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“When once you have tasted flight, you will forever walk the earth with your eyes turned
skyward, for there you have been and there you will always long to return”

— Leonardo da Vinci
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Abstract

While osteoporosis is a major public health concern in the developed world, little research
regarding factors influencing bone mineral accrual in children has been conducted in
developing countries. South Africa is of particular interest since the incidence of hip fractures
in South African Blacks has been reported to be amongst the lowest in the world (32; 253). In
this thesis, the association of lifestyle factors; in particular physical activity (PA), socio
economic status (SES) and dietary calcium intakes on the growing skeleton of Black and

White South African children is investigated.

After using accelerometry to validate a physical activity questionnaire (PAQ), in a
convenience sample of South African Black, White, male and female children (n=30), fitness
levels were assessed in a larger group (n=69) of similarly aged children, stratified by race and
gender. Fittest subjects had significantly greater physical activity scores (p=0.022) as reported
on the PAQ, lower body mass index’s (BMI) (p=0.001) and least percentage body fat
(p=0.001) (as assessed using Dual Energy X-ray Absorptiometry (DXA), than least fit
subjects. White males who reported to be significantly more active than all other groups on

the PAQ were significantly fitter (p<0.001) than White females and Black males and females.

The next study sought to determine whether differences observed in physical activity levels
between groups showed an association with bone mineral content (BMC), density (BMD) and
area (BA) (as assessed using DXA). PA was analyzed in terms of a metabolic (METPA;
weighted metabolic score of intensity, frequency, and duration) and a mechanical (MECHPA;
sum of all ground reaction forces multiplied by duration) component for 386 children aged 9.5
(0.04) years recruited from a longitudinal birth cohort study. White children expended a
significantly greater energy score (METPA of 21.7 (2.9)) than Black children (METPA of 9.5

(0.5), p< 0.001). When children were divided into quartiles according to the amount and
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intensity of sport played, the most active White children had significantly higher (p<0.05)
whole body BMD and higher hip and spine BMC and BMD after adjustment for body size
than less active children. White children in the highest MECHPA quartile also showed
significantly higher (p<0.05) whole body, hip, and spine BMC and BMD after adjustment for
body size than those children in the lowest quartile. No association between PA and bone
mass of Black children was found. No significant differences between METPA and

MECHPA quartiles and BA were observed for any group.

Given the disparate backgrounds from which many South African children come, the next
study sought to determine whether differences in socio-economic status between Black and
White South African children influence PA patterns. This study explored the relationship
between socio-economic status, PA anthropometric and body composition (via DXA)
variables in 381 children aged (9.5 (0.04) years) recruited from a longitudinal birth cohort
study . Children falling into the highest socio-economic status quartile had mothers with the
highest educational levels, generally came from dual parent homes, were most physically
active, watched less television, weighed more and had greater lean tissue than children in
lower socio-economic quartiles (p<0.001). Significantly greater levels of lean mass (p<0.001)
with increased activity level were observed after controlling for television watching time and
fat mass. There were high levels of low physical activity and high television watching time
among lower socio-economic status groups. White children were found to be more active than
Black children, more likely to be offered physical education and to participate in physical

education classes at school and watched less television than Black children.

The final study sought to investigate the association between habitual PA patterns and dietary
calcium intakes with bone mass acquisition over a one year period in 321 pre-pubertal South
African children recruited from a longitudinal birth cohort study. Data were analyzed by

regressing change in BMC and BA from age nine to ten years, against BA (for BMC), height

XV



and body weight. The residuals were saved and called residualized BMCGAIN and BAGAIN.
Residualized values provide a good indication of weight, height and BA-matched
accumulation rates. White children had significantly higher PA levels and calcium intakes
than Black children. Most active White males had significantly higher residualized
BMCGAIN and BAGAIN at the whole body, hip and spine but not at the radius, than those
who were less active. Most active White females had significantly higher residualized
BAGAIN at all sites except the radius than less-active girls. No such effects were seen in
Black children. There was no interactive effect on residualized BMCGAIN or BAGAIN for
calcium intake and PA in boys or Black girls, but an interactive and possible synergistic effect
of calcium and physical activity was observed at the spine, radius and hip in White girls. In
this population, PA has an osteogenic association with White children, but not Black children,
which may be explained by the lower levels of PA in the Black children. Despite this, Black
children had significantly greater bone mass at the hip and spine (girls only) (p< 0.001) even

after adjustment for body size.

In conclusion, differences between White and Black children’s PA levels were observed, with
White children reporting higher PA levels and exhibiting higher fitness levels than Black
children. Physical fitness correlated well with self reported physical activity levels on the
PAQ and objectively measured body composition. Socio-economic status differences between
White and Black children are highly related to differences in physical activity patterns and
body composition profiles. Bone mass and area gain is accentuated in pre- and early-pubertal
children with highest levels of habitual physical activity. Limited evidence of an effect of
dietary calcium intakes on bone mass in boys and Black girls was found. The role of exercise
in increasing bone mass may become increasingly critical as a protective mechanism against
osteoporosis in both South African race groups, especially because the genetic benefit
exhibited by Black children to higher bone mass may be weakened with time, as

environmental influences become stronger.
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Operational Definition of Terms

g: Grams

cm: Centimetre

BMC: Bone mineral content (g)

BA: Bone area (cm?)

BMD: Bone mineral density. Bone density refers to areal bone density (g/cm?) throughout the
thesis

DXA: Dual energy X-ray absorptiometry

PQCT: peripheral Quantitative Computed Tomography

PBM: Peak bone mass

Physical Activity (PA): Any bodily movement resulting in energy expenditure above the
basal level. PA can bee seen as an umbrella term for human behaviour with multiple
dimensions and sub categories such as exercise, sport, leisure activities, dance and
transportation (30; 38; 266).

Physical Fitness: A set of attributes that individuals possess or achieve that relates to their
ability to perform physical activities (52).

PAQ: Physical activity questionnaire

Race': The term race attempts to distinguish one population or group of people from another.
The most widely used human racial categories are based on visible traits (especially skin
color, facial features and hair texture), genes, and self-identification (19). Throughout the

thesis, ‘Black’ and ‘White’ are capitalised as has been suggested by Bhopal (2004) (26).

" The word ‘race” is used throughout the thesis and “...does not refer to any biological attributes but rather to the
compulsory classification of people into the Population Registration Act” (21). Although the act has been
repealed, these categories are still powerful and commonly used by the South African government and statistical
services.
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Ethnicity: An ethnic group is referred to a population of humans whose members identify
with each other, usually on the basis of a presumed common genealogy or ancestry. Ethnic
groups are also usually united by certain common cultural, behavioural, linguistic and
ritualistic or religious traits (26; 270).

Socio-economic Status (SES): SES is typically a composite of measures such as occupation,
education, income, type of residence, and access to certain amenities in the home (e.g.,
telephone, TV, motor car). For the purpose of this thesis, children’s SES is regarded as that of

their parents/caregivers.
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Chapter 1

Introduction



Chapter 1: The Problem

This chapter presents an introductory overview and foundation to the thesis, a brief literature

review is provided, as well as the justification and study aims.

1.1 Introduction

Osteoporosis is a disease characterised by a low bone density and deterioration of the
structural quality of bone, leading to weakness and fragility, which results in an increased risk
of fracture (137). Common sites for fracture are the thoracic and lumbar spine, femoral neck,
distal radius, pelvis and humerus. Our understanding of the factors responsible for bone
fractures in older adults is restricted by our limited knowledge regarding bone mineral
acquisition during childhood and adolescence. A thorough understanding of the endogenous
and exogenous factors associated with bone gain has implications for preventative health
measures, since maximizing peak bone mass (PBM) protects against a later osteoporosis risk

(48).

The morbidity and mortality, and their associated costs accompanying minimal trauma
fractures have made osteoporosis a major public health problem in the developed world.
Prevention and risk identification of this disease remain the most desirable way of managing
it. It is suggested that maximizing the attainment of PBM during skeletal maturation is the
best protection against a later risk of developing osteoporosis and a subsequent higher risk of
fractures (131). Preventative strategies against osteoporosis must therefore capitalise on both

the maximization of PBM, as well as the retardation of later loss of bone (139).



If age-adjusted incidence rates for hip fracture remain stable, the estimated number of hip
fractures worldwide per year will rise from 1.7 million in 1990 to 6.3 million in 2050 (250).
The extrapolated prevalence of osteoporosis and related conditions in South Africa in 2005
according to the US Census Bureau was 2,941,442 (£7% of the population) (296). The
situation however is quite unique, in that South African Blacks have among the lowest hip
fracture rate in the world. The age-adjusted hip fracture incidence is 50% lower in African
American women than in Caucasian women (32) and what limited information there is,
suggests that South African Blacks also have markedly lower hip fracture rates than South
African White adults (253; 274). Very few of the factors influencing osteoporosis have been
well studied between race groups. As lifestyle and dietary patterns change with urbanisation
and there is a shift towards westernised diets and sedentary behaviour, fractures in elderly
South African Blacks may become more prevalent. With these rapid lifestyle changes, it will
become increasingly important to prioritise osteoporosis and its related conditions as a major

public health concern in South Africa.

1.2 The Assessment of Bone Strength and Risk of Fracture

Fractures, occurring as a result of osteoporosis are events which can be measured. However,
bone strength and the risk of fracture are not as easily established. The strength of bone is
influenced by bone geometry, trabecular architecture, micro fractures and bone density. Of
these characteristics, areal bone density (BMD) is the most easily measured and accounts for
60 to 80% of the variance in the ultimate strength of bone (65; 104; 239). BMD is therefore

used as a surrogate measure of fracture risk and rate of bone loss in adults.

Several techniques, including Dual X-ray Absorptiometry (DXA) (43), quantitative computed
tomography (QCT), peripheral quantitative computed tomography (pQCT) (108), micro

quantitative computerised tomography (nQCT), ultrasound (188) and magnetic resonance
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imaging (MRI) (322) have been used to assess bone geometry in humans and animals. The
DXA technique has been widely used and is an acceptable method for assessing bone mass in
children both for clinical and research purposes. This is chiefly due to DXA’s high speed,
precision, availability and low radiation exposure (94). DXA measurements are limited
however because they do not measure volumetric bone density. By convention bone density
measures are reported as bone mineral content (g) (BMC), area (cm) (BA) or areal BMD
(g/lcm?®). Areal bone density is however are highly influenced by body size and as a result
DXA may overestimate bone mass in larger children and underestimate it in smaller children
(14; 195). These are important considerations for bone mass research, particularly in children
of different sizes. The World Health Organisation panel has used bone density to categorise
osteoporosis in White postmenopausal women. Normal bone density as measured by DXA is
defined as 1 standard deviation (SD) of the young adult reference mean (age 20 to 45 years);
low bone density (osteopenia) is defined as -1 to -2.5 SDs below the young adult reference
mean; and osteoporosis below -2.5 SD. Severe or established osteoporosis is defined as bone
density below -2.5 SD in the presence of a fracture (323). It is estimated that a decrease in

bone density of -1 SD is associated with a 1.5 to 2.5 fold increased risk of fracture.

Recent technological advances have seen the introduction and use of QCT allowing for the
discrimination between trabecular and cortical components of bone and giving precise cross
sectional information on the geometry of the bone (108). The use of QCT has helped
circumvent the measurement artefacts of DXA by measuring volumetric BMD. On the other
hand QCT exposes children to a higher dosage of radiation than DXA and published
paediatric normative values for QCT are still limited at this stage (195). The use of pQCT is
children is a promising prospect in future studies as the smaller gantry sizes of the device

offer decreased radiation exposures with effective does similar to that of DXA.



1.3 The Importance of Peak Bone Mass

According to general engineering principles, the strength of a structure varies according to the
square of its structural density (113). Bones of lower density will therefore break more easily.
Peak Bone Mass (PBM) achieved by the third decade of life has been established as an
important determinant of the lifetime risk of osteoporosis (13). The peak level of bone
attained during skeletal growth and the subsequent rate of bone loss determines the bone mass

of any person at any stage in adult life (57). Fehily et al. (1992) states:

“the greater the PBM, the longer the period of bone loss that is required before the

fracture threshold is reached” ((75), pg579).

Our lack of understanding regarding bone mineral acquisition during childhood and
adolescence limits our knowledge with regards to bone mineral loss and skeletal fragility in
older adults (16). Recognition of the importance of attaining PBM has led to a proliferation of
paediatric bone studies. Studies have suggested that a low PBM may be a more important

contributor to osteoporosis than rapid loss of bone during ageing (117).

A human foetus at full term contains 21g (range 13-33g) of calcium, which rises to
approximately 1000g in the typical adult (95). Calcium accumulation is particularly intense
during puberty (95), while approximately 500g (in women) is lost during ageing. Therefore
the amount of calcium gained during growth is greater and more rapid than the amount lost
during ageing. These findings suggest that PBM may be a more important contributor than
bone loss, to the risk of osteoporosis later in life. Nevertheless several aspects of bone mineral

acquisition during childhood and adolescence remain controversial (14).



The timing of the precise realization of PBM is disputed (10), although the childhood and
adolescent periods have been identified as the most critical for skeletal mineralization (57).
PBM is largely achieved at the end of the second decade of life (108), a few years after the
fusion of the long bone epiphyses (195). There are number of factors influencing the
attainment of PBM. Factors influencing peak bone mass accrual may be divided into those

that may be modified, and those that may not.

1.4 Environmental Influences on Bone Mass

Among the many risk factors for osteoporosis, lack of physical activity may play an important
role. Evidence that physical activity may be an effective strategy for the prevention of
osteoporosis has been inferred from cross-sectional investigations of retired athletes, showing
increased bone mass in those with a history of childhood weight bearing physical activity (18;
23; 173). Disuse and weightlessness of a limb are well known causes of considerable loss of
bone mineral. Results from both rodents and humans after returning from space flight show
that bone is lost at different rates from different sites of the skeleton (303). Conversely, bone
mineral density in physically active people has been shown to be significantly higher than in
age-matched non-active controls (271). Physical activity (PA) is increasingly being suggested
as an adjunct therapy in the prevention and treatment of osteoporosis, particularly as it relates
to postural stability and the subsequent prevention of falls (141). Bone consolidation may also

be augmented by greater habitual physical activity.

A number of studies have shown mechanical loading to be the strongest modifiable factor to
influence BMD (117; 139; 156). Weight bearing physical activity is an adjustable determinant
of PBM accrual and is therefore targeted as an important area of research (130). The

assessment and promotion of childhood physical activity is consequently advocated as one of



the most effective strategies for enhancing peak bone mass during childhood, thereby

developing a stronger skeletal foundation in order to counterbalance age-related bone loss.

Physical activity is also essential in order to combat the growing obesity epidemic. Early
lifestyle habits of physical activity should be established so that they can be sustained into
adolescence and adulthood. There have been few studies that address habitual loading
activities in healthy children and adolescents. Most studies relating to childhood physical
activity and bone mass have been undertaken in elite sporting populations rather than the
normal paediatric population and the results of these studies are therefore not applicable to
normally active children (130). Cross-sectional studies generally report a positive association
with mechanical loading and higher bone mineral densities, yet the long term effects of
physical activity on bone mineral accretion in healthy paediatric populations are not fully

understood (130).

Habitual physical activity behaviours and patterns are influenced by a number of external
factors. These factors in turn have an impact on bone mass acquisition whether it is directly or
through the effect they exert on physical activity patterns. Although we may commonly
assume that physical activity is a normal part of childhood, a number of studies in developing
countries have shown that children and adolescents are often very inactive (114; 287). In
recent years, Western developed countries have positioned the promotion of physical activity
in childhood and adolescence high on their agenda (294; 318) . Developing countries however
have not paid as much attention to this problem. In South Africa in particular, very little

research has focused on physical activity patterns.

Socio-economic status (SES) has been identified as an important factor influencing physical

activity participation (55). The current social and economic situation of South African



children and how this relates to children’s physical activity patterns have not been examined.
It is well known that children that come from low income families often have limited access
to resources supporting physical activity (248). It has been found that habitual PA in
childhood is related to maternal education levels (149). Studies have shown that the family
has an important role to play with regards to a child’s quantity of exercise through creating
access to facilities and encouragement of team and sport class participation (193). Many
physical educators and scientists believe children of active parents tended to more active
themselves (84; 189). The influence of demographic factors such as gender, race and SES
provide us with information on variations in physical activity levels and allow for the design

and implementation of appropriate programs for different sub groups (248).

For many years the consumption of calcium in the diet has been linked to better bone health.
Yet, there is little empirical evidence to show that this is the case. Recommended dietary
intakes of calcium in developed countries such as the United Kingdom, Australia and the
United States range between 350-800mg per day for children (228). In South Africa, the
recommended daily intake of calcium for children is 500 mg per day. In a national food
consumption survey conducted in 1999, less that 50% of South African children met this
requirement (150). The justification to implement such recommended intakes in developed
countries was to encourage a match between calcium intake and ‘requirements’ in order to
curb the high rate of osteoporosis in later life (153). This might not be appropriate in South
Africa, where Black South Africans have among the lowest fracture rates in the world (253;

274) .

1.5 Statement of Purpose

Definitive answers to questions relating to bone mineral accrual, mechanical loading and

other physical activity patterns in normal South African children are required. No study
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comparing habitual physical activity levels and their impact on bone mass has been
undertaken on normal Black children compared to a geographically and age matched sample

of White children living in South Africa.

Broadly, the purposes of the studies conducted for this thesis are:

e To develop a valid and reliable physical activity questionnaire (PAQ) for assessment

of physical activity patterns in large numbers of South African children

e To determine whether there are racial differences in physical activity patterns and

fitness levels in South African children

e To specifically explore the relationship between habitual physical activities, socio-
economic status, dietary calcium intakes and bone mass status in pre and early

pubertal South African Black and White children.

The information and knowledge gathered from these observational studies will provide new
information on South African children living in an emerging economy regarding their
physical activity patterns, SES and bone mass status. The majority of the data gathered for
this thesis is based on observations made on a group of children involved in a longitudinal
study. The findings from these data will contribute to the scientific literature and enable
realistic conclusions regarding children living in post apartheid South Africa to be drawn up.
Applicable and tailor made interventions and child health policy decisions affecting physical

activity and bone health can be based on these conclusions.
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Chapter 2: Literature Review |

This chapter explores the anatomy and physiology of bone, discusses measurement techniques
used to determine bone mass, the concept of peak bone mass, as well as non-modifiable
influences on bone mass acquisition during childhood. The review concludes with an
introduction to the modifiable factors which may influence bone mass acquisition during

childhood and these are expanded upon in Chapter three.

2.1 Introduction

Physical activity has been reported as the most pronounced lifestyle determinant of peak bone
mass in children and adolescents (57). Over the course of the following two chapters (chapters
two and three), this review aims to explore, in some depth the nature of the relationships
between physical activities, lifestyle factors such as nutrition (specifically dietary calcium
intake), socio-economic status, and bone mass acquisition in South African children. Pertinent
research linking these associations will be examined and discussed. Methods used in past
studies are described, and findings of these studies are highlighted. A critical review of the
contemporary literature regarding physical activity, lifestyle factors and bone mass acquisition

follows in chapter three.

The literature review for this thesis is divided into two chapters. This chapter (Chapter Two)
will focus mainly on bone mass acquisition and the non-modifiable factors which play a role
in skeletal development. The chapter will conclude with a brief overview of the modifiable
influences on bone mass acquisition. Chapter three consists of an in depth focus and review
on physical activity in children. Factors influencing physical activity patterns in children will
also be examined. In particular, Chapter Three examines the role of physical activity and

exercise with regards to bone mass in children.
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2.2 Overview of the Anatomy and Physiology of Bone

2.2.1 Bone Histology

Anatomically, the skeleton can be divided into two parts: 1) axial skeleton (vertebra, pelvis,
skull, scapula-predominantly flat bones) and ii) appendicular skeleton (long bones of the arms
and legs). Each long bone consists of two wider extremities called epiphyses, a cylindrical
shaft (diaphysis) and a zone in between them (the metaphysis), both of which undergo
modeling of the bone during growth and development. In a long bone that is growing, the
epiphysis and metaphysis are separated by a layer of cartilage (epiphyseal cartilage or the
growth plate). This layer of proliferative cartilage cells and expanding matrix is responsible

for the longitudinal growth of bones.

Five types of bone cells regulate bone metabolism by responding to various environmental,
chemical, mechanical, electric and magnetic stimuli. These include osteoprogenitor cells;
osteoblasts; osteocytes; osteoclasts and bone lining cells. The differentiation of mesenchymal
cells into osteoprogenitor cells and the eventual calcification of cartilage and bone matrix
result in bone development (295). Osteoprogenitor cells occur in the endosteum, the inner
surface of the periosteum and within the bone’s medullary cavity and remain capable of
mitosis. Osteoprogenitor cells are therefore stem cells that can divide and differentiate to

produce osteoblasts.

Osteoblasts are bone-lining cells responsible for the production of bone matrix (collagen and
ground substance). They are found in clusters of about 100-400 cells per bone forming site.

The structure of the osteoblast (round distal nucleus and prominent golgi complex) allows the
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cell to synthesize various proteins. Osteoblasts produce a layer of bone matrix called osteoid.
Calcification of the osteoid layer begins about 10 days after its production. The plasma
membrane of the osteoblast is rich in alkaline phosphatase (serum concentrations can be used
a marker of bone formation), and has receptors for parathyroid hormone (PTH), among other
hormones. PTH has a mediatory effect on amino acid transport, stimulates cyclic adenosine
monophosphate (cAMP), and regulates collagen synthesis and binds to specific receptors
(158). Osteoblast function is controlled by endo-, para- and autocrine factors. Osteoblasts also
express steroid receptors for oestrogens and 1,25-dihydroxyvitamin D in their nuclei.
Towards the end of an osteoblast’s secreting period it becomes either a flat lining cell or an

osteocyte.

Osteocytes are mature bone cells implanted in osteocytic lacunae. Osteocytes have long
interconnecting processes, which permit them to form a complex network throughout the bone
matrix (20). This organization enables the osteocytes to provide a means of communication
required in the process of mechanotransduction. The role of osteocytes is thought to be
responsibility for the detection of stresses in bone and control of the movement of ions in and
out of the matrix. Osteocytes are phagocytized and digested with other components of bone
during osteoclastic resorption. More than 90% of the bone cells in the mature human skeleton

are osteocytes.

Osteoclasts are the cells responsible for bone resorption. They are giant, multinucleated (2-4
nuclei) cells, usually found in contact with a calcified bone surface and within a lacuna. On
microscopy, a ruffled border and a ring of contractile proteins characterize osteoclasts. The
integrin ring attaches the osteoclast to the bone surface and creates a sub-osteoclastic bone

resorbing compartment. Synthesis and release of lysosomal enzymes and H' ions into the
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bone-resorbing compartment occur. An acid environment is created, which dissolves the

mineral and the secreted enzymes break down the demineralised collagen matrix.

2.2.2 Cortical and Cancellous Bone

Bone tissue may be divided into woven and lamellar bone. Woven bone (immature bone)
consists of randomly arranged collagen in contrast to the uniform structure of lamellar bone.
At birth, woven bone makes up all of the bone in the body, but is only found at sites of
fracture healing in later years, or in response to mechanical loading, or under such states as
Pagets disease. By the age of four years most of the woven bone has been replaced by
lamellar bone consisting of collagen fibres arranged in the direction of lines of force enabling
cortical bone to have anisotropic properties. Both woven and lamellar bone can be organized

into compartments as either cortical (compact) or cancellous (trabecular) bone.

Calcified tissue comprises the external part of bone (cortex/compact bone). The cortex
becomes progressively thinner towards the metaphysis and epiphysis where the internal
spaces are filled with a network of thin calcified trabeculae (cancellous /spongy/ trabecullar
bone). Maze like arrangements of horizontal and vertical interconnected plates ensure
mechanical strength. Bone loss occurs more rapidly in this type of bone thereby increasing its
vulnerability to fractures. Haematopoietic bone marrow fills the spaces enclosed by the
trabeculae and is in continuity with the medullary cavity of the diaphysis. Articular cartilage,

which does not calcify, covers the bone surfaces of the epiphyses (20; 137).

An important difference between cortical and trabecular bone is the way the bone matrix and
cellular elements are arranged, resulting in different function. Approximately 80-90% of

cortical bone volume is made up of mineralised bone. This is in comparison to only 15-25%

14



of trabecular bone volume. Trabecular arrangement allows bone marrow, blood vessels and
connective tissue to be in contact with the endosteum, which has an active metabolic role. The
main functions of cortical bone are for structure and protection. The two surfaces of cortical
bone (endosteum and periosteum) are lined with osteogenic cells organized in layers.
Endosteal cells are metabolically active and are involved in bone formation and resorption.
The cambium layer of the periosteum contributes to appositional bone growth during bone

development.

2.2.3 Bone Modeling and Remodeling

Bone modeling is an organized event that allows for bone growth and adjusts bone strength
primarily through the action of periosteal osteoblasts depositing new bone on an extended
surface area, without being interruption by osteoclasts (222). In general, modeling adds mass
to the bone and refers to changes in the shape of the bone, while remodeling refers to an
organized bone cell activity involving the basic multicellular unit (BMU). Remodeling
replaces damaged or old tissue with an equal amount of new bone (80).In the first years of
life, the removal and replacement of bone occurs at a rapid rate. Later on, in childhood, the
rate of bone turnover slows down to 10% of the amount in the first year, and either stays at
the same rate or decreases throughout life (250). Bone formation during childhood and
adolescence mostly results from bone modeling, although bone remodeling continues in the
background. Once bone growth ceases in early adulthood, an equal amount of bone is
resorbed and replaced, so bone mass neither increases nor decreases, and bone shape remains
much the same. During old age, the rate of remodeling increases and results in bone loss as

osteoclasts remove more bone than osteoblasts replace.
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2.2.3.1 Bone modeling transient

During bone remodeling, some BMU’s are in the resorption phase, while others are in the
formation phase. The bone remodeling transient is a temporary change in the balance between
bone formation and bone resorption, brought about by any factor that affects bone remodeling
(111). The remodeling space is the space where temporary loss of bone is occurring (+2% of
the skeleton in adults). This bone is either temporarily absent or undermineralised and is not
able to be measured using DXA. Therefore the greater the number of remodeling sites, the
greater the underestimation of strength and bone mass by DXA. The importance of this
phenomenon is often missed in intervention studies (80). Calcium for example inhibits bone
resorption, thus during a calcium intervention study, there would be fewer remodeling spaces
in the skeleton of subjects on higher calcium intakes. Thus as long as the new calcium intake
is maintained, there would be an increased BMC. When the calcium intervention is stopped
however, the bone resorption rate would increase again and result in a transient decrease in
the amount of measured mineral (80). In order to determine the consistent effect of an
intervention, factoring in the component of the change due to the transient out of the total
bone response is required. Altering calcium intakes will always induce a remodeling transient,
since calcium intake influences PTH secretion and PTH is the primary regulator of bone
remodeling activity (111). These factors need to be taken into account in intervention studies
and in studies which involve agents that reduce bone resorption (e.g. calcium,

bisphosphonates or hormone replacement therapy (in postmenopausal women)) (110).

2.3 Measurement of Bone Mass

The pattern of skeletal growth during childhood and adolescence has been extensively studied
using various techniques. The most debated issue in paediatric bone research centres on

finding the most accurate technique for determining bone mineral status. The DXA technique
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(introduced in the late 1980°s) has been widely used and accepted as a preferred method for
assessing bone mass in children both for clinical and research purposes. DXA instrumentation
is currently more widely available in South Africa than other instrumentation used for

measuring bone mass, and was used for all bone mass measurements conducted for this thesis.

The speed, precision, availability, low radiation exposure and ability of DXA to provide data
regarding soft tissue composition as well as bone mineral has made it a popular method to
assess bone mass (94). The accuracy of DXA measurements has been shown by studies which
have examined the correlation between the DXA specified BMC value and ashed content of
cadaver specimens (118; 159; 175). DXA also permits assessment of the whole body bone
mass and bone mass at other important sites such as the lumbar spine, femoral neck and
radius. DXA does not provide a separate measure of cortical and trabecular BMC, but rather a
combination of both. By convention bone mass is reported as BMC (g) or areal BMD (g/cm?).
Expressing BMC per unit area provides a partial correction for bone size. BMD however is
highly influenced by size and as a result DXA may overestimate bone density in larger
children and underestimate it in smaller children (14; 195). Adjustment for body size is
therefore important. DXA is unable to measure the depth of the bone and therefore a bone
with a greater depth will be reported as being denser. The bone does not actually have a
greater amount of bone within the periosteum; it is simply a larger bone (262). Figure 2.1
provides an example of the problem. If two bones, made of the same material but of differing
sizes, are measured by DXA, the larger one will be measured to have a greater BMD than the
smaller one, even though they have the same material volumetric density (137).

Longitudinal studies in adults making use of DXA measurements of BMD are useful since
serial measurements in the same individual will reflect changes in bone mass, since size and
shape of the bone are unlikely to change significantly over time in adults. However, the size
and shape of bone varies considerably in children and adolescents, making it difficult to

attribute changes in BMD to an increase in size, mass or density. Volumetric bone density is
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useful for comparing children of different sizes because it adjusts BMC for overall bone

volume.
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Figure 2.1 Schematic illustration showing the effect of bone size on BMD. Areal BMD measured by DXA is
size dependant. The BMD of the larger bone cube (as measured by DXA) is double the value in the smaller
bone, despite having the same vBMD. Source: Adapted from Khan et al. (2001), (137).

Recent technological advances have seen the introduction and use of QCT, which allows for
discrimination between trabecular and cortical components of bone and gives precise cross
sectional information on the geometry of the bone (108). QCT has not been widely used on
the femoral neck site due to its complex geometry (137). The peripheral QCT (pQCT) scanner
is a smaller more portable version of a QCT machine, and it is built specifically to measure
density of the peripheral skeleton. Volumetric bone density can be used as an indicator of the
bone’s structural stiffness/strength. Avoiding the measurement artefacts of DXA by
measuring volumetric density (g/cm’) directly is made possible with the use of the pQCT. On
the other hand pQCT exposes children to a higher dosage of radiation than DXA (94), which
is an important consideration in longitudinal studies or any study where repeat measurements
need to be made on a child for serial comparison. Additionally published paediatric normative

values for pQCT are still limited at this stage (195).
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2.4 Peak Bone Mass

As highlighted in Chapter One, maximizing the attainment of PBM at the end of the growing
years provides the best protection against a later risk of osteoporosis and a subsequent higher
risk of fractures (14). Many studies have concluded that bone density reaches its peak by the
age of 20 years (133; 145; 243; 269; 283), but there are others who have suggested that PBM
is only attained between the age of 30 to 40 (225; 282). Nevertheless, the childhood and
adolescent periods have been identified as the most critical for skeletal mineralization (57).
Variations in the findings of these studies may be as a result of differences in study design,

small sample sizes and different adjustments for maturational land marks.

Apart from the mass of the skull (which increases throughout life) (113), bone mass increases
throughout childhood, reaching peak levels by late adolescence or early adulthood (figure
2.2). Once PBM is reached, osteoclastic bone resorption equals that of osteoblastic new bone
formation (65). A longitudinal study conducted by Thientz et al. (1992) was one of the first to
observe that DXA measurements taken over the period of growth indicate an increase in bone
mass throughout childhood and a noticeable acceleration in accumulation at puberty (283).
Figure 2.2 shows a graphical representation of bone mass changes with age. The increase in
BMD that occurs following the onset of puberty has been confirmed by QCT (98; 195) and is
mainly due to an enlargement in bone size but also due to a small contribution by volumetric
density (195). Areal bone mineral density increases during the pre and early pubertal years
due to the increase in size of long bones. Cortical volumetric bone density however, remains
the same throughout life and is similar in males and females (137). Thus it is imperative that
bone mass measurements are adjusted for bone size during growth, otherwise the impression

that bone density is increasing will be obtained (97).
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Figure 2.2 Schematic representation of the changes of bone mass with age as measured by DXA

The dotted line shows the theoretical consequence of a reduction in peak bone mass. The magnitude of the
difference between the two curves is not intended to be to scale. Adapted from Heaney et al. 2000 (113) and
Davies et al. 2005 (65)

There are number of factors influencing the attainment of PBM. These factors may act during
intrauterine life, childhood or adolescence (58; 305). Factors influencing bone mass may be

divided into those that may be modified, and those that may not.

2.5 Non Modifiable Influences on Bone Mass Acquisition during Childhood

Factors such as genetic make up, gender, race, hormonal status, parental smoking history,
parity, chronic diseases, intrauterine life experiences, birth weight and length, and
breastfeeding history are considered to be non-modifiable factors which may influence bone
mass acquisition. This section of the review will focus on genetic determinants of bone mass

acquisition as well as the influences of age, gender, race and hormones.

2.5.1 Genetic Determinants of Bone Mass

Familial and twin studies have shown that genetic predisposition accounts for up to 80% of
PBM, and the remaining 20% is modulated by environmental factors and sex hormone levels

during puberty (104; 137). BMD has been found to be reduced in daughters of osteoporotic
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women (263). A paradox in the literature regarding the genetic determinants of bone mass is
evident in studies which have attributed more than 100% of the variance in BMD to the sum
of genetic and environmental factors. Some have estimated that physical activity and calcium
intakes account for 40% of the variation in BMD (214; 316) while others have stated that
heritability accounts for 80% of the variation in BMD (65; 104). Khan et al. provide examples
and explain this apparent contradiction by giving three situations: 1) a gene-environment
interaction (e.g. if genes determined a persons lifestyle choices); 2) an environment-
environment interaction (e.g. people doing more physical activity also had higher calcium
intakes); or 3) a common set of controlling genes for BMD and factors such as lean muscle
(which could also be considered as a lifestyle category) (137). A large number of candidate
genes have been implicated to be responsible for determining bone mass (for example:
Vitamin D receptor (VDR) gene; oestrogen receptor (ER) gene; apolipoprotien E4 gene;
interleukin genes; the parathyroid hormone receptor gene; collagen genes). Polymorphisms of
many of these genes have been suggested to influence bone mass, but the size of the effects of

most of these polymorphisms on bone density in childhood have not been evaluated.

2.5.2 Age, Gender and Racial influences on Bone Mass

Data from the University of Saskatchewan Paediatric Bone Mineral Accrual study (16; 17; 82;
83) provide comprehensive data from a seven year period of velocity curves for bone mineral
accrual rates in male and female children living in a developed or first world country. Data
from this study showed that after controlling for size differences males accrued more bone at
PBM and during the two years around this period than females. Another finding from these
data showed that there is a lag period between the time of maximum growth in height (peak
height velocity) and PBM accrual, with PBM being attained approximately six to twelve

months after the timing of peak height velocity for both genders (Figure 2.3) (18). This lag
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period has been shown to partly explain the increased fracture incidence noted around this
time in adolescents (268). It should be noted that data from this study were largely based on
Caucasian children; data such as these are limited for other race and ethnic groups. Peak
height velocity occurs at approximately 12 years of age in girls (317). By the time girls reach
menarche at approximately 12.7 years of age, their skeleton is within 97% of its final height;
and adult height is usually attained within 2-3 years after this period (22). In boys, peak height
velocity occurs approximately two years later, resulting in an additional gain of 10cm in
height during the childhood period of growth. The sexual dimorphism of skeletal growth

results in a mean 13cm difference in adult height between men and women (95).
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Figure 2.3 The disassociation between whole body BMC and peak height velocity in the University of
Saskatchewan Bone Mineral Accrual Study. Reproduced from Bailey et al. 1999 (18).

Peak BMC is approximately 10% higher in males. It is not clear at what age these gender
related differences become evident. In 2000, Armstrong et al., reported that young men tend
to accrete bone until the age of 22 years, several years after cessation of linear growth,
thereby providing an opportunity to maximize accretion of bone during the late teen and early

adult period (10). Reports in the literature have been inconsistent. Gilsanz et al. (1997) using
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QCT measurements and Theintz et al. (1992) using DXA measurements have reported that
there are no gender differences in lumbar spine BMD during the pre-pubertal years (97; 283)
while others (using DXA) have found a higher BMD in girls (128; 145). A large longitudinal
study conducted by Nelson et al. (1997) indicated that while there were no significant gender
differences in whole body measurements at ages nine and 10, results for the lumbar spine
region were greater in females than males (194). The inconsistencies are also found for other
sites measured such as for the femoral neck BMC, where some pre-pubertal studies have
shown males to have a higher femoral neck BMC than females (74; 146) and others have not
(328). Maynard et al. (1998) report that up until the age of 13 years whole body BMC
increases are similar in girls and boys, after which boys show sharp increases in BMC, with
girls only increasing slightly. Maynard et al. (1998) also state that whole body BMD values
do not differ significantly between boys and girls before the age of 15 (174), however these
data were not corrected for size or maturity differences. Nguyen et al. (2001) showed that
there were no sex differences in BMC or BMD pre-pubertally, although females had

significantly higher BMD of the pelvis and BMC and BMD of the spine during puberty (197).

Most studies mentioned above have compared gender groups by chronological age and failed
to control for confounding factors such as maturity and body size differences. It is therefore
likely that some of the differences observed could be attributed to differences in maturation
rates, which are known to be different for males and females. The results presented may
therefore simply be a reflection of differences in rates of growth. Differences with respect to
body size adjustment techniques are also evident in the literature. While some authors present
BMC data, others report BMD data. As mentioned earlier, BMD is a two-dimensional
measurement of the amount of bone, in a three-dimensional structure. Thus, adjusting BMC
for body and bone size differences can provide insight into the effect bone size has on BMC

accrual during growth. Some studies have taken these growth differences into account.
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Subjects’ data from the University of Saskatchewan Paediatric Bone Mineral Accrual Study
(16-18) were aligned with the same maturational land mark - peak height velocity. Where
peak height velocities are not available, adjustment for maturity using skeletal age and Tanner

staging can also be made.

Studies that have measured pre-pubertal changes in BMC and have adjusted BMC for bone
and body size have shown that BMC increases in proportion to the enlarging length and depth
of the bone (74; 98). Data from these studies suggest that gender related differences in bone
and body size may account for the observed differences in BMC during the pre pubertal

period.

Race implies that a particular population has genetic similarities. One of the first studies to
observe race differences in bone mass was conducted in the early 1970’s. Choi and Trotter
(1970) reported that Black foetuses had longer and heavier bones than their White
counterparts before birth (54). Since this study, others have corroborated these findings and
the prevalence of osteoporosis and fracture occurrence is now known to be lower in Black
than in White subjects worldwide (99; 163; 184). What is not known is to what degree racial
differences are present in childhood. Bachrach et al. (1999) recommend the use of race and
gender specific standards for the interpretation of paediatric bone densitometry data (14). In
their study comprising of subjects aged between nine and 25 years, it was found that African
Americans had greater mean BMD and bone mineral apparent density (BMAD) than White
Americans at all sites. Bachrach and colleagues (1999) and others have observed that
depending on skeletal site, age and gender, African American youths have between five to
23% greater bone mass than Whites (98; 99; 194; 306). A more recent finding in South
African children, that bone mass at the femoral neck, total hip and mid-radius is greater in 10-

year-old Black children than White children (304) is consistent with findings from the USA
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(14; 306), but in South African children no differences were found at the spine or distal
radius. These data are of particular interest as Black South African children are exposed to
many environmental factors known to impact negatively on bone mass. These include living
under poor socio-economic conditions, compromised growth (lower birth weight, shorter
stature and later onset of pubertal development) poorer nutrition patterns, and less physical
activity (181-183; 304; 305). Additionally there are clear race and gender differences in the
growth of axial and appendicular skeletons in pre pubertal children. This has been observed in
both South African (202) and children from developed countries (99; 170; 261), suggesting

that these patterns are more genetically than environmentally influenced.

Biro et al. (2001) found that African American girls had a mean age of menarche of 12.0 years,
whereas White girls began menstruating at 12.7 years (28). Early maturation has implications
for height and weight, which in turn have inferences for bone mass. While studies of childhood
differences between race groups are scarce, a few adult studies have confirmed that Black
Americans and South Africans have greater BMD at the proximal femur and that Black
Americans have greater BMD at the lumbar spine than Whites (7; 64). Currently, there has been
only one study which has compared whole body BMC of Black, White and mixed ancestral
origin children from the USA and South Africa Whole body BMC was found to be lower in
children of European ancestry compared to African ancestry and South African children had

significantly higher whole body BMC compared to their US peers (187).

The pre-pubertal years represent a time of large increases in BMC, contributing to almost half
of total peak BMC. There are discrepancies in data regarding males and females, Blacks and
Whites and whether or not they accrue a similar amount of bone during the pre-pubertal years.
Whether these differences can be attributed to bone size, genetic make up or environmental

factors remains to be determined.
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2.5.3 Hormonal Influences on Bone Mass

The endocrine system is highly involved in the regulation of bone metabolism and growth.
During childhood, the major systemic hormones involved in skeletal development are: growth
hormone (GH), insulin-like growth factor 1 (IGF-I), oestrogen and androgens (50; 226). The
pre-pubertal years consist of the period of growth from birth until the end of Tanner stage 1
(approximately age 10 in girls and 12 in boys). Levels of GH and IGF-1 increase dramatically
during puberty and are augmented by the increasing levels of sex steroids (65). Increases in
IGF-I levels have been shown to parallel increases in BMC during growth, suggesting a
relationship between IGF-I and BMC accrual (129; 319). Mora et al. (1999) reported that
IGF-I levels are the best predictors of cross-sectional bone area at the femoral mid-shaft
(190). Growth hormone action on bone is mainly mediated through IGF-1, which stimulates
osteoblastic activity and also acts directly on the division of chondrocytes on the growth plate
(65). Children, who are GH deficient, have been found to have reduced bone size and a lower
bone density than healthy age matched peers (21). Bachrach et al. (1998) found normal bone
density, but smaller bones in adults with who were GH deficient as children and had low IGF-

I levels (15).

Sex hormones such as testosterone and oestrogen also play an important role in skeletal
development during puberty and a strong relationship between GH, IGF-I and these hormones
exists. New bone formation around puberty is aided by the anabolic effects of the sex
hormones on bone accretion (283). Between seven and eight years of age, the secretion of
androgens increases, associated with an increase in height, known as the mid-growth spurt.
Sex hormones act in synergy with GH and IGF-I during puberty to induce a growth spurt in
height and BMC (327). The oestrogen-related increase in GH and IGF-I appears to be the

main mediator of the increases in linear growth and BMC during puberty in boys and girls
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(61). While the role of hormones in BMC accrual is not completely understood, it is known
that during the pubertal period, oestrogen has important effects, not just by increasing
volumetric bone density but also by decreasing bone modeling at the endocortical surface by

suppressing bone resorption leading to an increase in cortical thickness (307).

2.6 Introduction to Modifiable Influencers on Bone Mass Acquisition
during Childhood

Peak bone mass is principally determined by genetic factors and over the past decade,
researchers have pursued genetic approaches to understanding the basis of skeletal fragility
(31). However, recent prospective trials have begun to lend strong support for the contention
that lifestyle factors such as weight bearing physical activity, muscle strength and nutrition
can augment bone mineral in the growing skeleton (23; 191), accounting for approximately
20% of the variation in PBM (14; 57). Additionally genetic markers which have been
implicated in osteoporosis risk have been shown to account only for a small proportion of
variance in bone mass and fracture risk (58). Owing to the fact that bone mineral acquisition
at all sites occurs reasonably early in life, exogenous modifiable factors favouring the

attainment of PBM need to be more precisely identified and characterized (173).

Nutrition, in particular adequate calcium intake, is considered a lifestyle factor necessary for
good bone health and much of the literature in the past focused on this association. Calcium,
the most common mineral in the body, is present in all foods we consume and high dietary
intakes during childhood and adolescence have been associated with an increased PBM (47;
65; 113). Conversely, low calcium intakes of approximately 300 to 400mg per day as reported
in data from developing countries, have been shown not to have immediate deleterious effects
on the skeleton in children (113). This has not been the case in reports from developing

countries where children with daily dietary calcium intakes estimated at approximately 200mg
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per day presented with rickets in the face of normal serum 25(OH) Vitamin D concentrations
(73; 210). Vitamin D is vital for the transport and absorption of calcium through the gastro-
intestinal system (113). The human body cannot store a dietary surplus of calcium, thus it is
termed a threshold nutrient, i.e. effects accrue up to a threshold intake value, after which no
additional benefits are observed with increasing intakes (112). Threshold intakes in children

have been reported in the literature (123; 172).

Low dietary calcium intakes have traditionally, in adults, be thought to produce osteoporosis
through secondary hyperparathyroidism and an increased bone turnover (210). In Africa, the
prevalence of osteoporotic related fractures has been documented to be lower than prevalence
rates reported in the USA and Europe, despite habitual calcium intakes which are routinely
lower than recommended daily intakes in Africans (211). A comprehensive meta-analysis
conducted by Winzenberg et al. (2006), assessed whether calcium supplementation was
effective in increasing BMD in healthy children. In the 19 studies that the investigators
included in the review, comprising 2859 children, calcium supplementation was found to have
no residual positive effect on BMD at any site measured, except for a small effect which was
noted at the whole body and upper limb. Additionally, there was no evidence to show that the
effect of calcium was modified by gender, baseline calcium intake, pubertal stage, race groups
or level of PA (321). Winzenberg and colleagues (2006) concluded that alternative nutritional
interventions such as Vitamin D, fruit and vegetables be explored in children. While this was
a well conducted review, it is important to note that using BMD as an outcome variable might
not necessarily account for the effect that calcium supplementation may have on bone size, as
has been demonstrated in other studies (33; 216). Be that as it may, these and other studies
which have documented increases in bone mass with calcium supplementation (35; 105; 160;

238), have not been able to show that benefits are maintained after withdrawal of the
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supplement. There have also been reports of no association between calcium intake and bone

mass (133; 145).

The effect of the bone remodeling transient as highlighted earlier in this review is often
missed in intervention studies. True effects of any nutrition supplementation can only be
established by measurements made after the bone remodeling transient has passed (111). One
follow up study conducted by Bonjour et al. (2001) three and a half years after a calcium
intervention, did document sustained bone mass accrual benefits after calcium
supplementation had stopped (34). Nevertheless, the calcium supplementation used in
Bonjour et al.’s (2001) study was a milk supplement and therefore also contained phosphate
and protein. In a randomized controlled trial by Specker and Binkley (2003), a significant
increase in cortical thickness and bone area was observed in children whose diets were
supplemented with calcium and were involved in a gross motor PA program (275). A follow
up to this study conducted 12 months later revealed that children, who were randomised to the
gross motor PA program, maintained a greater periosteal circumference even after the calcium
supplementation and physical activity intervention had stopped. It is possible that this was due
to the fact that children who were involved in the gross motor physical activity program
continued to be more physically active of their own accord compared to those children who
were assigned to a fine motor activity group, therefore its is not known whether the
maintained bone mass effect was due to the residual effect of activity program or continued

increased levels of PA (27).

It therefore appears that the effect of calcium supplementation in normal healthy children over
and above usual daily intakes has a marginal effect on bone mass. The effect observed in
intervention studies is more likely to be a transient effect on bone mass which is unlikely to

be maintained after the intervention has stopped.
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Weight bearing physical activity is a modifiable determinant of PBM and is therefore
increasingly targeted as an important area of research. Many investigators agree that it is
during the growth phase that the skeleton may be most responsive to exercise (106; 117; 132;
165; 269). Physical activity during early childhood and adolescence is an important predictor
of PBM (65). The positive relationship between physical activity and bone mass has been
shown in studies which have mainly been conducted in developed countries. Developing
countries such as South Africa are faced with different challenges and obstacles to those
found in the developed world. These challenges include massive differences in socio-
economic status between population groups, poor access to health care, poor nutritional
intakes and compromised growth patterns. These burdens present a major public health
challenge. Intensive efforts to promote healthy lifestyles are desperately needed as has been
pointed out in a recent review of risk factors related to diseases of lifestyle in Black South
Africans (42). While physical activity and dietary habits may both be considered to be
modifiable factors, children are able to exert a greater degree of control over their physical

activity habits than their diet and socio-economic status.

While many conclusions drawn from studies conducted in the USA and Europe are clearly
applicable to a South African population, others are not. There is a paucity of literature on
South African children’s physical activity patterns, dietary habits and bone mass accrual.
Further understanding of the factors affecting PBM accrual and the timing of the achievement
of PBM is necessary for the improved understanding and development of preventative

strategies against osteoporosis.

2.7 Conclusion

This chapter has examined the literature with respect to the composition and structure of bone.

It has highlighted the advantages and limitations of different methods of assessing bone mass.
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The importance of attaining a high PBM was underlined along with the non-modifiable
factors which may influence the process of bone mass acquisition during childhood. The
chapter concluded with an introduction to the modifiable factors influencing bone mass

acquisition, physical activity in particular will be expanded upon in Chapter Three.

31



Chapter 3

Literature Review Il

32



Chapter 3: Literature Review Il

This chapter examines the modifiable influence of physical activity on bone mass. Physical
activity as a concept is reviewed; its assessment and the factors which may influence physical
activity patterns and their relationship with bone mass are discussed. The review concludes
with a summary and critique of existing literature, followed by a brief discussion of specific

research questions and hypotheses suggested by this review.

3.1 Introduction

Physical activity can be seen as an umbrella term of human behaviour with multiple
dimensions and sub categories such as exercise, sport, leisure activities, dance and
transportation (30; 38; 266). Many people link being physically active to rigid organised
activities and do not consider enjoyable informal activities such as playing cricket with the
family as physical activities (37; 124). Current epidemiological research into the link between
disease and physical inactivity concerns “habitual physical activity”- activity performed on a
regular basis (37). Habitual physical activity comprises activity at work, around the home,
during leisure time and as a mode of transport (30; 37; 266). Little energy over and above
resting metabolism is expended during sleep thus sleep is not a form of activity. However it is
important to account for the inactive period associated with sleep for research purposes as

most people spend at least six hours a day sleeping.

Physical activity research is particularly sparse for those living in developing countries such
as South Africa. We know very little about racial differences in these countries, particularly
with regards to physical activity levels, bone mass, body composition and obesity. Although

the prevalence of obesity is higher in developed countries (164), it is nevertheless a serious
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emerging problem in developing countries (71). Other chronic diseases of lifestyle, such as
diabetes and hypertension are also increasing, but little is known about the changing

prevalence of osteoporosis and fragility fractures in developing countries.

3.2 Assessment of Physical Activity

Growing interest in the study of physical activity and its relation to various health outcomes
has been reflected by the proliferation of a variety of self report measures of physical activity.
Determinants of physical activity participation, activity patterns of the population and the
relationship between health, disease and physical activity may all be described with the use of

physical activity data (37).

Due to the random nature of habitual physical activity, it is difficult to assess. Assessments
performed in the laboratory may not adequately reflect natural behaviour. Field studies are
thus more representative of normal conditions. However, studying activity in an uncontrolled
natural environment presents challenges. Physical activity may be assessed directly or
indirectly (219). The direct measurement of activity is more accurate and objective and
includes the use of doubly labelled water (56); heart rate monitoring via telemetry (25; 219);
oxygen consumption; and activity measurement by activity monitors such as pedometers and
accelerometers which measure the number of steps or movements (counts) during a specific
time period (265). A drawback to measuring activity directly is that behaviour may be altered
during the study due to the setting, design of the experiment, invasive nature of the direct
observation or interference of natural movement by the equipment. Much of the equipment
needed for direct physical activity measurement is expensive and difficult to administer to a
large group of subjects. A favourable method is the use of activity monitors which are
relatively small devices that can easily be attached to a waistband or strapped to the wrist or

ankle. Due to their limitations, direct measures of physical activity are mainly used when
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sample sizes are small, or to validate indirect activity methods. In large samples or population
studies, indirect activity measurement is more practical. Logging methods such as diaries,
logbooks, and physical activity questionnaires (PAQ) are the most commonly used methods

used to assess activity indirectly (56).

3.2.1 Physical Activity Questionnaires

Questionnaires are the preferred method of indirect habitual physical activity assessment in
large studies (151; 219). Major characteristics of PAQs that favour their use in studies with
large sample sizes include the low cost of producing and administering the questionnaires, the
relative simplicity of administering the questionnaire and their applicability of use in any

setting and their validity in terms of measuring activity (29).

The Harvard Alumni Activity Survey conducted by Paffenberger (1978) remains the most
recognised physical activity questionnaire study (204). Paffenberger’s questionnaire focused
on two domains of activity: activity: as a mode of transport and leisure time activity.
Activities within each domain may vary between population and country. For example,
walking several kilometres to school is less likely in a developed country, but more likely in
developing countries such as South Africa. Hence, questionnaires must be carefully designed

for use in a specific population (311).

Although data from a South African population are limited, results from the first National
Risk Behaviour Survey conducted in 2002, indicate that less than one third of South African
children aged 13 to 19 years old, participate in sufficient (defined as participation in activities
such as soccer, netball, rugby, basketball or running for 20 minutes or more on at least three

of the seven days preceding the survey) physical activity on a weekly basis (227). A greater
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percentage of Black youths (37.5%) were found to be insufficiently active compared with
White youths (29.4%). Currently there has only been one study in South Africa in which the
authors have made use of a historical physical activity questionnaire, and reported on lifetime
physical activity in relation to bone mass in non-Caucasian women. This study was conducted
in a South African group of Black and mixed ancestral origin women and found that indeed
physical activity during childhood and adolescence is related to BMD in later life in these race

groups (186).

3.2.2 Questionnaire Design

Currently, there is no standardised method for designing questionnaires and they are therefore
available in several formats. There are basic design characteristics which vary from
questionnaire to questionnaire. These include: method of administration; questionnaire length;
length of assessment period; domains assessed within the questionnaire; aspects of physical
activity assessed (type, intensity, duration); scoring protocol; validation method and

repeatability testing.

A domain is a broad category into which several activities taking place in the same
environment or serving a particular purpose can be grouped (37). In order to obtain an
accurate representation of activity habits, most physical activity questionnaires assess activity
in every area of daily life rather than studying domains in isolation. Activities within each
domain can vary from country to country and as a consequence questionnaires must be
designed carefully to ensure that activity is appropriately assessed within a particular context.
Most questionnaires are designed for use in a specific population (310), or a population sub
group for a specific purpose. Modification may involve translation of the questionnaire (62);

including culturally relevant examples of activity (4; 62) and age relevant activities (320).
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3.2.3 Methods of Administration

Administration of physical activity questionnaires generally takes two forms: by self
completion or by an interview conducted over the telephone or face to face (62). Self
completion of questionnaires very often depends on age, literacy and language ability of
respondents. When participants are interviewed, queries can be addressed immediately by the
interviewer provided the interviewer and participants are able to converse. Additionally,
interviewer administered questionnaires are considered more appropriate in rural settings
where subjects may not have access to mail or where such systems may be unreliable and
subjects are more frequently illiterate. However, it is essential that interviewers undergo
extensive training in order to learn how to ask questions properly, prompt participants where
necessary, clarify answers and extract relevant information (242). Intra- and inter-interviewer
error also needs to be tested if more than one interviewer is being used for the same sample of
participants. Differences in interviewing style may affect some answers obtained from
respondents. The best method of administration for physical activity questionnaires depends

largely on the research design and the objectives the study is trying to achieve.

3.2.4 Questionnaire Length

Time constraints are one of the main determinants of the length of a questionnaire. Attempts
have been made to shorten questionnaires to as little as one question (313). It is important to
note that the length of a questionnaire does not necessarily reflect its ability to assess activity
accurately. Literature generally concludes that it is the logical order of the questions, not the
length of the questionnaire that ultimately determines its validity as a physical activity

measurement device (124).
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Questionnaire length largely depends on what the researcher is trying to assess as well as the
study sample in question. Physical activity questionnaires may be better at providing crude or
proxy estimates of physical activity behaviours in children rather than providing absolute
values. Questionnaires are especially useful in large longitudinal studies, where subjects can
be ‘ranked’ or categorised into varying activity levels, depending on their responses.
Currently there are no agreed guidelines on PAQ design; this is an area needing to be

addressed in the literature.

3.2.5 Length of Assessment Period

The length of the assessment period depends on the purpose of the questionnaire and may
range from the past 24 hours to the past season, year or lifetime (1; 30; 62; 124; 232; 247;
310). Shorter assessment periods usually assess current behaviour whereas extended periods
of assessment would assess long term behaviour patterns. If the purpose of the research is to
track changes or to observe trends in activity patterns over time, yearly assessments are
common practice. Alternatively if a group of participants is exposed to an intervention or a

new physical activity routine, a shorter assessment may be more useful.

Again, deciding on the length of the assessment period that a PAQ should cover will largely

be determined by the research objectives. It is important to decide on the length of assessment

period and the reasons for using that period, before using a physical activity questionnaire.
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3.2.6 Type, Intensity, Duration of Activity

The most commonly assessed aspects of physical activity are frequency, duration and
intensity (62; 124; 247). Frequency is usually assessed as days per week, weeks per month
and months per year. Seasonal variations in frequency of activity are an important aspect to
consider as many sporting activities are seasonally based. Activity duration is either
calculated as the total number of minutes spent in activity over an entire day (266), or as the
number of bouts of activity lasting longer than a specified period. Reporting of duration of
activity (bouts or minutes) is an important consideration when providing activity guidelines to
the public. Intensity of activity is the most difficult attribute to assess as very often it is
subjective. Questionnaires may ask the participant to rank their own intensity (easy- very
hard) or may make use of intensity thresholds to categorise activity when analyzing responses

(220).

Since exercise has been shown to have a dose response effect on health, it appears that
activity must occur above a certain threshold for maximal health benefits to be observed. With
respect to bone mass, results of animal studies have shown dose response relationships
between strain magnitude and BMC (236). Thus, type, intensity and duration of physical

activities are important considerations.

3.2.7 Scoring Protocol

It is well established that a direct connection between work or activity intensity and energy
expenditure via metabolic processes exists for physical activities in which the weight of the
body is moved around (5). Intensities of activities can be classified as multiples of one MET

or the ratio of the associated metabolic rate for the specific activity to the resting metabolic
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rate (RMR). One MET is defined as the energy expenditure for sitting quietly, which for the
average adult is 3.5 ml of oxygen.kg body weight'.min"' or 1 kcal.kg'body weight.h™ (3; 4).
For example a 4-MET activity (e.g. walking briskly) requires four times the metabolic energy
expenditure of sitting quietly. MET values are multiplied by the hours reported by the
participant, spent performing each activity and the products are summed to give total kcal kg’
'.day”. This value can be used to quantify the amount of physical activity reported
independent of body size. This figure can be multiplied by the body weight in kg to arrive at

an estimate of total energy expenditure.

Ainsworth et al. (1993 & 2000) have developed a Compendium of Physical Activities to
facilitate the coding of physical activities as well as to promote comparability of coding
across studies (3; 4). Each activity reported by a subject can be coded by function, specific
type and intensity. The Compendium can be used for epidemiological and clinical purposes
by allocating a MET score to every activity indicated in the questionnaire. MET scores are
then summed for each category or domain of assessment and a total MET score (hereafter
referred to as METPA (summed MET score)) can be allocated to each subject for the period

on which they are reporting.

Resting metabolic rate varies with age, weight, height and gender and presents a limitation to
using MET scores (3; 25; 219). Additionally Ainsworth’s Compendium scores are based on
adult resting metabolic rates, and therefore have limited use in assigning absolute values in
children. Nevertheless as mentioned earlier, METPA scores can be assigned to rank subjects
according to activity levels. This is useful in large studies involving children, where indirect
observations of physical activity are made. The purpose of a MET score should be seen to

provide an estimate of energy expenditure, and not necessarily a fixed absolute value.
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When PAQs are used for bone research, a mechanical physical activity (MECHPA) score can
also be calculated to measure the mechanical components of physical activity from the
responses provided. The score is based on the concept that bone adapts to the loads applied to
it. A concept largely based on ‘Wolff’s Law’ which has recently come under scrutiny and
some researchers have suggested that the term be changed to bone functional adaptation
(237). Groothausen et al. (1997) developed peak strain scores for a variety of activities based
on the ground reaction forces of different physical activities (103). In their study, it was
hypothesised that activities with a high peak strain (higher loads, fewer repetitions) would
have a greater effect on bone mass than activities with higher repetitions and lower loads.
This hypothesis was based on observations made from animal experiments (154; 155; 235)
which have shown that that bone’s osteogenic response to loading is a response that becomes
saturated. The crucial factor in the stimulation of bone therefore does not appear to be the
number of loads, but rather the effect of the load magnitude (103). Groothausen et al. (1997)
assigned all activities that involved jumping a peak score of 3; activities with explosive
actions such as turning and sprinting received a score of 2; weight bearing activities received
a peak score of 1 and all other activities received a peak score of 0. Their study, did not take
into account frequency and duration of activities, but did report a significant and positive
relationship between the peak strain score during adolescence and adulthood and lumbar spine

BMD at age 27 years.

In a similar manner to calculating METPA scores, a MECHPA score can also be calculated
from a PAQ. This can be done by multiplying the peak bone strain scores (developed by
Groothausen et al. (1997)) by duration (hrs/wk) of activities recorded by the subject. Kemper
at al. (2002) validated their PAQ to measure the effect of mechanical strain on bone mass and
concluded that MECHPA scores (mechanical components) are more important than METPA

scores (metabolic components) for the healthy development of bone mass (134). A
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significantly positive relationship between MECHPA scores and BMD at weight bearing sites
(lumbar and hip BMD), but not wrist BMD (non-weight bearing) has been observed (135;

277).

3.2.8 Validation and Repeatability of Questionnaires

The accurate and detailed measurement of physical activity is a crucial prerequisite for
exploring its relationship with health and disease. There are numerous methods to measure
physical activity in both short and long term research, but their applicability varies greatly in
epidemiological and observational research. The most common method of physical activity
measurement- questionnaires, allows for low subject burden and cost, qualitative and
quantitative information, and quick administration (29). Limitations to PAQs include
erroneous recall of time, intensity or frequency of activities and deliberate misinformation.
While researchers acknowledge that children may have difficulty in recalling their physical
activity, PAQs are popular in epidemiological studies. A PAQ needs to be able to elicit the
same valid information from a subject on more than one occasion. In general, correlation
between repeated questionnaire administration has been shown to be high (1; 310; 311),

indicating that questionnaires are a reliable measure of activity.

There is no current ‘gold standard’ against which to validate physical activity questionnaires.
All physical activity assessment techniques offer their own advantages and disadvantages. In
general, METPA scores are compared and correlated with a direct measure of energy
expenditure, such as oxygen consumption, activity monitoring or heart rate monitoring (266).
Others have compared METPA scores with indices of fitness (124; 310). Physical activity and
physical fitness are terms that are often used interchangeably in the sense that subjects who
report being more physically active would be assumed to be physically fitter. This is not
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always the case. Common measures of physical fitness include body fat percentage, body
mass index (BMI), maximal oxygen consumption (VO,), flexibility, run tests of a specified
distance, and number of sit ups performed in a specified time. Validation studies performed in
children and adolescents that have compared PAQs with heart rate monitoring, accelerometry
and other physical activity measures, have in general shown good validity of PAQs (1; 6; 36;

244; 286).

3.2.9 Current and Future work with Physical Activity Questionnaires

Under the guidance of the World Health Organisation, researchers worldwide are currently
involved in a collaborative effort to devise a suitable questionnaire which will be able to
assess all domains of activity in all population groups. The first such questionnaire, devised in
the late 1990’s (International Physical Activity Questionnaire) has been used (324) and tested
in a South Africa population (62). The questionnaire’s short form has been reported to
overestimate activity, the long form was found to be too complex (66; 242). Currently, a
questionnaire called the Global Physical Activity Questionnaire (GPAQ) is being tested and
validated in several populations (66). If the GPAQ is proven to be an acceptable measure of
activity in diverse populations, it will make the comparison of physical activity results
between studies possible. There is however some reluctance to covert to the Global Physical
Activity Questionnaire due to the incompatibility of future data with past findings (241).
Nevertheless, the advantages of having one standard physical activity questionnaire
assessment could in certain situations outweigh the disadvantages associated with the loss of

past physical activity data.
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3.3.1 Accelerometry -An Objective Physical Activity Measure

Accelerometry based devices have been used for over 30 years (29). The Caltrac Personal
Activity Monitor (Muscle Dynamics, Torrence, CA) was the first accelerometer or activity
monitor to be validated for research purposes (245). There is now a number of different
activity monitoring devices available to researchers. The Actical accelerometer (Mini-Mitter;
Bend, OR) is currently the smallest accelerometer available and has been validated against
other measures of physical activity (115; 219; 220; 314) and other accelerometers (314), and

has been used in children as young as three years of age (212).

Accelerometers are a useful tool for the classification of levels of physical activity in children
(220). They can be worn continuously for an extended period of time. Accelerometers
measure body movement in terms of acceleration (the rate of change of speed), which can be
used to estimate PA levels over a specified time. Accelerometers are able to do this with the
use of a piezoelectric sensor which detects movements in three planes (medio-lateral, antero-
posterior, and vertical). The piezoelectric sensor consists of an element and a seismic mass
which is stimulated through acceleration, causing the element to experience deformation.
These changes in the piezoelectric element cause a displaced charge to build up on one side of
the sensor which can generate a variable output voltage signal proportional to the applied
acceleration (53). A limitation of most accelerometers is that they only reliably detect
dynamic events. They are better at estimating energy costs associated with activities that
involve ambulation than activities such as rowing and weight lifting (53). When an
accelerometer is held still, all it senses is gravity. Tilting the accelerometer is an example of
how it senses static acceleration. Accelerometer’s inability to detect the static component of
acceleration means they are not well suited to measuring movements such as weight lifting

and standing vs. sitting. The Actical accelerometer is designed for the measurement of whole

44



body movement and is sensitive to movements in the 0.5 — to 3 Hz range (53). Recording one
minute epochs of data is accepted as standard protocol, although it has been noted that this
may miss shorter bursts of vigorous activity especially in children (313). Acticals sum 32
counts as values in a 1 second window and divide the sum by four, in order to reduce the size
of the value and accommodate the numerical limitations of accumulated activity values. This
value is then added to the accumulated value for the epoch. Total energy expenditure and
physical activity energy expenditure for each subject can be estimated using Actical output.
This is done via the manufacturer’s equation which uses data entered by the researcher about
the participant (age, height and weight). It has been suggested that it may be more appropriate
to use the count data from accelerometers, rather than the energy expenditure output, as
converting counts to units of energy expenditure may be inaccurate due to the additional
measurement error of the built-in regression equation (63; 267). Crouter and colleagues
(2006) have recently compared published regression equations designed to predict energy
expenditure from Acticals against indirect calorimetry of activities over a variety field
activities. They report that the Actical regression equations used to predict energy expenditure
overestimate the cost of walking, but underestimate the amount of energy used in most other
activities. This is a limiting factor in establishing the Actical’s ability to measure energy
expenditure across a range of categories (63). In general however, a high correlation (r=0.94)
between counts per minute and METs measured during treadmill walking, running and other

activities performed in a laboratory has been reported (115).

Accelerometers do however; allow for the detection of a wide range of movements of
differing intensities movements. On the whole, accelerometers have been shown to have good
correlations with other measures of PA (312), including the gold standards of energy
expenditure such as the doubly labelled water method and are considered to be a valid

estimate of overall PA (78). In children, the Actical has been shown to be a valid tool for
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measuring PA as shown in a recent study by Pfeiffer et al. (2006) where Actical activity

counts were found to be highly correlated with oxygen consumption (VO,) (212).

Standardised protocols for determining the number of days that accelerometers should be
worn, placement of the accelerometer and analysis of output do not exist. Accelerometers are
however being used increasingly in physical activity research and as a result a scientific
meeting aimed at closing the gaps in accelerometry knowledge was held in 2004. From data
presented at this meeting, best practice and research guidelines were developed for using
accelerometers for research purposes (308). The number of days needed for monitoring
largely depends on the setting of the research, population of interest, funding resources and
research objectives (289). A number of review papers have presented guidelines with regards
to the best placement of the accelerometers and number of days of monitoring needed (308;
312). It is generally recommended that for studies involving children, accelerometers be worn
for between three and five days in order to achieve a reliability of 0.7 (290). While no
calibration studies have been conducted to derive equations for interpreting accelerometry
data from sites other than the hip, placement at the hip or lower back has become the most
common sites for placement (308). When positioned on the hip, accelerometers are extremely

sensitive to vertical movements of the torso.

Accelerometers have not been used very extensively in bone research. However in a study
conducted with children, minutes spent in vigorous activity were found to be highly
associated with body size and age adjusted bone measures (BMC and BMD) at the hip and
spine (125). The limited number of studies examining bone mass and accelerometry may be
due to the fact that there is a considerable cost issue involved in using a device such as the
Actical in a large study cohort. Large observational or intervention studies can however, still

make use of accelerometers in a sub sample of a large study population by using
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accelerometry as a direct assessment method of PA in order to validate self report or proxy

report PA questionnaires.

3.4.1 Physical Activity and Physical Fitness

There is controversy as to whether a relationship exists between the activity levels of children,
their aerobic fitness and their level of fatness (233). Furthermore gender and racial differences
in fitness levels have been shown (8; 9; 148). The vertical jump test seen as the first ‘physical
test of a man’ was developed by Sargent in 1921 (251), but nowadays physical fitness is
acknowledged to be comprised of a number of components including flexibility, muscle
strength, muscular endurance, explosive strength, balance and cardio-respiratory fitness.
While there is plenty of research that has examined the relationship between physical activity
and bone mass, few studies have studied fitness and bone mass. Some of the studies that have
been conducted however, have found close relationships between physical fitness related

variables and BMD (301; 302), but the relationship has not been examined extensively.

There are a number of different types of individual fitness tests available to test different
aspects of physical fitness, but few comprehensive batteries of fitness tests exist. Several
years of co-ordination of European researchers resulted in the identification of an effective
means of accurately assessing physical fitness in children. The EUROFIT battery of fitness
tests were developed over a period of 15 years and have been shown to be reliable, simple to
administer and relevant in respect of taking into account the school/classroom environment
(59). The EUROFIT battery of tests include performance and health related fitness
components testing aspects such as agility, power, cardio-respiratory endurance, strength,
muscular endurance, body composition, flexibility, speed and balance. These tests seem well

suited for use in non-European populations too.
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The relationships between physical activity, physical fitness and health are multifarious. A
theoretical approach to these relationships has been suggested by Bouchard and Shepard (41).
The model is shown in figure 3.1 below. Health related fitness refers to physiological and
morphological characteristics defining risk levels or factors for lifestyle diseases associated
with being sedentary. Bouchard and Shepard’s model indicates that physical activity shows an
interaction with health related fitness and health. Their conceptual approach proposes that
exercise has a direct influence on fitness (endurance, strength, co-ordination) as well as on
health parameters (BMI, blood pressure, glucose, bone mass) (41). The authors argue that all
of the above elements should be included in the definition of fitness. This model holds
particular relevance in developing countries where the social environment and economic

factors play a large and reasonably fixed role in many children’s lives.
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Figure 3.1 Bouchard & Shepard’s conceptual approach to the relationship between physical activity, fitness and
health. Adapted from (41).
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3.3 Socio-economic Status and Physical Activity

Africa is the second largest and most populous continent in the world. It is also the poorest. In
South Africa, there are major differences in income and wealth distribution between the
White and non-White populations. Thirteen percent of the estimated 50 million South African
population lives in ‘first world’ conditions, while about 22 million people (+44%) live in
‘third world’ conditions. South Africa has high unemployment (26 percent according to the
narrow definition) and 24 percent of the population lives on less than US$1 per day (203).
The World Bank is working closely with the South African Cities Network (nine city
municipalities) in partnership with the South African Local Government Association to
promote pro-poor city development strategies, with a focus on upgrading urban renewal and
informal settlements, implementing the Extended Public Works Program, and developing
urban economic indicators. Nevertheless, the current degree of unemployment, poverty, and

wealth inequality in South Africa is a major influencing factor on people’s lives.

The influence of social factors is widely recognized in public health and health behaviour
research and has also been formally recognised as an important determinant of health (180).
Promotion of physical activity minimizes the development of chronic diseases of lifestyle,
aids in injury prevention by decreasing fall propensity, contributes to quality of life, and
improves psychological health (276). Adolescents with a healthy participation in PA are more
likely to continue being active into adulthood (299). Thus, understanding the factors that may
influence the adoption of good PA patterns in youth is crucial in order to establish good life
long patterns of PA throughout adulthood. In South Africa, much of the secular trend toward
increased body size in adults has been attributed to the process of urbanisation and associated
socio-economic change. A shift from agriculturally based economies to cash based economies
has minimized the need for physical labour and increased the demand for sedentary or less

intensive physical work. Kruger and colleagues (2002), found a significant positive
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association between household income and obesity measures in South African Black women.
However, physical inactivity was found to have the strongest association with obesity in this
study (147). This finding was substantiated by Senekal et al. (2003), who identified physical
inactivity as an important risk factor for overweight/obesity in South African adults (264).
Although the literature regarding the relationship between PA and obesity in South African
children and adolescents has been both scant and controversial, some authors have concluded
that obesity in adolescents can only be altered by increasing PA and decreasing dietary intake
at the same time (279). A recent study by Rush et al. (2007) which examined body
composition in women from five different ethnic groups in South African and New Zealand,
found that there is an ethnic specific relationship between BMI and percentage body fat. For
the same percentage body fat, interethnic BMI was found to differ by more than 10 BMI units
(greater and smaller) (240). Body composition is an important aspect to consider in the
context of child and adult health. Wells (2003) reported that lower PA levels may lead to
reduced lean and increased fat mass and that both of these occurrences may epitomize
pathways of increased risk of adult disease (315). The link between low levels of PA and an
associated increase in the risk for developing obesity emphasizes the need for these problems

to be addressed in childhood.

Although we commonly assume that PA is a normal part of childhood, a number of studies in
developing countries have shown that children and adolescents are often very inactive (114;
287). In recent years, Western developed countries have positioned the promotion of PA in
childhood and adolescence high on their agenda (294; 318) Developing countries however
have not paid as much attention to this problem. In South Africa in particular, very little
research has focused on PA patterns. Specifically, South African children’s current social and
economic situation and how this relates to their PA patterns has not been examined. Socio-

economic status (SES) has been identified as an important factor influencing PA participation
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(55). It is well known that children who come from low income families often have limited
access to resources supporting PA (248). The influence of demographic factors such as
gender, race and SES provide us with information on variations in PA levels and allow for the
design and implementation of appropriate programs for different sub groups (248). It has been
found that leisure time PA in childhood is related to maternal education levels (149). Studies
have shown that families have an important role to play with regards to a child’s quantity of
exercise, creating access to facilities and encouragement of team and sport class participation
(193). Many physical educators and scientists believe that children of active parents tend to

more active themselves (84; 189).

In summary, there are many influences of and ways to assess physical activity and physical
fitness. This section of the review has highlighted the strengths and weakness of some of the
methods used. The collection of physical activity data for this thesis used a combination of
methods (Acticals, physical fitness testing and PAQ). The physical activity data collected
however was largely based on the PAQ developed for these studies. This was the most
appropriate resource to use in this study considering the research objectives, large sample,
setting and budget constraints. In addition, data gathered from PAQs are useful for
determining the types of activities children are doing. This is an important consideration for
South African policy makers and managers, so that proper planning of facilities and other

services can be accomplished.

3.4 Introduction to Biomechanics and the Adaptive Response of Bone to

Loading

When a load is applied to bone, deformation will occur, resulting in the generation of internal
resistance to the applied force. This internal resistance is known as stress. Stress is defined as

the amount of force applied to a unit area of bone (138). The measurement of deformation,
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normalized by the original length is called strain. The slope of the stress-strain curve
represents the stiffness of a bone (amount of force required to deform the bone) (138). Both
strength and stiffness of a bone are functions not only of bone density, but also of bone

geometry and trabecular patterns.

In 1892, Wolff proposed that the function of cells responsible for mechanically adaptive bone
modeling is to ensure that bone mass, geometry and material properties are appropriate to the
load applied (155). A more recent revision of Wolff’s law is the Mechanostat Theory
proposed by Frost (88). The Mechanostat Theory describes a window of mechanical usage
that should be considered normal or physiological, such that the bone has a system of control
in which a minimum effective strain (MES) is necessary for bone mass to be maintained.
When mechanical strains exceed the upper boundary of the MES, bone will undergo modeling
and change its structure to reduce the local strains to below the MES. In 1999, Turner
challenged Frost’s Mechanostat Theory in a number of ways. Turner proposed that the
following assumptions made by Frost do not conform well with experimental observation: 1)
bone loss, due to disuse declines rapidly to zero- Turner correctly points out that this is not the
case as in fact bone loss due to disuse slows down with time; 2) the physiological window is
the same for every bone including non-weight-bearing sites such as the skull; 3) bone
resorption occurs at the neutral axis; and 4) the loss of oestrogen is considered similar to a
state of disuse (292). Turner developed a new theory founded on the principle of cellular
accommodation, based on the assumption that bone cells react strongly to transients in their
environment, but eventually "accommodate" to steady state signals. Turner postulated that
weight bearing and non weight bearing sites would have different points at which the cellular
accommodation would be activated. Nevertheless, Turner does not provide evidence for the

mechanism involved in cellular accommodation.
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Approximately two thirds of the variability in bone strength is explained by differences in
BMC, while other geometric characteristics of bone, such as periosteal diameter and
distribution of bone explain the remaining third (12; 152). In females, oestrogen inhibits
periosteal apposition late in puberty but stimulates the acquisition of bone on the endocortical
surface (293). In contrast, males show an increase in bone strength that is greater than the
gains observed in BMC, this difference is attributed to greater periosteal bone expansion in

males compared to females (257).

3.5 Physical Activity and Bone Mass

Most studies that address loading activities in children have been undertaken in elite sporting
populations, the results of which are not necessarily applicable to normally active children
(18). In a systematic review of 21 randomized clinical trials in adult women conducted by
Ernst in 2000, little doubt was left that regular weight bearing exercise could delay or halt
bone loss in postmenopausal women (72). Fuchs et al. (2001), advocate that one of the most
cost effective ways to prevent osteoporosis is to increase BMC during childhood, thereby
developing a stronger skeletal foundation to offset age-related bone loss (90). Peak bone mass
appears to be influenced by the level of physical activity prior to the age at which the peak is
reached (16). A recent study conducted by Rideout et al. (2006) demonstrated that physical
activity of a moderate intensity undertaken in the teenage years has long lasting effects on the
lumbar spine and femoral neck BMD in postmenopausal women (231). A review by Ducher
and Bass (2007) concluded that the evidence in support of the contention that skeletal benefits
from exercise attained during growth, are maintained into old age is limited (69). While a
reduction of habitual physical activity appears to be an important risk factor for the later
development of osteoporotic fractures, dose response studies and studies observing the
relationship between habitual physical activities in childhood and bone mass and fracture

incidence in adulthood are needed.
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Studies have shown improved levels of biochemical bone formation markers in exercise
intervention studies conducted in adults. After 12 weeks of resistance training in older men,
osteocalcin concentration increased and remained high after 16 weeks (326). In a similar
study conducted by Lohman et al. (1995), pre-menopausal women showed increased
osteocalcin concentrations with five months of resistance exercise training and these levels
remained elevated after 18 months (162). Fujimara et al.’s (1997) study found similar findings
viz., increased serum levels of osteocalcin and bone specific alkaline phosphotase (B-ALP)
after a period of resistance exercise training in men. They concluded that a program including
resistance exercise augmented markers of bone formation while transiently suppressing a
marker of bone resorption (92). Yet the effects of exercise on bone in the younger population
and more specifically during childhood are less well documented. Uncertainties remain with
respect to the type, intensity and duration of physical activity that lead to an increase in bone

mass.

Since bone modeling occurs during childhood, exercise is more likely to have a greater effect
on bone mass during growth than in adulthood. Physical activity is known to have an anabolic
effect on tissue (60). Sports including heavy loads/loading sports (e.g. gymnastics) are
associated with greater BMDs than sports generating mechanical loads without additional
gravitational loads/non-loading sports (e.g. swimming). Courteix et al. (1998) performed a
study examining two groups of elite pre-pubertal gymnasts and swimmers. No significant
differences in BMD were found between swimmers and controls. Mean BMD values for the
gymnasts however, were statistically significantly higher at all sites except for whole body
and trochanter. This is surprising and is more than likely due to the fact that the skull BMD
(an unloaded site) was not removed from the analyses. It was however, concluded that
physical activity in childhood could be an important factor in bone mineral acquisition, if

sport can induce bone strains during a long term program (60). Bass et al. (1998) also reported

54



pre-pubertal female gymnasts to have a higher bone density after adjusting for bone volume,
at the femur and lumbar spine compared to age-matched controls (23). Bradney et al. (1998)
set out to determine whether moderate exercise may influence areal BMD, femoral midshaft
cortical thickness, periosteal expansion, cortical thickness and volumetric BMD in pre-
pubertal boys. These investigators found that two groups randomly divided into an exercising
(performing a program of readily accessible exercise, games and sport, three times per week
for half an hour and for 32 weeks) and non exercising group displayed significant differences
in bone mass after an eight month intervention program. The children who exercised showed
twice the increase in areal BMD at all weight bearing sites measured (legs, lumbar spine, total
body and pelvis) than non exercisers. This group also had increased femoral midshaft
thickness and volumetric BMD. Their results show that the growing skeleton is sensitive to
moderate bouts of exercise that is easily accessible to the average child or “non-elite” athlete
(43). Fuchs et al. (2001) conducted an exercise trial in prepubescent children during which
subjects followed a seven month exercise regime of 300 jumps at a ground reaction force of
eight times their body weight. After seven months jumpers had 4.5 and 3.1% greater changes
in hip and lumbar spine BMD than the controls (90). A follow up study to this showed that
indeed the bone mass gains were maintained (91) It is evident that a number of studies have
demonstrated that exercise that can be incorporated into physical education classes and
everyday exercise regimes for normally active children have beneficial effects on bone mass

in the growing child.

Studies of extremes levels of activity (very high level activity/very low level activity) show
that the physical load has an effect on bone structures, but this bears little relevance to the
effect of physical activity and muscle strength on bone in normal individuals (70). Recent
research however has begun to demonstrate that even relatively small differences in bone

mass can be very important. The question then arises, whether or not a general increase in a

55



population’s physical activity levels within the limits of a ‘normal’ lifestyle are sufficient to
raise BMD to a level that would significantly lower fracture risk? Duppe et al.’s (1997) data
suggest that high levels of PA within limits of a regular lifestyle may preserve BMD in the

proximal femur of men (21-42yrs) and contribute to a lower fracture risk (70).

Most of the studies mentioned above have reported changes in BMC and BMD, which are
surrogate measures of bone strength and are measures which do not account at all or
incompletely for differences in bone size. Additionally most exercise intervention studies
have been designed in such a way that they make use of specialized equipment, involve many
hours and can be difficult to administer. McKay and her group in Canada have shown in a
number of well conducted exercise intervention studies that along with increases in BMC in
the femur, there are changes in bone geometry and structural and bending strength associated
with loading exercise (166-168; 176; 209). In addition to these studies the group has also
devised a quick, easy to administer and novel jumping program. The program called ‘Bounce
at the Bell’ requires only a few minutes a day, no equipment and minimal training. Results
from their study showed enhanced bone mass at the hip in children exposed to a three minute,
eight month long simple jumping intervention (177). Although the study was conducted with
a relatively small sample size and only on White and Asian children, their results are
promising. A program such as ‘Bounce at the Bell’ would be an ideal and sustainable

intervention for children living in a developing country, where resources are often limited.

While exercise intervention studies provide the strongest evidence that exercise has a positive
effect on BMC during growth, observational studies provide a method of assessing normal
habitual physical activity patterns and their associations with bone mass acquisition in

children. A limitation of cross sectional studies is that athletes may have a higher bone density
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prior to entry into the sport, but this can be circumvented in longitudinal studies of bone mass

accretion.

3.6 Growth and Physical Activity

It has been suggested by Cooper et al. in 1995 that the two components of bone mass i.e. (i)
the size of the skeletal envelope (BMC) and (ii) the mineral density within that envelope
(BMD) may be determined by different factors (57). Cooper also suggests that endogenous
factors (hereditary, hormonal and growth trajectories) influence BMC and environmental
factors (nutrition and physical activity) influence BMD within that envelope. Cooper explains
that an individual’s growth trajectory is the most important determinant of BMC and previous
studies have indicated that this trajectory might be determined well before the onset of the
pre-pubertal growth spurt. In Cooper’s study physical activity was shown to have the
strongest influence on BMD. His theory proposes that growth of the skeletal envelope
“tracks” from early childhood. Tracking refers to the propensity for children who are small in
relation to their peers of the same age to remain small and vice versa. Physical activity was a
stronger determinant of BMD in Cooper’s study than calcium intake; this is in keeping with
Welten et al.’s 1994 study (316). Cooper comments that physical activity appears to adjust the
mineral density within the skeletal envelope; this may in turn contribute to the possible
consolidation of bone towards the end of linear growth. Cooper concluded that infant growth
and physical activity are important determinants of PBM in females. It must be noted
however, that in Cooper’s study, which involved only females, changes in bone area were not

taken into account and appropriate body size adjustments were not made.

A number of researchers concur that there is strong evidence suggesting that it is during the

growth phase that the body may be most responsive to exercise (106; 132; 269). Animal
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studies have shown that growing bone has a greater capacity to add new bone to the skeleton
than does an adult bone (122; 198). In humans, Bass et al. (1998) advocate the pre-pubertal
years as the perfect time for exercise to increase BMD (23). Their study showed that the
residual benefits of exercise before puberty maintained into adulthood, suggesting a possible
reduction in fracture risk after menopause. Bass et al. (1998) propose several reasons why the
pre-pubertal years may be the optimal stage for skeletal response to exercise:

e Growth is dependant on growth hormone and IGF-1, and exercise is a potent stimulus

for growth hormone secretion.

e Pre-pubertal growth is relatively sex-hormone independent.

Cross sectional data comparing playing and non-playing arms of squash players who began

training before the onset of puberty are also in support of this view (106; 132).

Bailey et al. (1999) assessed everyday physical activity levels in a group of children with the
use of a physical activity questionnaire (18). Highly active boys and girls in their study
accrued nine and 17% greater whole body BMC respectively than inactive children around the
time of maximal bone mineral accrual and maintained this at all sites one year post peak bone
mineral content velocity (figure 3.2). Their study was one of the first to demonstrate that the
growing skeleton responds to normal everyday habitual physical activity by increasing bone
mineral accrual. However, it was unclear whether their physical activity questionnaire
excluded non-weight bearing activities such as swimming; and it would have been useful had
the authors provided some kind of indication as to what kind of activities ‘active, inactive or
averagely active’ children were involved in and how much time each category meant the
child was spending being physically active. Additionally, Bailey et al.’s (1999) study only

involved children of Caucasian descent.
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Figure 3.2 Bone mass accrual (g/year) by inactive, average and active groups for boys and girls
*p<0.05, **p<0.001, compared to inactive. Reproduced from Bailey et al. (1999) (18).

A number of studies using a sport which utilizes one side of the body more than the other
(unilateral study design) have been conducted and all have shown positive effects on bone
mass in the playing or experimental arm (107; 132; 280). Longitudinal unilateral studies have
also found that BMC is greater in the playing side of younger starters (107) and is twice as
great in children who began playing tennis before menarche than those who started afterwards
(132). Unilateral studies are well suited for showing the effects of exercise on BMC. A study
using a unilateral design eliminates genetic, endocrine and nutritional confounders and any
difference in BMC between each side of the body can therefore be attributed to the increased

loading pattern due to the intervention or sport played.
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The study of exercise and BMC during growth must take into consideration a number of
difficulties. Considerable variability in the rate of maturation between individuals exists.
Children matched for chronological age, may differ in their skeletal age or stage of pubertal
maturation and therefore in their response to physical activity. Some studies have shown that
more mature children show smaller gains in BMC in response to exercise than children who
are still growing (116; 269). In Heinonen et al.’s (2001) study, in which pre- and post-
menarchal girls participated in a high impact exercise program, only the pre-menarchal girls
showed an osteogenic response (116; 269). Loading history of children is another factor
which needs to be taken into account; children who have histories of high intensity exercise
may not be as responsive to exercise interventions of a lower intensity. Appropriate body size
adjustments for outcome measures obtained from DXA also need to be taken into

consideration.

3.7 Interactions between Muscle, Bone and Exercise

The basic morphology of the skeleton is determined genetically. Its final dimensions and
construction however, are varied by adaptive mechanisms which are sensitive to mechanical
factors (81). Physical activity affects bone metabolism, especially skeletal remodeling i.e.
cellular mechanisms of bone formation or resorption (271). Bone resorption decreases
(inhibits osteoclastic activity) and bone formation increases (stimulates osteoblastic activity)
in response to exercise (60). Strains on bone greater than those required for steady state
remodeling will cause a modeling response that increases bone mass in order to meet the load
requirement. Adaptations in cortical and cancellous bone, reductions in the rate of bone
turnover and the activation of new bone formation on cortical and trabecular surfaces may be

affected by applied mechanical loads (81).
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Rubin et al. (1994) (235) were one of the first groups of investigators to examine the
relationship between applied dynamic loads and bone formation. Their study concluded that a
diverse exercise regime may stimulate a greater hypertrophic response than a restricted
exercise program. Their study showed that only a few cycles of loading were required to

induce an osteogenic response.

Muscular disuse causes muscle wasting and bone loss and this has been well documented
(140). On the contrary physical activity increases both muscle strength and bone mass. The
Mechanostat Theory states that bone gain and loss are determined within ranges of
mechanical stimulation, bounded by hormonally or metabolically determined set points (46;
192). The contraction of muscles exerts the major physiological load on the skeleton, and the
Mechanostat Theory predicts that increasing muscle force creates a stimulus for an increase in
bone strength (223). Several studies have shown that increasing BMD may be a function of
greater muscle strength (119; 214; 272). In a meta-analysis conducted by Bérard et al. (1997),
physical activity was concluded to be site specific, which is significant in the fact that skeletal
modeling and remodeling are directly related to the functional requirements of the tissue

being placed under strain (24).

Neither body weight nor physical activity are independent of muscle mass but muscle forces
place greater loads on bone than do gravitational forces associated with weight (46). It is well
established that muscular contraction primarily results in forces applied to bone. In order to
demonstrate that muscle force dominates skeletal adaptation, greater muscle mass or strength
would have to be associated with greater bone mass, independent of body size contributions.
A number of studies have shown correlations, but have not always demonstrated
independence from other body size measures. Burr (1997) argues that in order to demonstrate

that muscle forces may govern the adaptation of bone, it may be necessary to show that a
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decline in bone strength under conditions of disuse/hormonal insufficiencies preceded decline
in muscle mass, and conversely that muscle strength increases before bone mass under
conditions of mechanical loading or the re-establishment of hormonal balance (46). Bone
mass has been found to be closely related and linearly associated with muscle mass
throughout life. In a study conducted by Ferretti et al. (1998) in 1450 subjects ranging in age
from two to 87 years, lean body mass was found to be the strongest determinant of whole
body BMC (76). This finding was corroborated several years later by Vincente-Rodriguez et
al. (2005), who found that lean mass development is the best predictor of femoral BMC and
BMD in boys (300). A study conducted by Rauch et al. (2004) concluded that muscle
development precedes bone development during the pubertal growth spurt, but that the two

processes may be independently determined by different mechanisms (223).

The muscle-bone unit has not been extensively described during growth. The question of
whether oestrogen could make growing females add more bone than their physical activity
demands in order to store calcium for future gestation and lactation was first raised by Frost
(89; 259). Some evidence suggests that the muscle bone relationship is similar between sexes
prior to puberty (252). At puberty however, these ratios shift and favour an increase in bone
mass and area in females per unit of lean tissue (muscle) (259). Studies conducted by
Schoenau and colleagues show that there is a strong correlation between muscle strength and
bone geometry, but not between muscle strength and bone mineral density during childhood

(255).

A variety of hypotheses exist to explain adaptive responses exhibited by bone. Gibson et al.
(2000) suggest that the beneficial effect of mechanical loading on bone acts through a cellular
and biochemical pathway, which is amplified by oestrogen, so that when oestrogen is

withdrawn, the effect of mechanical loading is diminished (96). This view is supported by
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Lanyon et al. (1996) (155). Ernst (2000) believes that the reaction of bone is mediated by
strain related electrical responses (72). Kallman et al. (1990) acknowledge that strength,
muscle mass and physical activity levels may be partially explained by age (130). Proctor et
al. (2000) comment that additional mechanisms such as circulating sex steroid levels may be
involved (218). A more recent study conducted by Tobias et al. (2007) on a large cohort of
children indicates that physical activity has an effect on lean mass, which in turn has an effect
on periosteal bone growth (284). The study’s authors propose that physical activity exerts a
positive direct effect on both periosteal bone growth (reflected by height-adjusted bone area)
and volumetric BMD, and that physical activity indirectly stimulates periosteal bone growth
as a consequence of its effects on lean mass. In contrast the tendency of physical activity to
reduce fat mass acts to reduce periosteal bone growth. To date, Tobias et al.’s (2007) study is
the first comprehensive, well controlled study in a large group of children to propose an
inclusive theory of all aspects relating to normal habitual physical activity and exercise and
bone mass in children. Tobias et al.’s work fits in well with the functional model of bone
development described by Rauch and Schoenau in 2001 (224). The functional model of bone
development (Fig 3.3) proposes that bone cell action is coordinated by the mechanical
requirements of bone, such that when mechanical challenges exceed a set point, bone tissue is
added to the location where it is mechanically necessary. This model is currently the best

concept describing bone mass accrual during the growing years.
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Figure 3.3 A functional model of bone development based on the Mechanostat theory. During growth this
system is continually forced to adapt to meet mechanical challenges. Reproduced from Rauch & Schoenau
(2001) (224).

3.8 Interaction between Physical Activity and Calcium on Bone Mass

A small number of studies have recently examined the effects of exercise and calcium
interventions on bone mass (121; 275; 278). Iuliano-Burns et al. (2003) reported main and
interactive effects for calcium and physical activity interventions at the hip in pre and peri-
pubertal females (121). Stear et al. (2003) also reported enhanced bone mass with a calcium
and physical activity intervention in adolescent females, although the interactive effect (if
any) of the two interventions was not reported (278). Another physical activity and calcium
supplementation intervention conducted in both male and females children showed that
although physical activity stimulated growth in bone width, the actual amount of bone mineral
accumulated is dependant on both physical activity level and calcium intake (275). In a 12
month follow up to this trial, no consistent effect of calcium supplementation on BMC was

noted (27).

None of these studies have reported on racial effects and all have been conducted in
developed countries. Currently, there are no longitudinal observational data on the effects of
naturally occurring habitual physical activity and calcium intakes on bone mass accretion in
ethnically diverse populations in developing countries such as South Africa. Studies which
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have examined naturally occurring habitual physical activity patterns and calcium intakes in
other countries, have typically only reported data for short time periods (one week or less)
(234). Additionally, most studies have reported on the association between physical activity
and BMC, and the issue of whether habitual exercise increases bone size as well has not yet
been clarified. Only one other study has examined bone measurements in pre- adolescent girls
living in South Africa. Micklesfield et al. (2004) used ultrasound to measure bone density and
questionnaires to assess dietary calcium intake and physical activity, they reported that dietary
calcium intake was lower in White girls compared with Black girls and reported no difference
between ethnic groups for an energy expenditure score, but did report higher bone strain
scores in White girls compared with Black girls (188). The calcium data presented in the
abovementioned study should be interpreted with caution as children were not asked about
specific quantities of calcium rich foods, but only reported on the frequency of eating foods
high in calcium. The composite calcium score that the group used may not have been
sensitive enough to pick up absolute differences in dietary calcium intake between race

groups.

With the rising incidence of diseases of lifestyle, including an exponentially increasing hip
fracture rate in the ageing population in developed countries (185), scientists are advocating
physical activity and calcium intake as important modifiers of bone mass. This research is
particularly important in countries where a more sedentary lifestyle is becoming the norm and
where physical education no longer forms part of the school curriculum. The situation in
South Africa is of particular interest since South African Blacks are reported to have among
the lowest hip fracture rates in the world (253; 274), as well as lower than recommended

calcium intakes (211), but life styles are under rapid transition currently.
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3.9 Conclusion

A review of physical activity and bone mass literature reveals a wealth of findings. This
literature review has examined both adjustable and non-modifiable factors affecting BA,
BMC and BMD. It has inspected the literature with regards to energy expenditure, peak strain
physical activities and the type, intensity and duration of physical activities best suited to
enhancing PBM. Growth and physical activity as well as mechanisms of action have also all
been scrutinized. Yet it remains evident that research conducted in a South African context is
extremely limited. South African children’s physical activity and bone mass patterns have not
been established. Before we can make inferences with regards to South African children and
their bone development, we must examine these facets in more depth. This study aims to do
this by addressing a number of research questions raised by this review.

The major unresolved issues concerning physical activity and bone mass in children living in

South Africa include, but are not limited to the following:

1. A comprehensive physical activity questionnaire has not been validated within a
population of South African children, nor have normal habitual physical activity
patterns been examined in a group of Black and White South African school children.

2. Fitness levels and their relationship with body composition measures and their
correlation with physical activity indices as recorded by a questionnaire in South
African children are not known.

3. Are there differences in physical activity and bone mass acquisition patterns between
racially diverse children living in South Africa?

4. Is the association of exercise on bone mass measures similar in Black and White South

African children, despite different calcium intakes?
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3.10 Hypotheses

l.

The Physical Activity Questionnaire (PAQ) will be positively correlated with
objective measures of physical activity (actigraphy and fitness testing), and is a valid
and reliable assessment tool in a racially diverse group of South African school
children.

Fitter children will report higher levels of activity on the PAQ and will have a leaner
body composition profile as measured using DXA.

Physical activity patterns are influenced by a number of factors including race, gender
and socio-economic status. Children from a higher socio-economic background will
exhibit higher levels of physical activity.

Regardless of gender or race, children who are highly physically active will have
better bone mass at all weight bearing sites.

Bone mass acquisition patterns over a one year pre-pubertal period will be similar

between race groups, but not between gender groups.
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Chapter 4

Methodology
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Chapter 4: Methods

4.1 Introduction

The Birth to Twenty Study (Bt20) is an observational longitudinal study of child health and
development of children living in post-apartheid South Africa (79; 229; 230; 325). It was
initiated over a period of seven weeks in 1990, the same year that Mr. Nelson Mandela was
released from prison. The Bt20 study is a collaborative study involving academics,
researchers, service providers, universities and health departments. All children born within
the greater Johannesburg metropolitan area in South Africa over the seven week period were
enrolled into the study. During this time there were 5460 singleton births in the area, but only
3273 children were established to have been born to women who were residents in the Greater
Johannesburg area for at least the first six months of the child’s life (229). Thus the total
number of children who were originally recruited totalled 3273. In 1999 a child Bone Health
study (approved by the Committee for Human Research of the University of the
Witwatersrand, South Africa, Ethics number: M980810 and M050226) was initiated using a
convenience sub sample of the original group with an annual follow-up of 623 children. The
main aims of the Bone Health study were to investigate a multitude of environmental and
hereditary factors which may influence bone mass acquisition in a group of Black and White
South African children (200). The children were enrolled into this study at the age of nine
years. Cross checks were performed to ensure that there were no significant differences
between the Bt20 and Bone Health cohorts for key demographic variables (residential area at
birth, maternal age at birth, gravidity, gestational age and birth weight). The Bone Health
Cohort was utilised in this study to assess the association of environmental and lifestyles on

PA and bone mass accretion.
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The methodology described in this chapter is divided into five parts. Parts one and two are
primarily methodological studies, while parts three, four and five tackle the main research
questions. As a sum however, all parts engage in an attempt to explore the main research
question regarding the associations of physical activity, bone mass and lifestyle within a

young South African racially diverse population.

Part one (4.2) details the methods used in a cross sectional Actical study which was conducted
in order to validate our physical activity questionnaire (PAQ). Our questionnaire is based on
well established questionnaires in the literature (102; 206; 246) that have been previously
validated. However, since we modified our questionnaire to be more appropriate for a South
African population and to capture time spent in informal activity, it was necessary to validate
it in a South African group of children. Data collection for this part of the thesis took place at
a local primary school with children recruited from outside of the Bone Health cohort.
Actigraphy was used as an objective measure of activity for this study, and data obtained from
the Actical (Mini Mitter Co., Inc., Bend, OR) was compared with data obtained from the
physical activity questionnaire (PAQ). The PAQ was used to attain a measure of physical
activity throughout the studies. It was easily administered to a large sample of children who
were observed annually. Due to budget and logistical constraints, we were unable to use

Actigraphy in a larger sample of children.

The second part (4.3) of the methodology chapter expands the validation of the PAQ and
describes the methods of a cross sectional Fitness Study involving the use of two measures of
physical activity (PAQ and a battery of fitness tests) and measures of body composition
(DXA and anthropometry). This study was conducted with a sub-set of the Bone Health
cohort children and data collection took place both at the Birth to Twenty offices as well as in

the Exercise Physiology Laboratory situated in the School of Physiology at the University of
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the Witwatersrand Medical School. This study was conducted to assess whether fitness levels
in this cohort of children were higher in those children reporting higher levels of physical
activity on the PAQ. Additionally, the study sought to examine whether fitter children had
leaner body composition and whether there were race and gender differences for these

variables within the group.

The rest of the data obtained for this thesis (parts three (4.4), four (4.5), five (4.6)) were
gathered from children who are part of the Bone Health study. Data were obtained on an
annual visit, whereby children and their primary caregivers came to the Birth to Twenty
offices situated in the University of the Witwatersrand Medical School, Johannesburg South
Africa for their annual appointment. A team of data collectors and researchers (including
myself) would then collect the necessary data. All DXA scanning was done by a qualified
DXA technician, and the same technician performed all the scans during the duration of the
data collection for this study. Annual visits for data collection followed the same procedures

each year.

The procedure was as follows:

e Appointment made with family

e Child and primary caregiver arrive at Bt20 offices

e Informed consent obtained from both child and primary caregiver (example
provided in appendices 1 and 2)

e Interviews conducted with both child and primary caregiver (PAQ (Appendix
3), SES questionnaire (Appendix 4), nutritional questionnaire (dietary recall

and food frequency), historical data questionnaire, sleep questionnaire)
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Anthropometric measurements (height, weight, skin folds (supra-iliac crest,
tricep, sub-scapular, bicep), limb lengths)

DXA scan (whole body, mid-shaft radius (non-dominant), left hip (femoral
neck), lumbar spine (L;4) , lean and fat mass)

Blood drawn and urine sample taken (biochemical analyses)- (data not

included as this is beyond the scope of this thesis)
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The design of the all studies and testing of the hypotheses related to this thesis are shown in

Figure 4.1

DESIGN

Part 1 Actical Study {(h=30)

Sample: 9,10, 11 year olds recruited from a local primary school
Measures: Actigraphy (Actical), PAQ, Weight, Height

Research GQluestion: Does the PAQ accurately estimate PA levels in children when compared
to the Actical?

Fitness Study (n=69)
Part 2 Sample: 11,12, 13 year olds recruited from the bone health study

Measures: PAQ, Anthropometry, DA, Fitness Testing, Grip Strength, Tanner

Research Question: |sthere a relationship between fitness level as tested by a
battery of fitness tests and activity level as reported on the PAQ?

Cross Sectional Physical Activity and Bone Mass Study (h=386)

Part 3
Sample: Bone heslth study cohort

Measures: PAD, Anthropometry, DXA, Tanner Staging, Skeletal Age, Mutrition

Research Question: To examine the association between PA and bone mass within
different race groups of South African children.

Part 4 Socioeconomic Status and Physical Activity Study (n=381)
Sample: Bone health study cohart

Measures: PAD, Anthropometry, D¥A, Tanner Staging, Skeletal Age, SES

Research Gluestion: To examine the prevalence of inactivity and activity by gender, SES,
maternal education. To explore body composition patterns in relation to
sedentary behaviours.

Longitudinal Physical Activity and Bone mass Study (n=321

Part 5
Sample: Bone health study cohart

Measures: Annual PAQ, Anthropometry, DA, Tanner Staging, Skeletal Age, Mutrition
Research Question: To examine bone mass changes over a 12 month period in Black and

White SA children and to explore these changes in relation to habitual
PA levels & dietary calcium intakes.

Figure 4.1 Schematic representation of thesis outline
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4.2 Part 1 - Actical Study

The nature of the Bt20 longitudinal study and the large sample size of children involved in the
Bone Health study meant that assessment of PA with the use of Acticals was not viable in this
sample of children. This was primarily due to the high cost involved in purchasing Acticals as
well as logistical issues regarding collection and attachment of Acticals. The children
involved in the Bt20 study live in widely distributed areas across Johannesburg, making it
difficult for them to come to our offices more than once per year or for them to be visited at
home on a regular basis. The PAQ was therefore chosen as an assessment tool of PA in this
large group of children due to its ease of administration, low cost and subject burden and
applicability in large observational research. As previously mentioned the PAQ that was used,
is based on questionnaires which have been previously validated (102; 206; 246), however,
some of the questions were modified in order to make them more appropriate to assess the
activities of a sample of South African children. It was therefore necessary to validate the
PAQ by assessing the relationship between responses provided by subjects and actual Actical
measures in a smaller group of children not involved in the Bone Health study. Although
Acticals do have limitations as detailed in Chapter 3, they have also been shown to have good
correlations with other measures of PA (312).

The aims of the Actical Study were therefore to:

e Determine the relationship between METPA as estimated from the PAQ and activity
counts as measured by the Actical.

e Determine the degree of the relationship between time spent in sedentary and vigorous
activities as reported by the subjects on the PAQ and time spent in sedentary and
vigorous activity measured by the Actical.

e Determine whether the weekly and yearly PA scores obtained from the PAQ are

consistent and reproducible.
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4.2.1 Subjects

Data for the Actical Study were obtained from a convenience sample of children recruited
from a public primary school in Johannesburg. For this study a total of 30 Black and White
children aged between nine and 11 years of age volunteered and participated in a four day
Actical and PAQ based validation study. As this was an exploratory study, it was estimated
that a sample size of 28 (four groups of 7 subjects) was required to detect a 10% difference in
activity counts with 90% power at the p < 0.05 level. Children who were unhealthy or unable
to participate in physical activity were excluded from the study. All children and caregivers

gave written informed consent for all studies discussed.

4.2.2 Anthropometric Measures

The height of each child, recorded to the nearest millimetre, was measured using a
stadiometer (Holtain, UK), and weight, recorded to the nearest 100 gram, was measured using
a digital scale (Dismed, USA). Both devices were routinely checked every three months
throughout the study period and no adjustments were necessary to calibrations of the
equipment. Subjects were measured with light clothing and no shoes. Height and weight
measures were used to calculate Body Mass Index (kg/m?) (BMI) using the standard method
of dividing body mass (kg) by height squared (m). Forearm length, needed for radial and ulna
DXA analyses (in later studies presented in thesis), was measured as elbow to wrist length
taken between the posterior point of the olecranon and the most distal palpable point of the

styloid process of the radius.
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4.2.3 Physical Activity Questionnaire

An interviewer-administered PAQ was developed to estimate the time each subject spent
doing physical activities in the preceding year. This questionnaire was adapted for the Actical
Study to also record the PA of the school aged boys and girls in the preceding week to the
interview and the week of the Actical assessment (see fig 4.3 for more detail). The
questionnaire measured the total time spent on all habitual PA in relation to school, sports (at
school and outside of school), and commuting to and from school and other leisure time
activities (including informal activities, sedentary activities such as TV watching etc) during
the week and on the weekend (Table 4.1). Physical activity was scored in two ways as
calculated from the questionnaire: 1) for all subjects, all activities were rated according to
their metabolic intensity based on the method of Ainsworth et al. (1993 and 2000) (3; 4). The
metabolic equivalents described in Ainsworth’s 1993 paper were used for this thesis. Since
the first year of data for the Bone Health study was collected in 1999, the metabolic
equivalents described in Ainsworth’s initial 1993 paper and not her 2000 paper continued to
be used for the purposes of comparison. The metabolic physical activity score (METPA) was
calculated by multiplying the intensity (multiples of basal metabolic rate (metabolic
equivalents)) by the duration of the activity (hrs/wk); and 2) a mechanical physical activity
(MECHPA) score was calculated by multiplying the peak bone strain (ground reaction forces
as multiples of body mass) by duration (hrs/wk)). This score is based on the method of
Groothausen et al. (103) and has been used recently by Kemper et al. (134), however we
modified this by multiplying the estimated ground reaction by duration because the original
measure did not include duration or frequency. Thus a sum score for both METPA and
MECHPA was calculated as the sum of all METPA or MECHPA scores for each activity
(182). Only METPA scores were used for parts one and two of the thesis (The Actical and
Fitness Studies), however MECHPA scores were used in parts three, four and five; so the

method is explained in this section for purposes of clarity later on in the chapter.
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Table 4.1 Summary of main items used in physical activity questionnaire

1. Commuting/transportation
1. Method of transport to and from school (car/bus/train/bicycle/walk/other)
ii. Mean daily time taken to school and back from school
iii. Pace of walking/cycling (if applicable)
PA SCORE: Mean transport time to school in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score

2. Activities at School
a. Physical Education
1. Number of lessons attended per week
ii. Type of activity performed
iii. Duration of lesson
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
b. Extramural activities at school
1. Type of sports/activity participation
ii. Number of months that sport is played for
iii. Number of practices attended per week
iv. Length of practice
v. Number of matches played per week
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score

3. Organised activity outside of school (private extra mural activities)
1. Type of sports/activity participation
ii. Number of months that sport is played for
iii. Number of practices attended per week
iv. Length of practice
v. Number of matches played per week
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
4. Unorganized activity
1. General leisure activities (e.g. riding a bike, playing in the street)
ii. Times per week
iii. Hours per time
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score

5. Sedentary activity
a. During week
1. Hours per day spent watching TV and videos
ii. Hours per day spent drawing, music lessons, homework
iii. Hours per day spent playing video games
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
b. During weekend
1. Hours per day spent watching TV and videos
ii. Hours per day spent drawing, music lessons, homework
iii. Hours per day spent playing video gam
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
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4.2.4 Physical activity monitor-Acticals

Children in this study wore Actical (Mini Mitter Co., Inc., Bend, OR) accelerometers
(hereafter referred to as Acticals) affixed on their left hip, slightly above the iliac crest, with
an elastic belt for a period of four consecutive days. It was positioned in this way so that
acceleration of the displacement of the hip could be measured and so that the Actical would
also be sensitive to weight bearing movements. Acticals are the newest and smallest
accelerometers (28 X 27 X 10mm, 17g with a battery) currently available. When positioned
on the hip, the device is extremely sensitive to vertical movements of the torso. Activity was
measured in one minute epochs (the recommended epoch length (53)) over a period of four
days. Acticals sum 32 values in a 1 second window, divide the sum by four and then add this
result to the accumulated value for the epoch. In this study, sixty, one second values were
summed together to generate one resultant raw activity datum (counts) for each one minute
epoch (220). The subject’s age, weight, height and gender were entered into the Acticals
memory so that total energy expenditure and physical activity counts could be estimated using
the manufacturer’s equation. The Actical is activated when the subject’s information is
entered into the unit via a computer interface, and inactivated when the information is
downloaded to a computer. A new battery was fitted to each Actical before activation. Figure
4.2 represents typical data output using whole day accelerometry, with movement count cut-
off points for varying levels of activity. The activities were divided into three categories:
sedentary, moderate and vigorous activity. The cut points for defining the boundaries for
moderate activity (3 METs) and vigorous activity (6 METs) vary among studies (85). For the
purposes of this study 3 MET activities were defined as counts from 1200-2999 and 6 MET
activities corresponded to counts equal to or greater than 3000 counts. These values were

based on the accelerometer thresholds defined by Treuth et al. (2004) (285).
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Figure 4.2 Typical Actical data output from whole-day accelerometry. The data shown in Black is indicative of
an active child, while the pink lines show counts from a less active child.

4.2.5 Study Design

Data collection took place over a two week period as depicted in figure 4.3 below. The past
week PAQ was administered on the Thursday prior to the Actical assessment. This
questionnaire examined all activity and inactivity that subjects had undertaken in the past
seven days. The past year PAQ was administered the next day (Friday- Day one of the Actical
Assessment) and examined all activity and inactivity that subjects had undertaken in the past
year. The Actical assessment period then took place over four days, from and including a
Friday, Saturday, Sunday and Monday, such that data from both week day and weekend
activity was obtained. The data collected from the Acticals were then downloaded onto a
computer program (Actical v2.000.7 by Mini Mitter Co., Inc) and comparisons were made
with data obtained from the PAQs. Children were asked to behave as they normally would for

the four days of the study and to wear the Actical at all times except when bathing or

79



showering. The accelerometers were brought to the child’s classroom and collected again four
days later. All procedures were explained to study participants in detail; they were shown how
to attach the Actical to their hips and the PAQ was interviewer administered on both
occasions. The past week PAQ was administered for a second time one week after the first
administration (following Thursday) in order to assess whether the week during which
subjects wore the Actical was representative of a normally active week for the subjects. The
past year PAQ was administered again the next day (Friday) to ascertain whether the data

obtained on the past year questionnaire was reproducible.

Week 1 Past year PAQ 1
Week 2 Pastweek PAQ1  Actical Day 1 Actical Day 2 Actical Day 3
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Week 2
Actical Day 4 Past week PAQ2  Past year PAQ 2
Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Figure 4.3 Schematic representation of Actical Study design

4.2.6 Data Analysis

All data were analysed using SPSS for windows v12.0 (SPSS Inc, Chicago, IL, USA). Both
parametric and non parametric statistical tests were used due to the fact that the distributions
of activity estimates were positively skewed. For this part of the thesis, statistical analyses
were performed for White and Black males and females together since independent Analysis
of Variance (ANOVA) tests revealed no significant differences in physical activity variables
between the groups in the present sample. In order to assess the magnitude of the relationship
between Actical measurements and those reported by the subjects on the PAQ, Pearson
product-moment correlations were performed. Intra class correlation coefficients (ICCs) were

utilized to evaluate the reproducibility of the estimates of physical activity obtained from the
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PAQ questionnaire. An alpha of 0.05 was set a priori (for all hypotheses tested in the thesis)

to determine the level of statistical significance.

4.3 Part 2 - Fitness Study

Physical activity may not necessarily be synonymous with physical fitness. PA is a complex
concept which can be separately determined by different indicators (298). Assessment of PA
is based on the quantification of these factors. There is controversy as to whether a
relationship exists between the activity levels of children, their aerobic fitness and their level
of fatness (233). Furthermore gender and race differences in fitness levels have been shown
by previous investigators (8; 9; 148). It is therefore important to measure as many factors and

facets of physical activity as possible. This study sought to:

e Determine whether there are gender and race differences in fitness levels in a group of
11-13 year old children.

e Determine whether children who report being more physically active (i.e. have a
higher METPA score) on the PAQ are fitter and vice versa.

e Determine whether children who are fitter have leaner body composition indices.

4.3.1 Subjects

Data collection for this study took place over a two year period and was comprised of a
convenience sample of children. The first 70 consenting subjects from the Bone Health
Cohort categorised into selected race and gender groups were used to participate in the Fitness
Study. One subject was excluded as her heart rate data could not be retrieved (n=69). A
sample size of 64 (four groups of 16 subjects) was required to detect a 6% difference in

fitness score with 80% power at the p < 0.05 level. A total of 70 subjects were recruited (17-
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18 subjects per group) to account for a 10% chance of not being able to retrieve heart rate data
properly. Subjects were all healthy and aged between 11 and 13 years at the time of testing.
The sample was comprised of 19 White males, 21 Black males, 12 White females and 17

Black females. The following measurements were conducted on all subjects.

4.3.2 Anthropometric measurements

The same anthropometric measures described in section 4.2.2 were conducted on the subjects

for this part of the study.

4.3.3 Questionnaires

The retrospective PAQ as described in section 4.2.3 was used. The questionnaire assessed all
previous activity in the 12 months prior to the fitness assessment. For this part of the study,
only METPA scores were calculated and used from the questionnaire as detailed in section
4.2.3. Additionally children completed a Physical Activity Readiness Questionnaire (PAR-Q)
prior to beginning the battery of fitness tests. This was to ensure that all children were healthy

and able to perform in a variety of physical activity tasks.

4.3.4 Fitness testing

A battery of fitness tests, based largely on the EUROFIT battery of tests (59) was conducted
on all study participants. The battery of tests that subjects performed included: a 10-metre
shuttle run test where subjects ran between two markers placed 10 m apart as quickly as they
could (time taken to complete 10 shuttles was recorded (s)) ; sit-ups (maximal number in 30

seconds); and a standard three minute bench step test was used to measure aerobic power of
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the subjects. The height of the bench (0.3m) was kept constant throughout the study. Subjects
wore a polar heart rate monitor (Polar S120, Polar Electro, Kempele, Finland) for the duration
of the stepping test. The bench test was performed at a constant step rate of 25 steps per
minute as determined by a metronome. In this way, work rate between subjects remained
constant at approximately 50 watts for all subjects. A mean resting heart rate was recorded for
a period of five minutes before exercise began; thereafter heart rates were recorded every five
seconds during the three minute exercise period as well as for two minutes after exercise had
stopped. The time taken to fall to 150 percent of the resting heart rate during the recovery
period was termed the t-half and was used as the ‘performance’ marker for this task (109).
Grip strength was assessed using a hand held dynamometer (JAMAR Hydraulic Hand
Dynamometer, Lafayette Instrument JO0105, USA). Subjects performed three trials with each
hand and an average of the two hands was recorded. Results were recorded in kilograms. The
dynamometer was set at a level most comfortable for each subject and measured in a standing
position with the shoulder adducted and neutrally rotated and the elbow in full extension. The
shuttle run, sit up and bench test tasks were used in the calculation of a Fitness Score for each
participant. The standard performance data (distances, times and repetitions) for each task
were included into the calculation of the Fitness score, which was based on the method
described by Leyk et al. (2006) (157) in their Physical-Fitness-Test study. Performance on
each of the three tasks was scored according to a three point system, whereby zero indicated
worse performance (slower time, less reps etc) and three was the best score the participant
could achieve on the task. The fitness score cut-off’s were determined by dividing the
responses from the children into tertiles so they acted as their own assessment of fitness. A
child who did a high number of sit ups and completed the shuttle run task in a quick time for
example would score a three for both those tasks. A composite score of each subject’s total
score on each of the three tasks was then calculated resulting in a maximum score of nine and

a minimum score of zero. Subjects scoring between zero and two were assigned a Fitness
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Score of one, children scoring a three, four or five were assigned a Fitness Score of two and
subjects scoring a six, seven or nine were assigned a Fitness Score of three. A schematic

representation of the scoring method is presented in figure 4.4.

TASK FITNESS SCORE
Shuttle run (score 0-3) 0-2 — 1 (‘less fit’)
Sit ups (score 0-3) sum of scores (0-9) ———»3-5 — 2
Bench Test (score 0-3) 6-9 — 3 (‘most fit")

Figure 4.4 Schematic representation of scoring used to calculate Fitness Score for each subject. Based on and
adapted from method described in Leyk et al. (157).

4.3.5 Body Composition Measurements

Whole body scans were performed using a Hologic QDR 4500A dual-energy X-ray
absorptiometer (Hologic, Waltham, Mass., USA) in array mode according to standard
procedures. The data were analyzed with the software supplied by the manufacturer, version
11.2. A spine phantom was scanned daily to determine the intrinsic coefficient of variation of
the machine. A trained DXA technician performed all scans, and intra-observer variation in
this study was found to be below 1% for all sites measured. The whole body scan enabled the

assessment of whole body lean and fat tissue (g) and percentage body fat (%).

4.3.6 Data analysis

The Fitness Score was used as a categorical independent variable in multivariate ANOVA
tests to assess if differences in body composition, bone mass and PAQ indices existed
between different classifications of fitness levels. Data were analysed for the whole group
and separately for each race and gender group as differences between some groups were

found for some variables measured. Chi squared tests were used to assess if percentages of
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subjects from each race and gender group falling into each category of Fitness Score were

equal. An alpha level of <0.05 was considered to be statistically significant.

4.4 Part 3 - Cross Sectional Physical Activity and Bone Mass Study

This section describes the methodology of a study conducted on the Bone Health cohort to
assess the associations between physical activity and bone mass in Black and White South
African children at age 9 years (182). The purpose of this study was firstly to describe normal
habitual naturally occurring physical activity patterns in a group of South African children for
the first time, and then to explore the association and relationship between physical activity
levels and bone mass in this racially diverse pre-pubertal group of children. This study
assessed the association between physical activity (sedentary activity, sports participation and
intensity, commuting to and from school (active and passive)) and bone mass in 386 healthy
nine-year-old Black and White, male and female South African children.

The study sought to determine whether:

e higher levels of physical activity (a greater METPA score) as estimated from the PAQ
would be associated with a higher bone mass;

e the type of sport played influences bone mass (sports with a higher MECHPA score
would have a greater osteogenic effect);

e there are differences in activity level between race groups

4.4.1 Subjects

Although 623 children were originally enrolled into the Bone Health Study, complete data for

this study were available for 386 children. Subsequent cross checks were performed between
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this study sample (n=386) and the Bone Health cohort (n=623) to ensure representation.
Subjects were all healthy and aged nine years at the time of testing. Children who had asthma
or who were suffering from any other disorder likely to affect bone metabolism were
excluded from the study. The sample comprised of 44 White males, 158 Black males, 38
White females and 146 Black female children. The smaller numbers of White children is
indicative of the racial distribution in South Africa. Fewer White than Black children were

born during the period of enrolment into the study.

4.4.2 Anthropometric measurements

The same anthropometric measures described in section 4.2.2 were conducted on the subjects

for this part of the study.

4.4.3 Questionnaires

All subjects completed an interview with the caregiver present. Subjects were asked about
past medication, known diseases and pubertal development (by Tanner hair development
(201; 281)). Dietary calcium intakes were assessed using a 24 hour dietary recall
questionnaire as well as a Food Frequency Questionnaire (169). The PAQ as described in
section 4.2.3 was used. Both METPA and MECHPA scores were calculated from the

questionnaire and used in the analyses of this study as detailed in section 4.2.3.

4.4.4 Bone Mass Measurements

We measured whole body and site specific bone mineral content, area and density using a

Hologic QDR 4500A dual-energy X-ray absorptiometer (DXA) according to standard
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procedures. A lumbar spine phantom was scanned daily to determine the intrinsic coefficient
of variation of the machine. During the course of the study, coefficients of variation for BA,
BMC and BMD were 0.47, 0.78 and 0.35%, respectively. DXA scans were performed on the
non-dominant radius (mid-shaft), left hip (femoral neck), lumbar spine (L;-L4), and whole
body. The whole body scan enabled the assessment of whole body lean and fat tissue (g) and
percentage body fat (%). Sub total whole body values (total body — head) were used as we

considered the head to be an unloaded region.

4.4.5 Data Analysis

Two kinds of relationships with bone mass, race group and PA were investigated. Firstly,
METPA and MECHPA scores were included as categorical variables (divided into quartiles)
and analysed separately for Black and White children. Secondly, METPA and MECHPA
scores were log transformed (data were negatively skewed) and correlated with bone mass
variables separately for White and Black children using Pearson and Spearman Rho
correlation coefficients. All data are presented as mean (standard deviation), unless otherwise
noted. Data were analyzed using SPSS v12.0. An ANOVA was performed for all physical
activity and bone and body composition measurements. Bone mass differences within
METPA and MECHPA quartiles and between race groups were assessed using a multivariate
ANOVA. The Bonferroni multiple comparison test was used to assess group differences. Chi-
Square tests were used for categorical variables. DXA data is reported both with and without
adjustment for height and weight. An alpha level of p<0.05 was considered to be statistically

significant.
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4.5 Part 4 - Socio-economic Status and Physical Activity Study

This section describes the methodology of a study conducted on the Bone Health cohort to
assess the associations between socio-economic status, physical activity and body
composition in Black and White South African children at age nine years (183). Physical
activity and inactivity patterns in nine year old South African children were examined and the
amount of PA by gender, socio-economic status and maternal (primary caregiver) SES
characteristics such as marital and employment status, as well as level of education was
considered. The study also sought to examine body composition patterns in relation to SES
and other sedentary behaviours such as television watching.

The study sought to determine whether:

e access to amenities including electricity, television, motor vehicles etc. is equal across
the sample;

e socio-demographic variables such as maternal education, maternal marital status and
SES are associated with the subjects’ physical activity levels;

e SES is related to body composition profiles, hours spent watching television and PA

levels.

4.5.1 Subjects

This study included data obtained from the primary caregiver (defined as the mother for
purpose of this study) and children participating in the Bone Health Study. Satisfying these
requirements resulted in complete paired data for 381 children and mothers. There were five
less children included in this analysis as compared to the study described in 4.4.1 (Part 3) as
complete mother and child data were not available for these five subjects. Subsequent

crosschecks were again performed between this study sample (n=381) and the Bone Health
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cohort (n=623) to ensure representation. Key demographic variables were similar and there
were no differences in proportions of children in SES and race groups between this study
sample and the original group. Subjects were all healthy and aged nine at the time of testing.
The sample for this study comprised of 43 White males, 157 Black males, 38 White females

and 143 Black females.

4.5.2 Anthropometric measurements

The same anthropometric measures described in section 4.2.2 were conducted on the subjects

for this part of the study.

4.5.3 Questionnaires

All subjects completed an interview with the primary caregiver present. We examined past
medication, known diseases, socio-economic and medical history, pubertal development and
physical activity. Primary caregivers answered a number of questions regarding their social
and economic status. This study utilised an asset indicator approach (44) by formulating a
composite score from 11 bivariate factors (house type, electricity, indoor flushing toilet,
indoor running water, television, motor vehicle, refrigerator, microwave, washing machine,
video machine and telephone) which were asked in the interview. From the asset indicator
score the sample was divided into quartiles ranging from low to high SES. Mothers of the
subjects also answered questions regarding their marital status and levels of education. The
PAQ as described in section 4.2.3 was used. Only METPA scores were used in the analysis of

this data set.
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4.5.4 Body composition measurements

The whole body scan obtained from the DXA (as described in section 4.3.5) enabled the

assessment of the whole body lean and fat tissue (g) and percent body fat (%).

4.5.5 Data analysis

Descriptive statistics were used to describe the physical features of the sample. Univariate
analysis was used to determine racial and gender differences in physical activity. Factors
contributing to the asset indicator score were identified as significant contributors through a
factor analysis. Figure 4.5 below shows how the SES quartiles were calculated. The asset
indicator score ranged from one to 11 and children were divided into four quartiles based on
these scores. The analysis compared the prevalence of children falling into each of these
quartiles in terms of percentages of PA and inactivity behaviour by socio-demographic
background (maternal marital status, maternal education level and socio-economic score).
Cross tabs with chi-squared tests were used to assess differences across ordinal variables such
as education and support. Multivariate analysis with confounding variables controlled for was
used to assess lean mass differences across activity and television quartiles. Number of hours
spent watching television was used as indication of sedentary behaviour. These scores were
divided into quartiles ranging from less active to highly active. An alpha level of p<0.05 was

considered to be statistically significant.
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Factor Amenity Response Score
1 |House Type Formal (brick structure) 1
Informal (non-brick structure) 0
2 |Electricty Yes 1
No 0
3 |Indoor Flushing Toilet |Yes 1
No 0
4 |Indoor Running Water [Yes 1
No 0
5 |Television Yes 1
No 0
6  |Motor Vehicle Yes 1
No 0
7  |Refrigerator Yes 1
No 0
8  [Microwave Yes 1
No 0
9  |Washing Machine Yes 1
No 0
10 |Video Machine Yes 1
No 0
11 |Landline Telephone |Yes 1
No 0

,

Quartile 1

Quartile 2

;

|SCORE RANGE: 0-11 |

\

Quartile 3

Quartile 4

Figure 4.5 Calculation of asset indicator score

4.6 Part 5 - Longitudinal Physical Activity and Bone Mass Study

This section describes the methodology of a study conducted on children from the Bone
Health cohort, to examine bone mass changes over a 12 month period in a group of Black and

White South African pre- and early-pubertal children and to explore these changes in relation

to habitual physical activity levels and calcium intakes (181).

The study sought to determine:

whether BA and BMC gains were similar across racial groups and between children
with varying levels of habitual physical activity;
whether residualized BA and BMC values were similar between race and gender

groups across varying levels of habitual physical activity, and whether dietary calcium

intake has a synergistic effect with physical activity level.
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4.6.1 Subjects

This study included data obtained from children in the Bone health cohort, for whom we had
complete data at age nine and 10 (n=321). Subsequent crosschecks were again performed
between this study sample (n=321) and the Bone Health cohort (n=623) to ensure
representation. Subjects were all healthy and aged nine years (9.51 (0.27)) at visit one and 10
years (10.54 (0.27)) at visit two. Children who were asthmatic or suffering from any disorder
likely to affect bone metabolism were excluded from the study. Complete data for the two
annual visits, spaced one year apart were available for 321 children. The sample was

comprised of 31 White males, 141 Black males, 27 White females and 122 Black females

4.6.2 Anthropometric Measurements

The same anthropometric measures described in section 4.2.2 were conducted on the subjects

for this part of the study.

4.6.3 Questionnaires

The same set of questionnaires described in earlier sections was completed on both occasions
by the children, with their caregiver present. We examined past medication, known diseases,
and pubertal development (by Tanner hair development (281)). Girls were asked about their
menstrual status. Dietary calcium intakes were assessed using a 24-hour dietary recall
questionnaire as well as by a Food Frequency Questionnaire. Total physical activity (METPA
and MECHPA) was estimated using the method described in 4.2.3, taking into consideration

all physical activity and inactivity over the previous 12 months. Since the physical activity
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questionnaire assessed all previous activity in the preceding 12 months, year 10 data were

considered representative of activity in the 12 month assessment period.

4.6.4 Bone Mass measurement

The same bone mass measurements as described in 4.4.4 were used for this study.

4.6.5 Data Analysis

Data were analyzed using SPSS v12.0 and a p level of <0.05 was considered to be statistically
significant. Since we were interested in examining bone mass accumulation patterns in our
sample, percentage gains in BMC and BA (BMCGAIN and BAGAIN) were calculated using

the following formula:

% gain= (Measurement at age 10- Measurement at age 9) / Measurement at age 9 * 100

An ANOVA was used to detect differences in BMCGAIN and BAGAIN between race and
gender groups from age nine to 10 years and the Bonferroni multiple comparison test was
used to assess group differences where appropriate. As BMD is an areal density measurement
(g/lem?), and does not account effectively for diverse body sizes, it has been recommended
that the best way of avoiding size related artefact when analyzing bone mass is to include
body weight, height and BA as independent variables against BMC as the dependant variable
in a multiple regression analysis (93; 217). In this sample of children, height was not
significantly related (p=0.891) to BMC, thus it was excluded as a covariate. Height was
however, significantly related to BA (p<0.001) at all sites and was therefore included as a

covariate for BA analyses. We used a novel method based on Rowlands et al.’s (2004)
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technique (234). We regressed body weight and BA against BMCGAIN and saved the
residuals to form a new variable called residualized BMCGAIN (BMCGAIN,;). Given a
subject’s weight, BMCGAIN, provides a good indication of whether the subject is above or
below their expected BMCGAIN for their weight. The same procedure was followed for
BAGAIN, whereby body weight and height were regressed against BAGAIN and the
residuals were saved to form a new variable called BAGAIN,.. Given a subject’s weight and
height, BAGAIN, provides a good indication of whether the subject is above or below their
expected BAGAIN for their weight and height. To assess whether the non-bone related
components of weight (fat and lean mass) had different effects on BMCGAIN or BAGAIN, a

regression analysis was done including the additional covariates.

METPA and MECHPA scores were evaluated over the one year assessment period, which
preceded the second DXA scan, and were assessed as categorical variables after subjects were
divided into quartiles of activity within race and gender groups. To correct for the possible
effects of differing physical activity on BMC and BA accumulation prior to the study period,
METPA and MECHPA scores calculated at the subject’s first visit (age 9) were entered into
the regression analysis as covariates. BMCGAIN,.; and BAGAIN, at the whole body, radius,
hip and spine were assessed within METPA and MECHPA quartiles, between race and
gender groups using a multivariate ANOVA. A stepwise linear multiple regression analysis
was conducted in order to assess the relationship between past year’s physical activity (both
METPA and MECHPA), calcium intake and BMCGAIN,,; and BAGAIN, at all sites
measured. The independent variables were entered in the following order: calcium intake,
METPA, MECHPA, product of calcium intake * METPA and the product of calcium intake *
MECHPA. Independent variables were centered before being entered into the regression
analysis, in order to avoid the problem of multicollinearity (234). Centering involves

subtracting the mean from each individual score thereby making the mean of the centered
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variable zero. The product terms were calculated from the centered variables. All data are

presented as means (standard deviation), unless otherwise noted.

4.7 Conclusion

This chapter has described the objectives and methods used for all studies conducted for this
thesis. The chapter has described the participants recruited for participation into each study
and has given a detailed description of the methodologies and data analyses techniques used

to test each research question.
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Chapter 5

Results
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Chapter 5: Results

5.1 Introduction

The results of the studies conducted for this thesis are presented in the following chapter. The
chapter, like the methodology chapter is divided into five parts, each containing data findings
relevant to that particular study. Each part begins with a brief summary of aims and methods
of that particular study. A final summary of all findings is presented at the end of the chapter.
For the majority of the results chapter, comparisons are made between Black and White, and
male and female groups. A standard method (using asterisks) to denote significant differences

between the groups is used throughout the thesis.

5.2 Part 1 - Actical Study

This study sought to evaluate the correlation between subjects’ reported activity on the PAQ
and activity as measured by the Actical accelerometer in a group of nine to 11 year old
children who were not part of the Bone Health cohort. Thirty children, each wearing an
Actical for a period of four days, completed the ‘past week’ and ‘past year’ PAQ twice (once
before the fitting of the Actical and again one week later). Pearson product moment
correlations were used to analyse the PAQ and Actical data and Intra Class Correlation
coefficients (ICC) were used to test reliability and consistency of the PAQ. The same four day
period that children wore Acticals for, was compared with the corresponding four days of
activity reported on the past week PAQ. Data are presented as means (standard deviations)
unless otherwise indicated. White, Black, male and female data are presented in tabular form

in keeping with the rest of the thesis, however for this study, all groups were analysed
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together as there were no significant differences found between the race and gender groups in

activity levels or between any of the variables measured in this small sample of children.

5.2.1 Sample Characteristics

Thirty children participated in this study, in which the primary aim was to explore and
ascertain a range of responses from the subjects. Sample characteristics are displayed in Table
5.1. The mean age of the subjects was 10.17 (0.80) years. Included in the sample were 12
males and 18 females with equal numbers of White and Black children in each group. The
mean height of the subjects was 139.18 (9.01) cm and weight was 35.23 (8.42) kg. Average
activity counts per day was 548241 (28933) for the weekdays (Friday and Monday) and
561569 (46710) for the weekend days. Although weekend activity counts were slightly
higher; there were no significant differences between the two time frames, although it should
be noted that the standard deviation was much higher for the weekend activity. The counts
were further divided into percentages of time spent in sedentary, light, moderate or vigorous
activity as described in Figure 4.2. Subjects spent an average of 57 % of their time each day in
sedentary activity as measured by the Actical (including sleeping). Subjects reported spending
58% of their day in sedentary activity according to the PAQ. This figure comprised 3.83
(0.40) hours per day (16% of day) doing sedentary activities and an average of 10.08 (1.03)
hours per day (42% of day) sleeping. These figures included after school and weekend time
spent television watching, reading, drawing, doing homework, time spent on the computer,
and sleeping, resulting in a mean time of 58% of their day spent in sedentary activity as

reported on the PAQ.

In this sample of children, light and sedentary activities were defined to be 2.7 METS or less,

moderate activity (2.8-5.9 METS) and vigorous activity were activities which generated MET
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scores of 6 and above. Activity that is classified as vigorous on the Actical is approximately
equivalent to 3000 counts per minute (125) (refer to figure 4.2). Subjects spent an average of
8.4 (5.6) minutes of their time each day in vigorous activity as measured by the Actical.
According to the PAQ, children spent approximately 12.1 (9.7) minutes hours per day in

vigorous activities (activities with a MET score of 6 or above).

Average energy expenditure as measured by the Actical was 1256 (55) Cal/ per day over the
four day study period. Although children had slightly lower average energy expenditure (1204
(54) Cal/day) over the week day period (Friday and Monday) as compared to the weekend
period (1306 (57) Cal/day-Saturday and Sunday), there was no significant difference between

these two time frames in this sample of children.
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5.2.2 Validity

An overall significant, positive correlation was observed for total activity counts and total

METPA score obtained over the four day period (r=0.53, p=0.004) for all children. In order to

determine whether the relationship held true for activities of varying intensities, Pearson

correlation coefficients were calculated for time spent in sedentary and vigorous activity as

reported by the subjects on the PAQ (for the same four day period as the Actical) and as

measured by the Actical. Figure 5.1 shows the relationship between the two observations of

sedentary activity. A positive (r=0.66) and significant (p<0.001) correlation was observed

between the average percentage time spent per day in sedentary activities as reported on the

PAQ and the average percentage of time per day spent in sedentary activity as measured by

the Actical. Both measures included time spent asleep.
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Figure 5.1 Correlation between sedentary activities (% time) as estimated from the PAQ and percentage of time
spent in sedentary activity per day as measured by the Actical. (*=0.441, p<0.001)
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Figure 5.2 shows the relationship between the average daily amount of time spent in vigorous
activity (METPA score >6) as reported on the PAQ and the average daily time spent in
vigorous physical activity as measured by the Actical. Again, a positive (r=0.70) and

significant (p<0.001) relationship between the two variables was observed.

3.00 ~
2.80 A

2.60 1 r’ = 0.494
2.40 p<0.001

2.20 ~
2.00 +
1.80 - *
1.60 -
1.40 -
1.20 -
1.00 -
0.80 4

Vig activity (%time/day) from Actical

0.60 4
0.40 4
0.20 4
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0.00 020 040 060 08 100 120 140 160 180 200 220 240 260 280 3.00

Time spent in activities with MET score of >6 (%time/day) from PAQ

Figure 5.2 Correlation between % time spent in vigorous activity as estimated from the PAQ and percentage of
time spent in vigorous activity per day as measured by the Actical. (*=0.494, p<0.001)

5.2.3 Reliability

The intra class correlations of the estimates of the past year’s physical activity (METPA) and
inactivity scores (sedentary activity) as measured twice with a one week interval are presented

in Table 5.2.

Table 5.2 Intraclass correlation coefficients comparing two administrations of the past year PAQ one week
apart. Data are means (SE)

1 PAQ 2" PAQ ICC p Value

administration administration
METPA (hrs/wk) 6.98 (1.33) 6.83 (1.03) 0.964 p<0.001*
Sedentary activity (hrs/wk) 26.49 (2.72) 25.49 (2.45) 0.975 p<0.001*

*All correlations are significant at p<0.001
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To ascertain whether the time period of the Actical assessment period was representative of a
‘normal” week of activity and inactivity for the subjects, the short form of the PAQ was also
administered twice. While inter week variability in physical activity is expected, it was
important to ensure that the week of Actical and PAQ assessment was not different to an
average normal week of activity for the subjects. The reproducibility coefficients (Intra Class
Correlations) of the estimates of the past week physical activity (METPA) and inactivity
scores (sedentary activity) as measured at a one week interval are presented in Table 5.3. The
reproducibility coefficients were high, indicating that the week in which the Actical
assessment was done, was representative of a normally active week for the subjects or that the

children gave average answers irrespective what their actual activity was for that week.

Table 5.3 Intraclass correlation coefficients comparing two administrations of the past week PAQ one week
apart. Data are means (SE)

1 PAQ 2" PAQ ICC p Value

administration administration
METPA (hrs/wk) 6.76 (1.32) 7.62 (1.14) 0.945 p<0.001*
Sedentary activity (hrs/wk) 28.98 (2.50) 25.97 (2.43) 0.971 p<0.001*

*All correlations are significant at p<0.001

5.3 Part 2 - Fitness Study

This study sought to evaluate the relationship between fitness and physical activity as
reported on the PAQ and body composition measures in a sub sample of children from the
Bone Health cohort. A Fitness Score was calculated for each subject and compared to body
composition and PAQ indices. Data from 69 subjects were used for this study. Descriptive
data are presented as means (SD) unless otherwise indicated. Multivariate ANOVA tests were
used to assess for group differences (whole group, race, gender) in the tasks performed with
Bonferroni multiple comparison tests used as the post hoc test. Chi Squared tests were used to
assess whether percentages of children within race and gender groups falling into each Fitness

Score category were similar.

103




5.3.1 Sample Characteristics

Sample characteristics are displayed in Table 5.4. Included in the study were 31 White and 38
Black children, with approximately equal numbers of males and females in each group. There
were no significant differences between any of the groups for age, weight, BMI or average
grip strength. White females were significantly (p=0.013) taller than Black males. White
males performed the shuttle run task significantly faster (p=0.012) than Black males and
females, performed a significantly greater (p<0.001) number of sit ups in 30 seconds, showed
a significantly quicker time (p=0.017) to reach their t-half and had a lower (p=0.044) heart
rate at t-half than all other groups. White males also scored a significantly higher (p=0.031)
METPA score as reported on the PAQ than all other groups. There were no other significant

differences between variables listed in the table below.
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5.3.2 Fitness Testing

As mentioned earlier in the methods section (section 4.3.4), a point system was used to
generate a Fitness Score and classify subjects into different levels of fitness. Each task was
assigned a score from 0-3 and a sum fitness score was then generated. Subjects were then
classified into three fitness levels and chi square tests were used to assess for differences.
Tables 5.5 - 5.8 show the percentages of White, Black, male and female subjects within each

fitness level for each task performed.

Table 5.5 shows the percentages of subjects within each point category of the shuttle run task
according to group (White, Black, males and females). A score of zero was indicative of the
slowest time to complete shuttle runs and a score of three meant that the subject fell into the
quickest category for the task. A significantly greater (p=0.04) percentage of White males,
compared with all other groups performed the task in the quickest time. There were no Black

females able to perform the shuttle runs in the quickest category of time.

Table 5.5 Score table of the shuttle run task. The % columns refer to the distribution of each group within the
four categories.

Shuttle Run Points White Male | Black Male White Black Whole
(%) (%) Female (%) | Female (%) | group (%)
0 (slowest time to complete 10) 11 30 36 23 24
1 6 25 18 54 24
2 22 25 9 23 21
3 (quickest time to complete 10) 61 20 36 0 31

Reported p-levels are based on likelihood ratio x” tests.
*White males > all other groups, p<0.05

The next task that subjects performed was based on the maximal number of sit ups able to be
completed within 30 seconds. Table 5.6 shows the percentages of subjects within each point
category of the sit up task according to group. A score of zero was indicative of the least
number of sit ups completed in 30s and a score of three meant that the subject was able to

complete the most number of sit ups in 30s. A significantly greater (p<0.001) percentage of
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White males, compared with all other groups; performed the most number of sit ups in 30s. A
significantly greater (p<0.001) percentage of Black females fell into the least number of sit

ups completed in 30s category.

Table 5.6 Score table of the sit up task. The % columns refer to the distribution of each group within the four
categories.

Sit Ups Points White Male | Black Male White Black Whole group
(%) (%) Female (%) | Female (%) (%)
0 (least number in 30s) 0 35 0 62" 24
1 11 30 56 23 27
2 33 25 45 8 27
3 (most number in 30s) 56" 10 0 8 21

Reported p-levels are based on likelihood ratio x* tests.
*White males > all other groups, p<0.05
**Black females > all other groups, p<0.05

The third task that subjects performed was a standard bench step test. The test lasted for three
minutes and was followed by a two minute recovery period, during which the t- half (time
taken for the pulse to fall to 150 % of resting heart rate) of the subjects was measured. Table
5.7 shows the percentages of subjects falling into each point’s category of the bench step task
according to group. A score of zero was indicative of having the longest t- half, while a score
of three was assigned to those subjects with the shortest t-half. There were a significantly
greater (p=0.034) percentage of White males in the shortest t-half category than any of the

other groups.

Table 5.7 Score table of the step test task. The % columns refer to the distribution of each group within the four
categories.

Step test Points White Male Black Male | White Female | Black Female | Whole group
(%) (%) (%) (%) (%)
0 (longest t- half) 17 45 27 42 33
1 22 25 27 33 26
2 11 15 46 8 18
3 (shortest t- half) 50" 15 0 17 23

Reported p-levels are based on likelihood ratio x* tests.
*White males > all other groups, p<0.05
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A composite score of each subject’s total score on each of the three tasks was then calculated
resulting in a maximum score of nine and a minimum score of zero. These scores were then
grouped into categories from one to three. The method of scoring is described in detail in
Figure 4.4. Table 5.8 below shows the percentages of subjects falling into each category of
Fitness Score from least (score of one) to most fit (score of three). A significantly greater
(p<0.001) percentage of White males, compared with all other groups were classified as being
‘fittest’. There were no Black females that could be classified as being in the ‘most fit’

category.

Table 5.8 Score table of Fitness Score. The % columns refer to the distribution of each group within the four
categories.

Fitness Score White Male Black Male | White Female | Black Female Whole group
(%) (%) (%) (%) (%)
1 (“least fit’) 0 32 36 46 27
2 25 42 36 54 39
3 (‘most fit’) 75 26 28 0 34

Reported p-levels are based on likelihood ratio x tests.
*White males > all groups, p<0.05
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5.3.3 Relationship between fitness, physical activity and body composition

A positive and significant correlation (r=0.60, p=0.022) was found between METPA scores as
calculated from the PAQ and Fitness Score as calculated from the battery of fitness tests
conducted on the subjects. Figure 5.3 shows the mean METPA scores within each level of
fitness (1=least fit, 3=most fit). The mean METPA score of the fittest subjects was

significantly greater (p=0.022) than that of the least fit subjects.
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Figure 5.3 Mean (SD) METPA scores as estimated by the PAQ within each tertile of fitness as determined by
the Fitness Score. *p<0.05 Level 3> Level 1.
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The BMI and body fat percentages of subjects within each fitness level are shown in the
figures below (Fig’s 5.4 and 5.5). Subjects who had a Fitness Score of one (the least fit), had a
significantly greater BMI (21.7 (4.1) kg/m®, p=0.001) than fitter subjects with a Fitness Score

of two (18.3 (2.9) kg/m?) or three (17.9 (2.1) kg/m?).
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Figure 5.4 Mean (SD) BMI within each fitness level. *p<0.05 Level 1> Level 2 & 3.
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Subjects who had a Fitness Score of one, had a significantly greater percentage body fat (29.6
(7.0) %, p<0.001) than subjects with a Fitness Score of two (21.5 (5.7) %) and three (19.7

(5.0) %) (Figure 5.5).
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Figure 5.5 Mean (SD) body fat percentage within each fitness level. *p<0.001, Level 1> Level 2 & 3.

5.4 Part 3 - Cross Sectional Physical Activity and Bone Mass Study

5.4.1 Associations between habitual physical activity and bone mass in Black and White
South African children at age nine years

This study assessed the association between physical activity (sedentary activity, sports
participation and intensity, commuting to and from school (active and passive)) and skeletal
mass in 386 healthy nine-year-old Black and White, male and female South African children
from the Bone Health cohort. It was hypothesized that: i) higher levels of physical activity (a

greater metabolic equivalent physical activity (METPA) score) would be associated with
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higher bone mass; ii) the type of sport played influences bone mass (sports with a higher
MECHPA score would have a greater osteogenic effect); iii) race groups would have different

levels of PA and possibly, this could translate into different bone mass effects.

5.4.2 Anthropometric and Bone Characteristics

Included in the study were 82 White and 304 Black nine-year-old children, with
approximately equal numbers of males and females in each group. All children were pre-
pubertal. Table 5.9 shows the results for unadjusted DXA and body composition data. White
children had significantly lower hip BMD (p<0.001), and significantly greater hip area
(p=0.002) than Black children, and White females had lower spine BMD than Black females
(p=0.005). White females and males were significantly taller (p<0.001) and had higher
calcium intakes (p<0.001) than their Black peers. White males were significantly heavier
(p=0.04) and had significantly greater lean tissue mass (p<0.001) than Black males. There
were no significant differences between Black and White children for BMI, fat tissue (g) or

body fat percentage.
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Table 5.9 Unadjusted bone mass data, height, weight, age, BMI

calcium intakes.

White Male Black Male White Female Black Female
(n=44) (n=158) (n=38) (n=146)

Age (yrs) 9.5(0.1) 9.5 (0.0) 9.6 (0.1) 9.5(0.0)
Height (cm) 137.4 (1.0)° 133.0 (0.5) 136.3 (1.2)" 132.8 (0.5)
Weight (kg) 326(12) 29.1(0.4) 30.4 (1.1) 29.7 (0.6)
BMI (kg/m?) 16.6 (0.0) 16.7 (0.0) 16.2 (0.0) 16.7 (0.0)
Ca Intake (mg/day) 778 (42)" 347 (22) 719 (44)" 347 (23)
WB BMC (g) 966.5 (145.8) 927.6 (121.3) 887.0 (183.2) 889.2 (146.3)
WB BA (cm?) 1176.1 (150.6) 1122.9(118.7) | 1108.5(176.3) | 1112.3 (148.4)
WB BMD (g/cm?) 0.828 (0.058) 0.827 (0.049) 0.795 (0.051) 0.799 (0.050)
Radius BMC (g) 3.3(0.5) 3.3(0.5) 3.0 (0.5) 3.0 (0.6)
Radius BA (cm?) 8.3 (1.1) 8.4 (1.1) 7.7 (1.0) 8.0 (1.1)
Radius BMD (g/cm?) |  0.403 (0.025) 0.393 (0.032) 0.383 (0.030) 0.379 (0.032)
Hip BMC (g) 14.3 (2.6) 14.4 (2.4) 12.7 (2.8) 13.0 (2.3)
Hip BA (cm?) 20.5(2.4) 19.0 (3.3) 21.5(4.6)" 19.4 (2.2)
Hip BMD (g/cm?) 0.699 (0.079) 0.749 (0.079)" 0.603 (0.065) | 0.671 (0.079)""
Spine BMC (g) 23.5 (4.3) 21.9 (3.5) 20.8 (4.4) 22.0(3.9)
Spine BA (cm?) 42.7 (4.3) 40.7 (4.1) 39.4 (4.1) 39.2 (5.0
Spine BMD (g/cm?) 0.548 (0.061) 0.536 (0.050) 0.525 (0.065) | 0.557 (0.069)"
Lean tissue (g) 22791.8 (2966.1)" | 20718.6 (2700.2) | 19916.2 (3183.3) | 19720.7 (2746.5)
Fat tissue (g) 8285.1 (5189.6) | 6974.4 (3301.7) | 9473.9 (4224.4) | 9010.0 (4564.6)
Body fat (%) 24.1 (6.3) 23.4 (7.8) 30.0 (7.0) 28.9 (7.9)

*White males > Black males, p<0.05
**Black males > White males, p<0.05

***White females > Black females, p<0.05
****Black females > White females, p<0.05

Table 5.10 shows the results for bone mass data adjusted for height and weight. Bone area
data were adjusted for height only. After adjustment, Black children still had a significantly
higher hip BMD than White children (p<0.001), Black males had higher hip BMC than White
males (p=0.038), and Black females had higher spine BMC (p=0.005) and spine BMD
(p=0.004) than White females. White males had significantly greater whole body area than

Black (p<0.001) and White females (p=0.002). Black males had significantly greater radial
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area (p=0.001) than White females. White males had a significantly greater hip area then
Black males and females (p<0.001). White males had a significantly greater spine area than

White females (p<<0.001) and Black females (p<0.001).

Table 5.10 Bone mass characteristics after adjusting for differences in height and weight for BMC and BMD
and height for BA. Data are means (SE)

White Male Black Male White Female Black Female
(n=44) (n=158) (n=38) (n=146)
WB BMC (g) 919.5 (15.3) 943.1 (8.2) 864.2 (16.0) 894.0 (8.2)
WB BA (cm2) 1176.12 (15.63)" | 1121.60 (12.99) | 1108.50 (18.29) | 1114.37 (15.53)
WB BMD (g/cm? 0.824 (0.008) 0.828 (0.005) | 0.793 (0.009) 0.800 (0.005)
Radius BMC (g) 3.2(0.1) 3.3(0.1) 2.9(0.1) 3.0(0.1)
Radius BA (cm?) 8.04 (0.19) 8.33 (0.10)” 7.48 (0.20) 7.96 (0.10)

Radius BMD (g/cm?) | 0.400 (0.005) | 0.394(0.003) | 0.382(0.005) 0.381 (0.003)

Hip BMC (g) 13.6 (0.3) 14.6 (0.2)"" 12.3 (0.3) 13.1(0.2)
Hip BA (cm?) 20.49 (0.42) 19.22 (0.37) | 20.87(0.70)" 19.44 (0.50)
Hip BMD (g/cm? 0.688 (0.012) | 0.753 (0.007)" | 0.598 (0.013) | 0.672(0.007)"
Spine BMC (g) 22.4(0.5) 22.2(0.3) 20.2 (0.6) 22.1(03)7
Spine BA (cm?) 42.69 (0.34) 40.44 (1.08) 39.38 (0.76) 39.23 (0.39)

FERFFF

Spine BMD (g/lcm?) 0.540 (0.010) | 0.539(0.005) | 0.521(0.010) | 0.557 (0.051)

*White males > White females and Black females, p<0.05
**Black males > White females, p<0.05

***Black males > White males, p<0.05

****White females > Black males, p<0.05

*****Black females > White females, p<0.05
*F*E**White males > Black females and males, p<0.05

5.4.3 Physical Activity Characteristics

Physical activity data are presented in Table 5.11. Over 90% of White males and females
participated in physical education (PE) classes at school compared to approximately 30% of
their Black peers. White females spent a significantly greater time sleeping (p=0.006) and
playing sports with a higher METPA (p<0.001) and MECHPA (p=0.034) score than Black

females. Black females spent a greater time actively commuting to and from school (i.e.
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walking/riding) each day than White females (p<0.001). White males also spent a
significantly greater time sleeping (p=0.019), had a significantly greater METPA score
(p<0.001) and playing sports that generated a higher MECHPA score (p<0.001) than Black
males. White and Black children spent similar amounts of time participating in sedentary
activities and commuting passively to and from school (i.e. via car/bus/taxi/train). Black
children spent a greater amount of time watching TV (p<0.05). After controlling for race
differences in PA, boys were significantly more (p<0.05) active than girls (13.11 (0.77)
METPA hrs/wk vs. 9.62 (0.81) METPA hrs/wk). There was a significant positive correlation
between participation in PE classes and METPA score (1=0.282, p<0.001) and a significantly
negative correlation between METPA and hours of TV watched per week (r= -0.145,

p<0.001).

Table 5.11 Physical activity characteristics. Data are Mean (SE)

White Male Black Male White Female Black Female
(n=44) (n=158) (n=38) (n=146)

PE (yes) 41/44 (93%)" 43/158 (27%) | 34/38 (90%) | 50/146 (34%)
Sedentary activity including 10.48 (0.79) 10.63 (0.33) 8.61 (0.54) 9.03 (0.34)
sleep (hrs/day)
TV watching (hrs/wk) 17.28 (1.67) 26.54 (0.99)" 14.87 (1.75) 23.52(1.02)
Passive commuting (hrs/day) 0.33 (0.03) 0.4 (0.06) 0.37 (0.49) 0.47 (0.06)
Active Commuting (hrs/day) 0.03 (0.01) 0.35(0.03)" 0.04 (0.02) 0.27 (0.03)
Sleep (hrs/night) 10.02 (0.09)" 9.24 (0.78) 10.11 (0.14)™ 9.38 (0.13)
METPA score 27.74 (5.07) 10.65 (0.63) 14.7 (2.07) 8.39 (0.86)
MECHPA score 5701057 2.96 (0.19) 2.97(0.56) 2.26 (0.35)

* White males > Black males, p<0.05

**Black males > White males, p<0.05

**#*White females > Black females, p<0.05
****Black females > White females, p<0.05
**xE*White males > all other groups, p<0.05




5.4.4 Associations between Bone Characteristics and METPA.

Subjects were divided into quartiles of activity (Q1-least active-Q4-most active) based upon
their METPA scores. There were no significant differences between bone mass values
(adjusted for weight, height and gender) and METPA quartiles in Black children except for
WB BMD (p=0.022). There were however, significant relationships between METPA
quartiles and bone mass values (BMC and BMD, but not BA) in White children at the hip
(p=0.013; p=0.001) and spine (p=0.019; p=0.003), and whole body BMD (p<0.05) (Figures

5.6-5.9).
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Figure 5.6 Mean (SE) whole body BMC and BMD (adjusted for weight, height and gender) across METPA
(Mean = SE) quartiles for Black (e) and White (o) children. Q4 > Q1 & 2 (*p<0.05).
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Figure 5.7 Mean (SE) hip BMC and BMD (adjusted for weight, height and gender) across METPA (Mean + SE)
quartiles for Black (e) and White (o) children. Q4 > Q1 & 2 (*p<0.05).
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Figure 5.8 Mean (SE) spine BMC and BMD (adjusted for weight, height and gender) across METPA (Mean +
SE) quartiles for Black (e) and White (0) children. Q4 > Q1 & 2 (*p<0.05).
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quartiles for Black (e) and White (o) children.
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The two physical activity scores (METPA and MECHPA) were highly correlated. Log
METPA scores (adjusted for log MECHPA scores) were significantly partially correlated
(shown in bold in table 5.12) with bone mass values at all sites in White children except with
BMD at the radius, and with BA at the hip and spine, however in Black children the only
significant relationship was between log METPA and WBBMD (1=0.20, p<0.001) and hip

BMD (1=0.12, p=0.05).

Table 5.12 Partial correlations between log METPA and MECHPA values and adjusted bone mass
measurements in Black and White children

White Children (r) Black Children (r)
Log P Log p Log P Log p
METPA MECHPA METPA MECHPA

WB BMC (g)

0.32 0.01 0.29 0.02 0.07 0.26 0.18 0.03
WB BMD (g/cm?)

0.37 0.00 0.33 0.01 0.20 0.00 0.20 0.01
WB BA (cm?)

0.28 0.02 0.24 0.05 -0.03 0.67 0.13 0.12
Radius BMC (g)

0.26 0.03 0.23 0.06 0.02 0.69 0.17 0.03
Radius BMD (g/cm?)

0.14 0.24 0.12 0.33 0.00 0.96 0.07 0.39
Radius BA

0.25 0.03 0.22 0.08 0.01 091 0.13 0.11
Hip BMC (g)

0.37 0.00 0.29 0.02 0.10 0.10 0.12 0.16
Hip BMD (g/cm?)

0.38 0.00 0.41 0.00 0.12 0.05 0.13 0.11
Hip BA

0.19 0.11 0.07 0.58 0.00 1.00 0.02 0.76
Spine BMC (g)

0.28 0.02 0.26 0.03 -0.01 0.84 0.04 0.60
Spine BMD (g/cm?)

0.36 0.00 0.34 0.00 -0.04 0.52 -0.07 0.39
Spine BA

0.20 0.12 0.23 0.07 -0.01 0.88 0.11 0.18

*p<0.05. Reported p levels based on partial correlations.
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5.4.5 Associations between Bone Characteristics and MECHPA.

Subjects were divided into ‘loading’ quartiles (Q1-very low loading-Q4-high loading) based
upon their MECHPA scores. These MECHPA quartiles were then compared to BMC, BMD
and BA at various sites. There were no significant differences between bone mass values
(adjusted for weight and height) and MECHPA quartiles in Black children. There were
however, significant differences in bone mass (BMC and BMD, but not BA) measures
between MECHPA quartiles for White children at all sites except at the radius. For White
children the most ‘loaded’ group (Q4) had significantly higher whole body (p=0.016) and hip
(p=0.001) BMD and spine BMD (p=0.004). Most ‘loaded’ White children also had
significantly higher hip (p=0.008) and spine (p=0.024) BMC than the two least ‘loaded’

groups (Q1 & 2) (figures 5.10-5.13).
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Figure 5.10 Mean (SE) whole body BMC and BMD (adjusted for weight, height and gender) across MECHPA
(Mean = SE) quartiles for Black (e) and White (o) children. Q4 > Q1 & 2 (*p<0.05).
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Figure 5.11 Mean (SE) hip BMC and BMD (adjusted for weight, height and gender) across MECHPA (Mean +
SE) quartiles for Black (e) and White (©) children. Q4 > Q1 & 2 (*p<0.05).
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Figure 5.12 Mean (SE) spine BMC and BMD (adjusted for weight, height and gender) across MECHPA (Mean
+ SE) quartiles for Black (e) and White (o) children. Q4 > Q1 & 2 (*p<0.05).
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Figure 5.13 Mean (SE) whole body, hip and spine BA (adjusted height and gender) across MECHPA (Mean +
SE) quartiles for Black (e) and White (o) children.
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Significant positive partial correlations between bone mass (BA, BMC and BMD) and log
MECHPA (adjusted for log METPA) scores were found in White children at all sites except
at the radius for BA and BMD, and at the hip for BA (Table 5.12). No significant correlations
were found at any site in Black children except for whole body BMC (p=0.03), BMD

(p=0.01) and radius BMC (p=0.03).

5.5 Part 4 - Socio-economic Status and Physical Activity Study

5.5.1 The relationship between socio-economic status and physical activity patterns in South

African children

This study considered the degree of PA and inactivity in nine-year-old South African children
from the Bone Health cohort, focusing on the magnitude of PA by gender, socio-economic
status and maternal (primary caregiver) demographic characteristics such as marital and
employment status, as well as level of education. Additionally, the study aimed to examine
body composition patterns in relation to SES and other sedentary behaviours such as

television watching.

5.5.2 Socio-economic Status Results

These results describe the conditions under which the children in this study lived in
Johannesburg, South Africa in 2000 (Figure 5.14). Almost all of the children (99%) lived in
homes with electricity. Approximately 88% of children lived in brick houses, whilst 12%
lived in informal structures. Just over 60% of children had access to an indoor water source
and almost 50% had flush toilets inside their houses. Television sets were present in 95% of

the houses; 94% families owned a fridge; 76% had a land line telephone; 54% had a video
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machine; 44% owned a washing machine; and 39% a microwave oven. Almost 60% of the

sample did not own a motor vehicle.

Access to amenities (%)
al
o

Figure 5.14 Percentages of study sample with access to various amenities

In terms of partner support, 50% of mothers were married and living with their husbands, 4%
of mothers were living with their partners, but were not married, while 46% were single. Less
than 50% of the children’s mothers had completed a grade 12 (final year of school) education
or higher. Diplomas were held by 17% of mothers, while only 6% of them held a university
(tertiary) degree. At the time of the study 32% of mothers were not formally employed.
Average maternal income ranged between R1000-2000 (US Dollar estimate: $140-290) per
month. Almost all of the mothers described their children as being healthy, 9% of the mothers
described their children’s health as fair or poor. Private medical aid was held by 34% of the

sample.
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5.5.3 Profile of groups

Subjects were divided into quartiles according to their asset indicator score (lowest QI-
highest Q4) as described in detail in figure 4.5. Table 5.13 shows the socio-economic, PA and
anthropometric scores across each quartile for Black and White subjects. There were
approximately equal numbers of males and females within each quartile. No White children
fell into the first three quartiles when the sample was analysed as a whole. Significantly fewer
(p<0.001) mothers in Q1 had completed high school (17%), whereas over 80% of mothers in
Q4 had a high school education or higher. Significantly less mothers (40%) were married and
living with their husbands in Q1 compared with over 70% in Q4 (p<0.001). The majority of
mothers/caregivers in Q1 had no cash income (i.e were not working), whereas the majority of
caregivers in Q4 worked and earned an income of >R4000/month (US Dollar estimate: $570
per month), (p<0.001). There were no significant differences between maternal reports of
their child’s health across the quartiles. Maternal health status perception of their child was

not associated with PA participation.

Mean METPA scores were significantly greater in Q4 compared with all three other quartiles
(p<0.001). Percentages of children partaking in PE at school rose significantly (p<0.001) from
26% to 79% from Q1-4. Children in Q4 watched significantly less television than children in
Q2 and 3 (p<0.05) but not Q1. Children in Q1 watched significantly less television than

children in Q2 (p<0.05).

Significant differences were found across the groups for all anthropometric variables
measured. Children in Q4 weighed significantly more than children in Q1 and Q2 (p<0.05).
They were also significantly taller (p<0.05) than all three other quartiles. Children in Q1

weighed significantly less than those in Q2 and 3 (p<0.05). There were no significant
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differences for BMI between groups except that children in Q1 had a significantly lower BMI
(p<0.05) than children in Q3. Children in Q4 had significantly greater fat tissue (p<0.05) than

children in Q1. Lean tissue was significantly greater (p<0.05) in children in Q4 than Q2.
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Since there were no White children within the first three quartiles of socio-economic status,
the analysis was repeated using only the Black children in the study in order to determine if
the associations observed held true regardless of race. Table 5.14 shows the socio-economic,
PA and anthropometric scores across each quartile for Black subjects. Although not
significant, the overall mean asset indicator score was lower for the Black children (6.5 (0.1)
vs. 7.4 (0.1)) than for the whole group. There were approximately equal numbers of males and
females within each quartile. Significantly fewer (p<0.05) mothers in QI and Q2 had
completed high school (8 and 20%), where as 38% of mothers in Q4 had at least a high school
education. Significantly fewer mothers (18%) were married and living with their husbands in
Q1 compared with over 30% in Q4 (p<0.05). Twenty five percent of mothers/caregivers in Q1
had no cash income (i.e were not working) compare to 15% of caregivers in Q4. Those in Q4
who worked had an income of >R4000/month (p<0.05). Significantly more caregivers in Q4

perceived their child’s health as good (96%) vs. 66% in Q1.

In Black children, mean METPA scores were significantly greater in Q4 compared with all
three other quartiles (p=0.001). Percentages of children partaking in PE at school rose
significantly (p<0.05) from 28% to 44% from Q1-4. Unlike the cohort as a whole, children in
Q4 watched significantly more television than children in Q1 (p<0.05). Children in Q4
weighed significantly more than children in Q1 and Q2 (p<0.05). There were no significant
differences for BMI between groups except that children in Q1 had a significantly lower BMI
(p<0.05) than children in Q4. Children in Q4 had significantly greater fat tissue (p<0.05) than

children in Q1. Lean tissue was significantly greater (p<0.05) in children in Q4 than Q1.
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On the whole, the pattern observed between White and Black children was similar across all
socio-economic, anthropometric and physical activity variables, although the percentages
were often different. The remainder of the analyses are therefore presented for White and
Black children combined into one group. Socio-economic variables were correlated with
physical activity variables. The variables with significant bivariate correlations were then
examined further in terms of cross tabulations and chi squared likelihood ratios. Maternal
marital status (r=0.213, p<0.001), maternal education level (r=0.209, p<0.001) and asset
indicator score (r=0.189, p<0.001) were significant correlates with physical activity level.
Table 5.15 shows the results from bivariate cross-classifications of children participating in
the various levels of PA by socio-demographic variables. When comparing the two extremes
of activity (inactive and highly active), there were significantly (p<0.05) more children with
single mothers in the inactive quartile of activity (50% vs. 22%). No mothers of inactive
children held university degrees, while 14% of mothers of highly active children held
university degrees. Significantly more (p<0.05) mothers of children in the inactive groups had
not completed schooling (53% vs. 23%). On the whole children who were from married
households, had medical aid, had mothers with tertiary education and came from higher
quartile homes, were more active than children from lower socio-economic households,

irrespective of race.
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Table 5.15 Analysis of physical activity levels by socio-demographic background. The % column refers to the
distribution of the results (the percentage of subjects within each quartile of activity)

Quartiles of Physical Activity Inactive Active Moderately Active Highly Active
Socio-demographic variables

Marital Status p<0.05

Single 50% 47% 31% 22%
Divorced/separated 7% 11% 4% 5%
Widowed 3% 1% 6% 3%
Married 40% 41% 59% 70%
Education p<0.05

Incomplete schooling 53% 70% 55% 23%
Completed high school 31% 21% 21% 42%
Diploma 16% 7% 15% 21%
Degree 0% 2% 9% 14%
SES Status p=0.001

Lowest quartiles 19% 17% 16% 12%
Low quartile 22% 31% 30% 16%
Middle quartile 21% 29% 11% 18%
Upper quartile 38% 23% 43% 54%

Reported p levels are based on likelihood-ratio chi-square tests

Lean mass was explored by television watching (hrs/wk) and activity level (METPA score)

(Table 5.16). After adjusting for height and activity level no significant differences in lean

mass with increased hours spent watching television were found. However, after adjusting for

height and TV watching time, lean mass increased significantly (p=0.001) with increased

activity.
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Table 5.16 Lean mass (g) by television watching and activity level. Data are mean (SE)

N Mean lean Mass (SE) p for trend
TV watching hrs/wk *
<14 hrs/wk 77 19995 (302)
14-22 hrs/wk 81 20536 (287)
23-29 hrs/wk 91 20449 (275) 0.087
30-64 hrs/wk 102 20992 (259)
Activity level**
Less Active 85 20444 (279)
Active 94 19769 (271)
Moderately Active 87 20446 (273) 0.001
Highly Active 85 21350 (285)***

* Adjusted for height and activity level
**Adjusted for height and TV watching time
*#*p<0.05, Highly Active children > all other groups

5.6 Part 5 - Longitudinal Physical Activity and Bone Mass Study

5.6.1 Bone mass accretion rates in pre- and early pubertal South African Black and White

children in relation to habitual physical activity and dietary calcium intakes

The aims of this study were an extension of the findings presented in earlier parts of this
thesis: to examine longitudinal bone mass changes over a 12 month period in the same group
of children (pre- and early-pubertal children from the Bone Health Cohort) and to explore

these changes in relation to habitual physical activity levels and calcium intakes.

5.6.2 Anthropometric and Bone Characteristics

Included in the study were 58 White and 263 Black children, with approximately equal

numbers of males and females in each group. Pubertal scores at 10 years of age were similar
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between Black and White children of the same sex (Table 5.17). None of the girls had begun
menstruating and all subjects were considered to be either pre-or early-pubertal. There were

no significant differences between the skeletal ages of any of the groups.

Table 5.17 shows the results for percentage gain and actual change in height, weight, and
unadjusted BMC and BA from age nine to 10 years, as well as dietary calcium intakes and
pubertal stage at age 10. Black males were significantly shorter at age 10 years and had
significantly lower percentage BMCGAIN at the spine, BAGAIN at the whole body, dietary
calcium intake and physical activity scores than White males (p<0.001). Black females had
significantly lower calcium intakes than White females (p<0.001). Black males had
significantly lower gains in weight (p=0.019), height (p=0.004), BMCGAIN at the whole
body, hip and spine and BAGAIN at the whole body and spine when compared with Black
females (p<0.001). White males had significantly greater physical activity scores than all
other groups (p<0.001). There were no significant differences in weight at 10 years,

BMCGALIN at the radius or BAGAIN at the radius and hip between any of the groups.
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A multiple regression analysis was conducted in order to assess whether the non-bone related
components of weight (fat and lean mass) had different effects in BMCGAIN or BAGAIN.
The addition of fat mass, lean mass and calcium values to the regression had very little impact
on the whole body BMC and area gain values. Each covariate did not contribute significantly
more to the model than height and weight alone. The same trend was evident at other sites and
for all the groups. These variables were therefore not controlled for in the residual analysis,

but body size was.

Table 5.18 shows the results for actual year 10 BMC (adjusted for weight (kg) and BA (cm?))
and BA (adjusted for weight (kg) and height (cm)) values. Results for percentage gain in
BMC and BA after adjustment are also shown. Black males had significantly greater adjusted
hip BMC and radius BA at age 10 years (p=0.001) and significantly lower percentage gains in
spine BMC (p=0.034) and WB BA (p=0.027) than White males. Black females had
significantly greater adjusted hip BMC (p=0.001), WB BA (p=0.03) and radius BA (p=0.002)
and significantly lower hip BA (p=0.017) compared with White females at age 10. Black
males had significantly greater WB BMC (p<0.001), radius BMC (p=0.037) and BA
(p<0.001), hip BMC (p<0.001) and spine BA (p=0.021) at age 10 and significantly lower
spine BMC (p<0.001) and percentage gains in WB and spine BMC (p<0.001) than Black
females. White males had significantly greater hip BMC (p=0.001) and spine BA (p=0.003) at

age 10 years than White females.
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Parts three and four of this chapter have reported on the descriptive data for this population’s
physical activity patterns at age nine (182; 183). At age 10, White males still had significantly
greater METPA and MECHPA scores than all other groups (p<0.001) (Table 5.17). Subjects
were divided into quartiles of activity within race and gender groups and levels of activity
were then related to BMCGAIN,.s and BAGAIN,. at different sites. Residual values above
zero indicate that the subjects’ BMC and BA fall above their expected values for their weight,

height and bone area and vice versa.

Figures 5.15-5.17 show BMCGAIN, values at the whole body, hip and spine for different
quartiles of METPA and MECHPA within race and gender groups. White males in quartile
four (highest physical activity group for both METPA and MECHPA) showed significantly
greater BMCGAIN,s at all bone sites (p<0.05) except the radius when compared with the
lowest two quartiles. Additionally, White males in the highest quartile of physical activity had
BMCGAIN,s values well above zero. There were no other significant differences for any of

the other groups between race and/or gender.
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Figure 5.17 Residualized spine BMC gain within quartiles of METPA (panel A) and MECHPA (panel B) for
Black, White, male and female subjects. *p<0.05, quartile 4>quartile 1 and 2 for White males.
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Figures 5.18-5.20 show BAGAIN, values at the whole body, hip and spine for different
quartiles of METPA and MECHPA within race and gender groups. White males and females
in quartile four (highest physical activity group for both METPA and MECHPA) showed
significantly greater BAGAIN,s at the whole body (p<0.05) compared with the lowest two
quartiles. White children in quartile four for MECHPA showed significantly greater (p<0.05)
BAGAIN,; at the hip compared with children in lower quartiles. Additionally, White children
in the highest quartile of physical activity had BAGAIN,s values well above zero. There were

no other significant differences for any of the other groups between race and/or gender.
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Figure 5.18 Residualized whole body area gain within quartiles of METPA (panel A) and MECHPA (panel B)
for Black, White, male and female subjects. *p<0.05, quartile 4>quartile 1,2 and 3 (METPA) and quartile 4>
quartile 1 and 2 (MECHPA) for White males. **p<0.05, quartile 4>quartile 1 for White females.
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Figure 5.19 Residualized hip area gain within quartiles of METPA (panel A) and MECHPA (panel B) for Black,
White, male and female subjects. *p<0.05, quartile 4>quartile 2 for White males. **p<0.001, quartile 4 >
quartile 1 for White females.
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Figure 5.20 Residualized spine bone area gain within quartiles of METPA (panel A) and MECHPA (panel B)
for Black, White, male and female subjects. There was no significant relationship between METPA and
MECHPA and residualized spine bone area gain.
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A multiple linear regression sought to examine the effect of calcium intake and physical
activity (both METPA and MECHPA) on BMCGAIN,; and BAGAIN, at the whole body,

radius, hip and spine. Results are shown in Tables 5.19 and 5.20.

BMC results: There were no significant effects for any of the groups at the radius. No simple
effects for calcium were found at any site for any of the groups except in White females at the
hip (p=0.012). There were significant effects of MECHPA in White males on BMCGAIN;. at
the whole body (p=0.03), hip (p=0.002) and spine (p=0.005), and of METPA at the hip
(p=0.03). A significant effect of METPA at the spine (p=0.033) were observed for White
females. The only significant interaction between calcium and METPA was seen at the spine

in White females (p=0.027).

BA results: Simple calcium effects were observed at hip in both male and female White
children (p=0.017), as well as at the radius in White females (p=0.009). There were
significant effects of METPA observed at the whole body in White males (p=0.044) and
females (p=0.02). A significant calcium and METPA interaction was observed at the radius
and at the hip in White females (p=0.011 and p=0.044), as well as a significant calcium and

MECHPA interaction at the hip in White females (p=0.007).
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5.7 Summary of Findings

The main purpose of the studies conducted for this thesis was to describe the associations of
lifestyle, in particular physical activity, and environmental factors (socio-economic and
nutritional) with bone mass acquisition, for the first time in a South African group of Black and

White children growing up in post apartheid South Africa.

This chapter presented the results of the thesis in five parts. The first part described the results of
the Actical Study which sought to evaluate the correlation between the physical activity scores as
generated by responses given by subjects on the PAQ and data obtained from Actical
accelerometers. Results showed that the scores generated from the subjects reporting on their
physical activity and inactivity on the PAQ were significantly correlated with activity and
inactivity measures generated from the Actical. There was also good reliability in the reporting of
physical activity and inactivity by the subjects in two separately administered sessions of the
questionnaires, one week apart. The results indicate that the PAQ provide a reasonable indication

of physical activity levels in pre adolescent children.

The Fitness Study involved a sub-sample of children from the Bone Health cohort and examined
fitness levels and their relationship with physical activity as assessed by the PAQ and body
composition indices as measured by anthropometry and DXA. White males were found to be the
best performing group for all fitness tasks. When children were grouped together and classified
into fitness categories, there was a strong correlation between fitness level, METPA score, BMI
and body fat percentage. While physical activity has many facets to it, physical fitness in this
group of children was shown to correlate well with self reported physical activity level and

objectively measured body composition.
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The children from the Bone Health cohort were also used as participants for the final three
studies conducted for this thesis. The first of which, explored associations between physical
activity and bone mass, with particular attention being paid to race differences. The study
reported cross sectional bone mass and physical activity data from Black and White nine-year-old
children. The vast majority of White children participated in physical education (PE) classes at
school compared to less than a third of their Black peers. On the whole, White children reported
being more physically active than Black children and males were more physically active than
females. Black children spent a greater amount of time actively commuting to and from school
(i.e. walking/riding) each day than White children. Black children spent a greater amount of time
watching TV than White children. Results showed that whole body BMD, and hip and spine BA,
BMC and BMD were significantly associated with increasing levels of activity (i.e. a greater
METPA score) and mechanical stress (MECHPA score) in White children. More active White
children had a superior whole body BMD (up to 8% greater), hip (up to 17% greater) BMC and
spine (up to 17%) BMC (after adjustment for body size), than less active children, even before
reaching adolescence and early adulthood. There were no significant associations between
activity levels in Black children and bone mass, except for whole body BMD, where most active
Black children had significantly greater BMD than their less active counterparts. There were no
significant associations between METPA activity levels and BA measures, although a similar

trend to that of BMC and BMD was observed between increasing activity level and bone area.

The fourth part of the chapter details findings concerning the relationship between SES and
physical activity patterns. A higher asset indicator score among the children was significantly

associated with increased maternal education levels, better partner support and higher cash
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income. The number of children participating in PE classes at school rose steadily with a higher
asset indicator score. Children falling into Q1 (low SES) had a higher METPA score than Q2 and
3, but not 4. The highest METPA score was seen in Q4, which was significantly higher than all
three other quartiles and almost double the scores of Q2 and 3. There were fewer children with
single mothers in the highly active quartiles. Additionally, there were more children with mothers
who held tertiary qualifications in the highly active group than the less active groups. Children
who were highly active also had the highest amount of lean mass, regardless of their height or

amount of television watched.

The final study examined longitudinal changes over a one year period in the Bone Heath cohort.
These data on bone mass changes and physical activity levels provide the only available
longitudinal bone mass and physical activity data on normal pre-and early-pubertal children
living in a developing country. This study showed that White females and males accumulate
BMC, BA, height and weight at similar rates over a 12 month period between the ages of nine
and 10 years both before and after adjustment for body size. Black males however had lower
height, weight, BMC (at all sites measured) and BA (whole body and spine) accumulation rates
compared with the other groups. White males had the highest PA levels and White male children
falling into the highest quartile of activity exhibited bone mass benefits at the whole body, total
hip and lumbar spine sites. White children consumed approximately twice the amount of calcium
than Black children did. Nevertheless, Black children had a higher hip BMC adjusted for body
weight and bone area than White children at age nine (182) and 10 years, despite lower calcium
intakes and physical activity levels. An interactive effect of calcium and physical activity was

observed in White females for BMC at the spine and for BA at the radius and hip.
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The findings of this thesis provide a comprehensive picture of normal habitual physical activity
patterns and their association with lifestyle and environmental factors affecting bone mass
acquisition in South African children by sex, race and age. The results are discussed in greater

detail in the following chapter.
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Chapter 6

Discussion & Conclusions

156



Chapter 6: Discussion

6.1 Introduction

The findings presented in the previous chapter are discussed in both a quantitative and qualitative
manner in this chapter. The discussion is again presented in five parts, but data is also discussed
in an integrated manner in the final section of the chapter. The results and findings of the studies
conducted are reconciled with the findings of other researchers in the area and possible

mechanisms and confounders are discussed. The chapter includes limitations of the studies.

While all studies conducted focused on the global research framework, the first two studies were
primarily methodological in design. The main purposes of The Actical and Fitness Studies were
to attempt to gain a broader perspective of the many complex facets of physical activity, using
direct and objective measures (accelerometers and heart rate monitoring) in addition to an
indirect measure of physical activity-the physical activity questionnaire (PAQ). Studies three to
five were conducted with larger sample sizes of children, and were more in-depth studies directed
at describing the associations of lifestyle and environmental factors such as socio-economic

status and physical activity with bone mass acquisition in South African children.

While physical activity and bone mass intervention studies are critical for determining cause and
effect relationships, they provide limited understanding of the natural effects of habitual physical
activity patterns on bone mass development. Longitudinal observational studies in addition to
intervention studies are important for describing the cumulative effect of physical activity on

bone mass acquisition in addition to the influence of other lifestyle factors, and help ascertain
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whether it is possible to increase bone mass through higher levels of habitual physical activity

(126).

6.2 Part 1 - Actical Study

This study was designed to determine the validity and reliability of the PAQ during a normal
week in nine to 11 year old Black and White, male and female children. Positive and significant
correlations were observed for activity reported on the PAQ and measured with the Actical. Time
spent in sedentary behaviour which included doing homework, watching television, sleeping and
playing on the computer as reported by children on the PAQ was significantly and positively
correlated with the percentage of time that children spent in sedentary activity (including sleep)
as measured by the Actical. A similar relationship was found at a higher levels of physical
activity, whereby METPA hours spent doing vigorous activities (this included sports such as
hockey, cricket, soccer etc) were significantly correlated with the percentage of time children
spent in vigorous activities per day as measured by the Actical. The PAQ is able to differentiate
between different intensities of physical activities and is a useful tool for evaluating physical
activity in South African children. However the relationship between the PAQ and Actical
assessments of activity is not along the line of identity suggesting that the PAQ overestimates at
high values of PA and possibly underestimates at low values. Nevertheless the relationship

allows PAQs to be used to divide children into quartiles of activity.

The PAQ provided consistent results over two administrations which examined all activity
undertaken in the preceding year. No major differences in reporting of activity levels were

observed between the measurements. Additionally the subjects’ physical activity behaviour over
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the four days of the Actical assessment was representative of a normal week of activity in these

children.

A comprehensive comparative study conducted by Puyau et al. (2004), concluded that the Actical
provides a valid measure of children’s activity and is a good discriminator between sedentary,
light, moderate and vigorous activity levels. In the present study, the Actical output was
considered as an overall measure of activity and as percentages of time spent within ranges of
activity levels (sedentary to vigorous). Three findings are of importance. Firstly, that the PAQ
and the Actical are correlated at a low range of activity; secondly, the relationship between the
two instruments holds true for activities performed at a higher intensity and thirdly that physical
activity as reported on the PAQ was consistently reported on the weekly and yearly recall of
activity by the subjects. It is not surprising that although the two instruments were significantly
correlated, the correlation was only moderately strong. While PAQs may not be as useful when
comparing physical activity between individuals, they do allow one to confidently divide a
population into ranges or quartiles of physical activity. There have been a number of reports of
validation of self reported PA with measures obtained from accelerometers, a wide range
correlations has been reported (r=0.20 — 0.88) (179; 246; 249; 291). Intra class correlation
coefficients regarding reliability of PA questionnaires have ranged from R=0.51- 0.98 (179; 246;
267). While these reported ranges are rather wide, the correlations reported in the present study

fall well within them and towards the upper end of both ranges.

For the assessment of physical activity in children, a clear understanding of the accuracy of
different methods used is important. Children may experience difficulty in reporting their

physical activity (51; 213). Accelerometer based activity monitors have become smaller and more
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sensitive to monitoring activity over extended periods of time (220). They have been shown to be
a valid tool for measuring physical activity in young children (212; 245). A number of review
papers have presented guidelines with regards to best practice of placement of the Actical
accelerometer and the number of days of monitoring needed (308; 312). Days of monitoring in
children using the Actical is generally recommended to be between three and five in order to
achieve reliability of 0.7 (290). Placement at the hip and recording one minute epochs of data are
also accepted as standard protocol. This study used a four day protocol over two week days and a
weekend, placed the Acticals on the left iliac crest of the children and the Acticals were set to
record counts in one minute intervals. All subjects wore their Acticals continuously (except
during showering or bathing) as evidenced by the continuous data and counts obtained when the

data was downloaded.

There are major challenges to measuring physical activity in children particularly in South
Africa. The gold standard for measuring energy expenditure in free living humans is the doubly-
labelled water technique, which is expensive and has not been used in humans in South Africa.
Additionally many questionnaires are specifically designed for use in developed countries and
their transfer to other cultures in developing countries may not always be appropriate (309). To
date only one study has designed and validated a questionnaire specific to a population in Africa
(273), although the Global Physical Activity Questionnaire (GPAQ) is currently undergoing
validity testing in a South African population (11). Acticals are an expensive item to purchase,
particularly in South Africa and were therefore suitable for activity monitoring in a small group
of children only (such as in The Actical study (part one)), but were not a feasible tool to use in

the large cohort of children studied in Parts three to five of the thesis. For these reasons, our PAQ
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was adapted and modified for appropriate use in a South African population of Black and White

children, and used as the primary physical activity assessment tool throughout the thesis.

In summary, the interviewer administered PAQ was found to be a valid and reliable assessment
tool in this population of children as evidenced by its good correlation with Actical
measurements. The PAQ is an easy to administer, cost effective tool for discriminating more
active children from those who are less active. While absolute METPA and MECHPA scores can
be calculated from the questionnaire, the better application of the questionnaire appears to lie in

its ability to qualitatively rank subjects according to activity level.

6.3 Part 2 - Fitness Study

Fitness levels in a sub sample of Black and White, male and female children from the Bone
Health Cohort were assessed and related to body composition and physical activity estimates as
calculated from the PAQ. The main findings in this study are that 1) a significant and positive
relationship between physical activity levels as estimated from the PAQ and fitness as measured
by fitness tests was observed; and 2) a significant and negative relationship between fitness and
fatness was observed. These findings support the PAQ as a valid tool, with good evidence to

show that the PAQ is accurately estimating what it purports to do.

Physical fitness can be divided into health related fitness, composed of a factors such as cardio-
respiratory endurance; body composition; muscular strength and flexibility; and performance
related fitness (power, speed-agility, hand-eye coordination etc) (40; 298). While a myriad of
tests exist to test health related physical fitness in adults (298), there have been few studies

reviewing the best approach for fitness testing in children. Additionally data are also lacking to
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show the link between fitness levels in youth and health related physical fitness as an adult (86).
Currently, there are no data describing the fitness levels in a population of South African

children.

Performance on the shuttle run test has been shown to correlate well with laboratory tests of
maximal oxygen uptake (45; 297). The shuttle run test has been used widely in tests of physical
fitness; in a large study (1015 children) conducted by Boreham et al. (1997), aerobic fitness as
assessed by the shuttle run task was found to be significantly correlated with physical activity as
reported from a questionnaire in boys (39). The findings of the present study (Fitness Study) are
in agreement with Boreham’s results. It is important to note that gender and race distribution was
not equal across fitness tertiles, thus it is possible that fatness (BMI) and percentage body fat may
reflect race and gender differences instead, rather than be associated with differences in fitness

levels.

White males in this study scored significantly higher METPA scores on the PAQ and also
performed significantly better on all fitness tasks conducted compared with any of the other
groups. The greatest percentage of children classified as being the fittest were White males, while
the greatest percentage of children classified as least fit were Black females. Children who were
classified as most fit had significantly lower BMI’s and body fat percentages. There was also a

significant and positive correlation observed between METPA score and fitness level.

The present study provides support for a positive association between activity levels and fitness.
The study however does not necessarily attribute decreased fitness to increased body fat. The

relationship between these variables could be a self selecting one, whereby fatness may cause a
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child to be inactive and therefore less fit. Nevertheless the results of the study agree with those of
Rowlands et al. (233) and suggest that inactivity and decreased fitness are linked with increased
fatness. This was also found to be the case in a later study conducted for this thesis (part four), in
which lean mass was found to be significantly and positively associated with activity level,

regardless of height.

The results of fitness tasks conducted for this study were significantly correlated with activity
level as estimated by physical activity questionnaire and with body composition measures.
Currently there are no representative health related fitness databases of South African children
who have been periodically assessed. These simple and easy to administer fitness tasks could be
used as a tool for larger studies and provide a good model for inexpensive fitness testing which

could be easily implemented and incorporated into schools.

6.4 Part 3 - Cross Sectional Physical Activity and Bone Mass Study

This was the first study to be undertaken in a large population of normal pre-pubertal children
living in a developing country which investigated race differences in bone mass and the
association with physical activity. The findings demonstrate that physically active children have
greater site specific BMC and BMD than their less active peers. Whole body BMD, and hip and
spine BA, BMC and BMD were significantly associated with increased levels of activity (i.e. a
greater METPA score) and mechanical stress (MECHPA score) in White children. More active
pre-pubertal White children had a superior whole body BMD (up to 8% greater), hip (up to 17%
greater) BMC and spine (up to 17%) BMC than less active children. These findings are in
agreement with Janz et al. (125) and Slemenda et al. (269) who reported 4-7% greater bone mass

in pre-pubertal children in the highest quartiles of weight bearing physical activity, as well as
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with other epidemiological studies in which physical activity as assessed by questionnaire was
found to be positively correlated with bone mass in children and adolescents (100; 135; 136; 161;
196; 284). In the present study, significant positive correlations between PA and bone mass were
found only for WB BMD in Black children. When BA, BMC and BMD were plotted against
activity quartiles for both METPA and MECHPA scores, an increase in BMC and BMD was seen
for White children, but not for Black children. Few studies have reported on the association of
habitual physical activity with BA; in the present study no association was observed, although it
is likely that with the addition of lean mass as a covariate or other body composition measures,
differences may have been observed. In this study PA appeared to have an osteogenic association
with bone mass in White children, but not in Black children. It appears that Black children did
not reach a high enough “threshold” of activity to induce an osteogenic association. This was
evidenced by the Black children’s narrower and lower range in activity scores. The highest
activity and loading quartiles for Black children had mean scores that were much lower than
those of the White children’s highest quartiles. Nevertheless lower PA levels in this group of
Black children did not appear to negatively impact bone mass; Black children as a whole still had
a greater hip and spine (girls only) bone mass than the White children at age nine. The possibility
of a genetic protection against low bone mass and fracture in Blacks must be considered, as
calcium intakes and physical activity were lower in the Black than in the White children. In
Blacks in developing countries such as South Africa, as lifestyle and dietary patterns change with
urbanization, so may also the prevalence of fractures in the elderly, thus PA may become

increasingly more important as a means of protecting the skeleton in this population.

Physical activity is an exogenous factor influencing bone health and special attention should be

given to its role in optimizing bone health. Studies performed in developed countries such as
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North America and Europe have shown that inactivity and activity patterns differ by race, with
minority groups engaging in less PA (102). Hispanics and African American children have been
found to be less active and expend less energy than Caucasian children (67). Obesity and higher
body weight are strongly associated with a sedentary lifestyle and lack of physical activity in the
adult population of the European Union (171), and the latter are key components of the growing
overweight and obesity problem in Western populations. Of the few studies that have been
published involving developing country populations (South African and Nigeria), similar
findings have been reported (147; 164; 264). Despite differences in physical activity between
Black and White pre-pubertal children in the present study, no differences in BMI were noted
between the race groups in this study, but White males did have significantly greater lean body
mass than Black males. It is possible that BMI units do not correctly reflect real differences in
body composition measures as has recently been shown in Rush et al.’s (2007) work, where inter
ethnic BMI was found to differ by more than 10 BMI units for the same percentage body fat

(240).

The association between activity and bone mass is greatest in the weight bearing regions of the
skeleton. In the present study, significant positive correlations were found at all weight bearing
sites in White children. Pocock et al. (214) have suggested that a possible reason for the hip
being the site most receptive to differing levels of PA is because differences in skeletal load are
most pronounced at the hip as a result of the greater increment of load at this than at other sites. It
is known that low force activities such as a long distance running, swimming, and cycling
increase muscle endurance but not bone mass. Maximal force activities such as weight lifting and
sports involving violent acceleration of the body put greater loads on bones than low force

exercises (256). Several studies have indicated that bone mass is a function of muscle strength
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(70; 199; 258). The positive influence of body weight and muscle mass on bone is well
documented (120), but there is still a lack of consensus as to which factors should be correctly
entered as covariates in bone and muscle mass analyses. Although a few studies have examined
the intensity, frequency and duration of exercise needed to produce a significant effect on body
composition and bone mass (18; 127; 166), none have studied children in developing countries.
Additionally, most of these studies have been conducted in females only and very few have
examined race differences either. Schoenau & Frost (2002) suggest that bone strength adapts to
isometric muscle forces (256). Data from the present study substantiate this proposal. White
children playing sport with a high bone strain such as rugby and gymnastics (high MECHPA)
showed greater BMC and BMD at the whole body and at the hip, with the greatest difference
again being observed at the hip (up to 17% greater in the “high strain” group than in the “low
strain” groups). This suggests corresponding kinds of exercises during growth could help to

achieve greater bone strength and possibly minimise fractures in later life.

Studies have raised the possibility that the sooner children become active, the greater their bone
accrual, lean muscle mass and possible peak bone mass. On the basis of current evidence it is
clear that bones of growing children benefit most from moderate to high levels of exercise and
activity. What is unclear at present is the duration of the effect of habitual exercise on bone once
if it is stopped or decreased, and what effect habitual pre-pubertal exercise will have on bone
mass following the pubertal growth spurt. Additionally it is not clear whether the same benefits
of exercise with regards to bone mass in Black children would be observed, if they were
participating at higher activity levels, similar to those of their White peers. What is known

however is that rapid changes in dietary patterns, activity levels and the prevalence of obesity are
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occurring in populations of developing countries (215) and these changes are associated with an

increase in chronic diseases, which will need to be addressed.

Understanding physical activity’s impact on bone mass is central to developing primary
prevention strategies for osteoporosis. Programs promoting physical education and activity are
also desperately needed, specifically in the South African context. The lack of PE lessons at
school in predominantly Black schools is cause for concern, as it contributes to the lack of
physical activity observed outside of school in Black children. Although fracture rates are
relatively low at the present time in elderly Black subjects (254; 274), obesity and associated
hypertension and diabetes are major concerns. Thus the development of a culture of exercise is

seen as being important in attempting to address these problems.

6.5 Part 4 - Socio-economic Status and Physical Activity Study

This study analysed PA patterns and SES in children and measured the association between these
variables. No White children were classified into the first three quartiles of SES when the data
were analysed as a whole. Separate race analyses showed that the physical activity trends
observed for the whole group were consistent across socio-economic quartiles regardless of race.
A higher asset indicator score among the children was significantly associated with increased
maternal education levels, better partner support and higher cash income. The number of children

partaking in PE classes at school rose steadily with a higher asset indicator score.

PA as analysed by compiling a METPA score showed an interesting trend. Children falling into

QI (low SES) had a higher METPA score than Q2 and 3, but not 4 (high SES). This was an
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unexpected finding as it would have been expected that METPA scores would have followed a
“lowest to highest” trend. However, upon further analysis, it was found that almost 20% of the
children who fell into QI, did not own television sets. Consequently these children spent the
second lowest amount of time watching TV. Additionally many of the children in this quartile did
not have the same luxury items found in households of children from higher SES groups,
suggesting that more of their time could be occupied with PA, both informal (on street etc) and
formally (at school). Although formal school physical activity is unlikely due to poorer access to
facilities in schools of a lower socio-economic status. The children in the lowest quartile also
would have had the least amount of money in order to buy snacks of food at school, and perhaps
not be able to pay for taxi’s or buses to school each day. These children had the lowest weight,
BMI and fat tissue mass. This higher level of METPA and lower level of TV watching may be
contributing to the healthier body composition patterns evident in the children in Q1. The highest
METPA score was seen in Q4, which was significantly higher than all three other quartiles and
almost double the scores of Q2 and 3. There is some controversy in the literature regarding SES
and PA. A study conducted in the Philippines (77) showed that children from private schools
were less physically active and more likely to prefer television to outdoor games. The results of
this study in a South African population show the opposite and are in agreement with studies
which have found higher PA levels to be associated with a higher SES (143; 144). Children in Q4
had the highest PA scores, were more likely to participate in PE at school and had significantly

higher amounts of lean mass, regardless of race.

In the whole sample, weight increased significantly in the third and fourth SES quartiles,
compared with the first and second SES quartiles. BMI increased up until the third SES quartile

and then decreased in the fourth SES quartile. This appeared to largely be due to the racial
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distribution of the subjects, as there were mostly White children only within the fourth quartile.
The fact that all the White children fell into the highest SES quartiles is largely a function of
South Africa’s historical past. Upon further analysis for the Black children only, BMI continued
to increase with increasing socio-economic status. The rest of the trends observed between
anthropometric variables, physical activity and increasing socio-economic status remained
consistent between the whole group and for Black children alone. Fat tissue and lean tissue mass
increased with increasing SES status. There were more married and more highly educated
mothers in the most active groups compared with less active groups. Similar findings have been
reported in adults where inactivity has been found to be most common in those with a low

education level (205).

The physical activity data showed White children were more active than Black children and boys
were also found to be more active than girls. These findings are consistent with studies performed
in developed countries that have also found similar race and gender differences in PA patterns to
those reported here (101). Less than half of the children in this study participated in PE classes at
school. The PA score (METPA) was significantly correlated with participation in PE classes; it
may be that a lack of PE being offered at school level is translating into low levels of after school
or club sport and activity. Low levels of habitual physical activity have serious implications for

later health and social development.

No significant differences in lean mass between television quartiles after controlling for activity
level and fat mass were found, but a significant association was observed between lean mass and
increasing activity levels, after controlling for television watching time and fat mass. This

relationship held true for Black and White children. Stafford (1998) explored fat mass by TV and
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activity level. She found a stronger relationship between fatness and activity level than between
fatness and television watching (276). A similar relationship was found in the present study,

specifically when exploring lean mass.

To date few studies have examined factors influencing PA in developing countries. The data
presented in the present study suggest important patterns of determinants of PA across groups of
varying SES status. It is clear that childhood PA is of a multi dimensional nature and socio-
economic and cultural factors have a definite influence on these patterns. In this group of children
it appears that physical activity patterns could either be regulated by the primary caregiver or by
the school that the child attends. If the school does not provide PE classes or after school sport,
parental or caregiver support may act as a stimulus. If the parent or caregiver provides the
support, their SES circumstances might influence the children’s ability to participate in these

extramural activities.

Physical activity is one of the most important modifiable factors influencing the incidence of
chronic disease. Abernathy et al. (2002) suggest that it may be possible to cushion the impact of
poverty on health through policies that could increase PA levels among those living in poverty
(2). In order to develop individual level and policy level interventions, it is imperative that we

understand all aspects affecting PA in potentially disparate populations (205).

6.6 Part 5 - Longitudinal Physical Activity and Bone Mass Study

The main determinants of peak bone mass are heredity, gender and race (98), and all of these
determinants are associated with differing osteoporotic fracture rates and bone densities.

Regardless of race or gender, nutrition and physical activity participation are considered to be the

170



most modifiable environmental factors influencing bone mass. This is particularly so in the pre-
pubertal years, which appear to be the most responsive to these influences (107; 139; 178). There
are little longitudinal observational data on the effects of habitual physical activity and calcium
intakes on bone mass accretion in children, especially in racially diverse populations in
developing countries such as in South Africa. The situation in South Africa is of particular
interest since South African Blacks are reported to have among the lowest hip fracture rates in the

world, but lifestyles are under rapid transition currently (253; 274).

These data on bone mass changes and physical activity levels over a one year period in a
population of Black and White children, together with our other studies (182; 183) currently
provide the only available DXA measured bone mass and physical activity data on normal pre-
and early-pubertal children living in South Africa. The present study has shown that White
females and males accumulate BMC, BA, height and weight at similar rates over a 12 month
period between the ages of nine and 10 years both before and after adjustment for body size.
Black males however had lower height, weight, BMC (at all sites measured) and BA (whole body
and spine) accumulation rates compared with the other groups. White males had the highest PA
levels and White male children falling into the highest quartile of activity exhibited bone mass
benefits at the whole body, total hip and lumbar spine sites. White children consumed
approximately twice the amount of calcium as did Black children. Nevertheless, Black children
had higher hip BMC adjusted for body weight and bone area than White children at age nine
(182) and 10 years, despite lower calcium intakes and physical activity levels. This racial
disparity in dietary calcium intake has also been reported in the first National Youth Risk
Behaviour Survey conducted in South Africa in 2002, in which it was found that significantly

more White children (70%) had drunk milk on four or more days in the preceding week to the
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survey, than had Black children (42%) (227). Although this is a crude estimate of calcium intake
it is indicative of racial group differences in calcium consumption. The results of this study
conflict with data reported from the only other study examining bone measurements (using
ultrasound) in pre- adolescent girls living in South Africa. Micklesfield et al. (2004) reported that
dietary calcium intake was lower in White girls compared with Black girls and reported no
difference between ethnic groups for METPA score, but did report higher MECHPA scores in

White girls (188).

Despite the fact that a significant relationship with physical activity and bone mass in Black
children was not observed in this study our results do confirm the well established relationship
between physical activity and bone mass in white children (23; 107; 142; 269). This relationship
is governed by the degree of physical activity; in order for sizeable bone mass changes to occur,
physical activity must be great enough to induce these positive effects (278) . These data show
that indeed it does appear that physical activity levels need to be above a certain threshold in
order for bone mass benefits to be seen. This phenomenon has been demonstrated in exercise
intervention studies but data such as these have not been reported for observational studies of
habitual physical activity. In the present study, White males showed both a wider and higher
range of scores for METPA and MECHPA compared with all other groups and the benefits of
these higher levels of activity are reflected in the greater BMC and BA in highly active children
(quartile 4). This “threshold” of activity is important to consider when designing exercise
programs aimed at increasing bone mass. Whether this ‘threshold’ is reached by performing
activities with a high enough strain on the bone for a short period of time or performing less
strenuous activities for a longer period of time is unclear. The minimum effective dose of weight

bearing activity remains controversial, studies have shown bone mass increases from jumping for
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as little as three minutes per day (177). In the current study, the most popular sports among White
boys were soccer, cricket, tennis and swimming. White boys in the fourth quartile of activity

were playing sport for approximately one to one and a half hours per day.

Most studies examining differences in bone mass during the pre-pubertal years have been limited
to Caucasians, although McKay et al. (2000) reported lower calcium and physical activity levels
in Asian children compared with White children. Racial differences were also observed in bone
mass, with Asian boys showing lower femoral neck bone volume and BMD (178). This study
confirms the previous findings of lower PA levels in Black children presented in parts two, three
and four of the thesis. Similar findings have been reported in developed countries such as the US
where African American children were found to have the lowest levels of activity when
compared with non-Hispanic White, Hispanic and Asian children (101). When physical activity
levels are high and possibly above a threshold or “active” time period, significant bone mass
effects are seen. This was evident for White males, where associations between PA and
residualized bone mass at the whole body, hip and spine were observed. All White males who
were in the highest quartile of activity showed residualized bone mass well above zero (the
expected score for the weight and bone area of the child). It thus appears that they were the only
group who had high enough levels of habitual physical activity, such that a positive and
significant effect on bone mass at the whole body, hip and spine was seen. The lack of any effect
of physical activity on radial bone mass adds support to the contention that it is a weight bearing
effect of PA that induces the changes in bone mass. This study supports the hypothesis that
mechanical loading during the growing years impacts on bone mass and structural indices such as
bone area. Children with highest activity levels had residualized BAGAIN above zero, indicating

that they were well above their weight and height matched bone area accumulation rates.
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There has been some work which suggests that the effect of interstitial pressure on BMC may
cause accentuated bone gain. A study conducted by Dodd et al. (1999) demonstrated that after a
few days of disuse, osteocytes present in long bone become hypoxic (68). A signal for
osteoclastic resorption may occur in children not performing high mechanical loading activities

due to osteocyte hypoxia.

These data do not suggest that calcium has a synergistic effect with physical activity on BMC in
boys as has been previously suggested (234; 275). However, calcium and physical activity did
show an interactive effect on bone area of White girls at the spine, radius and hip as has been
reported in intervention studies (121). This may in part explain the increased residualized bone
area gain observed in the fourth quartile of physical activity despite the fact that White girls were
not as active as White boys. Calcium and exercise may play a synergistic role on bone area gain
in girls when both factors are high. The current recommendation in the United States for calcium
intake in Caucasian children is 1300mg/day (87). Based on this amount, none of the groups in
this study met the current recommendation with the mean intake of White children being about
56% and that for Black children about 25% of the adequate intake for calcium. The possibility
that calcium intakes were not high enough to induce a positive association with bone mass or a
synergistic effect with physical activity in other groups must also be considered.

This study does raise an apparent paradox. Despite the low calcium intakes and low physical
activity levels of South African Black children, they still have higher bone mass at the hip than
White children and similar values to their White peers at other sites. The findings from the
studies presented in this thesis, that Black South African children have greater bone mass at the

hip than their White peers are similar to data reported for African American children. Our Black
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South African children, however, are comparatively disadvantaged. These data suggest that racial
differences are site specific and are likely to be the result of strong genetic influence in the face

of adverse environmental factors.

In summary the findings of this study have demonstrated differences in habitual physical activity
levels and calcium intakes between Black and White South African children. An interactive
effect of calcium and physical activity was not shown in any groups expect for bone area gain in
White girls. Additionally residualized bone mass gain, which is a good indicator of weight and
bone area matched BMC gain, is highest at all weight bearing sites in the most physically active
White children. The same trend was observed for weight and height matched BA gain, whereby
BA gain was greatest at all weight bearing sites in the most active children. It is likely that the
increase observed in BMC is due to a combination of both an increase in BA and BMD with
increased activity as even after correcting for BA, analyses showed that BMC was still greatest in
most active children. Studies making use of structural indices of bone (measured by using pQCT
for example) will be able to elucidate this further in the future. These studies are currently

underway.

6.7 Study Limitations

The Actical Study, while providing reliable and valid data, had some limitations. Separate
analyses of the data for males, females, White and Black children were not appropriate because
of the small sample sizes. Also, activity levels recorded on week days vs. weekend days were not
different in this study, even though it has been documented that there are differences in activity
patterns on these days (290). The non significance may well have been due to a small sample size

and large variances. It is possible that the subjects’ activities were not monitored for a long
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enough time period. Moreover in the Actical Study all groups showed comparable levels of
physical activity, while in studies conducted with larger sample sizes physical activity patterns
have been shown to differ between gender and race groups (101; 221; 288). These findings are
corroborated in later parts of the thesis (parts two to five), where gender and race differences in
activity levels were observed. A further limitation is that the Actical is a uni-axial accelerometer,
measuring acceleration in one plane only. Activities such as cycling and swimming may not have

been accurately recorded.

It would have been preferable to measure actual oxygen consumption to assess VO, levels in the
subjects used for the Fitness Study. However, due to budgetary and logistical constraints this was
not possible. It is possible that subjects’ personal motivational levels to perform well in the
standardized fitness tests used to assess fitness may have differed on the day of testing. Some
children may have been more motivated to do well, regardless of the fact that all subjects were
give the same verbal encouragement on all tasks. A larger sample size would have been useful in
this study in order to attempt to generate some South African norms with regards to general
fitness levels in pre-pubertal children.

Other limitations to the studies conducted for this thesis include the smaller number of White
children in comparison to the larger sample of Black children. This is largely a function of the
racial distribution of the South African population and the way the cohort was developed, which
was representative of the ethnicity of the SA population. Additionally, children were asked to
recall their physical activity patterns over the previous year, the time period may have been too
long for children to remember accurately. Quarterly assessments may have provided a more
accurate representation of the subjects’ PA patterns. The children enrolled in the Bone Health

study are from urban areas and the results of this study may therefore not necessarily be
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extrapolated to children from rural areas, where children may have higher levels of physical
activity due to duties such as herding cattle, fetching water and firewood as well as having more
space to play outdoors. The results reported in the present study of South African children may
not be necessarily extrapolated to other populations. It will be important to follow these children
longitudinally in order to examine whether the observations made here persist into adolescence.
To date, only one study has reported on a maintained increased bone mass in more habitually
physically active children after three years compared to their less active peers (126). Although a
number of approaches to assessing children’s PA have been described, no specific method has
been identified as the best option for all studies (313). While there are limitations to using activity
recall questionnaires in this large longitudinal cohort of children, recall questionnaires were the

only practical way to assess PA in this cohort.

Additionally we are aware of the limitations of using DXA measurement in children, specifically
that the measures reported on in this thesis provide no information on structural alterations of

bone and overlook the periosteal and endosteal dimensions that influence bone strength.

6.8 Summary and Conclusions

Osteoporosis, a chronic musculoskeletal disease affecting a large proportion of the population
over the age of 60 is likely to reach epidemic proportions over the next 20 years due to the ageing
population. Low BMC in old age may be the result of low peak bone mass being attained during
the first two decades of life, an excessive loss of bone during ageing, or both (260). Enhancing

bone mass acquisition offers the best protection against later bone loss and is therefore the most

177



effective approach to preventing osteoporosis. Since peak bone mass is influenced by modifiable
and non-modifiable factors, exercise may play a crucial role in the prevention of osteoporosis.
There is convincing evidence showing that weight-bearing exercise during growth increases
BMC accrual. Its effectiveness however, depends on the type, intensity and duration of exercise,
as well as the age at which the exercise is started. Lack of physical activity is a major public
health issue and intervention is necessary at the population level. Experts have declared
consequences of low physical activity to be major factors influencing low bone mass, obesity,
chronic diseases, seriously compromised health and well-being, and these are associated with
high medical and social costs. A sustained campaign of physical activity awareness needs to be

developed.

This thesis studied the assessment and determinants of physical activity for the purposes of
understanding bone mass acquisition patterns and the factors influencing them in a racially
diverse group of children living in a developing country. Additionally, the thesis aims to inform
those involved in public health interventions and health promotion activities of the current South
African situation. Methodological issues related to this research, such as issues of physical
activity assessment and bone mass measurement were examined. Determinants of physical
activity behaviours were explored and associations of lifestyle and environmental factors with
bone mass acquisition were discussed. Five studies were conducted in series and parallel in order

to establish a better understanding of factors influencing bone mass in children.

Few data exist on South African children’s physical activity behaviour patterns and the
influencers thereof. Furthermore, only limited data on South African children’s bone mass status

exists (49; 188; 202; 207; 208; 211; 304). The studies described in this thesis concern normal
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habitual physical activity patterns in a racially diverse group of children living in post apartheid
South Africa. The findings of the studies described, support the notion that habitual weight
bearing exercise is positively associated with bone accrual in growing children provided it is
above a mechanical threshold. The positive association of bone mass and physical activity is
maintained when examined over a one year period. Black children were less fit, less physically
active, had lower calcium intakes and came from less favourable socio-economic conditions than
White children. Despite this, Black children remained with a size adjusted advantage of a higher
hip bone mass than their age and maturity matched White peers at ages nine and 10 years. The
rapidly changing way of life in South Africa could impact on the genetic advantage afforded to

these children.

In conclusion, there are major disparities between the physical activity patterns of Black and
White South African children. Moreover, there are racial differences in bone mass acquisition
patterns in these children. South Africa is an emerging economy, characterised by high
unemployment and low income per capita. While genetic protection against low bone density
remains strong, it is assumed that South African Black adults will develop significant
osteoporosis due to changes in lifestyle in the future. The only feasible way of confronting the
possible epidemic of osteoporosis is to implement sustainable, cost effective strategies aimed at
increasing bone mass acquisition during the pre and early pubertal years. Public health strategies
directed towards improving bone health in children may be an effective means of pre-empting
and reducing the future risk of osteoporosis. The data collected for this thesis will provide policy
makers with information on general habitual physical activity and inactivity patterns of South
African urban children. Specific prevention and intervention strategies taking all factors

described in this thesis into account can be implemented based on these data. While major
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influencing factors such as socio-economic status take many years to alter, healthy physical
activity patterns and participation can be instilled in children at a young age. Studies reviewed in
this thesis have shown that easily implemented programs aimed at enhancing bone mass can be

easily incorporated into school regimes with no equipment needed at all.

This thesis has laid down foundation work in the field of physical activity and bone mass in
South African children. In particular the data has shown that irrespective of race, there is a
threshold of activity which needs to be reached in order for habitual physical activity to positively
influence bone mass. Additionally irrespective of genetic predisposition, physical activity plays a
role in the development of a leaner body composition. Physical activity patterns in children are
highly influenced by socio-economic status and maternal characteristics. The next step will be to
build on the work described here in order to develop and implement physical activity intervention

programs within the frameworks described.
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6.9 Future Research

The findings presented in this thesis raise a number of further questions which require probing. It
will be useful for future work to expand on the findings of this thesis; in particular, the physical
activity questionnaire should be conducted with a much larger sample of children from different
geographical regions in South Africa. This would enable the questionnaire to be validated for use
in hard-to-reach areas and in poor populations where it would not be feasible to use sophisticated
physical activity measurement techniques. Alternately, it is hoped that there will be promising
results from the Global Physical Activity Questionnaire (GPAQ) studies which would enable
comparable data across countries to be generated. Since the doubly labelled water technique has
not been used in a South African population, this would be a useful study to conduct too.
Additionally with the advent of new tri-axial accelerometers, physical activity questionnaire data

need to be compared to these readings.

A large scale fitness study needs to be conducted in South Africa. The tests described in this
thesis are simple, cheap and easy to administer. If they are done in a large sample of children, the
data will enable South African norms to be developed. Fitness testing could be incorporated into
a physical education program at school, whereby children’s fitness levels could then be compared
annually or bi-annually across age, race and sex groups as is being done in other developed

countries such as Australia and the United States.

It would be of interest to monitor whether the socio-economic status of South African Blacks
changes as the country becomes a more developed democracy. Socio-economic data obtained
could be used to design studies and programs which address the specific needs of high risk

populations. The bone mass studies have raised questions regarding the type, intensity and best
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frequency of physical activity for best enhancing bone acquisition. Intervention studies in South
African children, which examine the timing of exercise and effects of calcium supplementation
between race groups, should also be conducted to ascertain whether the response of bone would
be same across race groups. Advanced statistical techniques using multi level modeling needs to
be done on order to incorporate all factors identified in this thesis. Finally, the findings highlight
the need for further research into changes in bone geometry using more advanced techniques

such as pQCT in South African children.
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Appendix 1- Sample Caregiver Information Sheet

Physical activity levels in South African children

Subject Information Sheet (primary caregivers)

Dear Parent,

Hello, my name is Joanne McVeigh and I am part of the Mineral Metabolism Research Unit at
Wits University. We are researching the factors responsible for the development of good bone
mass in children. The link between physical activity and a good bone mass has been established
over the past few years. Frequent bouts of weight bearing activity during childhood are important
in the attainment of a good bone mass and to offset normal age related bone loss. We are
investigating the physical activity levels of South African children with the use of a
questionnaire. This is to enable us to compare our children’s levels to other children physical
activity levels around the world. We need to validate our physical activity questionnaire against

another measure of physical activity in order to see how reliable it is.

For this study we would like 30 children to wear accelerometers on their hip for a period of four
school/week days. Accelerometers are non invasive devices that are simply clipped to a skirt or
pair of pants on the hip bone of the child and serve to measure activity counts over a four day
period. They are about the size of a RS coin. The data collected from these accelerometers will be
downloaded onto a computer and compared with data filled in on a physical activity
questionnaire. The physical activity questionnaire will be filled in four times. We would like to

see if our physical activity questionnaire is a good indicator of actual activity.
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We ask that children behave as they normally would for the four days of the study. The
accelerometers will be brought to your child’s classroom and will be collected again four days
later. Any sport participation should continue and the accelerometer should be worn at all times,

except for when bathing, showering.

Please note that should you agree to participate in this research, you will be free to withdraw at
anytime without prejudice. Additionally all results and information will remain confidential. A
unique numerical identifier will be used for each child, such that names and identities will not be

revealed.

If you would like to participate in this study, please fill out the informed consent sheet below. Or

if you wish to ask me any questions about the study, please feel free to contact me on *** or

email me on ***

Thank you so much for your participation and contribution to this important research.

Yours truly,

Joanne McVeigh

Wits Medical School
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Informed Consent

I

(caregiver) hereby agree to let participate is

this study conducted by the MRC Mineral Metabolism Research Unit to investigate physical
activity levels in South African Children. I acknowledge that I am fit and healthy and able to
partake in the two indirect measures of physical activity which have been explained to me. The
research has been explained to us and we understand what will be expected of us. We understand
that the Committee for Research on Human Subjects of the University of the Witwatersrand has
sanctioned all experimental procedures. We participate in this study on condition that our results
will be treated confidentially. We acknowledge that the results may be published in medical
journals; however our names and family names will not be mentioned. We understand that
participation is voluntary and we remain free to withdraw from the project at any time without

prejudice.

Caregiver Date
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Appendix 2- Sample Subject Information Sheet (Child)

Physical activity levels in South African children

Subject Information Sheet (child)

Dear subject,

Hello, my name is Joanne McVeigh and I am part of a research unit at Wits University. We are
very interested in finding out all about all the things that are good for our bones. Did you know
that doing weight bearing exercises (like running and jumping) is very good for making our

bones strong?

We need your help with some of our research! We need to find out how much exercise South

African children are doing, so that we can see if it is enough to make strong and health bones.

What we need you to do is this:

Wear a little device (called an accelerometer), clipped onto your school uniform (or normal
clothes) at the level of your hip bone for 4 days. The device is no bigger than a R5 coin. I will
come to your classroom and show you how to attach it. You will need to wear this device all day,
except while showering or bathing, and behave as you normally would. On the fourth day, I will
come back to your classroom and collect the device. I will also ask you to fill out a physical
activity questionnaire which asks questions all about the sport and exercise that you do. That’s

it!!
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You guys should know that if you and your caregiver agree that you can participate in this study,
you will able to withdraw or stop the research at anytime. Also your information will be kept

very private because each child will be given their own number instead of their name.

If you would like to participate in this study, please fill out the informed consent sheet below. Or
if you wish to ask me any questions about the study, please feel free to contact me on **** or

email me on ****

Thank you so much for your participation and contribution to this important research.

Yours truly,

Joanne McVeigh

PhD candidate

Wits Medical School
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Appendix 3- Physical Activity Questionnaire (PAQ)

PHYSICAL ACTIVITY QUESTIONNAIRE
1. ACTIVITIES AT SCHOOL

1.1 Do you attend physical education/P.E./games lessons at school?

Yes=1 No=0

What do you do in these classes? How often are classes held & how long are classes?

Activities Times / week Hours / time

2. INFORMAL ACTIVITIES

Do you engage in any physical activity outside school but NOT in a sports club e.g.

riding a bike, playing in the street or yard, etc? What activities do you engage in, how
often & how long?

Activities Times / week Hours / time

3. SEDENTARY ACTIVITIES

Do you engage in any of the following activities before or after school (MON - FRI)?
If so, for how many hours per day?

Watching TV and videos

Yes=1 No=2 | Hrs/ day during the week
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Reading, drawing, music lessons, homework during the week

Yes=1 No=2 | Hrs/day during the week

Playing video games during the week

Yes=1 No=2 | Hrs/day during the week

Do you engage in any of the following activities on the weekend (SAT & SUN)?
If so, for how many hours per day?

Watching TV and videos

Yes=1 No=2 | Hrs/day during the week

Reading, drawing, music lessons, homework during the week

Yes=1 No=2 | Hrs/day during the week

Playing video games during the week

Yes=1 No=2 | Hrs/day during the week

TRANSPORT

How do you get to school and how long does it take to get there and back?
By car, bus, taxi, train etc.

Yes=1 No=2

There: minutes

Back: minutes
Walking

Yes=1 No=2

There: minutes

Back: minutes
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When you walk, at what pace (how fast) do you usually walk?

Bicycle

At a vigorous pace, that makes me
breath much harder than normal

At a medium pace that makes me
breath somewhat harder than normal

At a slow pace when there is no
change in my breathing

Yes=1 No=2
There: minutes
Back: minutes

When you cycle, at what pace (how fast) do you usually cycle?

At a vigorous pace, that makes me
breath much harder than normal

At a medium pace that makes me
breath somewhat harder than normal

At a slow pace when there is no
change in my breathing

Combination: e.g. walking and taxi, bus and walking

Other

Yes=1 No=2
There: minutes
Back: minutes
Yes=1 No=2
There: minutes
Back: minutes
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EXTRA MURAL ACTIVITIES AT SCHOOL

How many months of the yr?

Prac/Wk

Hrs/Prac

Comp/WKk

Athletics (running)

Athletics (other)

Cricket

Swimming

Tennis

Hockey

Netball

Rugby

Soccer

Badminton

Basketball

Ballet

Cycling

Dancing

Gymnastics

Judo / karate

Squash

Volleyball

Other
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PRIVATE EXTRA MURAL ACTIVITIES

How many months of the yr?

Prac/Wk

Hrs/Prac

Comp/Wk

Athletics (running)

Athletics (other)

Cricket

Swimming

Tennis

Hockey

Netball

Rugby

Soccer

Badminton

Basketball

Ballet

Cycling

Dancing

Gymnastics

Judo / karate

Squash

Volleyball

Other
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Appendix 4- Socio-economic and Core Questionnaire

| ADULT CORE QUESTIONNAIRE

BTT ID NUMBER

BONE STUDY ID NUMBER . . 0 ]o

CHILD’S FIRST NAME(S) & SURNAME

PRIMARY CARETAKER’S NAME(S) & SURNAME

PRIMARY CARETAKER’S RELATIONSHIP TO THE CHILD

Are you the biological mother of the child?

Yes=1 No=0

If you are not the biological mother: What is your relationship to the child?
(eg child’s mother’s sister or paternal grandmother)

SCHOOL INFORMATION ON CHILD

What is the name of your child’s school?

What the address of your child’s school?

What grade is your child in?

Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

D AW =

Has your child repeated any grade(s) at school?

Yes=1 No=0

IF YES which grades?

Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

I N R S
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HOUSEHOLD INFORMATION

Please list all the members of the household where the child lives (people generally sharing
the same main meal).

Start with the household head and then complete from the oldest to the youngest person
(including the child).

Name Sex Age Relationship to child

10.

11.

12.

13.

Please list all the people who have died in your household, since the child has been alive, and
state their relationship to the child

Name Sex Age Relationship to the child

1.

2.

3.

4.

5.
In how many rooms do these above household members sleep
(including kitchen, lounge, dining room, bedrooms or outside
structures)?

In your home, how many rooms are there just for sleeping?
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How would you describe your home?

Shack/Zozo

1 | House

Shared House

Flat/cottage

2 | Hostel

Room/Garage

Other, please state

Household water: Do you have access to?

Indoor water

Only outside tap water

Other water source

What type of toilet do you have?

Flush inside 1

Only flush outside

Pit/bucket 3

Other, please state

How do you dispose of your refuse?

Dump garbage away from home Yes=1 No=0
Burn garbage Yes=1 No=0
Bury garbage in yard Yes=1 No=0
Garbage gets collected Yes=1 No=0
Which of the following do you have in your household at the
present time?
Electricity Yes=1 No=0
Television Yes=1 No=0
Radio Yes=1 No=0
Motor vehicle Yes=1 No=0
Fridge Yes=1 No=0
Washing machine Yes=1 No=0
Telephone Yes=1 No=0
Video machine Yes=1 No=0
Microwave Yes=1 No=0
MNet Yes=1 No=0
DSTV Yes=1 No=0
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Marital status of primary caretaker:

Single 1 | Divorced / separated 2
Married 3 | Widowed 4
Living with partner, not married 5

Support for the child:

Is the child’s biological father living with you | Yes=1 | No=0

(if you are the biological mother)?

Does the child’s biological father give any Yes=1 No=0

financial assistance?

Yes=1 No=0
Do you get financial help for the child from
your current partner (if you are the biological
mother and if he is not the biological father of

child)
Is the child currently covered by medical aid? | Yes=I No=0
Primary Current
Education (last standard passed): caretaker Partner
No formal education
1 1
Grade 1-2
2 2
Std 1-3  (Grade 3-5)
3 3
Std 4-5 (Grade 6-7)
4 4
Std 6-7 (Grade 8-9)
5 5
Std8  (Grade 10)
6 6
Std9  (Grade 11)
7 7
Matric  (Grade 12)
8

If College or University education:
Please indicate highest degree/diploma

Primary caretaker’s job /occupation (including work in the informal sector)

If not formally employed, are you actively seeking a job?

Yes=1 No=0

Current partner’s job/occupation (including work in the informal sector)
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If not formally employed, is he actively seeking a job?

Yes=1 No=0
Income is a sensitive question to many people. However, it is very important that we have an
idea of your monthly income. We would appreciate it if you could answer the following
questions:

Primary caretaker’s monthly income:

No cash income 0 | Between R1 and R500 1
Between R501 and R1000 2 | Between R1001 and R2000 3
Between R2001 and R3000 4 | Between R3001 and R4000 5
Between R4001 and R5000 6 | more than R5000 7

Current partner’s monthly income:

No cash income 0 | Between R1 and R500 1
Between R501 and R1000 2 | Between R1001 and R2000 3
Between R2001 and R3000 4 | Between R3001 and R4000 5
Between R4001 and R5000 6 | More than R5000 7
Don’t know 8

FERTILITY OF THE CHILD’S BIOLOGICAL MOTHER (If applicable)

Does the child have any younger

brothers or sisters? Yes=1 No=0

IF YES specify dates of birth: dd mm yy

Child 1 / /

Child 2 / /

Child 3 / /

Child 4 / /

Child 5 / /

Is the mother pregnant now? Yes=1 No=0
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GENERAL HEALTH OF THE CHILD

Compared to other children of this child’s age, would you
say this child’s health is:

Good=1 Fair=2 Poor=3

IF POOR please explain

Does the child have Asthma?

Yes=1 No=0

IF YES has the child had any professional advice or treatment?

Yes=1 No=0

IF YES please
explain

IF YES does he/she require inhalers, sprays or pumps?

Yes=1 No=0

IF YES how many severe attacks requiring treatment (at clinic/ hospital / GP)
has he/she had during the past year?

Has the child ever had a fit?

Yes=1 No=0

IF YES how old was the child? years months

IF YES is the child on any medication for the fits?

Yes=1 No=0
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SERIOUS MEDICAL OR DEVELOPMENTAL PROBLEMS

Does the child have, or has the child had any serious medical or developmental problems
(physical or mental)or any injuries during the past year?

Yes=1 No=0

IF YES please list the

a) problem
b) type of treatment
c) the place where the child is or has been treated

Problem 1 (a)

treatment (b)

place (c)

Problem 2 (a)

treatment (b)

place ()

Problem 3 (a)

treatment (b)

place ()

MEDICAL HISTORY OF HOUSEHOLD MEMBERS

Biological mother:
Has a doctor or nurse told you that you had or have:

High blood pressure No=0 [ Yes=1 Don’t know=2
Diabetes or sugar in the blood

No=0 Yes=1 Don’t know=2

Heart attack/angina
No=0 | Yes=1 Don’t know=2

Stroke: muscle paralysis or sensory loss
No=0 Yes=1 Don’t know=2

High blood cholesterol (fats)
No=0 Yes=1 Don’t know=2

Osteoporosis / Bone fractures

No=0 Yes=1 Don’t know=2

Biological mother:
Do you take medication prescribed by a doctor (pills or injections) for:

High blood pressure No=0 | Yes=I Don’t know=2
Diabetes or sugar in the blood

No=0 Yes=1 Don’t know=2

Heart disease
No=0 Yes=1 Don’t know=2

Osteoporosis / Bone fractures
No=0 Yes=1 Don’t know=2

Other (specify)
No=0 Yes=1 Don’t know=2
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Do you have a close relative (father, mother, brother, sister, grandparents or child) who has or
had any of the following conditions?

High blood pressure No=0 [ Yes=1 Don’t know=2
Diabetes or sugar in the blood No=0 | Yes=I Don’t know=2
Heart attack/angina No=0 Yes=1 Don’t know=2
Stroke No=0 | Yes=1 Don’t know=2
High blood cholesterol (fats) No=0 Yes=1 Don’t know=2
Osteoporosis / bone fracture No=0 | Yes=I Don’t know=2

IF YES please state who the person is (relationship to the child) and whether they are on the mother’s or father’s
side of the family.

Condition Relationship to the child

Maternal Family Paternal Family

High blood pressure

Diabetes or sugar in the blood

Heart attack or angina

Stroke

High blood cholesterol (fats)

Osteoporosis / bone fracture

FOR GIRL CHILD’S MOTHER: MENSTRUATION

Has your daughter started to mature sexually in terms of?

a) breast development

Yes=1 No=2

b) growth of pubic hair

Yes=1 No=2

Has your daughter started menstruating?

Yes=1 No=0

IF YES at what age did she start menstruating? mth / yr
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McVeigh, J. A, S. A. Nerris, N. Cameren, and J. M. Pettifor.
Associations between physical activity and bone mass in black and
white South Aftican children at age 9 yr. J Appl Physiol 97: 1006 1012,
2004. First published May 7, 2004; 10.1152/japplphysiol.00068.
2004.  We investigated differences in physical activity (PA) levels
between black and white South African 9-yr-old children and their
association with bone mineral content (BMC) and density (BMD) by
using dual-energy X-ray absorptiometry. PA was analyzed in terms of’
a metabolic (METPA; weighted metabolic score of intensity, fre-
quency, and duration) and a mechanical (MECHPA; sum of all ground
reaction forces multiplied by duration) component. There were sig-
nificant ethnic differences in patterns of activity. White children
expended a significantly greater energy score (METPA of 21.7 + 2.9)
than black children (METPA of 9.5 = 0.5) (P < 0.001). When
children were divided into quartiles according to the amount and
intensity of sport played, the most active white children (using
METPA scores) had significantly higher whole body BMD and higher
hip and spine BMC and BMD than less active children. White
children in the highest MECHPA quartile also showed significantly
higher whole body, hip, and spine BMC and BMD than those children
in the lowest quartile. No association between exercise and bone mass
of black children was found. Tn this population, PA has an osteogenic
association with white children, but not black children, which may be
explained by the lower levels of PA in the black children. Despite this,
black children had significantly greater bone mass at the hip and spine
(girls only) (P < 0.001) even after adjustment for body size. The role
of exercise in increasing bone mass may become increasingly critical
as a protective mechanism against osteoporosis in both ethnic groups,
especially because the genetic benefit exhibited by black children to
higher bone mass may be weakened with time, as environmental
influences become stronger.

bone mass; South Aftica; ethnicity

The need of exercise is a modern superstition, invented by

people who ate too much and had nothing to think about.

George Santayana (1863 1952)
GIVEN THAT ADULT CHRONIC DISEASES often have their origins in
childhood, there is a critical need to better understand how
physical activity (PA) and fitness levels in childhood and
adolescenee may shape health status in adulthood. Many stud-
ics have addressed loading activitics and bone loss in adults
and in clite athletes, and, although a number of studics have
addressed the issucs of cxercise in children and its association
with bone mincral acerction (3, 19, 25), the rescarch is partic-
ularly sparsc for those living in developing countrics such as
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South Africa. We know very little about cthnic differences in
these countrics, particularly with regard to PA levels, bone
mincral density (BMD), body composition, and obesity. Al-
though the prevalence of obesity is higher in developed coun-
trics (24), it is ncvertheless a scrious cmerging problem in
developing countrics (10) . Other chronic discascs of lifestyle,
such as diabetes and hypertension, arc also increasing, but little
is known about the changing prevalence of ostcoporosis and
fragility tracturcs.

Evidence that PA i an cffective strategy for the prevention
of postmenopausal or age-rclated ostcoporosis has been in-
ferred from cross-scctional investigations of retired athlctes,
which showed increased bone mass in the athlctes with a
history of childhood weight-bearing PA (4). Studics have
found a rclationship between intensity of excreise and bone
mass (16, 21). Further high levels of activity within the limits
of normal lifestylc arc also associated with incrcased BMD (9).
This association has not been well explored or obscrved in
prepubertal children and has not been obscrved in children
living in devcloping countrics such as South Aftrica. It is
possible that the lower fracturc rates reported in the clderly of
developing countrics may rclate to higher PA levels during
childhood and adulthood.

Bonc adapts to loads applied to it; the crucial factors in
optimizing this bonc responsc arc the age and degree of
maturity of the subject during which the mechanical loading is
initiated (6) and the magnitude of the load applied to the bone
(13). Pcak bonc strain scorcs [mcchanical PA (MECHPA)]
have conscquently been developed to “rate™ the loading of
different activitics (13). Tt is during the growth period that
mechanical loading is said to have the greatest influcnce on the
skclcton (14, 15, 20).

There have been a number of studics that have confirmed
that African Amecricans and South African blacks have greater
BMD at the proximal femur and that African Americans have
greatcr BMD at the lumbar spinc as well as an increascd
cortical thickncss than whites (2, 7). The age-adjusted hip
fracturc mcidence 1s 50% lower in African American women
than in Caucasian women (35), and what limited information
there is suggests that South African blacks also have markedly
lower hip fracturc ratcs than South African whitc adults (32,
38). Very few of the factors influcncing ostcoporosis have been
well studied between cthnic groups.

In this study, wc asscssed the association between PA
[sedentary activity, sports participation, intcnsity of activity,
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PHYSICAL ACTIVITY AND BONE MASS IN SOUTH AFRICAN CHILDREN

commuting (actively and passively) to and from schoal] and
skeletal mass in 386 healthy 9-yr-old black and white, malce
and female South African children. We hypothesized that )
higher levels of PA [a greater metabolic cquivalent PA
(METPA) scorc] would be associared with higher bone mass;
2) the type of sport played influcnces bone mass (sports with a
higher MECHPA scorc would have a greater ostcogenic ef-
feet); and 3) ethnic groups would have different levels of PA,
and, possibly, this could translatc into diffcrent bonc mass
cffeets.

MATERIALS AND METHODS

Subjects. This is an observational study of a cohort of children
recruited from the Birth to Twenty birth cohort, a longitudinal study
of child health and development (11, 31, 41). All children born within
a 6-wk period {April 23 to June 8, 1990) in the greater Johannesburg
metropolitan area in South Africa were originally recruited. A random
sample of children (7 = 682), stratified by ethnic group {black and
white), gender, and socioeconomic status, who were participating the
Birth w Twenty cohornt study were enrolled into a longitudinal study
assessing factors influencing bone mass during childhood and adoles-
cence (Bone Health Smdy) in 1999, Cross-checks were performed to
ensure that there were no significant differences between the Birth to
Twenty and Bone Health cohort for key demographic variables
(residential area at birth, maternal age at birth, gravidity, gestational
age. and birth weight). Complete data for this study were available for
386 children. Subjects were all healthy and aged 9 yr at the time of
testing. Children who had asthma or were suffering from any disorder
likely to affect bone metabolism were excluded from the study. The
sample was composed of 44 white male, [58 black male, 38 white
female, and 146 black female children. All subjects and their parents
provided written, informed consent, and ethical approval was obtained
from the University of the Witwatersrand Committee for Research on
Human Suhjects

Ouestionnaire. All subjects completed an interview with the
caregiver present. We examined past medication, known diseases,

Loo7

and pubertal development [by Tanner hair development (39)].
Dietary caleium intakes were assessed by using a 24-h dietary
recall guestionnaire. Total PA was estimated by using a structured,
detailed, retrospective interview taking into consideration all PA
and inactivity over the previous 12 mo. The questionnaire was
based on gquestionnaires validated in previous studies {12, 28) and
madified appropriately for South African children. The intensity,
frequency, and duration of all PA [at schooel, after school, at home,
and commuting (actively and passively) to and from school] were
taken into account. Intensities of activities were classified as
multiples of one metabolic eguivalent (the ratio of the associated
metabolic rate for the specific activity to the resting metabolic
rate). PA was scored in two ways as caleulated from the question-
naire: /) metabolic PA (METPA) score by weighting the intensity
[multiples of basal metabolic rate (metabolic eguivalents) and
duration (h/wk)] (1) and Z) MECHPA score by weighting the peak
bone strain [ground reaction forces as multiples of body mass and
duration (h/wk)] {13). This score is based on the method developed
by Groothausen et al. {13): however, we moditied this by multi-
plying the ground reaction force by duration because the original
measure did not include duration or frequency. Thus a sum score
MECHPA was calculated as the sum of all MECHPA scores
multiplied by duration (h/wk) per activity.

Bone measurements. We measured whole body and site-specific
bone mineral content (BMC) and BMD by using a Hoelogic QDR
4500 dual-energy X-ray absorptiometer (DXA) according to
standard procedures. A spine phantom was scanned daily to deter-
mine the intrinsic coeflicient of variation of the machine. During
the course of the study, coefficients of variation for BMC and
BMD were 0.48 and 0.35%, respectively. A trained DXA techni-
cian performed all scans, and intra-observer variation for our study
was found to be below 1% for all skeletal sites. DXA scans were
performed on the nondominant radius, left hip, lumbar spine
(L L}, and whole body, The whole body scan obtained from the
DXA enabled the assessment of whole body lean and fat tissue (g)
and percent hody fat.

Table |. Unadjusted DXA, height, weight, age, BMI, and calcium data

Female Children Male Children

White (2 = 38} Black (n = 146} White (v = 34) Black {# = 158}
Age, vr 262005 950,02 9.5+0.05 95002
Height, cm 1363+1.2* 132.8=0.48* 1374+095% 133.0+047§
Weight, kg 304x1.1 20706 326=x1.2% 29.1 04}
BMI, kg/m? 16.2+0.04 16.7£0.02 16.6=0.04 16.7£0.02
Caleium intake, mp/day T19+44% 347238 TTR*428 347+22%
WBEMC, g 887.0+183.2 88921463 96651458 92761213
Whole body total area, cm’ 1,108.5£176.3 1,1123 1484 1,176.1*150.6 1,1229+1187
WHBMD, g/cm? 0.795£0.051 0.799 =0.050 08280058 0.827 £0.049
Radial bone BMC, g 3.0+05 3.0+0559 3.3+0.499 3305
Radial bone total area, cm?® 77£1.0 80=1.1 RI*1.1 R4=1.1
Radial bone BMIY, g/em” 0383 £0.030 01,379 =0.032 0.403£0.025 0393 £0.032
Hip BMC, ¢ 12.7+£28 13.0x23 143%26 144+24
Hip total area, em? 21 5+4.6% 194 2.2+ 2052411 19033}
Hip BMD, g/cm® 0,603 +0.065F 0.671 £0.079% 0.699+0,079% 0.749+0,079%
Spine BMC, g 208£44 22.0£39 23.5£4.3 219135
Spine total area, cny® 394+4.1 30250 42,743 40.7£4.1
Spine BMD, g/'cm’ 0.525+0.005* 0,557 =0.069* 0.548£0.061 0.536 0050
Lean tissue, g 19,016.2£3,183.3 19,720.7 £2,746.5 22,791.8£2,966.1F 20,718.6£2,700.2§
Fat tissue, g 0,473.9+4924 4 9,010.0+4,564.6 8385.1+5189.6 6,974 4+3501.7
Body fat, % 30070 28979 24.1+R3 234278

Values are means + SD: s, no. of subjects. BMI, body mass index: WBBMC, whole body bone mineral content; WBBMD, whaole body bone mineral density:
BMC, bone mineral content: BMIY, bone mineral density. Significant difference between white and black female children: *P - 0.05: +P < 0.001. Significant

difference between white and black male children: 17 < 0.05: §F < 0.001.
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Table 2. Cohort bone mass characteristics afier adjusting for differences in height and weight

Female Children Male Children

White (x = 38} Blck {» = 146) White (2 = 44} Black {» = 158)
BMC, ¢ 864.2*16.0 R940£82 919.5+153 9431 +82
BMD, g/eny? 0.793 £0.009 05000005 0.524£000% 0.8280,008
Radial bone BMC, g 2.9=+0.] 30004 32+40.1 330,04
Radial bone BMD, g/em? 0382 +0.005 0.38+0.003 0.4 +0.005 03940003
Hip BMC, g 123203 13.1%x02 13.6*X03% 146021
Hip BMD, g/em? 0598 +0.013F 0A72E0.007+ NAEER 00124 0753 +0.007§
Spine BMC, g 20,206 22103 224205 222403
Spine BMD, p/em? 0.521x001* 055720058 0540001 0.539+0.005

Values are means * SE: », no. of subjects. Means are adjusted for height and weight. Significant difference between white and black female children: *P <
0.05: 1P < 0001, Significant difference between white and black male children: $# < 0.05: §P < 0.001.

Anthropometric measurements. The height of each child, re-
corded to the nearest millimeter, was measured by using a stadi-
ometer (Holtain, Crosswell, UK), and weight, recorded to the
nearest 100 g, was measured by using a digital seale (Dismed,
Haftway House, South Africa). Both devices were routinely
checked every 3 mo throughout the study, and no adjustiments were
necessary to the calibrations of the equipment, Subjects were
measured with light c¢lothing and no shoes.

Data analysis. Two kinds of relationships with bone mass,
ethnicity, and PA were investigated. First, METPA and MECHPA
scores were included as categorical variables (divided into quar-
tiles) and analyzed separately for black and white children. Sec-
ond, METPA and MECHPA scores were log transformed (data
were negatively skewed) and correlated with bone mass variables
separately for white and black children by using Pearson’s corre-
lation coefficients. All data are presented as means = SD, unless
otherwise noted. Data were analyzed by using SPSS version 11.00
An ANOVA was performed for all PA and bone and body com-
position measurements. An a-level of £ < 0.05 was considered to
be statistically significant. Bene mass differences within METPA
and MECHP A quartiles and between the race groups were assessed
by using a multivariate ANOVA. The Bonferroni multiple com-
parison test was used to assess group differences. x* Tests were
used for caregorical variables. DXA data are reported both with
and without adjustment for height and weight.

RESCULTS

Anthropametric and bone characteristics. Included in the
study were 82 whitc and 304 black 9-yr-old children, with
approximately equal numbers of male and female children
in cach group. All children were prepubertal. Table 1 shows
the results for unadjusted DXA and body composition data.

Table 3. Physical activity characteristics

White children had significantly lower hip BMD (P <2
0.001) and significantly greater hip arca (£ = 0.002) than
black children, and white female children had lower spine
BMD than black female children {7 = 0.003). White female
and male children were significantly taller (P < 0.001) and
had higher calcium intakes (P -< 0.001) than their black
peers. White male children were also heavier then black
male children (2 = 0.04) and had significantly greater lean
tissuc mass (£ < (L0O0L). There were no significant differ-
cnees between black and white children for body mass index
(BMI). Tablec 2 shows thc results for bone mass data
adjusted for height and weight. After adjustment for height
and weight, black children still had a significantly higher hip
BMD than white children (2 << 0.001), black male children
had higher hip BMC than white male children (P = 0.038),
and black female children had higher spine BMC (P =
0.003) and spinc BMD (P (+.004) than white femalc
children.

PA. PA data arc presented in Table 3. Over 90% of whitc
males and females participated in physical education classes
at school compared with only ~30% of their black pecrs.
White female children spent a significantly greater time
sleeping (P = 0.006) and playing sports, with a higher
METPA scorc (P < 0.001) and MECHPA scorc (P = (.034)
than black female children. Black female children spent a
greater time actively commuting to and from school (i.c.,
walking or riding) cach day than white female children (P <
0.001). White male children also spent a significantly
greater time sleeping (P = 0.019), expending a significantly
greater METPA score (P << 0.001), and playing sports,

Female Children

Male Children

White (n = 38)

Physical education, yes 34738 (90940
Sedentary activity, h'day 8.61X054
Passive commuting, h/'day 0372049
Active commuting, h/day 00420021
Sleep, h/night 10.11=+0.14*
METPA score 14.7=2.07
MECHPA score 2.07+0.56%

Black {# = 146} White (n = 44) Black (n = 158)
S50/146 (34%)1 41744 (93%)§ 437158 (27%)8
9030534 10.48£0.79 10.63x0.33
0472006 0.35%0.03 0.4=0.06
02720031 0.03£0.018 0.3520.03%
938+0.13* 10.02+0.09} 924+0.78%
R39086 27.745.07% 106520638
2.26+0535¢ 5.7+1.05§ 296=0.19%

Values are means = SE; 4, no. of subjects, Passive commuting, transport to and from school in a car, bus, taxi, or train; active commuting, transport to and
fram school via walking or riding a bicycle: METPA score, mefabolic expenditure calculated from school sports and active commuting to and from schoal;
MECHP A seore, mechanical loading seore: sedentary activity, television and video watching and reading. Significant difference hetween white and black female
children: *7 < 0,05, 7 < 0001, Significant difference between white and black male children: {7 < 0.05; §7 < 0.001.

T Appl Phisiol « VOL 97 « SLPTLMBLER 2004 + WWW. jap.org

259



PHYSICAL ACTIVITY AND BONE MASS IN SOUTH AFRICAN CHILDREN Loog

which generated a higher MECHPA score (P << (1L001), than
black male children. White and black children spent similar
amounts of time participating in scdentary activitics and
commuting passively to and from school {i.e., via car, bus,
taxi, or train).

Assaciations between bone characteristics and METPA.
Subjeets were divided into quartiles [from Q1 (least active)
to Q4 (maost active)] on the basis of their METPA scorcs.
There were no significant differences in anthropometric
values (height, weight, BMI, percent fat, and fat and lean
tissuc), between METPA quartiles for white or black chil-
dren. There were no significant differences between bone
mass values and METPA quartiles in black children except
for whole body BMD (P = 0.022). There were, however,
significant rclationships between METPA quartiles and
bonc mass values in white children at the hip (7 = 0.013;
P = 0.001) and spinc (P = 0.019; P = 0.003) {BMC and
BMD) and for whole body BMD (Fig. 1).

Log METPA scores were significantly corrclated with bone
mass values at all sites cxeept for the radius in white children
(Table 4); however, in black children, the only significant
relationship was between log METPA and WBBMD (r = (118,
P = 0.002).

Associations between bane characteristics and MECHPA.
Subjeets were divided into quartiles [from Q1 (very low
loading) to Q4 (high loading)] on the basis of their
MECHPA scores. These MECHPA quartiles were then com-
pared with BMC and BMD art various sites. There were no
significant diffcrences in anthropometric valucs (height,
weight, BMI, and fat and lean tissuc) between MECHPA
quartiles for white or black children. However, body fat
percent was significantly (P = 0.0253) lower in black chil-
dren with MECHPA scores in Q4 (highest loading) com-
pared with Q2 (low loading). There were no significant
differences between bone mass values and MECHPA quar-
tiles in black children. There were, however, significant
differences in bone mass measures between MECHPA quar-
tiles for white children at all sites except for the radius. For
white children, the most active group (Q4) had significantly
highcr whole body (P = 0.016), hip (P = 0.001), and spinc
(P = 0.004) BMD and hip {7 = 0.008) and spinc (P =
0.024) BMC than the two least active groups (Q1 and Q2)
(Fig. 2).

Significant positive corrclations between bone mass (BMC
and BMD) and log MECHPA scorcs were found in white
children at all sites exeept for the radius (Table 4). No corre-
lations were found for any site in black children.
DISCUSSION

To our knowledge, this is the first study undertaken in a
population of normal prepubertal children in a developing

country to investigate cthnic differences in the bonc mass
response to PA, We have found that whole body BMD and

Fig. 1. Bone mass across metabolic equivalent physical activity (METPA)
quartiles for hlack (#) and white (&) children. A: whale body hone mineral
density (WBBMD). &: hip bone mineral content (BMC). €: hip hone mineral
density (BMD). &0 spine BMC. E: spine BMD. Each symbol denotes a
quartile, presented from /et to #fght as lowest (1) to highest (Q4). Values are
means £ SE. White children in Q4 had significantly higher hone mass than
those in Q1 and Q2 (*# < 0.05).
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Table 4. Carrelations hetween Ing METPA and MECHPA values and bane mass measurements in black and white children

White Children ()

Black Children (r}

Log Log Log Log
METPA ' MECHPA P METPA P MECHPA ad
WHBMC, ¢ 0.26* 0.024 030 0.011 0.03 0.590 0.03 0.628
WEBMD, g/cm? 0.34% 0.003 0.41%* <0.001 0.18% 0.002 0.1 0.101
Radial bone BMC, g 013 0276 0.1% 0.130 002 0.785 -027 0.650
Radial bone BMD, giem?* 0.07 0.574 0.18 0116 —0.01 0.861 -0.77 0.197
Hip BMC, g 029% 0014 036¢ <0.001 0.06 0289 0.02 0.736
Hip BMD, g/cm? 0.33* 0.004 0.51% <0.001 0.07 0229 —0.02 0.776
Spine BMC, ¢ 0.26* 0.026 0.32¢ <0.001 -001 0.887 -0.02 0.504
Spine BMD, p/em? 0.34* 0.003 0414 <0.001 —005 0.424 —0.04 0.483

P < 005, TP < 0001

hip and spinc BMC and BMD were significantly associated
with increased levels of activity (l.c., a greater METPA
score) and mechanical stress (MECHPA score) in white
children. More active white children had a superior whole
body BMD (up to 8% greater) and hip (up to 17% greater)
mass and spine (up 10 17%) mass than less active children,
cven before reaching adolescence and carly adulthood, the
period during which PA is assumed to be most influcntial on
bone development (22, 37). These findings are in agreement
with Janz ct al. (18) and Slemenda ct al. (36), who reported
4-7% greater bone mass in prepubertal children in the
highest quartiles of weight-bearing PA. Significant positive
corrclations were found only for whole body BMD in black
children. When BMC and BMD were plotted against activ-
ity quartiles for both METPA and MECHPA scores, an
increasc in both bone mass variables were scen for white
children but not for black children. In this study, PA
appeared to have an ostcogenic association with bonc mass
in white children but not in black children. Tt appcars that

black children do not reach a high cnough “threshold” of

activity to induce an ostcogenic association. This was evi-
denced by the black children’s narrower range in activity
scores. The highest activity and loading quartiles for black
children had mcan scorces that were much lower than thosc
of the white children's highest quartiles. Nevertheless,
lower PA levels in this group of black children did not
appear to ncgatively impact bone mass; black children as a
whole still had a greater hip and spine (girls only) bone mass
than the whitc children. The possibility of a genetic protee-
tion against low bone mass and fracture in blacks must be
considered beecause caleium intakes and PA were lower in
the black than in the white children. For blacks living in
developing countries such as South Africa, as lifestyle and
dictary patterns change with urbanization, fractures in the
clderly may become more prevalent; thus PA may become
increasingly more important as a mcans of protecting the
skcleton in this population.

PA is an cxogencus factor influcncing bone health, and
special attention should be given to its role in optimizing
bone health. Studies performed in developed countries such
as North America and Europe have shown that inactivity
and activity patterns differ by cthnicity, with minority
groups cngaging in less PA (12). Hispanics and non-His-
panic blacks arc less active than Caucasians, and African
American children cxpend less energy than white children

{8). Obesity and higher body weight arc strongly associatcd
with a sedentary lifestyle and lack of PA i the adult
population of the European Union (26), and the latter arc
key components n the growing overweight and obesity
problem in Western populations. Of the few studies that
have been recently published from developing countrics,
similar findings have been reported from South Africa (23,
35) and Nigeria (24). Despite differences in PA between
black and white prepubertal children in the present study, no
differences in BMI were noted between the cthnic groups.

The association between activity and bone mass is great-
cst in the weight-bearing regions of the skelcton. In our
study, significant positive corrclations were found at all
weight-bearing sites in white children. Pocock ct al, (29)
have suggested that a possible reason for the hip being the
sitc most receptive to differing levels of PA is becausc
differences in skeletal load arc most pronounced at the hip,
as a result of the greater increment of load at this than at
other sites. It is known that low-force activitics, such as a
long-distance running, swimming, and cycling, incrcasc
muscle endurance but not bone mass. Maximal force activ-
itics such as weight lifting and sports involving violent
acceleration of the body put greater loads on bones than
low-foree excreises (33). Scveral studics have indicated that
bone mass 18 a function of muscle strength (9, 27, 34). The
positive influcnee of body weight and muscle mass on bone
is well documented (17).

Studics investigating the association of past and present
PA with bone mass and muscle mass and strength have led
to inconsistent results. Although a few studics have cxam-
incd the intensity, frequency, and duration of cxecrcisc
nceded to produce a significant cffeet on body composition
and bonc mass {3, 19, 25), no studics have obscrved children
in developing countries. Additionally, most of these studies
have been conducted in female subjects only and very few
of these have examined cthnic differences. Schocenau and
Frost (33) suggested that bone strength adapts to isometric
muscle forces and peak momentary forces. Our data sub-
stantiate this obscrvation. White children playing sports
with a high bonc strain such as rugby and gymnastics
showed greater BMC and BMD at the whole body and at the
hip, with the greatest difference again being obscrved at the
hip (up to 17% greater in the “high-strain” group than in the
“low-strain™ groups). This suggests corresponding kinds of
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cxercises during growth could help to achicve greater bone
strength and subscquently minimize fractures in later life.

Studics have raised the possibility that the sooner children
become active, the greater their bone accrual, lean muscle
mass, and possible greater peak bone mass. On the basis of
the present cvidence, it 1s clear that bones of growing
children hencfit mast fram maderate to high levels of
cxcreise and activity. What is unclear at present is the
duration of the cffcet of excreise on bone once it is stopped
and what cffect this prepubertal exercise will have on bane
mass after the pubertal growth spurt. Additionally, it is not
clear whether we would sce the same benefits of cxcreisc
with regard to bone mass in black children if they were
participating at higher activity levels, similar to those of
their white peers. One of the aims of the Birth to Twenty
study is to attempt to answer these questions as thesc
children move through puberty and into adulthood. Very
few data cxist on PA, bone mass, and body composition in
developing countrics. What is known, however, is that rapid
changes in dict, activity, and the prevalence of obesity arc
occurring in residents of these countrics (30). These changes
arc associated with an increase in chronic discascs, which
will nced to be addressed,

This study reports cross-sectional data from black and white
9-yr-old South African children involved in a longitudinal
study. Therefore, these results may not necessarily be extrap-
olated to other populations. It will be important to follow up
longitudinally to examine whether the observations made here
persist into adolescence. Although a number of approaches to
assessing children’s PA have been described, no speeific
mcthod has been identificd as the best option for all studies
(40). Although we acknowledge that there arc limitations to
using activity recall questionnaires, in this large longimdinal
cohort of children, recall questionnaires arc the only practical
way to asscss PA.

Understanding PA's impact on bone mass is central to
developing primary prevention strategics for ostcoporosis. Pro-
grams promoting physical education and PA arc also desper-
ately needed, specifically in the South African context. The
lack of black children participating in physical cducation lcs-
sons at school is cause for concern, as it contributes to the lack
of PA in the black children. Although fracture rares are rela-
tively low at the present time in clderly black subjects, obesity
and associated hypertension and diabetes arc major concerns.
Thus development of a culture of excreisc is scen as being
important in attempting to address these problems.
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Fig. 2. Bone mass acrnss mechanical physical activity (MECHPA) quartiles
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BMD. D spine BMC. E: spine BMD. Each symbol denotes o quantile,
presented from Jeft to righi as lowest (1) to highest (Q4). Values are means +
SE. White children in 4 had significantly higher bone mass than those in Q1
and Q2 (*P < 0.05).
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Aim: To examine: (1) the associations between socio-ecenomic status, physical activity, anthropo-
mefric and body composition variables in South African children; (2) the influence maternal
characteristics have on children’s physical activity levels; and (3) associations between television
watching, activity level and body composition. Methods: In 381 South African children, physical
activity and socio-economic status were assessed via structured refrospective Interview using
validated questionnaires. An asset indicator score was caleulated as a proxy measure of socio-
economic status and used to divide children into quartiles. Resudfs: Children falling into the
highest socio-economic status quartile had mothers with the highest educational levels, generally
came from dual parent homes, were highly physically active, watched less television, weighed
more and had greater lean tissue than children in lower quartiles. A greater percentage of children
living n dual parent homes and with mothers of a higher educational status were highly active
compared with children hving in single parent homes and with mothers of a lower educational
status. We found greater levels of lean mass with increased aetivity level after controlling for
television watching time and fat mass. There were high levels of low activity and high television
watching time among, lower socio-economic status groups. There were significant racial differences
in patterns of activity. White children were found to be more active than black children, more
likely to participate in physical education classes at school and watched less television than black
children.

Conclusion: Physical activity levels and socio-economic variables are closely related in this
population of South African children.
Key words: Children, physical activity, race, socio-economic steims, South Afvica

Joanne McVeigh, 172 Kyalami Estafes, Midvand 1684, South Afvica (Tel. +27 11 4682237, fux.
+27 11 4682403, e-maril. meveighju@phvsiology wits uc.za)

1 believe every hurman has a finite number of heartbears.
I don't intend to waste any of mine running around
doing exercises. Neil Armstrong (1930-)

Promotion of physical activity (PA) minimizes the
development of chronic diseases of lifestyle, aids in
injury prevention by decreasing fall propensity, con-
tributes to quality of life and improves psychological
health (1). Adolescents with a healthy participation in
PA are more likely to continue being active into
adulthood (2). Thus, understanding the factors that
may influence the adoption of good PA patterns in vouth
is crucial in aiming to establish life-long pattermns of PA
throughout adulthood.

In South Africa, much of the secular trend towards
increased body size in adults has been attributed to the
process af urbanization and associated socio-economic
change. A shift from agriculturally-hased economies to

© 2004 Taylor & Francis. 1SSN 0803-5253
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cash-based economies has minimized the need for
pliysical labour and increased the demand on sedentary
or less intensive physical work. Findings published by
Kruger and colleagues in 2002 found a significant
positive association between houschold income and
cbesily measures in South African black women.
However, physical inactivity was found to have the
strongest association with obesity in this study (3). This
finding was recently substantiated 1in Senekal et al’s
(2003) paper, which identified physical inactivity as an
impartant risk factor for overweight/obesity in South
African adults (4). Although the literature regarding the
relationship between PA and obesity in children and
adolescents has been both scant and controversial, some
authors have concluded that obesity in adolescents can
only be altered by increasing PA and decreasing dietary
intake at the same time (5, 6). Body composition is an
impartant aspect to consider in the context of child and
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adult health. It has recently been reported by Wells
(2003) that lower PA levels may lead to reduced lean
and increased fat mass, and that both of these
occurrences may epitomize pathways of increased risk
of adult disease (7). The link between low levels of PA
and an associated increase in the risk of developing
obesily emphasizes the need for these problems to be
addressed in childhood.

Although we may commonly assume that PA is a
normal part of childhood, a pumber of studies in
developing countries have shown that children and
adalescents are often very inactive (8,9). In recent
vears, Western developed countries have positioned the
prometion of PA in childhood and adolescence high on
their agenda (10, 11). Developing countries, however,
have not paid as much attention to this problem. In
South Africa in particular, very little research has
focused on PA patterns. Specifically, South African
children’s current social and economic situation and
how this relates to children’s PA patterns has not been
examined. Socio-economic status (SES) has been
identified as an 1mportant factor mfluencing PA
participation (12). It is well known that children that
come from low-income families often have limited
access to resources supporting PA (13). The influence of
demographic factors such as gender, race and SES
provide us with information on variations in PA levels
and allow for the design and implementation of
appropriate programmes for different subgroups (13).
It has been found that leisure time PA in childhood is
related to matemal education levels (14). Studies have
shown that families have an important role to play with
regards to a child’s quantity of exercise, creating access
to facilities and encouragement of team and sport class
participation (15). Many physical educators and scien-
tists believe children of active parents tend to be more
active themselves (16, 17).

The present study considers the prevalence of PA and
mactivity in 9-y-old South African children, focusing
on the prevalence of PA by gender, socio-economic
status and matemal (primary caregiver) SES charac-
teristics such as marital and employment status, as well
as level of education. Itis an additional aim of the study
ta examine body compaosition patterns in relation to SES
and other sedentary behaviours such as television
watching.

Subjects and methods

This is a population-based, cross-sectional study of
children recruited from the Birth te Twenty birth cohort,

*Noele: “Race does nol refer 1o any biological attribules bul rather 1o
the compulsory classification of people into the Population Registra-
tion Act™ {213 Although the act has been repealed. these cale gories
are sl powerful and commonly used by the South African
governmen! and slatislical services
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a longitudinal study of child health and development
(18-20). All children born within a 6-wk period (23
April-8 June 1990) in the greater Johannesburg
metropolitan area in South Africa were originally
recruited. A random sample of children (n=682)
stratified by race group (black and white)*, gender
and socio-economic status, participating in the Birth to
Twenty birth cohort study, were enrolled into a longi-
tudinal study assessing factors influencing bone mass
during childhood and adolescence (Bone Health Study).
Cross-checks were performed to ensure that there were
no significant differences between the Birth ta Twenty
and Bone Health cohorts for key demographic variables
(residential area at birth, matermnal age at birth,
gravidity, gestational age and birth weight). This study
included data obtained from primary caregiver (defined
as the mother for the purpose of this study) and child.
Satisfying these requirements resulted in complete data
for 381 children and mothers. Subsequent cross-checks
were again performed between this study sample
(n=381) and the Bone Health cohort (»=682) to
ensure representation. Key demographic variables were
similar and there were no differences in proportions of
children in SES and race groups between this study
sample and the original group. Subjects were all healthy
and aged 9 at the time of testing. Children that were
asthmatic or suffering from any disorder likelv to affect
bone metabolism were excluded from the study
(n=10). The sample comprised of 43 white males,
157 black males, 38 white females and 143 black
females. All subjects and their parents provided written
informed consent, and ethical approval was obtained
from the University of the Witwatersrand Committee
for Rescarch on Human Subjects (protocol number:
MIBOE10).

All subjects completed an interview with the primary
caregiver present. We examined past medication,
known diseases, socio-economic and medical history,
pubertal development and physical activity. Primary
caregivers answered a number of questions regarding
their social and economic status. This study utilized an
asset indicator approach (22) by formulating a compo-
site score from 11 bivariate factors (house type, elec-
tricity, indoor flushing toilet, indoor running water,
television, motor vehicle, refrigerator, microwave,
washing machine, video machine and telephone). From
the asset indicator score we divided the sample into
quartiles ranging from low to high SES. Mothers of the
subjects also answered questions regarding their marital
status and levels of education.

PA was estimated using a structured retrospective
interview, taking into consideration all PA and inactiv-
ity over the previous 12 mo. The questionnaire is based
on questionnaires validated in previous studies (23, 24).
The questionnaire assessed the following parameters:
whether or not the child partook in physical education
classes at school; inactivity behaviours (TV and video
watching, music, drawing and reading); passive (car/
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taxi/bus) and active (walk/bicycle) commuting to and
from school; number of hours of sleep per night; and
intensity, frequency and type of organized sport played
at school and after school. PA was then scored using a
metabelic PA score (METPA) by weighting the
intensity (multiples of basal metabolic rate (METs))
by the duration (h/wk) of each activity (25). These
scores were divided into quartiles ranging from less
active to highly active.

Anthropomeiric measures

The height of each child, recorded to the nearest
millimetre, was measured using a stadiometer (Hol-
taine, UK), and weight, recorded to the nearest 100 g,
was measured using a digital scale (Dismed, USA).
Both devices were calibrated regularly thronghout the
study. Subjects were measured with light clothing and
no shoes. Whole body scans were performed using a
Hologic QDR 4500 dual-energy X-ray absorptiometer
(DXA), according to standard procedures. The scan
obtained from the DXA enabled the assessment of the
whole body lean (LT) and fat tissue (FT) {g) and percent
body fat (%).

Sratistical analysis

Deseriplive slatislics were used to describe the physical
features of the sample. Univariate analysis was used to
determine ethnic and gender differences in physical
activity. Factors contributing to the asset indicator score
were identified as significant contributors through a
factor analysis. The asset indicator score ranged from
I-11, and children were divided into four quartiles
based on these scores. The analysis compared the
prevalence of children falling nto each of these
quartiles in terms of percentages of PA and inactivity
behaviour by socio-demographic background {maternal
marital status, maternal education level _and sacio-
economic score). Cross-tabulations with y° tests were
used to assess differences across ordinal variables such
as education and supporl. Multivariale analysis, witl
confounding variables controlled for, was used to assess
lean mass differences across activity and television
quartiles.

Results

Socio-ecanomic status resuills

These results describe the conditions umder which the
children in this study lived in Johannesburg, South
Africain 1999 (Fig 1.). Almost all of the children (99%)
lived in homes with electricity. Approximately 88% of
children lived in brick houses, whilst 12% lived in
informal structures. Just over 60% had access to an
indoor water source and almost 50% had toilets that
flushed mside their houses. Television sets were owned
in 95% of the houses; 94% of the families owned a
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fridge: 76% had a land-line telephone; 54% had a video
machine; 44% owned a washing machine; and 39% a
microwave. Almost 60% of the sample did not own a
motor vehicle.

In terms of partner suppart, 50% of mothers in this
study were married and living with their husbands, 4%
of mothers were living wilh their partners but not
married, while 46% were single. Less than 50% of the
children’s mothers has completed a grade 12 (final year
of school) education or higher. Diplomas were held by
17% of mothers, while only 6% of them held a
university degree. At the time of the study 32% of
mothers were not formally employed. Average matemal
income ranged between RI1000-2000 (Eurc estimate:
£€100-200) per month. Almost all of the mothers
described their children as being healthyv; 9% of the
mothers described their children’s health as fair or poor.
Private medical aid was held by 34% of the sample.

FProfile of groups

Subjects were divided into quartiles according to their
asset indicator score (lowest Q1-highest Q4). Table |
indicates mean characteristic percentages of socio-
economic, PA and anthropometric variables across each
quartile.

There were approximately equal numbers of males
and females within each quartile. No white children fell
into the first three quartiles. Significantly fewer
(< 0.001) mothers in Q1 had completed high schoal
(20%), whercas over 80% of mothers in Q4 had a high
school education or higher. Significantly fewer mothers
(40%) were married and living with their husbands in
Q1 compared with over 70% in Q4 (p < 0.001). The
majority of females in Q1-3 had no cash income,
whereas the majority of females in Q4 eamed a sig-
nificantly greater income (>R4000/mo) (p < 0.001).
There were no significant differences between maternal
reports of their child’s health across the quartiles.

Aceess to amenities (%)

©

f«*,f LSS

L &
a"f. ‘f(f Qfe

Fig. 1 Percentages of study sample (South African families) with
access 1o amenities in 1999,
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Tahle . Socio-economic, physical activily and anthropomelric vanables across SES quardiles.

Socio-economic status and physical activity patterns i South African childven 985

Qlin—115 2 (n—T78) Q3 (-7 Q4 (n—115)
Asset indicatar score (mean = SE) 4.1 =+0.1 64+01 RI+01 107+01°
Ciender (% male) 53.9 52.6 493 52.2
Race (% white) 0 0 0 68.7"
Maternal education (%% completed high school) 16.5 32.1 437 BL7
Support (% mothers living with partner and married) 40 41 521 T0.4°
Income (% with no cash income) 60 436 352 278"
Health of child (% good) 86.1 949 04.4 0.2
METPA score (mean = SE) 105=10 8a=x13 85+13 161+ 108
I'E (%% ves) 16.1 25.6 324 79.1°
TV (h) (mean = SE) 2199 115" 2691+ 140" 26,53+ 1.46 2002+ 1.15°
Weight (kg) (mearn) 287+06" WT+07 30407 310+ 067
Height {mm) {mean) 1326 5.6 1322+ 6.8 133372 1360+ 5.8°
BMI (kg/m”) (mean) 16303 164=04 175+ 04 16703
TTF (g) {mean) 7255 + 406 7575+ 483 G000 + SR RR24 4+ 40K°
TTL (g) (mean) 20123 =290 10830 = 344% 20874 % 367 21085+ 391#

METPA: metabolic physical activity score caleulated from school spart and active commuting to and from school; PE: physical edueation; TV:

television: BMI: body mass index: TTF: tissue total fat: TTL: tissue fotal lean.

Y04 =012 3 < 005 POl < Q< 005, Q4 < G2, 3 p < 005; 404 =Q1, Q2% p <005 ° Q4> Q1 p < 005 " Q1 < Q2, Q3; p< 005;

B3 = Q2 p < 005

Maternal health status perception of their child was not
associated with PA participation.

Mean METPA scores were significantly greater in Q4
compared with all three other quartiles (p < 0.001).
Percentages of children partaking in physical education
(PE) at school rose significantly (p < 0.001) from 26%
to 79% from Q1-4. Children in Q4 watched signifi-
cantly less television than children in Q2 and 3
(p < 0.05) but not Q1. Children m Q1 watched signi-
ficantly less television than children in Q2 (p < 0.05).

Significant differences were found across the groups
for all anthropometric variables measured. Children in
Q4 weighed significantly more than children in Q1 and
Q2 {(p<005) They were also significantly taller
(p <2 0.05) than all three other quartiles. Children in
1 weighed significantly less than those in Q2 and 3
(p < 0.05). There were no significant differences for
BMI between groups, except that children in Q1 had a

significantly lower BMI (p < 0.05) than children in Q3.
Children in Q4 had significantly greater fat tissue
(p < 0.03) than children in QI. Lean tissue was
significantly greater (p < 0.05) in children . Q4 than
Socio-economic variables were correlated with phy-
sical activity variables, The variables with significant
bivariate correlations were then examined further in
terms of cross-tabulations and 32 likelihood ratios.
Maternal marital status (+=0.213, p < 0.001), ma-
ternal education level (»=0.209, p < 0.001) and asset
indicator score (r=0.189, p < 0.001) were significant
correlates with physical activity level. Table 2 shows
the results from bivariate cross-classifications of chil-
dren partaking in the various levels of PA by socio-
demographic variables. Inactive behaviour was more
prevalent among children from houscholds with single
mothers than children who came from households with

Table 2. Analysis of physical aclivily levels by socio-demographic background.

Inactive Active Moderately active Highly active

Marital siatus £ 0001

Single 324% 31.7% 21.4% 14.5%
Divorced/separated 24.0% 40.0% 16.0%% 20.0%,
Widowed 13.1% 7.7% 38.5% 30.8%
Married 18.9% 19.4% 28.6% 33.2%
Education < 0.001

Incomplete schooling 23.0% 32.1% 19.6%
Completed high school 30.2% 22.1% 23.3%
Diploma 30.0% 11.7% 35.0%
Degree 4.2% 8.3% 54.2%,
SES #—0.001

Leower class 24.3% 25.2% 29.6% 20.9%
Waorking class 24.4% 37.2% 20.5% 17.9%
Middle class 28.2% 32.4% 19.7% 19.7%
Upper class 22.6% 12.28 27.8% 3740

Reported p-levels are sed on likelihood-ratio z* tests.
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Tahble 3. Lean mass (g) by television walching and activity level in
South African Y-y-olds,

" Mean lean mass £ SE # for trend

TV walching (hAwk)®

<14 77 199329+ 3159

14-22 Rl 204464 +303 4

23-29 o1 204772+ 2884 0.121
64 102 20050.1+271.1

Activity level”

Less active 85 0170342937

Active 94 198745+ 2794

Moderately active 87 20167.2+290.0 <0.001
Highly active 85 218195+29%43

# Adjusted for fal mass and activity level.
" Adjusted for fat mass and TV watching time.

a4 married mother and father (32% vs. 19%). Highly
active behaviour was more prevalent among children
from married houscholds than among children from
single-parent households (33 % wvs. 15%). Maternal
education levels impacted on the type of activity
children partook in. Children of mothers with degrees
were more likely to be highly active (54%) than inactive
(4%). Children whose mothers did not complete high
school, or completed high schoel and had no further
tertiary qualifications, were more likely to be inactive
(23%) than highly active (20%). A greater percentage of
children classified as coming from upper quartile (Q4)
homes were highly active (38%) compared with 21% of
children from lower quartile (Q1) homes that were
highly active. On the whole, children that were from
married households, had medical aid, had mothers with
tertiary education and came from higher quartile homes
were more highly active than children from lower socio-
economic households.

Lean mass was explored by television watching
(h/wk) and activity level (METPA score) (Table 3).
After adjusting for fat mass and activity level, we found
no significant differences in lean mass with increased
hours spent watching television. However, after adjust-
ing for lat mass and TV watching time, we found that

ACTA PEDIATR 93 {2004}

lean mass increased significantly (p < 0.001) with
increased activity.

Physical acrivity results by race group

The data showed that 43% of the children participated
in physical education (PE) classes at school {(gym and
swimming classes) at least once per week. METPA
W/wk averaged 11h/wk and television-watching time
averaged 23 h/wk. Descriptive statistics for all physical
characteristic variables are presented in Table 4,

Over 90% of white males and females participated in
PE classes at school compared to only approximately
30% of their black peers. White children spent a
significantly greater time (p<0.05) sleeping and
playing sports with a higher METPA (p < 0.03) than
black children. Black children spent a greater amount of
time watching TV and actively commuting to and from
school {p < 0.05). After controlling for etlmic differ-
ences 1 PA, boys were significantly more (p < 0.05)
active than girls (1311077 MET hwk ws
9.62 + 0 8IMET h/wk). There was a significant positive
correlation between participation in PE classes and
METPA score (r =10.282, p < 0.001) and a significantly
negative correlation between METPA and hours of TV
watched per week (r=—0.145, p < 0.001).

Discussion

This study analysed PA patterns and SES in South
African children and the association between these
variables. It is interesting to note that there were no
white children in the first three quartiles of SES A
higher asset indicator score among the children was
significantly associated with increased maternal educa-
tion levels, betler partner support and higher cash
income. The number of children partaking in PE classes
at school rose steadily with a higher asset indicator
score. PA, as analysed by compiling a METPA score,
showed an interesting trend. Children falling into Q1
(low SES) had a higher METPA score than Q2 and 3,
but not 4. We would have expected the METPA score to

Table 4. Physical aclivily characteristics of Y-y-old South African children,

White Black

Female (n—38) Male (n—44) Female (n— 146) Male {(n—158)
P'E (% vyes) 89.588 9308 34.38% 274%#
TV watching (h'wk) 14.87£1.75§ 17.28= 1.67** 23.52=1.02§ 26.54 & (.99
Pass. comm. (h/d) 0.37+0405 033+0.03 047 +0.06 0.4+ 0.06
Act, comm, {(h'd) 0.04 £ 002§ 0.03 £ 0.01*# 0.27+0.03§ 0.35+0.03**
Sleep (h/night) 10.11£0.14§ 10.02 = 0.09* 941£0.13§ 925£0.77*
METPA score 14.7+207§ 2225+ 2.73*# 828 +0.86§ 10.71 £ Q.64+

PE: physical education:; Pass. comm.: passive commuting (transport 10 and from school in a car/bus/axitrain). Act. comm.: active commuting

(transport to and from school via walking/riding a bicycle): METPA:
commuting to and from school.

metabolic physical activity score calculated from school sport and active

§ p < 0,05, white and black females differ; §§ p < 0.001, white and black females differ. * p < 0.05, white and black males differ; ** p < 0.001,

white and black males differ.
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have followed a “lowest-to-highest” trend. However,
upon further analysis, it was found that almost 20% of
the children who fell into Q1, did not own television
sets. Consequently, these children spent the second
lowest amount of time watching TV. Additionally,
many of the children in this quartile did not have the
same luxury items found in households of children from
higher SES groups, suggesting that more of their time
could be occupied with PA, both informal (on street,
etc.) and formally (at school), These children had the
lowest weight, BMI and fat tissue mass. This higher
level of METPA and lower level of TV watching may
be contributing to the healthier body composition
patterns evident in the children in Q1. The highest
METPA score was seen in Q4, which was significantly
higher than all three other quartiles, and almost double
the scores of Q2 and 3. There is some controversy in the
literature rtegarding SES and PA. A study in the
Philippines (26) showed that children from private
schools were less physically active and more likely to
prefer television to outdoor games. Our results in a
South African population show the opposite and are in
agreement with studies which have found higher PA
levels to be associated with higher SES (27, 28). We
found children in Q4 to have the highest PA scores,
most likely to participate in PE at school and
significantly higher lean mass.

Lo our whole sample, we found that weight increased
significantly (p =0.002) in the middle- and upper-class
quartiles, compared with lower- and working-
class quartiles. BMI increased up until the middle-class
quartile and then decreased in the fourth upper-
class quartile. Fat tissue increased and lean tissue
increased with increasing SES. Children of mothers
who were married or who had higher educational levels
were found to be more active. Similar findings have
been reported in adults, where inactivity has been found
to be most common in those with a low educational
level (29).

The sample was analysed by asset indicator score at
first. However, these results showed that there were no
white children in the first three lowest SES quartiles.
The fact that all the white children fell into the highest
SES quartiles is largely a function of South Africa’s
historical past. The physical activity data were then
therefore analysed in terms of racial group. Results
showed white children were maore active than black
children and that boys were more active than girls.
These findings are consistent with studies performed in
developed countries that have also found similar ethnic
and gender differences in PA patterns (30). Less than
half of the children in this study partook in PE classes at
school. We found the PA score (METPA) to be
significantly correlated with participation in PE classes;
it may be that a lack of PE being offered at school level
is translating into low levels ol afier-school or club sport
and activity. This has serious implications for later
health and social development.
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We found no significant difference in lean mass
between television quartiles after controlling for activ-
ity level and fat mass, but significant differences were
shown for lean mass with increasing activity levels after
controlling for television watching time and fat mass.
Stafford’s (1998) paper explored fat mass by TV and
activity level. This study found a stronger relationship
between fatness and activity level than between fatness
and television watching (1). We found a similar
relationship specifically when explonng lean mass.

To date, few studies have examined factors influen-
cing PA in developing countries. Our data suggest
important patterns of determinants of PA across groups
of varying SES. It is clear that childhood PA is of a
multi-dimensional nature, and socio-economic and
cultural factors have a definite influence on these
patterns. In spite of the well-documented negative
associations between poverty or low SES and health
(possibly due to low levels of PA) in adolescents and
children, the mechanism by which this occurs is not
well understood. In this group of children it appears that
physical activity patterns could either be regulated by
the primary caregiver or by the school that the child
attends. If the school does not provide PE classes or
after-school sport, parental or caregiver support may act
as a buffer, If the parent or caregiver provides the
support, their SES circumstances would be an influen-
tial factor.

Furthermore, few adjustable risk factors have been
identified for intervention. PA 1s one of the most
important modifiable causes of chronie disease. Abern-
athy et al. (2002) suggest that it may be possible to
cushion the impact of poverty on health through policies
that could increase PA levels among those living in
poverty. In order to develop individual-level and policy-
level interventlions, it is imperative that we understand
all aspects affecting PA in potentially disparate popula-
tions (29).
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Aim: To examine bone mass changes in 321 black and white South African children in relation to
habitual physical activity (PA) levels and ealcium intakes.

Methods: Children underwent two bone mass scans at ages nine and 10 years using dual X-Ray
absorptiometry. PA levels and calcium intakes were assessed using questionnaires. Data were
analyzed by regressing change in bone mineral content (BMC) and bone area (B4) from age nine to
10, against BA (for BMC), haight and bady weight. The residuals were savad and called residualized
BMCGAIN and BAGAIN. Residualized values provide good indication of weight, height and
BA-matched accumulation rates.

Results: White children had significantly higher PA levels and calcium intakes than black children. Most
active white males had significantly higher residualized BMCGAIN and BAGAIN at the whole body, hip
and spine but net at the radius, than those whe were less active. Most adive white fernales had

significantly higher residualized BAGAIN at all sites except the radius than less-active girls. No such
effects were seen in black children. There was no interactive effect on residualized BMCGAIN for
caldum intake and PA (except at the sping in white girls).

Condusion: Bone mass and area gain is accentuated in pre- and early-pubertal children with highest levels of
habitual physical activity. Limited evidence of an effect of dietary caldum intakes on BMC was found.

INTRODUCTION

The main determinants of peak bone mass are heredity, gen-
der and race (1). Regardless of race or gender, nutrition
and physical activity (PA) participation are considered to be
the most modifiable environmental factors influencing peak
bone mass. This is particularly sa in the pre pubertal years,
which appear to be the most responsive to these influences
(2,3).

A small number of studies have recently examined the ef-
fects of exercise and calcium interventions on bone mass
{4-6). luliano-Bums et al. {2003) reported main and inter-
active effects for calcium and PA interventicns at the hip
in pre- and peri-pubertal females. Stear et al. {2003) also
reported enhanced bone mass with a calcium and PA inter-
vention in adolescent females, although the interactive effect
(if any) of the two interventions was not reparted. Specker
et al’s (2003) intervention showed that although PA stimu-
lated growth in bone width, the actual amount of bone min-
eral accumulated is dependant on both PA level and calcium
intake (5). In a 12-month follow-up to this trial, no consis-
tent effect of calcium supplementation an leg bane mineral
content (BMC) was noted (7).

None of these studies have reported on racial differences
and all have been conducted in developed countries. There
are little longitudinal observational data on the effects of
habitual PA and calcium intakes an bane mass accretion

in children, especially in racially diverse populations in de-
velaping countries such as in South Africa, where calcium
intakes are generally lower than those in developed coun-
tries. Of the studies that have examined habitual PA and
calcium intakes, data have only been reported for short time
periods (1 week or less) (8). In addition, most studies have
reported on the association between PA and BMC, and the
issue of whether habitual exercise increases bone size as well
has not yet been clarified. Te date, anly cne elegantly per-
formed study (9) has shown that a moderate level of PA
within a schaol curriculum enhances BMC, bane mineral
density (BMD) and bone area (BA).

With an exponentially increasing hip fracture rate in the
ageing population in developed countries {(10), scientists are
advocating PA and calcium intake as important modifiers of
bone mass. This research is particularly important in coun-
tries where a more sedentary lifestyle is becoming the norm
and where physical education no longer forms part of the
school curriculum. The situation in South Africa is of par-
ticular interest since South African blacks are reported to
have among the lowest hip fracture rates in the world, but
lifestyles are under rapid transition currently (11,12)

The aims of our study were to examine bone mass changes
over a 12-month period in a group of black and white South
African pre- and early-pubertal children and to explore
these changes in relation to habitual PA levels and caleium
intakes.
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MATERIALS AND METHODS

Subjects

This is an observaticnal study of a cohort of children {Bene
Health Study) recruited from the Birth to Twenty birth co-
hort, a longitudinal study of child health and development
{13-16). The methods of enrolment into the Bone Health
Study have been described in detail elsewhere (17,18). For
this study, subjects were all healthy and aged 9 years [9.51
{0.27)] at visit one and 10 years {10.54 [{0.27)] at visit two.
Children who were asthmatic or suffering from any disor-
der likely to affect bone metabolism were excluded from
the study. Complete data for the two annual visits, spaced
1 year apart were available for 321 children. The sample was
composed of 31 white males, 141 black males, 27 white fe-
males and 122 black females. The small number of white
children was primarily due to the method of enrolment.
Total births over the specified time periad were enralled,
and there were fewer white than black children born dur-
ing this time period. All subjects and their parents provided
written informed consent and ethical approval was obtained
from the University of the Witwatersrand Committee for Re-
search an Human Subjects.

Measurements

Ateach visit, the height {Holtaine, UK) and weight (Dismed,
USA) of each child were measured with subjects wearing
light clothing and nao shoes. Body and site-specific BMC,
bone mineral BMD and BA were measured using a Hologic
QDR 4500A dual energy X-Ray absorptiometer {DXA) ac-
cording to standard procedures (software version 11.2 for
adults, Hologic, USA). DXA scans were performed on the
non-dominant midshaft radius, femoral neck of the left hip,
lumbar spine (L1-L4) and whole body (WB). The analysis
for the WB was done excluding the measurements of the
head. The reader is referred to (17,18) for more detailed de-
scription of the methods used in the Bone Health and Birth
to Twenty Studies.

Questionnaires

Each subject completed the same guestionnaires on both
visits, with the caregiver present. We examined past medica-
tion, known diseases and pubertal development (by Tanner
hair development [{19)]. Girls were asked about their men-
strual status. Dietary calcium intakes were assessed using a
24-h dietary recall questionnaire as well as by a Food Fre-
quency Questionnaire. Total PA was estimated using a struc-
tured, detailed, retrospective interview taking into consid-
eration all PA and inactivity over the previous 12 months,
The questionnaire has previously been used by our group
(17,18) and is based on questionnaires validated in other
studies (20,21). The guestionnaire has been modified ap-
propriately for Sauth African children. The intensity, fre-
quency and duration of all physical activities {at school, after
school, at home and commuting [actively and passively] to
and from school) were taken into account. Intensities of ac-
tivities were classified as multiples ef one metabolic equiva-
lent (MET]) (the ratio of the associated metabolic rate for the
specific activity to the resting metabalic rate). PA was scored

FPhysicol activity and bane mass in Sauth African chifdren

in two ways: (i) metabolic PA score (METPA) by weight-
ing the intensity [multiples of basal metabolic rate (MET'S)
and duration (h/wk)] {22); and (ii) mechanical PA score
{MECHPA) by weighting the peak bone strain (ground reac-
tion forces as multiples of body mass and duration [(h/wk}))
{23).The latter score is based on the methad of Groathausen
and co-workers (23), which we modified by multiplying the
ground reaction force (MECH) by duration, since the orig-
inal measure did not include duration or frequency. Thus, a
sum score MECHPA was calculated as the sum of all MECH
scores multiplied by duration (h/wk) per activity. Since
the PA guestionnaire assessed all activity in the preceding
12 months, year 10 data was considered to be representative
af activity in the 12-month assessment period

Statistical analysis

Data were analyzed using SPSS v12.0, and a p level of
<0.05 was considered to be statistically significant. Percent-
age gains in BMC and BA (BMCGAIN and BAGAIN) were
calculated. An ANOVA was used to detect differences in
BMCGAIN and BAGAIN between race and gender groups
from age 9 to 10 years, and the Bonferroni multiple compar-
ison test was used to assess group differences where appro-
priate. BMD is an areal density measurement {g/cm?), and
does not account effectively for diverse body sizes. To avoid
size-related artefacts, BMC was adjusted for body weight and
BA in multiple regression analyses (24,25). Our results in-
dicated that height was not significantly related (p = 0.891)
to BMC, thus it was excluded as a covariate. Height was,
however, significantly related to BA (p < 0.001) at all sites
and was therefore included as a covariate for BA analyses.
We used a novel method based on the technique of Row-
lands et al. to assess changes in bane-related variables (8).
We regressed body weight and BA against BMCGAIN and
saved the residuals to form a new variable called residualized
BMCGAIN {(BMCGAIN,..). The same procedure was fol-
lowed for BAGAIN, whereby body weight and height were
regressed against BAGAIN, and the residuals were saved to
form a new variable called BAGAIN,.. Given the weight
and height of a subject , BMCGAIN ., and BAGAIN,,; pro-
vide a good indication of whether the subjects are above or
below their expected value for their weight and height. To
assess whether the non-bone-related components of weight
(fat and lean mass) had different effects on BMCGAIN or
BAGAIN, we ran a regression analysis including the addi-
tional covariates.

METPA and MECHPA scores were evaluated over the
1-year period preceding the second DXA scans and were as-
sessed as categorical variables after subjects were divided
into guartiles of activity within race and gender groups.
To correct for the possible effects of differing PA on BMC
and BA accumulation prior ta the study perind, METPA
and MECHPA scores calculated at the first visit of the
subject {age 9) were entered into the regression analysis
as covariates. BMCGAIN,. and BAGAIN,. at the whaole
bady, radivs, hip and spine were assessed within METPA
and MECHPA quartiles, between race and gender groups
using a multivariate ANOVA. A stepwise linear multiple

L2007 The Authee(s)/ Journal Compilation £:2007 Foundafion Acta Paediatrica/Acts Paediatrico 2007 96, pp. 874-880 a7s

272



Physical activity and bone mass in South African civildren

regression analysis was conducted in order to assess the re-
lationship between the PA of the past year (both METPA
and MECHPA), calcium intake and BMCGAIN . at all sites
measured. The independent variables were entered in the
following order: calcium intake, METPA, MECHPA, prod-
uct of calcium intake + METPA and the product of calcium
intake + MECHPA. Independent variables were centred be-
fore being entered into the regression analysis, in order
to avoid the problem of multi-collinearity (26). Centring
involves subtracting the mean from each individual score
thereby making the mean of the centred variable zera. The
product terms were calculated from the centred variables.
All data are presented as means (standard deviation), unless
otherwise noted.

RESULTS

Included in the study were 58 white and 263 black children,
with approximately equal numbers of males and females in
each group. Pubertal scores were similar between black and
white children of the same sex (Table 1 in Supplementary
Material online). None of the girls had begun menstruating,
and all subjects were considered to be either pre- or early
pubertal. There were no significant differences between the
skeletal ages of any of the groups.

Table 1 shows the results for percentage gain and actual
change in height, weight and unadjusted BMC and BA from
age 9 to 10 years, as well as calcium intakes and pubertal
stage at age 10. Black males were significantly shorter at age
10 years and had significantly lower percentage BMCGAIN
at the spine, BAGAIN at the whole body, calcium intake
and PA scores than white males (p < 0.001). There were no
significant differences in weight at 10 years, BMCGAIN at
the radius or BAGAIN at the radius and hip between any of
the groups.

We assessed whether the non-bone-related components
of weight (fat and lean mass) had different effects on BMC-
GAIN ar BAGAIN using a multiple regression analysis. The
addition of fat mass, lean mass and calcium values to the
regression had very little impact on the whole body content
and area gain values. Each covariate did not contribute sig-
nificantly more to the model than height alone. The same
trend was evident at other sites and for other groups. We
therefore did not cantrol for these variables in the residual
analysis.

Table 2 (in Supplementary Material on-line) shows the
results for actual year 10 and percentage gain in BMC [ad-
justed for weight (kg) and BA {cm?)] and BA [adjusted for
weight (kg) and height (¢m)] values. Black males had sig-
nificantly greater adjusted hip BMC and radius BA at age
10 years {p = 0.001) and significantly lower percentage gains
inspine BMC (p = 0.034) and WB BA (p = 0.027) than white
males. Black females had significantly greater adjusted hip
BMC {p = 0.001}, WB BA {p = 0.03) and radius BA (p =
0.002) and significantly lower hip BA (p = 0.017) than white
females at age 10.

We have reported previously descriptive data for the PA
patterns af this papulation at age 9 {1718). At age 10,
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white males had significantly greater METPA and MECHPA
scores than all ather groups {p < 0.001) {Table 1 in Supple-
mentary Material on-line). Subjects were divided into quar-
tiles of activity within race and gender groups, and levels of
activity were then related to BMCGAIN,; and BAGAIN,
at different sites. Residual values above 0 indicate that the
BMC and BA of the subjects fall abave their expected values
for their weight, height and BA and vice versa.

Figures 1 and 2 show BMCGAIN,; and BAGAIN, 4 val-
ues at the whole body for different quartiles of METPA
and MECHPA within race and gender groups. White chil-
dren in guartile 4 {highest PA group for both METPA and
MECHPA) showed significantly greater BMCGAIN,.; and
BAGAIN, compared with the lowest quartiles. The same
trend was observed at the weight bearing sites (hip and
spine) for white males in quartile 4 showing significantly
greater (p <= 0.05) BMCGAIN ., and BAGAIN,; compared
with groups in the lowest quartiles (see Figures S1-4). White
females in quartile 4 had significantly higher (p < 0.05)
BAGAIN, at the hip than children in lawer quartiles. No
differences were observed at the radius for any quartiles or
groups. In addition, white males in the highest quartile of
PA had BMCGAIN,, and BAGAIN,, values well abave 0.
White females had BAGAINres values above 0 at all sites.
There were no other significant differences for any of the
other groups between race and/or gender.

A multiple linear regression sought to examine the effects
of calcium intake and PA (both METPA and MECHPA) on
BMCGAIN,, at the whole body, radius, hip and spine. There
were no significant effects for any of the groups at the radius.
Na simple effects for calcium were found at any site for any
of the groups except in white females at the hip (p = 0.012).
There were significant effects of MECHPA in white boys
on BMCGAIN,,, at the whole body (p = 0.03), hip {p =
0.002) and spine {p = 0.005) and of METPA at the hip (p =
0.03). A significant effect of METPA at the spine {p — 0.033)
was observed for white girls. The only significant interaction
between calcium and METPA was seen at the spine in white
girls (p = 0.027).

DISCUSSION

The present study has shown that white fernales and males
accumulate BMC, BA, height and weight at similar rates
over a 12-month period between the ages of 9 and 10 years
both before and after adjustment for body size. Black males,
however, had lower height, weight, BMC {at all sites mea-
sured) and BA (whole body and spine) accumulation rates
compared with that of the other groups. White males had
the highest PA levels and white male children falling into
the highest quartile of activity exhibited bone mass bene-
fits at the whole body, total hip and lumbar spine sites. The
same was true for white females at the whaole body and hip.
White children consumed approximately twice the amount
of calcium as black children. Nevertheless, black children
had higher hip BMC adjusted for body weight and BA than
white children at age 9 (17) and 10 years, despite lower cal-
cium intakes and PA levels
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Figure 1 Residualizad whole body BMC gain (WBBMO) within quartles of METPA (pane! A) and MECHPA (panel B) for black and white male and female subjects.

‘p < 0,05, quartile 4 > quartile 1 and 2 for white males,

This study describes normal habitual PA patterns and cal-
cium intakes in healthy children living in South Africa. We
have comparatively small numbers of white children com-
pared with that of black children. This is largely a function
of the racial distribution of the South African population as
well as the method of enrolment used in this study. It will be
important to continue our longitudinal study in order to ex-
amine whether the abservations made here persist through
the pubertal growth spurt. Although a number of approaches
to assessing PA of children have been described, no specific
methad has been identified as the best aptian for all stud-
ies (27). While we acknowledge that there are limitations to
using activity recall questionnaires, in this large longitudinal
cohort of children, recall questionnaires is the only practical
way to assess PA, In addition, we are aware of the limita-
tians of using DXA measurement in children, specifically in

that the measurements we report on in this paper provide no
information on structural alterations of bone and averlook
the periosteal and endosteal dimensions that influence bone
strength. Measurements of bone structure such as those pro-
vided by pQCT would be invaluable in this group of subjects.

The relationship between PA and bone mass is governed
by the degree of PA; in order for sizeable bone mass changes
ta occur, PA must be great enough to induce these positive
effects (6). Our results agree with the notion that PA levels
need to be above a certain threshold in order for bone mass
henefits to be seen. White males showed both a wider and
higher range of scores for METPA and MECHPA compared
with that of all other groups, and the benefits of these higher
levels of activity are reflected in the greater BMC and BA in
highly active children {guartile 4), This ‘threshold’ of activity
is impartant to consider when designing exercise programs
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Figure 2 Residualized whole body area gain within quartiles of METPA (panal A) and MECHPA (pane! B) for black and white male and female subjects. *p < 0.05,
quartile 4 > quartle 1, 2 and 3 (METPA} and quartile 4 = quartile 1 and 2 (MECHPA) for white males. **p < .05, quartike 4 = quartike 1 for white females.

aimed at increasing bone mass. Whether this threshold is
reached by performing activities with a high enough strain
an the bone for a shart period of time or performing less
strenuous activities for a longer period of time is unclear.
The minimum effective dose of weight bearing activity re-
mains a controversy, as studies have shown bone mass in-
creases from jumping for as little as 3 min per day (28). In our
study, the most popular sports among white boys were soc-
cer, cricket, tennis and swimming, White boys in the fourth
quartile of activity were playing sport for approximately 1
1/2 h per day.

Our study confirms our previous findings of lower PA lev-
els in black children. Similar findings have been reported
in develaped countries such as the United States, where
African American children were found to have the lowest
levels of activity when compared with non-Hispanic white,
Hispanic and Asian children (3,29). We have shawn that

when PA levels are high and possibly above a threshold or
‘active’ time period, significant bone mass effects are seen.
This was evident for white males, where associations be-
tween PA and residualized bone mass at the whole bady, hip
and spine were cbserved. All white males that were in the
highest quartile of activity showed residualized bone mass
well above 0 (the expected score for the weight and BA of
the child). White females had residualized hone mass above
0 at all sites for BA. It thus appears that these were the only
group who had high enough levels of habitual PA, such that
a positive and significant effect on bone mass at the whole
bady, hip and spine was seen. The lack of any effect of PA on
radial bone mass adds support to the contention that it is a
weight bearing effect of PA that induces the changes in bane
mass. This study supports the hypothesis that mechanical
loading during the growing year’s impacts on bone mass and
structural indices such as BA.
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Our data do not suggest that calcium has a synergistic
effect with PA on bone as has been previously suggested
(4,5,8). Calcium and METPA showed an interactive effect
for white girls only. The current recommendation in the
United States for calcium intake in Caucasian children is
1300 mg/day (30). Accarding to this amaunt, none of our
groups met the current recommendation with the mean in-
take of white children being about 56% and that for black
children about 25% of the adequate intake for calcium. The
possibility that calcium intakes were not high enough in any
ofthe groups to induce a positive association with bone mass
or asynergistic effect with PA must be considered. This study
does raise an apparent paradox. Despite the low calcium in-
takes and low PA levels of South African black children, they
still have higher bone mass at the hip than white children
and similar values to their white peers at other sites.

In summary we have demonstrated differences in habit-
ual PA levels and calcium intakes between black and white
South African children. An interactive effect of calcium and
PA was not shawn in aur study. In addition we have shawn
that residualized bone mass gain, which is a good indicator
of weight and BA matched BMC gain, is highest at all weight
bearing sites in the most physically active children. The same
trend was observed for weight and height matched BA gain,
whereby BA gain was greatest at all weight-bearing sites in
the mast active children. It thus appears that habitual PA
above a certain level is related ta both BMC and bone size
{BA). Future research should examine whether the racial dif-
ferences in BMC accumulation rates observed in our study
would be exacerbated if PA levels in black children were
increased ta those of white males.
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Supplementary material
The following supplementary material is available for this
article:

Fig S1. Residualized Hip BMC gain within quartiles of
METPA (panel A) and MECHPA (panel B) far black, white,
male and female subjects, *p < 0.05, quartile 4 = quartile 1
and 2 for white males.

Fig 52. Residualized Spine BMC gain within guartiles of
METPA (panel A) and MECHPA (panel B) for black, white,
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male and female subjects. *p < 0.05, quartile 4 > quartile 1
and 2 for white males.

Fig S3. Residualized Hip area gain within quartiles of
METPA (panel A) and MECHPA {panel B) for black, white,
male and female subjects. *p = 0.05, quartile 4 = quartile 2
for white males. **p = 0.001, quartile 4 > quartile 1 far white
females.

Fig S4. Residualized spine arca gain within quartiles of
METPA (panel A) and MECHPA (panel B) for black, white,
male and female subjects,

Table S1. Anthropometric, calcium intakes {(age 10), phys-
ical activity data and unadjusted DXA data, showing per-
centage gain in height, weight, BA (BAGAIN} and BMC
{BMCGAIN) between ages 9 and 10. Data shown as Means
(SD).

Table §2. Gain in bone mass measurements between years
9 and 10. Bone mineral content (BMC) at age 10 adjusted
for BA (cm?) and body weight (kg).BA adjusted for body
weight {(kg) and height {cm). Percentage gain in BMC (ad-
justed for bady weight and BA ¢m?) and perceniage pain in
BA [adjusted for bady weight (kg) and BMC (g)] from age 9
to 10. Data shown as means {SE)

This material is available as part of the online article from:
http://www.blackwell-synergy.com/doi/abs/10.1111/j.1651-
22272007.00285 x

{This link will take you te the article abstract).

Please note: Blackwell Publishing is not responsible for the
content or functionality of any supplementary materials sup-
plied by the authors, Any queries {other than missing mate-
rial) should be directed to the corresponding author for the
article.
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