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ABSTRACT 

Various factors, including low levels of physical activity (P A), and high conswnption 

levels of sugar-sweetened drinks (SO), have been implicated in the general increase of 

fat mass (FM) levels seen in youth. Purpose: To determine if a significant relationship 

exists between fat mass (FM) and physical activity (PA) or sugar-sweetened drink (SO), 

in boys and girls, using longitudinal analysis. lVIethods: I 05 boys and I 03 girls were 

assessed repeatedly during childhood and adolescence, for a maximum of 7 years. 

Height was measured annually, as was fat free mass (FFM) and FM estimated by dual 

X-ray absorptiometry (DXA). PA was evaluated bi-annually using a questionnaire for 

children (P AQ-C/ A: I low, 5 high), and SO was assessed using a 24-hour dietary intake 

questionnaire completed 1-4 times/year. Years from peak height velocity were used as a 

biological age indicator. Random effects models were used to analyze the data, 

subsequent to log linearization of the FM variable since it was not initially normally 

distributed. Results: The constructed model, controlling for maturation, FFM, and 

adjusted energy intake, found no interaction effect between SD and PA (p>0.05). After 

removal of the interaction term from the model, SD was found to have no significant 

relationship (p>0.05) with FM of boys or girls. In contrast, P A level was found to have 

a significant relationship (p<0.05) with FM of males; but not with FM of females. 

Conclusion: The longitudinal models employed revealed a significant negative 

relationship between level of P A and FM in males but not females, after controlling for 

maturational status, body size and dietary energy intake. This finding lends support, to 

proponents of increasing P A in youth to control FM. Regarding SO and FM, the models 

employed showed no relationship. Future investigation with more complex models, 

accounting for more covariates, may be warranted in this area. 
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CHAPTER 1. SCIENTIFIC FRAMEWORK 

1.1 INTRODUCTION 

Health professionals are becoming progressively more concerned with regard to 

the rise in rates of overweight and obesity amongst children and adolescents. Two 

suggested lifestyle behaviours that have been associated with the increase in prevalence 

of overweight and obesity are low levels of physical activity, and high levels of sugar

sweetened drink consumption. 

Increasing awareness of soaring medical and health services costs has in large 

part been responsible for the realisation that society would benefit greatly if research 

devoted increased efforts into primary prevention, rather than treatment, of many 

medical conditions (Kemper, 1985). This change in attitude is gradually gaining 

momentum and has increased research in the realm of health promotion, not only in 

adults but also in children and adolescents (Kemper, 1985). It is believed that the earlier 

health promoting and preventative action is taken in an individual's life, the greater the 

chances of avoiding many ailments of adulthood. The benefits of health promotion in 

children, however, have often been difficult to substantiate due to the enormous number 

of changes that naturally occur during growth from childhood to adulthood. 

Physical growth of humans has been studied formally for more than three 

centuries (Ulijaszek, Johnston, & Preece, 1998). Over this period examining various 

aspects of children's growth has revealed that patterns of growth and development exist. 



The pattern of fat mass ,growth has been largely based on an index of weight/height~ 

(body mass index (BMI)), and skin-fold assessments which reveal phases of increasing 

and decreasing fatness from birth to adulthood (Ulijaszek et al., 1998). 

The general pattern of fat mass growth consists of an increase relative to body 

tnass, during the first year after birth, followed by a gradual relative decrease until the 

ages of four to eight (Ulijaszek et al., 1998). At four to eight years of age a second 

phase of increasing relative fat mass typically begins. This relative increase generally 

differs between the sexes during adolescence (8-18 years of age), where males' fat mass 

increase tends to plateau and females' fat mass growth continues to increase. By 

adulthood, however, both sexes again have attained a similar gradual rate of increase in 

fat mass which persists throughout the remainder of the lifespan (Ulijaszek et al., 1998). 

Excessive gain in fat mass, however, leads to obesity, a growing, worldwide 

problem which some have described as epidemic (Ebbeling, Pawlak, & Ludwig, 2002; 

James, Leach, Kalamara, & Shayeghi, 2001; Styne, 2001; Strauss & Pollack, 2001; 

Anderson, 2000). Especially alarming about the increasing obesity rate is that it is 

occurring across all age groups and in both sexes, children and adolescents included 

(Ebbeling et al., 2002; Tremblay & Willms, 2000; Bar-Or et al., 1998). 

The particular concern over the prevalence of obesity in children and 

adolescence exists because of associated health problems, such as hypertension, heart 

disease, diabetes, respiratory disorders, as well as psychological and social 

complications (Styne, 2001; Anderson, 2000; Bar-Or et al., 1998). If an obese child 

retains an excessive fat mass into adulthood, his or her risk of poor health remains 

elevated and also expands to include certain cancers (Styne, 2001; Anderson, 2000; Bar

Or et al., 1998). A secondary reason for concern regarding childhood obesity is 
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econotntcs. In Canada, the estimated annual cost of obesity in l997 \Vas 1.8 billion 

Canadian dollars (Birmingham, Muller, Palepu, Spinelli, & Anis, I 999). A third cause 

for concern is that obese children generally become obese adults (Anderson, 2000). 

Thus, the current trend of increasing burden of obesity on public health and economics 

will continue to escalate unless effective intervention strategies can be i1nplemented in 

child and adolescent populations. 

Several factors have been implicated for increasing the risk of obesity in 

adolescents. The most controllable factor, however, is thought to be energy balance. 

Energy balance is determined by energy ingested and energy expended. It is believed 

that excess fat mass accumulates when more energy is consumed than is expended 

(Anderson, 2000; Zwiauer, 2000; Koplan & Dietz, 1999; Puhl, 1989). The balance can 

be tipped to cause excess fat gain if too much energy is consumed, or not enough energy 

is expended. 

Although it has been thought that children and adolescents currently consume 

more energy daily than they have in the past, research hasn't supported this idea 

(Nicklas, Baranowski, Cullen, & Berenson, 2001 a). Composition of the diet has been 

shown to be related to excess fat deposition (Miller, Lindeman, Wall ace, & 

Niederpruem, 1990). A number of studies have revealed increased fat ingestion to be 

associated with increased fat mass (Jequier, 2001; Tucker, Seljaas, & Hager, 1997; 

Maffeis, Pinelli, & Schutz, 1996a; Horton et al., 1995). A general increase in fat 

ingestion in children's diets has not been observed, however. In contrast, children's 

diets are generally lower in fat, and higher in carbohydrates than they have been in 

previous years (Nicklas, Elkasabany, Srinivasan, & Berenson, 2001 b). This leads to the 

suggestion that an increase in carbohydrate consumption has coincided with increasing 
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levels of fat mass in children (Nicklas et al., 2001 a~ Nicklas et al., 200 l b). The speci tic 

carbohydrates of concern are added sugars (Johnson & Frary, 2001). Johnson and Frary 

(200 l) report simple carbohydrate consumption has increased as much as 23o/o 

/person/day between 1970 and 1996. 

The largest source of added sugars in the American diet is soft drinks, at 33% of 

daily added sugar intake (Johnson & Frary, 2001; Krebs-Smith, 2001 ). This percentage 

increases to 40% in adolescents (K.rebs-S1nith, 2001 ). High levels of sugar-sweetened 

drink intake, coinciding with the prevalence of higher fat mass in adolescents, leads 

many to believe that the variables may be related. Ludwig et al. (200 l) made one of the 

first known attempts to relate sweetened drink consumption to levels of body mass. 

Their results indicated that as sugar-sweetened drink consumption increased so did BMI 

(Ludwig, Peterson, & Gortmaker, 2001 ). Ludwig et al. (200 1) findings suggest that 

decreasing sugar-sweetened drink intake would be a useful measure in reversing the 

trend of increasing obesity. Numerous other investigators have noted the relationship 

between sugar-sweetened beveFage intake and fat mass accumulation and have regarded 

it as worthy of interest, yet there has been little research to date (Ebbeling & Ludwig, 

2001; Johnson & Frary, 200 I; Krebs-Smith, 2001; Nicklas et al., 2001 a; O'Dea & Mann, 

2001; Popkin, 2001). 

Energy expenditure must also be considered when investigating factors affecting 

fat mass accumulation. It is widely believed that by increasing physical activity, energy 

expenditure is increased. If the energy expenditure is large enough a negative energy 

balance is created, fat is metabolised, and body fat mass is reduced. Convincing 

empirical evidence to generate consensus on this theory in children and adolescents, 

however, is lacking. Literature supporting (Robinson, 1999; Bar-Or & Baranowski, 
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1994; Puhl, 1989) and opposing (Johnson et al., 2000; DuRant, Th01npson, Johnson, & 

Baranowski, 1996; Goran et al., l998b) physical activity as a means to reduce fat tnass 

can both be found. Difficulty in measuring physical activity may be responsible for 

discrepancy in the literature. Despite this, further research needs to be perfonned in 

order to determine with certainty, whether or not higher levels of physical activity in 

children and adolescents promotes lower levels of fat mass. 

Existing literature on obesity and fat mass accumulation in youth has brought 

current researchers' focus to specific lifestyle aspects in childhood and adolescence. To 

further understand the causes of excessive fat mass accumulation in adolescents, efforts 

must first be made to account for normal patterns of development. Only once normal 

growth of fat has been accounted for can research then discern the possible lifestyle 

influences of factors such as sugar-sweetened drink ingestion and physical activity. This 

thesis will examine whether a significant relationship exists between adolescents' fat 

mass, sugar-sweetened drink intake, and/or physical activity level after accounting for 

normal growth. 

1.2 REVIEW OF LITERATURE 

Studies pertaining to growth, growth of fat mass, obesity in children, and 

possible causes of excess fat mass development in children have been reviewed. The 

review of the literature is organized into the following sections: 1.2.1 Growth; 1.2.2 

Obesity Epidemic in Children and Adolescents; 1.2.3 Controllable Possible Causes of 

Excess Fat Mass Growth; and 1.2.4 Summary. 
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1 .2. 1 Growth 

Development, maturation, and growth are terms that are often used when 

discussing adolescents. Sometimes the terms are used interchangeably, but there are 

subtle differences in their meaning. Development is a broader term than either 

maturation or growth and it is used in two separate contexts (Malina & Bouchard, 1991 ). 

The first development context is biological, where cells differentiate along specialized 

lines of function. The second context is behavioural, relating to the development of a 

person's competence in a variety of domains including intellectual, cognitive, and 

emotional. Maturation is the process of becoming mature and varies with the biological 

system considered. Growth is an increase in the size of the body, or specific parts of the 

body, caused by an increase in cell number, an increase in cell size, and/ or an increase 

in inter-cellular substances. The fundamental difference between maturation and growth 

is that maturation focuses on rate of attaining the mature state while growth focuses on 

actual size (Malina, 1978). Within the context of this thesis the relative growth of fat 

mass in adolescents is the topic of interest. 

Formal growth studies span a 300 year period (Ulijaszek et al., 1998); yet, it has 

only been since a child welfare movement arose in the 1920's that an explosion of 

research has occurred (Kemper, 1985). Past studies have focussed on various aspects of 

growth, attempting to establish the normal reference growth patterns and also determine 

factors that would influence these patterns on an individual level. While many 

influencing factors of growth are still under investigation, Scammon's curves of 

systemic growth have long provided a summary of four basic growth patterns seen 

within normally developing individuals during the first 20 years of life (Harris, Jackson, 

Paterson, & Scammon, 1930). 
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The four patterns of growth observed are lymphoid, neural, genital, and general 

growth. Lymphoid growth curve pertains to a person's developing itntnunological 

capacities and therefore rapid growth occurs from infancy, through childhood, and peaks 

in adolescence. The neural growth curve describes the nervous system and associated 

structures, which also experiences rapid growth in infancy and early childhood, and then 

levels off about late childhood and early adolescence. The genital curve reveals a period 

of slight growth during infancy, a prolonged period of no growth and then extremely 

rapid growth during adolescence. Such a pattern is characteristic of both primary and 

secondary sex characteristics. The general curve of growth refers to the body as a 

whole, as well as most of its components including height, body mass, bone mineral 

content, and other physical components (Harris et al., 1930). Since the thesis at hand 

focuses on fat mass, a component of whole body growth, the Scammon curve most 

pertinent is that of general growth and so it will be examined further. 

A classic image of growth is a child passing from infancy to adulthood. A large 

number of physical changes occur during the approximately 18 years of life leading to 

adulthood. One of the most obvious changes is in height. If height was measured twice 

during a person's lifetime, at birth and at adulthood, and the points were connected by a 

line on a graph, the plotted line would be linear. It would appear, and thus be assumed 

that growth occurs in similar amounts each year. However, growth studies measuring 

height repeatedly have revealed that although growth does occur steadily until maturity 

is complete, it does not occur at a constant rate (Ulijaszek et al., 1998; Kemper, 1985; 

Tanner, 1978). 

The general pattern for the rate of human height growth consists of a sharp 

decrease in growth velocity from birth (15 em/year) to 2-3 years of age (8 em/year) 
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(Ulijaszek et al., 1998; Tanner, 1978). From 2-3 years old the decrease in t:,rrowth 

velocity becomes more gradual until puberty (Tanner, 1978). Puberty is the stage of life 

at which physical and sexual development occurs and at its commencement. around 

10.0-10.5 years of age in girls and 12.0-12.5 years of age in boys (Ulijaszek et al., 1998; 

Tanner, 1978), an increase in height growth velocity occurs. The increase is frmn 

approximately 5-6 em/year, to a maximum height growth velocity, or peak height 

velocity (PHV), of 8 em/year in girls and 9 em/year in boys. On average the PHV of 

girls occurs about age 11.7-12.0 and about age 14.0 in boys (Ulijaszek et al., 1998; 

Tanner, 1978). 

Three things can be noted from the human height growth curve. One is that the 

timing of pubertal commencement can vary in children, especially between sexes. On 

average, females begin puberty and their growth spurt two years earlier than their male 

counterparts; at about 10 and 12 years age respectively (Ulijaszek et al., 1998; Tanner, 

1978). This is not always true however, as in both sexes some individuals will begin 

puberty later, or earlier, than the average chronological age, and some overlap of 

pubertal commencement occurs between the sexes. 

The second point of interest in the growth curve description is that the intensity 

of individuals' growth spurts can also vary widely. For example the average magnitude 

of female peak height velocity may be lower than the males, at 8 em/year versus 9 

em/year, but this is not going to be true for every single male and female (Ulijaszek et 

al., 1998). In some males, maximum growth velocity may be 7 em/year while some 

females' maximum may be 10 em/year. 

A third observation that can be made from the growth curve is that the tempo of 

growth can vary between individuals. Puberty does not last any set period from the time 
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it begins (e.g. two years). Individuals progress through it at different rates, so t(H· some 

it tnay last two years and for others it may last five years. 

As the observations of the height growth curve reveal, growth is not an entirely 

predictable entity. Though overall patterns of growth between individuals tnay be quite 

sitnilar, every aspect of growth, not only height, is susceptible to influences of nature, 

genetics, and the environment (Ulijaszek et al., 1998; Malina & Bouchard, 1991 ~ 

Tanner, 1978). As a result the timing, intensity and tempo of growth between 

individuals can be quite different and being aware of this becomes a vital component of 

studying adolescents at any given age (Ulijaszek et al., 1998; Malina & Bouchard, 1991; 

Tanner, 1978). Different adolescents of like or opposite sex, may be at very different 

points in progression to their adult state and maturity (Tanner, 1978), as well as be 

exposed to differing environmental factors. 

1.2.1.1 Accounting for Growth 

Though accounting for growth is of critical importance when research with youth 

is being conducted, it is often over-looked or ignored. An example of such research is 

by Burke, Beilin, and Dunbar (200 1) who were investigating associations between 

Australian children's body mass index and family characteristics. Though the study was 

longitudinal and involved 3 repeated measurements of economic status, body mass, 

height, diet, smoking, and physical fitness of 9-18 year-old youth in 219 families, there 

was no consideration of biological age as a contributor to body mass index. The 

conclusion of the study was that parental overweight or obesity may identify children at 

risk for increased obesity; but without considering what stage of development the youth 

were at, the conclusions are questionable. Not considering biological age, it is likely 

that the youth being compared in the study were different biological ages. This being 
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the case the body mass index of individuals, varying distances from their adult body 

composition, were being associated to familial characteristics and compared to one 

another. Conclusions from the study would be more informative if it was known how 

far participants were from their adult status when associations and comparisons were 

made. Similar studies, involving weaknesses akin to those of Burke et al. (200 l ), were 

performed by Williams (200 1 ), and Maffeis, Micciolo, Must, Zaffanello, and Pinelli 

( 1994 ). Both studies also tried to determine if parental overweight was a factor 

associated with excess fat mass in childhood, yet failed to account for the variable of 

growth. 

A further example of ignoring growth, in youth research, is seen in a project by 

Sanguanrungsirikul, Somboonwong, Nakhnahup, and Pruksananonda (200 1 ). These 

authors attempted to assess energy expenditure and physical activity in obese and non

obese Bangkok children. Children 9-12 years old were assessed for anthropometric 

measures, heart rate and oxygen consumption during exercise, as well as continuous 

heart rate monitoring for 3 days (2 weekdays and 1 weekend day). Anthropometry 

provided an estimate of fat mass, oxygen consumption, and heart rate relation provided 

the energy expenditure estimation, while continuous heart rate monitoring provided a 

physical activity measure. Based on the results it was concluded that obese and non

obese children were similar in physical activity levels; however, the energy expenditure 

of the obese children was greater than that of the non-obese simply due to greater body 

mass. Though the conclusions of the study are interesting, growth was not considered 

and, if it were, a clearer interpretation of results may have been possible by determining 

the contribution of participants' level of maturity. 
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It is understandable why so many researchers neglect the issues of different 

timings and te1npos of growth when researching youth. Considering growth cmnplicates 

research and can delay uncovering answers to the questions being asked. However, if a 

factor as i1nportant as growth is overlooked when comparing children ·s measuretnents of 

various co1nponents, the outcome and conclusions will always be in doubt because the 

validity of comparison and children's points of developtnent are unknown. It is possible 

that by ignoring growth, researchers are committing Type II error and concluding no 

relationship exists between growth and specific environmental influences, but in reality 

a relationship may exist if individual growth patterns were taken into account. An 

alternative to aligning growth patterns and curves on chronological age, and ignoring 

individual's timings and tempos of growth, is to align them on biological age and 

thereby control for the confounding effects of maturity. 

Biological age is a term used to describe an individual's progression to his/her 

adult state, or their physical and sexual maturity (Malina & Bouchard, 1991 ). Biological 

age or maturation can be determined in various ways in youth. One method involves 

sexual maturity, which uses genital development and pubic hair development to 

determine progression to biological maturity (Beunen, 1989; Tanner, 1978). Another 

technique employs x-rays and measurements of bone to assess their development and, 

thus, determine skeletal maturity. Dental maturity is also a known indicator of 

biological age as the number of emerged teeth and their ossification is indicative of 

biological status. The method of choice for assessing biological age in longitudinal 

studies, however, is morphological maturity (Beunen, 1989; Malina, 1978). 

Morphological maturity uses· repeated measures of height or body segments to 

assess growth status. As described previously, if repeated measurements of height are 
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obtained, a peak height velocity (PHV) and its age of occurrence can be dctennined 

(Beunen, 1989). The PHV of every individual occurs in the midst of puberty, during the 

"'growth spurt." Knowing an individual's age at PHV, it is possible to determine how far 

he or she is from PHV at any measurement occasion (i.e., at PHV biological age= 0). A 

biological age is an essential component of studies involving adolescents because it 

allows alignment of individuals to the same point of development regardless of 

chronological age (Malina, 1978). 

The complications associated with using biological age as a marker in children 

are likely the reason that it is often overlooked or ignored. The pubertal stage of 

development, while a simple enough indicator of biological age, it is a measurement that 

is invasive to obtain. Skeletal and dental assessments of maturity, while not as invasive, 

often involve x-rays, having associated costs and health risks. The age from PHV 

measurement is not invasive and does not pose a risk to health. The actual measurement 

of height is not costly to perform but the difficulty in obtaining the PHV lies in its 

requirement of repeated measurements of a child's height until he/she has passed 

through the point of interest. Acquiring PHV measurement therefore becomes 

expensive, as it requires more involved and time consuming longitudinal studies. 

1.2.1.2 Longitudinal Research 

Individual's timing and tempo of development can most accurately be studied 

using a longitudinal design, which measures the same individual repeatedly over a 

period of time (Kemper, 1985). Assessment of developing characteristics of an 

individual allows a researcher to obtain a very clear picture of growth patterns, when 

growth increases, decreases, or even plateaus. Depending on the characteristics 

observed and the frequency of assessment, a longitudinal study can often obtain clear 
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markers of when adolescent growth begins, its peak point in a person's life. and when 

maturity is attained (Tanner, 1978). 

The ability of longitudinal studies to identify an individual's timing and tetnpo of 

progression to maturity renders them extremely powerful and superior to cross-sectional 

studies in which data on several individuals is collected at one time point. Knowing the 

stage of development that participants are at allows the possibility of distinguishing 

actual differences and differences that are simply due to level of maturity. Although 

cross-sectional studies are cheaper, done more quickly, and often include more 

participants than longitudinal studies, they provide only a "snap-shot" of growth at a 

given age (Tanner, 1978). Though cross-sectional studies in children and adolescents 

are most common, they reveal nothing about velocities and timings of growth, which 

often account for a significant portion of various differences between adolescents 

(Tanner, 1978). 

Since the early work of Baldwin, who repeatedly measured children's height, 

weight, breadth, circumference, vital capacity, and strength in the early 1920's 

(Baldwin, 1921 ), longitudinal studies have taken place infrequently, but regularly 

(Kemper, 1985). Despite the requirement of committed finances, participants, and 

researchers, and though techniques employed can become obsolete, and confounding 

variables inevitably occur, a small number of researchers have generated longitudinal 

databases of children's development. The variables of development that studies most 

commonly have included are anthropometric (height, body mass, skin-folds, 

circumferences, breadths), physiological (peak oxygen consumption, lung function), 

psychological, maturation (skeletal, pubertal), and motor performance (Kemper, 1985). 
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The longitudinal studies to date have revealed patterns, timings, and even 

velocities for various aspects of growth. Many aspects of the human body growth 

approximately parallel the patterns seen in Scammon's curves of general growth or 

growth of height. Certainly skeletal development, the basis of height, follows the 

described pattern, as does muscular tissue or lean mass responsible for locomotion of the 

skeleton (Tanner, 1978). One tissue, however, that does not seem to strictly follow the 

general growth curve is fat mass (Tanner, 1978). 

1.2.1.3 Growth of Fat Mass 

Fat mass is one of two or three compartments generally considered to constitute 

body composition (Plowman & Smith, 1997). In a two compartment model the 

compartments are fat free mass and fat mass, while a three compartment model includes 

fat mass, bone free lean mass, and bone. Though it may not always be as obvious as 

changes in height, body composition can vary significantly within an individual passing 

from childhood to adulthood. The reason for possible significant variance in body 

composition is due to the fact that skeletal and lean tissue mass compartments follow the 

general pattern of height growth whereas fat mass develops in its own unique pattern 

(van Lenthe, van Mechelen, Kemper, & Post, 1998; Kemper, 1985; Chumlea, Siervogel, 

& Roche, 1983; Tanner, 1978). 

Fat mass, which comprises an average of 10-15% and 20-25% of young males 

and females body weight respectively, is also known as adipose tissue and the terms are 

often used interchangeably (Plowman & Smith, 1997). The reason for this is that brown 

and white adipose cells contain the majority of fat in the human body. At birth the 

number of adipocytes (adipose cells) within an average individual is approximately 5 

billion. By adulthood, the average number of adipocytes has increased approximately 
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six-told, to approximately 30 billion (Cheek, 1968). This does not 1nean that every 

individual will have a relatively higher fat mass in adulthood than in infancy. Adipose 

cells can vary substantially in size, and an increased number does not always indicate 

increased fat mass. The increase in adipocyte number, however, does indicate that 

substantial changes tnust occur within the body between infancy and adulthood (Knittle, 

Timmers, Ginsberg-Fellner, Brown, & Katz, 1979). 

Using skin-folds as an estimate of fat mass, Tanner (1978) has reported that after 

peaking at about 9 months after birth, fat mass decreases gradually until 6-8 years of 

age, when it begins to increase again. The increase is significantly different between the 

sexes, however. As girls enter puberty, fat mass steadily increases throughout maturity 

(van Lenthe et al., 1998; Kemper, 1985; Chumlea et al., 1983; Tanner, 1978). By some 

estimates, an increase of as much as 51% occurs in the skin-fold measures of maturing 

girls (Young, Sipin, & Roe, 1968). In boys, by the age of 6-8 years old, the increase in 

fat is much less pronounced, and resembles a plateau rather than a significant increase or 

decrease throughout the maturation period (Kemper, 1985; Tanner, 1978; Tanner, 

Whitehouse, Marubini, & Resle, 1976). 

The transient nature of body composition, and the fact that it's components of 

bone, lean and fat mass are all affected by the timing and tempo of an individual's 

maturation, imply that any study of adolescent body composition or its components must 

consider the timing and tempo of maturation. Maturation must especially be accounted 

for if comparisons between individuals are to be made, or if an effort is going to be 

made to determine what other factors are affecting body composition and its components 

(i.e., fat mass) development. Also, since the body composition development of the 

genders are knowingly different, it would seem justified to consider them separately. 
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1.2.2 Obesity Epidemic in Children and Adolescents 

The obesity ""epidetnic" is one of global proportions affecting both industrialized 

and developing nations including: Canada (Tremblay & Willms, 2000), the United 

States (Ebbeling et al., 2002; Styne, 2001; Troiano, Flegal, Kuczmarski, Cmnpbell, & 

Johnson, 1995), New Zealand (Tyrrell et al., 200 l ), Australia (Booth et al., 2001; 

DoHman, Olds, Norton, & Stuart, 1999), China (Popkin, 2001), Latin America (Uauy, 

Albala, & Kain, 2001), Trinidad & Tobago (Gulliford, Mahabir, Rocke, Chinn, & Rona, 

2001), Egypt (Ebbeling et al., 2002), the United Kingdom (Chinn & Rona, 2001), Russia 

(Wang, 2001), and Taiwan (Chu, 2001), among others. 

The level of excess fat mass necessary to be classified as obese is the source of 

some debate in the literature. Since fat mass is difficult and expensive to measure, 

obesity is often defined by body mass index (BMI), an index of body mass (kg) in 

relation to height (m2
). In general, adults and children with a BMI greater than 95o/o and 

97% (95th and 9ih percentiles) of normal reference standards, respectively, are deemed 

obese. Those with a BMI greater than 85% and 90% of the reference standards (85th and 

90th percentiles) respectively, constitute being overweight (Vignerova, Lhotska, & 

Blaha, 2001; Cole, Bellizzi, Flegal, & Dietz, 2000). Various authors may accept slightly 

differing definitions of obesity (Puhl, 1989), and various methods of estimating fat mass 

make it difficult to compare between studies, but there is general consensus that excess 

fat mass is becoming a significant global problem. 

Perhaps most alarming about the increasing prevalence of obesity is the fact that 

its proliferation is not just occurring in adult populations but in children and adolescents. 

In the United States, for example, 25% of children are considered obese, about a 20% 

increase in the prevalence of obesity over a 1 0-year period (Bar-Or et al., 1998). A more 
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recent study cited that the increase in American children's obesity rates have increased 

2.3 - 3.3 fold over the 25 year period from 1974-1999 (Ebbeling et al., 2002). In 

Canada, between 1981 and 1996 the prevalence of overweight increased 57% in girls 

and 96o/o in boys, while the prevalence of obesity doubled in both sexes (Tretnblay & 

Willms, 2000). Concern over the prevalence of obesity in children exists tor three 

reasons. 

The pritnary cause for concern pertains to health. Being obese increases a 

child's risk of suffering from numerous health problems including hypertension, 

hypercholesterolemia, heart disease, diabetes, decreased release of growth hormone, 

respiratory disorders, hepatic, renal, orthopedic problems, as well as psychological and 

social complications (Styne, 200 I; Anderson, 2000; Bar-Or et al., 1998). If an obese 

child remains obese into adulthood, his/her risk to health remains increased and also 

expands to include certain cancers (Styne, 2001; Anderson, 2000; Bar-Or et al., 1998). 

With added health risks and complications due to obesity, there are obvious increased 

risks of morbidity and mortality. It is estimated that 280, 000 deaths/year in the United 

States alone are attributable to obesity (Allison, Fontaine, Manson, Stevens, & 

Vanltallie, 1999); only smoking exceeds obesity in contribution to mortality in the U.S. 

(Koplan & Dietz, 1999). 

A second reason for concern regarding childhood obesity is economics. In the 

United States obesity carries an estimated annual national cost of 30 billion dollars 

(Donnelly et al., 1996), or what is estimated to be 10% of the American health care 

budget (Koplan & Dietz, 1999). Specifically related to pediatric obesity, annual hospital 

costs are estimated to be $127 million (Ebbeling et al., 2002). In Canada, the estimated 

annual economic cost related to excess fat mass is 1.8 billion dollars (Canadian) 
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(Binningham et al., 1999), though the percentage of this attributable to childhood h1t 

mass is currently unknown. 

The third cause for concern regarding childhood obesity is that it seems to track 

into adulthood~ in other words obese children generally become obese adults (Anderson, 

2000). Evidence in the literature indicates that 70-80% of obese youth becotne obese 

adults (Bar-Or et al., 1998; Donnelly et al., 1996; Guo, Roche, Chumlea, Gardner, & 

Siervogel, 1994) meaning that risks pertaining to health are still present and likely 

increase into adulthood. If the current trend of increasing obesity in society persists, 

then associated costs and risks will only escalate as well. The most obvious solution to 

avoiding this unnecessary burden on health and health care costs lies in prevention and 

reversal of current trends. 

Research to determine possible causes of excess fat mass accumulation, and to 

reverse current trends, has been ongoing for sometime. Though little concrete evidence 

regarding an exact cause of excess fat mass exists, general consensus is that excess fat 

mass accumulation is a multi-factorial problem and includes the components of diet, 

physical activity, genetics, familial factors, socio economic status, education and 

lifestyle (Fishbein et al., 2001; Ludwig et al., 2001). Not all of the multi-factorial 

components affecting fat mass, however, are controllable by the affected individual. 

1.2.3 Controllable Possible Causes of Excess Fat Mass Growth 

The most popularly accepted theories of controlling body mass and fat 

accumulation involve the idea of energy balance. As with any balance, the energy 

balance has two sides: "energy in", which is the food that is ingested, and "energy out" 

which involves the energy that is expended. The "energy in" side of the balance is 

composed of all energy ingested via food or drink (carbohydrates, protein, fat). The 

18 



""energy out" side of the balance is composed of all energy expending body processes 

that occur at rest (e.g., heart beat, maintaining body temperature), as well as all energy 

expended during daily life, digestion of food (Thermal Effect of Food- TEF), physical 

activity, and exercise (Plowman & Smith, 1997). Body mass and fat mass are 

maintained or ''"balanced" when the energy into the body is equal to the energy expended 

by the body (Plowman & Smith, 1997; McArdle, Katch, & Katch, 1996). If more 

energy is expended than is ingested or if more energy is ingested than expended a 

negative or positive energy balance is achieved (Anderson, 2000; Zwiauer, 2000; 

Koplan & Dietz, 1999; Plowman & Smith, 1997; Puhl, 1989), leading to weight loss or 

weight gain. 

1.2.3.1 Dietary Intake 

A significant portion of the energy balance equation is obviously derived from 

dietary intake and a significant amount of research regarding obesity has focussed on 

this factor. It has been thought that the increase in childhood obesity prevalence is 

related to increased energy consumption and that children now are consuming more 

energy than previous generations (Nicklas et al., 2001 a). 

In today's modem society an average of 30% of money spent on food is spent on 

items consumed outside the home (Caballero, 2001; Bar-Or et al., 1998). Much of the 

food consumed outside the home is of unknown caloric value, but it is generally calorie 

dense and nutrient sparse. Thus, the idea that current generations of children and 

adolescents are consuming higher amounts of energy than past generations seems 

entirely plausible (Caballero, 2001; Bar-Or et al., 1998). 

The idea that youth today are consuming more calories than those of the past 

seems more likely when considering that the average American child sees more than 10 
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000 television commercials for food each year. Of these commercials viewed, 95 1% are 

for fast food, sweetened cereals, beverages, candy, or other ""junk" food (Bar-Or et al., 

1998; Uauy et al., 2001 ). The recently noted fact that fast food is 10% of energy intake 

today, versus 2o/o in 1970 (Ebbeling & Ludwig, 2001 ), may indicate food choices are 

influenced by commercials and points to the likelihood that children's caloric intakes 

have increased. 

Some researchers have tested the idea of a caloric surplus existing in today's 

youth population; yet little supporting evidence has been uncovered. Nicklas et al. 

(200 1 b) performed a study with data from the Bogalusa Heart Study. The project 

observed trends in nutrient intake, over two decades and involved a total of 1,655 

children. An examination of 10 year olds' total energy intake over two decades revealed 

that it was unchanged from 1973 to 1994 (Nicklas et al., 200lb). They also noted that 

children's energy intake from fat had decreased from 38.4% to 35.8%, while energy 

intake from protein and carbohydrate was found to have increased significantly, from 

13.0% to 13.9% and 49.4% to 51.3o/o respectively. 

In a related review, dietary intakes of 10 year-olds were examined across seven 

cross-sectional surveys of the Bogalusa Heart Study (Nicklas et al., 200la). The 

findings mirrored those of the earlier mentioned study; that total energy intake remained 

unchanged (2100 to 2200 kcal/day) over two decades, while at the same time the 

percentage energy from fat decreased from 38% to 33%. Energy from carbohydrates 

and proteins was also found to have significantly increased (Nicklas et al., 200 l a). 

In a similar study, researchers assessed the secular trends of energy and fat intake 

of youth aged 2-19 (Troiano, Briefel, Carroll, & Bialostosky, 2000). The study utilized 

information from 24-hour recalls collected from the third National Health and Nutrition 
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Exmnination Survey (1988-1994). The findings were sitnilar to those of Nicklas et al. 

(200 l a, 200 l b) and indicated that mean energy intake had changed little since the 

1970's, while the percentage energy from fat had decreased (Troiano et al., 2000). 

These findings regarding the secular trends of energy intake in children indicate that 

energy intake may not be the root cause of excess fat mass in youth. Further 

investigations of fat mass and diet should explore other areas of dietary intake and its 

components. 

1.2.3.2 Diet Composition 

Since current total caloric intake, has not been found to be significantly greater 

than that of previous generations of children, other areas of diet have been examined for 

their impact on adiposity. A study by Miller et al. ( 1990) examined the relationships 

among body fat, diet composition, energy intake, and exercise. Researchers measured 

the body fat of 107 males and 109 females between the ages of 18 and 71 years, and 

assessed participants' exercise behaviours and diet via self-report. Correlative analysis 

determined that the adults' energy intake did not relate to their fat mass (p>0.01); 

however, participants with higher percentages of body fat derived a significantly higher 

percentage of their energy from fat (p<0.001) and a significantly lower percentage of 

their energy from carbohydrates (p<O.OO 1 ). Though results also revealed leaner subjects 

exercised more than the obese subjects, the significance of the study is the suggestion 

that the reported composition of the diet seems to be more responsible for excess fat 

deposition than total reported energy intake (Miller et al., 1990). Increase in obesity 

rates may be due to dietary composition more than excess energy intake. The study was 

performed in adults, but since no known similar study has been done in children it is 

suggested that the findings of the study may extend to all age groups. 
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Sitnilarly, Popkin (200 1) performed a comparative analysis of large nationally 

representative health and nutrition surveys of developing countries. Excess fat tnass in 

developing countries was found to occur synonymously with a general shift towards a 

diet higher in fat and refined carbohydrates (Popkin, 2001 ). This supports the theory 

that dietary composition may be driving the increased prevalence of excess amounts of 

fat mass throughout the world. 

A number of dietary components, including fat and carbohydrates, have been 

examined to determine their relation to adiposity (Jequier, 2001; Magarey, Daniels, 

Boulton, & Cockington, 2001; Tucker et al., 1997; Maffeis et al., 1996a; Horton et al., 

1995). It has been suggested that if fat ingestion has increased in recent years, that fat 

accumulation and thereby, an increase in obesity prevalence would be facilitated. Data 

from several studies have found that increased fat ingestion is associated with increased 

fat mass (Jequier, 2001; Tucker et al., 1997; Maffeis et al., 1996a; Horton et al., 1995). 

However, other literature, such as that from the Bogalusa Heart Study, have 

revealed that currently children's diets are generally lower in fat and higher in 

carbohydrates than they have been in previous years (Nicklas et al., 2001 a; Nicklas et 

al., 2001 b). If children generally are currently consuming less fat in their diets than 

previous generations, it does not seem logical that increased fat consumption would be 

the root cause of excess fat mass epidemic seen throughout the world. 

1.2.3.2.1 Carbohydrate Intake 

Since the few total energy and dietary component studies that exist have revealed 

little regarding excess fat mass in children, specific components of the diet are more 

frequently becoming a point of focus. Carbohydrates are the macronutrient whose 

consumption has increased most significantly and concomitantly with obesity rates 
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(Nicklas et al., 200 I a; Nicklas et al., 2001 b) and thereby have generated interest in their 

relation to the obesity epidemic. It has been found, however, that those who have diets 

relatively high in carbohydrates generally have lower levels of fat mass (Jequier, 2001 ~ 

Tucker et al., 1997). Thus it does not seem logical that the increased rate of 

carbohydrate ingestion would be causing the current rise in obesity prevalence. 

Currently, in research of diet and fat mass, studies are becoming increasingly 

specialized to individual elements of diet. One dietary component of exclusive focus 

has been refined carbohydrates or added sugars. Added sugars are those that do not 

occur naturally in the diet but are eaten separately, or added as ingredients (Johnson & 

Frary, 2001 ). The reason for scrutiny of this aspect of the diet is that the ingestion rate 

of added sugars has increased notably in recent years. Johnson and Frary (200 1) report, 

that simple carbohydrate consumption has increased as much as 23% per person/day 

between 197 0 and 1996. 

The Food Guide Pyramid of the United States advises individuals use added 

sugars sparingly, but does not quantify this recommendation (Johnson & Frary, 2001; 

Krebs-Smith, 2001). Using the process of elimination and calculations with 

recommended portions of other food groups, Johnson and Frary (200 1) were able to 

estimate that for persons on 1600, 2200, or 2800 kcal/day diets the term "sparingly" 

means 6% (6 tsp), 8.7% (12 tsp), and 10.3% (18 tsp) of energy intake, respectively, can 

be from added sugars. Current data indicates that the U.S. national average of

consumption is between 20 and 32 tsp/day of added sugar, well above recommended 

levels (Johnson & Frary, 2001; Krebs-Smith, 2001 ). This is an obvious concern to 

dieticians and health practitioners and is of interest to investigators of youth fat mass. 
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1.2.3.2.2 Sugar-sweetened Drink Intake 

The largest source of added sugars in the American diet is soft drinks, at 33~~> 

(Johnson & Frary, 2001; Krebs-Smith, 2001) and this number increases to 40o/o in 

adolescents (Krebs-Smith, 200 l ). Soft drink consumption among Americans 2-17 years 

of age has increased 187% in boys and 123% in girls, between 1965 and 1996, while per 

capita consumption of soft drinks in the American population increased from 87 L/year 

to 155 L/year (Johnson & Frary, 2001 ). Ebbelling and Ludwig (200 1) also note, that 

between 1965 and 1996 the per capita daily consumption of sugar-sweetened drinks 

increased from 179g to 520g in boys and from 148g to 337g in girls. Nicklas et al. 

(200 1 b) note as well that between 1979 and 1994 the proportion of adolescents 

consuming soft drinks increased 74% in boys and 65% in girls, and at the same time 

consumption of nutritious beverages has decreased. 

Some researchers feel that focussing on one small aspect of the diet such as soft 

drinks or sugar, is reductionistic (Fishbein et al., 200 I). However, each 12 ounce can of 

soft drink contains approximately 9 tsp of added sugar (Krebs-Smith, 2001). This 

amount of sugar in a single beverage contributes an excessive percentage of the added 

sugar recommendation for most people's diets (6tsp, 12 tsp, and 18tsp for 1600, 2200, 

2800 kcal/day diets respectively). It has also been found that a positive energy balance 

of 120 calories (or 10% in children) is achieved by having one serving of sugar

sweetened drink (Ebbeling & Ludwig, 2001 ). Were this positive caloric balance 

maintained daily, in a 1 0-year period it would theoretically produce an increase of 50 kg 

in body mass (Ebbeling & Ludwig, 2001 ). 

Ludwig et al. (200 1) attempted to relate sweetened drink consumption to levels 

of body mass. They did this by assessing 197 males and 3 51 females (approximate! y 
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l 0-13 years old) for dietary intake, physical activity. and television viewing over two 

academic years (grades six and seven), from October 1995 to 1\!lay 1997. Frotn the data 

collected the association between change in sugar-sweetened drink consumption and 

change in body mass index was examined. A series of body mass index prediction 

models were generated that included independent variables such as dietary intake, 

physical activity, television viewing, and changes in them (Ludwig et al., 2001 ). Odds 

ratios were also generated for the relation between intake of sugar-sweetened drinks and 

incidence of obesity from baseline to follow-up. The results indicate that as sugar

sweetened drink consumption increased so did BMI. Also the odds of becoming obese 

increased 1.6 times for each additional serving of sugar-sweetened drink consumed daily 

(Ludwig et al., 2001 ). The findings suggest that decreasing sugar-sweetened or soft 

drink intake might be an important strategy in reversing the trend of increasing obesity. 

More recently Mrdjenovic and Levitsky (2003) also conducted a study 

examining the nutritional and energetic consequences of sweetened drink consumption 

in youth 6-13 years old. Daily dietary intakes were collected over a four to eight week 

period for 30 participants. Heights and weights of 21 of the children were also taken. 

Participants who consumed an excessive (> 12 ounces/day) amount of sweetened drink 

had higher daily energy intake values. Although it was not statistically significant, the 

researchers also state that those who consumed the highest level of sugar-sweetened 

drinks gained the most weight during the study (Mrdjenovic & Levitsky, 2003). This 

lack of significance in weight gain could be due to low participant numbers and 

insufficient power to distinguish significance, or it could be that there was no true 

difference in weight gain in groups of different consumption levels. Also the fact that 

the study did not consider the maturational age of its' participants further clouds the 
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study results as differences in weight gmn could have been due to maturational 

differences and not sweetened drink intake levels. 

Though other researchers have noted sugary beverage intake trends as well 

(especially in developed countries) and have recommended further research to exatnine 

the possible relationship to excess fat mass (Ebbeling & Ludwig, 2001; Johnson & 

Frary, 2001; Krebs-Smith, 2001; Nicklas et al., 2001 a; O'Dea & Mann, 200 l; Popkin, 

2001 ), conclusive evidence has not yet been forthcoming. 

1.2.3.3 Physical Activity 

Energy intake is only one factor in determining energy balance. Another 

component of the balance that must be considered is energy expenditure. In theory, 

based on the assumption of the energy balance equation, increasing physical activity 

increases energy expenditure. If enough physical activity was performed and enough 

energy expended, a negative energy balance can be created and thereby fat mass 

decreased. Empirical evidence to support this theory for reducing fat mass in children, 

though, is generally lacking. 

Difficulty in measuring physical activity accurately is one factor responsible for 

inconsistency in studying its effects in children (Montoye, Kemper, Saris, & Washburn, 

1996). Another hindering factor in determining physical activity's effects on children's 

fat mass is normal growth. Despite this however, there have been some published 

results concerning fat mass and physical activity in children and adolescents. In a 

review article, Puhl (1989) examined the energy balance equation in children and 

concluded that evidence indicates differences in energy expenditure relate to childhood 

obesity but that further research is needed to determine the exact nature of the 

relationship and whether or not it is of the "cause and effect" variety. Bar-Or and 
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Baranowski 0994) also performed a review of the literature on physical activity and 

adiposity in children, and determined that the level of physical activity a child 

participated in was associated with his or her level of adiposity. In a separate review it 

was also determined that a physically active lifestyle (incorporating physical activity 

into daily living, e.g., walking rather than getting a drive) had a more lasting effect on 

children's adiposity levels than performing regimented activities (setting aside ""x" 

amount of time to perform certain exercises) (Bar-Or & Baranowski, 1994). 

Since these earlier reviews, a number of other researchers have examined the 

physical activity relationship to excess fat mass in children and adolescents. Garaulet et 

al. (2000) examined the association of physical activity, energy, and nutrient intake to 

the prevalence of overweight in 331 Spanish adolescents, 14-18 years old. Participants 

were divided into obese and non-obese groups by body mass index. Physical activity 

was found to be negatively related to overweight in the 139 males (p=0.033) in the 

sample (Garaulet et al., 2000), but not in the 192 females. The lack of relationship of 

physical activity and overweight in females may have been attributable to the fact that 

the majority of females 14 years old, at the studies commencement, may have already 

attained puberty. If this was the case, the females would be laying down fat mass as part 

of normal growth, thereby masking relationships to physical activity and dietary intake. 

Though there may be some question of the study's validity, since the method of 

assessing physical activity was via a modified questionnaire whose validity and 

reliability has not been determined, the findings of the study suggest that physical 

activity level impacts the fat mass of male adolescents 

Another study examined the relationship between energy expenditure, level of 

activity, and adiposity in nine year-old boys (Maffeis, Zaffanello, & Schutz, 1997). 
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Body mass index was calculated from height and weight rneasure1nents, and body fat 

percentage was calculated from triceps and subscapular skin-folds (N'Iaffeis et aL 1997). 

Total energy expenditure was estimated based on a three-day heart rate monitoring 

method, which calculates energy expenditure from continuous heart rate recording in 

free living conditions after determining an individual's exercising heart-rate/oxygen 

consumption regression (Maffeis et al., 1997). Using a stepwise multiple regression 

analysis procedure, the researchers were able to determine that the time spent on 

sedentary activities was the only significant variable in predicting relative fat mass 

(Maffeis et al., 1997). The recommendation made from the results is that children 

increase their time spent being physically active, or decrease their time being sedentary, 

in order to increase their daily fat oxidation (Maffeis et al., 1997). 

The total energy expenditure and activity patterns in two groups of 16, eight to 

ten year-old children identified by body mass index as obese or non-obese, was also 

investigated by Maffeis, Zaffanello, Pinelli, and Schutz (1996b ). Triceps and sub

scapular skin-fold thicknesses were measured and used to calculate relative fat mass, 

while heart rate monitoring method was used to evaluate physical activity level of the 

participants (Maffeis, Zaffanello, Pinelli, & Schutz, 1996b ). The results revealed that 

time spent in sedentary activities was significantly higher in obese individuals, and that 

time spent at an elevated heart rate was significantly higher in the non-obese individuals 

(Maffeis et al., 1996b ). The findings, as those in the study previous, suggest that activity 

should be increased in order to decrease or maintain a healthy relative fat mass (Maffeis 

et al., 1996b). Since the study was cross-sectional and measurements were only taken at 

one point in time, it is not possible to determine, concretely, whether a higher level of fat 
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n1ass is the cause or consequence of lower levels of physical activity. The itnplicit 

suggestion of the authors though, is that it is more likely a cause than a consequence. 

In a slightly different approach to associating physical activity levels to excess 

fat mass, some authors have measured physical inactivity. An example of this is in a 

study by Robinson ( 1999), who attempted to assess the effects of reducing television, 

videotape, and video game use on changes in adiposity, physical activity, and dietary 

intake. The study included 192, third and fourth grade participants, approximately half 

of whom were given an 18-lesson, 6-month classroom curriculum to reduce television, 

videotape, and video game use (Robinson, 1999). Outcome measures used to assess the 

affect of the intervention included height, weight, triceps skin-fold thickness, waist and 

hip circumferences, cardiorespiratory fitness, self-reported media use, physical activity, 

and dietary behaviours (Robinson, 1999). The results of the study revealed that children 

in the intervention group who received the curriculum had decreases in body mass 

index, triceps skin-fold thickness, waist circumference, and waist-to-hip ratio (Robinson, 

1999). The conclusion from the findings was that reducing television viewing may be a 

promising population-based approach to preventing excess fat mass, especially in 

childhood (Robinson, 1999). The particular strength of the study is that it was a 

randomized controlled trial, with an intervention. Such a study design, along with the 

given results strongly suggests a cause and effect relationship between low levels of 

physical activity and excess fat mass in children. 

Similarly, Proctor et al. (2003) examined television watching and body fat 

change in children, from preschool to early adolescence. BMI and skin-folds were used 

to assess body composition, while parents completed an annual questionnaire pertaining 

to their children's television and video habits. The results of the study indicated that 
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children who watched the most television had the greatest increase in body fat over titne 

and the authors suggest that television watching should be behaviour targeted to be 

replaced with more physically active activities in order to positively int1uence youth 

body composition (Proctor et al., 2003). 

Despite the amount of literature indicating that levels of physical activity and 

inactivity relate to fat mass of children and adolescents, the fact that no conclusive study 

has been performed leaves room for doubt regarding physical activity's benefit. Also 

contributing to this uncertainty is the number of articles in the literature which fail to 

provide evidence that increased physical activity decreases one's level of fat mass. 

In a study by Muller et al. (2002), body composition of 48 children between the 

ages of 5-11 years in Tanner stage 2 or lower, was assessed by bioelectrical impedance 

and anthropometry. Resting energy expenditure was calculated from oxygen and carbon 

dioxide measurements. Total energy expenditure was calculated from heart rate 

monitoring, and leg muscle strength was measured by an isometric test. The study's 

findings suggest low resting energy expenditure is associated with higher relative fat 

mass (Muller et al., 2002). This study, however, has limitations in the method used to 

assess physical activity. The heart rate method employed is affected by fitness and 

emotional stress, not solely physical activity and therefore some questions exist about its 

accuracy. The study is also limited in its cross-sectional design, short duration, and low 

numbers of subjects, all of which reduce the power of its conclusions (Muller et al., 

2002). 

In a study of 115 children (55 white females, 17 white males, 24 black females, 

19 black males), between 4.5 and 11 years old, Johnson et al., (2000) examined aerobic 

fitness, energy expenditure, and adiposity. Aerobic fitness, resting, total, and activity 
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related energy expenditures were measured at baseline, using treadmill walking and the 

doubly-labelled water technique. Body composition at baseline, and annually for 3 to 5 

repeated measures, was assessed via DXA scans. The relation of the initial measures of 

fitness and energy expenditure, to changes in adiposity were then exatnined. The 

conclusion was reached that aerobic fitness (one's capacity for activity), not energy 

expenditure (the amount of activity one does), influences adiposity (Johnson et al., 

2000). In addition, activity-related energy expenditure had no predictive effect on fat 

mass (Johnson et al., 2000). However, the study and its conclusions have several major 

weaknesses. Firstly, it seems inappropriate that a study would attempt to relate adiposity 

measures to fitness measures that were taken three to five years earlier. Secondly, 

aerobic fitness is a function of body size, gender, maturity status, and structural, 

physiological, and biochemical factors (Bouchard, Malina, Hollmann, & Leblanc, 1977; 

Bouchard, Malina, Hollmann, & Leblanc, 1976). Though an attempt was made to 

consider maturational status, via Tanner staging, no attempt appears to have been made 

to account for body size, or the change in body size over the duration of the study. Also, 

aerobic fitness may also relate to past physical activity. If past physical activity has an 

influence on fitness it also seems unacceptable to separate the two and then conclude 

that fitness, not energy expenditure, influences adiposity. To further confound the 

study's conclusions there is some evidence that physical activity is affected by maturity 

status (Thomson, Baxter-Jones, Mirwald, & Bailey, 2003). If this was not accounted for 

when energy expenditure was measured then comparisons between participants may be 

inappropriate as differences may exist simply due to biological age. 

Two other studies also provide evidence suggesting physical activity does not 

affect adiposity. DuRant et al. ( 1996) found that television-watching behaviour, and 
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associated low-levels of physical activity, were not associated with body composition. 

Their 1nethods involved using body mass index, skin-folds, and waist/hip ratio for 

determining body composition, as well as Children's Activity Rating Scale (CARS) to 

assess activity of 138, five to six year-old children (DuRant et al., 1996). Goran et al. 

( 1998b) examined 75 children aged four to seven, over a four-year period. The repeated 

measures included assessment of energy expenditure components using doubly labelled 

water, as well as body composition estimation using anthropometry. No effect of 

childhood activity-related energy expenditure on fatness was found (Goran et al., 

l998b). A major weakness ofboth of these studies, however, is that they use skin-folds 

as a measure of adiposity. Skin-folds usefulness to determine fat mass, changes in fat 

and comparisons between individuals is questionable at best, as they invoke limitations 

of precision and specificity. The significant error associated with skin-fold 

measurements consists of inter and intra-observer error. At best the amount of error 

associated with skin-folds is 3.5%, due mainly to individuals' biological variability in 

subcutaneous fat, but further sources of error can be introduced in site selection, 

procedure and/or the callipers utilized, the experience of the technician, and then the 

specificity of the equation used (Heyward & Stolarczyk, 1996). For these reasons skin

folds are better suited to be a relative measure for comparison within individuals. 

Between individuals, there is a possibility that the actual differences in fat mass of 

activity groups could easily be eclipsed by the error in measurement of adiposity when 

skin-folds are used (Dietz, 1998). 

From an energy balance perspective, the evidence to date seems to indicate that 

more active children expend more energy daily and are therefore less likely to have an 
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excess amount of adipose tissue accumulate on their bodies~ yet persuasive evidence of 

this is generally lacking and further research needs to be performed. 

1.2.4 Summary 

For many years the physical growth of children has been researched (Ulijaszek et 

al., 1998; Kemper, 1985). The research has revealed that though children's growth 

follows a basic pattern and sequence, between children the timing, magnitude and tempo 

of the growth can vary substantially (Ulijaszek et al., 1998; Malina & Bouchard, 1991; 

Tanner, 1978). Often differences in growth can account for variation of physical 

dimensions in youth (such as height, body mass, bone mineral, lean tissue and fat mass) 

more so than external influences (Ulijaszek et al., 1998; Malina & Bouchard, 1991; 

Tanner, 1978). Growth differences make it imperative that when physical aspects of 

youth are analysed, biological age is used as a basis of comparison, rather than 

chronological age. If possible data should even be collected longitudinally on the same 

individuals. 

Body composition is normally altered as a direct consequence of adolescent 

growth, however in recent decades there has been increases in relative fat mass of 

adolescents. This shift has been manifested as an increasing worldwide prevalence of 

obesity; thus the search for means of reversing this trend is more urgent than ever 

(Ebbeling et al., 2002; James et al., 2001; Styne, 2001; Strauss & Pollock, 2001; 

Anderson, 2000). As a result of obesity, negative health implications, mortality, 

morbidity, and economic costs are increasing, not only in adult populations but in 

children and adolescents as well (Styne, 2001; Anderson, 2000; Bar-Or et al., 1998). 

Research into possible causes of excess fat mass has focussed on two main areas within 

energy balance, the energy intake and the energy expenditure. 
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Based on the current literature there isn't statistically si!,mificant support, at the 

childhood and adolescent population level, to attribute increased fat 1nass to a general 

increase in energy intake (Nicklas et al., 2001 b; Troiano et al., 2000). The literature has 

suggested however, that dietary composition is a significant contributor to increasing 

obesity. A disconcerting shift in diet that has paralleled trends in increased fat mass is 

higher levels of refined carbohydrate or added sugar intake (Johnson & Frary, 2001; 

Krebs-Smith, 2001 ). Since a large percentage of added sugar intake is derived from 

sugar-sweetened drinks it has been suggested that they may be contributing to the excess 

fat mass seen globally but further research is required (Johnson & Frary, 2001; Krebs

Smith, 200 1; Ludwig et al., 2001 ). 

Regarding energy expenditure, some evidence in the literature suggests that low 

levels of physical activity also contribute to excess in fat mass of adolescents (Garaulet 

et al., 2000; Robinson, 1999; Maffeis et al., 1997; Maffeis et al., 1996b). A few studies 

(Muller et al., 2002; Johnson et al., 2000; Goran et al., 1998b; DuRant et al., 1996) 

however, do not provide results that support this theory, but rather indicate that fat mass 

of adolescents is not influenced by increased levels of physical activity. As a result of 

conflicting findings consensus on reducing fat mass via increased physical activity has 

not yet been reached. Lacking in the exploration of fat mass and physical activity are 

long-term studies with valid measures of physical activity, and fat mass. 

A number of areas of investigation remain to be addressed, to assist in 

developing methods of reversing the trend of increasing fat mass in adolescents. A 

study of adolescents' fat mass as it relates to physical activity level would prove 

beneficial. A study of adolescents' fat mass is also required that can determine the 

existence, or strength, of a relationship between sugar-sweetened drink consumption and 
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fat tnass. Requirements of adolescent fat mass studies however, are that they have valid, 

reliable, and accurate measures of both physical activity and fat mass; as well they tnust 

account for various individuals' unique timings and tempos of growth. Knowing that 

the body composition develops differently for each gender it would also seem prudent to 

examine the fat mass of the sexes separately, in order to maximize the likelihood of 

identifying any effect on fat mass accumulation. The existence of the longitudinal 

Pediatric Bone Mineral Accrual Study dataset makes it possible to address questions of 

the relationship between both sugar-sweetened drink and physical activity, to fat mass. 

The dataset provides valid, reliable, and accurate measures of fat mass, and allows for 

accounting of various individuals' distinctive timings and tempos of growth, 

simultaneously. 

1.3 STATEMENT OF THE PROBLEM AND THE HYPOTHESIS 

1.3.1 Purpose 

The purpose of this study is to investigate the time dependent relationship of 

physical activity and sugar-sweetened beverage consumption to male and female 

adolescent fat mass development, while accounting for the effects of normal growth and 

maturation. 

1.3.2 Hypotheses 

In examining adolescent fat mass, and subsequent to accounting for the known 

confounding variables of body size, energy intake, and biological age, the following are 

the gender specific hypotheses. 
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1.3.2.1 Adolescents who are more physically active will have less fat mass, cotnpared to 

those who are less physically active. 

1.3.2.2 Adolescents with a high dietary energy intake will have a higher fat tnass, 

compared to those who have a lower energy intake. 

1.3.2.3 Adolescents who have a high sugar-sweetened drink intake will have a higher fat 

mass, compared to those who have a lower sugar-sweetened drink intake. 

1.3.2.4 Adolescents' physical activity level will interact with sugar-sweetened drink 

intake. It is hypothesized that male and female adolescents who have a low level 

of physical activity will also have a higher intake of sugar-sweetened drink; 

resulting in a higher fat mass compared to· those with higher physical activity 

levels and lower sugar-sweetened drink intakes. 
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CHAPTER 2. METHODS AND DATA COLLECTION 

2.1 RESEARCH DESIGN 

The study can be described as prospective, correlational research involving 

mixed-longitudinal data. Though data was collected as much as 12 years ( 1991-

1998) in the past, it was collected as participants grew in order to determine how 

their environment would affect their development, and is therefore prospective. The 

correlational term is fitting as the data collected was utilized to explore existing 

relationships among variables. There was no manipulation of variables, simply 

observation of what occurred during growth. The goal of the research was not to 

definitively determine cause and effect, but to determine the nature and existence of 

relationships between variables and to predict outcomes once measured variables 

were known. Data being collected repeatedly from participants on various measures, 

one to three times per year for up to seven years, renders the study longitudinal. The 

mixed aspect of the longitudinal data is applicable because new participants of 

various ages were introduced into the study for the initial three years, producing a 

number of different age cohorts which were observed for growth. 

The methods of collecting the data in the above study have been described in 

detail elsewhere (Bailey, McKay, Mirwald, Crocker, & Faulkner, 1999; Bailey, 

1997), but are summarized below. 

2.2 PARTICIPANTS 

Parents of 228 students (113 boys, 115 girls) in two Saskatoon schools 
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provided written consent (See Appendix A) for their children to participate in the 

Pediatric Bone Mineral Accrual Study (PBMAS) (Bailey, 1997). Participants entered 

the study between 1991 and 1993, at the ages of 8 to 15 years old and were measured 

repeatedly as eight age cohorts. By the end of the study in 1998, complete longitudinal 

datasets existed, with the biological age indicator of peak height velocity, for 138 

participants (70 boys, 68 girls). The age range between the youngest initial participants 

and the oldest final participants was 8-21 years old. Since the repeated measures of the 

age cohorts overlapped it was possible to estimate a 13-year developmental pattern over 

the shorter period of seven years (Baxter-Jones, Mirwald, McKay, & Bailey, 2003b; 

Bailey, 1997). 

The majority of subjects included in the study were of Caucasian descent (Bailey 

et al., 1999). Participants included in the sample had no known history of chronic 

disease, medication use, or medical condition that is known to affect growth (Baxter

Jones et al., 2003b; Bailey et al., 1997). 

The original PBMAS study received approval from the University and Hospital 

Advisory Committee on Ethics in Human Experimentation (See Appendix B) and was 

funded by the National Health Research and Development Program of Health Canada 

(Baxter-Jones et al., 2003b; Bailey, 1997). 

2.3 DATA COLLECTION 

2.3.1 Anthropometry 

Height and body mass for each participant was measured semi-annually by study 

personnel. Personnel were trained by certified International Society for the 
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Advancement of Kinanthropometry (ISAK) instructors, following standard 

anthropometric techniques outlined by Ross and Marfell-Jones (1978). Subjects wore T

shirts and loose fitting shorts, during measurement and they were required to remove 

shoes and jewellery (Bailey, 1997). Height was recorded as a stretch stature to the 

nearest 0.1 em on a wall stadiometer, while body mass was measured to the nearest 0.01 

kg on a calibrated electronic scale (Bailey et al., 1999). 

2.3.2 Age 

2.3.2.1 Chronological Age 

A decimal value for chronological age was determined by subtracting the date of 

birth from the date of measurement. Chronological age groups could then be formed by 

using 1-year intervals where, for example, the 9.50 to 10.49 year-old participants would 

be considered 1 0-years of age (Mirwald & Bailey, 1997). 

2.3.2.2 Biological Age 

Since individual adolescents have varying timings and tempos of growth it was 

important that biological age be accounted for in analysis or comparison of their 

measurements. Repeated measures of height allowed determination of maximum 

growth in height, a biological age (or morphological age) indicator known as peak 

height velocity (Bailey et al., 1999). A cubic spline procedure ( GraphPad Prism version 

3.00 for Windows, GraphPad Software, San Diego, CA, USA) was used to fit each 

individual's annual height velocity to a growth curve (Mirwald & Bailey, 1997; Bailey 

et al., 1999). 

By subtracting the chronological age of an individual at time of measurement 

from the chronological age at peak height velocity, a biological age was calculated. In 

this way a continuous measure of biological age was determined and biological age 
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groups were formed using 1-year intervals. As with chronological age, the biological 

age 1-year intervals for -1-year peak height velocity included observations between -

1.49 to -0.50 peak height velocity (Bailey et al., 1999). 

2.3.3 Body Composition 

To obtain body composition measures the participants were scanned annually, in 

October or November, by dual energy X-ray absorptiometry (DXA), for up to seven 

consecutive years. The original scans were for the purpose of analyzing bone mineral 

accrual, and were performed on a Hologic 2000 QDR (Hologic, Waltham, MA), in the 

array mode, employing enhanced global software 7.1 0. The whole body scans, which 

provide the body composition data of interest, were analysed using software version 

5.67 A (Bailey, 1997). 

The principle behind the operation of DXA is the absorption of ionizing radiation 

by bone tissue (Carter, Bouxsein, & Marcus, 1992). When radiation is passed through 

the body the amount that the radiation is reduced is related to the amount of bone present 

in the body (Carter et al., 1992). The QDR-2000 (Hologic) uses an x-ray generator, 

mounted beneath a supine patient, to emit x-rays of two alternating energy levels. The 

emitted x-rays are at energy voltages (70 and 140 kVp) pre-selected to maximize 

separation between bone, soft tissue, and fat and lean within the soft tissue compartment. 

Once the x-rays pass through the patient, they are collected by a crystal detector located 

in an over-table arm. The relative amount of energy that is lost from the x-rays, between 

their calibrated emission and their reception into the crystal detector, relates to the 

amount and density of the material they have passed through. The density of the tissue 

depends on its type and mass. Since the radiation absorption characteristics of bone, 
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lean, and fat are different from one another, the loss of energy from the x-rays allows 

calculation of body composition, including bone, lean, and fat tissues (Hologic, 1992). 

DXA precision and stability of fat mass measurement over short and long term 

has been reported as a mean coefficient of variation of 2.2% (Johnson & Dawson

Hughes, 1991). A further study that examined the accuracy of DXA's fat mass 

measurement found that its standard error of estimates, when compared with post

mortem chemical analysis of pigs, was accurate to 2.9% (Svendsen, Haarbo, Hassager, 

& Christiansen, 1993). Going et al. (1993) also performed a study to assess DXA's 

ability to detect small changes in body composition. Mazess, Barden, Bisek, & Hanson 

(1990), and Russel-Aulet, Wang, Thorton, & Pierson (1991) have determined DXA's 

precision to be as little as 1-1.5% in measurement of soft tissue composition. Going's 

group tested this to ascertain whether or not DXA could detect small changes in body 

composition. It was found that DXA was able to detect small individual changes and 

was unaffected by hydration; since water is only in the lean tissue DXA estimates of fat 

mass should not change with dehydration (Going et al., 1993). 

Given the literature on DXA's accuracy, stability, and ability to detect small 

changes in body composition it was determined to be an appropriate indicator of 

adolescent fat mass for the purposes of the study. Also to reduce measurement error, all 

scans were analysed by the same qualified individual (Bailey, 1997). Standard 

procedures and positioning was adopted and strictly followed to maximize consistency 

(Wallace, 1995). Participants also removed metal objects Uewellery, glasses etc.), 

shoes, and wore loose fitting shorts and t-shirt during the scanning procedure to reduce 

the risk of measurement error (Bailey, 1997). 
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2.3.4 Dietary Intake 

As described by Bailey ( 1997), nutrition information was gathered via a self

reported, 24-hour recall, administered three times/year in each of the first three years and 

then twice/year each year thereafter. The recall was performed in either the participants' 

classroom setting, or a hospital setting. A 20-minute training session on food portion 

sizes was given to each participant prior to performing the initial data gathering. At 

each subsequent recall session display boards with life-size pictures of food and portion 

sizes were present for participants' reference. 

A nutritional assessment system that uses the 1988 Canadian Nutrient File was 

used to analyse the 24-hour recalls. The recalls were coded by nutrition progratn 

graduate students and the satne individual checked all forms to ensure consistent 

interpretation. The recalls form the basis of the daily macro and micro nutrient intakes 

for each adolescent, each year (Whiting et al., 2001, Bailey, 1997). 

The recalls also form the basis of the sugar-sweetened drink intake record. At 

each measurement occasion a record of beverage intake was generated, which included 

the categories of Milk, Juice, Cola, Non-Cola, "Koolaid", and "Other" (Whiting et al., 

2001 ). The Milk category contained a record of ounces of milk consumed, irrespective 

of milk fat percentage. The Juice category contained a record of ounces of true fruit 

juices consumed; most often this meant juices such as orange and apple, but also 

included Five-Alive and Welch's Grape Juice. The Cola category contained a record of 

the number of ounces consumed of all brands of Cola beverages; including Coca-Cola, 

Pepsi-Cola, RC Cola and so on. Also incorporated into this category were beverages 

such as flavoured Cola's (Cherry), Clear Cola's, Dr. Pepper, and Root-Beer. The Non

Cola category contained a record of ounces consumed of other flavours of soft drink. 
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Within this group the flavours grape, orange, cream soda, letnon-lime and so on were 

included, as were the various flavours of Slushes and Slurpees. The ""Koolaid'' category 

contained a record of ounces of Koolaid consumed as well as ounces of other beverages 

derived from crystals (Tang), punches, lemonades, raspberry juice, grape juice other 

than Welch's Brand, and energy drinks such as Gatorade. The "'Other" category 

contained a record of ounces consumed of beverages not falling into previous categories. 

The drinks contained in this group varied but most frequently included coffee, tea, iced· 

tea, milkshakes, YOP, hot chocolate, and alcoholic beverages (Whiting et al., 2001 ). 

It might be observed that no category exists for diet soft drinks but as these were 

consumed with such low frequency by adolescents, it was felt such a category was not 

needed (Whiting et al., 2001 ). Any diet soft drink consumed was recorded as such in the 

respective Cola or Non-Cola category. 

To obtain the record of sugar-sweetened drink intake utilised in analysis, a yearly 

sum of ounces of intake in the Cola, Non-Cola, "Koolaid", and "Other" categories was 

generated. The total sugar-sweetened drink intake was then divided by the number of 

24-hour recalls a participant performed in a given year, to provide an average sugar

sweetened drink consumption. The recorded total of sugar-sweetened drink was also 

assumed to contain 12 kcal/ounce (Health Canada, 1999). Using this value the kcal 

contained in the sugar-sweetened drink total was estimated and removed from the 

recorded total energy intake, which was later used as a covariate in statistical model 

construction. 

2.3.5 Physical Activity 

A questionnaire to evaluate physical activity level was administered a minimum 

of three times/year for the first three years of the study, and two times/year thereafter 
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(Bailey, 1997). The questionnaire employed was the Physical Activity Questionnaire for 

Children (PAQ-C) and/or Adolescents (P AQ-A). The questionnaires consisted of ten 

and nine items respectively, asking about sports, games, dance, or other activities that 

"make you breathe harder", "make your legs feel tired", or ""make you sweat". Each of 

the nine items was scored on a five-point scale, with a higher value indicating higher 

levels of physical activity; a mean composite score of activity was then generated. The 

PAQ-C questionnaire is one that has consistently demonstrated internal consistency, and 

favourable validity with moderate relationships to teacher evaluations of activity, Caltrac 

motion sensors, 7-day activity recalls, step tests of fitness, and leisure time activity 

scales (Bailey, 1997; Crocker, Bailey, Faulkner, Kowalski, & McGrath, 1997; Kowalski, 

Crocker, & Faulkner, 1997). 

2.3.6 Statistical Analysis and Modelling Strategy 

Hypothesis testing involved various statistical analysis techniques. Initially the 

general patterns, distributions, and descriptive statistics of the sample were determined. 

Following this, a more complex statistical model was required to analyze data 

appropriately; the model used was a random effects model (REM), sometimes called a 

multi-level model. 

An ANCOVA analysis might at first appear adequate for analysis of the data. 

ANCOV A would adjust the fat mass outcome for the included co variates of maturation 

and growth, and it would allow a between groups comparison based on physical activity 

level or dietary intake. What ANCOVA analysis would not allow, however, was proper 

analysis of the repeated measures variables, or growth measures, involved in the 

longitudinal database (Baxter-Jones & Mirwald, 2003a; Bailey, 1997). 
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To deal with the repeated measures, growth data, repeated measures ANOV A 

would be required. The unfortunate weaknesses of the repeated measures ANOV A are 

two-fold however; first it could not account for the various time dependent covariates 

that would need to be included in the model (e.g., body size, biological or chronological 

age) and second it could not allow use of data sets in which measurements were missing 

on some occasions (Baxter-Jones & Mirwald, 2003a; Bailey, 1997). To allow for the 

incorporation of individual growth characteristics, as well as covariates in analysis, 

REMs were used (MlwiN version 1.0, Multilevel Models Project, Institute of Education, 

University of London, London, UK). 

REMs allowed for the inclusion of individual growth characteristics (time 

dependent effects), as well as covariates, into models and analysis. An added advantage 

to using REMs was that they could also utilize data sets in which some measurements 

were missing on some occasions (Baxter-Jones & Mirwald, 2003a). The REMs also 

posses the ability to fit growth of repeated measures over time, which for examining 

differences between adolescents fat mass was imperative. The random effects linear 

models are discussed in detail elsewhere should further description of their nature be 

required (Goldstein et al., 1998). 

The REMs are a powerful method of analysis that were employed with the 

existing database so that between group differences in fat mass could be identified, 

while at the same time the effects of growth and maturation could be accounted for in 

each individual. The models were built in a stepwise procedure as the predictor 

variables (fixed effects) were added one at a time. Biological age power functions were 

introduced into the models, to allow for the non-linearity of growth (Baxter-Jones et al., 

2003b ). Biological age, biological age squared, and biological age cubed were the first 
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variables introduced into the model. The addition of these variables was then followed 

by the addition of other co variates of fat free mass and total energy intake, to account tor 

differences between adolescents. Lastly added to the model were the variables of 

interest, the sugar-sweetened drink intake and physical activity level. 

When a variable was added to the random effects models, the chi-squared 

distribution associated with the difference in deviation between the models was 

compared to the degrees of freedom lost using log likelihood statistics. Comparison 

revealed whether the full model, with the added variable, was a significant improvement 

over the reduced model without the added variable. Variables stayed in the model if 

their inclusion significantly improved the model; the deviance between models, or 

variance at levels 1 or 2, were reduced. Acceptance of significant contribution of 

predictor variables was indicated when the estimated mean coefficient was greater than 

twice the standard error of estimate, i.e. p<0.05 (Baxter-Jones et al., 2003b ). 
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CHAPTER 3. RESULTS 

3.1 DATA COLLECTION 

The collection of body composition data occurred annually for each 

participant. The breakdown of the timing and total number of body composition 

scans that occurred is below in Table 3.1. At each scan physical activity and diet 

records were taken. In addition physical activity and diet were also recorded on at 

least one other occasion during the year. 

Table 3.1 - The timing and number of body composition scans collected during the mixed 
longitudinal Pediatric Bone Mineral Accrual Study (PBMAS). Female participant numbers 
a · th rem paren eses. 

A 
Test Total g 
Year 1991 1992 1993 1994 1995 1996 1997 1998 

e .... 

8 3 (7) 5 (II) (2) 8 (20) 

9 10 (15) 3 {9) 5 (10) (2) /8 (36) 

10 19 {16) 10 (18) 3 (10) 5 (10) {2) 37 (56) 

II 17 (12) 18 (15) 12 (18) 3 (9) 5 (10) (2) 55 (66) 

I2 21 (18) 17 (12) 16 (15) 12 (14) 3 (10) 5 (10) (2) 74 (81) 

I3 17 (21) 2I (16) 17 ( II) 14 (16) II (14) 3 (10) 5 (7) 88 (95) 

14 17 (16) 15 (20) 20 (15) 14 (11) 14 (16) 10 (12) 3 (9) 2 (4) 95 (103) 

15 3 (8) 17 (15) 14 (20) 14 (15) 12 (II) 10 (16) 8 (8) 1 (3) 79 (96) 

16 3 (7) 17 (14) 13 (12) 13 (14) II (7) 8 (II) I 66 (65) 

17 3 (7) 13 (11) 13 (12) 12 (12) 9 (6) 2 52 (48) 

18 3 (6) 13 (8) 12 (II) 8 (9) 36 (34) 

19 3 (6) 8 (6) 7 (8) 18 (20) 

20 4 (3) 5 (3) 9 (6) 

2I 2 (2) 2 (2) 

Total 107 109 107 91 87 75 55 6 637 
(113) (123) (122) (106) (103) (89) (65) (7) (728) 

3.2 DESCRIPTIVE STATISTICS 

Descriptive statistics of the participants are summarized by chronological age 

and gender in Figures 3.1 to 3.6. At the extreme age groups low subject numbers 

increased the standard error (Appendix C- Tables C.l to C.3 for further details). 
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Firstly, the average male and female height and body mass of the sample 

population were compared to values of other adolescent populations, to detem1ine 

whether the PBMAS study participants were a representative sample of average 

adolescents. The previous adolescent samples which were used for comparison 

included an NHANES study (U.S. Department of Health and Human Services, 

2002), a CARPER study (CARPER, 1980), and the Canadian Fitness Survey (CFS) 

(Health and Welfare Canada, 1983). The graphical comparisons revealed that male 

and female participants' height and body mass of the current study did not differ 

greatly from those of females (Figures 3.1 and 3.2) and males (Figures 3.3 and 3.4) 

in previous studies of adolescents. 
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Figure 3.4- Mean body mass,± 95°/o CI, of 
PBMAS males compared to those of four 
other studies. 

Prevalence of overweight and obesity, as defined by Cole et al. (2000) using 

BMI cut-offs, was determined in the males and females of the study sample at every 

age group. To a large extent the sample was of normal weight as the frequency of 

both overweight and obesity was low, especially in males. 
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Table 3.2 - Frequency of normal weight, overweight, and obesity by n (o/r>) in females and 
l f h l . I rna es o every c rono o~TJ.ca age group. 

Normal Overweight Obese 

Age Females Males Females I Males I Females J\llales 
' 

14 7 4 i l 1 8 
(73.7%) (87.5o/o) (21.1%) (l2.5o/o) (5.3o/o) 

0 

9 25 17 6 2 1 l 
(78.1 o/o) (85.0%) (18.8°/o) ( lO.Oo/o) (3.1 %) (5.0o/o) 

10 
40 29 10 6 1 

0 
(78.4%) (82.9%) (19.6%) (l7.1o/o) (2.0%) 

11 52 43 9 9 3 2 
(81.3%) (79.6%) (14.1%) (16.7%) (4.7o/o) (3.7%) 

12 
64 62 9 13 3 1 

(84.2o/o) (81.6o/o) (11.8%) (17.1%) (3.9%) (1.3%) 

13 78 75 8 12 5 1 
{85.7%) {85.2%) (8.8%) (13.6%) (5.5%) (1.1%) 

14 
79 75 11 12 5 1 

{83.2%) (85.2%) {11.6%) (13.6%) (5.3%) (1.1%) 

15 
71 67 12 8 6 3 

(79.8%) (85.9%) {13.5%) (10.3°/o) (6.7%) (3.8%) 

16 
48 54 10 7 5 3 

(76.2%) (84.4%) (15.9%) (10.9%) (7.9%) {4.7%) 

17 33 39 8 7 6 4 
(70.2%) (78.0%) (17.0%) (14.0%) (12.8%) (8.0o/o) 

18 22 26 7 5 6 4 
(62.9%) (74.3%) (20.0%) (14.3%) (17.1%) (11.4%) 

19 9 10 3 5 7 2 
(47.4%) (58.8%) (15.8%) (29.4%) (36.8%) (ll.8o/o) 

Fat free mass and fat mass were then examined by gender and chronological 

age. The figures illustrate that the females and males differed significantly on 

numerous variables, at various ages. Though fat free mass {Figure 3.5) of both 

genders increased with age, that of males' was significantly greater (p<0.05) than 

that of females from ages 13-19. Fat mass {Figure 3.6) increased similarly in the 

genders until 13 years of age, at which point females' fat mass was significantly 

greater (p<0.05) than the males' until 19 years of age. 
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The descriptive statistics of fat free mass and fat mass were then examined by 

gender and maturational age. Maturational age was based on peak height velocity. 

Peak height velocities for females and males occurred at 11.8 and 13.5 years, 

respectively. Figures 3.7 and 3.8 summarize the descriptive characteristics of fat free 

mass and fat mass by maturational age (See Appendix C - Tables C.4 to C.6 for 
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further details). The fat free mass of both genders (Figure 3.7) increased with age. 

Fat free mass increased the most one year either side of peak height velocity in both 

males and females. After the period of maximum increase, accumulation of females' 

fat free mass plateaued while the males' simply slowed. From four years prior to six 

years post peak height velocity, fat free mass for the males' was significantly greater 

than the females (p<0.05). Fat mass accumulation (Figure 3.8) was distinctly 

different in development. In females, fat mass increased continually, while the males 

experienced a similar increase, except for a declination lasting from one year prior to 

one year post peak height velocity. Following the decline in males' fat mass 

accumulation, the increase at a rate similar to that of females resumed. The two year 

decline in males' fat mass resulted in the females' fat mass being greater than the 

males' (p<0.05) from one to four years post peak height velocity. The existence of 

differences between the genders fat and fat free mass, when examined by 

chronological (Figures 3.5 and 3.6), or maturational (Figures 3.7 and 3.8) age, 

exposed the disparity between genders during adolescence. The differences also 

provided appropriate justification for the generation of separate multi-level models 

for the genders, when analyzing the effect of physical activity and sugar-sweetened 

drink intake on fat mass in adolescents. 

Finally, the dietary and physical activity variables were determined by 

gender, chronological, and biological age. By chronological age the data revealed 

that males' energy intake (Figure 3.9) increased while females' decreased slightly 

from 14 to 19 years of age. A similar trend is seem in average Canadian energy 

intakes, of males and females although recent average caloric intakes were not 

available for comparison (Health and Welfare Canada, 1990). The males' and 

females' sugar-sweetened drink intakes (Figure 3.10) increased with age, and were 
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never significantly different than one another. Regarding physical activity (Figure 

3.11 ), scores for both genders decreased with age and the males' level was 

significantly (p<0.05) greater than the females at 11, and 13-15 years of age. 
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By maturational age the data reveals that males' energy intake (Figure 3.12) 

increased while females' decreased; males' energy intake was significantly (p<0.05) 

greater than females' from peak height velocity to seven years post peak. Though 
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intake of sugar sweetened drink increased tor both genders, males' sugar-sweetened 

drink intake (Figure 3.13) was significantly larger than females' at two and three 

years post peak height velocity (p<0.05). Regarding physical activity (Figure 3.14), 

the decline in scores was still evident with increasing age but the significant 

differences between genders disappeared when examined by maturational age. 
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3.3 NORl\tlALITY 

The distribution of numerous variables was then determined for each gender 

by maturational age group (See Appendix D). This was done mainly because normal 

distribution is an assumption that must be met for the outcome variable within 

random effects modeling. It was also done to get a better idea of the distribution of 

variables. The normality tests revealed that fat mass of both males and females was 

not normally distributed. Subsequently, the log of fat mass had to be taken to render 

its distribution normal and to make its use as the outcome variable in the random

effects model appropriate. 

3.4 CORRELATIONS 

Also determined, prior to applying the random-effects modeling, were the 

Pearson correlation coefficients of possible covariates. Variables to be used in the 

model were first correlated with fat mass (Tables 3.3 & 3.4). Variables that 

correlated strongly with the outcome measure of fat mass, or whose inclusion could 

logically and biologically be justified, merited strong consideration as independent 

variables in the random-effects modeling. 

Correlations were then also determined between the planned independent 

variables (Appendix E; Figures E.l-E.25). If two variables that were to be used as 

independent predictors of fat mass were strongly correlated, one was typically 

eliminated as a possibility in random-effects model building, as a strong correlation 

between independents in a random-effects model can significantly alter its usefulness 

and accuracy. Based on the correlations it was decided that body mass was not an 

appropriate variable to use to control for body size in modelling. Body mass correl-
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Table 3.3 -Various independent variables values of Pearson Correlation with Fat Mass for 
females; number of participants in parentheses. 

Maturational Physical Total 
Sugar-

Fat Free sweetened 
Age 

Mass 
Activity Energy Drink 

Category Score Intake 
Intake 

-4 0.78 (17) 0.22(16) 0.14 (17) 0.09 ( 17) 

-3 0.68 (29) 0.18 (27) 0.28 (29) - 0.0 I (29) 

-2 0.65 (44) -0.01 (42) 0.02 (43) 0.12 (44) 

-1 0.58 (56) - 0.08 (54) 0.14(55) 0.01 (56) 

0 0.53 (74) -0.02 (68) - 0.21 (73) - 0.16 (74) 

1 0.50 (84) - 0.05 (80) -0.17 (83) - 0.15 (84) 

2 0.45 (89) -0.10 (86) - 0.26 (88) - 0.04 ( 89) 

3 0.49 (87) - 0.21 (83) - 0.40 (86) - 0.02 (87) 

4 0.49 (68) - 0.14 (66) - 0.26 (68) 0.07 (68) 

5 0.54 (50) -0.13 (48) - 0.21 (50) 0.13 (50) 

6 0.53 (33) 0.15 (28) - 0.26 (33) 0.06 (33) 

Table 3.4- Various independent variables values of Pearson Correlation with Fat Mass for 
mal b f · h es; num er o parttctpants m parent eses. 

Maturational Physical Total 
Sugar-

Fat Free sweetened 
Age 

Mass 
Activity Energy 

Drink Category Score Intake 
Intake 

-4 0.12 (27) -0.04 (26) - 0.18 (27) 0.11 (27) 

-3 0.46 (46) 0.20 (45) - 0.31 (46) 0.20 (46) 

-2 0.44 (60) 0.09 (59) - 0.22 (60) - 0.13 (60) 

-1 0.40 (76) 0.08 (74) - 0.20 (76) - 0.08 (74) 

0 0.19 (84) -0.02(81) - 0.26 (84) - 0.05 (84) 

1 0.23 (82) - 0.19 (78) -0.18(82) 0.00 (82) 

2 0.33 (73) 0.06 (72) - 0.18 (73) 0.07 (73) 

3 0.27 (55) - 0.18 (50) - 0.25 (55) 0.10 (55) 

4 0.29 (45) -0.06(44) - 0.35 ( 45) -0.01 (45) 

5 0.47 (28) 0.09 (21) - 0.00 (28) 0.53 (28) 

6 0.54 (16) 0.46 (9) - 0.01 (16) 0.50(16) 

ated extremely highly with height (which was to be used) and it also contains within 

in it the dependent variable to be modelled, fat mass. However, height alone was not 

an adequate indicator of body size, so fat free mass was selected as a covariate. Fat 

free mass however, was highly correlated with height and since the inclusion of both 
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would weaken the model. height was eliminated. Consequently, fat free mass 

became the only variable included in the random effects model as an indicator of 

body size. Fat free mass does not contain the outcome variable of fat within it yet it 

provides an indication of body size in more than one dimension. 

3.5 MULTI-LEVEL MODELING 

Following the determination of descriptive statistics, normality tests and 

correlations, random-effects modelling was done to test the hypotheses. Basic 

illustrations of what the random effects models were used to address can be seen in 

Figures 3.15 to 3.18. Figures 3.15 and 3.16 show the average male and female fat 

mass by maturational age and physical activity categorized into high (>75th 

percentile), medium(~ 251h percentile to _:s 751h percentile) and low(< 25th percentile) 

groups; similarly, figures 3.17 and 3.18 show the sugar-sweetened drink intake. 
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Figure 3.17 - Average fat mass (with Standard Error) of males, aligned by maturational age 
and grouped by level of sugar-sweetened drink consumption. 
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Figure 3.18 - Average fat mass (with Standard Error) of females, aligned by maturational 
age and grouped by level of sugar-sweetened drink consumption. 
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The figures illustrate that there is no distinctly visible impact of physical 

activity, or sugar-sweetened drink intake level, on adolescent fat mass. Random 

effects modelling, however, allows analysis at the individual level while accounting 

for maturity and time dependent covariates (variables which change over time~ i.e. 

fat mass, physical activity, etc.). If physical activity or sugar-sweetened drink intake 

relate to the fat mass of adolescents then random effects modelling would reveal it. 

The first step in modelling was to create a base model that included biological 

age to control for maturity, as well as biological age2 and biological age3
, to give the 

model a curvi-linear shape, and fat free mass to control for body size. As noted 

earlier, body mass was not used to control for body size as a component of it is fat 

mass, the outcome variable. The basic appearance of the base model is below. 

Equation 1 

Log Fat Mass= Constant+ Biological Age+ Biological Agi +Biological Age3 +Fat Free Mass 

Or algebraically: 

Equation 2 

Log Fat Massij = Poj + P11Jiological Ageij + P2Biological Age/+ P3Biological Age/ + P4Fat Free 
Massij 

Two things are noteworthy about the model. One is that the coefficient of 

biological age has two subscripts associated with it; a constant one and a random 

one, "}". The existence of two subscripts creates the multi-level structure of the 

model, allowing participants to be aligned on biological age (peak height velocity), 

regardless of measurement occasion. Level 1 of the model refers to comparison of 

data within a given individual over measurement occasions, while level 2 refers to 

comparisons between individuals when aligned on biological age. The second 

noteworthy aspect of the model is the existence of two subscripts with each 

independent variable. These are necessary in the model as they denote the model 
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accounting for the "/11
'' individual and the '"i"" measurement occasion. This ability 

of the model to account for both the individual and measurement occasion is a major 

strength of the model as it allows each participant to act as his or her own control 

between measurement occasions. 

Once the base model was established the independent variables could be 

added to the model to determine their effect, and whether or not they were 

significant. Each variable added to the base model produced a coefficient which 

received the appropriate successive /3.'( value, depending on when it was added to the 

model. For example, the first model generated after the base model included 

physical activity. The coefficient of physical activity was given the value f3s and the 

corresponding model appears below. 

Equation 3 

Log Fat Massij =Poi+ P1iBiological Ageij + P1Biological Age/ + P3Biological Age/ + P4Fat Free 
Massij + P5Physical Activity Scoreij 

Each time a variable was added the resultant model was recorded. Tables 3.4 and 3.5 

contain the resultant five models for females and males, respectively. Significance 

of the fixed and random effects was deemed to exist when the coefficient of a 

specific variable in the model was greater than twice its associated standard error. 

In females the first model (base model) revealed, within the random effects, 

that fat mass varied significantly within individuals over measurement occasions 

(level 1; 2.96 ± 0.229), as well as between individuals (level 2) when biological age 

was allowed to be random and participants were aligned on peak height velocity (to 

account for differences in growth). The variance for the females' average slope of 

fat mass was 0.690 ± 0.130, while the variance in intercepts was 34.0 ± 4.82. Within 

the fixed effects, the model revealed that biological age ( 1.02 ± 0.226), biological 
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Table 3.5 - Multi-level modeling output after analysis of 538 visits, for 112 females, ranging 1-7 visits each. 

Variables Model 1 - Base 
Model 2 - Physical Model 3 - Total Model 4 - Sugar-

IVIodel 5 - Interaction Activity Energy Intake sweetened. Drink 
Fixed Effect Estimates Estimates Estimates Estimates Estimates 

Constant 2.96 ± 1.92 3.29 ± 1.98 2.79 ± 1.95 3.32 ± 1.98 3.69 ± 2.04 
~----~ 

Biological age 1.02 ± 0.226* 0.987 ± 0.226* 1.02 ± 0.223* 1.09 ± 0.227* 1.05 ± 0.229* 
Biological ageL 0.0651 ±0.0231* 0.0634 ± 0.0232* 0.0657 ± 0.0232* 0.0668 ± 0.0232* 0.0635 ± 0.0233* 
Biological agej -0.00226 ± 0.00447 -0.00211 ± 0.00447 -0.00226 ± 0.0044 7 -0.00321 ± 0.00450 -0.00248 ± 0.00452 
Fat free mass 0.313 ± 0.0580* 0.318 ± 0.0582* 0.313 ± 0.0580* 0.298 ± 0.0585* 0.305 ± 0.0586* 

Physical activity NIA -0.166 ± 0.230 NIA NIA -0.152 ± 0.229 
Total energy intake NIA N/A 0.000100 ± 0.000210 NIA N/A 

Adjusted total energy NIA NIA NIA 0.000160 ± 0.000210 0.000150 ± 0.000210 
intake 

0\ 
Sugar-sweetened NIA NIA N/A -0.0188 ± 0.0118 -0.0 169 ± 0. 0 1 1 9 

drink 
! 

Physical activity & 
sugar drink N/A NIA NIA N/A -0.00642 ± 0.00430 
interaction 

I 

Random Effects 
Level 1 (within Levell (within Levell (within Level 1 (within Level 1 (within 

I 

individuals) individuals) individuals) individuals) 
·--

individuals) 
Constant 2.96 ± 0.229* 2.97 ± 0.229* 2.96 ± 0.229* 2.93 ± 0.227* 2. 92 ± 0.226* 

Level 2 (between Level 2 (between Level 2 (between Level 2 (between Level 2 (between 
individuals) individuals) individuals) individuals) individuals) 

Constant 
Biological 

Constant 
Biological 

Constant 
Biological 

Constant 
Biological 

Constant 
Biological 

age age age age age I 
Constant 

34.0 ± 3.09 ± 33.7 ± 3.07 ± 34.1 ± 3.08 ± 34.2 ± 3.10 ± 33.6± 3.11 ± 
4.82* 0.620* 4.77* 0.615* 4.81 * 0.619* 4.81 * 0.621 * 4.75* 0.619* 

Biological age 
3.09 ± 0.690 ± 3.07 ± 0.683 ± 3.08 ± 0.689 ± 3.10 ± 0.695 ± 3.11 ± 0.702 ± 
0.620* 0.130* 0.615* 0.129* 0.619* 0.129* 0.621 * ___ 0.130* 0.619* 0.131 * : 

Nl A denotes .. not applicable" for given model. * -Denotes significance at p<0.05. 
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Table 3.6- Multi-level modeling output after analysis of 530 visits, for 105 males, ranging 1-7 visits each. 

Variables Model 1 - Base 
Model 2 - Physical Model 3 - Total 

Activity Energy Intake 
Fixed Effect 

Estimates Estimates Estimates 

Constant 20.1 ± 2.02* 21.6 ± 2.13* 20.0 ± 2.04* 
Biolo!,.-ical age 1.84 ± 0.300* 1. 72 ± 0.306* 1.84 ± 0.300* 
Biological ageL -0.0250 ± 0.0197 -0.0374 ± 0.0207 -0.0249 ± 0.0196 
Biological agej 0.000910 ± 0.00642 0.00251 ± 0.00646 0.000840 ± 0.00642 
Fat fh.~ mass -0.228 ± 0.0453* -0.223 ± 0.0452* -0.228 ± 0.0453* 

Physi~a1 activity N/A -0.54 7 ± 0.268 * N/A 
Total eJ!~rgy intake N/A NIA 0.0000600 ± 0.000120 

Adjusted total energy 
N/A N/A N/A 

intake 
Sugar-sweetened 

drink 
N/A N/A N/A 

Physical activity & 
sugar drink N/A N/A N/A 
interaction 

Random Effects 
Levell (within Level 1 (within Level 1 (within 

individuals) individuals) individuals) 
Constant 3.27 ± 0.254 3.21 ± 0.249 3.28 ± 0.254 

Level 2 (between Level 2 (between Level 2 (between 
individuals) individuals) individuals) 

Constant 
Biological 

Constant 
Biological 

Constant 
Biological 

~-
age age age 

Constant 
47.1 ± 3.95 ± 47.2 ± 4.00± 47.1 ± 3.96 ± 
6.70* 0.828* 6.72* 0.837* 6.71* 0.827* 

Biological age 
3.95 ± 0.827 ± 4.00± 0.853 ± 3.96 ± 0.824 ± 
0.828* 0.157* 0.837* 0.160* 0.827* 0.156* 

N/ A denotes "not applicable" for given model. * -Denotes significance at p<0.05. 

Model 4 - Sugar-
lVIodel 5 - Interaction 

sweetened Drink 

Estimates Estimates 

19.7 ± 2.04* 21.2 ± 2.15* 
1.81 ± 0.300* 1. 70 ± 0.306* 

-0.0231 ± 0.0196 -0.0353 ± 0.0206 
0.00160 ± 0.00643 0.00317 ± 0.00646 
-0.219 ± 0.0455* -0.216 ± 0.0455* 

N/A -0.539 ± 0.268 * 
--~----· 

N/A N/A 

0.0000600 ± 0.000130 0.0000600 ± 0.000 130 i 

! 

-0.0141 ± 0.00846 -0.0138 ± 0.00843 

N/A 0.00152 ± 0.00283 

Level 1 (within Level l (within 
individuals) individuals) 
3.25 ± 0.252 3.19 ± 0.248 

Level 2 (between Level 2 (between 
individuals) in_~!!!!!als) --~ 

Constant 
Biological 

Constant 
Biological 

age ag_e __ 
46.9 ± 3.95 ± 47.1 ± 4.02 ± 
6.68* 0.824* 6.71* 0.836* 
3.95 ± 0.824 ± 4.02 ± 0.851 ± 
0.824* 0.156* 0.836* 0.159* 



age2 (0.0651 ± 0.0231) and fat free mass (0.313 ± 0.0580) were all signi ticant 

contributors to the model of fat mass development. 

The output of the males' first model (base model) was similar to the females. It 

revealed, within the rand01n effects, that fat mass varied significantly (p<0.05) within 

individuals over measurement occasions (level 1; 3.27 ± 0.254), as well as between 

individuals (level 2) when biological age was allowed to be random and participants 

were aligned on peak height velocity (to account for differences in growth). The 

variance for the males' average slope of fat mass was 0. 82 7 ± 0.15 7, while the variance 

in intercepts was 4 7.1 ± 6. 70. Within the fixed effects, the model revealed that 

biological age (1.84 ± 0.300) and fat free mass ( -0.228 ± 0.0453) were significant 

contributors to the model of fat mass development. Though biological age2 in males, 

and biological age3 did not significantly contribute to the model in either gender, it was 

felt that they should be left in the model to provide the appropriate shape to the equation 

of fat mass. 

The second round of modelling involved the addition of the physical activity 

variable to the base model. Within females, though the variables for predicting fat mass 

included in the base model remained significant in the second model, the addition of the 

physical activity variable did not significantly improve the model ( -0.166 ± 0.230). 

Within males however, the addition of a physical activity measure to the model did 

significantly improve it (-0.547 ± 0.268); the negative relationship between fat mass and 

physical activity indicated that the more active the males were the lower their fat mass. 

The third round of modelling consisted of removing the physical activity variable 

added in model 2, and adding the variable of total energy intake to the base model; in 

order to determine if energy intake alone had a relationship with fat mass. In so doing, 
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again the significant base model variables remained significant, however. in neither 

gender did the total energy intake have a significant relationship with fat tnass ( fetnales; 

0.000100 ± 0.000210 and males; 0.0000600 ± 0.000120). 

The fourth set of models involved the addition of the sugar-sweetened drink 

consutnption variable to the model, while adjusting for the energy intake outside of the 

drink consumption. Again for both genders, in the fourth set of models the base 

variables (biological age, biological age2
, fat free mass for females, biological age and 

fat free mass for males) remained significant, but the added variable of sugar-sweetened 

drink intake did not significantly improve the model (females; -0.0188 ± 0.0118 and 

males; -0.0141 ± 0.00846); indicating that the level of sugar-sweetened drink 

consumption had no significant relationship to adolescent fat mass. 

The fifth set of models included all variables of interest, including physical 

activity level, sugar-sweetened drink intake, the adjustment for energy intake outside of 

the drink consumption, as well as an interaction term between physical activity and 

sugar-sweetened drink. Again, though the base model variables remained significant in 

both genders, the only added variable that contributed significantly to the model of 

either gender was physical activity within the males ( -0.539 ± 0.268). These results 

reiterate the outcome of model 2 in which only physical activity was added to the base 

model and indicated that the more active the males were, the lower their fat mass. The 

results provide no evidence that physical activity level and sugar-sweetened drink 

consumption interact positively or negatively. 
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CHAPTER 4. DISCUSSION AND CONCLUSION 

4.1 DISCUSSION 

The purpose of this study was to investigate the relationship of physical activity, 

and sugar-sweetened beverage consumption, to adolescent's fat mass. The relationships 

were to be investigated while taking into account gender, as well as differing timings 

and tempos of growth within adolescents. 

The results of the investigation reveal that physical activity has a significant 

negative relationship with fat mass growth of male adolescents, but not with fat mass 

growth of female adolescents. It was hypothesized that physical activity would 

negatively relate to fat mass of adolescents, on the basis that more physically active 

children would expend more energy than those less active. By expending more energy it 

is felt that children tap into fat stores for energy and thereby decrease fat mass (via 

negative energy balance). The investigation also revealed that sugar-sweetened drink 

intake did not significantly relate to fat mass of either male or female adolescents. This 

result did not support the hypothesized outcome that the sugar-sweetened drink intake 

would positively relate to adolescents' fat mass growth. 

Fat mass growth has been described previously as steadily increasing throughout 

adolescence in females, and generally plateauing in males (van Lenthe et al., 1998; 

Kemper, 1985; Chumlea et al., 1983; Tanner, 1978). The results of the current study 

provide support (Figure 3.6 and 3.8) for this description of fat mass growth. The fact 
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that the fat mass growth in the current study reflects the description of fat tnass growth 

of previous studies also provides evidence that the sample of adolescents used in the 

investigation are normal in terms of growth pattern, tempo, and titning. Further 

evidence tor the normalcy of the current sample of studied adolescents is also found in 

the comparisons of the sample to the NHANES study (U.S. Department of Health and 

Human Services, 2002), the CAHPER study (CAHPER, 1980), and the Canadian Fitness 

Survey (CFS) (Health and Welfare Canada, 1983). The comparisons (Figures 3.1 - 3.4) 

reveal little to no difference between the previous studies and current study tor male and 

female height and body mass. Slight differences in male and female average height and 

body mass measures, in comparison to previous samples, may be in part due to an earlier 

onset of maturation, which would shift both height and body mass curves to the left. 

The uniqueness of the current study is inherent in the longitudinal design. Most 

studies collect data cross-sectionally, with one measurement occasion of different ages 

in order to provide a "snap-shot" of existing fat mass and associated variables (physical 

activity, sugar-sweetened drink intake) at one point in time. Such datasets are useful for 

certain research questions but they are not useful for determining the certainty or 

strength of relationships between variables, or cause and effect, because no indication of 

previous levels of fat mass or associated variables is provided. With longitudinal 

datasets however, a broader picture of development can be provided and a better 

indication of relationships, and possible cause and effect, can be investigated. 

Longitudinal data also provides greater depth of information regarding growth and 

maturation of each individual and allows researchers to control for individual's unique 

patterns of growth and maturation by aligning individuals on biological age. If 
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individuals are not aligned on biological age the individual effects of the parmneters of 

interest (physical activity and sugar-sweetened drink intake) may be masked. 

Another uniqueness of the current study is the type of analysis that can be 

performed. Since the dataset is longitudinal the analysis technique of multi-level 

modelling can be employed. This technique allows the examination of relationships 

between variables that change over time, whereas traditional statistical techniques only 

allow analysis of variables at one given point in time. The multi-level modelling 

approach can examine the time dependent relationships while controlling for the 

confounding variables of growth and maturation, allowing the independent effects of 

physical activity or sugar-sweetened drink over time to be identified. 

As previously indicated, the investigation revealed that reported physical activity 

was significantly negatively related to fat mass in males (Table 3.5). Though the 

significance of the relationship revealed by multi-level modeling was not evident in 

preliminary basic graphical representation of the data (Figure 3.15), it is felt that due to 

the strength of the modeling procedure and the longitudinal data set, the statistical 

significance is real and constitutes support for the theory that adolescents (at least males) 

can reduce their fat mass, or risk of acquiring excess fat mass, by being more physically 

active. 

The same relationship between fat mass and physical activity was not found to 

exist in female adolescents (Table 3.4). Though somewhat unexpected, this result is 

consistent with the research of Garaulet et al. (2000) who found physical activity to be 

negatively correlated with overweight in males 14-18 years old, but not related in 

females. Laying down of fat mass is a natural occurrence in females, as they mature, in 

preparation for child bearing (van Lenthe et al., 1998; Kemper, 1985; Tanner, 1978). 
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This is clear in Figure 3.8, where fat mass for female's increases steadily after peak 

height velocity is attained. The lack of a relationship between physical activity and t~it 

mass in females may be a function of natural female maturation and development 

masking effects of normal levels of physical activity. The finding, as some might 

interpret, is not a function of the fact that females were less physically active than the 

males. The analysis (Figure 3.14) revealed that when the genders were aligned by 

maturational age, no significant difference existed in their reported activity levels. 

The lack of a significant relationship existing between female adolescent fat 

mass and physical activity should not be construed as meaning that higher physical 

activity levels do not benefit females. It is quite possible that higher physical activity 

levels amongst female adolescents would have benefits not assessed within the study 

(e.g., musculo-skeletal development, hormone levels, psychological aspects,). There is 

also some evidence that after reaching maturity, and peak normal fat mass accumulation, 

physical activity level in adult females has a significant relationship on fat mass (Jakicic, 

Wing, & Winters-Hart, 2002; Wing, 1999). If adolescent females were to adopt a 

habitually increased level of physical activity, and maintain it into adulthood, it is 

possible that the benefits relating to body composition would then be manifest. 

A disturbing trend within the physical activity level of both genders is the 

decrease seen with increasing age (Figures 3.11 and 3.14). It seems that from about the 

time of entry into puberty, adolescents generally become less physically active. This 

finding is similar to that of number of researchers (Caspersen, Pereira, & Curran, 2000; 

van Mechelen, Twisk, Post, Snel, & Kemper, 2000; Telama & Yang, 2000; Goran, 

Gower, Nagy, & Johnson, 1998a) who have found a decline in physical activity with 

increasing age during adolescence. Even as early as 1983 this trend was found in 
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Canadian children of the Canadian Fitness Survey (Health and Welfare Canada. 1983). 

Since then repeated follow-up surveys by the Canadian Fitness and Lifestyle Research 

Institute have confirmed these results revealing that not only does physical activity 

decline with age, but that 3 of 5 children 5-17 years old are not active enough to receive 

beneficial effects of activity (CFLRI, 2002). 

A number of plausible explanations for the trend of decreasing physical activity 

with increasing adolescent age have been hypothesized. Many authors have suggested 

that a behavioural/environmental explanation exists for the decline in physical activity. 

In fact Sallis, Prochaska, and Taylor (2000) performed a review of the correlates of 

physical activity in children and identified a number of behavioural/environmental 

factors that relate to adolescents' physical activity level. The correlates included access 

to facilities and equipment, time outdoors, parental physical activity and support, 

support from peers and/or siblings, previous physical activity experience, perceived 

competence, and achievement orientation (Sallis et al., 2000). Also, during adolescence 

academia may become more important, as it is the focus of most high school curricula, 

which both require and offer fewer and fewer physical activity courses. It also may be 

that adolescence is a time when many individuals begin entering the labour force. 

Between work and school many adolescents may not have time or energy to invest in 

extra-curricular physical activity. Spare time that adolescents do have may be spent on 

more leisurely activities, such as television viewing, video/computer games, and surfing 

the internet (Robinson, 2001; Tremblay & Willms, 2003). 

In contrast, some authors (Sallis, 2000; Goran et al., 1998a) suggest the existence 

of an energy conserving mechanism in adolescents that causes a decrease in their 

physical activity, so that growth can occur. This proposed idea is somewhat 
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controversial but revtews of longitudinal studies, in vanous countries, consistently 

produce similar results. Adolescent physical activity consistently decreases with age, 

despite differing behaviours and environments (Sallis, 2000). Also, a relatively recent 

review illustrated that the decline in physical activity during maximal growth transcends 

species (Ingram, 2000). Considering these points, the case for a biologicaltnechanistn 

causing the decline of physical activity during adolescence seems to be gaining strength 

(Sallis, 2000). Further research into this area needs to be performed to substantiate this 

theory but it is currently believed that the dopamine system, responsible for motivation 

of locomotion, is the most likely mechanism through which the biological effect is 

exerted (Sallis, 2000). The reasons for the decrease in physical activity level as 

adolescents age may be numerous, and may involve a combination of environmental, 

behavioural, and biological effects, but it would seem worthwhile for future research to 

identify the reasons for this downward trend. Once reasons for the trend have been 

identified it may be viable to implement programs for reversing it, and increasing the 

number of adolescents who experience the health benefits of being more physically 

active. 

The next major objective of the performed analysis was to determine whether 

sugar-sweetened drink consumption was significantly related to adolescent fat mass. 

Before this was examined, however, the effect of total energy intake was studied. Total 

energy intake of the sexes became significantly different at, and following, the 

attainment of peak height velocity. From peak height velocity the reported total energy 

intake for males steadily increased while for females it plateaued or even decreased 

(Figure 3.12). In neither gender, however, was the total energy intake significantly 

related to fat mass. It was expected that the adolescents who had a higher total energy 
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intake would have a significantly higher fat mass, due to a positive energy balance. 

Within genders however, and within individuals, the multi-level modeling revealed that 

the total energy intake alone had no significant relationship to fat mass. As indicated 

previously, this finding was not in line with expectations. Other researchers have 

indicated that excess energy intake positively relates to fat mass (Kaplan & Dietz, 1999; 

Horton et al., 1995; Schutz, 1995). The lack of a significant relationship in the study 

sample may be due to many factors, discussed on pages 72-77. 

The lack of significance aside, examining the total energy intake and fat mass 

accumulation by gender provides interesting information. In fact, by looking solely at 

the descriptive graphs of total energy intake (Figure 3.12) and fat mass accumulation 

(Figure 3.8) one might conclude that the opposite relationship exists (i.e., the more 

calories consumed the lower one's fat mass). For example, for four years after peak 

height velocity attainment, though the males consume significantly more total calories 

than the females, their fat mass is significantly less. If the excess calories of the males 

are not being manifest in their fat mass (it was mentioned previously that the males are 

no more physically active than females, therefore they are expending no more energy 

exercising), the excess calories must be accounted for elsewhere. The answer to this 

may be in the fat free mass (Figure 3.7). Though male fat free mass is significantly 

greater than females well before (four years), at and following peak height velocity, the 

difference in fat free mass between the genders becomes more pronounced. Males tend 

to gain more fat free mass (lean tissue, bone) than females during normal maturation and 

development (Malina & Bouchard, 1991; Chumlea et al., 1983; Tanner, 1978). This is 

manifest in the fact that males' average height is greater than females, but also in the fact 

that males generally appear more muscular than their female counterparts. This is not 
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due to tnale lifestyle, or diet, it is simply a result of the effects of honnones and natural 

developtnent. Energy and food consumed by males, in excess of what fetnales consume, 

may be used to facilitate this natural development, and therefore excess caloric 

consumption may not result in excess fat mass until after maturation and developtnent is 

complete. Also possibly accounting for the lack of fat mass gain in males is that 

maintaining muscle tissue, even at rest, requires energy (McArdle et al., 1996). It is 

estimated that the greater amount of lean tissue in males can account for the 5-l 0% 

ditierence between the gender's basal metabolic rates; therefore males can consume the 

associated number of calories without a detrimental effect on their body composition. 

To examine if sugar-sweetened drink consumption alone was related to 

adolescent fat mass, a model was generated that included this variable, as vvell as the 

total energy intake variable, adjusted for soft drink intake. The sugar-sweetened drink 

intake of both sexes increased similarly with age (Figures 3.10 & 3.13). The intake of 

males was consistently greater than that of females but only significantly at two and 

three years post peak height velocity. Despite the continual increasing consumption 

with age, and the consumption for males generally being greater than for females, no 

significant relationship between sugar-sweetened drink consumption and fat mass was 

found to exist. The basic comparisons are shown graphically for males and females in 

Figures 3.17 and 3.18. This finding is contrary to the hypothesis. It is also contrary to 

the suggestion of numerous earlier scientific papers which have suggested increasing 

levels of sugar-sweetened drink consumption is in part responsible for increasing levels 

of excess fat mass in adolescents (McGartland et al., 2003; Mrdjenovic & Levitsky, 

2003; Ludwig et al., 2001 ). 
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The tinal analysis involved generation of a model that included physical activity, 

sugar-sweetened drink and adjusted total energy intake measures, as well as a variable of 

interaction between physical activity and sugar-sweetened drink intake. These variables 

were all included mainly to determine if interaction existed between physical activity 

and sugar-sweetened drink intake. The model, contrary to the hypothesis, revealed that 

no such interaction existed in either gender. The model also revealed that when all the 

variables were included the significance of any of the variables was not altered. 

Physical activity level remained significantly related to fat mass in males, yet not in 

females, and none of the other added variables of interest were significantly related to fat 

mass in either gender. 

There are a number of possible reasons why both energy intake and sugar

sweetened drink consumption were not significantly related to fat mass. It might be that 

certain level of energy intake and/or sugar-sweetened drink consumption is required to 

influence fat mass. If the current sample's energy intake is to low, such a threshold 

would not be reached. Recent data of Canadian average energy intakes by gender and 

age could not be found for comparison, however, a brief comparison of the current 

sample's energy intake to average energy requirements for adolescent Canadians was 

attempted. A specific example is that the average caloric intakes were 1540 kcal and 

2220 kcal for the current study's 15 year-old females and males respectively. Both 

values were considerably lower than the reported average energy requirement of 2500 

kcal and 3000 kcal for Canadian 15 year-old females and males (Butte, 2000; Health and 

Welfare Canada, 1990). Perhaps the current sample's energy intake did not generally 

constitute an excess large enough to influence fat mass, even when including sugar

sweetened drink intake. Another possibility is that the study's sample had energy 
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intakes, and resultant body compositions that were too homogenous to reveal a 

significant relationship. Table 3.2, which categorizes individuals' into obese, 

overweight and normal weight, suggests this may be true; especially amongst males. 

Also possibly accounting for the lack of significant relationship in the current 

analysis is the fact that the data analysed was longitudinal, and collected over a period of 

years. Though the analysis performed was powerful, and growth and maturation were 

both accounted for, no known longitudinal study has yet found a significant relationship 

between energy intake and fat mass, over periods of years. Hypotheses regarding energy 

and drink intake were based on studies that were not longitudinal in nature, and 

generally of shorter duration (weeks, months). Perhaps the longitudinal data set 

introduces error in that intake was measured only two to three times per year. This may 

not be frequent enough to get a true estimation of regular dietary intake over the duration 

of the longitudinal study (Goran et al., 1998a). 

Another potential factor contributing to the lack of significance in the current 

study is the energy required for growth processes including tissue development. It has 

been suggested that energy requirements of the growth process account for up to 4% of 

energy requirements in adolescents (Butte, 2000). This percentage sounds small 

compared to the maximal percentage (36%) of energy requirements used for growth 

during infancy (Butte, 2000), however these values need to be put into context. During 

infancy energy requirements approximate 500 kcal/day (Health and Welfare Canada, 

1990). The 36% of this requirement used for growth is, approximately, 180 kcal/day, 

and exists at about two months of age (Butte, 2000). At 15 years of age the average 

energy requirement is 2500 kcal/day for females, and 3000 kcal/day for males (Butte, 

2000; Health and Welfare Canada, 1990). If approximately 4%> of this energy intake is 
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used tor growth. it is the equivalent of l 00 and 120 kcal/day in females and tnales 

respectively. Though this atnount of energy constitutes a signiticantly stnaller 

percentage of energy intake employed for growth than during infancy, in absolute terms 

the values only differ 80 and 60 kcal/day for females and males, respectively. Therefore 

during adolescence the energy consumed by growth processes may be large enough to 

ward off increases in fat mass due to minor excesses in energy intake. 

The amount of energy ( 100-120 kcal) consumed by the growth process during 

adolescence may appear inconsequential but, coincidently, the literature has cited that a 

12 ounce serving of sugar-sweetened drink contains 120 kcal (Ebbeling & Ludwig, 

2001 ). This would mean that an adolescent could theoretically consume one serving of 

sugar-sweetened drink per day, over and above the number of calories they require for 

other metabolic processes, daily living, and physical activity, and experience no excess 

in energy intake or adverse effects on body composition. The caveat is that this may be 

true only as long as individuals are growing. Once maturation and adult growth status is 

reached the adverse effects of the habitual excess calories may become evident. Within 

the given sample perhaps too few participants consistently consumed greater amounts of 

energy and/or sugar sweetened drink to overwhelm the energy consuming effects of 

growth. 

The methods of the present study possess several limitations, and a number of 

possible sources of error exist. Potential sources of error could pertain to fat mass 

measurement, physical activity measurement, or food recall. 

As mentioned previously, the DXA has been determined to be a valid and 

reliable instrument for body composition assessment. In recent years the DXA has been 

slowly becoming the "gold standard" to which other body composition assessments are 
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compared (Gutin et al., 1996; Heyward & Stolarczyk, l996). Sotne questions have been 

raised regarding the validity of the DXA's body composition assessment if an individual 

is scanned while dehydrated. Research pertaining to this is still ongoing but to date no 

evidence has been provided that indicates fat mass measurement is affected by an 

individual's hydration level (Dooly, Gray, Liparulo, Scheet, & Kraemer, 2003; Gray & 

Dooly, 2003). Fat mass generally does not contain water. Though being dehydrated 

may impact body composition with regards to lean tissue (which contains water), and 

body fat percentage in relation to total body mass, the actual fat mass measurement 

employed in the current analysis should not have been affected by an individual's level 

of hydration (Dooly et al., 2003; Gray & Dooly, 2003). 

Another source of potential error within the current study pertains to the ability 

of the DXA to assess body composition in children and adolescents. Several researchers 

have provided evidence that estimates of body composition using the DXA may not be 

as accurate in children and adolescents as they are in adults (Roemmich, Clark, 

Weltman, & Rogol, 1997; Boileau, Lohman, & Slaughter, 1985). The reasoning behind 

this is that the DXA makes assumptions that mineral and water contents of the fat free 

body are constant, to arrive at its body density assessment. Such assumptions, however, 

may not hold true in a maturing individual, as body water generally decreases and 

mineral content increases (Roemmich et al., 1997; Boileau et al., 1985). It has been 

suggested that the DXA software needs to account for maturational status in analysis of 

children and adolescent body scans. If the violation of the assumption is not accounted 

for, the DXA may bias the percentage fat estimate 7-13% in excess of the true value 

(Roemmich et al., 1997; Boileau et al., 1985). There is not complete agreement on this 

issue of the DXA error in children and adolescent's, however, as Svendsen et al. (1993) 
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demonstrated that against chemical analysis, the DXA was an accurate method tor 

tneasuring soft tissue in pigs weighing 35-95 kg. Most study participants 10 to 20 years 

old were within the 35-95kg body mass range (Appendix C - Tables C 1 & C2.). 

Realistically, most other assessments of body composition also demonstrate a bias in 

children and adolescents (Fields & Goran, 2000; Roemmich et al., 1997) and the utilized 

data from the DXA is likely as accurate as can be expected. 

A final source of potential error regarding body composition assessment is the 

human element. Participant positioning on the scanning bed can influence the DXA 

assessment, however this source of error was virtually eliminated by the fact that a 

standard positioning procedure and certified technicians were employed to perform the 

DXA scans (Bailey et al., 1999). 

Other possible sources of error exist within the physical activity measurement, 

the P AQ-C/ A. This physical activity questionnaire has been cited to demonstrate 

internal consistency and validity with several other evaluations of activity level (Bailey, 

1997; Crocker et al., 1997; Kowalski et al., 1997). Nonetheless a cause for concern is 

that the measurement relies heavily on the cooperation, honesty, and forthrightness of 

the participants. Over, or under-reporting, are distinct possibilities when participants are 

relied on so heavily. Also, it may be that assessing physical activity two to three 

times/year, over the seven year period, may not provide an accurate assessment of 

physical activity level. Conclusions and generalizations from the current study, 

pertaining to physical activity, should possibly be tempered with consideration of the 

physical activity assessment. A more accurate tool of activity assessment would maybe 

reveal differing relationships to fat mass of adolescents. 
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The 24-hour food recall has inherent weaknesses and sources of error as well. 

The recall procedure followed a structure similar to other recall procedures, and outside 

of providing food for the participants or observing them for 24 hours at a time, the recall 

offers the best method of obtaining a dietary record (Goran et al., 1998a). To increase 

the accuracy and validity of the participants' reporting of food portions, training was 

initially provided to them, and pictures and utensils were accessible as visual cues at the 

time of reporting. Again however, as with the physical activity measure, despite the 

researcher's best efforts to obtain the most accurate dietary records possible, a large 

portion of the responsibility rests on the participant. Dietary intakes assessed by food 

recall questionnaires are susceptible to under-reporting, especially amongst those who 

are overweight or obese (Livingstone & Black, 2003). To further complicate the issues 

associated with the food recall, a recent longitudinal study revealed that as 1 0-15 year 

old females got older they reported their energy intake less accurately (there is no data 

on males) (Bandini et al., 2003). Under-reporting could be due to simply under

estimating on the participant's part, or intentional because of guilt or embarrassment at 

what was truly consumed (Livingstone & Black, 2003). Despite precautions taken, it is 

possible that the current data set of food recall contained under reporting. If such under

reporting occurred it may, in part, account for why the current study's average energy 

intake appeared well below the average energy requirement of 15 year-olds above. It 

could also have a bearing on the ability to determine whether total energy intake or 

sugar-sweetened drink consumption have a significant relationship with an individual's 

fat mass. 

The lack of significant influence of both energy intake and sugar sweetened 

drink on fat mass may also be due to a lack of precision of the dietary assessment 
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method. Bandini et al. (2003) state that it is unlikely any available dietary analysis 

method of assessing energy intake is precise enough to determine how it contributes to 

fat mass in adolescents longitudinally. Go ran et al. ( 1998a) report that an excess energy 

imbalance of only 23 kcal/day for a four year period, can result in excess adipose tissue. 

They then state that questionnaires and food recalls are not always precise enough to 

identify small but significant imbalances (Goran et al., 1998a). This weakness of dietary 

questionnaires and recalls is a potential contributing factor to the lack of significance in 

the current analysis pertaining to dietary energy and sugar-sweetened drink intake. 

4.2 CONCLUSION 

Pertaining to the hypotheses, several conclusions can be made from the current 

study's results. 

1. More physically active male adolescents have lower amounts of fat mass than 

male adolescents who are less physically active. For the female adolescents, 

however, activity level did not significantly affect fat mass. 

2. Adolescents with a higher dietary energy intake did not have a significantly 

greater fat mass than those with a lower dietary energy intake. 

3. Adolescents that had a higher sugar-sweetened drink intake did not have a 

significantly greater fat mass than those with a lower sugar-sweetened drink 

intake. 

4. Adolescents' physical activity level did not significantly interact with sugar

sweetened drink intake, and therefore there was no interaction which 

significantly related to fat mass of adolescents. 
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Though the study has inherent weaknesses in measures of physical activity, 24-hour 

food recall, and body composition assessment by the DXA, it also has the si!:,>niticant 

strengths of being a longitudinal study that examined fat mass of adolescents while 

accounting for body size, timing, and tempo of growth. Within the error of the 

measures, the study of the PBMAS participants provides further support to the body of 

evidence concerning the positive influence that higher physical activity levels have on 

adolescent fat mass. The study of PBMAS participants, however, does not support the 

idea purported by many researchers that sugar-sweetened drink intake is largely 

responsible for the epidemic increase in childhood fat mass. 

4.3 FUTURE DIRECTIONS 

Further studies are needed pertaining to the relationship of both physical activity 

and sugar-sweetened drink intake to fat mass of adolescents. If possible, future studies 

should be longitudinal in nature, and should attempt to control for maturation. Though 

evidence suggests that fat mass of adolescents can be reduced by being more physically 

active (at least in males), the level of physical activity that is required for benefit has not 

yet been identified. As well, if there is a level of physical activity that would be 

beneficial in controlling females' excess fat mass, it should be identified. Recognizing 

the level of physical activity needed for benefit of body composition in both genders 

would allow identification of individuals at risk of obesity, prior to the existence of 

excess body fat and associated health risks. Future studies could perhaps focus on 

generating reference standards for levels of physical activity most optimal for healthy 
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adolescent fat mass development and utilisation of the most accurate physical activity 

tneasurement available would be recommended to maximize research value. 

Whether or not sugar-sweetened drink intake impacts fat mass retnatns 

controversial. Future studies could approach this topic ditlerently, perhaps by 

examining groups of extremely high and extremely low sugar-sweetened drink intake, or 

even by creating a study with an intervention. It seems that a generally moderate intake, 

such as the one seen in the current sample, does not impact fat mass. The sugary drink 

intake of the PBMAS sample could be used as a reference standard, at which no 

negative impact on fat mass is observed. Perhaps, however, there is a level of intake at 

which body composition is affected. Future studies should attempt to identify such a 

threshold, if it exists, and a precise measure of dietary intake will be needed. 
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UNIVERSITY ADVISORY COM11ITTEE ON ETffiCS IN 
HUMAN EXPERIMENTATION 

(Medical Ethics) 

NAME AND EC #: Dr. D.A. Bailey 
Physic~ Education 

88-102 
NHRDP (#6608-1261-0S) 

DATE: Febru:uy l5, 1994 

The revised consent form for the study entitled "A mixed Longitudinal Study of Bone Densny 
Change During the Adolescent Y~ in Boys ;md Giris with Special Reference to Physical Activity 
Patterns and Nutritional Factors" has been reviewed by the University Advisory Committee on 
Ethics in Human Experimentation (Medic.U Sciences) and approval has been provided for renewal 
of the study. 

Therefore you arc free to proceed with the project subject to the following conditions: 

APPROVED. 

Please submit the revisions requested in ! (a) to the Director of Research Ser~ices. 
Room 210 Kirk Hall. 

2. Ally significant changes to your protocol should be reponed to the J?irector ofResea.~h 
Services for Committee consideration in advance of its implementauon. 

3. Please submit to the Committee all adverse events reports received from the study 
sponsor. 

4. U pan discontinuation or closure of the research study. plense notify the Director of 
Rcse:u-ch Services in writing. 

E. A. Me 7nna 
Ch:ur 
Ur.iversity Advisory Committee on Ethics in Human Experi1ncntation 

cc: Royal University Hospital 
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Parent's statement: 

1 understand the purpose and procedures of this study as described above and I voluntarily a;;~ee ~s 
ailo-..·J my child to participate. I understand that at any time during the study, he or she will be '~ee :c. 
vJithdraw without jeopardizing any medical management, employment or educational opportt.::::~Jes. · 
understand the contents of the consent form, the proposed procedures and possible risks. 

I have had the opportunity to ask questions and have received satisfactory answers to all inc;uiries 
regarding this study. 

Signature of Parent or Guardian Date/ 

Subject's Statement: 

I understand the purpose and procedures of this study as described above and I voluntarily agree to 

participate. I understand that at any time during the study, I will be free to withdraw YJithout jeopardizing 
any medical management, employment or educational opportunities. I understand the contents of the 
consent form, the proposed procedures and possible risks. 

I have had the opportunity to ask questions and hav~ received satisfactory answers to all inquiries 
regarding this study. 

~1gnatute of Sulf)ect Date 

Skeletal fragility in older adults appears to be a function of peak bone mass attained in early adult 
years. Nutritional factors and mechanical loading factors during the growing years may have an impact 
on the attainment of an optimal level of bone mass, this is the rationale behind the current study on 
children. 

Heredity is another factor that may be involved in osteoporosis. For this reason provision will be rna de . 
for any mother, who is interested, to have hei own bciie der.sity status evaluated. Th!s wi!l pro·.'iC:e eact1 
participating mother with the most accurate indication of bone density status currently available, and \•Jhen 
linked with the data on their child it will provide us with valuable generational information. 

As the mother of a child in the bone density study, 1 am interested..-._ 1 am not interested __ . 
in having my own bone mineral content and skeletal status evaluated at some time during the next year. 

Please return this form to Mr. Kikcio, Principal, Prince Philip School by Wednesday April 17, 1991. If 
you were unable to attend the parent information meetings and have questions about the proposed study. 
Mrs. Barb Mooney at Alvin Buckwold School (374-0811) can provide you with additional information or you 
can contact Dr. Don Bailey, the chief investigator for this study, at the University of Saskatchewan 
(966·6524). 
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Table C.l - Female descriptive values by chronological age, presented as tnean (standard error). 

Total 
Sugar-

Chronological Number of Body Mass Fat Free Fat Mass Energy 
Physical sweetened 

Age Category Subjects 
Height (m) (kg) Mass (kg) (kg) Intake 

Activity Drink 
Score Intake 

(Calories) (Ounces) 

8 19 1.328 (0.0 16) 29.89 (1.69) 21.02 (0.65) 8.19 (1.13) 1683.68 (87.45) 3.26 (0.16) 6.58 ( 1.42) 

9 32 1.3 73 (0.0 16) 32.47 (1.58) 23.12 (0.74) 8.62 (0.94) 1676.14 (73.56) 2.88 (0.12) 6.40 ( 1.06) 

10 50 1.419 (0.012) 35.73 (1.20) 25.03 (0.61) 9.97 (0.75) 1637.39 (57.56) 3.18 (0.08) 4.75 (0.65) 

11 63 1.487 (0.011) 40.71 (1.40) 28.18 (0.69) 11.70 (0.88) 1653.46 (49.77) 2.94 (0.07) 7.96(0.81) 

12 75 1.547 (0.009) 45.49 (1.22) 31.82 (0.64) 12.75 (0.76) 1616.76 (51.49) 3.0 l (0.08) 8.02 (0.75) 
0 

13 89 1.598 (0.008) 51.30 (1.13) 35.84 (0.56) 14.54 (0.73) 1644.29 (52.14) 2.75 (0.06) 7.47 (0.62) 

14 93 1.629 (0.007) 55.42 (1.12) 38.12 (0.52) 16.37 (0.76) 1586.49 (55.58) 2.70 (0.07) 9.62 (0.93) 

15 88 1.646 (0.009) 59.36 (1.20) 39.51 (0.50) 18.87 (0.86) 1541.99 (60.25) 2.59 (0.06) 11.53 ( 1.16) 

16 63 1.655 (0.007) 61.64 (1.47) 40.19 (0.61) 20.44 (1.05) 1346.07 (60.01) 2.48 (0.09) 11.53 (1.16) 

17 47 1.659 (0.009) 64.04 (1.86) 41.25 (0.76) 21.73 (1.30) 1466.60 (99.13) 2.32 (0.10) 12.14(1.44) 

18 35 1.655 (0.011) 68.13 (2.64) 42.19 (0.94) 24.87 ( 1.95) 1451.61 (93.81) 2.08 (0.13) 20.29 (3.04) 

19 19 1.668 (0.0 16) 72.84 (4.39) 43.48 (1.60) 28.32 (3.12) 1367.96 (97 .40) 2.13 (0.25) 12.42 (3.17) 

20 7 1.654 (0.021) 77.30 ( 10.39) 44.12 (3.78) 32.09 (6.72) 1242.02 (222.98) 1.78 (0.27) 35.79 (14.55) 

21 2 1.655 (0.033) 75.60 (17.6) 44.06 (3.12) 30.66 (14.45) 958.45 (228.47) 25.50 (19.50) 
---

, ___ 
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Table C.2- Male descriptive values by chronological age, presented as tnean (standard error). 

Total 
Chronological Number of Body Mass Fat Free Fat lVIass Energy 
Age Category Subjects 

Height (m) 
(kg) Mass (kg) (kg) Intake 

(Calories) 

8 7 1.316 (0.021) 27.31 (1.51) 21.78 ( 1.00) 5.00 (0.95) 1783.59 (128.48) 

9 20 1.383 (0.011) 32.29 (1.13) 25.15 (0.56) 6.54 (0.89) 1743.51 (108.53) 

10 35 1.433 (0.0 1 0) 35.39 (1.01) 27.30 (0.51) 7.49 (0.70) 1726.47 (69.22) 

11 54 1.476 (0.009) 39.51 (1.01) 29.65 (0.48) 9.21 (0.79) 1820.07 (69.47) 

12 76 1.536 (0.008) 44.28 (0.96) 33.17 (0.54) 10.37 (0.69) 1788.43 (56.03) 

13 88 1.611 (0.009) 50.63 ( 1.02) 38.76 (0.70) 11.01 (0.72) 1840.11 (57.91) 

14 88 1.696 (0.009) 57.12(1.11) 46.28 (0.83) 9.92 (0.59) 2158.05 (83.00) 

15 78 1. 744 (0.008) 63.18 (1.20) 52.02 (0.82) 10.20 (0.70) 2223.20 (93.03) 

16 64 1. 776 (0.008) 68.79 (1.30) 56.06 (0.80) 11.72 (0.86) 2479.66 (133.50) 

17 50 1. 786 (0.0 1 0) 72.67 ( 1.65) 58.52 (0.90) 13.06 (1.11) 2761.61 (228.75) 

18 35 1. 791 (0.0 13) 75.53 (2.18) 59.72 (1.13) 14.77 (1.46) 2313.96 (182.96) 

19 17 1.803 (0.0 19) 79.40 (3.44) 63.20 (1.70) 15.29 (2.25) 2680.12 (237.72) 

20 8 1.851 (0.0 16) 78.99 (4.35) 63.48 (24.60) 14.69 (2.61) 2356.09 (379.25) 

21 2 1.832 (0.045) 80.75 (14.6) 69.68 (9.53) 10.32 (5.14) 2459.65 (791.83) 
-- -----·- ..•.. 

Sugar-
Physical sweetened 
Activity Drink 

Score Intake 
(Ounces) 

3.14 (0.27) 3.71 (1.06) 
I 

3.11(0.19) 5. 72 ( 1.44) 

3.33 (0.1 0) 5.07 (0.73) 

3.35 (0.09) 7.38 ( 1.00) 

3.32 (0.07) 7. 73 (0.87) 
j 

3.13 (0.07) 10.90 ( 1.33) 

3.03 (0.07) 12.91 (1.26) J 

2.89 (0.08) 16.12(1.88) 1 

2.70 (0.08) 17.54 (2.64) 

2.48 (0.09) 17.34 (2.55) i 

2.33 (0.12) 21.67 (3.68) I 

2.23 (0.28) 27.59 (6.25) 

37.56 ( 1 0.38) 

67.00 (55.00) 
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Table C.3- R f d fth ders. bv ch lo1!ical .. ........ ' "' ...... ...... ...... "' 

Total Energy Physical 
Sugar-

Chronological Body Mass Fat Free Fat Mass sweetened 
Age Category 

Height (m) 
(kg) Mass (kg) (kg) 

Intake Activity 
Drink Intake 

(Calories) Score 
(Ounces) 

8 .649 .366 .513 .100 .548 .686 .227 

9 .637 .936 .049 .139 .597 .283 .699 

10 .402 .842 .007 .023 .325 .234 .745 

11 .439 .503 .083 .041 .049 .oooo .648 

12 .354 .439 .088 .021 .026 .005 .803 

13 .232 .663 .0010 .001 ~ .013 .oooo .019 

14 .oooo .284 .oooo .000 ~ .000 cs .001 cs .036 

15 .000 cs .026 .000 cs .000 ~ .000 cs .003 0 .035 

16 .000 cs .000 cs .000 cs .000 ~ .000 cs .060 .040 

17 .000 cs .001 cs .000 cs .000 ~ .oooo .237 .084 

18 .000 cs .034 .000 cs .000 ~ .000 cs .153 .773 

19 .000 (J .255 .000 (J .002 ~ .000 (J .791 .032 

20 .000 (J .878 .001 cs .025 .030 .921 

21 .087 .843 .126 .316 .210 .551 

~ indicates female average is significantly greater, and CS indicates male average is significantly greater at p<0.05, after Bonferroni 
adjushnent. 



Table C.4- Female descriptive values by maturational age, presented as tnean (standard error). 

Total 
Sugar-

Maturational 
Number of Body Mass Fat Free Fat Mass Energy 

Physical sweetened 
Age Height (m) Activity Drink 

Category 
Subjects (kg) Mass (kg) (kg) Intake 

Score Intake 
(Calories) 

(Ounces) 

-5 4 1.297 (0.028) 28.23 (2.32) 20.39 (1.10) 7.19 (1.20) 1900.24 (202.49) 3.78 (0.25) 9.00 (5.26) 

-4 17 1.338 (0.0 18) 29.49 (1.64) 21.59 (0.82) 7.26 (0.90) 1560.44 (108.94) 2.95 (0.15) 7.35 ( 1.35) 

-3 29 1.368 (0.0 14) 31.37 (1.31) 22.28 (0.61) 8.39 (0.80) 1753.14 (77.33) 3.01(0.11) 4.02 (0.88) 

-2 44 1.415 (0.011) 35.33 (1.26) 24.59 (0.55) 9.97 (0.82) 1670.93 (60.44) 3.05 (0.09) 4.98 (0.72) 

-1 56 1.469 (0.0 1 0) 39.39 (1.24) 27.12 (0.57) 11.43 (0.81) 1687.92 (63.08) 3.04 (0.08) 7.01 (0.82) -0 
~ 0 74 1.529 (0.009) 43.10 (1.13) 30.41 (0.54) 11.84 (0.74) 1701.11 (46.39) 2.97 (0.07) 7.60 (0.67) 

1 84 1.603 (0.007) 51.34 (1.17) 36.02 (0.57) 14.41 (0.77) 1629.44 (48.26) 2.78 (0.07) 9.51 (0.82) 

2 89 1.630 (0.007) 55.63 ( 1.13) 38.08 (0.50) 16.61 (0.81) 1525.33 (58.36) 2.75 (0.07) 8.84 (0.86) 

3 87 1.647 (0.007) 59.38 (1.19) 39.50 (0.50) 18.86 (0.86) 1519.63 (61.39) 2.60 (0.07) 10.50(1.02) 

4 68 1.650 (0.007) 62.51 (1.49) 40.55 (0.60) 20.93 ( 1.09) 1350.12 (60.90) 2.45 (0.08) 13.4~ (1.41) 

5 50 1.649 (0.009) 62.34 (1.74) 40.53 (0.71) 20.81 (1.24) 1426.51 (87 .20) 2.28 (0.09) 14.27 (2.15) 

6 33 1.649(0.011) 65.60 (2.37) 41.04 (0.87) 23.49 (1.77) 1607.59 (89.04) 2.07 (0.13) 18.71 (3.76) 

7 19 1.658 (0.0 17) 71.35 (4.06) 42.78 ( 1.53) 27.52 (2.93) 1270.55 (115.32) 2.04 (0.22) 14.00 (2.99) 

8 5 1.621 (0.021) 68.58 (10.79) 40.60 (4.46) 27.09 (6.63) 1566.12 (186. 92) 21.80 ( 10.28) 
--- ~- - -~--·~·-·~--
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Table C.S -Male descriof 

Maturational 
Number of 

Age 
Subjects 

Category 

-6 3 

-5 11 

-4 27 

-3 46 

-2 60 

-1 76 

0 84 

1 82 

2 73 

3 55 

4 45 

5 28 

6 16 

7 7 

8 2 

b turat ted . ~ . 

Body Mass Fat Free 
Height (m) 

(kg) Mass (kg) 

1.328 (0.014) 25.73 (1.36) 21.47 (0.80) 

1.355 (0.0 13) 30.38 (1.74) 23.57 (0.69) 

1.404 (0.011) 33.46 (1.21) 25.85 (0.54) 

1.459 (0.009) 38.44 (1.16) 28.75 (0.48) 

1.509 (0.008) 41.89 ( 1.08) 30.93 {0.41) 

1.561 (0.007) 46.28 ( 1.07) 34.21 (0.46) 

1.641 (0.008) 52.23 (0.95) 41.06 (0.59) 

1.726 (0.008) 59.96 (0.98) 49.45 (0.61) 

1. 773 (0.008) 66.73 (1.17) 55.19 (0.67) 

1.788 (0.010) 70.31 ( 1.37) 57.43 (0.75) 

1.789 (0.011) 73.44 (1.68) 59.04 (1.01) 

1.794 (0.014) 77.01 (2.56) 61.21 {1.42) 

1.785 (0.019) 78.43 (3.71) 62.35 (2.05) 

1.791 (0.027) 77.33 (2.87) 62.04 (1.53) 

1.744 (0.042) 79.68 (13.5) 61.83 ( 1.68) 

(standard ) 

Total 
Sugar-

Fat Mass Energy 
Physical sweetened 

(kg) Intake 
Activity Drink 

(Calories) 
Score Intake 

(Ounces) 
3.74 (0.50) 1582.41 (59.41) 2.72 (0.50) 2.11 (0.48) 

6.28 (1.37) 1509.56 (111.76) 3.13 (0.27) 4.77(1.16) 

7.04 (1.01) 1 794.44 (79 .46) 3.25 (0.15) 4.76 (0.81) 

9.07 (0.85) 1733.32 (64.90) 3.36 (0.09) 7.33 (1.01) 

10.26 (0.83) 1930.48 (90.18) 3.32 (0.07) 7.60 ( 1.04) 

11.26 (0.79) 1794.68 (54.63) 3.29 (0.07) 9.05 (0.98) 

10.30 (0.63) 1917.81 (67.64) 3.04 (0.07) 12.53 ( 1.49) 

9.58 (0.63) 2112.49 (87.33) 2.97 (0.08) 13.33 (1.76) 

10.54 (0.76) 2395.01 (95.44) 2.84 (0.08) 16.66 (2.30) 

11.83 (0.96) 2505.39 (149.36) 2.70 (0.08) 17.59 (2.08) 

13.35 (1.08) 2611.85 (264.48) 2.43 (0.09) 18.10 (2.84) 

14.83 (1.56) 2320.99 (149.11) 2.23 (0.15) 23.34 (4.50) 

15.15 (2.19) 2534.91 (263.39) 2.27 (0.25) 31.09 (7.67) 

14.41 (2.29) 2862.00 (440.27) 29.79 ( 10.57) 

16.86 (11.68) 2907.47 (1239.65) 52.00 (40.00) 
----- L__~----~---~~----· 
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Table C.6- Results oft-test d tive statist' fth ders. b turat· - - - - ~ -

Maturational Total Energy Physical 
Sugar-

Body Mass Fat Free Fat Mass sweetened 
Age Height (m) 

(kg) Mass (kg) (kg) 
Intake Activity 

Drink Intake 
Category (Calories) Score 

(Ounces) 

-6 .633 .603 .447 .099 .888 .516 .133 

-5 .050 .515 .034 .714 .089 .198 .254 

-4 .oo2 a .054 .oooa .886 .134 .195 .088 

-3 .oooa .oooa .oooa .590 .845 .012 .026 

-2 .oooa .oooa .oooa .809 .019 0.24 .057 

-1 .oooa .oooa .oooa .885 .134 .020 .132 

0 .oooa .oooa .oooa .113 .oo2 a .523 .004 

1 .oooa .oooa .oooa .000 ~ .oooa .075 .049 

2 .oooa .oooa .oooa .000 ~ .oooa .379 .001 0 
3 .oooa .oooa .oooa .000 ~ .oooa .389 .001 0 
4 .oooa .oooa .oooa .000 ~ .oooa .876 .110 

5 .oooa .oooa .oooa .004 .oooo .771 .043 

6 .oooa .004 .oooa .007 .oooa .461 .109 

7 .oooa .400 .oooa .016 .oooo .407 .058 

8 .033 .592 .038 .457 .152 .319 
--

~ indicates female average is significantly greater, and a indicates male average is significantly greater at p<O.OS, after Bonferroni 
adjusttnent. 
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Table D.l -Normal distribution tests of males and fetnales height, for skewness and kurtosis, by n1aturational age. 

Variable MATCAT Mean Std. Error Skewness 
Skew. Std. Normal 

Kurtosis 
Kurt. Std. 

Error Test Skew. Error 
Boys -6 132.80 1.39 -0.37 1.22 -0.30 

Height -5 135.51 1.31 -0.42 0.66 -0.64 -0.19 1.28 
-4 140.36 1.06 0.42 0.45 0.94 2.15 0.87 
-3 145.90 0.85 0.62 0.35 1.77 1.39 0.69 
-2 150.92 0.75 0.45 0.31 1.46 0.25 0.61 
-1 156.06 0.74 -0.02 0.28 -0.06 0.25 0.54 
0 164.13 0.75 -0.03 0.26 -0.10 -0.30 0.52 
1 172.61 0.76 -0.19 0.27 -0.70 -0.69 0.53 
2 177.34 0.78 -0.29 0.28 -1.03 -0.76 0.56 
3 178.83 0.96 -0.28 0.32 -0.89 -0.79 0.63 
4 178.93 1.06 -0.27 0.35 -0.76 -0.79 0.69 
5 179.38 1.41 -0.44 0.44 -1.00 -0.65 0.86 
6 178.52 1.87 -0.42 0.56 -0.75 -0.51 1.09 
7 179.10 2.69 0.45 0.79 0.57 -0.86 1.59 
8 174.43 4.23 #DIV/0! 

Girls -5 129.65 2.79 1.66 1.01 1.64 3.12 2.62 
Height -4 133.80 1.81 0.47 0.55 0.85 1.78 1.06 

-3 136.76 1.38 1.00 0.43 2.32 2.24 0.85 
-2 141.50 1.09 0.73 0.36 2.04 2.54 0.70 
-1 146.92 1.04 0.25 0.32 0.78 1.94 0.63 

0 152.92 0.87 0.35 0.28 1.24 1.62 0.55 

1 160.31 0.74 0.33 0.26 1.27 0.99 0.52 
2 163.01 0.66 0.26 0.26 1.01 -0.33 0.51 

3 164.69 0.66 0.41 0.26 1.59 0.12 0.51 

4 164.98 0.70 0.39 0.29 1.33 0.72 0.57 
5 164.89 0.85 0.59 0.34 1.75 1.07 0.66 

6 164.92 1.14 1.00 0.41 2.44 1.69 0.80 

7 165.76 1.68 0.75 0.52 lA3 0.93 1.01 
8 162.11 2.13 0.05 0.91 0.05 1.43 2.00 

-------------

Normal 
Test Kurt. 

#DIV/0! 
-0.15 
2.47 
2.01 
0.42 
0.46 
-0.57 
-1.30 
-1.37 
-1.24 
-1.14 
-0.76 
-0.46 
-0.54 

#DIV/0! 
1.19 
1.68 
2.65 
3.62 
3.09 
2.93 
1.90 

-0.65 
0.23 
1.25 
1.62 
2.12 
0.92 
0.72 
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Table 0.2- N 

Variable 

Boys Body 
Mass 

Girls Body 
Mass 

1 distribution tests of 

MATCAT Mean 

-6 25.73 
-5 30.38 
-4 33.46 
-3 38.44 
-2 41.89 
-1 46.28 
0 52.23 
1 59.96 
2 66.73 
3 70.31 
4 73.44 
5 77.01 
6 78.43 
7 77.33 
8 79.68 
-5 28.23 
-4 29.49 
-3 31.37 
-2 35.33 
-1 39.39 
0 43.10 
1 51.34 
2 55.63 
3 59.38 
4 62.51 
5 62.34 
6 65.60 
7 71.35 
8 68.58 

d~ bod 
r 

Std. Error Skewness 

1.36 1.39 
1.74 0.86 

1.21 1.53 
1.16 1.07 
1.08 1.09 
1.07 1.07 
0.95 0.87 
0.98 0.84 
1.17 1.00 
1.37 0.69 
1.68 0.43 
2.56 0.56 
3.71 0.65 
2.87 -0.81 
13.53 
2.32 -1.94 
1.64 1.43 
1.31 1.61 
1.26 1.16 
1.24 0.82 
1.13 1.06 
1.17 1.11 
1.13 1.15 
1.19 1.06 
1.49 0.93 
1.74 0.88 
2.37 0.65 
4.06 0.08 
10.79 0.17 

for sk dk . b f -
Skew. Std. Normal 

Kurtosis 
Kurt. Std. Nor null 

Error Test Skew. Error Test Kurt. 
1.22 1.13 #VALUE! 

0.66 1.30 1.03 1.28 0.80 

0.45 3.41 2.58 0.87 2.96 
0.35 3.06 0.89 0.69 1.29 
0.31 3.53 1.21 0.61 1.99 

0.28 3.88 1.23 0.54 2.26 
0.26 3.31 0.85 0.52 1.63 
0.27 3.15 1.66 0.53 3.17 
0.28 3.56 1.39 0.56 2.50 
0.32 2.14 0.15 0.63 0.23 
0.35 1.22 -0.46 0.69 -0.66 
0.44 1.26 -0.91 0.86 -1.06 
0.56 1.14 -0.55 1.09 -0.50 
0.79 -1.02 1.69 1.59 1.07 

#VALUE! #VALUE! 

1.01 -1.91 3.80 2.62 1.45 

0.55 2.60 3.10 1.06 2.91 

0.43 3.71 3.27 0.8.5 3.87 

0.36 3.25 1.19 0.70 1.70 

0.32 2.56 0.12 0.63 0.19 

0.28 3.80 0.97 0.55 1.75 

0.26 4.21 1.37 0.52 2.64 

0.26 4.50 1.47 0.51 2.92 

0.26 4.09 0.63 0.51 1.22 
0;29 3.20 0.40 0.57 0.69 

---

0.34 2.63 0.15 0.66 0.23 
0.41 1.60 -0.56 0.80 -0.70 

---
0.52 0.16 -1.22 1.0 l -1.20 
0.91 0.19 -3.02 2.00 -1.51 



Table D.3 -Normal distribution tests of tnales and females fat mass, for skewness and kurtosis, by maturational age. 

Variable MATCAT Mean Std. Error Skewness 
Skew. Std. Normal 

Kurtosis 
Kurt. Std. Normal 

Error Test Skew. Error Test Kurt. 
Boys Fat -6 3736.59 504.07 1.73 1.22 1.41 #VALUE! 

Mass -5 6280.87 1370.97 2.06 0.66 3.12 3.91 1.28 3.06 
-4 7044.42 1012.40 2.22 0.45 4.95 5.13 0.87 5.88 
-3 9066.28 853.99 1.40 0.35 3.99 1.52 0.69 2.21 
-2 10259.40 831.04 1.54 0.31 4.98 2.32 0.61 3.81 
-1 11258.82 792.82 1.69 0.28 6.13 3.52 0.54 6.46 
0 10301.21 633.91 1.63 0.26 6.21 2.96 0.52 5.70 
1 9577.14 629.01 2.28 0.27 8.59 7.28 0.53 13.85 
2 10543.73 754.93 2.02 0.28 7.18 5.45 0.56 9.82 
3 11834.31 960.17 1.49 0.32 4.62 2.37 0.63 3.75 
4 13350.89 1076.92 0.80 0.35 2.25 -0.31 0.69 -0.45 
5 14825.71 1560.85 1.03 0.44 2.35 0.09 0.86 0.10 - 6 15151.08 2194.11 1.14 0.56 2.02 1.12 1.09 1.03 

0 7 14406.52 2294.27 0.19 0.79 0.24 -0.07 1.59 -0.04 
8 16857.10 11676.49 #VALUE! #VALUE! 

Girls Fat -5 7187.86 1199.45 -1.89 1.01 -1.86 3.66 2.62 1.40 
lVIass -4 7255.68 900.39 1.17 0.55 2.12 0.82 1.06 0.77 

-3 8390.02 801.79 1.41 0.43 3.25 1.77 0.85 2.09 

-2 9968.14 823.50 0.90 0.36 2.53 -0.03 0.70 -0.05 
-1 11426.22 813.01 0.90 0.32 2.82 0.34 0.63 0.54 
0 11842.20 737.77 1.29 0.28 4.63 1.25 0.55 2.26 
1 14411.96 768.11 1.31 0.26 5.00 1.41 0.52 2.71 
2 16608.65 811.90 1.39 0.26 5.43 1.50 0.51 2.97 
3 18860.70 858.10 1.30 0.26 5.02 0.92 0.51 l.79 

4 20927.14 1086.92 1.10 0.29 3.78 0.53 0.57 0.93 
5 20805.12 1236.48 1.06 0.34 3.15 0.28 0.()6 0.43 
6 23486.60 1774.34 0.79 0.41 1.93 -0.62 0.80 -0.78 

7 27522.42 2924.96 0.27 0.52 0.52 -1.23 1.01 -1.22 
-~-- -·-------

8 27087.18 6627.75 0.11 0.91 0.12 -2.45 2.00 -1.22 



Table D.4- Normal distribution tests of males and fetnales fat free mass, for skewness and ktn1osis, by tnaturational age. 
-

Variable MATCAT Mean Std. Error Skewness 
Skew. Std. Normal 

Kurtosis 
Kurt. Std. Normal 

Error Test Skew. Error Test Kurt. 
Boys Fat -6 21466.78 795.48 1.07 1.22 0.87 #DIV/0! 

Free Mass -5 23564.54 685.60 -0.97 0.66 -1.46 0.76 1.28 0.59 
-4 25847.82 537.86 0.32 0.45 0.71 1.52 0.87 1.74 
-3 28745.44 478.33 0.55 0.35 1.57 0.71 0.69 1.04 
-2 30926.63 407.33 0.23 0.31 0.73 0.22 0.61 0.37 
-1 34209.56 458.40 0.49 0.28 1.79 0.48 0.54 0.88 
0 41063.67 590.57 0.58 0.26 2.22 0.50 0.52 0.95 
1 49450.34 613.97 0.17 0.27 0.65 -0.10 0.53 -0.19 
2 55189.63 674.89 0.33 0.28 1.19 -0.01 0.56 -0.02 
3 57430.46 745.63 0.21 0.32 0.64 -0.30 0.63 -0.48 
4 59042.38 1011.87 0.53 0.35 1.50 -0.23 0.69 -0.33 
5 61210.18 1420.70 0.28 0.44 0.64 -0.92 0.86 -1.07 
6 62346.41 2053.04 0.47 0.56 0.83 -0.79 1.09 -0.73 
7 62044.49 1531.53 0.14 0.79 0.18 -1.82 1.59 -1.14 
8 61833.61 1680.20 #DIV/0! #DIV/0! 

Girls Fat -5 20393.68 1101.77 -1.95 1.01 -1.93 3.83 2.62 1.46 
Free :Mass -4 21594.53 822.68 1.50 0.55 2.73 4.24 1.06 3.98 

-3 22280.77 612.96 1.84 0.43 4.25 5.77 0.85 6.83 
-2 24588.02 550.95 1.96 0.36 5.49 6.88 0.70 9.80 
-1 27117.13 565.24 1.41 0.32 4.43 3.52 0.63 5.61 
0 30411.47 538.51 1.21 0.28 4.35 3.39 0.55 6.15 
1 36016.34 571.94 0.98 0.26 3.72 2.36 0.52 4.54 
2 38078.49 499.52 0.48 0.26 1.86 -0.13 0.51 -0.26 
3 39503.67 500.02 0.56 0.26 2.16 -0.14 0.51 -0.27 
4 40554.37 602.71 0.72 0.29 2.46 0.14 0.57 0.24 
5 40525.71 711.05 0.70 0.34 2.08 0.16 0.66 0.24 
6 41039.53 871.09 0.79 0.41 1.93 0.57 0.80 0.71 

--
7 42778.98 1530.33 0.52 0.52 1.00 -0.65 1.01 -0.64 
8 40595.64 4462.75 0.76 0.91 0.84 -1.50 2.00 -0.75 

--



Table D.5- N 1 distribution tests of dfc d' d · take. for sk dk . b - ~ ~ ~ 

Variable MATCAT Mean Std. Error Skewness 
Skew. Std. Normal 

Kurtosis 
Kurt. Std. Normal 

Error Test Skew. Error Test Kurt. 
lloys -6 1582.41 59.41 0.10 1.22 0.08 #VALUE! 

Adjusted -5 1509.56 111.76 -1.66 0.69 -2.41 3.64 1.33 2.73 
Energy -4 1794.43 79.46 0.19 0.45 0.43 -0.69 0.87 -0.80 
Intake 

-3 1733.32 64.90 0.07 0.35 0.19 -0.69 0.69 -1.01 
-2 1930.48 90.18 1.63 0.31 5.28 3.23 0.61 5.31 
-1 1794.68 54.63 0.64 0.28 2.30 1.04 0.54 1.91 
0 1917.81 67.64 0.89 0.26 3.38 1.44 0.52 2.78 
1 2112.49 87.33 0.65 0.27 2.45 0.40 0.53 0.77 
2 2395.01 95.44 1.18 0.28 4.19 1.49 0.56 2.68 
3 2505.39 149.36 1.83 0.32 5.70 7.07 0.63 11.16 

I 

4 2611.85 264.48 3.46 0.35 9.79 17.02 0.69 24.51 I 

5 2320.99 149.11 0.79 0.44 1.80 0.50 0.86 0.58 
6 2534.90 263.39 0.43 0.56 0.77 0.26 1.09 0.24 -N 7 2862.00 440.27 -0.05 0.79 -0.07 -1.12 1.59 -0.71 

8 2907.47 1239.65 #VALUE! #VALUE! 
Girls -5 1900.24 202.49 1.52 1.01 1.50 2.39 2.62 0.91 

Adjusted -4 1560.44 108.94 -0.48 0.55 -0.87 -1.17 1.06 -1.10 
Energy -3 1753.14 77.33 0.06 0.43 0.14 -0.22 0.85 -0.26 
Intake -2 1670.93 60.44 0.41 0.36 1.12 -0.73 0.71 -1.03 

-1 1687.92 63.08 0.52 0.32 1.61 0.33 0.63 0.52 
0 1701.11 46.39 0.50 0.28 1.78 0.40 0.56 0.71 

1 1629.44 48.26 -0.10 0.26 -0.39 -0.21 0.52 -0.41 
2 1525.33 58.36 0.84 0.26 3.25 0.96 0.51 1.88 

3 1519.63 61.39 0.59 0.26 2.27 0.06 0.51 0.12 

4 1350.12 60.90 0.63 0.29 2.15 0.45 0.57 0.78 

5 1426.51 87.20 1.28 0.34 3.80 1.90 0.66 2.88 

6 1607.59 89.04 0.15 0.41 0.36 -0.08 0.80 -0.10 

7 1270.55 115.32 0.56 0.52 1.06 0.25 1.01 0.25 

8 1566.12 186.92 1.61 0.91 1.76 3.04 2.00 1.52 
---- , ___ ------



Table D.6- Nonnal distribution tests of males and fen1ales sweetened drink intake, for skewness and kurtosis, by n1aturational age. 

Variable l\1ATCAT Mean 
Std. 

Skewness 
Skew. Std. Normal Test 

Kurtosis 
Kurt. Std. Normal Test 

Error Error Skew. Error Kurt. 
Boys Sugar- -6 2.11 0.48 0.59 1.22 0.48 #VALUE! 
Sweetened -5 4.77 1.16 0.25 0.66 0.38 -0.43 1.28 -0.34 

Drink -4 4.76 0.81 1.25 0.45 2.80 2.19 0.87 2.51 
Consumption 

-3 7.33 1.01 1.42 0.35 4.05 1.56 0.69 2.27 
-2 7.60 1.04 1.39 0.31 4.51 1.70 0.61 2.80 
-1 9.05 0.98 1.32 0.28 4.79 2.03 0.54 3.72 
0 12.53 1.49 2.78 0.26 10.59 12.11 0.52 23.30 
1 13.33 1.76 2.68 0.27 10.07 9.25 0.53 17.60 
2 16.66 2.30 3.72 0.28 13.22 19.99 0.56 36.01 
3 17.59 2.08 1.37 0.32 4.25 1.88 0.63 2.97 
4 18.10 2.84 1.25 0.35 3.54 1.24 0.69 1.78 
5 23.34 4.50 0.95 0.44 2.16 -0.08 0.86 -0.10 
6 31.09 7.67 1.98 0.56 3.50 4.66 1.09 4.28 

.......... 
w 7 29.79 10.57 0.85 0.79 1.07 -0.25 1.59 -0.15 

8 52.00 40.00 #VALUE! #VALUE! 
Girls Sugar- -5 9.00 5.26 1.44 1.01 1.42 2.23 2.62 0.85 
Sweetened -4 7.35 1.35 0.67 0.55 1.22 0.28 1.06 0.26 

Drink -3 4.02 0.88 1.34 0.43 3.08 1.14 0.85 1.35 
Consumption -2 4.98 0.72 1.21 0.36 3.38 1.36 0.70 1.94 

-1 7.01 0.82 0.84 0.32 2.63 -0.13 0.63 -0.21 
0 7.60 0.67 0.89 0.28 3.19 0.76 0.55 1.38 
1 9.51 0.82 1.63 0.26 6.22 4.64 0.52 8.93 
2 8.84 0.86 1.14 0.26 4.48 1.51 0.51 2.99 
3 10.50 1.02 0.92 0.26 3.58 0.16 0.51 0.30 

4 13.45 1.41 2.35 0.29 8.09 10.18 0.57 17.73 

5 14.27 2.15 2.45 0.34 7.27 8.82 0.66 13.33 

6 18.71 3.76 2.63 0.41 6.44 9.66 0.80 12.10 
7 14.00 2.99 1.00 0.52 1.91 0.98 1.01 0.97 
8 21.80 10.28 0.46 0.91 0.51 -3.09 2.00 -1. 5-l 
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Table D. 7 -Normal distribution tests of males and fetnales hysical activity score, for skewness and kurtosis, by tnaturattonal age. 

Variable 

Boys 
Physical 
Activity 

Score 

Girls 
Physical 
Activity 

Score 

MATCAT 

-6 
-5 
-4 
-3 
-2 

-1 

0 

2 
3 
4 
5 

6 
-5 

-4 

-3 
-2 
-1 

0 

2 
3 

4 
5 
6 

7 

Mean 

2.72 
3.13 
3.25 
3.36 
3.32 
3.29 
3.04 
2.97 
2.84 
2.70 
2.43 
2.23 
2.27 
3.78 
2.95 
3.01 
3.05 
3.04 

2.97 

2.78 
2.75 
2.60 
2.45 
2.28 

2.07 
2.04 

Std. Skew. Std. Normal Test Kurt. Std. Normal Test 
Error Error Skew Error Kurt. 
0.50 -1.25 1.22 I -1.02 I I I #VALUE! 

0.27 -0.05 0.66 -0.08 -0.82 1.28 I -0.64 

0.15 -0.94 0.46 -2.06 1.26 0.89 I 1.42 
0.09 0.01 0.35 0.02 -1.24 0.69 I -1.78 
0.07 -0.67 0.31 -2.14 0.60 0.61 0.98 

0.07 -0.60 0.28 -2.16 0.44 0.55 0.80 

0.07 -0.34 0.27 -1.29 0.15 0.53 0.29 

0.08 -0.33 0.27 -1.20 0.03 0.54 0.05 

0.08 -0.47 0.28 -1.66 0.10 0.56 0.19 

0.08 -0.43 0.34 -1.26 0.22 0.66 0.33 

0.09 0.22 0.36 0.61 -0.15 0.70 -0.21 

0.15 -0.07 0.50 -0.14 -1.03 0.97 -1.06 

0.25 -0.29 0.72 -0.41 -2.02 1.40 -1.45 

0.25 0.06 1.01 0.05 0.29 2.62 0.11 

0.15 -0.51 0.56 -0.90 -0.25 1.09 -0.23 

0.11 0.01 0.45 0.02 0.30 0.87 0.35 

0.09 -0.27 0.37 -0.75 -0.45 0.72 -0.63 

0.08 0.01 0.32 0.04 -0.28 0.64 -0.43 

0.07 -0.12 0.29 -0.43 -0.06 0.57 -0.10 

0.07 0.18 0.27 0.65 -0.04 0.53 -0.08 

0.07 0.38 0.26 1.45 -0.16 0.51 -0.30 

0.07 0.29 0.26 1.11 -0.19 0.52 -0.37 

0.08 0.45 0.29 1.51 0.21 0.58 0.37 

0.09 0.37 0.34 1.07 -0.23 0.67 -0.34 

0.13 0.30 0.44 0.68 -0.51 0.86 -0.59 

0.22 1.79 0.75 2.39 2.79 1.48 1.88 
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Table E. I - Pearson Correlation values between possible 
independent variables, for n1ales -5 years frotn peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r l ( 11) 

WT r .235(11) 1 (11) 

FFM r .743(11) .654 ( 11) 1 (11) 

PA r .132(11) -.077 (11) .138(11) l (11) 

TEl r -.057 (10) .091 (10) -.016(10) -.565 (1 0) 1 (10) 

SD r .229 (ll) .189 (ll) .482 (11) .146 (ll) .082 (II ) l (ll)j 

Table E.2 - Pearson Correlation values between possible 
independent variables, for males -4 years from peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r 1 (27) 

\VT r .429 (27) 1 (27) 

FFM r .860 (27) .544 (27) 1 (27) 

PA r .153 (26) .017 (26) .112 (26) 1 (26) 

TEl r .236 (27) .005 (27) .345 (27) .051 (26) 1 (27) 

SD r -.325 (27) -.044 (27) -.236 (27) .244 (26) .327 (27) l (27) 

Table E.3 - Pearson Correlation values between possible 
independent variables, for n1ales -3 years frmn peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r 1 (46) 

WT r .572 (46) l (46) 

FFM r .807 (46) .749 (46) l (46) 

PA r .215 (45) .288 (45) .364 (45) l (45) 

TEl r .061 (46) -.258 (46) -.084 (46) -.067 (45) 1 (46) 

SD r .180 (46) .176(46) .237 (46) .104 (45) -.005 (46) l (46) 
---- -- ~---------~ --------

Table E.4 - Pearson Correlation values between possible 
independent variables, for n1ales -2 years fron1 peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r 1 (60) 

WT r .517 (60) l (60) 

FFM r .748 (60) .715 (60) l (60) 

PA r .109 (59) .149 (59) .219 (59) 1 (59) 

TEl r .384 (60) -.062 (60) .287 ( 60) .357 (59) l (60) 

so r .382 (60) .046 (60) .345 (60) -.044 (59) .372 (60) l (AU) 
-·---·--·-··--------~-~ 
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Table E.5 - Pearson Correlation values between possible 
independent variables, for males -1 year from peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r 1 (76) 

WT r .516 (76) 1 (76) 

FFM r .775 (76) .727 (76) 1 (76) 

PA r .018 (74) .110 (74) .119(74) 1 (74) 

TEl r .273 (76) -.068 (76) .178 (76) .044 (74) 1 (76) 

SD r .179(76) .013 (76) .076 (76) .069 (74) .446 (76) 1 (76) 

Table E.6 - Pearson Correlation values between possible 
independent variables, for males at peak height velocity. The 
value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r 1 (84) 

WT r .584 (84) 1 (84) 

FFM r .801 (84) .754 (84) 1 (84) 

PA r -.063 (81) .013 (81) .051 (81) 1 (81) 

TEl r .028 (84) -.192(84) -.039 (84) -.012 (81) 1 (84) 

SD r .229 (84) .179 (84) .276 (84) .023 (81) .178 (84) 1 (84) 

Table E.7 - Pearson Correlation values between possible 
independent variables, for tnales 1 year fron1 peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r 1 (82) 

WT r .532 (82) 1 (82) 

FFM r .761 (82) .776 (82) 1 (82) 

PA r -.075 (78) -.071 (78) .088 (78) 1 (78) 

TEl r .190 (82) -.029 (82) .141 (82) .277 (78) 1 (82) 

SD r .089 (82) .057 (82) .095 (82) .036 (78) .331 (82) 1 (82) 

Table E.8 - Pearson Con·elation values between possible 
independent variables, for tnales 2 year fron1 peak height 
velocity. The value in parentheses is n. 

liT WT FFM PA TEl SD 

HT r 1 (73) 

WT r .508 (73) 1 (73) 

FFM r .697 (73) .790 (73) 1 (73) 

PA r -.108 (72) .124(72) .142 (72) 1 (72) 

TEl r .261 (73) -.013 (73) .174 (73} .052 (72) 1 (73} 

so r .001 (73) .112 (73) .135(73) -.042 (72) .384 (73) I (73) 
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Table E.9 - Pearson Correlation values between possible 
independent variables, for males 3 years frotn peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r 1 (55) 

WT r .386 (55) 1 (55) 

FFM r .671 (55) .736 (55) 1 (55) 

PA r -.111 (50) -.033 (50) .147 (50) 1 (50) 

TEl r .169 (55) -.185(55) -.002 (55) .00 I (50) 1 (55) 

so I' .154 (55) .028 (55) -.044 (55) -.311 (50) .358 (55) 1 (55) 

Table E.l 0 - Pearson Correlation values between possible 
independent variables, for males 4 years from peak height 
velocitv. The value in narenth 

r 

HT WT FFM PA TEl SD 

HT r 1 (45) 

WT r .417(45) 1 (45) 

FFM r .645 (45) .787 (45) 1 (45) 

PA r -.109 (44) .134 (44) .286 (44) 1 (44) 

TEl r .118(45) -.229 (45) -.011 (45) .120 (44) 1 (45) 

so r .105 (45) .063 (45) .045 (45) -.071 (44) .114 (45) 1 (45) 

Table E.ll - Pearson Correlation values between possible 
independent variables, for tnales 5 years fron1 peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl so 

HT r 1 (28) 

WT r .402 (28) 1 (28) 

FFM r .670 (28) .839 (28) 1 (28) 

PA r .030 (21) .210(21) .294 (21) 1 (21) 

TEl r -.004 (28) .025 (28) .046 (28) .148(21) 1 (28) 

SD r .017(28) .464 (28) .346 (28) .211 (21) .397 (28) 1 (28) 

Table E.l2 - Pearson Correlation values between possible 
independent variables, for tnales 6 years from peak height 
velocitv. The value in nm·entl . 

HT WT FFM PA TEl so 

HT r 1 (16) 

WT r .455 (16) 1 ( 16) 

FFM r .677(16) .866 (16) 1 ( 16) 

PA r -.244 (9) .493 (9) .442 (9) l (9) 

TEl r .284 (16) .212 (16) .398 ( 16) -.756(9) l (16) 

so r .376 (l6) .503 ( 16) .605 (16) .639 (9) .331 (16) l (16) 
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Table E.l3 - Pearson Correlation values between possible 
independent variables, for tnales 7 years frotn peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r 1 (7) 

WT r -.310 (7) 1 (7) 

FFM r .368 (7) .586 (7) 1 (7) 

PA r . (/) . (/) . (/) . (/) 

TEl r -.043 (7) .197 (7) -.185 (7) . (/) 1 (7) 

SD r -.527 (7) .103 (7) -.500 (7) . (/) .247 (7) I (7) 

Table E.l4 - Pearson Correlation values between possible 
independent variables, for females -4 years fron1 peak height 
velocitv. The value in oarenth · , 

HT WT FFM PA TEl SD 

HT r 1 (17) 

WT r .833 (17) 1 (17) 

FFM r .846 (17) .934(17) 1 (17) 

PA r .137 (16) .109 (16) -.044 (16) l ( 16) 

TEl r .252 ( 17) .180 (17) .190 (17) .369 (16) 1 ( 17) 

SD r -.311 ( 17) -.069 ( 17) -.204 ( 17) .079 (16) -.174( 17) 1 (17) 

Table E.15 - Pearson Con-elation values between possible 
independent variables, for fen1ales -3 years fron1 peak height 
velocitv. The value in oarenth · 

~ 

HT WT FFM PA TEl so 

HT r 1 (29) 

WT r .777 (29) 1 (29) 

FFM r .885 (29) .895 (29) 1 (29) 

PA r .159 (27) .188 (27) .153 (27) 1 (27) 

TEl r .098 (29) .211 (29) .095 (29) .I07(27) I (29) 

SD r -.046 (29) -.051 (29) -.142 (29) -.32I (27) .111(29) 1 (29) 

Table E.l6 - Pearson Correlation values between possible 
independent variables, for fetnales -2 years fron1 peak height 
velocitv. The value in oarenth · , 

HT WT FFM PA TLI SD 

HT r 1 (44) 

WT r .791 (44) 1 (44) 

FFM r .871 (44) .866 (44) 1 (44) 

PA r .033 (42) .024 (42) .074 (42) l (42) 

TEl r .088 (43) .006 (43) -.012 (43) -.032 (42) l (43) 

SD r -.056 (44) .065 (44) -.051 ( 44) -.20 l (42) .154 (-B) I (44) 
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Table E.l7 - Pearson Correlation values between possible 
independent variables, for fetnales -1 year from peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r 1 (56) 

WT r .760 (56) 1 (56) 

FFM r .861 (56) .843 (56) 1 (56) 

PA r .059 (54) .023 (54) .165 (54) 1 (54) 

TEl r .243 (55) .139 (55) .109 (55) -.176 (54) 1 (55) 

SD r -.028 (56) -.003 (56) .017(56) .323 (54) -.1 67(55) 1 (56)j 

Table E.18 - Pearson Correlation values between possible 
independent variables, for females at peak height velocity. The 
value in oarenth 

! 

HT WT FFM PA TEl SD I 

I 

HT R l (74) 

WT R .728 (74) l (74) 

FFM R .835 (74) .828 (74) 1 (74) 

PA R .291 (68) .133 (68) .306 (68) 1 (68) 

TEl R .055 (73) -.139 (73) -.001 (73) -.137 (68) 1 (73) 

so R -.205 (74) -.150 (74) -.123 (74) -.248 (68) .278 (73) 1 (74) 

Table E.l9 - Pearson Correlation values between possible 
independent variables, for fetnales 1 year frmn peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl so 

HT r 1 (84) 

WT r .555 (84) 1 (84) 

FFM r .766 (84) .819 (84) 1 (84) 

PA r .055 (80) .028 (80) .122 (80) 1 (80) 

TEl r .010 (83) -.118(83) -.018 (83) -.065 (80) 1 (83) 

so r -.162 (84) -.208 (84) -.141 (84) .049 (80) .259 (S3) l (84) 

Table E.20 - Pearson Correlation values between possible 
independent variables, for fetnales 2 years from peak height 
velocity. The value in parentheses is n. 

liT WT FFM PA TEI SD 

HT r 1 (89) 

WT r .458 (89) 1 (89) 

FFM r .663 (89) .764 (89) 1 (89) 

PA r -.068 (86) .000 (86) .155 (86) 1 (86) 

TEl r .070 {88) -.208 (88) -.040 (88) -.187 (86) 1 (88) 

so r .097 (89) .042 (89) .083 (89) -.153 (8fl) .52-t ns~) I (89) 
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Table E.21 - Pearson Correlation values between possible 
independent variables, for females 3 years from peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r .1 (87) 

WT r .445 (87) 1 (87) 

FFM r .674 (87) .776 (87) 1 (87) 

PA r -.043 (83) -.087 (83) .149 (83) l (83) 

TEl r -.021 (86) -.352 (86) -.145 (86) .041 (83) 1 (86) 

so r -.063 (87) -.123 (87) -.119 (87) -.139 (83) .172 (86) l (87) 

Table E.22 - Pearson Correlation values between possible 
independent variables, for females 4 years frotn peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl SD 

HT r l (68) 

WT r .372 (68) 1 (68) 

FFM r .612 (68) .767 (68) 1 (68) 

PA r -.032 (66) -.052 (66) .117(66) 1 (66) 

TEl r .184(68) -.189(68) .010 (68) .004 (66) 1 (68) 

SD r .041 (68) .001 (68) -.041 (68) -.050 (66) .099 (68) 1 (68) 

Table E.23 - Pearson Correlation values between possible 
independent variables, for fe1nales 5 years frotn peak height 
velocity. The value in parentheses is n. 

HT WT FFM PA TEl so 

HT r 1 (50) 

WT r .424 (50) 1 (50) 

FFM r .645 (50) .798 (50) 1 (50) 

PA r -.128 (48) -.096 (48) .003 (48) 1 (48) 

TEl r .123 (50) -.157 (50) -.009 (50) -.026 (48) 1 (50) 

SD r .129 (50) .247 (50) .116 (50) -.220 (48) .322 (50) I (50) 

Table E.24 - Pearson Correlation values between possible 
independent variables, for fetnales 6 years fro1n peak height 
velocity. The value in parentheses is n. 

' 

HT WT FFM PA TEl SD 

HT r I (33) 

WT r .456 (33) 1 (33) 

FFM r .697 (33) .770 (33) 1 (33) 

PA r .033 (28) -.231 (28) .301 (28) 1 (28) 

TEI r .242 (33) -.183 (33) .020 (33) -.343 (2R) l (33) 

so r .261 (33) .334 (33) .258 (33) -.281 (28) .402 (33) l (33) 
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Table E.25 - Pearson Correlation values between possible 
independent variables, for females 6 years frotn peak height 
velocitv. The value in narenth · 

¥ 

HT WT FFM PA TEl SD 

HT r 1 (19) 

WT r .484 (19) 1 (19) 

FFM r .745(19) .812(19) 1 (19) 

PA r .402 (8) .503 (8) .773 (8) 1 (8) 

TEl r .392 (19) -.058 (19) . 135(19) -.001 (8) 1 (19) 

SD r .431 (19) .229 (19) .210 (19) -.373 (8) .299 (19) 1 (19) 
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AlB119412 Tue Oct •t 11:1q l'Yl·' 
NdMe: 
co,,ent: 
I.D.: 
s.s.lt: 
Z IPCode: . .. <:J:s~a he 1ght: 141.68 en 
Scan Code: HM Ueight: 38.08 kg 
BirthDate: 11/21/84 Age: 9 
Physician: 
IMage not for diagnostic use 

TOTAL BMC and BMD CU is < 1. 0/. 
C.F. 1.884 1.EH5 1.aee 

Region Area BMC BMD 
(cM2) (graMs) (gMs/c~2) 

------- ------- -------- --------
L Arl'!'! 55.88 33.4t e.5e7 
R Ar"' 83.85 46.59 8.556 

L Ribs 73.87 32.93 8.446 
R Ribs 88.25 35.24 8.439 

T Spine 83.45 38.45 8.461 
L Spine 35.93 22.77 8.634 
Pelvis 132.96 181.89 8.76a 

L Leg 196.84 153.85 8.781 
R Leg_ 1~f?.46 149.76 8.883 

Sub Tot 938.69 613.29 8.653 
Head . "237 .17 337.27 1.422 

·Oct 11 11:39 1994 [333 x 1521 
Ho lo'!J ic QDR-2888 (8/tt 2124) 

:.Enhance~d Array Whole Body US. 57 A 

TOTAL 1175.86 958.56 8.888 

= -
HOLOGIC 

Ro~al Universit~ Hospital-Saskatoon 

Hologic QDR-2888 CS/tt 2124) 
Enhanced Array Whole Body U5.57A 

·Oct 11 11:39 1994 

A18119412 · Tue Oct 11 ~ • :1q t00 .. 

ttaMe: 
Co~~tt~tent: 

I .D.: Sex: M 

TB~tR254. 

F.S:. 68.88:x 8C18.8B>:x 

Region Br1C Fat 
(graMs) (graMs) 

----·-- ----- ----
L ~lr"' 33.4 278.2 
R ~lrM 46.6 215.7 
Trunk 238.5 727.1 
L l.eg 153.8 978.9 
R I.eg 149.8 1829.3 

Sub 1~ot 613.3 3221.2 
-He~ ad 337.3 785.9 
T01~AL 958.6 3927.1 

-assuMes 17.8:% brain fat 
LBM 73.2/. water 

S.S.I: Ethnic: 
ZIPCode: PhysEd He~.~ .. t: 141.68 cfl1 
Scan Code: ~._Hr1 Weight: 38. B8 kg 
B i rthDa te : ·:·.11/21/84 Age : 9 
Physic ian: .. 

Lean Lean+BI'1C Total :% Fat 
(grams) (graMs) (graMs) (:X) 

---- ------ -------
1882.9 1116.4 1394.6 19.9 
1198.8 1236.6 1452.3 14.9 

11986.6 12137.1 12864.2 5.7 
3716.2 3869.2 4848.1 28.1 
3742.8 3891.8 4921.1 28.9 

21637.8 22251.1 25472.2 12.6 
2758.8 3887.2" 3793.1 18.6 

24387.7 25338.3. 29265.3 13.4 

-..... 
HOLOGIC 

124 



APPENDIXG 

Sample Dietary Recall Form 

125 



_ra _j __ l':x:d __ rt:ams __ 

1 
sat :waJ. _____ , 

Aq•c_.J....:-. __ 

G.AAb~ :. b 

I (40) 

-
I Sa:l 

D . .} ; (l .. tS ') 

_____ •< Yz~~· ----- o.s(,&;b?. 

s - CQUU!C l\laa: 

ntaJcll u.aa1 fez tha day? S No. 

t, 1n11cata \otly1 (~ yau aick ?) 

rou taJal a vitamin pill durirq this tiJnt 1 (:!;) No 

fYW\ i '/ 
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BONE DE~SITY ACTIVITY QUESTIONNAIRE (ELE:YIENTARY SCHOOL) 
OCTOBER 1995 

Age: Name 

Sex: F Grade: _..;....·./"\ __ _ 

Texher. 

We are trying to find out about your physical acnvity levels that you have done in the last 7 
da vs (in the last \Veek). This includes sports or dance that make you sw~t or make your legs feel 
tired~ or games that make you huff and pufC like tag., skipping, running., climbing and others. 

Remember: 
A. There are no right and wrong answers-this is not a test. · 
B. Ple3Se a.nS\ller all the questions as honestly and accurately as you can--this is very 

important · 
-------

1 . PHYSICAL ACTIVITY IN YOUR SPARE TIME 
Have you done any of. the following activities in the past 7 days (last 
week)? If yes, how many times? 

**Tick Only One Circle Per Row** 7times 
No 1-2 3-4 5-6 or more 

Skipping . . 0 . 0 . 0 . 0 . . 0 a Roller Blading • 0 0 0 0 0 . . . . . 
Creative Playground . 0 . 0 . 0 . 0 . . ~ ~ 
Tag. . 0 . 0 . 0 . 0 . . 0> w 
W alk:ing for exercise 0 0 ... 0 0 o·~ u z 
Bicycling 0 0 0 0 ()~ UJ . . ::> 

0 0 0 0 0-c Jogging or running • • . . . . . 0 
Aerobics 0 0 0 0 0 2 w . . cr. 

0 0 0 0 0 g Swimming .• . . . 
Baseball, softball 0 0 0 0 0~ 
Dance 0 0 0 0 0 ~ . . . . . . 

G 
~ 

Football 0 ~ 0 0 0 c ~ . . - 0 
Badminton •• t) . 0 0 0 . . 0 ~ UJ 

Q 0 0 0 0 G) 
..., 

Skateboarding £0 . c 
0 0 0 0 0 0 

..., 
Soccer -. al rn 
Street hockey . 0 . 0 . 0 . 0 . . 0 
Volleyball 0 0 <D 0 0 
Floor hockey . 0 0 0 0 0 
Basketball . . 0 . 0 . 0 . 0 . . 0 
Ice skating • • Q . 0 . 0 . 0 . . 0 
Cross-country skiing • 0 . 0 . 0 . 0 . . 0 
Ice hockey/Ringette . 0 . 0 . 0 . 0 . . 0 
Other: 

0 . 0 . 0 . 0 . . 0 
0 . 0 . 0 . 0 . . 0 
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"' -· In the last 7 days, during your physical education (PE) classes, how often 
were you very active (playing hard, running, jumping, throwing)? 

I don't doPE . 
Hardly ever 
Sometimes 
Quite often 
Always 

0 
Ocheck 
Oone 
Oonlv (I) ~ 

3. In the last 7 days what did you do most of the time at RECESS? 

Sat down (talking,. reading,. doing school work) 
·Stood around orwalked aroWld. 
Ran around: or walked around 
Ran around,~d played quite a bit 
~ ~d pl_ayed hard most of the time • 

0 
0check 
Oone 
Oonlv 0 ~ 

4 . In the last 7 days, what did you nonnally do AT LUNCH (besides eating 
lunch)? 

Sat down (talking, reading, doing school work). 
Stood around or walked around. 
Ran or played a little bit. 
Ran around and played quite a bit 
Ran and played bard most of the time • . . 

0 
0 check 
Oone 
Oonly 
~} 

5. In the last 7 days, on how many days RIGHT AFI'ER SCHOOL. did you· do 
sports, danced, or played games in which you were very active? 

None 
1 time last week 
2 or 3 times last week • 
4 times last week 
5 times last week 

0 
0check 
Oone 

. Oonly 

~ 

6. In the last 7 days, on how many EVENINGS did you do sports, danced, or 
played games in which you were very active? 

None • 
1 time last week 
2 or 3 times last week • 
4 times last week 
6 -7 times last week • 
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7 . ON THE LAST WEEKEND, how many times did you do sports, danced, or 
played games in which you were very active? 

None . 
1 time • 
2-3times 
4-Stimes 
6 or more times 

0 
0 check 
Oone 
Oonlv 
0 -

8 . Which ~ of the following describes you best for the last 7 days? 
**Read ALL FIVE statements before deciding on the one answer that 
describes you** 

A) 

B) 

C) 

D) 

E) 

All or most of my free time was spent doing things 
that involve little physical effort 

I sometimes (1-2 times last week) did physical things 
in my free time (e.g. played sports, went running, 
swimming, bike riding, did aerobics) 

l often (3-4 times last week) did physical things 
in my free time 

I quite often (5-6 times last week) did physical 
things in my free time • 

I very often (7 or _more times last week) did 
physical ~gs in my free time 

0 

0 

0 

0 

9 • Were you sick last week, or did anything· prevent you from doing your 
nonnal physical · activities? 

Yes Ocheck 
No Q one 

If Yes, what prevented you? 

10 .. 0 ~lark how often· you did physical activity (like playing sports, games, 
doing dance or any other pbysical activity) for each day last w~k. 

None little Medium Often Very 
Bit ·erten 

A) Monday. .. 0 0 0 0 0 
B) Tuesday 0 . 0 0 0 . 0 
C) . Wednesday 0 . 0 0 0 . 0 
D) Thursday 0 . 0 0 6) . 0 
E) Friday 0 . 0 0 0 . 0 
F) Satw"day 0 0 0 <S) . 0 
G) Sunday 0 .- 0 0 <D . 0 
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.bV:""t.. Ut..~.:H t X :-\\..-. 1 i v ll l \,l\...;£...,:, 1 J.V~ ·c ,~"'_.."AJ 

(HlGH SCHOOL) 

Name: __ Age: /~ Sex: tv1 F 

1·r·\ 
Grade: • \-· Teacher: School: 
vVe are trying to rind out about: your pnys1ca1 activity levels that you have done !?'I TrfE 
LAST 7 DAYS (in the last week). This includes soor-...s or dance that make you sweat or rnake 
your legs feel tired, or games that make you breathe harder, like tag, skipping, running, 
climbing and others. 
RE:\1EJ\1BER 
A. There are no right and 'WTong answers-this is not a test. 
B. Please answer all t-he questions as honestly and accurately as you can--this is very 

importmt 

1. PHYSICAL AcriVITY 
Have you done any of the following activities in the P .AST ·7 days Clast \veek)? If yes, 
how many times? 
•• Tick Only One Box Per Row •• No 1-2 ~ A - ,.. 7 times ,, ~-0 

or more 

Skipping· D D D D D 
Rowing/Canoeing a D D D D 
Roller blading Ef D D D 0 
Tag ~ 0 0 0 0 
Walking for exercise GY D D g D M-
Bicycling D ~ 0 0 

~ 

Jogging or running D D D D;;;.. il.: . '\ o: ..J 

Aerobics [a' 0 0 0 z .... ... ~ 

Swimming D ~ D D 0~; .J 

0 ... 
GY D D D o: t.!J 

Baseball, softball (_;~ -
Dance @/ 

# [] D D D~ 
g/ 
~ 0 0 O:~ Football S: 

:.) 

Badminton D, D 0 o,~ . •. 
o·~ 

, __ ,. 
Skateboarding or 0 0/ 0 

:..::: 
Soccer D D 0 D DB 

1i 
f.3~. [] 0 0 D~ Street hockey 

Volleyball [Y .0 0 D 0 
Aoor hockey 0 [t( 0 0 D 
Basketball [B' EJ 0 0 D 

/ 

Ice skating [R EJ D 0 0 . 

<;:ross-country skiing 0 o· 0 0 0 
Ice hockey /Ringette (3/ 0 0 0 0 
Other: 

0 D 0 D 0 
D 0 D D 0 
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2. In the last 7 days, during your physical education (PE) classes, how ofte . .''l were you 
verJ active (playing hard, running, jumping, throwing)? 

I don't do PE 0 
Hardly ever 0 check 

Sometimes 

Quite often 

Always 

g~e 
l.kronly 

D 
3. In the last 7 days, what did you normally do AT LUNCH (besides eating lunch)? 

Sat down (talking, reading, doing school work)  g / 
Stood around or walked around lJd' check 

Ran or played a little bit 

Ran around/ or played quite a bit . 

Ran/ or played hard most of the time 

Done 

Oonly 

D 
4. In the last 7 days, on how many days RIGHT AFfER SCHOOL, did you do sports, 

danced, or played games in which you were very active? 

5. 

None [] 

1 time last week 

2 or 3 times last week 

4 times last week 

5 times last week 

·~jheck 
. G2f one 

Oonly 

D 
In the last 7 days, on how many EVENlNGS did you do sports, danced, or played 

. games in which you were very active? 

None 

1 time last week 

2 or 3 times last week 

4-5 times last week 

6-i times last week 

D 
~eck 
Done 

Oonly 

0 
6. ON THE LAST WEEKEND, how many times did you do sports, danced, or played 

games in which you were very active? 

None 

1 time last week 

2 or 3 times last week 

4-5 times last week 

6 times last week 

D 

~:a 
Oonly 

D 
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- Which ON"E of the following describes you best for the last 7 days? ' . 
•• READ ALL FIVE STATEMENTS BEFORE DEODING ON THE ONE A.l.'ISWER 
THAT DESCRIBES YOU •• 
a. All or most of my free time was spent 

doing things that involve little 
physical effort (e.g., watching T.V., 
doing homework, playing computer games 

or Nintendo 0 
b. I sometimes {1-2 times last wee~) did 

physical things in my free time 
(e.g., played sports, went runni:tg, 

swimming, bike riding, did aerobics). 0 check 

c. I often (3-4 times last week) did 

~ne physical things in my free time. 

d. I quite often (5-6 times last week) did 

physical things in my free time. o.nly 

e. I very· often \7 or more times last week) 

did p~·ysical.~gs in my free time D 

8. Mark h'lw often you did physical activity (like playing sports, games, doing dance or 
any other physical activity) for each day last week). 

Little Very 
None Bit Medium Often Often 

a. Monday 0 0 ~ D D 
b. Tuesday D D/ D D 
c. Wednesday 0/ ~ 0 o. D
d. Thursday El 0 ~ 0 o
e. Friday o 0 ~ D
f. Saturday D D ~ D 
g. Sunday 0 D 0 D 

9. Were you sick last week, or did anything prevent you from doing your normal 
physical activities? 

~Yes 

No 
If yes, what prevent you? 
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