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ABSTRACT

The purpose of this study was to compare bone speed of sound (SOS) measured by

quantitative ultrasound, circulating levels of IGF- 1 and biochemical markers of bone

turnover in pre- (Pr) and post-menarcheal (Po) synchronized swimmers (SS) and controls

(NS). Seventy participants were recruited: 8 PrSS, 22 PoSS, 20 PrNS, and 20 PoNS.

Anthropometric measures of height, weight, skeletal maturity and percent body fat were

taken, and dietary intake evaluated using 24-hour recall. Bone SOS was measured at the

distal radius and mid-tibia and blood samples analyzed for IGF-1, osteocalcin, NTx, and

25-OH vitamin D. Results demonstrated maturational effects on bone SOS, IGF-1 and

bone turnover (p<0.05), with no differences observed between SS and NS. Main effects

were observed for a reduced caloric intake in SS compared to NS (p<0.05). Therefore, SS

does not offer additive affects on bone strength but imparts no adverse affects to skeletal

health in these athletes.
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SUMMARY

Establishment of an optimum level of bone mineral in childhood and adolescence is

crucial to the longevity of skeletal adequacy and health in the prevention of osteoporosis.

As a result, focus has been placed on modifiable areas in a young person's life that may

prevent the development of this disease. The use of physical activity (PA), particularly

weight-bearing forms, has been the focus of considerable research in improving peak

bone mass in children and adolescents in order to minimize aged bone loss (Beck &

Snow, 2003). Involvement in synchronized swimming requires long hours of training in a

non-weight bearing environment at an age when establishment of an optimum level of

bone mineral is crucial to the longevity of their skeletal adequacy and health.

Therefore, the purpose of this study was to compare the bone speed of sound

(SOS) measured by quantitative ultrasound, the circulating levels of IGF- 1 and the

biochemical markers of bone turnover of pre- and post-menarcheal girls involved in

synchronized swimming with those of age-matched controls. In was hypothesized that

synchronized swimmers (SS) would have increased bone strength, bone metabolism and

IGF-1 compared to non-synchronized swimmers (NS). Additional factors, such as

nutrition and lean body mass, known to affect bone would be indicative of improved

bone status in SS.

A total of 30 SS, 8 pre-menarcheal (PrSS) and 22 post-menarcheal (PoSS), and 40

non-swimmers, 20 pre-menarcheal (PrNS) and 20 post-menarcheal (PoNS) were

recruited. Height, body mass, years from age ofpeak height velocity (PHV), and percent

body fat, using BIA, were measured. PA was assessed using the Godin-Shephard Leisure
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time questionnaire, and body satisfaction using the Body Esteem Scale for Children

(BES-C) and Figure Rating Scale (FRS). Dietary intake was evaluated using 24-hour

recall and analyzed for total caloric, calcium and vitamin D intake. Bone SOS was

measured by quantitative ultrasound at the distal 1/3 radius and mid-tibia. Resting blood

samples were drawn using standard venipuncture techniques and analyzed for IGF-1 and

biochemical markers ofbone turnover using ELISA kits. One-way ANOVAs were used

to determine anthropometric differences between groups. A two-way ANCOVA using

lean mass and years from age ofPHV as the covariates was used to assess main effects

for menstrual status and sport on bone SOS and bone turnover, respectively. Partial

correlations were completed on all variables by splitting the sample into Pr and Po groups

to determine relationships between dietary intake, PA, lean mass, body satisfaction, bone

SOS and bone turnover.

The results of this study demonstrated maturational effects on bone SOS, IGF-1

and markers ofbone turnover. No differences were observed in bone SOS or bone

turnover in SS compared to NS. No correlations were found between PA, bone SOS,

caloric intake, calcium, IGF-1 or bone turnover. Lean mass and dietary serum vitamin D

were found to be correlated with SOS. Lastly, body-esteem was found to be significantly

lower in Po compared to Pr girls, with both body dissatisfaction and body-esteem

correlating with tibial SOS in Pr girls. Main effects were also observed with SS having

reduced caloric intake compared to NS which did not translate into altered IGF-1 or body

satisfaction in SS.

In conclusion, participation in SS did not offer any additive effects to bone

strength or bone metabolism in comparison to non-swimmers and all differences found
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could be attributed to growth and maturation. Moreover, comparison ofthe associations

ofbody satisfaction and dietary intake with the skeletal properties of young synchronized

swimmers provides little insight into the effects of sport involvement on bone health in

young athletes ofnon-weight bearing sports. Despite not finding any of the hypothesized

positive benefits of SS on bone it is important to note that no negative results were found,

indicating that SS does not impart adverse affects on bone health in young female

athletes.
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Chapter 1: Introduction

1.1 Rationale

Osteoporosis is a skeletal disease characterized by a low bone mass and the deterioration

of the microarchitecture of bone tissue resulting in bone fragility and susceptibility to

fractures (Gordon, 2003). Approximately 1 .4 million Canadians suffer from osteoporosis

with one in four women over the age of 50 developing the disease (Osteoporosis Canada,

2007). Osteoporosis is primarily a disease of the elderly; however, attainment of a strong

dense skeleton during the growing years may be the best way to prevent osteoporosis in

the future (Fulkerson et al., 2004). Therefore, the establishment of an optimum level of

bone mineral in childhood and adolescence is crucial to the longevity of skeletal

adequacy and health. As a result, focus has been placed on modifiable areas in a young

person's life that may prevent the development of this disease. Although most of the

variance in bone, approximately 75%, is determined genetically, there are many other

factors which influence the accumulation ofbone early in life making bone development

one of the key processes characterizing childhood and adolescence (Davies et al., 2005).

The use of physical activity (PA) in maintaining bone health throughout the

lifespan and ultimately preventing osteoporosis has been the focus of considerable

research in improving peak bone mass in children and adolescents in order to minimize

later bone loss (Beck & Snow, 2003). Moreover, Osteoporosis Canada advocates weight

bearing forms ofPA as they have been shown to have positive affects on bone.
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Therefore, not only is the timing ofPA important to maintaining and improving bone

mass, but so to is the type of exercise that one participates in. If that is the case, what

affects do non-weight bearing activities have on bone and do they offer any protective

effects against the development of osteoporosis in the future?

Within Canada, synchronized swimming is a sport that has over 10,000 registered

members participating at both the recreational and competitive levels. Participants range

in age from as young as 8 to 85 years of age with 98% of the participants being female

(Synchro Canada, 2007). Furthermore, according to unofficial Synchro Ontario results

(2008) there were approximately 700 participants registered in the province of Ontario

between the ages of 8-16 competing at the provincial and national level. Synchronized

swimming is a sport in which swimmers perform highly technical and physically

demanding routines in the water that require strength, endurance, flexibility and

respiratory control, all the while making the routine appear effortless, graceful and

artistic.

Involvement in synchronized swimming often begins at a young age and requires

long hours of training. Not only are these girls participating in a non weight bearing form

of activity but they are doing so at an age when establishment of an optimum level of

bone mineral is crucial to the longevity of their skeletal adequacy and health.

Furthermore, synchronized swimming training involves executing highly repetitive

exercises that use a variety of arm and leg sculling actions to accelerate, decelerate,

rotate, turn, propel and lift the body out of the water (Liang et al., 2005). As a result,

synchronized swimmers develop muscle mass in their extremities, which, according to

the mechnostat theory (Rauch et al., 2004) may affect bone strength.





Based on the review of literature, very few studies have investigated the effects of

synchronized swimming on bone, particularly in children. Only one study has been

conducted in college-aged females, examining the effects of synchronized swimming on

bone strength. A study by Liang et al. (2005) compared gymnasts, synchronized

swimmers and controls using a noninvasive mechanical response tissue analyzer that

analyzed the response of bone to vibratory stimuli to ascertain bone strength. They

concluded that despite different loading histories, synchronized swimmers exhibited

bending stiffness in the long bones (ulna and tibia) that are twice as strong as untrained

controls and similar to that of gymnasts (Liang et al., 2005). These results are in

agreement with studies using quantitative ultrasound (QUS) which found tibial scores,

measured using SOS (m/s), in young swimmers to be higher compared to controls and

similar to gymnasts (Falk et al., 2003; 2004).

Quantitative ultrasound has recently emerged as a promising technology for the

assessment of bone strength and fracture risk as it has the capability to reflect both

qualitative and quantitative aspects of bone (Foldes et al., 1995), and as a result detect

differences where other more popular techniques, such as dual-energy X-ray

absorptiometry, do not. There has been little research on the association between

biochemical markers of bone formation and resorption, and in relation to PA, especially

in children and adolescents. Furthermore, little is known about the effects of various

loading states on bone turnover in the growing skeleton as most research has been

conducted on young women and most often on weight-bearing activities, where

osteogenic stimuli are more apparent. Therefore, the use ofQUS in conjunction with

measurement of biochemical markers of bone turnover in children and adolescents





participating in synchronized swimming is novel, and may aid in the initial investigation

of pediatric bone health in this population.

Implications of this research include insight into the future development of

osteoporosis in this population of synchronized swimmers, but also into the current

training methods within the sport. As involvement in synchronized swimming starts at a

young age and requires many hour of training in a weightless environment at a time when

attainment of peak bone mass is most crucial, studies examining the effectiveness to

prevent or delay osteoporosis in this population of girls and women is critical.





1.2 Objectives and Hypotheses

The primary objective of this study was to compare the bone speed of sound (SOS)

measured by quantitative ultrasound, the circulating levels of IGF- 1 and the biochemical

markers of bone turnover of pre- and post-menarcheal girls involved in synchronized

swimming with those of age-matched controls. The secondary objective was to determine

potential differences between groups in physical activity, dietary intake, body

composition, body esteem and body dissatisfaction.

It was hypothesized that: 1) bone SOS would be higher in the post-menarcheal

group compared to pre-menarcheal group, 2) synchronized swimmers would have higher

speed of sound scores than controls, 3) serum levels of bone turnover would be elevated

in the pre-menarcheal group compared to post-menarcheal group, 4) IGF-1 would be

higher in the post-menarcheal group compared to pre-menarcheal group, 5) serum levels

of bone turnover and IGF-1 would be elevated in the synchronized swimmers compared

to controls, 6) bone SOS, serum levels of bone turnover, and IGF-1 would be correlated

with daily calcium intake and physical activity, and 7) body satisfaction would be lower

only in the post-menarcheal synchronized swimming group, with no difference between

both pre-menarcheal groups.





Chapter 2: Review of Literature

2.1 Bone

2.1.1 Bone Structure, Composition and Turnover

Skeletal tissue is primarily composed of collagen fibres as well as minerals in the

form of hydroxyapatite derived largely from calcium and phosphorus (Bailey et al., 1996;

Malina et al., 2004). The bone tissue is mineralized into two basic forms: (1) cortical

bone, and (2) trabecular bone. Approximately 75-80% of the total skeletal mass is made

up of cortical bone with the final 20-25% of mass coming from trabecular bone (Bailey et

al., 1996). Cortical bone is the densely compacted tissue that forms the outer surface of

all bones, including the diaphysis of long bones. Trabecular bone has a porous structure

and consists of a meshwork of thin bony horizontal and vertical plates (trabeculae)

separated by blood vessels. Trabecular bone is found inside the cortical shell of flat

bones, the vertebral bodies and the epiphyses of long bones (Bailey et al., 1996).

Furthermore, trabecular bone has a larger surface area than cortical bone, is thought to be

more susceptible to changes in hormonal milieu, and is turned over very rapidly through

the coordinated action of bone cells (Bailey et al., 1996; Schoenau et al., 2004).

Growth, modeling and remodelling are three processes involved in the dynamic

condition of bone. Longitudinal bone growth occurs by a process called endochondral

bone formation that involves two steps: (1) cartilage is added to the growth plates located

at both the proximal and distal ends of long bones; and (2) cartilaginous scaffolding is

transformed into bone tissue in the adjacent metaphyses (Schoenau et al., 2004).





Furthermore, modeling and remodelling occur through the action of bone deposition and

resorption by bone cells, respectively known as, osteoblasts and osteoclasts.

Modeling corresponds to bone growth in width that results in an increase in the

outer circumference of a long bone or vertebral body. It involves osteoclasts and

osteoblasts sitting on opposite sides of a given piece of bone, with osteoblasts typically

located on the periosteal surface of the bone cortex where they deposit bone matrix and

later mineralize it (Schoenau et al., 2004). Simultaneously, osteoclasts located on the

endocortical surface of the cortex resorb bone, intern increasing the size of the marrow

cavity. Most importantly, during modeling, osteoclasts remove less bone tissue than what

is deposited by osteoblasts resulting in a net gain of bone over time. Therefore, modeling

is the process that alters shape and mass of bone and also represents a regional response

to current loading conditions (Bailey et al., 1996).

Remodelling serves as a maintenance function whereby successive cycles ofbone

resorption and formation are occurring on the same bone surface. The principal purpose

of remodelling is to replace fatigue-damaged bone tissue with new bone resulting in the

continuous turnover ofbone (Bailey et al., 1996; Schoenau et al., 2004). A group of

osteoclasts remove a small quantity of bone tissue followed by the replacement ofnew

bone by osteoblasts. This entire process is named the remodelling unit with the

interaction of osteoblasts and osteoclasts being referred to as 'coupling' (Schoenau et al.,

2004). If the interaction of osteoblasts and osteoclasts is coupled the remodelling balance

will be zero. During growth, bone deposition occurs at a more rapid rate than bone

resorption, resulting in bone gains. Remodelling is the dominant bone process modifying

shape and mass in adults with the rate of bone deposition and resorption at equilibrium.





However, with age, remodelling results in a net loss of bone, as new bone never

completely replaces the bone that has been resorbed, particularly on the endosteal surface

where bone is in contact with marrow (Schoenau et al., 2004).

2.1.2 Bone Growth

Bone growth during childhood and adolescence is of major importance for the size of

peak bone mass. During puberty there is a considerable increase in bone mass resulting in

an increase in bone size (length and width), bone density or both (Molgaard et al., 1999).

Peak bone mass is the maximal amount of bone mineral that is accrued within bone

during adolescence along with the consolidation that continues beyond the attainment of

final height (Davies et al., 2005). Peak bone mass can be measured in terms of bone

mineral content (BMC, the absolute amount of mineral present in a bone or region of

bones) or bone mineral density (BMD, the relative amount of bone mineral per measured

area or volume of bone). According to Gordon (2003), peak bone mass can be thought of

as the bone bank for one's life; at least half of all adult mineralized calcium is laid down

during the adolescent years, with the most rapid bone accretion occurring during late

childhood and the pubertal growth spurt. Therefore, maximizing peak bone mass is

advocated as the best way to prevent osteoporosis as it is generally accepted that those

who achieve a higher peak bone mass are at less risk of experiencing an osteoporotic

fracture later in life (Bonjour et al., 2005; Molgaard et al., 1999).

Previous studies in children and adolescents have shown a rapid increase in BMC

accrual accompanying linear growth with continued accumulation after the cessation of

longitudinal growth, making the period between 9-20 years of age critical in attaining an





optimum peak bone mineral content (Bonjour et al., 1991; Bailey et al., 1996).

Furthermore, the period of accelerated growth during puberty is crucial for bone mineral

acquisition in girls, contributing approximately 50% of peak bone mass during this time

(Cadogan et al, 1998). Peak bone mass is largely achieved by the end of the second

decade, with 90% of total body BMC accrued by the age of 16 (Elgan et al., 2003; Stager

et al., 2006), and about 5-10% of total body bone mass achievable in the third decade

(Cadogan et al, 1998). Therefore, bone mineral accumulation continues after the

cessation of longitudinal growth allowing for other factors to influence the accrual of

bone.

It has been shown that BMC gains during adolescence are more a function of

pubertal stage than chronological age (Bailey et al., 1996). According to Cadogan et al.

(1998) height gain is not associated with bone accumulation during period of rapid

growth; instead, peak height gain is an early pubertal event with maximal bone mineral

accumulation occurring later in puberty around the time of menarche. Moreover, there is

an observed dissociation between statural growth and gain in total body bone mass. The

age of peak linear growth, known as peak height velocity (PHV), occurs over 1 and 2

years, respectively, prior to peak gains in BMC (Bailey et al., 1996) and menarche

(Cadogan et al., 1998). Longitudinal studies of changes in bone mass during growth have

confirmed that in girls the greatest increases in bone mass occur between the ages of 12-

15 years (Davies et al., 2005). More specifically, Bonjour et al. (1991) demonstrated peak

bone mass accretion rate was achieved for females between the ages of 14-15 for both

L2-L4 and the femoral neck BMD, where as midfemoral shaft BMD was attained later

between 17-18 years of age. Therefore, bone accrual occurs between 9-18 year of age,
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with majority ofBMD gains occurring within a four year period from 11-15 years of age

at both the lumbar spine and femoral neck (Bonjour et ah, 1991), and with peak gains in

BMC occurring approximately around age 13, after bone growth - length and width

(Bailey et al., 1996; Molgaard et al., 1999).

2.2 Bone Assessment Techniques

Osteoporosis has recently been recognized as a silent epidemic with much effort being

directed towards its diagnosis (Njeh et al., 1997). Currently, the clinical assessment of

osteoporosis relies on measurements ofBMD. Various techniques, such dual-energy X-

ray absorptiometry (DXA) and quantitative X-ray computed tomography (QCT), can be

used to measure bone mineral status. As BMD can only explain about 70-75% of the

variance in bone strength (Njeh et al., 1997), decreased bone mass then represents only

one of several factors known to influence bone fragility (Heaney et al., 1989). Moreover,

technical aspects regarding the measurement of bone mass in children and adolescents

carry their own sets of issues and require careful consideration.

2.2.1 Dual X-Ray Absorptiometry

Dual x-ray absorptiometry (DXA) is the most common method and preferred technique

of bone mineral measurement due to its speed, precision and low radiation exposure

(Gordon, 2003; Fulkerson et al., 2004) of 6.7-3 luSV (Schoenau et al., 2004). Standard

DXA software provides measurement ofbone area (BA, cm2), bone mineral content
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(BMC, g) and areal bone mineral density (aBMD, g/cm2) (Fulkerson et al., 2004). DXA

can measure BMD in various skeletal regions, including the total body, lumbar spine and

proximal femur. However, BMD assessed by DXA is an estimation of 'true' bone density

as DXA measures bone in only two dimensions, when true volumetric bone density is

measured 3-dimensionaly and includes bone volume and thickness (Fulkerson et al.,

2004; Gordon, 2003; Schoenau et al., 2004). However, DXA measures bone using a 2-

dimensional projected area that expresses BMD as an areal density by diving BMC by

BA and is affected by bone size (Fulkerson et al, 2004; Schoenau et al., 2004).

It is important to remember that DXA was originally developed for use in adults

and that children are not small adults. It is particularly difficult, using DXA, to interpret

and evaluate BMD in the growing years in children and adolescents when there are

considerable changes to the size and shape of bone (Bailey et al., 1996; Gordon, 2003;

Schoenau et al., 2004). Furthermore, interpretation ofBMD in children using DXA needs

to be taken with caution as there can be large differences in body size and physical

maturity in children making definition of 'normal' problematic as it will vary greatly

depending on age, pubertal status, and gender (Gordon, 2003; Schoenau et al., 2004). As

a result, larger bones resulting from growth will yield higher BMD values in comparison

to smaller bones even when there are no actual differences in BMD. Therefore DXA will

overestimate volumetric BMC in tall children or those with large bone size and

underestimate in those children and adolescents who are short or have small bones

(Bailey et al., 1996; Fulkerson et al., 2004). Finally, the World Health Organization's

(WHO) definitions of osteoporosis and osteopenia are used only for postmenopausal

women and are not available for children and adolescents, which further complicates the
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interpretation ofDXA data in young patients particularly when attempting to diagnose

abnormalities in bone tissue.

2.2.2 Quantitative Computed Tomography

As previously mentioned, true measurements of volumetric BMD is represented as a

three-dimensional construct (g/cm
3
) that includes bone volume and mass (Baroncelli,

2000). This can only be measured by quantitative computed tomography (QCT) or

peripheral QCT (pQCT). pQCT works by assessing 3-dimenstional bone, most

commonly the forearm or the tibia, by measuring one or several slices of bone by

sending an x-ray beam via a rotating detector around the limb that is being investigated.

The slices of bone that are scanned are taken at a certain percentage of total bone length

from a reference line, usually the growth plate (Schoenau et al., 2004). pQCT has the

ability to determine bone mass, bone density, bone geometry and even bone strength by

measuring parameters such as BMC, volumetric BMD of cortical and trabecular bone,

and stress-strain index (SSI), respectively (Dambacher et al., 2004, Schoenau et al.,

2004).

There are a number of advantages and disadvantages to this technology in

comparison to DXA. An advantage is that pQCT technology has the ability to measure

true BMD as well as provide measures of bone size and geometry, independent of

skeletal size, not attainable with DXA. Another advantage ofQCT is its ability to

differentiate between trabecular and cortical bone. However, like DXA, pQCT is

expensive, uses radiation and provides no reference database for children.
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2.23 Quantitative Ultrasound

Quantitative ultrasound (QUS) has recently emerged as a promising technology for the

assessment of bone strength and fracture risk. QUS is particularly attractive because it is

simple, relatively inexpensive, portable, non-invasive and radiation-free (Njeh et al.,

1999; Schoenau et al., 2004). As a result, QUS has a greater potential for widespread

application than fixed standard bone densitometry approaches, such as DXA and pQCT,

and is believed to reflect both qualitative and quantitative aspects of bone (Foldes et al.,

1995).

QUS assesses bone by measuring the speed of sound (SOS) in m/s at which sound

waves travel, as well as the attenuation of those waves known as broadband ultrasound

attenuation (BUA) (Njeh et al., 1997). To measure the speed of sound (SOS) the QUS

uses two transducers, one acting as transmitter and the other as receiver, and calculates

the SOS by dividing the propagation distance by the transit time (Njeh et al., 1999)

(Figure 1 ). The SOS measurement is based on the fact that ultrasound waves travel faster

through bone than through soft tissue (Gluer et al., 1994; Schoenau et al., 2004). BUA

measurements reflect the amount of energy lost by ultrasound waves as they travel

(Schoenau et al., 2004). Moreover, QUS has the ability to measure SOS in two ways,

through or along bone, respectively.

Measurements through the bone affect the velocity of transmission and the

amplitude of the wave allowing for bone to be characterized in terms of ultrasound

velocity and attenuation (Njeh et al., 1997). Transverse measurements are dependent on

the size of the bone and are capable of assessing SOS and BUA in trabecular bone sites,

such as the calcaneous, that are accessible from two opposite sides (Barkmann et al.,
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2000). Conversely, when SOS is measured along the bone, transaxially, it is measured

from the same side of the bone (Figure 1), is not size dependent and can only assess

cortical bone (Barkmann et al., 2000). As a result, transmission methods along the length

ofbone limit the QUS to peripheral sites of the body such as the tibia and radius.

Most importantly, SOS measurements reflect several different characteristics of

bone, including BMD, microarchitectural structure and elasticity (as cited in Njeh et al.,

1999). However, QUS does not allow one to determine the percent contribution of each

these characteristics to SOS scores, but it does allow for the simultaneous measurements

of each of these factors, whereas other more popular techniques do not.

Figure 1. Schematic Diagram of the Ultrasonic Wave Propagator. Diagram represents

position of probe on forearm and pathway of ultrasound as it travels along the bone from

transmitter to receiver.
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Previous studies using QUS have demonstrated the ability ofQUS to discriminate

osteoporotic fractures between patients and age matched controls (Bauer et al., 1995;

Njeh et al., 1997). Hans et al. (2003) was able to discriminate between hip fracture

patients and age matched controls using QUS, at the calcaneus and radius, and concluded

that the calcaneum was a stronger determinant of hip fracture compared with the radius.

BUA has also been shown to strongly predict fractures independently of densitometry in

older women (Bauer et al., 1997), with lower SOS scores being found in women who had

experienced a fracture compared to women who had not (Brakmann et al., 2000).

With respect to children and adolescents, QUS has been used to examine bone

strength in the younger population participating in PA (Falk et al., 2003; 2004),

demonstrating a moderate relationship in conjunction with DXA (Lehtonen-Veromaa et

al., 2000b), as well as being sensitive to detect changes in SOS over an 8-month period

due to growth (Falk et al., 2000). Therefore, the use of SOS in children is gaining rapid

support and is valuable in the assessment of bone since it is less likely to be affected by

the bone size compared with DXA (Baroncelli, 2008; Falk et al., 2003).

2.3 Biochemical Markers of Bone Turnover

A major draw back to the aforementioned bone assessment techniques is that they

provide static rather than a dynamic picture of bone. As previously mentioned, bone is

continually being broken down by osteoclasts and formed by osteoblasts throughout life.

As a result, the examination of biochemical measurements of bone turnover, in addition
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to static measures of bone, can be helpful in the study of skeletal metabolism and growth,

as they can be utilized to provide an understanding ofthe dynamic course of bone

remodeling (Creighton et al., 2001; Szulc et al., 2000). The interpretation of biochemical

markers of bone turnover can be difficult as they depend on various factors such as age,

maturity, growth, mineral accrual, hormonal regulation, nutritional status, circadian

variation, sensitivity and specificity of assays. Therefore, certain issues need to be

considered, particularly, when using bone markers to study bone turnover in children and

adolescents.

Puberty is characterized by longitudinal growth and the accrual ofbone mineral.

Cross-sectional studies have indicated that bone formation markers (Fares et al., 2003;

Szulc et al., 2000) are highest and bone mineral accrual most rapid during Tanner stage 3

in girls (Molgaard et al., 1999; Szulc et al., 2000). However, recent prospective studies

(as cited in Szulc et al., 2000) have shown that during early puberty, when growth

velocity was highest, bone markers increased rapidly and started decreasing before

menarche suggesting that bone markers may reflect longitudinal growth rather than

mineral accumulation. At the beginning of the pubertal growth spurt the pattern of change

in bone markers suggests that increases in growth hormone (GH) may contribute to the

circadian variations of bone markers, mimicking elevated levels ofGH late at night and

early in the morning (Szulc et al., 2000). Therefore, bone markers are relatively stable in

pre-pubertal growth in children and increase at the beginning of the pubertal growth spurt

after which, with the attainment of puberty and final height, levels of bone markers

decrease progressively to adult concentrations (Fares et al., 2003; Szulc et al., 2000).
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23.1 Markers of Bone Formation

Osteocalcin, also known as Gla protein (Lee et al., 2000), is a marker of osteoblast

activity detected in serum that represents both static and dynamic parameters of bone

formation (Ivaska et al., 2004; Szulc et al., 2000). Newly synthesized osteocalcin,

roughly 60-90% of it, is embedded into the bone matrix with a portion leaking out into

the circulation where it can be detected (Ivaska et al., 2004). Therefore, circulating

osteocalcin can represent not only its synthesis from osteoblasts but also represent the

resorption process through the degradation of embedded osteocalcin from bone. As a

result, it is possible to use osteocalcin as a measure ofbone turnover and not merely as a

marker of bone formation (Ivaska et al., 2004). Furthermore, osteocalcin has been found

to be correlated with height and height velocity in pubertal children with circulating

levels varying by age, pubertal status and time of day (Szulc et al., 2000). Of all the non-

collagenous proteins in bone, osteocalcin is the most abundant and widely studied (Lee et

al., 2000).

Another established bone formation marker is bone-specific alkaline phosphatase

(BAP). BAP is an enzyme localized to the membrane of osteoblasts and is released into

the circulation (Lehtonen-Veromaa et al., 2000a). Serum ALP is one of the most

frequently performed assays in clinical medicine and has been recognized as a useful tool

as a therapeutic marker of bone pathologies such as Paget' s disease, rickets, and

osteomalacia, but is less useful in osteoporosis as it is not specific to bone tissue (Calvo

et al., 1996). In adults, BAP is a more sensitive diagnostic tool than AP as small

increases are readily detectable. (Szulc et al, 2000). Like osteocalcin, BAP increases

rapidly in growing children and adolescents until mid-puberty and decreases in late
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puberty, especially after menarche in girls (Szulc et al., 2000). Unlike serum ALP, BAP

is specific to bone, acting as a better indicator ofbone formation than ALP. Moreover,

BAP has been established as a bone formation marker in children (Fares et al., 2003).

Lastly, 25-hydroxyvitamin D, 25-OH vitamin D, is the main biologically inactive

vitamin D metabolite circulating in plasma and is the storage form of vitamin D in the

human body (BioNet, 2008). Moreover, vitamin D stores can be assessed by measuring

the serum concentration of25-OH vitamin D, which is considered to be the most reliable

and commonly used index of vitamin D status in an individual (Lehtonen-Veromaa et al.,

2002). As vitamin D is an important complement of calcium, the concentration needed

for optimal bone mass acquisition and maintenance has been debated. Decreased

concentrations of serum 25-OH vitamin D are representative of increased parathyroid

hormone, which in turn acts to increase osteoclast activity, and ultimately bone resorption

(Lehtonen-Veromaa et al., 2002). As a result, circulating levels of25-OH vitamin D can

reflect the degree of bone formation occurring and in itself act as a marker ofbone

turnover. /

23.2 Markers of Bone Resorption

Collagen constitutes about 90% of the structural protein ofbone matrix with most of it

being type-I collagen that is cross-linked by either pyridinolines (Pyr) or

deoxypyridinolines (Dpyr) (Mora et al., 1998), with crosslinks also occurring at the N-

and C-terminal ends (N- and C-terminal telopeptides, NTx and CTx respectively) (Szulc

et al., 2000). The cross-linked collagen infrastructure ofbone undergoes continuous

remodelling that involves osteoclast mediated resorption resulting in the production of
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these cross-linked structures. Assays have been developed to ascertain the amount of

osteoclast activity occurring and determine the degree of bone resorption by measuring

Pyr, Dpyr, NTx and CTx in blood and urine (Eastell et al., 2000; Szulc et al, 2000).

However, those crosslinks formed at the aminoterminal portion of type-I collagen (NTx),

seem to be generated only by osteoclasts and therefore best reflect bone resporption

(Moraetal., 1998).

NTx has recently been established as one of the newer markers of bone resorption

that are more specific to the metabolic break down of bone collagen, acting as a specific

indicator of the current level of bone resorption (Eastell et al., 2000). Furthermore, serum

based markers of bone turnover tend to show less variability compared with urine-based

markers, and therefore, measurement of serum NTx may offer bone resorption testing

with decreased intra-subject variability (Eastell et al., 2000).

2.4 Factors Affecting Bone

Approximately 80% and 20% of bone mass is determined, respectively, by both intrinsic

and extrinsic factors. Intrinsic factors include: genetics, family history, ethnicity and

hormonal milieu. Examples of extrinsic factors include diet, hormonal milieu (in the form

of oral contraceptive use), specific illness and exercise (Gordon, 2003; Steelman &

Zeitler, 2001). Achieving peak bone mass in adolescence is a major determinant of bone

mass later in life as individuals who achieve higher peak bone mass during this time will

be better equipped to deal with the consequences associated with the age-related loss of

bone, such as osteoporosis risk (Bonjour et al., 2005; Molgaard et al., 1999; Valimaki et
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al., 1994). Permanent deficits in peak BMD are the result of any process that interferes

with normal bone mineral accretion during childhood and adolescence. Therefore, it is

important to maximize bone mass during childhood and adolescence in order to reduce

the risks of osteopenia and osteoporosis in the future.

2.4.1 Physical Activity

The use of physical activity (PA) in maintaining bone health throughout the lifespan and

ultimately preventing osteoporosis has been the focus of considerable research in

improving peak bone mass and minimizing bone loss (Beck & Snow, 2003). The timing

ofPA during the lifespan is also important as it's initiation during the pre-pubertal years

appears to be the most beneficial to improving bone mass. PA at a young age may

account for up to 17% of the variance in BMD seen in individuals in their late 20s

(Davies et al., 2005). Not only is the timing ofPA important to maintaining and

improving bone mass, but so to is the type of exercise that one participates in.

Based on the Mechanostat theory, bone will respond within certain ranges of

loading, and induced strains must be above or below certain thresholds in order for bone

to have an adaptive response (Bailey et al., 1996). If the bone is properly overloaded, the

load will elicit a modeling response on bone making it susceptible to new levels of

mechanical demand (Bailey et al., 1996). This theory has been used to investigate the

potential for weight-bearing PA on bone mineral acquisition in children and adolescents.

Since the modeling response of bone occurs mainly during the years of growth, the

importance of investigating different types of exercise and PA on bone mineralization
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becomes important if the goal of these activities is to improve and maintain bone mass

for the future prevention of osteoporosis.

Various studies by Lehtonen-Veromaa et al. (2000a, 2000b, 2000c) have

demonstrated that PA is associated with bone mineral acquisition in peri-pubertal girls

and that increases in femoral neck BMD are evident with high-impact weight-bearing

forms of PA. Furthermore, when comparing BMD through the use ofDXA and QUS,

girls participating in gymnastics and/or running had higher femoral neck BMD and

calcaneal SOS and broadband ultrasound attenuation values than their non-athletic age-

matched controls (Davies et al., 2005; Lehtonen-Veromaa et al., 2000a; 2000b).

Moreover, simple jumping exercises can be useful in promoting bone growth at the hip

and femoral neck and can even be useful in maintaining gains in both BMC and BA at

the femoral neck after a period of rest following high-impact training (Fuchs & Snow,

2002; Kato et al., 2006).

In contrast, significant declines in bone mass and increases in bone resorption

have resulted from reductions in PA due to decreased levels of mechanical loading as

seen in bed rest or spaceflight (Caillot-Augusseau et al., 1998). Of particular interest is

whether non-weight bearing activities have similar effects on bone as high impact or

weight bearing activities, and if these non-weight bearing activities can have some

protective effect against the development of osteoporosis through the attainment of

higher peak BMD. The first indication that non-weight bearing forms of activities, such

as swimming, have resulted in beneficial effects on bone have been based on animal

studies. Swim-trained rats, training for 1 2 wks for 60 minutes 5 times per week, have

demonstrated greater bone mass, density, strength and dynamics than their untrained
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animal counterparts (Hart et al., 2001). Studies such as these highlight the potential for

activities like swimming to have positive outcomes on bone. However, results examining

this form of activity on bone strength have been inconclusive (Table 1 & 2).

It is believed that athletes who are exposed to high-impact impact loads such as

gymnastics have higher BMD (Lehtonen-Veromaa et al., 2000b & 2000c), whereas

athletes, who participate in low-impact loads such as those experienced during swimming

have lower or normal bone densities (Bellew & Gehrig, 2006; Cassell et al., 1996). A

study examining the effects of physical training on BMD in prepubertal girls comparing

impact and non-impact loading sports found no significant differences between

swimmers, training 8-12 hours per week, and controls for BMD measurements (Courteix

et al., 1998). However, these aforementioned BMD measurements fail to account for the

architecture, organization of tissue, mechanical properties and other factors that impart

strength on bone. Studies examining bone strength using QUS have found swimmers to

have an increased tibial SOS scores (m/s) compared to controls and similar to that of

gymnasts (Falk et al., 2003; 2004), suggesting that swim training may affect bone

properties not normally measured using preferred techniques such as DXA.

Various studies have examined the relationship between physical activity and

markers of bone metabolism (Creighton et al., 2001; Lehtonen-Veromaa et al., 2000a).

Moreover, little research has been conducted on markers ofbone formation and

resorption in relation to different types of sports, particularly in children and adolescents.

A cross-sectional, control study by Creighton et al. (2001), examined bone turnover in

relation to different types of weight-bearing sports in female athletes between the age of

1 8-26, and found that osteocalcin was significantly lower in swimmers compared to
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athletes participating basketball, volleyball, soccer and track, with no differences in NTx

between sports. However, in a younger population of girls, ages 9-15, no differences

were found in any of the bone turnover markers (osteocalcin, BAP, and CTx) measured

between female gymnasts and controls (Lehtonen-Veromaa et al., 2000a). Therefore,

research investigating the relationship regarding bone markers and different physical

activity types is limited and ambiguous, but even more so in children and adolescents,

making it difficult to ascertain the effect of sport on bone.
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2.4.2 The Muscle-Bone Unit

According to Davies et al. (2005), physiological adaptations of bone to local muscle

forces is of particular importance in pre-pubertal children as some of the age dependent

increases in BMD is attributable to an increase in local muscularity. Based on the

assumption that muscle and bone mass are closely associated during growth and

development, the Mechanostat Theory postulates that increases in muscle strength should

precede increases in bone strength (Rauch et al., 2004). The largest physiological loads

on the skeleton result from muscle contraction putting stresses on the skeleton several

times larger then the effect of gravity, leading to the assumption that increasing muscle

mass (and thus muscle force) during development can create a stimulus large enough to

increase bone mass and in tern bone strength (Rauch et al., 2004; Scheonau & Frost,

2002). Given these far reaching implications, it is possible to evaluate different

circumstances in which the development of lean mass, perhaps through participation in

various form of physical activity, can affect bone strength.

2.4.3 Hormones

Sex hormones play a major role in bone development during adolescence and bone

maintenance later in life. 1 7p-estradiol (E2), the most potent and abundant estrogen

during puberty and throughout female fertile life, exerts its effects on the long bone shaft

during growth. Wang et al. (2004) demonstrated, using pQCT in early pubertal girls, that

serum E2 was significantly and positively associated with total vBMD, cortical thickness,

and cortical proportion of the tibial shaft and was negatively correlated with the marrow

proportion, mainly by suppressing bone resorption at the endocortical surface. Therefore,
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estrogen is required for healthy bone metabolism as depressed estrogen levels may

negatively affect BMD (Cobb et al., 2003; Kaufman et al., 2002). Estrogen deficiency

can affect bone health by lowering the peak bone mass that can be achieved during

puberty, as well as lowering BMD at various sites of the body. Often a low BMD is

characterized by stress fractures, and even decreases in lumbar bone density, particularly

in those girls with delayed menarche and long periods of secondary amenorrhea (Soyka

et al., 2000; Warren et al., 2002). Therefore, estrogen is important to increasing and

maintaining bone mass through the attainment of regular menarche and menses in

females.

Physical changes that occur during puberty are mediated through various

hormones, including insulin-like growth factor 1 (IGF-1) (Mora et al., 1999; Soyka et al.,

2000). IGF-1 is a nutritionally dependent bone trophic factor that is a major regulator of

bone growth during childhood (Mora et al., 1999; Soyka et al., 1999). Furthermore, it

influences bone mineral accumulation during this period of time by positively affecting

bone growth and turnover through stimulation of osteoblasts, collagen synthesis and

longitudinal bone growth (Mora et al., 1999; Soyka et al., 2000). In addition to

stimulation of osteoblasts, IGF-1 also modulates the formation of osteoclasts through its

activation of osteoblasts, and therefore, may serve as a coupling agent in the bone-

remodelling cycle (Mora et al., 1999). Furthermore, IGF-1 was found to have a direct

effect on cross-sectional area and cortical bone area of the femur with no association to

cortical BMD in children (Garnett et al, 2004; Mora et al., 1999) Therefore, increases in

serum IGF-1 levels during childhood parallel increases in bone mass during growth,

suggesting a relationship between elevated IGF-I levels and bone gains.
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In relation to exercise, IGF-1 has been shown to have adaptations to brief exercise

(Cappon et al., 1994) and long-term training (Koziris et al., 1999) in young men and

women. Circulating serum levels of total and free IGF-1 have been shown to increase

with long intense training and after a heavy short bout of exercise (Cappon et al., 1994;

Koziris et al., 1999). This trend for increases in IGF-1 post exercise and training in adults

is believed to be similar in children; however studies have shown that IGF-1 decreased

after 5 weeks of training in adolescent girls (Eliakim et al., 1996). Moreover, reductions

in IGF-1 in exercise training subjects have also been seen with an energy imbalance

(Nemet et al., 2004). Therefore, the role of IGF-1 in training needs to be further

investigated particularly in children.

2.4.4 Nutrition

Calcium and vitamin D are both nutritional factors that are important to the promotion of

skeletal health and growth. Calcium requirement increases during periods of rapid

growth, and vitamin D is an important complement of calcium as it facilitates the

absorption of calcium from the diet. Therefore, a concern with malnutrition is that

vitamin D deficiency could cause an increase in bone remodeling rate, which could

potentially impair bone accretion during skeletal growth (Gordon, 2003). Studies have

shown that increased calcium intake, through milk consumption, are important in

optimizing and enhancing bone mineral acquisition in adolescent girls and can favorably

modify the attainment ofpeak bone mass (Cadogen et al., 1997; Valimaki et al., 1994).

Disordered eating can be characterized by a conscious extreme dietary restraint or

a situation in which the individual is unaware of one's imbalance of energy intake in
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relation to expenditure. Furthermore, a decrease in dietary intake may also result in some

form of menstrual cycle disturbance (Williams et al., 2001), resulting in low circulating

levels of estrogens and growth factors that are important regulators of bone turnover and

ultimately, bone density (Cobb et al, 2003; Gordon, 2003). IGF-1, a nutritionally

dependent bone trophic factor, is critical during the period of bone mineral accumulation

and low levels found in adolescents with any form of dietary restraint may be an

important factor in the development poor bone health (Soyka et al., 1999).

2.5 Body Image

Body image has been established as an important aspect of well-being with self-

evaluations ofphysical appearance, known as body-esteem, falling under the specific

domain of self-esteem (Ferrand et al., 2005). Body esteem (BE) refers to self-evaluations

of one's body or appearance and has typically been conceptualized as a global construct

that consists of three factors such as BE-Appearance, BE-Weight and BE-Attribution

(Mendelson et al., 2001). The three additional factors help to discern general feeling

about appearance, weight satisfaction and evaluations attributed to others about one's

body and appearance (Mendelson et al., 2001).

Body image is a multifaceted construct comprised of cognitive, affective and

behavioural components, with body dissatisfaction acting as an affective component of

body image discerning how an individual feels about her or her body (Duncan et al.,

2006). Negative body image and body dissatisfaction are of concern as body image

dissatisfaction, even among children, might be a risk factor for the later development of

29





an eating disorder (Stice, 2002). Physical activity, on the other hand, can positively

improve health outcomes in children as well as potentially positively influencing

psychological outcomes such as body dissatisfaction and self-esteem (Duncan et al.,

2006; Davison et al., 2002). However, participation in specific types of sports,

particularly ones which promote leanness for aesthetic reason, are associated with an

increased risk of eating disorders and its related factors such as elevated weight concerns

and body dissatisfaction (Davison et al., 2002).

2.5.1 Body Image in Synchronized Swimming

Adolescent athletes, and athletes as young as 5 and 7 years, have been identified as one of

the groups that may present with some form of disordered eating, especially if they

participate in a sport in which great emphasis is placed on thinness (Davison et al., 2002;

Ferrand et al., 2005). Furthermore, it has been suggested that aesthetic, lean, and judged

sports could encourage unhealthy eating and weight management behaviours.

Synchronized swimming fits all three descriptors that promote specific images and

standards of ideal bodies that may contradict good health practices: Synchronized

swimming (1) is an aesthetic sport that focuses on appearance and physique; (2)

encourages a lean physique and low body fat; and (3) involves the subjective evaluation

of athletes by experts (Ferrand et al., 2005).

Moreover, when adolescent synchronized swimmers were compared with girls

participating in sports where weight was not an issue, synchronized swimmers reported

decreased body-esteem by indicating greater negative feelings about their appearance and

low perceptions ofhow others evaluate their physical appearance (Ferrand et al., 2005).
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Therefore, participation in synchronized swimming may force the athlete to confront

body image pressures, ranging from performance related pressures that are reinforced by

their coaches, teammates and judges, possibly leading to forms of disordered eating

which can have detrimental effect on both mental and physical health.

As previously mentioned an avenue to disordered eating can stem from negative

body dissatisfaction and esteem concerns, which seems more likely in girls participating

in aesthetic type of sports (Davison et al., 2002; Stice, 2002). Disordered eating and even

more severe cases, such as clinical eating disorders, can have negative affects on bone

density and bone metabolism (Soyka et al., 1999). Furthermore, a decreased dietary

intake may result in the disturbance of circulating estrogens and growth factors that are

important to the maintenance and development of bone (Cobb et al, 2003; Gordon, 2003).

Despite these broad implications, it is possible through the aforementioned mechanism,

that psychological factors could have physiological affects on bone.
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Chapter 3: Methods

3.1 Subjects

This study and all related procedures received ethical clearance from the Brock

University Research Ethics Board. Participants were recruited through poster and

newspaper advertisements, local health care facilities, recreation centres, synchronized

swimming clubs, and through word ofmouth throughout South-Western Ontario,

Canada. Prior to contacting synchronized swimming clubs, approval for the study was

also sought from Synchro Ontario, the governing body for synchronized swimming in

Ontario. Once approved, a copy of the study poster was posted on the Synchro Ontario

website and individual clubs were contacted in order to recruit swimmers. Recruitment

of all participants focused on Caucasian girls between 8-16 years of age, as this

corresponds to the period of increased bone accrual during growth (Bonjour et al, 1991).

The synchronized swimmers invited to participate in the study were provincial and

national level athletes training a minimum of 6 hours per week. The non-swimmers

involved in the study did not participate in competitive sport outside of school. Girls who

had been taking corticosteroids, oral contraceptives, had a body fat percentage greater

than 30% or irregular menses were excluded from the study, as all of these factors have

been shown to affect bone strength.

A total of 70 girls participated in the study, 40 of which were non-swimmers (NS)

(20 pre- and 20 post-menarcheal) and 30 synchronized swimmers (SS) (8 pre- and 22
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post-menarcheal). Participants were classified as being pre- (Pr) or post- (Po)

menarcheal based on whether or not they had achieved menses.

3.2 Procedures

After expressing interest in the study, eligible subjects and their parents were invited to

the laboratory for a single visit lasting 1-hour in duration. Synchronized swimmers were

invited to the Child Exercise and Nutrition Centre at Chedoke Hospital in Hamilton,

Ontario or to a designated room at their local training facility. Majority of testing

occurred between the hours of 3 and 8 pm, with the exception of a few swimmers being

tested in the morning due to training schedules and room availability.

Prior to the laboratory visit, all participants were instructed to avoid caffeinated

beverages and to consume only a light snack within 4 hours of testing. Upon arrival, both

participants and their parents received a full description of the requirements and purpose

of the study, the methods involved as well as the possible benefits and potential

discomforts. An information letter was read and informed consent signed by a parent or

guardian prior to participation in the study. Subsequently, anthropometric measures of

height, sitting height, and weight were taken, followed by the completion of a

questionnaire package. The questionnaire package included information concerning

medical information, maturation, menstrual history, training history, leisure-time physical

activity, dietary intake and body image. Quantitative ultrasound (QUS) was then used to

determine bone strength of the tibia and radii. After the bone scan was complete relative
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body fat was measured using bioelectrical impedance analysis (BIA). Finally, resting

blood samples were drawn, using a standard venipuncture technique.

3.3 Measurements

33.1 Anthropometry

All measures of height, sitting height, body mass and relative body fat were made by the

same investigator for all subjects. Height (cm) was taken to the nearest 0.1 cm using a

stadiometer (Ellard Instrumentation stadiometer, Monroe, WA, USA) mounted to the

wall. Participants were instructed to stand straight with no shoes on with their backs

against the wall, and the height of each participant was measured to the nearest

millimetre. Participants were also asked to sit on a table cross legged with their backs

against the stadiometer and a combined height of the seated participant and table was

taken. Sitting height was then measured my subtracting the combined height of the

sitting participant and table by the known height of the table. Weight (kg), relative body

fat (% BF) and lean body mass (LBM) were measured using the InBody520 BIA machine

(Biospace Inc., Beverly Hills, U.S.A). The InBody520 is a tetrapolar 8-point tactile

electrode system that uses a direct segmental multi-frequency (5, 50, and 500 kHz)

bioelectrical impedance method to analyze body composition in both the left and right

arm and legs, and trunk. (Biospace, 2008). The reliability and validity of this method has

been demonstrated successfully in children and adolescents (Azcona et al., 2006;

Kriemler et al., 2008). Prior to the BIA assessment, subjects were instructed to consume
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500ml of water and void their bladders in order to standardize their hydration status at the

time of testing.

33.2 Maturity Indicators

Somatic maturity, referred to as skeletal maturity, was defined as the years from the age

of peak height velocity (PHV), calculated using height, sitting height, leg length (height

minus sitting height), and body mass, as previously suggested (Mirwald et al., 2002).

Sexual maturity was self-assessed according to secondary sexual characteristics, as

defines by Tanner (Tanner 1962; Taylor et al. 2001). Pubic hair development (Tph) was

used to determine sexual maturity (see Appendix 2). Participants were also asked to

indicate whether or not they had reached menarche, and if so at what age, as well as note

the frequency of their menses in days.

3.33 Nutritional Intake

Dietary intake was evaluated using 24-hour recall interview. The day had to be

representative of a typical day of eating for the participant, and if it was not, another day

was selected. Furthermore, pictures representing different portion sizes were used in

order to ascertain the most accurate amount of food that was consumed. Dietary analysis

was conducted using Nutritionist Pro (Axxya Systems, USA), which was used to

estimate total caloric (kcal), calcium (mg), and vitamin D (u.g) intake.
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33.4 Physical Activity

Physical activity was self-reported using the Godin-Shephard Leisure time questionnaire

(Godin & Shephard, 1985), and has demonstrated adequate validity and reliability in

children and adolescents (Koo & Rohan, 1999; Sallis et al., 1993). This questionnaire

was designed to assess leisure time physical activity in children and adolescents by

asking participants to indicate the number of times in a typical week that they engage in

light, moderate and strenuous physical activity for at least 1 5 minutes. Metabolic

equivalents are then calculated by multiplying known energy expenditures by the

frequency of different intensities of activity. Questions were also used to assess whether

or not the participants were involved in any other forms of physical activity or sports,

along with the level of participation, in or outside of school. Therefore, the type of

activity, the level and frequency of participation, in hours per week, were all taken into

consideration.

3.3.5 Measures of Body Satisfaction

Body esteem was measured using the revised 20 item yes-no Body Esteem Scale for

Children (BES-C) and found to be both valid and reliable in children and adolescents 8

to 15 years of age (Mendelson et al., 1996). The BES-C was used to assess children's

attitudes and feelings about their body and appearance as well as evaluations about one's

appearance to others. The questionnaire was scored using a 2-point scale for which 1-

point was given for each response indicating high esteem, with no point being awarded if

answered conversely. The scale was scored by counting the number of responses
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indicating high esteem and the points tabulated out of 20 with a higher score reflecting

high body esteem (Medelson & White, 1982).

Body image was also evaluated using the Figure Rating Scale (FRS) which is

used to measure body dissatisfaction (Stunkard et al., 1983). The FRS presents a series of

seven silhouette drawings of figures ranging from very thin to very fat, from which

participants were asked to choose their current and ideal body sizes. Body dissatisfaction

could then be assessed by measuring the discrepancy, the difference, between current

perceived and ideal figure ratings by subtracting the current figure from the ideal figure.

A negative score represents the participant wishing to be slimmer, with a positive score

being representative of the opposite. The FRS has been identified as a suitable measure to

assess body image in adolescent females (Sherman et al., 1995) and children (Duncan et

al., 2006; Tiggemann and Wilson-Barrett, 1998).

3.3.6 Quantitative Ultrasound (QUS)

Skeletal Properties were determined from the bone speed of sound (SOS) as measured by

QUS (Sunlight Omnisense™ 7000S, Sunlight Medical, Israel) at both the dominant and

non-dominant mid-shaft tibia and distal 1/3 of the radius. This system consists of a main

unit and a hand-held probe that measures the SOS (m/s) of ultrasound waves through

cortical bone. The ultrasound waves leave the transducer of the probe and enter the bone

at a critical angle and follow along the bone, exiting towards the receiver at that same

critical angle. This measurement is based on the fact that the SOS will travel faster

through bone than it will through soft tissue. The SOS measurement reflects different
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characteristics ofbone strength such as bone mineral density, microarchitectural

structure, elasticity (Njeh et al., 1999).

The QUS is a simple, inexpensive, portable, non-invasive and radiation free

alternative method in the assessment of osteoporotic fracture risk. Moreover, it fits the

World Health Organization criteria for osteoporosis diagnosis. In vitro studies indicate

that the QUS assesses previously unquantified properties of bone fragility (Gluer et al.

1993). QUS has been also shown to predict vertebral and hip fracture (Bauer et al.1995;

Njeh et al. 1997). The use ofQUS in determining bone strength in children is

advantageous as it is non-invasive, radiation-free and most importantly, independent of

bone size. The QUS has been shown to be sensitive enough to detect changes in tibial

SOS among pre-pubertal boys over an 8-month period (Falk et al. 2000).

The Sunlight Omnisense™ System has been used in various studies. Njeh et al.

(1999) used this system in vitro on bovine samples from the mid-femur, trochanter, and

Perspex phantom to examine the dependencies of SOS scores on sample thickness and

composition. It has also been used to assess bone strength at various sites such as the

radius, ulna, metacarpal and phalanx (Barkmann et al., 2000; Hans et al., 2003) to

discriminate between women who have had a fracture and healthy age matched controls.

Lastly and most importantly, it has been used to ascertain differences in bone SOS at the

radii and tibia in young female athletes participating in weight-bearing and non-weight

bearing sports in relation to controls (Falk et al., 2003; 2004).
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33.7 Blood Analysis

Resting venous blood samples were drawn using standard venipuncture techniques

performed by a trained lab assistant. A total of 10-20mL of blood was drawn from the

antecubital vein and collected using one serum and one heparin tube (BD Vacutainer*).

After the blood was drawn only the heparin tube was mixed by inverting the tube 8-10

times. The blood was centrifuged at <1300 RCF (g) for a total of 10 minutes within 30

minutes of blood draw. After centrifugation the blood was aliquoted into a maximum of

five 0.5mL polyethylene tubes for both serum and plasma respectively. The tubes were

then stored at -80°C until analysis. When testing occurred off campus all blood samples

were stored, in a styrofoam cooler on ice, and transported until they could be stored at

-80°C in the appropriate freezers.

The blood was analyzed for insulin-like growth factor I (IGF-1), a nutritionally

dependent bone trophic factor, and biochemical markers ofbone turnover using ELISA

kits. More specifically, bone formation was assessed by serum osteocalcin, and plasma

25 (OH) vitamin D. Serum osteocalcin has been established to reflect bone matrix

maturation and bone matrix mineralization (Caillot-Augusseau et al. 1 998), and has been

used to assess bone health in young populations (Fares et al., 2003). Bone resorption was

estimated by measuring the levels of cross-linked N-teleopeptide of type I collagen

(NTx). Resting serum levels ofNTx have been established as a specific indicator of the

current level ofbone resorption (Eastell et al., 2000).

All samples were thawed and kits brought to room temperature prior to the assay

procedure. During the assay procedure all samples were run in duplicate. Furthermore, all

assayed plates were read using a microplater reader and absorbencies analyzed using
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GraphPad Prism (GraphPad Software, Inc., USA). The mean ofthe duplicate

absorbencies was used in the analysis in order to determine the concentration of the bone

marker in each well.

Serum osteocalcin was assayed using Osteocalcin EIA kits (ALPCO Diagnostics,

Salem, NH, USA). Prior to running the assay the reagents provided in the kits were

prepared: the zero calibrator was reconstituted with 1.0 ml deionized water with the other

calibrators (1-5) and controls (1 and 2) being reconstituted with 0.5 ml deionized water.

The Working Wash solution was prepared by adding 199 volumes of deionized water to 1

volume ofWash Solution (200X). A magnetic stirrer was used to homogenize the wash

solution.

Once the samples were thawed and calibrators and controls reconstituted, 25 ul of

each calibrator, control and sample were pipetted into the appropriate wells followed by

100 ul of anti-OST-HRP conjugate into all wells. The plate was sealed using adhesive

plate sealer and incubated for 2 hours at room temperature on a horizontal shaker set at

700 rpm. After 2 hours the liquid in the wells was emptied into the sink and the plate was

washed 3 times using the Wash Solution prepared prior to the procedure. Within 15

minutes following the washing step 100 ul of Chromogenic Solution was added into each

well. The plate was again incubated at room temperature on a horizontal shaker set at 700

rpm for 30 minutes. After the final incubation period 200 ul of Stopping Solution was

added into each well. The plate was then read on a microplate reader set at an absorbency

of405 nm in order to determine the optical density (OD) within each well.

After the plate was read and the absorbencies obtained, a standard curves was

generated using the calibrator points. The range for control 1 and 2 were 8.8-14.6 ng/ml
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and 25.7-45.9 ng/ml, respectively. Absorbencies of the controls and samples were then

interpolated from the calibration curve, using a 4-parameter logistic function, in order to

determine the concentration of osteocalcin (ng/ml) in each well. Concentrations for the

two controls were found to be 9.13 ng/ml and 32.60 ng/ml, which fit into the ranges for

the controls mentioned above. The intra- and inter- assay CVs were 1.1% and 6.6%

respectively.

Serum NTx was assayed using Osteomark® NTx Serum ELISA kits (Wampole

Laboratories®, Princeton, NJ, USA). Prior to the assay procedure the working strength

wash solution, the working strength conjugate solution, and the calibrators, controls and

samples were all prepared. The working strength was solution was prepared using 1 part

3OX Wash Concentrate with 29 parts deionized water and mixed for 5 minutes using a

magnetic stirrer. The working strength conjugate solution was prepared by diluting 120 \i\

ofAntibody Conjugate Concentrate with 12 ml ofAntibody Conjugate Dilutent and was

mixed gently by inversion. Lastly, a 1 :5 dilution of all calibrators, controls and samples

were prepared in microtubes and vortexed in order to mix thoroughly.

Following all the preparatory steps 100 ul of each diluted calibrator, control and

sample was pipetted into the appropriate wells. Using a mulitchannel pipette, 100 ul of

working strength conjugate solution was delivered into each well. A plate sealer was

applied and the plate gently swirled on a flat surface for 15-20 seconds to ensure mixing.

The plate was then incubated for 90 ± 5 minutes at room temperature. During the last 5

minutes of the incubation period the Chromogen Reagent/Buffered Substrate solution

was prepared by diluting the Chromogen Reagent into the Buffered Substrate using a

1:101 ratio into a clean, disposable, plastic container, and mixed by inversion. At the end
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ofthe incubation the plate was washed 5 times with working strength wash solution and

blotted on absorbent paper after the final wash. Using a multichannel pipettor, 200 ul of

diluted Chromogen Reagent/Buffered Substrate was added to each well and incubated for

30 minutes at room temperature. During this time a blue colour developed in the wells

containing the bound antibody-horseradish peroxidase conjugate. After the incubation

100 ul of Stopping Reagent was delivered into each well. Blue wells that had developed

over the course ofthe incubation period now turned yellow. The plated was then swirled

on a flat surface for 15-20 seconds to ensure mixing, followed by 5 minutes of incubation

at room temperature prior to reading absorbance values. Within 30 minutes of adding the

Stopping Reagent the plate was read using a microwell plate reader set at 450 nm.

Assay results were valid if the following criteria were met: (1) mean absorbance

ofthe nM BCE calibrator was greater than or equal to 1 .333, (2) the span of the

calibrator curve (absorbance difference between nM BCE and 40 nM BCE calibrator) is

greater than or equal to 0.900, and (3) Specimens giving absorbance values below the 40

nM BCE calibrator should be diluted and retested.

After absorbance values were determined concentration values expressed in

nanomoles BCE/L (nM BCE) for controls and specimens were determined from the

calibration curve by interpolation using a 4-parameter logistic curve fitting equation. The

mean absorbance for the nM BCE calibrator was measured at 1 .83 and the range of the

calibrator curve being 0.933, resulting in valid assay results as both values fit criteria's

one and two. Unfortunately, approximately half of the samples ran gave absorbencies

below the 40 nM BCE calibrator and as a result had to be retested. These samples were

reran a second time and were diluted first 1 :2 in the nM BCE calibrator before being
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diluted 1 :5 in Specimen Dilutent prior to being pipetted into the appropriate wells. This

extra dilution factor was taken into consideration when calculating the final concentration

ofNTx from the sample. The intra- and inter- assay variability was 4.6% and 6.9%

respectively.

IGF-1 was determined from serum using IGF-1 EIA kits (ALPCO Diagnostics,

Salem, NH, USA). Prior to the extraction procedure calibrators (0-6) and controls were

reconstituted with 0.5 ml deionized water. The washing solution was prepared by pouring

1 bottle (60 ml) ofBUF WASH 20X into 1 140 ml of deionized water and homogenized

using a magnetic stirrer. Moreover, two 1.5 ml polypropylene microcentrifuge tubes, one

for extraction and one for neutralization, was labeled for each sample.

The extraction procedure began with adding 50 ul of each sample being to its

corresponding extraction tube, followed by 400 ul of extraction solution. The purpose of

the extraction step was to ensure IGF-1 was separated from its binding protein as IGFBP-

3 interferes in the determination of IGF-1 levels. The tubes were closed, vortexed and

incubated at room temperature for 30 minutes. After incubation the tubes were

centrifuged at 10,000 rpm for 2 minutes at 4°C. Without disturbing the pellet at the

bottom of the tube, 100 ul of clear supernatant was transferred into the corresponding

neutralization tube. Once in the neutralization tube, 50 ul of neutralization solution was

added to the tube and vortexed gently. To complete the neutralization process 100 ul of

sample dilutent was added to the tube and vortexed gently prior to beginning the assay

procedure.

The assay procedure began with 25 ul of each calibrator, control and sample

being added into the appropriate wells followed by adding 100 ul of conjugate into each
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well. The plate was then incubated at room temperature for 90 minutes on an orbital

shaker set at 200 rpm. After the incubation period, the contents of the well were flicked

out over a sink ofwarm running water and washed 3 times with the wash solution. The

plate was blotted on absorbent paper to remove any residual liquid after each washing

step. Following washing, 100 ul of chromogen/substrate was dispensed into each well

and then incubated for 30 minutes at room temperature. The reaction was stopped by

adding 100 ul of stop solution to each well and the plate was swirled on a flat surface to

mix the contents within each well. The plate was then read on a microplate reader set to

an absorbance of 405 ran.

The absorbencies of the calibrators were then used in order to create a calibration

curve from which concentrations of controls and samples could be determined, by

interpolation, using a third degree polynomial equation. All concentrations were

expressed in ng/ml. The concentration measured for control 1 was 71.6 ng/ml and 524.1

ng/ml for control 2, which fit within the ranges of the controls set by the kit (61-121

ng/ml and 369-686 ng/ml, respectively). The intra- and inter- assay CVs were 9.7% and

13.7% respectively.

Plasma 25 (OH) vitamin D was determined using 25 OH Vitamin D EIA kits

(ALPCO Diagnostics, Salem, NH, USA). Preparation of reagents, prior to the assay,

required that the ELISA wash buffer concentrate be diluted with deionized water 1:10

before use by adding 900 ml of deionized water to 100 ml concentrate and mixed well

using a magnetic stirrer. Before the dilution of the buffer solutions could occur the wash

buffer concentrate was heated to 37°C using a water bath in order to dissolve crystals

resulting from the high salt concentration in the stock solution. The assay buffer was also
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incubated in a 37°C water bath for 10 minutes prior to use. Polypropylene tubes were

labeled for all samples, standards, non-specific binding control (NSB) and controls for

the extraction procedure prior to the assay procedure.

The extraction procedure began with 50 ul of sample, standards control and NSB

being added into the appropriate 1 .5 ml polypropylene tubes. Next, 400 ul of

precipitation reagent was added to the sample, standard, control and NSB, and mixed

thoroughly on a vortex mixer; followed by a 30 minute incubation at -20°C. During this

incubation the vitamin D binding protein (VDBP) was dissolved in 1 1 ml of incubated,

mixed by inversion and left to incubate for 30 minutes at room temperature prior to use.

After the incubation of the precipitated samples, the tubes were centrifuged for 10

minutes at 3000xg at 4°C. After the centrifugation the supernatant containing the

extracted 25-OH Vit D was assayed immediately. Moreover, the transfer of samples and

the complete pipetting step of the precipitated samples was done on ice.

Twenty ul of the supernatant of the precipitated standard, sample, NSB, and

control was added into each respective well. 100 ul ofVDBP was added to each well,

except the NSB, into which 100 ul of assay buffer was added. Using a multichannel

pipette, 100 ul ofanti-VDBP antibody was added into each well. The plate was then

covered using an adhesive plate sealer and incubated for 3 hours at 8-10°C in the dark.

The wells were then aspirated and washed 5 times with the diluted wash buffer. Any

remaining WASHBUF was removed by hitting the plate against paper towel after the

final wash. After washing the plate 200 ul of conjugate was added to each well and the

plate was again incubated for 1 hour at 8-10°C in the dark. Following the incubation

period the plate was aspirated and washed 5 times in the same manner previously
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mentioned. Using a mulitchannel pipette, 200 ul of substrate was added to each well. The

plate was again incubated in the dark but this time for 20-30 minutes at room

temperature. After the final incubation 50 ul of stop solution was dispensed into each

well and mixed by gently swirling the plate on a flat surface. Determination of the

absorbance of samples in the wells was done using a microplate reader set at 450 nm.

The absorbencies of the standards were then used to create a calibration curve

from which concentrations of controls and samples could be determined, by interpolation,

using a 4-parameter-algorithm. All concentrations were expressed in nmol/1 and

converted to ng/ml by multiplying by 0.4 ng/ml. Reference values for control 1 and 2

were 3.75-13.32 ng/ml and 13.4-35.8, respectively. Control values determined by

interpolation were 16.2 ng/ml and 39.4 ng/ml; slightly above the aforementioned

references values. The intra- and inter- assay CVs were 10.7% and 13.2% respectively.

3.4 Statistical Analysis

Statistical Analyses were performed using SPSS version 16 for Windows (SPSS Inc.,

USA). A two way ANOVA was used to ascertain effects of menarcheal and swimming

status on all variables measured. As body composition is believed to affect bone growth

lean mass was used as a covariate for all bone SOS (Rauch et al., 2004; Scheonau &

Frost, 2002). Years from age ofPHV and Tph were investigated as potential covariates

for markers of bone turnover and IGF-1 as these biochemical markers have been shown

to be affected by maturity and development (Mackelvie et al., 2002). Partial correlations,

controlling for age ofPHV, were completed on all variables by splitting the sample into
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pre- and post-menarcheal in order to determine relationships between dietary intake,

physical activity, lean mass, body satisfaction, bone SOS and markers of bone turnover.

Moreover, an 'uncoupling index' was derived by calculating z-scores for the

biochemical markers from the mean and standard deviation of results in the controls

(with adjustment for age). The index was the z-score for the resorption marker (NTx)

minus the z-score for formation marker (OC). This index was previously reported by

Eastell et al. (1999). The level of significance was set at p<0.05 (two tailed) and data

reported as mean and standard error (SE).
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Chapter 4: Results

4.1 Descriptives

A total of 70 participants were included in the data analysis. The distribution of the

participants into their appropriate sexual maturity level (Tanner stage) is represented in

Table 3.

Table 3. Tph staging frequency table for pre- and post-menarcheal swimmers and non-

swimmers.





Table 4. Age, physical characteristics, years from age ofpeak height velocity (PHV) and

tanner staging.





4.2 Bone SOS

A significant effect of menarcheal status was found for both dominant and non-dominant

radii SOS (p<0.05) (Figure 2). There was also a significant effect of menarcheal status for

the dominant and non-dominant tibia SOS (p<0.05) (Figure 3). Dominant and non-

dominant segmental lean mass were used as covariates as differences in body and

segmental lean mass were found between PrNS and PrSS.

Positive correlations were found between measured LM and bone SOS in Pr

(Table 1 1) and Po (Table 12) girls. In Pr girls, dominant radius was positively correlated

with LBM (r=0.38), dominant (r=0.38) and non-dominant (0.45) leg LM (p<0.05). Non-

dominant tibia was also found to be positively correlated with dominant leg LM (r=0.39,

p<0.05). Positive correlations were also for dominant leg LM with non-dominant radius

(r=0.32) and tibia (r=0.35) (p<0.05) in Po girls. Similarly, non-dominant leg LM was

positively correlated with non-dominant radius (r=0.31) and tibia (r=0.36) (p<0.05). All

bone SOS scores were positively correlated with each other (p<0.05).
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Figure 2. SOS scores (m/s) from the QUS assessment for the dominant and non-

dominant radius for all groups. All values are expressed as mean ± SE. * Denotes effect

of menarcheal group p<0.05; significant pairwise differences between Pr and Po groups,

with dominant and non-dominant arm lean mass used as a covariate.
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Figure 3. SOS scores (m/s) from the QUS assessment for the dominant and non-

dominant tibia for all groups. All values are expressed as mean ± SE. * Denotes effect of

menarcheal group p<0.05; significant pairwise differences between Pr and Po groups,

with dominant and non-dominant leg lean mass used as a covariate.
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4.3 Bone Turnover

Of the 70 girls who participated in the study, only 37 agreed to provide blood samples.

The number of the blood samples collected in each group and the percentage of the group

this represents is shown in Table 6.

Table 6. The number of blood samples used to analyze particular biochemical markers of

bone turnover and resorption.





Table 7. Biochemical markers of bone turnover and insulin-like growth factor- 1 (IGF-1).

PrNS PrSS PoNS PoSS

Osteocalcin (ng/ml) 73.6 ± 6.2* 98.7 ± 10.0*+ 36.3 ± 4.3 43.0 ± 1 1 .8
+

NTx (nmol BCE) 333.2 ± 19.6* 390.9 ± 15.5** 126.3 ± 24.2 174.7 ± 27.4
f

IGF-1 (ng/ml) 420.9 ± 49.5 503.8 ± 1 19.0 660.1 ± 17.9* 594.0 ± 36.0*

25-OH Vit D (ng/ml) 44.2 ± 9.4 63.9 ± 19.1 39.0 ± 5.8 58.4 ± 14.4

Uncoupling Index 0.02 ±0.55 -0.17 ±0.74 -0.22 ±0.26 0.04 ±0.33

All values are expressed as mean ± SE. NTx, N-terminal telopeptide of type I collagen crosslinks.

* Denotes main effects of menarcheal group p<0.05; significant pairwise differences between Pr and Po

groups, t Denotes main effects of sport group p<0.05 when years from age ofPHV used as covariate;

significant pairwise differences between NS and SS groups.

4.4 Physical Activity

Main effects for menarcheal status (p<0.05) were found for mild exercise, strenuous

exercise and total leisure time PA, with higher PA levels in Po compared to Pr girls

(Table 8). Main effects were also found for sport group (p<0.05) with SS demonstrating

higher strenuous exercise compared to NS. With respect to participation in organized

sport, main effects for menarcheal group (p<0.05) were found with Pr girls participating

in less hours of sport than Po girls. Main effects of sport group were also observed with

SS participating in greater hours of sport than NS (p<0.05) (Table 8). Only in Po girls

was total leisure time PA positively correlated with total body and all segmental LM

(p<0.05).
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Table 8. Physical activity scores, weekly physical activity metabolic equivalent and

weekly sport participation for all groups.





However, dietary intake of calcium was positively correlated (p<0.01) with

dietary intake of vitamin D in Pr (r=0.50) and Po (r=0.70) girls. In Pr girls, calcium

intake was also correlated with 25-OH vitamin D (r=0.67, p=<0.01) (Table 1 1).

Additionally, dietary vitamin D was correlated with non-dominant tibia (r=0.33, p<0.01)

in Po girls (Table 12).

4.6 Body Satisfaction

Body esteem and body dissatisfaction are presented in Table 10. Main effects for

menarcheal group were found for the BES-C score (p<0.05), with higher observed body-

esteem in Pr girls compared to Po girls. No effects were found for body dissatisfaction.

Table 10. Body Esteem Scale for Children and Figure Rating Scale scores





Table 11. Correlations investigating relationships between all factors affecting bone

SOS and metabolism in Pr girls.





Chapter 5: Discussion

5.1 Study Design and Anthropometrics

The study was designed in order to ascertain differences in participants according to

maturity and physical activity type, resulting in four clearly defined groups. Moreover,

certain descriptive characteristics and anthropometric differences were expected due to

the designed separation of groups based on maturation. Due to growth and development

(Bailey et al., 1996; Cadogan et al., 1998; Rauch et al., 2004), Po girls were older, had

more body mass and higher BMIs, and were more skeletally and sexually mature than the

Pr girls. Moreover, within menarcheal groups it would be expected that maturity and age

related variables be similar, however, only the all Po girls were similar for all descriptive

characteristics. Despite PrSS being significantly lower than Po girls on all the

aforementioned variables, they were taller and more sexually mature than PrNS. In

addition, according to their pubic hair development, the PrSS were already early-pubertal

(Tanner stage 2) and, thus, they appear to be early maturers in contrast to the PrNS who

were pre-pubertal (Tanner stage 1). This difference may be attributed to selection or

performance factors related to the sport.

5.2 Bone SOS

The main finding of the study was two-fold. Firstly, and as expected, both dominant and

non-dominant radial and tibial SOS scores were greater in the Po group compared to the
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Pr group. Longitudinal studies have shown increases in bone mass during growth (Davies

et al., 2005) with maximal BMC being accumulated later in puberty around the time of

menarche (Bailety et al., 1996; Cadogan et al., 1998). As the Po girls in the present study

were older and more mature, it was no surprise that we found the Po group to have higher

SOS scores than Pr groups, irrespective of lean mass differences.

Secondly, there were no differences in dominant and non-dominant radial and

tibial SOS scores between SS and NS. These results both contradict and support previous

studies that have found lower or normal BMD in swimmers (Bellew & Gehrig, 2006;

Cassell et al., 1996). However, these studies used DXA and therefore it is not possible to

make direct comparisons to their finding. Conversely, and more comparatively, the

results of our study contradict findings by Falk et al. (2003 & 2004) who found

swimmers to have elevated and similar tibial SOS compared to controls and gymnasts,

respectively. Falk et al. (2004) suggested three possible reasons for the elevated tibial

SOS in swimmers. Firstly, perhaps swimming did indeed exert some form of mechanical

load onto the extremities that could affect bone strength, other than bone density, not

measured by other techniques such as DXA. However, this explanation failed to explain

that no differences were observed in radial SOS compared to controls. Secondly, higher

tibial SOS could be due to the repetitive pushing off the wall at each turn during practice,

translating into many external forces acting on bone. Lastly, out-of-pool habitual activity

could also explain higher tibial SOS scores as the swimmers may have been more active

in daily life.
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Synchronized swimming involves long hours of training executing highly

repetitive exercises that use a variety of arm and leg sculling actions to accelerate,

decelerate, rotate, turn, propel, lift and push the body through and out of the water (Liang

et al., 2005). Moreover, like speed swimmers, synchronized swimmers as part of their

training, swim lengths of the pool and as a result would also experience the same kind of

forces on their lower extremities. It was believed that SS would have higher SOS scores

compared to NS based on the assumptions that pushing off the wall and the mechanical

nature of the sport itselfwould translate into improved bone strength, detectable by QUS,

at both tibia and radii, respectively. However, our results demonstrated no differences in

SOS scores at either extremity, unlike Falk et al. (2004). This could be attributed to

training differences between speed and synchronized swimmers resulting in less pushing

off the wall, but also in part, to the over assumption of the mechanical forces exerted on

the limbs during synchronized swimming. Therefore, synchronized swimming did not

apply any additive effects or forces to the bone.

To our knowledge, only one other study has investigated bone properties in

synchronized swimmers. Liang et al. (2005) assessed ulnar and tibial bending stiffness as

an index of bone strength in college-aged synchronized swimmers, gymnasts and

controls, using a low-frequency vibratory stimulus with an instrument called the

mechanical response tissue analyzer (MRTA), which was originally developed by NASA

to evaluate bone strength in astronauts after space flight (Young et al., 1979). This study

demonstrated increased bending stiffness in SS compared to controls (Liang et al., 2005).

These contradicting results between the two studies could be attributed to differences in

the SS involved. Unlike the SS in our study, the SS from Liang et al. (2005) were older,
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higher caliber athletes (Olympic US and Standford University athletes) and had many

more years of prior training. Therefore, it is possible that no differences in SOS were

observed due to other factors that are known to affect bone strength.

5.3 The 'Muscle-Bone' Unit

According to the mechnostat theory, part of the increases in bone mass can be attributed

to increases in lean mass due to growth, but additionally, lean mass is thought to further

contribute to bone strength (Rauch et al., 2004; Scheonau & Frost, 2002). Moreover,

studies have demonstrated negative effects of body composition on bone with reduced

SOS scores in overweight boys (Falk et al., 2008). In contrast, increased bone strength,

attributed to higher muscular strength, has also been found in synchronized swimmers

(Liang et al., 2005). The present study did not measure muscular strength, but did acquire

measurements of total lean body mass (LBM) as well as segmental lean mass for each of

the limbs, using the InBody520 BIA machine. It was this association of lean mass with

bone (Rauch et al., 2004; Liang et al., 2005) and the ability to measure segmental LBM,

which in part, led to the hypothesis of increased bone SOS in SS.

Examination of the participants' body composition demonstrated higher body and

segmental lean mass in Po compared to Pr girls. Moreover, PrSS had higher lean mass

compared to PrNS. However, when analyses were run to examine main effects on bone

SOS controlling for lean mass, no differences were found between SS and NS despite

positive correlations of segmental lean mass with bone SOS scores. This could be due to

the fact that body fat percentage was similar across all groups with the only differences in
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any of the lean mass measures being found between NS and SS in the Pr girl.

Furthermore, correlations between lean mass and bone SOS as well as total leisure PA

were lost when controlling for skeletal maturity. These results suggest that the observed

differences in lean mass and bone SOS can be attributed to growth and not participation

in PA. Therefore, these associations between lean mass and bone reflect adaptations of

bone to local muscle forces due to increased muscularity with age (Davies et al., 2005).

5.4 Biochemical Markers of Bone Turnover

In addition to the assessment of bone using QUS, bone markers were analyzed in order to

determine a more dynamic profile of bone within groups. Puberty is associated with high

values ofbone turnover markers (Lehtonen-Veromaa et al., 2000a; Mora et al., 1998). As

expected, maturational effects were observed on markers ofbone turnover with elevated

osteocalcin and NTx in Pr compared to Po girls. Cross-sectional studies have indicated

that bone turnover markers are highest during Tanner stage 3 (Molgaard et al., 1999;

Szulc et al., 2000) with the possibility that during early puberty, when growth velocity is

highest, bone markers also increase rapidly before declining after menarche (Szulc et al.,

2000). As a result, all analyses of bone markers were conducted with the investigation of

either Tanner stage or PHV as potential covariates. When PHV was used as a covariate,

concentrations for osteocalcin and NTx were higher in SS than NS, contradicting results

by Creighton et al. (2001) who found decreases in serum osteocalcin and normal NTx

values in older swimmers.
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The modeling and remodeling process of our bones occurs through the action of

osteoblasts and osteoclasts, resulting in the dynamic condition of our bones, with this

interaction between bone cells being referred to as 'coupling' (Schoenau et al., 2004).

Moreover, this 'coupling' provides information regarding the dynamic state of our bones

and in which direction it is occurring. However, having found increased osteocalin and

NTx in the swimmers does not provide us with much information into the actual state of

their bones. Therefore, an 'uncoupling index' was derived, based on Eastell et al. (1993)

and later used in Creighton et al. (2001), to relate the markers of bone formation to

resorption. To date, this has not been used in children or adolescents, but has been used

as an approach mainly in menopausal women to identify accelerated bone loss and the

effectiveness of osteogenic medication (Blumsohn & Eastell, 1992).

The present study found no differences in the uncoupling index between groups,

suggesting that the increased turnover exhibited by the swimmers did not translate into

either increased bone formation or resorption. Furthermore, the values of the uncoupling

index were near zero, suggesting that the dynamic condition of bone in all four groups

was stable; in other words 'coupled'. Moreover, no correlations were found between

either osteocalin or NTx with any of the radial or tibial SOS measures demonstrating that

indeed, bone turnover was coupled, resulting in no differences in bone SOS between

groups.
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5.5 IGF-1 and Caloric Intake

Mirroring the results of the bone markers and reflecting previous research (MacKelvie et

al., 2002), menarcheal status had an effect on IGF-1 levels with observed higher

concentrations of IGF-1 in Po compared in Pr groups. According to MacKelvie et al.

(2002), IGF-1 levels increase abruptly early in puberty, with peak concentrations

occurring around Tanner stages 4-5; reflective of the results found in the present study.

Furthermore, increases in serum IGF-1 levels during childhood parallel increases in bone

mass during growth (MacKelvie et al., 2002), which suggests that elevated IGF-1 is

related to bone gains. This is reflected in our results by increased levels of IGF-1

occurring in the Po groups where bone SOS was highest. Furthermore, covarying for

Tanner stage or years from age ofPHV resulted in these maturational effects of IGF-1 to

disappear, suggesting that IGF-1 is related to not only sexual maturation but also to

skeletal maturity, as Po girls were higher in pubic hair development and had less PHV

compared to Pr girls.

IGF-1 is a nutritionally dependent hormone and has been shown to decrease in

time of negative energy balance (Nemet et al., 2004) and restriction due to training and

disordered eating (Soyka et al., 1999), respectively. In the present study, we did not

attempt to measure an energy balance, however, decreased caloric intake was found in SS

compared to NS suggesting a possible energy imbalance. Investigating the nutritional

component of IGF-1 provides us with another explanation as to why no differences were

found in IGF-1 concentrations between SS and NS. Trends for increases in IGF-1 in

exercising adults (Cappon et al., 1994; Koziris et al., 1999) were expected and predicted
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to be mirrored in children (Eliakim et al., 1996), however this was not confirmed in the

active population in the present study. It is possible that no differences were found in

IGF-1 due to the reduced caloric intake in the swimmers, resulting in reduced IGF-1

concentrations that reflect levels found in non-active individuals.

Not only is IGF-1 a nutritionally dependent hormone but it is also a major

regulator of bone growth during childhood (Mora et al., 1999; Soyka et al., 1999). As a

result, bone health can be negatively affected by decreased dietary intake due to reduced

levels of important regulators ofbone turnover, such as IGF-1 (Cobb et al, 2003; Gordon,

2003; Soyka et al., 1999). It is along these lines that the results demonstrating no effects

of swimming on bone SOS can be attributed to the reduced caloric intake and IGF-1

concentration found in SS. However, IGF-1 was not correlated with caloric intake or

with any bone SOS scores, suggesting that this explanation of similar bone strength

between NS and SS could be the result of other factors affecting bone not measured in

this study, such as estrogen. It is also possible that any positive factors that may be acting

on bone are counteracted by the reductions seen in caloric intake and normal levels of

IGF-1.

5.6 Vitamin D and Nutritional Intake

Results of the present study found no differences in 25-OH vitamin D between groups.

However, there was a trend for 25-OH vitamin D to be higher in SS compared to NS.

According to the literature (Lehtonen-Veromaa et al., 2002) the measurement of

circulating 25-OH vitamin D provides the best information with respect to a person's
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vitamin D status. Moreover, it can act as a marker of bone turnover based on the

concentrations that are measured, with low levels signaling resorption and high levels

formation (Lehtonen-Veromaa et al., 2002). Therefore, this almost significant trend

would suggest that SS may possibly be experiencing more osteogenic processes than NS.

It is possible this is the case as 25-OH vitamin D was positively associated with both the

dominant and non-dominant radius in Po girls. However, these results do not reflect the

similarities found in bone SOS between SS and NS. Moreover, based on the uncoupling

index used, these correlations do not agree with the coupled state of bone turnover found.

It is possible then that these elevated concentrations are the result of a greater all round

turnover of bone represented by the greater individual concentrations of osteocalcin and

NTx in SS.

As previously mentioned 25-OH vitamin D is representative of vitamin D status,

and since vitamin D is an important complement to calcium it would be expected that

there would be relationships between 25-OH vitamin D and the nutritional data analyzed.

Positive correlations were found between dietary intake of calcium and vitamin D, as

well as dietary calcium and serum levels of 25-OH vitamin D. Moreover, positive

correlations of dietary vitamin D and non-dominant tibia reflect the correlations found

between 25-OH vitamin D on radial SOS mentioned above. These results may be

indicative of the increased dietary intake of vitamin D in Pr girls as well as the elevated

levels of 25-OH vitamin D in SS, representing the relationship between these two

nutritional substances and possible effects on bone.

It is interesting that with a decreased caloric intake in SS that no differences in the

dietary intake of calcium and vitamin D were observed between SS and NS. With respect
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to recommended daily requirements of calcium and vitamin D it is suggested that

children and adolescents consume 1300 mg of calcium (Osteoporosis Canada, 2007) and

400 IU, lOug, of vitamin D (Wagner et al., 2008) daily. Comparing these dietary

recommendations with the dietary intake recalled by our participants, we find that all

girls were just below the recommended intake for calcium and much lower for vitamin D.

However, when examining vitamin D status using 25-OH vitamin D, a more accurate

representation of vitamin D status in the body is found. According to 25-OH vitamin D,

we found all girls in the present study to be well above the recommended level of

32ng/ml (Wagner et al., 2008), indicating sufficient amounts of vitamin D.

The discrepancies between the dietary values reported and values measured in

serum highlight the difficulty of food frequency questionnaires to reliably reflect normal

daily nutritional intake, especially when analysis is based on recalled dietary intake of

one day (Rockett et al., 1995). As calcium status was not validated using additional

measures, it is not possible to deduce if similar discrepancies existed between reported

intake and measured values, as seen with vitamin D. Moreover, evaluation of vitamin D

status through dietary analysis may not be advantageous as majority of the vitamin D we

receive is not from dietary sources. Irrespective of these discrepancies, similarities in the

quality of nutritional intake between SS and NS helps to explain why no differences in

bone SOS were observed. Moreover, these results suggest a possible threshold or dose

response to vitamin D actions on bone, as all participants were sufficient in vitamin D

status and increased levels of25-OH vitamin D, observed in SS, did not result in any

additional affects on bone.
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5.7 Body Satisfaction

In relation to body-esteem the results found were opposite to what was hypothesized. It

was hypothesized that body-esteem would be lower only in the PoSS with no differences

in the Pr group. In fact, the results of the present study demonstrated main effects of

menarcheal status with higher body-esteem observed in Pr compared to Po girls. Normal

body changes during puberty along with greater social comparisons, which are important

to the development of self-esteem, appear to predispose adolescent females to poor body

image (Sherman et al., 1995; Smolak, 2004). These factors helps to explain the observed

trend of decreasing body esteem with age, however, this trend did not translate into

menarcheal effects for body dissatisfaction despite correlations between the two body

satisfaction measures. This suggests that body dissatisfaction is more by an individual's

body-esteem rather than their maturity status.

Interestingly, no effects were observed for sport status with respect to body-

esteem or body dissatisfaction. These results are contradictory to results that found

weight concerns and lower negative feelings regarding physical appearance in children

participating in aesthetic sports (Davison et al., 2002) and adolescent SS (Ferrand et al.,

2005), respectively, compared to individuals participating in non-aesthetic sports and

non-athletes. Finding no sport effects for the body satisfaction measures is also

interesting due to the observed caloric intake of SS. The reduced caloric intake could

have been indicative of high-risk eating behaviours assumed to more likely be found in

girls participating in aesthetic types of sports (Davison et al., 2002; Stice, 2002). As there

were no decreases in body-esteem or body satisfaction in the swimmers, it can be
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assumed that this reduced caloric intake is not the result of conscious or purposeful

dietary restraint. However, as we did not directly measure energy balance or such factors

as cognitive dietary restrain or high-risk eating behaviours in our participants, we cannot

fully deduce where this reduced caloric intake in the SS stems from.

An interesting finding was that both body-esteem and body dissatisfaction were

correlated with the dominant and non-dominant tibia, demonstrating higher body esteem

and less body dissatisfaction was related with higher bone SOS in Pr girls. It is interesting

that these two measures would be correlated with tibial bone as tibial bone is more likely

to be affected by other factors such as weight bearing forces. It is also interesting that

these correlations occurred in Pr and not Po girls who had lower body-esteem. When

correlations were run based on swimming status the aforementioned relationships

between body satisfaction measures and SOS disappeared, suggesting these correlations

are not due to differences found in SS participation but on maturity.

5.8 Limitations

A major limitation of the study is small sample size but particularly the unevenness in the

number of participants in each group, making it difficult to make direct comparisons and

find differences between groups. This may also potentially be a problem with respect to

the sample of blood that was analyzed, as those individuals who provided blood samples

many not really be representative of the whole sample. However, when data was

reanalyzed using only those participants who provided blood samples the results were

found to be consistent with those values where all participants were used.
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Another limitation is the activity level of the SS and NS. A few of the PrSS did

not participate in as many competitive hours of swimming as we would have hoped for.

Also, some of the PoNS reported participating in sport outside of school and as a result

were more physically active, as indicated by no observed sport effects in total leisure PA.

Their elevated activity level could have contributed to similarities in percent body fat and

lean body mass found in Po girls. Along these same lines, majority of the SS who

participated in this study were involved in very little if any resistance training, which

within the literature has been shown to have positive effects on bone (Nichols et al.,

2001); again contributing to similarities as opposed to differences in body composition

and intern bone SOS scores.

Lastly, there has been discussion in the literature regarding blood draws occurring

within a set time frame and point in the menstrual cycles as bone markers are believed to

be effected by diurnal variation and menstrual cycle variations (Szulc et al., 2000). Due

to the nature of the study with all testing for SS occurring off campus and at the

convenience of the swimmers and coaches involved this was difficult to control for.

Luckily, except for a few swimmers all blood samples were taken within the same time

frame. Analysis showed that those swimmers whose samples were taken at a different

time were similar with the whole sample of blood analyzed. Unfortunately, due to single

visits we were unable to control for phases within the menstrual cycle in Po girls.

However, we did control for menstrual status by including girls who were eumenorrheic

and excluding anyone with delayed menarche.
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Chapter 6: Conclusions

6.1 General Conclusions

A particularly important aspect of this study was the use of not only static measures of

bone, the QUS, but also the use of biochemical markers of bone turnover to ascertain the

dynamic state of bone. The advantage of using bone markers is that they allow us to

determine and examine the current state of bone and act as a complement to such

measures as QUS and DXA. The uniqueness of this study stems from the use ofQUS in

conjunction with bone markers in children and adolescents in a sport that has yet to be

investigated. QUS has the ability to measure bone properties, independent of bone size,

that are not measured by other techniques such as DXA. These factors alone make QUS a

superior measure to ascertain skeletal status in swimmers and more importantly in

children, where more traditional methods of bone assessment may not have been able to

discern differences.

The results of this study demonstrated maturational effects on bone SOS, IGF-1

and markers of bone turnover. No differences were observed in bone SOS or bone

turnover in SS compared to NS. Moreover, menarcheal effects were found for PA with Pr

girls participating in less PA compared to Po girls, but no sport effects were found in

leisure PA between SS and NS. Swimming main effects were also observed with SS

having reduced caloric intake compared to SS. Of all factors considered to affect bone, no

correlations were found between PA, bone SOS, caloric intake, calcium, IGF-1 or bone

turnover. Lean mass and dietary serum vitamin D were found to be correlated with SOS.
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Lastly, body-esteem was found to be significantly in Po compared to Pr girls, with both

body dissatisfaction and body-esteem correlating with tibial SOS in Pr girls.

In conclusion, participation in synchronized swimming did not offer any additive

effects to bone strength or bone metabolism in comparison to non-swimmers. Any and all

differences were attributed to growth and maturation. Moreover, comparison of the

associations of body image and dietary intake with the skeletal properties of young

synchronized swimmers provides little insight into the effects of sport involvement on

bone health in young athletes of non-weight bearing sports. Despite not finding any of the

hypothesized positive benefits of SS on bone it is important to note that no negative

results were found, indicating that SS does not impart adverse affects on bone health in

young female athletes.

6.2 Future Directions

Some of the future directions should attempt to add to strengthen the current results by

attempting to measure important variables not analyzed in this study. Most importantly,

due to the limitations in sample size, effect size should be calculated and investigated in

order to explain trends found in the study as well as provide importance to those variables

unable to attain statistical significance but that would offer clinically relevant health

information.

Moreover, secondary analysis on current blood samples or future research in this

athletic population should attempt to measure energy balance and other hormones known

to affect bone. Measurement of reproductive hormones, particularly 17-p estradiol, would

provide information on estrogen levels within the body but also help to confirm
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menstrual status in participants. Recent findings support a role for ghrelin, a peptide

primarily produced in the stomach and gastrointestinal tract, in the regulation of energy

homeostasis and possibly reproductive function (De Souza et al., 2004). Therefore,

ghrelin could be used to confirm both energy and menstrual status and in doing so

complement finding pertaining to IGF-1. Moreover, measuring dehydroepiandrosterone

(DHEA) could also aid in describing the hormonal environment as it is a precursor to sex

hormones and believed to affect IGF-1 . Lastly, assessing unhealthy eating behaviours

through questionnaires such as the Eating Disorder Inventory (EDI) or the Eating

Attitudes Test (EAT) could help define the type of disordered eating if energy imbalances

are found.

Future studies should also examine higher caliber synchronized swimmers and

those participating in greater hours of training, where resistance training is more likely, in

order to ascertain if different training methods found within the sport provides any

additional effects to bone strength. As participation in synchronized swimming is often a

life-time event with participation lasting late into adulthood participating at both

University and Master levels, future studies should also include young and older adults

participating in synchronized swimming to determine if previous year of training and

continued participation results in increased bone strength and perhaps even delayed bone

loss. Differences in bone are often difficult to discern as the processes ofremodeling

takes much longer to display improved benefits on bone. A longitudinal study would

therefore be effective in determining the effects of SS training on bone and if those

effects continue once involvement in the sport has stopped.
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Brock University Research Ethics Board (REB)
Application for Ethical Review ofResearch Involving Human Participants

Please refer to the documents "Brock University Research Ethics Guidelines" which can be

found at http://www.brocku.ca/researchservices/, prior to completion and submission of this

application. Ifyou have questions about or require assistance with the completion of this

form, please contact the Research Ethics Officer at (905) 688-5550 ext. 3035, or

reb(g;brocku.ca .

Return your completed application and all accompanying material in triplicate to the

Research Ethics Officer in Scotiabank Hall 335. Please ensure all necessary items are

attached prior to submission, otherwise your application will not be processed (see

checklist below). No research with human participants shall commence prior to

receiving approvalfrom the research ethics board.

Original Copy + 2 additional copies of the following

DOCUMENTS





SIGNATURES

Principal Investigator:

Please indicate that you have read and fully understand all ethics obligations by checking

the box beside each statement.

[ x ] I have read Section 111:8 of Brock University's Faculty Handbook pertaining to

Research Ethics and agree to comply with the policies and procedures outlined therein.

[ x ] I will report any serious adverse events (SAE) to the Research Ethics Board (REB).

[ x ] Any additions or changes in research procedures after approval has been granted

will be submitted to the REB.

[ x ] I agree to request a renewal of approval for any project continuing beyond the

expected date of completion or for more than one year.

[ x ] I will submit a final report to the Office of Research Services once the research has

been completed.

[ x ] I take full responsibility in ensuring that all other investigators involved in this

research follow the protocol as outlined in the application.

Signature Date:

Co-Investigators:

Signature Date:

Signature Date:

Signature Date:

Faculty Supervisor:

Please indicate that you have read and fully understand the obligations as faculty

supervisor listed below by checking the box beside each statement.

[ ] I agree to provide the proper supervision of this study to ensure that the rights and

welfare of all human participants are protected.

[ ] I will ensure a request for renewal of a proposal is submitted if the study continues

beyond the expected date of completion or for more than one year.

| I will ensure that a final report is submitted to the Office of Research Services.

[ ] I have read and approved the application and proposal.

Signature Date:
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SECTION A - GENERAL INFORMATION

1 . Title of the Research Project:

Bone Properties, Bone Turnover, and Secretory Immunity in Obese, Normal-weight

and Athletic Girls

2. Investigator Information:





IfYES, there is no need to provide further details about the protocol at this time,

provided that all of the following information is provided:

Title of the project approved elsewhere:

Name of the Other Institution:

IfNO, will any other Research Ethics Board be asked for approval?

[ x ] Yes [ ] No Specify University/College: McMaster University

(d) Has any other person(s) or institutions granted permission to conduct this

research?

|
Yes [x] No Specify (e.g.,. school boards, community organizations,

proprietors)

Level of the Research:

[ ] Undergraduate [ x ] Masters Thesis/Project [ ] Ph.D.

[ ] Post Doctorate [ x ] Faculty Research [ ] Administration

[ ] Course Assignment (specify) [ ] Other (specify)

Funding of the Project:

(a) Is this project currently being funded [ ] Yes [ x ] No
(b) If No, is funding being sought [ x ] Yes [ ] No

If Applicable:

(c) Period of Funding (dd/mm/yyyy): From: To:

(d) Agency or Sponsor (funded or applied for)

[ ] CIHR [ ] NSERC [ x ] SSHRC

[ ] Other (specify):

Conflict of Interest:

(a) Will the researcher(s), members of the research team, and/or their partners

or immediate family members:

(i) receive any personal benefits related to this study - for example: a

financial remuneration, patent and ownership, employment, consultancies,

board membership, share ownership, stock options (Do not include

conference and travel expense coverage, possible academic promotion, or

other benefits which are integral to

the conduct of research generally). | Yes [ x ] No
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(ii) if Yes, please describe the benefits below.

(b) Describe any restrictions regarding access to or disclosure of information

(during or at the end of the study) that the sponsor has placed on the

investigators).

SECTION B - SUMMARY OF THE PROPOSED RESEARCH

9. Rationale:

Describe the purpose and background rationale for the proposed project, as well

as the hypothesis(es)/research question(s) to be examined.

Background: The benefits of regular physical activity and healthy body composition are

well established in both adults and children. Exercise is strongly recommended as a

primary prevention for numerous chronic health conditions, including coronary heart

disease, diabetes and osteoporosis. Recently, the relationship between exercise and

immune function has also attracted considerable interest. On the other hand, the

prevalence of childhood obesity in North America has been on a steady rise over the last

decade. This disease in childhood is associated with many other negative health

consequences - two examples being reduced bone strength resulting in an increase in risk

of fracture, and chronic immune suppression resulting in an increased incidence of

infectious illnesses.

Osteoporosis is a condition characterized by low bone mass resulting in reduced bone

strength and susceptibility to fractures. Approximately 1 .4 million Canadians suffer from

osteoporosis and 1 in 4 women over the age of fifty will develop the condition

(Osteoporosis Society of Canada, 2003). The social and medical consequences related to

osteoporosis include increased risk of fracture and reduced quality of life (Papaioannou et

al., 2001; Lips et al., 1999). Osteoporosis can result in disfigurement, lowered self-

esteem, reduction or loss of mobility, and decreased independence (Lips et al., 1999;

Marottoli et al., 1992). A primary risk factor for the development of osteoporosis is the

inability to attain peak bone mass (PBM). By the age of sixteen, approximately 90% of

total body bone mineral content is accrued, making adolescence the critical period for

bone accretion (Elgan et al., 2003; Stager et al., 2006). Permanent deficits in bone

mineral density (BMD) are the result of any process that interferes with normal bone

mineral accretion during childhood and adolescence.

Lifestyle and social factors may influence the attainment of PBM in the adolescent

female. Physical activity has been associated with bone mineral acquisition and

87





maintenance (Valdimarsson et ah, 2005), and the prevention of future osteoporosis.

Furthermore, resistance training has been shown to have positive effects on femoral

BMD in adolescent females when implemented in high school curricula (Nichols et al.,

2001). While an increased lean body mass has been shown to exert a positive influence

on bone mass in adults through mechanical loading, which might suggest that overweight

individuals have less risk of developing osteoporosis (Weiler et al., 2000), an excess fat

mass often results in lower physical activity levels, which in itself would limit the

attainment of PBM in adolescent females (Weiler et al., 2000). Studies examining the

effect of body fat on the accretion of BMD have reported contradictory data in obese

children (Manzoni et al., 1996; Thientz et al., 1992). Quantitative ultrasound (QUS) is a

relatively new method used to evaluate bone properties in the general population.

Transaxial QUS uses transaxial transmission of ultrasonic waves to measure the speed of

sound (SOS) along the bone of interest. Its results reflect the bone mineral density,

microarchitecture and elasticity, thus providing a reliable index of bone strength. To our

knowledge, there are only a couple of studies that used QUS to evaluate bone properties

in overweight and obese children and adolescents. Eliakim et al. (2001) demonstrated that

overweight and obese children and adolescents had lower tibial and radial SOS when

compared with reference data for age-matched controls. More recently, Falk et al.

(submitted) showed that overweight pre- and early-pubertal boys had lower tibial, but not

radial SOS than normal-weight controls. However, neither study carefully detailed the

habitual physical activity levels of the participants, an important contributor to bone

properties. The lack of concrete evidence on the association between body composition

and bone health in youth only highlights the need for more research in over-weight

children.

Energy deficiency and depressed estrogen levels resulting from dietary restraint and

amenorrhea, can also lead to a low BMD in young female athletes (Cobb et al., 2003; De
Souza & Williams, 2005; Gordon & Nelson, 2003, Mirsa et al., 2003; Soyka et al., 2002).

Studies examining the continuum of severity of dietary restraint and energy deficiency

(Stager et al., 2006; Weiler et al., 2000) have shown decreased metabolic hormones can

also negatively impact bone health in young females involved in elite sports (De Souza &
Williams, 2005). Insulin-like growth factor- 1 (IGF-1), a nutritionally dependent bone

trophic factor critical to bone mineral accretion, has been shown to be low in adolescents

with any form of dietary restraint, which may be an important factor in the development

of osteopenia (Soyka et al., 1999). In addition, educational level has been shown to be

positively associated with BMD in women, and a lower socioeconomic status (SES) in

childhood or adolescence is correlated with lower BMD (Lauderdale et al., 2003). It is

clear that a multiplicity of lifestyle and social factors can influence the health of bones in

young female population, and that these factors need to be examined individually and in

relation to one another in order to paint an accurate picture of the influence they play in

the attainment of peak bone mass during childhood and adolescence and in the prevention

of future osteoporosis. Moreover, there is a need to assess the magnitude of the problem

in a Canadian cohort and
#
develop comprehensive interventions based on preferences for

sources of knowledge in this group.

Furthermore, recent evidence indicates that moderate exercise enhances cell-mediated
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immunity via increases in secretory immunoglobulin A (IgA), leading to improved

immunity against infectious invaders (Mackinnon, 1996). In contrast, intense exercise has

been shown to induce decreases in secretory IgA in athletes (Tharp and Barnes, 1989;

Mackinnon and Jenkins, 1994; Mackinnon, 1996). It has also been noted that daily

intensive training and psychological stress before major competitions often result in low

resting salivary IgA levels, suggestive of chronic immune suppression. However, there

are scant data comparing the response of secretory IgA levels and the incidence of Upper

Respiratory Tract Infections (URTI) in those who are moderately active compared with

non-active individuals. In the case of children, URTI is a particularly common cause of

absenteeism from school. If being physically fit enhances immune system surveillance in

children, then physical activity represents an important protective mechanism against

URTI. In addition, it is important to ascertain whether the intense exercise training of

young athletes produces negative effects on the immune system. Lastly, there are very

few reported data examining the role of fatness on the immune function response and the

incidence of URTI in children and adolescents. Three studies have published evidence

that reduced physical activity and excess body fat can result in a higher URTI incidence

and lower immune markers (Klentrou et al., 2002; Cieslak et al., 2003; Nieman et al.,

2003).

Objective: The proposed multi-purpose research program focuses on young pre- and

post-pubescent females. The main objective of this study is to compare bone properties,

bone turnover and secretory immunity of pre-pubertal and late-pubertal obese and athletic

girls to normal-weight controls matched for age and sexual maturity. The obese and

normal-weight girls will also be matched for structured physical activity.

10. Methods:

Are any of the following procedures or methods involved in this study?

Check all that apply.

] Questionnaire (mail)

] Questionnaire

(email/web)

x ] Questionnaire (in person)

] Interview(s) (telephone)

] Interview(s) (in person)

] Secondary Data

] Computer-administered

tasks

[ ] Focus Groups

[ x ] Journals

[ ] Audio/video taping

[ ] Unobtrusive observations

[ x ] Invasive physiological

measurements (e.g.,

venipuncture, muscle

biopsies)

[ x ] Non-invasive physical

measurement

(e.g., exercise, heart rate,

blood pressure)

[ x ] Analysis ofhuman tissue,

body fluids, etc.

] Other: (specify)

Describe sequentially, and in detail, all procedures in which the research

participants will be involved (e.g., paper and pencil tasks, interviews,

questionnaires, physical assessments, physiological tests, time requirements, etc.)

Attach a copy ofall auestionnaire(s) % interview guides, or other test

instruments.
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Measurements:

All of the measurements listed below will be performed during one 45 min visit to the

laboratory.

1

.

Screening and Medical history questionnaire . In the case of the younger subjects,

the questionnaire will be filled by one of the parents (Appendix A). This

questionnaire was previously approved by the Ethics Committee (file # Falk- 04-

284).

2. Leisure-time physical activity questionnaire (Godin & Shephard 1985). In the

case of the younger subjects, the questionnaire will be filled with the help of one

of the parents (Appendix B). This questionnaire was previously approved by the

Ethics Committee (file # Falk- 04-284).

3. Nutritional intake will be evaluated using 24-hour recall. In the case of the

younger subjects, the questionnaire will be filled with the help of one of the

parents (Appendix C). This questionnaire was previously approved by the Ethics

Committee (file # Falk- 04-284)

4. Pubertal stage determination, according to secondary sex characteristics (Tanner

1962). This assessment involves looking at drawings of female breast

developmental stages and checking the most appropriate stage on a sheet of

paper (Appendix D). This will be completed alone in a room to avoid any

discomfort on the part of the subjects. If, however, a participant will still feel

uncomfortable with this process, she will be approached in a discreet way and

will be provided with the opportunity to continue with the study without filling

out this questionnaire. None of the participants will be forced at any point to

continue the study. This procedure was previously approved by the Ethics

Committee (file # Falk- 04-284).

5. Perceived stress scale . This stress scale (Appendix E) will be only used in the

post-pubescent groups as it has been previously evaluated for use with

adolescents and having proven reliability and validity (Cohen et al., 1983).

6. The PedsQL Multidimensional Fatigue Scale. This fatigue scale (Appendix F)

has been previously evaluated for use with adolescents, aged (13-18 years) and

having proven reliability and validity (Varni et al., 1998).

7. Body Image Questionnaires: the Body Esteem Scale for Children (BES-C) that

measures body image in children and adolescents (Mendelson et al., 1982;

Mendelson et al., 1996) will be used to evaluate body image (Appendix G).

Body image will also be evaluated using the Figure Rating Scale (FRS) that has

been identified as a suitable measure to assess body image in females as young

as 1 1 years old (Stunkard et al., 1983; Sherman et al., 1995; Dunkan et al., 2006)

(Appendix G).

8. Frequency of URTI: A one-month Health Log (Nieman et al., 1998) will be used

to record the incidence and duration (number of days) of URTI's. Participants

will be asked to record cold and flu symptoms each day of the month using a set

of codes provided with the log. The severity of the symptoms is rated by the





children as mild, moderate, or severe. Parental supervision will be required to

ensure accurate recording of the symptoms by the younger participants. This

method was chosen to eliminate participant bias when recording from memory.

The total number of days with URTI symptoms will then be calculated for each

participant, with days being counted only iftwo or more consecutive days of

cold or flu symptoms were reported (Nieman et al., 1998).

9. Anthropometric measures , including body weight and height will be determined

using standard methods (Durnin and Whomersley 1974). Percent body fat will be

estimated using bioelectrical impedance analysis. Upon arrival to the lab, subjects

will have abstained from exercising, consuming alcohol and eating/drinking for at least

12, 24 and 4 hours, prior to analysis, respectively. The BIA device creates a mild

electrical current (50 kHz, 800 uA) that passes from electrodes situated on the dorsal

surfaces of the metacarpals, through the body, to electrodes on the metatarsals of the

subject. The body's resistance and reactance to the current is related to total body water,

which in turn, is highly correlated with fat-free mass. Thus, the measurements can be

used with age- and gender-appropriate equations to calculate body composition

variables. There is no discomfort associated with this measurement. The measurement

requires approximately 5 minutes. This procedure was previously approved by the

Ethics Committee (files # GURD-00-082, CIESLAK 01-010).

10. Bone SOS measurement will be performed using the Sunlight Omnisense

ultrasound system. This device consists of a main unit and a hand-held probe,

designed to measure SOS at specific skeletal sites. The probe contains a set of

two transmitters and two receivers, housed in a compact holder. The SOS
measurement is based on the fact that ultrasound waves propagate faster through

the bone than through the soft tissue. Bone SOS will be determined at the

following skeletal sites: distal one third of the dominant and non-dominant

radius, and mid-shaft of the dominant and non-dominant tibia. There is no

discomfort associated with this measurement. Measurement requires

approximately 1 5-20 min. This procedure was previously approved by the Ethics

Committee (file # Falk- 04-284).

1 1

.

Skeletal maturity will be measured using the Sunlight BonAge™ system. The

system is composed of a main unit and a measurement unit that includes an

ultrasound probe. The latter includes an ultrasound transducer and a receiver

located on two stands at the sides of the measurement unit. Between the

transducer and receiver there is an armrest for the subject's hand and wrist. The

measurement site is located by marking the distal top end the ulna (styloid

process). There is no discomfort associated with this measurement. Measurement

requires approximately 1 5-20 min. This procedure was previously approved by

the Ethics Committee (file # Falk- 04-284).

12. Physical activity will be monitored using CSA/MTI Actigraph accelerometers.

These uniaxial devices will be used to measure vertical displacement at the hip

to quantify the amount of light, moderate, and vigorous weight-bearing activity

performed by the participants during one week, according to age-specific norms.

Participants will be asked to wear the accelerometer (about 40g) on a belt around

the hips for all waking hours, 7 consecutive days. In addition, the participant or
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parent will complete a log sheet, provided by the investigators, of any non-

weight bearing activities (e.g., cycling) that were performed while the

accelerometer was worn (Appendix H).

13. Resting Salivary Cortisol will be measured to determine the effects of stress.

Cortisol, as a central cellular predictor of stress, has been used previously to

reliably monitor stress levels (Brenner et al., 1998). One milliliter of

unstimulated whole mixed saliva will be collected from each subject using

specially designed swabs, which are directly placed into plastic tubes. The

samples are then stored at -20°C until being assayed. The subjects will be asked

not to consume any food or drink, or participate in any form of physical activity

for at least one hour, before saliva collection. This testing will be performed

upon arrival at the laboratory. The resting salivary Cortisol concentration will be

measured in duplicate by a commercial solid-phase I-radio-immunoassay kits.
125

I-labeled Cortisol competes with Cortisol for antibody sites within the unknown

sample. Since the antibody is immobilized to the wall of the polypropylene tube,

the antibody-bound fraction of the radiolabeled Cortisol is still present when the

supernatant is decanted. Counting the tube in a gamma counter yields the

measurement of Cortisol present in the unknown sample.

14. Secretory immunity will be assessed by salivary levels of secretory IgA and IgG.

A second 1-mL sample of unstimulated, mixed saliva will be collected from each

subject using the swabs, which are directly placed into plastic tubes. The salivary

concentration of secretory IgA, and IgG will be measured in duplicate by

ELISA. This saliva procedure was previously approved by the Ethics Committee

for use in children (file # GURD-00-082, # CIESLAK-01-010).

15. The biochemical markers of bone turnover will be examined via blood samples

drawn using a standard venipuncture technique performed by a certified lab

assistant. Bone formation will be assessed by serum osteocalcin, and 25 (OH)

vitamin D. Serum Osteocalcin has been established to reflect bone matrix

maturation and bone matrix mineralization, respectively (Caillot-Augusseau et

al. 1998), and has been used to assess bone health in young populations (Fares et

al., 2003). Our previous research has shown that osteocalcin has sensitivity to

detect significant differences between low and high dietary restrainers in young

females 18-25 years of age (Di Giovanni et al., in review). Bone resorption will

be estimated by measuring the levels of cross-linked N-teleopeptide of type I

collagen (NTx) in resting serum samples. Resting serum levels ofNTx have

been established as a specific indicator of the current level of bone resorption

(Eastell et al., 2000). The insulin-like growth factor- 1 (IGF-1), a nutritionally

dependent bone trophic factor, will also be assessed. All these markers will be

measured using commercially available ELISA kits. Blood sampling using a

standard venipuncture technique in children has been previously approved by the

Ethics Committee (file # CUNLIFFE-00-236).
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1 1 . Professional Expertise/Qualifications:

Does this procedure require professional expertise/recognized qualifications?

[ x ] Yes [ ] No

If YES, specify: Standard venipuncture technique

Do you, your supervisor, or any members of your research team have the

professional expertise/recognized qualifications required? [ x ] Yes ] No

12. Participants:

Describe the number of participants and any required demographics

characteristics (e.g., age, gender).

Participants will be stratified into 6 groups. These include: Pre-pubertal (age 7-11

years) obese, pre-pubertal normal-weight, pre-pubertal athletic, late-pubertal/post-

menarcheal (age 14-16 years) obese, late-pubertal/post-menarcheal athletic, and late-

pubertal/post-menarcheal normal-weight girls. We aim to recruit 25 participants for each

group, as determined from a sample size calculation.

13. Recruitment:

Describe how and from what sources the participants will be recruited, including

any relationship between the investigator(s), sponsor(s) and participants) (e.g.,

family member, instructor-student; manager-employee).

Attach a copy ofany poster(s), advertisement(s) or letter(s) to be used for

recruitment.

1

.

Signs will be posted in local community centers and schools, provided

permission is attained from the relevant personnel (Appendix I)

2. Potential athletic participants will be approached through their athletic Clubs

(provided permission is attained from the relevant personnel) by the investigators

and will be presented with the information by the researchers orally and in

writing.

14. Compensation: Yes No

(a) Will participants receive compensation for participation? [ x ]
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SECTION C - DESCRIPTION OF THE RISKS AND BENEFITS OF THE
PROPOSED RESEARCH

15. Possible Risks:

1. Indicate if the participants might experience any of the following risks:

a) Physical risks (including any bodily contact, physical [ x ] Yes [ ] No
stress, or administration of any substance)?

b) Psychological risks (including feeling demeaned, [ x ] Yes [ ] No
embarrassed, worried or upset, emotional stress)?

c) Social risks (including possible loss of status, privacy, [ ] Yes [ x ] No
and / or reputation)?

d) Are any possible risks to participants greater than [ ] Yes [ x ] No
those that the participants might encounter in their

everyday life?

e) Is there any deception involved? [ ] Yes [ x ] No

f) Is there potential for participants to feel coerced into [ ] Yes [ x ] No
contributing to this research (e.g., because of regular

contact between them and the researcher)?

2. If you answered Yes to any of la - If above, please explain the risk.

a) The venous blood drawing procedure is a routine procedure performed by a

certified technician and offers minimal risk to participants. In rare instances,

participants may experience slight pain and/or tingling in the area and/or a minor

bruise from the needle.

b) As stated above, one of the measurements includes an assessment of pubertal

stage. We have used the self-assessment procedure often in the past (e.g. Falk et

al. 2004) and have not experienced any difficulties or uneasiness on the side of

the participants.

3. Describe how the risks will be managed (include the availability of appropriate

medical or clinical expertise, qualified persons). Give an explanation as to why less

risky alternative approaches could not be used.

a) The venous blood drawing is performed by a certified technician. All the procedures

are routine procedures in the Applied Physiology laboratory and all personnel are

trained graduate students with experience. Further, participants and parents will be
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informed prior to the study (see attached informed consent) that they DO NOT have to

take part in any procedure of the investigation that causes them discomfort. In

accordance, participants know that they are able to withdraw from the study at any time,

and all of their data collected to date will be destroyed. Additionally, the parents of

participants will be instructed to contact the study coordinator if they feel any adverse

effects from completing any portion of the investigation, and/or if they have any

questions or concerns. Blood sampling using a standard venipuncture technique in

children has been previously approved by the Ethics Committee (file # CUNLIFFE-00-

236).

b) The assessment involves looking at drawings of female breast development stages

and checking the most appropriate stage on a sheet of paper (Appendix D). This will be

completed alone in a room to avoid any discomfort on the part of the subjects. If,

however, a participant will still feel uncomfortable with this process, she will be

approached in a discreet way and will be provided with the opportunity to continue with

the study without filling out this questionnaire. None of the participants will be forced

at any point to continue the study. This procedure was previously approved by the

Ethics Committee (file # Falk- 04-284)

16. Possible Benefits:

Discuss any potential direct benefits to the participants from their involvement in

the project. Comment on the (potential) benefits to the scientific

community/society that would justify involvement of participants in this study.

Subjects will gain personal and general knowledge about the human body. Additionally,

if an unusually low or high result is attained for any of the measurements, reflecting a

possible health-related problem, subjects and their parents can be alerted and advised to

consult their physician.

SECTION D - THE INFORMED CONSENT PROCESS

17. The Consent Process:

Describe the process that the investigator(s) will be using to obtain informed

consent. Include a description ofwho will be obtaining the informed consent. If

there will be no written consent form, explain why not.

For information about the required elements in the letter of invitation and the

consent form, as well as samples, please refer to:

http://ww7w;.brocku.ca/researchser\dces/Certification&Polices/Certification&Polic

esApp Guidelines.html
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Ifapplicable, attach a copy ofthe Letter ofInvitation, the Consent Form, the

content ofany telephone script and any other material that will be utilized in

the informed consent process.

1 8. Consent by an authorized party:

If the participants are minors or for other reasons are not competent to consent,

describe the proposed alternative source of consent, including any permission

form to be provided to the person(s) providing the alternative consent.

All subjects (younger thanl8 years) will provide an oral informed consent and sign an

assent form and one of their parents will sign an informed consent form, which will be

administered and explained in person by one of the investigators.

19. Alternatives to prior individual consent:

If obtaining individual participant consent prior to commencement of the research

project is not appropriate for this research, please explain and provide details for a

proposed alternative consent process.

20. Feedback to Participants:

Explain what feedback/ information will be provided to the participants after

participation in the project. Include, for example, a more complete description of

the purpose of the research, and access to the results of the research. Also,

describe the method and timing for delivering the feedback.

When data collection is complete, a letter of information, including personal and, if

available, standardized results will be sent to all participants. If any problematic cases

appear during data collection, the subject or her parents will be informed.
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2 1 . Participant withdrawal:

a) Describe how the participants will be informed of their right to withdraw from

the project. Outline the procedures that will be followed to allow the

participants to exercise this right.

Subjects will be informed orally and in the consent form of their right to withdraw from

the project at any time. Data, if collected, will be discarded.

b) Indicate what will be done with the participant's data and any consequences

that withdrawal might have on the participant, including any effect that

withdrawal may have on participant compensation.

Data, if collected, will be discarded.

SECTION E - CONFIDENTIALITY & ANONYMITY

Confidentiality: information revealed by participants that holds the expectation of

privacy (this means that all data collected will not be shared with anyone except

the researchers listed on this application).

Anonymity: information revealed by participants will not have any distinctive

character or recognition factor, such that information can be matched to individual

participants (any information collected using audio-taping, video recording, or

interview cannot be considered anonymous).

22. Given the definitions above,

a) Will the data be treated as confidential? [ x ] Yes [ ] No

b) Are the data anonymous? [ ] Yes [ x ] No

c) State who will have access to the data.

Only the investigators

(d) Describe the procedures to be used to ensure anonymity of participants and/or

confidentiality of data both during the conduct of the research and in the release

of its findings.

The research will be conducted in a room designated for the study and therefore data

will be seen only by the investigators. Results will be published anonymously and only

as group data (i.e. centrality and variability measures only).
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e) If participant anonymity and/or confidentiality is not appropriate to this

research project, explain, providing details, how all participants will be advised

that data will not be anonymous or confidential.

Confidentiality will be explained orally and in the consent form.

f) Explain how written records, video/audio tapes, and questionnaires will be

secured, and provide details of their final disposal or storage (including for how
long they will be secured and the disposal method to be used).

Records will be stored in a locked cabinet the lab of the principle investigator. Final

disposal (shredding) will not take place until 5 years after publication.

SECTION F - SECONDARY USE OF DATA

23. a) Is it your intention to reanalyze the data for purposes other than described in

this application?

[ ] Yes [ x ] No

b) Is it your intention to allow the study and data to be reanalyzed by colleagues,

students, or other researchers outside of the original research purposes? If this

is the case, explain how you will allow your participants the opportunity to

choose to participate in a study where their data would be distributed to others

(state how you will contact participants to obtain their re-consent)

N/A

c) If there are no plans to reanalyze the data for secondary purposes and yet, you

wish to keep the data indefinitely, please explain why.

SECTION G - MONITORING ONGOING RESEARCH

24. Annual Review and Serious Adverse Events (SAE):

a) Minimum review requires the completion of a "Renewal/Project Completed'

form at least annually. Indicate whether any additional monitoring or review

would be appropriate for this project.
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It is the investigator's responsibility to notify the REB using the

"Renewal/Project Completed" form, when the project is completed, or if it is

cancelled. http://www.brocku.ca/researchservices/Forms/Forms.html

No additional monitoring is necessary.

*Serious adverse events (unanticipated negative consequences or results

affecting participants) must be reported to the Research Ethics Officer

and the REB Chair, as soon as possible and in any event,

no more than 3 days subsequent to their occurrence.

25. COMMENTS

If you experience any problems or have any questions about the Ethics

Review Process at Brock University, please feel free to contact the

Research Ethics Office at (905) 688-5550 ext 3035, or reb@brocku.ca
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SUBJECT SCREENING AND MEDICAL HISTORY QUESTIONNAIRE

APPLIED PHYSIOLOGY LABORATORY
DEPARTMENT OF PHYSICAL EDUCATION AND KINESIOLOGY

BROCK UNIVERSITY

Name: Date: ID:

Date of Birth:

Dominant Hand Dominant Leg

Your responses to this questionnaire are confidential. If you answer "YES" to any of the

following questions, please give additional details in the space provided and discuss the

matter with one of the investigators. You may refuse to answer any of the following

questions.

1

.

Have you ever had any major joint instability or ongoing chronic pain such as in

the knee, back or elbow?

YES NO

2. Are you currently taking any medication (including aspirin) or have you taken any

medication in the last two days?

YES NO

3. Have you taken any medication in the past six months?

YES NO

4. Is there any medical condition with which you have been diagnosed and are

under the care of a physician (e.g. asthma, diabetes, anorexia)?

YES NO

5. Do you, or have you in the past, consumed any alcohol on a regular basis?

YES NO

6. Do you, or have you in the past, smoked on a regular basis?

YES NO

7. Are you, or have you in the past, engaged in any extreme diet?

101





YES NO

8. Do you, or have you in the past, consumed any nutritional supplements (e.g.

calcium, multi-vitamin) on a regular basis?

YES NO

9. Do you, or have you in the past, engaged in physical activity on a regular basis?

YES NO
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GODIN-SHEPHARD LEISURE-TIME EXERCISE
QUESTIONNAIRE

1 . Considering a 7-day period (a week), how many times on the average do you do the

following kinds of exercise for more than 15 minutes during your free-time (write

on each line the appropriate number)?

Times Per Week

(a) STRENUOUS EXERCISE
(HEART BEATS RAPIDLY)
(i.e. running, jogging, hockey, football, soccer, squash,

basketball, cross country skiing, judo, roller skating,

vigorous swimming, vigorous long distance bicycling)

(b) MODERATE EXERCISE
(NOT EXHAUSTING)
(i.e. fast walking, baseball, tennis, easy bicycling,

volleyball, badminton, easy swimming, alpine skiing,

popular and folk dancing)

(c) MILD EXERCISE
(MINIMAL EFFORT)
(i.e. yoga, archery, fishing from river bank, bowling,

horseshoes, golf, snow-mobiling, easy walking)

Considering a 7-day period (a week), during your leisure-time, how often do you

engage in any regular activity long enough to work up a sweat (heart beats rapidly)?

1. OFTEN 2. SOMETIMES 3. NEVER/RARELY
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SEXUAL MATURATION AUTOEVALUATION QUESTIONNAIRE (GIRLS)

EXERCISE-METABOLISM RESEARCH GROUP
DEPARTMENT OF KINESIOLOGY, MCMASTER UNIVERSITY

Directions: You should choose only one of the stages shown below. One stage

for Breast development and one stage for Pubic Hair development.

Study Subject No:

• Please put a tick in the

box that looks most like

you now...

Tha tiiaim tare sir** mounds

T»» ffepte and «» surroundfig part

l#* Areola) rnake up a mound rat
ttcfc* up above t»w Ixaast

"Psa breasts are fiat

Tha breasts tare» targar mounds van n 2

Or*/ tw rappta **d* ou beyond tie breast

Please put a tick in the

box that looks most like

you now...

No hars





Perceived Stress Scale

INSTRUCTIONS-PLEASE READ CAREFULLY

The questions in this scale asked you about your feelings and thoughts during the last

month. In each case, you will be asked to indicate how often you felt or thought a

certain way. Although some of the questions are similar, there are differences

between them and you should treat each one as a separate question. The best approach

is to answer each question fairly quickly. That is, don't try to count up the number of

times you felt a particular way, but rather indicate the alternative that seems like a

reasonable estimate. For each question, choose from the following alternatives:

0. never

1. almost never

2. sometimes
3. fairly often

4. very often
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ID#

Date:

TM

Multidimensional Fatigue Scale

Standard Version

TEEN REPORT (ages 13-18)

DIRECTIONS

On the following page is a list of things that might be a problem for you.

Please tell us how much of a problem each one has been for you during

the past ONE month by circling:

If it is never a problem

1 if it is almost never a problem

2 if it is sometimes a problem

3 if it is often a problem

4 if it is almost always a problem

There are no right or wrong answers.

If you do not understand a question, please ask for help.

PedsOL (13-18) Fatigue

05/01

Questionnaire (Fatigure)

Not to be reproduced without permission Copyright© 1998 JWVami, Ph.D.

All rights reserved
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PedsQL 2

In the past ONE month, how much of a problem has this been for you

General Fatigue (problems with...) I

Never





BES-C

For each of the following questions, please circle the answer that best describes you.

NOTE: There are no right or wrong answers.

1 . 1 like what I look like in pictures.





Parent

Girls Body Image Scale

Answer the questions by placing an x in the box

of the picture you choose.

Which girl does your child look most like?

a a a

Which girl would you like your child to look like

most?

d a a
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Child

Girls Body Image Scale

Answer the questions by placing an x in the box

of the picture you choose.

Which girl do you look most like?

a a a a a a a

Which girl would you like to look like most?

a a a a a a D
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