed by an increase in mean WHR from 11−18 years of age. Similar
results among 12−19 year old girls are also reported from Baharain (Musaiger, Al-Ansari &
Al-Mannai, 2000). It is well known that android or male-type adiposity is characterised by
greater WHR. One probable reason for the increase in WHR at 12 years among South African
girls could be that hormones that influence body fat distribution begin acting more
pronouncedly at this age. The decrease of WHR with age, especially in girls, is due to an
increase in pelvic diameter and predominant fat deposition in the gluteal area (de Ridder et
al., 1992). Since WHR is influenced by age as well as gender (Seideli et al., 2001), similar
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studies should be undertaken among South African children. More importantly, longitudinal
investigations of regional adiposity and WHR are needed to understand the dynamics of the
changes in them from childhood until and beyond adolescent age. Such studies are lacking in
South Africa.

The findings of this study, show that WHR was not significantly (p = 0.008; p > 0.05)
different between black and white children. Daniels, Khoury and Morrison (2000) report
similar findings involving 201 black and white children aged 7−17 years in Ohio, USA.
However, the mean WHR value of white children was higher than black children in this
study, similar to the study by Daniels et al.’s (2000).
4.14.6 Waist-to-Stature Ratio
The WSR is a newly developed index, proposed to be of greater value as a simple
anthropometric index, for predicting abdominal obesity and related cardiovascular comorbidities in adults and children (Ashwell & Hsieh, 2005). It has been proved to be
positively correlated with cardiovascular risks factors such as SBP and DBP, total cholesterol
(T-Chol), TG, LDL-C and negatively correlated with HDL-C (Hsieh & Yoshinaga, 1995;
Daniels, Khoury & Morrison, 2000; Hara et al., 2002; Hsieh, Yoshinaga & Muto, 2003;
Hsieh & Muto, 2005; Hsieh & Muto, 2006; Freedman et al., 2007; Kagawa, Hills & Binns,
2007). It is also positively correlated with body fat variables such as percentage trunk fat and
percentage body fat, measured by DEXA, in both adults and children (Daniels, Khoury &
Morrison, 2000; Kagawa, Hills & Binns, 2007). When measured with stature, WC signifies
an index of proportionality, that is, whether or not the amount of upper body fat accumulation
in relation to stature is appropriate (McCarthy & Ashwell, 2006). The WSR is an index of the
latter relationship which has hardly been studied in South African children.
The WSR is an easy and inexpensive technique which can be used in laboratory and field
settings. The WSR measure assumes that the distribution of fat is independent of age, race,
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and gender. This implies that individuals with a certain anthropometric measure of fat
distribution would have the same degree of fat regardless of their age, race, or gender.
Additionally, WSR has the advantage of better measurement of fat distribution in different
ages and statures (Ashwell & Hsieh, 2005).
The findings of this study indicate that girls had significantly higher WSR mean values than
boys. Similar findings are reported among Nigerian (Goon et al. 2009) and Australian
(Nambiar et al., 2009) children. In contrast, McCarthy and Ashwell (2006), Freedman et al.
(2007) and Moreno et al. (2007) report boys having significantly higher WSR compared to
girls. Sung et al.’s (2009) study among Hong Kong Chinese children aged 6−18 years, WSR
was slightly larger in boys than girls and in both sexes decreased with age but only up to age
14 years and then it changed further. However, Meininger et al. (2010) found no significant
difference between males and females in the prevalence of WSR ≥ 0.5. Again, consistent
with McCarthy and Ashwell (2006) and Goon et al. (2009), this study indicates that WSR
during childhood is affected by age and gender. The variations in the mean WSR across ages
of the studied sample may be reflected by the divergence in the velocities of growth in stature
and waist circumference with age. The correlation between stature and waist circumference
(Figure 4.38) might possibly suggest that the increase in WC in childhood is partly due to
linear growth.
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Figure 4.38: Correlation between stature and waist circumfernce

Precisely how growth in stature affects growth in WC is unknown, but this question should
be considered when variations in age-related WC are examined (Goon et al., 2009). The
WSR differences observed among both genders at all ages reflects the differences in both
body shape and body proportions between genders. This may likely be mediated by gender
differences in physical activity and diet during childhood growth. An examination of the
physical activity and dietary intake of children in this study show marked differences in these
variables. With regard to physical activity participation, girls engaged in less physical activity
than boys. Data concerning the dietary food intake of the sample demonstrate that the three
component scores explain 89.0% and 98.0 of the total variance in boys and girls, respectively.

This study shows that the proportion of children with a WSR ≥ 0.5 exists in both genders and
in all age groups. The proportionality is highly statistically significant. The proportionality of
WSR ≥ 0.5 is higher in girls (18.4%) compared to boys (8.6%). Similarly, among one to 20
years black South African rural children, 10% of adolescents are reported to have WSR ≥ 0.5,
with a significantly higher proportion of girls (15.0%) than boys (3.0%) (Kimani-Murage et
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al., 2010). In Naude, Kruger and Pienaar’s (2009) study involving black South African
adolescents, girls (3.5%) had WSR ≥ 0.5, whereas none of the boys exhibited a WSR ≥ 0.5.
The figures of WSR ≥ 0.5 found in this study seem close to the results of Goon et al. (2009)
for Nigerian children aged 9−12 years. In the latter study girls had higher WSR ≥ 0.5, with
17.7% and 9.9% in boys. However, the figure of 44.2% (WSR ≥ 0.5) reported in the
Meininger et al. (2010) study is exceptionally high, and children with a WSR ≥ 0.5 were
more likely to have high systolic blood pressure and/or diastolic blood pressure (OR = 2.8.
95% CI = 1.8-4.4). The findings pertaining to WSR in this study point essentially to one
thing. The fact that WSR ≥ 0.5 (13.6%) is found in these sample children, even among the
youngest should be a cause for concern since obesity-related problems are likely to be present
among the children. This indicates the need for interventions to reduce total or central obesity
in all school populations and intensive community-based efforts to prevent it beginning very
early in life.

When comparisons are made on the basis of race and gender, the results show that black and
white girls had a higher proportion of WSR judged to be at risk factor (WSR ≥ 0.5) than
boys. This could be attributed to the low physical activity participation level and greater food
intake judged to be saturated with high fat content and energy dense among black children
occurring predominately among girls. This observation is evident in the data on physical
activity participation and dietary food intake of the sample (Tables 4.42 and 4.33).

4.15 PRINCIPAL COMPONENTS ANALYSIS OF FAT PATTERNING
There is a wide range of data and information on fat and fat patterning for samples from the
developed world, however, studies from less developed nations and regions are far less
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common. Additionally, relatively few studies of populations from less developed nations
exist that are based upon samples that are well-defined, that are large enough to provide
statistical power, and in which a sufficient number of anthropometric dimensions are
available for detailed analysis of fat patterns. This study investigates the anatomical
patterning of subcutaneous fat using principal components analysis in a cross-sectional
sample of South African urban children attending public primary schools in Pretoria. This is a
rare study utilising PCA to determine fat patterning in black and white South African children
aged 9−13 years. It has a considerably larger sample size than any other fat patterning study
on children reported in the literature. The results of this study demonstrate the importance of
fat patterning from both an epidemiological and clinical standpoint.

As previously stated, there are various methods of obtaining measures of fat in children.
Direct measures of CT and DEXA are available. Although CT and DEXA measures are the
gold standard for measuring body composition, these methods are likely to be expensive and
impractical in a large epidemiological study. Anthropometric measurements provide an
alternative method where measures such as skin fold thicknesses and circumferences can
represent fat. Mathematical equations for combining these measurements to obtain estimates
of body fat distribution have earlier been highlighted in this study. Principal components
analysis is another way of summarising body fat patterning using these anthropometric
measurements and enables easier analysis of the data by reducing the problem of
multicollinearity. It is a well established statistical method that can be easily implemented
and allows the components to be internally derived from the data (Shields et al., 2006).
Besides, the resulting principal components can further be biologically interpreted.

The statistical procedure utilised in this study was the unrotated components technique. It was
thought that this approach may be better for anatomical fat distribution studies, because
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principal components subsequent to the first (obesity) will then be components truly shaped
independent (statistically) of the influence of fat thickness. In this regard, indices may be
constructed that provide separate information on obesity and anatomical fat distribution, and
such indices may be useful in epidemiological, genetic, or clinical studies, as suggested by
Ramirez and Mueller (1980).
Principal components analysis of eight skin folds has identified three fat pattern components
for urban South Africans living in Pretoria. These components are overall fatness (component
I), extremity-trunk fat patterning (component II), and upper-lower body fat patterning
(component III).

There is hardly data available on fat patterning utilising principal

components in South African populations to compare the present results, except Cameron et
al. (1992), which was conducted on rural black children. In this regard, the results of this
study could only be compared to studies from abroad. Components II and III are comparable
to those identified by Mueller and Reid (1979) for Colombian adults and children and the
Becque et al. (1986) study involving obese adolescents. In this study, components II and III
are dissimilar for boys and girls. Components loadings, demonstrated stronger patterning in
the second component (ventral-dorsal) for girls than boys. Conversely, the third component
loadings (upper-lower trunk) show stronger patterning for boys than for girls (Table 4.30). A
study conducted by Cameron et al. (1992) involving rural black South African children aged
six to 19 years, (nineteen years ago) showed contradictory findings. The study found
component loadings of ventral-dorsal (component II) and upper-lower trunk (component III)
fat patterning as stronger for boys than for girls. It might appear that the slight variation in the
trunk-extremity component (component III), with boys having an advantage over girls, is due
to the fact that boys appear to centralise more than girls. The thickness of eight different skin
fold was used to evaluate fat patterning in this study, whereas the Cameron et al. (1992) study
used four skin folds. It is possible that the difference in the number of skinfold sites in the
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former study compared to this study might have caused the difference. Again, the first
component in this study indicates a size component (fatness), contrasting Cameron et al.’s
(1992) differential distribution of fat on the trunk and extremity (as first component).
For boys, the extremity component includes the sub-scapular skin folds, in contrast the subscapular skin fold is a trunk fat pattern site for girls. The question is why the difference in
anatomical fat patterning of the sub-scapular skin folds between the genders? Obviously, this
scenario renders interpretation difficult. This condition is likely to have been caused by the
variability in age, maturation and/or gender.
The findings of this study demonstrate that for boys, trunk fat is located in the abdominal and
iliac sites, but for girls trunk fat is located at all three sites on the torso: sub scapular, iliac and
abdominal. Similar findings are reported by Becquet et al. (1986).
It is observable that increased lower-body fat for boys occurs particularly at the thigh,
whereas for girls lower-body fat occurs at both the thigh and iliac regions. Similarly,
increased upper-body fat for boys occurs at the triceps site and for girls at the triceps and subscapular sites. Collectively, girls appear to have fat distribution over a greater number of skin
fold sites for each component than boys. This concurs with the earlier observations of Vague
et al. (1959) that female body fat is more evenly distributed over the body surface.
Component I, the size (fatness) component, is strongly correlated with numerous
anthropometric variables for both boys and girls. Expectedly, total body fatness is associated
with increases in body composition and anthropometric variables. Trunk fat patterning
(component II), for girls is associated with lower total body fat. The third component (upperlower trunk) shows stronger patterning for boys. This is a pattern characteristic of adult males
(trunk and upper body), suggesting that even before the pronounced sexual dimorphism in
stature, gender differences in fat patterning emerge (Mueller, Russell, & Reid, 1979).

cccxcvii

This study demonstrates that the patterns of subcutaneous fat deposition of this sample are
similar to those described for other populations (Mueller, Russell, & Reid, 1979; Ramirez &
Mueller, 1980; Hattori et al., 1987; Malina, Huang & Brown, 1995). The PCA demonstrates
dissimilar patterns in the trunk-extremity and upper-lower trunk components in both black
and white South African children. Racial comparison of fat patterning in South African
children using PCA is rendered difficult, as limited data exist. Several factors could be
responsible for the different fat patterns observed between black and white South African
children. It is widely held that ethnic variations in fat pattern are primarily genetically
determined. As such, the group of children studied in this study might not be an exception.
The effect of local environments, both physical and cultural, too, may not be ruled out as
factors influencing fat patterning. However, this should be seen as only speculative, since
such conclusions are beyond the data available here.

It is worth noting that the components scores in this study may not have been independent of
overall fatness. Intuitively, there is a relationship between fatness and fat patterning. Males,
at least, tend to accumulate excess fat in their abdominal regions and, as a consequence, one
would expect a greater intensity of patterning in individuals who are fatter. The various
procedures which have been applied in order to permit pattern analysis independent of the
amount of fat may not be completely effective, especially when groups with significantly
different levels of body fat are compared. If pattern intensity is linked to obesity, then the
obese may simply show a greater chance for patterning. One could then reason that obesity
leads to more intense patterning or that the more patterned would be at risk for obesity? This
too, is only speculative and these questions can only be answered by a longitudinal study.

4.15.1 Factors Associated with Total Adiposity and Central Adiposity
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The present study explores the factors (physical activity and diet) that are likely to influence
total adiposity (BMI) and central adiposity as measured by other anthropometric indices.
While gender differences in fatness and fat patterning have been recognised for some time,
the effects of the environment on the different patterns are not well established (Himes,
1988). There is a lingering debate on whether different nutritional treatments can change
these well-entrenched patterns of fat deposition. A review of the literature on the responses of
fat patterning to nutritional intervention indicates that the data are deficient to reach any
conclusions concerning the upper/lower fat distribution. Equally, too there is some suggestion
that centrally located sites are more responsive to nutritional intervention than peripheral sites
(Himes, 1988). Bogin and Sullivan (1986) studied the sub-scapular and triceps skin folds of
upper and lower SES Guatemalan children, and found that, compared to their SES peers;
lower SES Latino children show a relatively greater reduction in triceps than sub-scapular
skin fold thickness. They interpreted these observations as implying that children from
disadvantaged (and presumably nutritionally deprived) environments exhibit a more
centripetal distribution of fatness than others from better circumstances.
Consistent with Garnett et al. (2005) nutritional intake was not significantly associated with
either measure of adiposity in multivariate analysis. Findings from the literature are also
conflicting (Maffeis, Talamini & Tato, 1998; Moore et al., 2003) and potentially highlight
inherent problems in measuring this factor. Other unmeasured variables such as
socioeconomic status, parent education, and cultural beliefs may play a significant role in
levels of adiposity. However, these variables were not measured in this study. Incorporating
these factors in future research on fat patterning among South African children is needed.

The findings of this study suggest the deposition of subcutaneous fat in the trunk extremity
among children. The study documents a pattern of upper-body fatness for South African
children living in Pretoria that is concerning. Neither the causes nor the implications of upper
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body fatness in South African children are clear. Nevertheless, these observations highlight
important clinical and public health implications. Body fat whether in terms of total amount
or relative distribution leads to a variety of metabolic disorders, including hypertension,
diabetes, and dyslipidemia. It also contributes to increased cardiovascular disease risk.
Prevention strategies are thus needed to control the prevalence of excessive weight/obesity
and the pattern of fat distribution among South African children, particularly among those
residing in urban settings susceptible to risk factors likely to promote excess weight and fat
accumulation.
Additionally, the use of simple anthropometric parameters such as BMI, SSKF, WC, WHR
and WSR would serve as indicators of generalised and abdominal obesity, and the STR
would provide an estimate of truncal obesity. These anthropometric parameters could be
utilised to evaluate the metabolic and cardiovascular risks among South African children. For
a developing country (South Africa), the use of these simple anthropometric indices is cost
effective and could be carried out in remote rural areas.

Research into how representative the components are of fat distribution compared with more
complex measures of fat distribution would be of interest. However, other associations found
with the components largely confirm what has been found in other studies looking at
determination of anatomical fat distribution, suggesting PCA is a valid method for analysing
fat patterning.
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ANNEXURE A: Informed Consent Form

DEPARTMENT OF SPORT, REHABILITATION
AND DENTAL SCIENCES

SPORT AND EXERCISE TECHNOLOGY

INFORMATION LEAFLET AND INFORMED CONSENT

PROJECT TITLE: A PRINCIPAL COMPONENTS ANALYSIS OF
ANATOMICAL FAT PATTERING IN SOUTH AFRICAN CHILDREN

Primary investigator: Mr DT Goon, MTech (Sport and Exercise Technology)
Study leader: Prof AL Toriola, PhD, Department of Sport, Rehabilitation and Dental
Sciences, Tshwane University of Technology, Pretoria
Co-study leader: Dr BS Shaw, PhD, Department of Sport, Rehabilitation and Dental
Sciences, Tshwane University of Technology, Pretoria
Dear Research participant,
You are invited to participate in a research study that forms part of my formal DTech-studies.
This information leaflet will help you to decide if you would like to participate. Before you
agree to take part, you should fully understand what is involved. You should not agree to
take part unless you are completely satisfied with all aspects of the study.
WHAT IS THE STUDY ALL ABOUT?
Sixteen years after independence, South Africa is still subject to phenomenal economic and
societal transformations. This is usually described as a change from a transitional low fat,
high fibre to a high fat, low fibre, high-density diet characterised by the habitual intake of
“fast foods”. In addition, social, economic and nutritional transitions and the process of
urbanisation are accompanied by a behavioural transition to a less active more sedentary
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lifestyle. Such changes in diet and activity bring with them a number of risk factors that are
already making themselves apparent in South African children. One such area of risk
concerns children who are exposed to an abundant high fat diet. High fat diet may be
associated with overweight and obesity in inactive children. There is a paucity of information
on determinants of overweight and obesity in children in South Africa and data concerning
body fat distribution in South African children are relatively limited despite that excessive
fatness is a major independent risk factor for several diseases.
Anatomical fat patterning refers to the distribution or patterning of fat over the body. The
relative distribution of fat on the trunk and the lower extremity constitutes an aspect of
anatomical patterning. In a multi-racial society like South Africa, evaluation of the
anatomical fat patterning of children must take their racial origins into account. Since
children of different racial groups may deposit fat at varying rates and at different sites, it is
important to have appropriate information about fat patterning for each group. This may help
delineate the developmental timing of specific associations with health risk. Moreover, race
and ethnicity are an index of many factors, including environmental influences (such as
nutrition) and cultural practices that can affect the outcome of growth. In addition, research
evidence suggests that strong associations exist between body fatness, nutrition and physical
activity. Thus, a study about variation in body fatness, nutritional status and physical activity
may be useful for setting priorities and designing programmes that are appropriate for
subgroups in the population. At the same time, it underlines the responsibility of the
community and the state to act in order to promote health in different population groups in
spite of socio-economic inequalities.
Very little information is available in South Africa on the association between fat patterning,
nutrition and physical activity in black and white South African children. Therefore, it is
important to conduct a study among these two racial groups in South African primary
schools, in order to contribute to the body of knowledge on fat patterning, overweight and the
obesity epidemic. In light of the above considerations, this study will be undertaken to
examine the body fat distribution in black and white South African children in PretoriaCentral of Gauteng Province, South Africa, aged 9−13 years by utilizing a principal
component analysis. Specifically, this study is designed to evaluate age, sex and racial
differences in body fat and fat distribution in the South African children and examine the
association between body fat patterning, nutrition and physical activity in the children. A
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good understanding of fat patterning has important clinical and public health implications.
For example, it can refine and develop appropriate anthropometric reference standards for
child and adolescent obesity and direct efforts and resources in the prevention and
management of child and adolescent obesity. This is particularly relevant given the increasing
incidence of obesity globally, including developing countries, and particularly South Africa,
which is reported to have high prevalence of obesity in sub-Saharan Africa region.
WHAT WILL YOU BE REQUIRED TO DO IN THE STUDY?
If you decide to take part in the study, you will be required to do the following:


sign this informed consent form;



complete a Physical Activity History and types of food consumed, questionnaire. You
will be asked to respond to questions regarding your general physical activities in a
day. You will be asked to respond to questions concerning your types of food
consumed within 48 hours (one-day);



complete the questionnaire in a classroom to be provided by the school. It should not
take more than 20 minutes to complete it;



sit for 10 minutes in one of the classroom to be provided by the school where your
blood pressure will be measured three times;



have your body composition assessed using various skinfold measurements. Skinfold
measurements will be taken at a number of anatomical landmarks (e.g. triceps muscle,
biceps muscle, subscapular muscle, iliac crest muscle, supraspinale muscle,
abdominal muscle, front thigh muscle and medial calf muscle) using a skinfold
caliper. The technique employed to measure these skinfold sites requires that the
researcher ‘pinch’ the subcutaneous fat at the aforementioned anatomical landmarks.
Your weight and height will also be measured.



have your upper arm, arm flexed and tensed, waist and hip circumferences measured
with a tape measure;



on multiple occasions, dress in light clothes only; and



have your humerus and femur measured with a small sliding caliper.
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ARE THERE ANY CONDITIONS THAT MAY EXCLUDE YOU FROM THE
STUDY?
You will not be eligible to participate in this study if you currently suffer from any of the
following conditions: Asthma, depression, muscle injuries or cardiovascular defects. Also, if
you are older than 13 years or live outside Pretoria, you will be excluded from the study.
WHAT ARE THE RISKS INVOLVED IN THIS STUDY? or CAN ANY OF THE
STUDY PROCEDURES RESULT IN PERSONAL DISCOMFORT OR
INCONVENIENCE?
Questionnaires: The study and procedures involve no foreseeable physical discomfort or
inconvenience to you or your family. Due to the personal nature of the questions, you may
experience some emotional discomfort.
Skinfold measurements: The procedure will not be painful as it is non-invasive and will not
cause any discomfort.
WHAT ARE THE POTENTIAL BENEFITS THAT MAY COME FROM THE
STUDY?
The benefits of participating in this study are:


You will make a contribution towards broadening of academic knowledge and
understanding of body fat patterning, nutrition and physical activity in South Africa.



You will receive personal information on your physical activity and body composition.



You will be invited to attend an information session presented by an expert on nutrition
and sport scientist.



It can identify children and adolescents who are at risks of overweight and obesity.



It can direct efforts and reform in the prevention and management of child and adolescent
obesity.



The data may prove useful in epidemiological studies that correlate growth with
nutritional behaviour and physical activity.

304

WILL YOU RECEIVE ANY FINANCIAL COMPENSATION OR INCENTIVE FOR
PARTICIPATING IN THE STUDY?
Please note that you will not be paid to participate in the study.
WHAT ARE YOUR RIGHTS AS A PARTICIPANT IN THIS STUDY?
Your participation in this study is entirely voluntary. You have the right to withdraw at any
stage without any penalty or future disadvantage whatsoever.

You don’t even have to

provide the reason/s for your decision. You may also be asked to withdraw from the study if
you do not adhere to the study protocol.
HOW WILL CONFIDENTIALITY AND ANONYMITY BE ENSURED IN THE
STUDY?
Confidentiality of data will be maintained−in other words your identity will only be known to
the researcher. I will remove/mask all identifying data on transcriptions and final report
documents (e.g. thesis and journal articles). Thus, your identity will not be revealed during
or after the study, even when the study is published or used in any format.
IS THE RESEARCHER QUALIFIED TO CARRY OUT THE STUDY?
The researcher is a qualified sport physiologist who has previously completed similar
research studies. Also, he has received special training in exercise studies from the Tshwane
University of Technology in South Africa.
HAS THE STUDY RECEIVED ETHICAL APPROVAL?
Yes. The Faculty Research and Innovation Committee and the Research Ethics Committee of
the Tshwane University of Technology have approved the formal study proposal. All parts of
the study will be conducted according to internationally accepted ethical principles.
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WHO CAN YOU CONTACT FOR ADDITIONAL INFORMATION REGARDING
THE STUDY?
The primary investigator, Mr DT Goon, can be contacted during office hours at Tel (012)
382-5806, or on his cellular phone at 0769070353. The study leader, Prof AL Toriola, can be
contacted during office hours at Tel (012) 382-5806. The co-study Dr BS Shaw can also be
contacted during office hours at Tel (012) 382-4272. Should you have any questions
regarding the ethical aspects of the study, you can contact the chairperson of the TUT
Research Ethics Committee, Prof D du Toit, during office hours at Tel (012) 382-6265.
DECLARATION: CONFLICT OF INTEREST
There is no any conflict of interest that may influence the study procedures, data collection,
data analysis and publication of results.
A FINAL WORD
Your co-operation and participation in the study will be greatly appreciated. Please sign the
underneath informed consent if you agree to partake in the study. In such a case, you will
receive a copy of the signed informed consent from the researcher.

INFORMED CONSENT
I hereby confirm that I have been adequately informed by the researcher about the nature,
conduct, benefits and risks of the study. I have also received, read and understood the above
written information. I am aware that the results of the study, including personal details
regarding my age, health status, father’s/guardian’s monthly income, educational level, place
of residence and siblings will be anonymously processed into a research report. I understand
that my participation is voluntary and that I may, at any stage, without prejudice, withdraw
my consent and participation in the study. I had sufficient opportunity to ask questions and
of my own free will declare myself prepared to participate in the study.
Research participant’s name:
Research participant’s parent/guardian’s name:

(Please print)
(Please print)

Research participant’s parent/guardian’s signature:
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Date:
Researcher’s name:

(Please print)

Researcher’s signature:
Date:

VERBAL INFORMED CONSENT
(Applicable when participants cannot read or write)
I hereby declare that I have read and explained the contents of the information sheet to the
research participant. The nature and purpose of the study were explained, as well as the
possible risks and benefits of the study. The research participant has clearly indicated that
he/she will be free to withdraw from the study at any time for any reason and without
jeopardizing his/her relationship with the research team.
I hereby certify that the research participant has verbally agreed to participate in this study.
Research participant’s name:

(Please print)

Research participant’s parent/guardian’s name:

(Please print)

Researcher’s name:

(Please print)

Researcher’s signature:
Date:
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ANNEXURE B: LETTER OF APPROVAL FROM DEPARTMENT OF EDUCATION,
JOHANNESBURG OFFICE
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ANNEXURE C: LETTER OF APPROVAL FROM DEPARTMENT OF
EDUCATION, DISTRICT OFFICE PRETORIA
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ANNEXURE D: ETHICS COMMITTE RESEARCH APPROVAL LETTER
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ANNEXURE E: ANTHROPOMETRIC DATA COLLECTION FORM

ANTHROPOMETRIC AND PHYSIOLOGICAL PROFORMA

Participant No:
Test
Date:………………..

Name:…………….(Optional)
DOB:…………………………….
dd
mm

yy

School Address:
…………………………………………..
……………………………………………

Gender:

Race:

M

F

Black
White

Anthropometry
ID
1
2

Site
Body mass (kg)
Stature (cm)

Station 2:Skinfolds(cm)

3
4
5

Triceps
Subscapular
Biceps

Station 3:

6
7
8

Iliac Crest
Supraspinale
Abdominal

Station 4:

9
10

Medial calf
Front thigh

Station 5: Girths (cm)

11
12

Arm (relaxed)
Arm (flexed and
tensed)
Waist (minimum)
Gluteal (hip)
Calf

Station 1: Basic

13
14
15

Trial 1

Trial 2

Trial 3

Median
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ANNEXURE F: RESEARCH QUESTIONNAIRE

DEPARTMENT OF SPORT, REHABILITATION AND DENTAL SCIENCES
Tel (012) 382 5806
4th May 2008
Dear Pupil/Parent or Guardian
REQUEST TO COMPLETE RESEARCH QUESTIONNAIRE
I am doing research for my doctorate in Clinical Technology (Sport and Exercise) at Tshwane
University of Technology.


The title of my thesis is: “A principal components analysis of anatomical fatpatterning in South African children”.



The success of the project will be determined by your cooperation. It is important that
you respond frankly and honestly to each statement or question.



All information will be treated as strictly confidential. We undertake to ensure your
anonymity by omitting the use of names. Please do not write your name on the
questionnaire.



We will ensure confidentiality by erasing the data base as soon as the data have been
extracted.



It will take approximately 20 minutes to complete the questionnaire.



Please complete the questionnaire and hand it over to me.

I thank you in anticipation for your assistance.
Kind regards
Goon D.T

Toriola A.L (Prof)

Shaw B.S (Dr)

(012)382 5806

Study promoter

Co-study promoter

0767090353

Tshwane University of Technology

Tshwane University of
Technology

(012) 382 5806

(012) 382 4272

Please be so kind as to give your consent by signing below.
Signature:…………………………………
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Questionnaire for physical activity participation

Number

Survey: Physical Activity Previous Day Recall
This questionnaire has been developed to determine the level of participation in physical
activity by South African children.
This self-reported questionnaire will take approximately twenty minutes to complete. Your
valuable time and assistance in filling the self-report questionnaire are highly appreciated.
Thank you for your cooperation.

SECTION A
The questions below aim to determine the level of physical activity (PA) participation,
commuting to school and sedentary behaviours of the children.
Please note: ANSWER the following questions by placing an X in the box that gives your
opinion. There are no right and wrong answers.
For example:
By car

X

1. Habitual Physical Activity
Please indicate all physical activities you have participated in the previous day.
I can recall participating in the following activities within 30 minutes interval.
Activity

Not at all

Sometimes

Always

Running
Play ball
Walking
Mixed walking-running
Bicycling
Outdoor games and plays
Climbing on playground equipment
Basketball
Netball
Volleyball
Football
Swimming
Soccer
Swimming
Jump rope
Dancing
Outdoor games and play
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2. Commuting to School
How do you travel to and from school?
By car
Public transport
School bus
Walk
Walk and take a bus on a
single trip
Ride a bicycle
Other means (specify)

How much time do you take walking to or from school?
Less than 15 minutes
Between 15 and 30 minutes
Between 30 and 45 minutes
Between 45 and 60 minutes
More than 60 minutes
Don’t walk

3. Sedentary Behaviours
Please indicate how many hours per day, you spend on the following sedentary activities
listed below, using the four- point scale1 (less than 1 hour), 4 (3-4 hours) by marking the
numbers of your choice with an X on the scale.
Example of the scale
Less than 1 hour
1

1-2 hours
2

Viewing television or videos
Using computer or/playing video games
Reading books or magazines
Listening or playing music
Play board games
Washing dishes

More than 2 hours
3
1
1

3-4 hours
4
2
2

3
3

4
4
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Talking on phone
Sweeping floors or carpets
Arts
Others (specify)

SECTION B
The following food lists below are aimed to determine the kind of food consumed by
the children.
Please indicate how frequently you consume the following foods listed below, using the
six-point scale 6(always), and 1 (not applicable) by marking the number(s) of your
choice with an X on the scale.
Example of the scale
Always
6

Usually
5

Often
4

Sometimes
3

Never
2
6

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Not
applicable
1

5 4 3 2 1

Chips as snack
Milk and diary products
Meat
Fish
Eggs
Vegetables
Fast food
Fruits
Sugar
Fruit juice
Soft drinks
Ice cream
Chocolate
Hamburger
Crisps
Cake
Yoghurt
Brown bread
White bread
Cereals
Maize
Sweets
Pap/ mielie meal
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Pizza
Crackers
Potatoes
Rice
Hot dogs
Sweet rolls
Margarine on bread
Butter on bread
Peanuts
Cheese as a snack
Meatless tomatoes snack
Ground turkey
Baked chicken
Groundnut
Uses olive oil at home for cooking
Uses groundnut/sunflower oil at home for cooking
Boerewors
Others –mention (
)

SECTION C - Demographic information
The information in section E is required for the statistical analysis of the data. All
answers to the questions will be treated as confidential.
Please indicate the number related to you with an X in box.
Please indicate your gender
1. Are you?
Male
Female
Please indicate your age:
2. How old are you?
9 years
10 years
11 years
12 years
13 years
Over 13 years
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Please indicate your grade
3. In which grade are you?
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Grade 6
Grade 7
Please indicate your race
4. Are you?
Black
Indian

Thank you for filling this questionnaire.
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ANNEXURE G: LIST OF ABBREVIATIONS
%BF
*
∑SF
AAP
ATP
ACSM
ANOVA
BMI
CDC
CHD
CI
CT
CVD
DEXA
FAO
FFAs
FFM
FFMI
FFQ
FM
FMI
HDL
IOTF
ISAK
kg
KOPS
LDL

Percentage body fat
Statistically significant at ≤ 0.05
Sum of skinfolds
American Academy of Paediatrics
Adult Treatment Panel
American College of Sports Medicine
Analysis of variance
Body mass index
Centres for Disease Control and Prevention
Coronary heart disease
Confidence interval
Computerised tomography
Cardiovascular disease
Dual energy X-ray absorptiometry
Food and Agriculture Organisation
Free -fatty acids
Fat-free mass
Fat-free mass index
Food frequency questionnaire
Fat mass
Fat mass index
High Density Lipoprotein
International Obesity Task Force
International Society for Advancement of Kinanthropometry
Kilogram
Kids Obesity Study
Low Density Lipoprotein
Mean

m
mm
MRI
n
p
PA
PCA
PDPAR
PHV
ROC
SD
SHBG
SN

metres
millimetres
Magnetic resistance imagining
Number of participants
p-value
Physical activity
Principal components analysis
Previous Day Physical Activity Recall
Peak height velocity
Receiver operating curve
Standard Deviation
Sex-hormone-biding globulin
Sensitivity
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SP
SPSS
SS/SSTB

Specificity
Statistical Package for Social Sciences
Subscapular + supraspinale/subscapular + supraspinale + biceps + triceps

SSF
SSKF
SST
STR
T2D
TEM
TGs
TSKF
TV
VAT
WC
WHO
WHR
WSR

Sum of seven skinfolds
Subscapular skinfold
Subscapular/subscapular + triceps ratio
Subscapular-to-triceps ratio
Type 2 diabetes
Technical error of measurement
Triglycerides
Triceps skimfold
Television
Visceral adipose tissue
Waist circumference
World Health Organisation
Waist-to-hip ratio
Waist-to-stature ratio

320

ANNEXURE H: THESIS PUBLICATIONS
Paper published/Manuscripts Accepted for Publications in Peer-Reviewed Journals
1.

Goon, D.T., Toriola, A.L., Shaw, B.S. & Akinyemi, O. (2011). Estimating waist
circumference from BMI in South African children? Scientific Research and Essays,
6(15): 3105-3108.

2.

Goon, D.T., Toriola, A.L., Shaw, B.S. & Amusa, L.O. (2011). Centripetal fat
patterning in South African children. Pakistan Journal of Medical Sciences, 27(4):

3.

Goon, D.T., Toriola, A.L. & Shaw, B.S. (2011). Prevalence of overweight and
obesity among urban school children in Pretoria, South Africa. African Journal for
Physical, Health Education, Recreation and Dance (Accepted: in press).

4.

Goon, D.T., Toriola, A.L. & Shaw, B.S. (2011). Body ratios in urban South African
children. African Journal for Physical, Health Education and Dance (Accepted: in
press).

Manuscripts Submitted for Review
1.

Goon, D.T., Toriola, A.L. & Shaw, B.S. (2011). Receiver operating curve analysis in
detecting excess adiposity in South African children. African Health Sciences

2.

Goon, D.T., Toriola, A.L. & Shaw, B.S. (2011). Principal components analysis of
subcutaneous fatness among urban South African school children. Annals of Human
Biology

3.

Goon, D.T., Toriola, A.L. & Shaw, B.S. (2011). Screening for overweight and
obesity South African children using three growth definitions. European Journal of
Clinical Nutrition

Per Reviewed International Conference Papers
1.

Goon, D.T., Toriola, A.L. & Shaw, B.S. (2010). Estimating waist circumference from
BMI in South African children. International Society for the Advancement of
Kinanthropometry (ISAK) 2010 International Conference, Estriol, Portugal (11−13
November 2010).

2.

Goon, D.T., Toriola, A.L. & Shaw, B.S. (2011). Centripetal fat patterning in
SouthAfrican children. International Conference on Childhood Obesity. Oeiras,
Portugal (6−9th July 2011).

321

3.

Goon, D.T., Toriola, A.L. & Shaw, B.S. (2011). Prevalence of overweight and obesity
among urban South African children in Pretoria. International Conference on
Childhood Obesity, Oeiras, Portugal (6−9th July 2011).

4.

Goon, D.T., Toriola, A.L. & Shaw, B.S. (2011). Body ratios in urban South African
children. The Africa Association of Health, Physical Education, Recreation, Sport and
Dance (AFAHPHER-SD) 2011 Conference, Kampala, Uganda (13th-15th September
2011).

322

