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ABSTRACT

Introduction

The purpose of this study was to assess specific osteoporosis-related health behaviours

and physiological outcomes including daily calcium intake, physical activity levels, bone

strength, as assessed by quantitative ultrasound, and bone turnover among women

between the ages of 18 and 25. Respective differences on relevant study variables, based

on dietary restraint and oral contraceptive use were also examined.

Methods

One hundred women (20.6 ± 0.2 years of age) volunteered to participate in the study.

Informed written consent was obtained by all subjects prior to participation. The study

and all related procedures were approved by the Brock University Research Ethics Board.

Body mass, height, relative body fat, as well as chest, waist and hip circumferences

were measured using standard procedures. The 10-item restrained eating subscale of the

Dutch Eating Behaviour Questionnaire (DEBQ) was used to assess dietary restraint (van

Strien et al., 1986). Daily calcium intake was assessed by the Rapid Assessment Method

(RAM) (Hertzler & Frary 1994). Weekly physical activity was documented by the 4-item

Godin Leisure-Time Exercise Questionnaire (Godin & Shephard 1985). Bone strength was

determined from the speed of sound (SOS) as measured by QUS (Sunlight 7000S). SOS

measurements (m/s) were taken of the dominant and non-dominant sides of the distal one

third of the radius and the mid-shaft of the tibia.

Resting blood samples were collected from all subjects between 9am and 12pm,

in order to evaluate the impact of lifestyle factors on biochemical markers of bone





turnover. Blood was collected during the early follicular phase of the menstrual cycle

(approximately days 1-5) for all subjects. Samples were centrifliged and the serum or

plasma was aliquoted into separate tubes and stored at -80°C until analysis. The bone

formation markers measured were Osteocalcin (OC), bone specific alkaline phosphatase

(BAP) and 25-OH vitamin D. The bone resorption markers measured were the carboxy

(CTx) and amino (NTx) terminal telopeptides of type-I collagen crosslinks. All markers

were assessed by ELISA.

Subjects were divided into high (HDR) and low dietary restrainers (LDR) based on

the median DEBQ score, and also into users (BC) and non-users (nBC) of oral

contraceptives. A series of multiple one way ANOVA's were then conducted to identify

differences between each set of groups for all relevant variables. A two-way ANOVA

analysis was used to explore significant interactions between dietary restraint and use of

oral contraceptives while a univariate follow-up analysis was also performed when

appropriate. Pearson Product Moment Correlations were used to determine relationships

among study variables.

Results

HDR had significantly higher BMI, %BF and circumference measures but lower daily

calcium intake than LDR. There were no significant differences in physical activity

levels between HDR and LDR. No significant differences were found between BC and

nBC in body composition, calcium intake and physical activity. HDR had significantly

lower tibial SOS scores than LDR in both the dominant and non-dominant sites. The

post-hoc analysis showed that within the non-birth control group, the HDR had

significantly lower tibial SOS scores of bone strength when compared to the LDR but
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Aere were no significant differences found between the two dietary restraint groups for

those currently on birth control.

HDR had significantly lower levels of OC than LDR and the BC group had lower

levels of BAP than the nBC group. Consistently, the follow-up analysis revealed that

within those not on birth control, subjects who were classified as HDR had significantly

(f*<0.05) lower levels of OC when compared with LDR but no significant differences

were observed in bone turnover between the two dietary restraint groups for those

currently on birth control. Physical activity was not correlated with SOS scores and bone

turnover markers possibly due to the low physical activity variability in this group of

women.

Conclusion

This is the first study to examine the effects of dietary restraint on bone strength and

turnover among this population of women. The most important finding of this study was

that bone strength and turnover are negatively influenced by dietary restraint independent

of relative body fat. In general, the results of the present thesis suggest that dietary

restraint, oral contraceptive use, as well as low daily calcium intake and low physical

activity levels were widespread behaviours among this population of college-aged

women. The young women who were using dietary restraint as a strategy to lose weight,

and thus were in the HDR group, despite their higher relative body fat and weight, had

lower scores of bone strength and lower levels of markers of bone turnover compared to

the low dietary restrainers. Additionally, bone turnover seemed to be negatively affected

by oral contraceptives, while bone strength, as assessed by QUS, seemed unaffected by

their use in this population of young women. Physical activity (weekly energy
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expenditure), on the other hand, was not associated with either bone strength or bone

tiimover possibly due to the low variability of this variable in this population of young

Canadian women.
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Chapter 1; Introduction

1.1 Rationale

Osteoporosis is a disease that affects bone mass and the quality of life of more

than 25% ofwomen after menopause (Osteoporosis Society of Canada, 2003). It is

characterized by low bone mass and micro-architectural deterioration ofbone tissue

leading to enhanced skeletal fragility and increased risk of fracture (Consensus

development conference, 1991). Approximately 1.4 million Canadians suffer from

osteoporosis and 1 in 4 women over the age of fifty are diagnosed with this disease

(Osteoporosis Canada, 2006). Osteoporosis is more common among postmenopausal

women as a result of hypogonadism (deficiency of reproductive hormones), putting

women at greater risk of osteoporosis than the rest of the population. By age fifty,

women with an average lifespan of 80 years have an 18% risk of hip fracture (Melton,

Chrischilles, Cooper, Lane, & Riggs, 1992). Seventy percent of these fractures are

osteoporosis-related, and of patients with hip fractures, 50% will experience long-term

disability and 20% will die (Cooper, 1997). Although osteoporosis is not as common

among men, 1 in 8 men suffer from this disease and about 20-30% will experience

osteoporotic-related fractures (Osteoporosis Canada, 2006).

Osteoporosis is a critical health concern, as it is estimated that since 1990 there

has been a fourfold increase in hip fractures worldwide (Chan, Anderson, & Lau, 2003).

The most devastating consequence of weak bones associated with osteoporosis is hip

fractures among the elderly, which may lead to disability and premature death (World
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Health Organization [WHO], 1999). Additionally, the costs of osteoporosis-related

conditions produce considerable stress on already burdened health care systems. In 1996,

the cost of osteoporosis treatments and associated fractures was estimated to be $1.3

billion each year in Canada (Goeree et al., 1996). Long term, hospital and chronic care

account for the majority of these costs (Papaioannou, Adachi, Parkinson, Stephenson, &

Bedard, 2001). Since there is no 'cure' for this disease, prevention remains the primary

factor in avoiding the inevitable repercussions of osteoporosis.

Although bone loss is an inevitable part of aging, the amount of peak bone mass

(PBM) attained during growth and development and the subsequent rate of bone loss

determines adult bone mineral status (New, 2001). Debate continues as to the age at

which PBM is attained, with estimates ranging widely in cross-sectional data from late

adolescence (Bonjour, Theintz, Buchs, Slosman, & Rizzoli, 1991; Theintz et al., 1992) to

the third (Teegarden et al., 1995) and into the fourth (Rodin et al., 1990) decades of life.

However, for most sites of the skeleton, PBM is established by late adolescence

(Matkovic et al., 1994). Achieving a high PBM throughout childhood to late adolescence

is considered a critical preventative strategy against developing osteoporosis, whereas

low PBM in early adulthood is considered a risk factor for osteoporosis and related

fractures later in life (Hansen, Overgaard, Riis, & Christiansen, 1991). Since PBM is

established by late adolescence, young adults have the unique opportunity to delay or

prevent the onset of this disease through preventive behaviours and positive health

practices (e.g. sufficient calcium intake and adequate amounts of regular weight-bearing

exercise) (Tudor-Locke &. McColl, 2000). On the other hand, other behaviours and

lifestyle choices may be detrimental to bone health. Regular PA (Shibata, Ohsawa,
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Watanabe, Miura, & Sato, 2003; Ulrich, Georgiou, Snow-Harter, & Gillis, 1996) and

increased dietary calcium intake correlate positively with gains in bone mineral density

(BMD) among premenopausal women (Recker et al., 1992; Rubin et al., 1999; Salamone

et al., 1996; Valimaki et al., 1994), while oral contraceptive use has been negatively

correlated with bone health (Elgan, Dykes, & Samsioe, 2004; Weaver et al., 2001).

Dietary restraint (or cognitive dietary restraint) is a behavioural strategy commonly

practiced among women, to limit food intake in order to achieve or maintain a desired

body weight (McLean, Barr & Prior, 2001). This behaviour may also be detrimental to

optimizing PBM since recommended daily calcium and vitamin D requirements may be

compromised as well. Interestingly, high dietary restraint has been associated with lower

levels of biochemical markers of bone turnover (Nickols-Richardson, Beiseigel &

Gwazdauskas, 2006) and BMC values among premenopausal women (Van Loan &

Keim, 2000), despite higher levels of PA compared to low restrainers (McLean & Barr,

2003; McLean et al., 2001; McLean et al., 2001). This shows that caloric restriction

(through dietary restraint and increased energy expenditure) may have a greater affect on

bone health, regardless of higher levels of mechanical loading through increased PA

among these young women.

There are few studies reporting on the relationships among osteoporosis

preventative behaviours and both BMD and bone turnover among young women. There

are even fewer studies among this population examining the interaction between bone

health and eating habits. Several studies have reported inadequate calcium intake and

activity levels among college-aged women (Kasper, Peterson, & AUegrante, 2001;

Wallace, 2002). In order for young women to prevent or delay the development of
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osteoporosis later in life, education needs to begin early so that maximal PBM can be

achieved through bone-healthy lifestyle habits. Accurate knowledge of osteoporosis and

its risk factors should help young women identify their relative risk of developing this

disease, thereby encouraging them to reduce the risk by taking preventative action.

Education is a major component for prevention, and research has demonstrated that a

woman's willingness to adopt healthy behaviours depends on the level of knowledge of

osteoporosis (Cook, Noteloviz, Rector, & Krischer, 1991; Jamal et al., 1999). Therefore,

education must begin at an early age so that women may include appropriate

osteoporosis-preventative behaviours in their lifestyles.

1.2 Objectives and Hypotheses

The objective of this study was to assess specific osteoporosis-related health

behaviours and physiological outcomes including daily calcium intake, physical activity

levels, bone strength, and bone turnover in young women 18-25 years of age.

Differences based on dietary restraint and oral contraceptive use, were also examined.

It was hypothesized that: 1 ) high dietary restrainers would have lower bone

strength scores and levels of biochemical markers of bone turnover and higher physical

activity levels compared to low dietary restrainers; 2) oral contraceptive users would have

lower bone strength and levels of biochemical markers ofbone turnover compared to

non-users 3) bone strength would be related to levels of biochemical markers ofbone

turnover, and 4) bone strength and biochemical markers ofbone turnover would be

correlated with daily calcium intake and physical activity levels.





Chapter 2: Review of Literature

2.1 Bone

2.1.1 Anatomy

The human skeleton contains 206 bones divided into the axial (central "anchor")

and appendicular skeletons. The axial skeleton includes the skull, vertebral column,

sternum and ribs, whereas the appendicular skeleton is composed of the upper and lower

extremities, including the shoulder and pelvic girdles (Carola, Harley, & Noback, 1992).

Axial bones have a thin cortical shell and rich cancellous network and are located

adjacent to the viscera (Li & Jee, 2005). They contain hematopoietic marrow (capable of

producing blood cells) and turnover at a high rate (Li & Jee, 2005). Appendicular bones

have thick cortical shells with cancellous bone in the epiphyseal regions (ends of bones)

and metaphyseal regions (between ends and shafts of bones), and are surrounded by

muscles (Li & Jee, 2005).

Bone (osseous) tissue is important for basic biomechanical functions, maintaining

the shape of the body, protecting soft tissues of the cranial, thoracic, and pelvic cavities,

providing the framework for the bone marrow, and transmitting the forces of muscular

contraction to produce movements (Li & Jee, 2005). Bone also serves as a reservoir for

minerals (like calcium and phosphate) in the form of crystals, known as hydroxyapatite

(Li & Jee, 2005). The calcium stored in bone is in dynamic equilibrium with soluble





calcium in the extracellular fluids (Purves, Grains, Heller, & Sadava, 1998), and is

derived from the blood by the action of bone-forming cells (Carola et al., 1992). Bone is

considered a connective tissue consisting of cells and the materials (such as collagen)

these cells secrete (Pallin & Wright, 2002).

Bone marrow is a tissue that fills the porous central cavities of the diaphyses

(shafts) of bones, and is the site for blood cell production (Carola et al., 1992). Bone

tissue contains hematopoietic cells, which can produce blood cells, and stromal cells,

which can produce fat, cartilage and bone.

There are two types ofbone compartments, cortical bone and trabecular bone

(Table 2.1). Cortical bone constitutes about 80% (1, 400, 000 mm^) of adult skeletal

mass (Li & Jee, 2005) and is dense with well-defined periosteal and endosteal surfaces

(Einhom, 1996; Lees, Banks, & Stevenson, 1998). The periosteum is the fibrous

membrane covering the outer surfaces of bones (near the soft tissue) and the endosteum is

the membrane lining the internal cavities of bones (closer to the bone marrow) (Carola et

al., 1992; Einhom, 1996). The periosteum contains bone-forming cells, nerves and blood

vessels (Carola et al., 1992). Haversian canals, Volkmann's canals and resorptive

cavities (containing nervous tissue and blood vessels) create the porosity in cortical bone

(Li &, Jee, 2005). As a result of the low surface to volume ratio and small surface

adjacent to the marrow, there is a low turnover rate in cortical bone (Li & Jee, 2005).

The cells along the portion of endosteal bone are metabolically active and involved in

bone turnover (Einhom, 1996). The main fimctions of cortical bone are to provide

biomechanical, supportive and protective properties (Li & Jee, 2005). Cortical bone

constantly remodels itself in response to changing mechanical and nonmechanical
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environmental signals and microdamage (Li & Jee, 2005). The remodeling process in

cortical bone consists of the removal of existing intracortical bone followed by the

generation ofnew osteons (Li & Jee, 2005). Osteons are the major functional and

structural units ofbone systems surrounding a neurovascular channel (Einhom, 1996).

TABLE 2.1 Cortical vs. Trabecular Bone





cytoplasm to the nucleus via binding of a signal ligand to either cell membrane receptors

or intracellular receptors (cytoplasmic or nuclear, respectively) (Einhom, 1996).

Bone contains three types of living cells: osteoblasts, osteocytes, and osteoclasts.

Osteoblasts are regarded as the 'bone-building' cells of the body and are involved in bone

formation processes (Li & Jee, 2005). Osteoblasts are approximately 15-30 microns in

size and are cuboidal-shaped (Li & Jee, 2005). They have: a large nucleus localized in

the bottom half of the cytoplasm, abundant endoplasmic reticulum, enlarged Golgi

apparati, and collagen-containing secretory vesicles (Li & Jee, 2005). They are

responsible for the laying down ofnew matrix (collagen and hydroxyapatite) on bone

surfaces in the process of bone formation, and play a critical role in the regulation of

bone turnover (Einhom, 1996). They synthesize and secrete collagen protein to form an

immineralized organic matrix (osteoid) which then becomes calcified (or hardened)

through the depositing of hydroxyapatite by the osteoblasts (Li & Jee, 2005).

Osteoblasts partly originate from the sfroma located in the bone marrow adjacent

to the endosteum or in the periosteum (Li & Jee, 2005). Bone is produced as layers

(lamellae) of calcified material surrounding blood vessels (Fox, 2002). Throughout

matrix formation, some osteoblasts are left behind and become embedded in the new

matrix within cavities called lacunae (Li & Jee, 2005). These trapped osteoblasts then

differentiate into osteocytes and are nourished by long slender cytoplasmic processes that

extend from the cells to the blood vessels in canals called canaliculi (Fox, 2003). These

cells can then receive and transmit mechanical signals to other bone cells (neighbouring

osteocytes, surface osteoblasts or lining cells) (Li & Jee, 2005; Einhom, 1996).
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Haversian systems are units ofbone structure which contain blood vessels and a nerve

within central canals that are surrounded by concentric rings ofbone lamellae and their

trapped osteocytes (Fox, 2002) (Fig. 2.1).

r.^'^v.: -^

Central canal

Canaliculi

(c>

Figure 2.1, (Fox, 2002)

The structure of bone, (a) long bone, (b) photomicrograph showing haversian systems, (c) diagram of

haverisan systems including the blood vessels and a nerve.

Osteocytes are the most abundant cell type in bone tissue, comprising

approximately 95% of total bone cells in mature bone (Li & Jee, 2005). A young

osteocyte is smaller and has fewer protein-synthetic organelles than the osteoblast it came

from (Li & Jee, 2005). Osteocytes are the main cells of fully developed bone (Carola et

al., 1992). The function of osteocytes is not well known, however, it is proposed that

they regulate the exchange of mineral ions between interstitial fluid and extracellular





fluid, detect microdamage, initiate the repair process and act as mechanosensors (Li &

Jee, 2005). Mineralization occurs between mineralized bone and unmineralized osteoid

(called a mineralization front) (Li & Jee, 2005). Both osteoblasts and osteocytes play an

active role in mineral homeostasis by helping to release calcium from bone into the

blood, which regulates the concentration of calcium in the body fluids (Carola et al.,

1992). The osteocyte life span depends on the rate ofbone turnover (Li & Jee, 2005).

Osteoclasts are the cells responsible for the breakdown or resorption of bone, by

dissolving hydroxyapatite crystals from sites where the matrix is either deteriorating or

not needed (Carola et al., 1992; Pallin & Wright, 2002) (Fig. 2.2). It is widely believed

that osteoblastic lineage cells initiate the formation ofnew osteoclasts (Li & Jee, 2005).

Osteoclasts are multinucleated giant cells (20-100 microns) and have an acidophilic

cytoplasm containing numerous vesicles (Li & Jee, 2005). Osteoclasts are found in both

cortical and trabecular bone and are a large phagocytic cousin of the macrophage (Pallin

& Wright, 2002). A functional osteoclast can live for up to seven weeks, and after

having completed its resorptive function, it migrates into adjacent marrow spaces and

undergoes apoptosis (cell death) (Li & Jee, 2005).
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Figure 2.2, (Li & Jee, 2005)

Representation of an activated osteoclast conducting bone resorption.

2.U Bone Turnover and Metabolism

Bone is a living tissue, and following skeletal matiuity, it is continually renewing

itself or undergoing bone turnover. Childhood through to late adolescence is a period of

bone formation, which is very important for adult bone health, given that approximately

half ofPBM is acquired during this period (Seibel, 2002). PBM is defined as the amount

of bony tissue present at the end of skeletal maturation (Bonjour & Rizzoli, 1998) as a

result of normal growth (Matkovic et al., 1994). In understanding the pathophysiology of

osteoporosis, knowledge of bone turnover is essential because it is this process which

governs how bone is replaced, lost or gained at certain sites and ultimately determines

bone's three-dimensional structure (Einhom, 1996). Bone turnover is considered a

continuous process of constant removal and replacement of volumes of bone tissue,

conducted by osteoclasts and osteoblasts, in both cortical and trabecular bone (Einhom,
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1996). As mentioned previously, the rate of bone turnover throughout life is much

greater in trabecular bone when compared to that of cortical bone.

The skeleton is composed of individual structural units known as bone metabolic

units (BMU) (Mathew & Dorfman, 1955). Osteons or haversian systems compose the

BMU of cortical bone, and those of trabecular bone are concave and follow the same

shape as the trabecular surface (Einhom, 1996). Under normal conditions, the processes

ofbone formation and resorption are coupled to one another and the maintenance of

skeletal balance is achieved through the action of various hormones and local mediators

(Purves et al., 1998). Osteoclasts burrow into bone, forming cavities where osteoblasts

can deposit new bone (Purves et al., 1998), resulting in the formation ofnew osteons

(Einhom, 1996). This process also results in the liberation of calcium and phosphate into

the bloodstream. Bone homeostasis is achieved when the amount of bone resorbed is

replaced by a similar amount of newly synthesized bone. A sustained increase in the

ratio of osteoclast to osteoblast activity may eventually result in osteoporosis (Einhom,

1996; Pallin & Wright, 2002). Therefore, the activity of osteoclasts and osteoblasts are

not only important in establishing calcium and phosphate levels necessary for particular

bodily functions but also in maintaining the stmctural integrity of bone (Pallin & Wright,

2002).

Plasma calcium homeostasis is regulated by the activity of three hormones. These

hormones include parathyroid hormone (PTH), calcitriol and calcitonin which regulate

the activity of osteoclasts, osteoblasts and renal/intestinal calcium absorption (Pallin &

Wright, 2002). PTH, secreted by the parathyroids, and calcitriol, a derivative of vitamin

D, both cause an increase in semm calcium concentrations. They cause a decrease in
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osteoblast activity and increases in both osteoclast activity and renal/intestinal calcium

absorption (Pallin & Wright, 2002). Calcitonin is secreted by the C cells of the thyroid

gland and has the opposite effect in that it results in decreased serum calcium

concentrations. Calcitonin increases osteoblast activity and decreases osteoclast activity

and renal/intestinal calcium absorption (Pallin & Wright, 2002).

Activation (conversion ofbone surface area from quiescence to an active state) of

bone in the adult skeleton can occur approximately every ten seconds (Einhom, 1 996). In

bone resorption, osteoclasts travel to sites of activation via circulation and either

Volkmann or haversian canals for intracortical turnover (Einhom, 1996). In trabecular

turnover, activation occurs at sites exposed to bone marrow (Einhom, 1996). The time of

completion of resorption to the initiation of bone formation at a particular site can take

approximately one to two weeks and is known as the reversal phase (Einhom, 1996).

Chemotaxis and certain stimulators of proliferation determine whether osteoblasts will

appear at the base of the resorption cavity (Einhom, 1996).

Bone formation, unlike bone resorption, is a two-step process. Firstly, osteoid is

synthesized and laid down at specific sites. Following deposition, osteoblasts begin to

mineralize the newly formed protein matrix about five to ten days later (Einhom, 1996).

2.1.4 Bone Quality

2. 1. 4.a Material Properties

Bone is composed of inorganic minerals (50-70%), organic matrix (20-40%),

cellular elements (5-10%) and lipids/water (3%) (Boskey, 2005; Li & Jee, 2005). The
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mineral and matrix components will be discussed in detail in the following sections,

whereas the cellular components were discussed in section 2.1.2.

Mineral

Hydroxyapatite is a material consisting of calcium phosphate crystals and it is the

predominant molecule ofbone mineral (Boskey, 2005). It exists in the form of needle-,

plate-, or rod-shaped crystals that are deposited into the gap regions of collagen fibres (Li

& Jee, 2005). Hydroxyapatite provides bone matrix with mechanical rigidity and the

ability to bear loads (Li & Jee, 2005). Hydroxyapaptite has many impurities (carbonate,

citrate, magnesium, fluoride and strontium) which are either incorporated into the crystal

lattice or absorbed onto the crystal surface (Li & Jee, 2005). The solubility of these

imperfections enables bone to be re-solubilized and release Ca*^, phosphate or

magnesium ions into the extracellular fluid as required (Li & Jee, 2005). Bone

mineralization is a cell-mediated process and matrix proteins act as nucleators and/or

regulators of the mineralization process (Boskey, 2005). Nucleation requires energy and

it is a physico-chemical process through which the first stable crystalline material forms

(Boskey, 2005). Ions or clusters of ions colliding in the solution form metastable

structures that continue into the solution until the critical size or stable critical nucleus is

formed (Boskey, 2005). Nucleation can occur as a result of an increase in ion

concentrations, an increase in temperature, or a change in solution composition (Boskey,

2005). Nucleation is favoured by increases in concentration, which can be affected by

cellular efflux of calcium and phosphate ions or by local increases in basicity (increased

pH) (Boskey, 2005). Following the formation of stable crystal nuclei, they can grow in
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dimension by adding more ions or ion clusters, by secondary nucleation (new growth

sites are formed on the surface of exiting crystals) or by agglomeration (Boskey, 2005).

Initial mineralization occurs at many sites along the collagen matrix and it is the

noncollagenous matrix proteins that act as nucleators of initial apatite formation (Boskey,

2005). After the first mineral crystals are formed at discrete sites, they grow by

lengthening and agglomeration (Boskey, 2005). The spacing between the collagen fibrils

and the inhibiting matrix proteins are believed to regulate the size and shape of the

mineral crystals (Boskey, 2005). The same matrix proteins that bind to and stabilize the

fu3t formed nuclei, can also coat the crystals to determine the shape and the extent of

growth (Boskey, 2005).

Matrix

The organic matrix consists of collagen, bone matrix proteins, lipids, and enzymes

and cytokines. The principal component of the organic matrix of bone is type I collagen

which is a heteropolymer oftwo identical and one distinct chain (Boskey, 2005). Type I

collagen accounts for approximately 30% of the dry non-demineralized matrix.

However, it is not the bone matrix component that facilitates mineral formation (Boskey,

2005). The primary structure of type I collagen is (Gly-X-Y)n, where X and Y are

usually proline or hydroxyproline (Boskey, 2005). Type I collagen provides the

backbone for the deposition of bone mineral crystals which are aligned with the long axis

parallel to the collagen axis (Boskey, 2005). Bone also contains small amounts of type

III, type V and type XII collagen, and it is the collagen components that give bone its

elastic properties (Boskey, 2005).
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Approximately 10% of the total organic matrix consists of noncollagenous

proteins. Their roles are unclear, however, they are considered important in regulating

the organization, turnover and mineralization of the matrix (Boskey, 2005; Li & Jee,

2005). The most abimdant noncollagenous proteins in bone are osteocalcin, osteonectin,

osteopontin and bone sialoprotein (Li & Jee, 2005). Only bone sialoprotein and

osteocalcin are unique to the skeletal system (Li & Jee, 2005). Some noncollagenous

proteins like hydroxyproline and collagen cross-links are released into the circulation

during bone matrix breakdown (Li & Jee, 2005). The noncollagenous proteins fall into a

series of families (Siblings, Gla-proteins, Proteoglycans and Glycoproteins) (Boskey,

2005). The SIBLING proteins (Small Integrin Binding LIgand with N-Glycosylation) are

located on chromosome 4 ofhumans, and have one or more arginine-glycine-aspartate

sequences and some N-glycosylated residues (Boskey, 2005). These proteins include

osteopontin, bone sialoprotein, dentin matrix protein- 1 , dentin sialoprotein, and matrix

extracellular glyco-phosphoprotein (MEPE), each of which seem to have more than one

function however further research is required (Boskey, 2005).

The Gla-proteins contain gamma-carboxyglutamic acid (gla) residues and are

found in bone, cartilage, and also in blood clotting proteins (Boskey, 2005). The Gla

proteins found in bone include osteocalcin (bone Gla protein) and matrix Gla protein

(Boskey, 2005). Bone Gla protein is the most abundant noncollagenous protein found in

bone while matrix Gla protein is found more in soft tissue (cartilage and blood vessels)

(Boskey, 2005).

The proteoglycans contain glycosaminoglycan (GAG) side chains which are

attached covalently, and are generally long chains of repeating disaccharides that are
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frequently sulphated (Boskey, 2005). Proteoglycan core proteins are post-translationally

modified in various ways and are glycosylated by adding N- and 0-linked

oligosaccharides (Boskey, 2005). The oligosaccharides of the GAG chains can be

phosphorylated and/or sulphated in addition to sulfation (Boskey, 2005). The

proteoglycan protein members found in bone include large aggregating proteoglycans,

the small leucine-rich proteoglycans, the heparin sulphate proteoglycans and other small

proteoglycans (Boskey, 2005).

The last family of noncollagenous bone matrix proteins are the glycoproteins.

These proteins have covalently linked sugars attached to the protein via asparaginyl or

seryl residues and a majority of the molecule mass is protein as opposed to sugars (like

the proteoglycans) (Boskey, 2005).

Lipids make up just less than 4% of the bone matrix (Goldberg & Boskey, 1996);

however, they are extremely important for bone metabolism and mineralization (Boskey,

2005). Finally, enzymes and cytokines also make up part of the bone matrix, and they

are protein components found in both bone cells and in the extracellular matrix (Boskey,

2005).

2. 1. 4.b Structural Properties

The geometry or microarchitectural structure of bone is the arrangement of its

components (Boskey, 2005), and bone's microarchitecture is a large component ofwhat

determines its strength. The focus of this section will be on the geometry of mammalian

bone. The slope of bone's stress-strain curve is the elastic (Young's) modulus,
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describing the intrinsic stiffness of the bone. Therefore, a more highly mineralized

material will have a greater elastic modulus (Boskey, 2005). The amount of energy

required to cause a fracture is represented by the area under the stress-strain curve

(Boskey, 2005). Bones that have stress-strain curves which extend into the plastic region

will be more resistant to loads than those that do not (Boskey, 2005) (Fig. 2.3).

Strain

Figure 2.3, (Boskey, 2005)

Theoretical stress-strain curve showing the elastic and plastic regions defined by the yield point. The

dotted line represents typical data, and the straight lines represent the slopes used to calculate various

parameters.

The components of mammalian bone and their arrangements are described in this

section. Tropocollagen molecules (which are wrapped in a triple helix) are lined up in

files, and bond side to side to form microfibrils (Currey, 2002). These microfibrils

aggregate to form fibrils which are impregnated by and surrounded by the mineral

hydroxyapatite (Currey, 2002). The fibrils can appear in three different forms: woven
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bone (0.1-3^m in diameter) arranged randomly; parallel-fibred bone; and lamellar bone

(2-3 jim in diameter) arranged in sheets (lamellae about 2-6\im in thickness) (Currey,

2002). Each osteocyte has approximately 60 canaliculi (0.2-0.3nm in diameter) (Currey,

2002). At the next level, bone is organized into: lamellar bone; woven bone;

fibrolamellar bone; and secondary osteons (Haversian systems). Lamellar bone is found

as circumferential lamellae, woven bone as large lumps in young animals and in fracture

callus, fibrolammellar bone as alternating sheets of lamellar and woven bone/parallel-

fibred bone (with 2-dimensional nets of blood vessels) and secondary osteons as

cylinders of lamellar bone, which is solid except for a tube in the middle for blood

vessels (Currey, 2002). Bone is then organized further into cortical and trabecular bone.

2.1.5 Peak Bone Mass (PBM)

PBM is defined as the amount ofbony tissue present at the end of skeletal

maturation (Bonjour & Rizzoli, 1998), as a result of normal growth (Matkovic et al.,

1994). Along with age-related bone loss, it is one of the major factors determining bone

mass later in life. Genetics accounts for approximately 75% of the variation in bone

mass; however certain modifiable lifestyle factors also have a strong influence on bone

(Fig. 2.4). Some important factors recognized as risks include low body weight (body

mass index <19 kg/m^), history of fracture(s) or falling, smoking, high alcohol and

caffeine intake, use of steroids, physical inactivity, a hysterectomy or premature

menopause in women, and diets low in vitamin D and calcium (Chan et al., 2003; Health

Canada, 2005; WHO, 1999; WHO, 2005).
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approximately 98% of her skeletal mass in specific sites such as the hip and trabecular

bone of the spine (Matkovic et al., 1994; NOF, 2005). Some studies even report that

PBM can be achieved as late as the third decade of life, which can also lead to reductions

in fracture risks later in life (Rodin et al., 1990). A longitudinal observational study of

156 women (ages 18-29 years) reported significant gains in bone mass over the entire

body over the 5-year study period. Authors showed that gains in bone mass could occur

even after the cessation of linear growth and could continue to the age of 30 (Recker et

al., 1992).

Since bone mass later in life is determined by PBM attained and rate of loss,

individuals who achieve a higher PBM during adolescence will be better equipped to

prevent the consequences of age-related bone loss later in life, compared to an individual

who has acquired a lower PBM. Even small gains in bone mass during the attainment of

PBM may have a significant effect on the prevention of osteoporotic fi-actures later in life

(Matkovic et al., 1994). The structural integrity of bone is better maintained in

individuals with higher ('normal') PBM compared to those with Mow PBM' (Fig. 2.5),
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possible defense against developing osteoporosis later in life and in reducing the risk of

experiencing a debilitating fracture.

2.2 Biochemical Markers of Bone Turnover

Bone is continually being broken down by osteoclasts and formed by osteoblasts

diroughout life. Bone loss can occur when the rate of resorption exceeds that of

formation. Additionally, a high rate ofbone turnover may be associated with an

increased rate ofbone loss in postmenopausal women (Eastell, 1998), which appears to

adversely influence BMD and fracture risk (Melton, Khosla, Atkinson, O'Fallon, &

Riggs, 1997).

Biochemical markers are derived from both cortical and trabecular bone (Watts,

1999) and provide a rapid measurement of bone turnover, which can be used to calculate

the "uncoupling index". This index is the difference or the imbalance between bone

formation and resorption (Eastell et al., 1993). Marker concentrations are useful in

studying the pathogenesis of osteoporosis and in understanding the mechanisms and

efficacy of therapeutic interventions and lifestyle factors on bone metabolism (Delmas &.

Gamero, 1998; Ingle, Fysh, Chapman, Claxton, &. Eastell, 1998; Watts, 1999). The use

of biochemical markers as an assessment method for bone turnover is important in

intervention studies where acute changes in bone density may not be completely explicit

and where changes may occur over a short period of time (Watts, 1999). Bone mass

measurement methods, such as dual energy x-ray absorptiometry (DEXA) and

quantitative computed tomography (QCT) are useful in detecting large, noticeable and
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chronic changes in bone turnover. However, the combination of both bone mass

measurement techniques and assessment ofbone turnover in menopausal women are

utilized in an attempt to improve the examination of risk for osteoporosis (Delmas &

Gamero, 1998). It seems to be more effective to utilize both techniques, which can

complement each other, in assessing the risk of osteoporosis among women, as each

technique has its own limitations. For example, certain levels of biomarkers may be

influenced by factors other than bone turnover, such as metabolic clearance (Delmas &

Gamero, 1998). While assessment ofbone through techniques such as DEXA provide

measurements that are limited to specific areas only.

Assessment of bone turnover using serum/plasma and urinary biomarkers is

advantageous over such standard approaches (like DEXA and QCT) in that they are

considered relatively non-invasive and inexpensive, reflect turnover in the entire

skeleton, allow repeated evaluations when necessary and are sensitive (Delmas &

Gamero, 1998; Eastell, 1998; Watts, 1999). Studies have show that biochemical markers

ofbone turnover in postmenopausal women can provide useful clinical information about

fiitiu-e changes in bone mass (Chaki et al., 2000). With the use of biochemical markers,

some researchers have concluded that older women have higher rates ofbone turnover

compared with younger women (Filip & Zagorski, 2004).

Some disadvantages of using only biochemical markers for bone health

assessments are that they do not provide information about the work of individual cells,

do not reflect mineralization (Eastell, 1998) and, as mentioned previously, may be

influenced by factors other than bone turnover, such as time of day and phase of

menstrual cycle. Given that they are poor predictors of BMD, they cannot be used for

24





diagnosing osteoporosis (Eastell, 1998). However, it may be possible to use biochemical

markers ofbone turnover as a strategy in identifying subjects at risk of future

osteoporosis (Eastell, 1998).

It appears that osteocalcin, pyridinium crosslinks and bone specific alkaline

phosphatase seem to be the most efficient markers in assessing levels of bone turnover at

menopause and in elderly patients with osteoporosis (Delmas & Gamero, 1998). It is

important to note that age and menopausal status variations must be considered when

interpreting laboratory measurements of biochemical markers of bone metabolism (Filip

& Zagorski, 2004), as rates of turnover are different among women of different ages.

Studies clarifying the characteristics ofbone turnover in healthy young women are

scarce, and this area requires further research, especially to establish normative values for

various markers.

2.2.1 Biomarkers of Bone Formation

2.2.La Osteocalcin (OC)

Osteocalcin (OC) (also known as bone Gla protein) is a small non-collagenous

protein, synthesized almost exclusively by osteoblasts as protein fragments and is either

incorporated into the extracellular bone matrix or released into circulation (Russel, 1989).

OC is cleared from the blood through kidney metabolism and has a short plasma half-life

of approximately 20 minutes in humans (Seibel, 2002). It is part of the Gla protein

family, and accounts for approximately 15% of non-collagenous bone matrix proteins

(Boskey, 2005). It contains a specific sequence of49 amino acids and is composed of
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one intramolecular disulfide bone and three to five residues of gamma carboxyl glutamic

acid, which facilitates interaction with hydroxyapatite (Boskey, 2005; Seibel, 2002).

Serum OC levels follow a circadian rhythm, with high values in the early morning, and

are usually not influenced by food intake (Seibel, 2002). OC circulates as an intact

molecule and exists as both biologically active and inactive fi-agments (Kleeredoper,

1996).

Unlike matrix Gla protein, bone Gla protein is water soluble and therefore serum

OC levels are fi-equently used as a clinical measure of bone formation (Boskey, 2005).

Serum OC is considered to be a sensitive and specific marker of osteoblastic activity

(Seibel, 2002) and of bone formation (Szulc, Seeman, &. Delmas, 2000). OC levels are

commonly used to assess osteoblastic activity (Filip & Zagorski, 2004). Serum OC has

been established to reflect bone matrix maturation (Caillot-Augusseau et al., 1998), and

have been used to assess bone health in young populations (Fares et al., 2003). It has

been shown that progressive increases in serum OC concentrations occur with advancing

age (Filip & Zagorksi, 2004), and that this age-related increase in serum OC can reflect

increased bone turnover (Russel, 1989).

There are many immunoreactive forms ofOC in the blood (Seibel, 2002). Some

studies have shown that serum undercarboxylated OC (ucOC) levels are significant

predictors of bone turnover and subsequent risk of hip fracture among elderly women

(>70 years) (Szulc, et al., 1994; Vergnaud et al., 1997). They have also shown that ucOC

is negatively correlated with hip BMD in this same population of women (Szulc et al.,

1994).
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It is also possible to use OC as a measure ofbone turnover as opposed to just

bone formation, given that OC is incorporated into the skeletal matrix from which it is

then released during bone resorption (Kleeredoper, 1996). Therefore, wide use ofOC as

a marker of bone formation needs validation with an emphasis on establishing normative

values, based on representative groups of healthy subjects, and especially among young

women (Filip & Zagorksi, 2004). In bone studies, it is important to analyze other

markers ofbone turnover and utilize bone mass/strength assessment tools, in conjunction

with OC, in order to compare and validate results of this marker further.

2.2.Lb Alkaline Phosphatase (AP)

Bone specific alkaline phosphatase (BAP) is a glycoprotein gene product

(enzyme) localized to the membrane of osteoblasts, which is released into the circulation

by some unknown mechanism during osteogenesis (Delmas & Gamero, 1998). It is

attached to the extracellular surface of cell membranes, is known to play a role in matrix

mineralization (Caillot-Augusseau et al., 1998; Seibel, 2002), and is considered a direct

measure of bone formation (Kleeredoper, 1996). BAP is the most commonly used

marker of bone formation, however it lacks sensitivity and specificity because of several

other contributors to total AP levels (liver, intestine, kidney and placenta during

pregnancy) (Delmas & Gamero, 1998). Despite this, there are carbohydrate side-chain

differences which do confer bone specificity (Seibel, 2002). Some assays show up to

20% cross-reactivity with the liver isoenzyme (Seibel, 2002).

Serum BAP levels are useful as indicators ofbone formation in Paget's disease,

hyperparathyroidism, osteoporosis and responses to antiresorptive therapy (Gamero,
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Shih, Geneyts, Karpf, & Delmas, 1994; Gomez et al., 1995; Russel, 1989). Early

changes in both BAP and OC in response to therapy have been proven acceptable as

predictive signals for later changes in bone mass (Kleeredoper, 1996). BAP has also

been previously used to assess bone health in yoimg populations (Fares et al., 2003).

Intraindividual variability of serum BAP levels over time is comparatively low; and BAP

levels are usually not influenced by food intake (Seibel, 2002). As with OC analysis in

bone studies, it is also important to analyze other markers ofbone turnover and utilize

bone mass/strength assessment tools, in conjunction with BAP analyses, in order to

justify and validate results further.

•

2.2.1.C Procollagen I Extension Peptides

Carboxy- (PICP) and amino- (PINP) procollagen I extension peptides are cleaved

by specific extracellular endoproteinases from newly translated collagen type I

polyp)eptide, and are considered to reflect the collagenous phase of bone formation

(Seibel, 2002). These extension peptides can be measured in the serum as markers of

bone formation. Both PICP and PINP display a circadian rhythm with highest levels in

the early morning hours, and are not usually influenced by food intake (Seibel, 2002).

Both propeptides are specific products of proliferating osteoblasts and fibroblasts,

while PINP is also partly incorporated into bone's extracellular matrix (Seibel, 2002).

During extracellular processing of collagen I, the amino and carboxy terminal extension

peptides are cleaved prior to fibril formation (Delmas & Gamero, 1998; Kleeredoper,

1996) and circulate in the blood (Delmas & Gamero, 1998). During formation, the

peptide extensions remain in the circulation while the collagen is incorporated into the
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bone matrix (Kleeredoper, 1996). These have been suggested as useful markers of bone

formation since collagen constitutes about 90% of the organic component of bone matrix

(Delmas & Gamero, 1998a; Delmas & Gamero, 1998b; Seibel, 2002). PICP has a high

molecular weight (100 000) and is therefore not excreted by glomerular filtration but is

taken up by the receptors on liver cells and metabolized (Szulc et al., 2000). Therefore,

serum PICP may not reflect renal function as much as serum OC (Szulc et al., 2000). As

with the other markers of bone formation, propeptide levels should be utilized in bone

studies in conjunction with other makers ofbone turnover and bone mass/strength

assessment tools.

2.2.Ld 25-Hydroxy Vitamin D (25-OH Vitamin D)

Vitamin D is a steroid hormone involved in the intestinal absorption of calcium

and phosphorous, and helps to regulate calcium balance when in its active form (Fox,

2002). This makes vitamin D important for proper calcification of bones and ultimately

bone health (Fox, 2002). Vitamin D3 results from dietary intake and from the

biosynthesis of 7-dehydrocholesterol and ultraviolet light in skin because of exposure

from the sun (Fox, 2002). However, this original form of vitamin D is inactive, and must

be converted into a derivative by liver and kidney enzymes before it is active in the body

(Fox, 2002). The kidney synthesizes 1, 25-(OH)2 from vitamin D and it represents the

active form of vitamin D. The liver hydroxylates this vitamin into 25-hydroxyvitamin D

(25-OH vitamin D) which is considered the major circulating metabolite of vitamin D

and represent the inactive form. Although the derivative of vitamin D synthesized in the

kidney is considered the active form of vitamin D, it is widely accepted to use levels of
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25-OH vitamin D as a better source to evaluate vitamin D status in individuals (Scharla et

al., 1996; Scharla, 1998).

Waem (1996) has shown 25-OH vitamin D to be correlated to BMD and muscle

strength. Subjects experiencing hip fractures after age 76 had significantly lower

concentrations of25-OH vitamin D. Additionally, it has been shown that serum 25-OH

vitamin D concentrations may have serious public health implications with respect to

osteoporosis preventions and related fractures (Khaw, Sneyd, & Compston, 1992).

2.2.2 Biomarkers of Bone Resorption

2.2.2.a Hydroxyproline (Hyp)

Collagen contains large amoimts of the amino acid proline, which then undergoes

posttranslational hydroxylation to hydroxyproline (Hyp) (Delmas & Gamero, 1998b;

Watts, 1999). Hyp is present in all fibrillar collagens and partly collagenous proteins (ie..

Elastin) (Seibel, 2002). It is also present in newly synthesized and mature collagen. Both

collagen synthesis and tissue breakdown contribute to urinary Hyp (Seibel, 2002). Most

Hyp liberated from bone is broken down in the liver, and approximately 10% is released

in small polypeptide chains, which are excreted in the urine (Watts, 1999). Hyp is also

liberated from the breakdown of complement and nonskeletal collagen (including

collagen from the diet) and by the breakdown of procollagen extension peptides (Watts,

1999). Hyp is usually measured in the urine, however, it is important to consider that

measurement of urine Hyp levels may contain a variable contribution from the diet

(Russel, 1989). Hyp is considered a marker of bone resorption, since half ofhuman

30





collagen is in bone where turnover is probably more rapid than in soft tissue (Delmas &.

Gamero, 1998a; Russel, 1989).

Urinary Hyp levels follow a circadian rhythm, with highest values in the morning

(Seibel, 2002). Intake of collagen-rich foods should be restricted for at least 24 hours

before sample collection in the urine, because it is absorbed through the gastrointestinal

tract (Seibel, 2002), and can affect measured levels of Hyp.

2.2.2.b Calcium (Cd^)

Urinary fasting calcium (Ca"^ levels corrected for creatinine excretion are

considered to be one of the cheapest assays ofbone resorption, however, these assays

lack sensitivity (Delmas & Gamero, 1998a; Delmas & Gamero, 1998b). Fasting urinary

Ca^ levels can reflect Ca"^ released during resorption, along with the renal handling of

Ca"^ (Delmas & Gamero, 1998a).

2.2.2.C Pyridinoline (PYD) and Deoxypyridinoline (DPD)

Pyridinoline (PYD) and deoxypyridinoline (DPD) cross-links stabilize mature

collagen, and result from posttranslational modifications of lysine and hydroxylysine

(Watts, 1999). DPD is relatively specific to bone, whereas PYD is also found in most

tissue (cartilage and soft tissue) (Seibel, 2002; Watts, 1999). PYD and DPD are both

present in mature collagen only (Seibel, 2002). The concentrations ofPYD and DPD in

connective tissues are very low and are largely variable among tissues (Delmas &

Gamero, 1998b). These two cross-links are released from bone in a ratio of 3: 1 for PYD

and DPD, respectively (Watts, 1999).
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PYD and DPD are likely to be released from bone matrix during the degradation

by osteoclasts (Delmas & Gamero, 1998b). PYD and DPD are not reutilized during

collagen synthesis, as they both result from post-translational modifications of collagen

ah-eady secreted and incorporated in the extracellular matrix (Delmas & Gamero, 1998b).

Since DPD is more abundant in bone, it is considered more specific to bone than PYD

(Seibel, 2002). PYD and DPD provide more of an advantage over urinary Hyp because

they are not influenced by diet, are not affected by the breakdown of newly synthesized

collagen, and are not metabolized ftirther or reused in collagen biosynthesis (Seibel,

2002). Both PYD and DPD demonstrate strong circadian rhythms, with highest values in

the morning (Seibel, 2002).

2.2.2.d Telopeptides of Type I Collagen Crosslinks

Type I collagen is synthesized primarily in bone and makes up over 90% of the

organic matrix ofbone (Burgeson, 1988). It is a helical protein that is cross-linked at the

amino (NTx) and carboxy (CTx) terminal ends of the molecule, which forms the tensile

strength ofbone tissue. During bone turnover. Type I collagen is broken down, and small

peptide fragments of collagen are excreted into the circulation with the cross-links

attached (telopeptides) (Watts, 1999).

Assays for NTx along with CTx are utilized as markers of bone breakdown

(Kleeredoper, 1996). Levels ofNTx are mediated by osteoclasts and both NTx and CTx

levels have the highest contribution from bone (Seibel, 2002). It has been show that

older women show progressive increases in mean serum CTx concentrations with

advancing age (Filip & Zagorski, 2004). Urinary NTx levels have been shown to be the
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most sensitive predictors of bone loss in the lumbar spine among healthy postmenopausal

Japanese women, with the highest degree of specificity (Chaki et al., 2000). Researchers

have also concluded that women with higher serum NTx concentrations continue to lose

bone faster than those with lower NTx values for a long period of time (Chaki et al.,

2000).

It is well established that levels of serum NTx indicate elevated bone resorption

(Clemens, Herrick, Singer, & Eyre, 1997). Both serum and urine concentrations of CTx

and NTx can be used confidently in assessing bone resorption among individuals.

However, all telopeptide markers are subject to major circadian changes and serum CTx

is strongly influenced by diet, so fasting samples are necessary (Seibel, 2002).

2.2.2.e Tartrate-resistant acidphosphatase (TRAP)

There are six isoenzymes of acid phosphatase and the bone isoform is tartrate-

resistant acid phophatase (TRAP) found in human tissues (osteoclasts, platelets,

erythrocytes) (Seibel, 2002). TRAP 5b is synthesized and secreted by osteoclasts during

bone resorption and has been identified in both the ruffled border of the osteoclast

membrane and the secretions in the resorptive space (Seibel, 2002). The lack of

specificity in osteoclast activity, the instability in frozen samples and the existence of

enzyme inhibitors in serum are all drawbacks limiting the development of appropriate

enzyme assays of plasma TRAP (Delmas & Gamero, 1998b). However, serum TRAP 5b

levels show very little circadian variation and are not influenced by diet (Seibel, 2002).

33





2.2.2.fBone sialoprotein (BSP)

Bone sialoprotein (BSP) is one of the SIBLING proteins and is also known as

integrin-binding bone sialoprotein (IBSP) (Boskey, 2005). It is an acidic, phosphorylated

glycoprotein, synthesized by osteoblasts and osteoclastic-like cells (Seibel, 2002). They

are laid down in bone extracellular matrix and appear to be associated with osteoclast

function (Seibel, 2002).

2.2.2.g Hydroxylysine glycosides

Hydroxylysine (OHLys) in collagen is glycosylated to varying degrees, depending

on tissue type (Seibel, 2002). Glycosylgalactosyl-OHLys is found in high proportion in

collagens of soft tissues and Clq and galyctosyl-OHLys is found in high proportions in

skeletal collagens (Seibel, 2002).

2.3 Assessing Bone Properties

Whatever the method utilized, assessment of bone properties is important not only

clinically but for research purposes as well. It is possible to obtain very precise and

accurate measures of bone utilizing a combination of assessment techniques. The main

methods in current clinical use for non-invasive measurements ofbone mass are single

photon absorptiometry, single-energy X-ray absorptiometry, DEXA and QCT (Lees et

a!., 1998). Depending on the assessment method used, various measurements of bone

can be recorded such as bone mineral content (BMC), BMD and bone strength, in speed
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of sound (SOS). BMC is simply the amount of bone mass and can be used to calculate

BMD. BMD is expressed in g/cm^, and either defined by the number of standard

deviations (SD) from the mean of age-matched controls (z-score) or the number of SD

from the young normal mean (t-score) (New, 2001).

As stated previously, most metabolic activity occurs in trabecular bone and

therefore techniques measuring trabecular bone alone or integral (cortical and trabecular),

in areas where the trabecular/cortical ratio is higher, may be more sensitive to changes in

bone mass than those measuring at predominantly cortical sites (Lees et al., 1998).

Measurements taken at sites that have a greater fracture incidence (distal forearm, spine

and proximal femur) may also provide the most usefiil and important information for

researchers and clinicians alike (Lees et al., 1998). In choosing the appropriate

assessment technique, one must consider the degree of accuracy of the method and the

specific site measurement required.

2J.1 Single Photon Absorptiometry

Single photon absorptiometry (SPA) was created to measure BMC of the

appendicular skeleton (Lees et al., 1998). A narrow beam of monoenergetic low-dose

radiation is passed through a limb and transmitted photons are detected (Lees et al.,

1998). The quantity of bone mineral in the path of the beam is inversely proportional to

the number of photons transmitted. The bone mineral is calculated with respect to a

standard curve and is referred to as BMC (Lees et al., 1998). SPA requires the

measurement site to be surrounded by a known thickness of tissue-equivalent material,
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and this is accomplished by submerging the limb in a water bath, bag or gel (Lees et al.,

1998). Therefore, bone mass measurements using SPA are limited to the peripheral

skeleton.

23.2 Dual Photon Absorptiometry

Dual photon absorptiometry (DPA) is a modification of SPA and allows

measurements to be performed in clinically important sites such as the lumber spine and

the proximal femur (Lees et al., 1998). However, measurements of these sites are now

more commonly executed by DEXA (Lees et al., 1998). The use of two energies in DPA

eliminates the need for a constant soft tissue thickness across the scanning path and

therefore allows the measurement of deep structures like the spine and femur (Lees et al.,

1998). DPA is also expressed as BMC.

233 Single Energy X-ray Absorptiometry

Single Energy X-ray Absorptiometry (SEXA) is used to assess bone density in the

forearm and uses an X-ray tube to provide photon beams (Lees et al., 1998). A water

bath is also required for SEXA to correct for soft tissue variations, and similar to SPA,

central skeleton measures cannot be measured using this technique (Lees et al., 1998).
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23.4 Dual Energy X-ray Absorptiometry

Dual Energy X-ray Absorptiometry (DEXA) is currently considered the 'gold

standard' in bone density assessment techniques, given that it has a high degree of

precision with one measurement, is reliable, repeatable if necessary, safe, and presents

little burden to the subject (DeSouza, Williams, & Kerr, in submission). It has since

replaced the DPA although the principle behind its use is exactly the same (aside from

the use of X-ray tubes instead of a radionuclide source) (Lees et al., 1998). An average

DEXA scan takes approximately twenty minutes to complete and occurs at a radiation

level ten times less than that of a standard chest x-ray (DeSouza et al., submission).

Clinically, the regions scanned with DEXA are usually the lumbar spine, proximal femur,

forearm and whole body, however, any skeletal region can be assessed (Fig. 2.6) (Orwall

& Marcus, 2003). DEXA scans are more sensitive than ordinary x-rays and more

accurate than radiograms (DeSouza et al., in submission).

There are inherent errors associated with the way in which BMD is calculated by

DEXA. DEXA uses the ability ofbone mineral to attenuate the passage of photons

through the body in order to provide estimates of the mineral density of the site measured

(Orwall & Marcus, 2003). The software estimates the area and mineral content of the

bones in the region scanned and BMC is divided by that area to give a calculated areal

BMD (g/cm ). The missing depth value in the calculation ofBMD results in this

discrepancy. Although corrections can be made to this calculation, it is still not

considered a completely accurate representation, as approximations of bone volumes are

used.
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BMD results are generally compared to either Z-scores or T-scores in order to

categorize the individual according to their risk of osteoporosis. Z-scores reflect the

amount ofbone an individual has compared to an appropriate age-matched mean value in

SD (Wahner, 1996). A Z-score of zero reflects the mean value and all other values are

either positive or negative with respect to this.

T-scores are used primarily with young adults and perimenopausal women and

are also expressed in units of SD (Wahner, 1996). T-scores compare an individual's

BMD to the specific gender appropriate young adult normal mean. A "fracture

threshold" of-2 SD of the predicted mean value has been proposed (Wahner, 1996).

The World Health Organization uses T-scores to categorize BMD values and these

categories are as follows: high BMD (+1 to +4); normal (-1 to +1); osteopenia (-2.5 to -

1); osteof>orosis (-4 to -2.5); and severe osteoporosis (-4 to -2.5) including one or more

fragility fractures. If measured values of Z- and T-scores are unusually high or low, it

may indicate a need for further medical testing.
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23.5 Quantitative Computed Tomography

Quantitative Computed Tomography (QCT) scans are generally performed on the

lumbar spine in units of apparent density (Kleeredoper, 1996). Trabecular regions are

usually selected; however, it is possible to measure the cortical and integral bone density

of the vertebral bodies (Lees et al., 1998). QCT measures the absolute BMC of a specific

volume ofbone and is a three-dimensional density measure. QCT also allows the

isolation of pure trabecular bone (Lees et al., 1998), a feature not possible using the other

techniques. The major drawback in using QCT is that the majority of computed

tomography (CT) scanners are usually in use for clinical purposes (Lees et al., 1998).

They are also very expensive to purchase, and this can limit the use of these scanners for

research purposes (Lees et al., 1998).

2J.6 Quantitative Ultrasound

Quantitative ultrasound (QUS) is a new and advantageous method to determine

bone strength; it is portable, relatively inexpensive and is radiation-free. It was

developed in 1984 as a tool to assess cancellous bone quality without the use of radiation.

It is particularly useful as a screening tool for fracture risk among individuals (New,

2001). QUS fits WHO criteria for Osteoporosis diagnosis, however, the WHO definition

of osteoporosis is only applicable at present to BMD measurements using DEXA (New,

2001). This device consists of a main unit and a hand-held probe designed to measure

the SOS, in metres per second (m/s), at specific skeletal sites. The probe contains a set of
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two transmitters and two receivers, housed in a compact holder. The SOS measurement

is based on the fact that ultrasound waves travel faster through bone than through soft

tissue. SOS measurements reflect several different characteristics of bone, including

BMD, microarchitectural structure and elasticity, which are not reflected with DEXA.

QUS does not allow one to determine the percent contribution of each of these

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

of each of these, whereas other more common techniques do not. There is standardized

data for the tibia, radius, finger and metatarsal sties; however, QUS has not been

standardized for hip and spine use.

Sunlight Omnisense^^ has developed an ultrasound tool to assess bone properties

without being influenced by bone size. The sound waves are propagated along the

cortical bone transaxially at the radius and tibia. Propagation time is a function of the

bone SOS, soft tissue SOS, distance between the transducers and the bone, and the angle

of inclination between the surface of the bone and the line connecting the two transducers

(Daly, Rich, & Klein, 1997).

One cited disadvantage is its questionable sensitivity (Blake & Fogelman, 1997).

However, it has been shown to be sensitive enough to detect changes in tibial QUS scores

among pre-pubertal boys over an 8-month period (Falk et al., 2004). Previous studies

have demonstrated that in elderly subjects, QUS can predict fi-acture risk independent of

bone mineral density (Porter, Miller, Grainger, & Palmer, 1990). In vitro studies suggest

that QUS parameters may measure previously unquantified properties ofbone fragility

(Gluer, Wu, & Genant, 1993).
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2.4 Osteoporosis

Osteoporosis is derived from two Greek words: osteon meaning bone, and poros

meaning small hole (Blake, Wahner, Fogelman, 1999). Osteoporosis is defined as a

skeletal disorder characterized by compromised bone strength predisposing a person to an

increased risk of fracture (National Institutes of Health [NIH], 2001). Bone strength

primarily reflects the integration ofbone density and bone quality. In this disease, the

platelike normal trabeculae are replaced by thin rods, and trabecular perforation disrupts

trabecular continuity (Fig. 2.7) (Orwoll & Marcus, 2003). Individuals with osteoporosis

are likely to experience fractures with minimal trauma, or with forces no greater than

those applied by routine daily activity (Marcus, 1996). Osteoporosis is most common

among women over the age of fifty, as a result of hypoestrogenemia, putting women at a

greater risk of osteoporosis than the rest of the population (Health Canada, 2005; WHO,

2005). Women can lose between 2-5% of bone density each year during years 5 and 10

post-menopause (Osteoporosis Canada, 2006). However, osteoporosis also affects men

and can occur in individuals of any age (NOP, 2005).
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Figure 2.7, (Orwoll & Marcus, 2003)

An electron micrograph of normal (A) and osteoporotic (B) trabecular structures.

Osteoporosis is divided into two distinct categories, primary and secondary.

Primary osteoporosis (postmenopausal/senile osteoporosis) is considered a skeletal

disorder ofpostmenopausal women or of older men and women (Marcus, 1996).

Secondary osteoporosis refers to bone loss resulting from specific defined clinical

diseases (Marcus, 1996) such as endocrine diseases (eg., hyperparathyroidism and

hyperthyroidism), gastrointestinal diseases (eg., Crohn's disease), and liver disease.

Osteoporosis is a critical health concern and it is estimated that since 1990 there

has been a fourfold increase in hip fractures worldwide (Chan et al., 2003). Currently

researchers have estimated that osteoporosis affect more than 75 million people in

Europe, Japan, and the United States alone, and that lifetime risk for wrist, hip and

vertebral fractures is approximately 15% (similar to coronary heart disease risk) (Chan et

al., 2003). One in two women over the age of 50 is estimated to have an osteoporosis-
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related fracture in her remaining life (NOF, 2005). The most devastating consequence of

weak bones as a result of osteoporosis is associated hip fractures among the elderly. Hip

fractiires among the elderly may lead to disability and premature death (WHO, 1999).

In addition to the severe health risk, the economic repercussions of this

debilitating disease are great. It is estimated that the cost of treating osteoporosis and

related fractures is $1 .3 billion each year in Canada alone, with long term, hospital and

chronic care accounting for the majority of these costs. By 2018, it is estimated that

Canada will spend at least $32.5 billion treating osteoporosis-related fractures

(www.osteoporosis.ca).

Osteoporosis is sometimes referred to as the "silent thief, as bone loss can occur

without symptoms among osteoporosis patients. Most commonly, the first sign that there

has been a deterioration of the micro-architecture ofbone is a fracture or collapsed

vertebrae (NOF, 2005). There is no 'cure' for osteoporosis; therefore prevention remains

the primary factor in avoiding the inevitable repercussions of this disease.
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2.5 Factors Affecting Bone

2.5.1 Mechanical Loading

2. 5. 1.a PhysicalA ctivity

Physical activity (PA) has been proposed as a method of improving bone and

maintaining its structural integrity throughout life and seems to be one of the most

important modifiable variables affecting bone health. PA is highly recommended as the

first step in the prevention of osteoporosis (Chan et al., 2003). The value ofPA as a tool

for the prevention of osteoporosis lies in its potential to reduce bone loss, improve muscle

strength, prevent falls and reduce bone fi-actures (Chan et al., 2003). The loads applied to

bone as a result of PA include direct impact from weight-bearing PA and muscular pull

(Snow, Shaw, & Matkin, 1996). It is theorized that there are greater mechanical loads on

the bones of individuals who participate in PA and these loads are thought to result in an

increase in bone strength (Snow et al., 1996). It is well established that marked decreases

in PA resulting in decreased mechanical loading (as in bed rest and spaceflight) can cause

a profound decline in bone mass and increases in bone resorption (Caillot-Augusseau et

al., 1998); whereas improvements in bone mass resulting fi-om increased physical activity

are less conclusive (American College of Sports Medicine [ACSM], 1995). Changes in

bone mass occur more rapidly with unloading than with increased loading (ACSM,

1995). Given that it may not be possible to increase BMD following the acquisition of

PBM, studies have shown that exercise can be effective in maintaining bone mass and

decreasing the rate of age-associated bone loss (Pescatello et al., 2002).
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Various forms of aerobic and resistance activities of differing intensity and

duration have been examined among women in relation to bone health. Weight-bearing

exercise is that in which bones and muscles work against the force of gravity and where

the feet and legs support body weight (Osteoporosis Canada, 2006). Some examples of

this type of exercise include activities such as walking, jogging, aerobics, and dancing.

Resistance exercise involves moving objects or using body weight to create resistance. It

works to strengthen a particular muscle group or groups, which can help to strengthen the

bone in the area (Osteoporosis Canada, 2006). Some examples of this type of exercise

include the use of free weights, weight-training machines or exercise bands. High impact

sports such as basketball and volleyball have been shown to be more beneficial for bone

health in women when compared to non-impact type sports, such as swimming

(Creighton, Morgan, Boardley, & Brolinson, 2001).

An optimal dose-response between PA and bone mass has yet to be established

and there is minimal information on the amount of daily PA required to achieve the

greatest bone strength (Lloyd, Petit, Lin, & Beck, 2004). In order to determine

appropriate exercise prescriptions for maximizing bone mass, researchers must focus on

certain fundamental principles of study design, such as assessment tools for estimating

PA, application of training principles and duration of training regimens (Snow et al.,

1996). In assessing the relationship between PA and bone, some researchers include

either biochemical markers of bone resorption and formation, measurement techniques

for bone mass (such as DEXA) or both in their methodologies. General guidelines for

physical activity include moderate intensity activity (eg. walking) daily, or intense

activity (eg. weight training) every other day for thirty minutes at a time (Osteoporosis
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Canada, 2006); however, intensity, duration, frequency and type of activity will depend

on various factors such as level of fitness, age, gender, and experience.

There are numerous studies which examine the relationship between PA and bone

health. Some studies do not confirm any positive effects ofPA on markers of bone

turnover or on BMD scores (Gerdhem, Akesson, & Obrant, 2003; Ingle et al., 1998), and

there are others reporting deleterious effects, especially among young girls. For example,

Kaga et al. (2004) examined the total body and spine BMD using DEXA, and serum OC

and TRAP levels of thirteen female (ages 15-17 years) and seven adult (ages 21-25 years)

long-distance runners. The authors reported that the effects of long-distance running on

bone metabolism are strongly influenced by sex hormones during late puberty and that

the effects are different to those of adults. Long-distance running was reported to have

deleterious effects on bone metabolism of both cortical and trabecular bones among the

high school athletes, attributed to a disruption in pubertal sex hormones.

However, most studies report positive findings regarding the effects ofPA on

bone health. Several cross-sectional studies among women report on the benefits of

various types ofPA on BMD (Elgan, Dykes, & Samsioe, 2002; Ulrich et al., 1996) and

both BMD and biochemical markers of bone turnover. A recent cross-sectional, control

study by Creighton et al. (2001) showed that athletes involved in the highest-impact

sports displayed the greatest markers of bone formation (OC) and the greatest BMD

scores. Additionally, the authors stated that low levels of impact associated with non-

weight bearing activities might negatively affect bone formation.

Studies using exercise intervention designs to directly examine the effects ofPA

on bone health have reported similar findings. These studies among postmenopausal
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women report that PA helps to stabiHze lumbar BMD, following a low-load strength

training and aerobic training program (Walker, Klentrou, Chow, & Plyley, 2000) and

strictly an aerobic training program (Yamazaki et al., 2004). Vincent & Braith (2002)

examined the effectiveness of one set of high intensity (80% IRM) resistance training on

bone health, conducted three times a week for six months. This program was effective in

increasing BMD and both OC and BAP among sixty-two elderly men and women.

There are fewer exercise intervention studies among the premenopausal

population, however, results are promising with respect to bone health. Recently, Shibata

et al., (2003) examined lumbar BMD, BAP, OC, PTH, and NTx levels among 28

premenopausal women (ages 35-39 years) following a walking or walking/jumping

intervention for one year. Both programs resulted in beneficial effects on BMD through

the maintenance of bone mass and significant increases in BAP. Additionally,

walking/jumping had a greater influence on BMD and bone turnover when compared to

only walking.

Longitudinal studies report on the positive effects of regular PA for bone health as

well. Regular PA has been shown to be important in the acquisition of maximum PBM

among young women (Recker et al., 1992) and both young women and men (Valimaki et

al., 1994). In another study, PA was reported as the only lifestyle factor (among oral

contraceptive use and calcium intake) that positively correlated to BMD and bone

strength at the hip among young women (Lloyd et al., 2004).

Therefore, among the numerous health benefits of PA, many of the reported

studies show that PA is beneficial with respect to bone health, and that ftinctional loading

through PA can exert a positive influence on bone in humans.
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2.5.Lb Body Composition

Weight has consistently been shown to be associated with positive measurements

ofBMD in premenopausal women (Reid, Legge, Stapleton, Evans, & Grey, 1992;

Salamone et al., 1995). BMI has also been shown to be positively associated with BMD

(Martini, Valenti, Giovani, & Nuti, 1997; Revilla, Villa, Sanchez-Atrio, Hamandez, &

Rico, 1997). A study by Elgan et al., (2002) examined the relationship ofBMD and bone

turnover in relation to lifestyle factors and physiological factors among young women.

Both weight (r=0.33) and BMI (r=0.32) were significantly positively correlated with

BMD at the calcaneus. Maintaining adequate body mass seems to be important for

preventing postmenopausal bone loss as well (Yahata et al., 2002).

Some studies have also reported on the negative effects of weight loss (as a result

of increased PA) on bone health parameters, such as urinary DPD levels, among young

women (Elgan et al., 2002). A study by Salamone et al. (1999) showed that 236

premenopausal women (ages 44-50 years) participating in a lifestyle intervention, with a

focus on diet- and exercise-induced weight loss, experienced a two-fold greater loss of

BMD at the hip. These women experienced the greatest increases in urinary N-

telopeptide and the greatest losses in hip BMD compared to the weight stable control

subjects. These negative effects seemed to be attributed to a decline in the mechanical

stress on weight-bearing skeleton, declines in fat mass, which may result in lower

concentrations of androgen precursors and a compromise of adequate calcium intake,

which may influence bone turnover (Salamone et al., 1999).

In the following studies, lean mass and fat mass have been assessed separately in

terms of their relationship with bone health parameters. It is difficult to determine
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absolutely which type of mass may be more beneficial for bone health; however, lean

mass seems to have a stronger influence on bone (Chen, Lohman, Stini, Ritenbaugh, &

Aickin, 1997). One particular study showed significant positive correlations between

lean mass and BMD and BMC at the total body, lumbar spine, femoral neck, trochanter

and total hip (Wallace & Ballar, 2002). In the same study, fat mass was also shown to be

positively correlated with BMD and BMC at the total body and femoral neck sites and

BMD at all other sites measured, however the correlations were not as strong as those

seen for lean mass.

Another study by Valdimarsson, Kristinsson, Stefansson, Valdimarsson, &

Sigurdsson (1999) examined the relationship between BMD, and several variables

including: PA, muscle strength, lean mass, fat mass, weight and height among 254 young

women. Lean mass explained 58.5% of the variation in total skeletal BMC (while fat

mass accounted for only 2.4%) and 28.3% of total BMD. Lean mass was considered to

be the most important factor at all measurement sites.

2.5.2 Nutrient Intake

Nutrition affects health in numerous ways. Cellular processes control bone tissue

deposition, maintenance and repair and the cells responsible for these tasks require

adequate nutrition as do all other cells in the body (Heaney, 1996). The skeletal system is

a reservoir for large amounts of calcium and phosphorous. The size of the reserve

available is dependent upon the daily balance between absorbed intake and excretory loss

(Heaney, 1996). Bone is influenced by a variety of different mechanisms and it is
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therefore difficult to attribute low bone mass solely to deficiencies in nutrition, despite

low calcium reserves (Heaney, 1996). In industrialized nations, diet appears to have only

a moderate relationship to osteoporosis (WHO, 2005), but the most important nutrients,

for bone health among adults in these nations are calcium and vitamin D (Heaney, 1996;

WHO, 2005).

2.5.2.a Calcium

Calcium is necessary for proper functioning of the heart, skeletal muscles,

nervous system and blood clotting mechanisms. Calcium is also one of the primary

bone-forming minerals and therefore an adequate supply is essential for bone throughout

life (WHO, 2005). The skeleton stores excess calcium and also acts as a source of

calcium when the body is deficient, thereby preventing any impairment in tissue function

on systems that are dependent upon calcium. However, bone strength is a function of

bone mass, and decreases in the size of calcium reserves can cause decreased bone mass

(Heaney, 1996). This can eventually correspond to a decrease in bone strength (Heaney,

1996).

Unlike energy (Calories), calcium reserves are limited by genetic and mechanical

factors (Heaney, 1 996). Therefore, one may only benefit from calcium intake up to a

certain threshold, whereby further increases result in no fiirther benefit in bone mineral

accrual. Table 2.2 provides the daily calcium requirements for all age groups, according

to the NIH (1994).
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TABLE 2.2 Daily Calcium Requirements

Age





Some studies have shown no significant effect of calcium intake on bone mineral

accrual (Elgan et al., 2002; Lloyd et al., 2004; Yahata et al., 2002). However, most of the

studies consistently show that daily calcium intake is necessary in acquiring a healthy

bone mass and maintaining bone health throughout life. Several intervention trials report

the positive effects of increased calcium intake on bone mass measurements among

adolescent girls with increased milk consumption (Cadogan, Eastell, Jones, & Barker,

1997) and calcium supplementation (Matkovic, Fontana, Tominac, Goel, & Chestnut,

1990). Cadogan et al., (1997) also reported higher levels of serum insulin growth factor I

(important for osteoblast proliferation, differentiation and matrix formation) and a greater

synthesis of collagen and other proteins among the intervention group. Similarly, a three

year, double blind, placebo controlled trial by Johnston et al. (1992) examined the effects

of increased calcium through supplementation among 45 pairs of identical twins (ages 6-

14 years). The authors reported augmented increases in BMD at the radial sites in the

lumbar spine and two out of three femoral sites among participants compared to twin

controls.

Several longitudinal studies have also stated similar effects of calcium intake on

bone, with enhanced gains reported in BMD among young adult women (Recker et al.,

1992). Valimaki et al. (1994) showed that calcium intake had a moderately positive

effect of4.7% on femoral neck BMD in young women when compared to those with

lower daily intakes of calcium (<800- 1 200mg/day) (Valimaki et al., 1994). Calcium

(milk protein) has also been shown to directly suppress bone resorption (specifically

52





osteoclast activity) and prevent subsequent bone loss among 2 1 ovariectomized rats

(Toba et al., 2000).

A cross-sectional design by Ulrich et al. (1996) examined the effects of calcium

intake among younger and older daughter and mother pairs. Adequate calcium is

reported as an important intervention in maintaining or increasing genetically determined

bone mass. The amount of supplemental calcium taken after age 60 was correlated

positively with total and peripheral BMD among the mothers.

Adequate calcium intake seems to be an important factor in achieving a high

PBM and may help to maintain or reduce the loss of bone mass pre- and

postmenopausally.

2.5.2.b Vitamin D

Adequate vitamin D3 is essential for optimal absorption of calcium (NIH, 1994),

and it can increase calcium absorption by as much as 30-80% (Osteoporosis Canada,

2006). Vitamin D3 facilitates active transport by inducing the formation of calcium

binding transport proteins in intestinal mucosal cells (Heaney, 1996). There are two

important sources of Vitamin D: through the skin following exposure to sunlight; and

through the diet (NOF, 2005). There are significant amounts of vitamin D3 in milk, and

food with small amounts of this vitamin include margarine, eggs, chicken livers, salmon,

sardines, herring, mackerel, swordfish and fish oils (halibut and cod liver oils)

(Osteoporosis Canada, 2006). Osteoporosis Canada (2006) recommends 400

international units (lUs) of vitamin D daily for individuals between 19 and 50 years of
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age. It has been suggested that deficiencies in vitamin D during adolescence could result

in reduced calcium absorption and calcium retention in the body, resulting in the failure

to achieve PBM (Matkovic, Badenhop-Stevens, Ha, Mobley, & Landoll, 2001). A recent

study by Nickols-Richardson et al. (2006) reported that both dietary intakes of vitamin D

and calcium were positively associated with BMD at the forearm among young women.

Other studies report no effects on differences in vitamin D intake and markers ofbone

remodelling (Fares et al., 2003). It is widely suggested that an adequate intake of vitamin

D and calcium is necessary to maintain bone integrity throughout life (Follin & Hansen,

2003). Nutrient-rich eating patterns with adequate calcium and vitamin D should be

encouraged in healthy, young adult women to support optimal bone health (Nickols-

Richardson et al., 2006).

2.5J Hormonal Status

2. 5. 3.a Menstrual Disturbances

Disruptions in menstrual status have severe clinical consequences such as skeletal

problems, infertility, risk of coronary heart disease and other various complications

(Constantini, 1994). The most serious consequences of menstrual dysfunction are the

effects on the skeletal system which can include: a failure to reach PBM, loss of bone,

failure of weight-bearing bones to mineralize with stress, and increased rate of stress

fractures (Constantini, 1994). Menstrual disturbances exist along a continuum of

severity, from anovulation (least severe) to amenorrhea (most severe) (De Souza, 2003).

Eumenorrhea is consistent/regular menstrual intervals of 26-32 days (ovulation may not
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be occurring). The sub-clinical disturbances include: oligomenorrhea which is

inconsistent intervals of menstrual periods; luteal phase defects causing decreased

progesterone, luteal phase inadequacy and a shortened luteal phase length (<10days); and

anovulation which is no ovulation or release of mature ovum from the ovary. The most

severe clinical disturbance is amenorrhea, which is the absence ofnormal menses.

Primary amenorrhea is menarche after the age of 1 6 and secondary amenorrhea is the

absence of menstrual bleeding for three or more consecutive cycles after menarche.

The Female Athlete Triad is a syndrome occurring in physically active girls and

women and includes three different components: disordered eating, amenorrhea, and

osteoporosis (Otis, Drinkwater, Johnson, Loucks, & Willmore, 1997). Female

adolescents and women training in sports where low body weight is emphasized for

athletic activity or appearance are at greatest risk (Otis et al., 1997). The focus here will

be on the effects of menstrual dysftmction on bone; however, the role and interaction of

certain dietary habits with menstrual function and bone health must not be disregarded.

Athletes "at risk" for eating disorders do report menstrual irregularity more frequently

and sustain more bone injuries (Beals & Manore, 2002).

It is likely that the low concentrations of ovarian hormones in amenorrheic and

oligomenorrheic athletes are associated with reduced bone mass and increased rates of

bone loss (Otis et al., 1997). Several studies do report the negative effects of menstrual

dysfunction on bone mass (Warren et al., 2002) and BMD at the lumbar spine, total hip

and whole body sites (Cobb et al., 2003) among young women.

There is still a need for research regarding the effects of menstrual dysfunction on

bone strength and bone turnover among young women. Menstrual irregularities must be
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assessed through 'gold-standard' techniques by measuring hormone levels in serum or

urine samples as opposed to self-report methods.

2.5.3.b Oral Contraceptives

Findings are conflicting with respect to the effects of oral contraceptive use on

bone health and it is therefore difficult to draw conclusions about the relationship

between these two variables. Some studies have reported beneficial effects of oral

contraceptives in relation to bone health (Kleerekoper, Brienza, Schultz, & Johnson,

1991). The positive effects of oral contraceptive use are attributed mostly to the estrogen

components of the pills.

A longitudinal study by Recker et al. (1992) examined the effects of oral

contraceptive use (along with PA levels and nutrient intake) on bone mass increases

among 156 young women (ages 18-29 years). The authors reported a significant positive

correlation (r=0.31) between oral contraceptive use and the rate of change in total body

bone mineral levels, as assessed by DPA. Similarly, a cross-sectional study by Ulrich et

al. (1996) studied 25 menopausal mother and premenopausal daughter pairs, examining

their lifestyle factors (by questionnaire) and axial and peripheral BMD scores (by

DEXA). These authors found that exogenous estrogen has a predominant influence on

bone mass during postmenopausal years. Previous oral contraceptive use and current

ERT were associated with higher BMD in mothers.

Some studies have reported no significant differences in bone health among oral

contraceptive users compared to non-users (Mazess & Barden, 1991). A recent

longitudinal study by Lloyd et al. (2004) examined how various determinants of bone
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health (calcium intake, oral contraceptive use and exercise) were related to the

development ofPBM and ofyoung adult hip bone bending strength among 80 women

(ages 12 to 22 years). There were no significant differences reported between users and

non-users of oral contraceptives in terms of total body BMC and HMD, and hip HMD (as

assessed by DEXA). The authors concluded that oral contraceptives were not correlated

with bone or body composition measurements.

A cross-sectional study by Elgan, Samsioe, &. Dykes (2003), examined the

influence of oral contraceptive use (and smoking) on HMD development and bone

turnover among 118 healthy women (ages 18-26 years). Oral contraceptive use did not

significantly influence calcaneal HMD or urinary DPD levels. It was concluded that oral

contraceptive use might be associated with bone mineral metabolism and may also

improve BMD among young women with irregular menstruation.

There are also studies reporting detrimental effects of oral contraceptive use on

bone health. A study by Elgan et al. (2004) explored the relationship between various

lifestyle factors (such as PA, dietary habits and oral contraceptive use) and the

development of calcaneal BMD and bone resorption in 152 young women (ages 18 to 26

years). The use of oral contraceptives meant an increased risk of belonging to the

decreasing BMD group (as assessed by DEXA). The authors concluded that oral

contraceptive use (among other factors) seems to have a negative influence on BMD

development among young women.

Oral contraceptive use coupled with an exercise program has been shown to have

negative effects on bone mass (Hartard, Botterman, Bartenstein, Jeschke, & Schwaiger,

1997). A randomized control trial by Weaver et al. (2001) placed oral contraceptive
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users and non-users (ages 18-23 and 24-3 1 years) in either an exercise training group

(n=107) or control group (n=72) for a 24-month period. The exercise group trained for

three sessions every week (one supervised) consisting of resistance training and jump

rope. Researchers concluded that exercise prevented declines in bone content when

compared to non-exercisers. An unexpected negative impact of exercise in combination

with oral contraceptive use on spine BMC and BMD was reported. The authors

concluded that exercising yoimg women who take oral contraceptives compromise

attainment of spinal peak BMC and BMD.

Conversely, a study by Burr et al. (2000) also examined the effects of exercise

and oral contraceptive use on bone mass and bending rigidity among 123 young women

(ages 1 8-3 1 years). The authors concluded exercise or oral contraceptive use alone

resulted in the suppression of the normal increase in bone mass and mechanical strength

in the femoral neck (as assessed by DEXA). However, the combination of exercise and

oral contraceptive use seemed to have a less suppressive effect than either variable alone.

Therefore, the literature provides no clear evidence for women to suggest that oral

contraceptives are either beneficial or detrimental to bone health.

2^.4 Dietary Restraint

Dietary restraint (or cognitive dietary restraint) occurs when an individual limits

his/her food intake in order to achieve or maintain a desired body weight rather than

using physiological cues, and is most commonly practiced among women (McLean et al.,

2(X)1). Dietary restraint may have an indirect effect on the reproductive system, and may
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eventually affect bone health as well. A study among 27 women (aged 40 years) reported

shorter luteal phase lengths among high dietary restrainers compared to the low

restrainers. However, there were no differences detected in lumbar spine BMD (assessed

by DEXA) between the groups (Barr, Prior, & Vigna, 1994). Similarly, in another study

in women 18 years of age and older, irregular menstrual cycles were reported by a greater

percentage ofwomen with high restraint scores compared to those women with low or

medium restraint scores (McLean & Barr, 2003). In this study, restraint score was the

only variable to differentiate the subjects with regular and irregular cycles.

Increased secretion of Cortisol has been proposed as one possible mechanism

causing menstrual disturbances among high dietary restrainers. Mclean et al. (2001a)

proposed that dietary restraint could activate the stress response, causing an increase in

Cortisol secretion, which may eventually affect ovulatory function and possibly bone

health. They reported significantly higher levels of urinary Cortisol among the high

restrainers compared to the low restrainers among a group of 62 young women (ages 20-

35 years). They concluded that the high excretion of this hormone may eventually affect

bone health, however, bone health parameters were not measured or assessed. In a

similar cohort ofwomen, McLean et al. (2001b) also examined total body and spinal

BMD and BMC and found that those measurements were similar between the groups and

within normal ranges. However, cortisol/creatinine excretion was reported to correlate

negatively with total body BMC (r=-0.30). Similarly, a recent study by Rideout, Linden,

& Barr (2006) in postmenopausal women, also reported higher urinary Cortisol levels

among high dietary restrainers compared to low restrainers, but again, no differences

were detected for BMD (assessed by DEXA) between the groups. They speculated that

59





the increased stress associated with the restrained eating behaviours appear to be

psychologically as opposed to physiologically based. A recent study by Nickols-

Richardson et al. (2006) examined the relationships among BMD, biomarkers of bone

turnover and cognitive eating restraint scores (among various other factors) in 65 young

women (ages 1 8-25 years). They also reported no associations between cognitive eating

restraint and BMD scores, however, serum OC (r=-0.32) and urinary NTx (r=-0.25) were

found to be negatively related to cognitive eating restraint scores.

Several studies have detected differences in bone mass in relation to dietary

restraint scores. A study by Van Loan & Keim (2000) detected significantly lower BMC

values in 185 women (ages 18-45 years) with high cognitive eating restraint scores.

Similarly, Bacon, Stem, Keim, & Van Loan (2004) detected osteopenia/osteporosis

among obese premenopausal women (ages 30-45 years) with a history of restrained

eating. The authors conclude that chronic dieting negatively impacted bone health, even

among obese women who have not before been considered 'at risk' for osteoporosis.

Further evidence that dietary restraint has clear effects on bone health comes from

one study of 79 women (aged 29 years) (Guest & Barr, 2005). Cognitive dietary restraint

was reported as higher among women with recent stress fractures compared to those

subjects with no stress fracture history. The authors attributed the lowered BMD and

increased stress fracture risk to sub-clinical menstrual disturbances and increased Cortisol

levels usually associated with cognitive dietary restraint.
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2.5^ Smoking

Tobacco is widely used, and prolonged, chronic use can be detrimental to overall

health and, more specifically, bone health. Tobacco is associated with an increased risk

of fracture of both axial and appendicular skeletons in men and women (Seeman, 1996).

Increased bone resorption as a result of smoking is due to a reduced production and

accelerated breakdown of estrogen (Seeman, 1996). A comparison ofBMD among

smokers versus non-smokers can be difficult given that there are likely many differences

in life-style factors other than any direct effect of tobacco, which may influence these

measures (Seeman, 1996). Tobacco can be considered an important risk factor for

osteoporosis in women; however, proving causality is often difficult (Seeman, 1996). A

review by Tudor-Locke & McColI (2000) on the factors affecting premenopausal bone

mineral status concluded, with respect to smoking, that premenopausal women should be

made aware of the potential deleterious effects of smoking on bone density both pre- and

postmenopausally. According to the authors, the most apparent detrimental effect of

smoking on premenopausal bone density appeared at the spine (Tudor-Locke & McColl,

2000).

Smoking has been shown to have a negative effect on lumbar spine and hip BMD

scores among young men (Valimaki et al., 1994). Negative effects have also been

reported for calcaneal BMD (Elgan et al., 2004) and both calcaneal BMD and urinary

DPD levels among young women (Elgan et al., 2003). Bone health among

postmenopausal women seems to be affected negatively by smoking as well. Demirbag

et al. (2006) reported that smoking history (premenopausally) resulted in lower BMD
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values postmenopausally compared to women without a smoking history (Demirbag,

Ozdemir, & Ture, 2006).

Several studies have shown no negative associations between smoking and BMD

among young (Valimaki et al., 1994) and postmenopausal women (Yahata et al., 2002).

Interestingly, one study reported a stimulatory effect of nicotine on AP activity, collagen

synthesis and protein synthesis among in-vitro cultures of osteoblast-like cells (Gullihom,

Karpman, & Lippiello, 2005). However, cigarette smoke does not contain solely nicotine

as there are numerous other lethal toxins present. The authors concluded that the positive

stimulatory effect of nicotine alone may prove to be useful in enhancing the healing

process among smokers with skeletal trauma. Although no absolute conclusions can be

drawn from the literature regarding the effects of smoking on bone health, smoking can

have other serious health consequences and it is recommended to exclude smoking from

daily living as part of a healthy lifestyle.

2.5.6 Alcohol

Evidence linking alcohol (ethanol) consumption with reduced bone mass and/or

increased bone turnover is less conclusive; however, it is widely recommended that

individuals avoid excessive alcohol consumption or eliminate it altogether, as one way to

optimize PBM, minimize bone loss and ultimately prevent fractures (Follin & Hansen,

2003). There are certain risk factors associated with alcoholism, such as smoking and

amenorrhea, which can affect bone density more directly (Tudor-Locke & McColl,

2000). In a review, Tudor-Locke & McColl (2000), the authors stated that there was
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insufficient evidence to recommend any level of alcohol for improving bone health, and

recommended that women should be informed about the potential effects of an alcoholic

lifestyle on bone.

There are studies showing that alcohol can cause an increase in bone resorption

(Callaci et al., 2004), and some showing a decrease in trabecular bone volume in a rat

population (Turner, Kidder, Kennedy, Evans, & Sibonga, 2001). Additionally, a study by

Elgan et al. (2004) showed that alcohol consumption can have a negative influence on

heel bone BMD among adolescent populations (ages 18-26 years).

Conversely, there are also studies concluding no detrimental effects of alcohol on

BMD. A prospective population-based study by Yahata et al. (2002) reported that

alcohol consumption was not a significant determinant of metacarpal BMD (by DEXA)

among 532 postmenopausal women (40 years and older). Despite variable findings, it is

advisable to avoid excessive consumption of alcohol as a precautionary measure in the

development of osteoporosis and other alcohol related diseases and conditions.

2.5.7 Caffeine

A review by Tudor-Locke & McColl (2000) examined numerous factors related

to premenopausal bone mineral status and concluded that, in terms of caffeine, moderate

consumption (in the form of coffee) does not seem to negatively affect bone among

premenopausal women. A recent study of 200 postmenopausal women has shown that

there was no significant correlation found between daily coffee consumption during
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premenopausal years, and BMD values at any site measured (using DEXA) (Demirbag et

al., 2006).

Chapter 3; Methodology

3.1 Subjects

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

University Research Ethics Board. One hundred female university students aged 1 8-25

years agreed to participate in this study and gave informed consent after having been

informed about possible risks and benefits. This narrow age range was included in order

to limit the impact of pubertal and post-peak bone mass changes on bone strength

measures and bone turnover markers. Similar criteria have been published elsewhere

(Nickols-Richardson et al., 2006). Participants were recruited through poster

advertisements, which were placed on student bulletin boards across the Brock University

campus. Once the participant had made initial contact, the study was explained in full

detail and a face-to-face interview was conducted in order to determine eligibility. Only

Caucasian, eumenorrheic (regular menses for more than 2 years) females were invited to

participate. See Table 3.1 for total cohort characteristics and Table 3.2 for PA levels,

daily Ca** intake, and total DEBQ scores of the total cohort.
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TABLE 3.1 Characteristics of the total cohort (values are means ± SE).

Characteristics





TABLE 32 PA levels, daily Ca^intake and total DEBQ scores of the total cohort

(values are means ± SE).

Light activity (score)





33 Measurements

3J.l Baseline Measurements

Weight (without shoes) was measured to the nearest 0. 1 kg using a Zenith digital

scale with the subject in light clothing. Height was measured (without shoes) to the

nearest 0. 1 cm using a stadiometer (Ellard Instrumentation Ltd. Statiometer, Washington,

U.S.A.). Chest, waist and hip circumferences were measured to the nearest 0. 1 cm using

techniques as described in the Anthropometric Standardization Reference Manual

(Callaway et al., 1988). Body mass index (BMI) was calculated by dividing the subject's

weight (kg) by their height squared (m^). Relative body fat (%BF) was estimated from

skinfold thickness of three sites (triceps, suprailiac crest and thigh) with constant pressure

skinfold calipers (Harpenden Skinfold Caliper; British Indicators, Body Care; England).

Skinfold thickness was measured according to the Anthropometric Standardization

Reference Manual (Harrison et al., 1988). All skinfold measurements were made on the

right side of the body by one investigator, to ensure consistency. Each skinfold site was

measured twice and the mean was recorded. If the mean of the two measures was greater

than 0.4 mm apart, then a third measure was taken and the two closest measurements, of

the three, were averaged and recorded. Body density was calculated using the equation

developed by Jackson & Pollock (1985) for females, and relative body fat was calculated

using the equation developed by Sin (1956).
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33.2 Dietary and Physical Activity Measures

Dietary restraint was assessed using the Dutch Eating Behaviour Questionnaire

(DEBQ) (van Strien, Frijters, Berger, & Defares, 1986). The DEBQ includes three

scales: restrained eating, emotional eating, and external eating. All three scales in this

questionnaire have been shown to have high internal consistency, factorial validity, and

convergent validity (Stunkard & Messick, 1985; van Strien et al., 1986). The subscale

used in this study was the 10-item restrained eating scale. Subjects were asked to

respond to 10 five-point items (1= never, 2= seldom, 3= sometimes, 4= often, and 5=

very often). The restrained eating scale of the DEBQ and the cognitive restraint factor of

the Three Factor Eating Questionnaire (TFEQ) (Stunkard & Messick, 1985) have been

shown to be highly similar to each other (van Strien et al., 1986).

Physical activity was documented by assessing the weekly physical activity

metabolic equivalent (WAeq) using the Godin Leisure-Time Exercise Questionnaire

(Godin & Shephard, 1985). This questionnaire is designed to assess leisure time physical

activity. This brief 4-item scale asks participants to indicate the number of times in a

typical 7-day period they engage in mild (minimal effort), moderate (not exhausting) and

strenuous (heart beats rapidly) physical activity for at least fifteen minutes. These

frequencies are then multiplied independently by known energy consumption values (in

metabolic equivalents [METs]) and summed, in order to obtain total WAeq values in

arbitrary units. The energy consumption values for strenuous, moderate and mild

exercise frequencies are 9, 5 and 3 METs, respectively. This questionnaire has

demonstrated adequate validity and reliability in male and female adult populations
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(Jacobs, Ainsworth, Hartman, & Leon, 1993), and has been used to discriminate exercise

behaviour based on maximal oxygen consumption (V02max), muscular endurance and

body fat (Godin, Jobing, & Bouillon, 1986; Godin & Shephard, 1985).

Dietary calcium intake was assessed using a calcium rapid assessment method

(RAM) (Hertzler & Frary, 1994), which consists of five food categories: milk-yogurt-

cheese; fruits-vegetables; breads-cereals-rice-pasta; meat-fish-poultry-dry beans-nuts; fat-

sugar-alcohol. A category for calcium fortified orange juice was inserted into the

questionnaire, as there was previously no category for that item. The calcium RAM

measures the number of milligrams of calcium consumed, by asking individuals to record

the number of servings they ate in a typical day in the previous week. The RAM was

successfully developed using 24-hour recall for 23 adults (r=0.97), 3-day food records

with 262 students (r=0.28), and by test-retest reliability with more than 100 cases

(r=0.80) (Hertzler & Frary, 1994). Like other RAM, dietary calcium tends to be over

reported; however this calcium RAM may be useful in providing food guidance for those

with low intake (Hertzler & Frary, 1994), like young women. This tool has been used in

other studies with young women (Peterson, B.A., Klesges, R.C., Kaufman, E.M., Cooper,

T.V., Vukadinovich, CM., 2000).

3JJ Quantitative Ultrasound (QUS)

Bone strength was estimated from the speed of sound (SOS) scores, as measured

by QUS (Sunlight Omnisense™ 7000S, Sunlight Medical, Ltd., Israel). It is designed to

measure the SOS of the mid-shaft tibia and the distal 1/3 of the radius. Bone SOS (m/s)
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was determined both in the dominant and non-dominant radius and tibia of all subjects.

The dominant limb was determined by asking the participant which hand they write or

throw with and what leg they prefer for kicking. The probe is positioned parallel to the

bone axis and moved around the arc of the radius and medial tibia. Daily calibration

procedures were performed according to the manufacturer's recommendations for quality

control procedures. All QUS measurements were conducted by one investigator to

ensure consistency.

The QUS fits the WHO criteria for osteoporosis diagnosis (see section 2.3.4). It

has been shown to be sensitive enough to detect changes in tibial QUS scores among pre-

pubertal boys over an 8-month period (Falk et al., 2004) and in vitro studies have shown

that QUS parameters may measure previously unquantified properties of bone fragility

(Gluer et al., 1993). The validity of using QUS as a tool to estimate the risk of

osteoporotic fractures is based on several studies using calcaneal ultrasound in the

prediction of vertebral and hip fracture (Bauer, Gluer, Genant, & Stone, 1995; Njeh,

Boivin & Langton, 1997). These studies show that QUS may be similarly sensitive to hip

BMD and better than spinal BMD (measured by DEXA) as a diagnostic tool to predict

hip fracture.

Sunlight Omnisense'^^^'s axial transmission technology, also known as A-QUS

(axial quantitative ultrasound), provides a reflection of bone strength. The results of this

technology are based on the measurement of the speed of ultrasonic waves propagating

along the bone. The technology enables measurement along the bone's maximal strength

axis, eliminating soft tissue effects. Axially transmitted SOS indicates overall bone
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strength by reflecting various properties such as BMD, elasticity, cortical thickness, and

microstructure.

Ultrasonic waves (1.25 MHz) are transmitted and received by transducers

embedded in the hand held ultrasound probe. By measuring the propagation time along

the different trajectories (time of flight), the SOS of the bone is determined. As

ultrasound waves pass through bone, the speed, dispersion, and attenuation of the signals

are strongly influenced by density, elasticity and cohesiveness. The higher the density of

the bone, the greater its modulus of elasticity, the more cohesive its microstructure and

the faster the speed of propagation. Therefore, the faster the speed of propagation, the

stronger the bone. Since ultrasound waves travel faster through bone than through soft

tissue, higher SOS scores (expressed in m/s) are considered to represent better bone

strength.

3J.4 Biochemical Markers of Bone Turnover

Blood collection and testing was performed on 100 participants in order to

evaluate the impact of lifestyle factors on biochemical markers ofbone turnover. Resting

blood specimens were collected using a standard venipuncture technique. Approximately

twenty millilitres of blood was drawn from each participant, from a vein in the

antecubital fossa. Blood was collected from the subjects during the early follicular phase

of their menstrual cycle, in order to avoid a possible impact of the menstrual cycle on the

biomarkers, between the hours of 9:00 a.m. and 12:00 p.m. During the follicular phase of

the menstrual cycle, secretions of ovarian steroid hormones are at their lowest, and there
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is the least variation in female sex steroids during this time. The morning hours were

chosen to conduct the blood draws in order to control for circadian rhythm variations

with most of the markers, and to obtain fasting samples. However, OC and BAP are not

typically affected by dietary intake, whereas CTx levels are (Seibel, 2002). All samples

were immediately centrifiiged for 15 minutes at 1500g. The serum was separated,

removed from the sample tube, aliquoted into 2ml polyethylene microtubes and stored at

-80°C until analysis.

The following bone formation markers were measured: osteocalcin (OC) in

resting plasma samples (expressed in nanograms per millilitre [ng/ml]); bone-specific

alkaline phosphatase (BAP) in resting serum samples (expressed in Units per litre [U/L]

[one U=l micromole of p-Nitrophenyl phosphate hydrolyzed per minute at 25°C in 2-

amino-2-methyl-l-propanol buffer]); and 25-OH vitamin D in resting plasma samples

(expressed in nanomoles per litre [nmol/1]). OC and BAP have been established to reflect

bone matrix maturation and bone matrix mineralization, respectively (Caillot-Augusseau

et al., 1998), and have been used to assess bone health in young populations (Fares et al.,

2003). Bone resorption was estimated by measuring the levels ofCTx in resting plasma

samples (expressed in ng/ml) and NTx in resting serum samples (expressed in nanomoles

ofbone collagen equivalents per litre [nM BCE]).

Markers ofbone resorption are excreted in blood following the breakdown of

collagen during bone resorption. Resting serum levels of NTx have been established as a

specific indicator of the current level ofbone resorption (Eastell et al., 2000).

All analyses were performed in duplicate. Analyses of OC, BAP, CTx and NTx

were conducted by enzyme-linked immunosorbent assays (ELISA) using commercially
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available enzyme inmmunoassay (EIA) kits. The analysis of 25 OH vitamin D was

conducted by enzyme-based protein-binding assay (EPBA) using a commercially

available EIA kit. The following kits were used to analyze the corresponding bone

markers: plasma OC (Osteocalcin EIA, ALPCO Diagnostics^"^, Salem, NH, USA); serum

BAP (Metra™ BAP EIA Kit, Quidel Corporation, San Diego, CA, USA); plasma 25-OH

Vitamin D (25-OH Vitamin D EPBA, ALPCO Diagnostics, Salem, NH, USA); plasma

CTx (Serum CrossLaps®ELISA, Nordic Bioscience Diagnostics A/S, Herlev, Denmark);

and serum NTx (OSTEOMARK® NTx Serum, Wampole Laboratories, Princeton, NJ,

USA). The intra-assay and inter-assay coefficients of variation for each of these kits are

as follows, respectively: OC (0.8% and 6.6%); BAP (5.8% and 5.2%); 25-OH vitamin D

(10.7% and 13.2%); CTx (5.0% and 5.4%); and NTx (4.6% and 6.9%).

3.4 Statistical Analysis

All data was checked to ensure correct entry and descriptive statistics were

calculated for all appropriate variables. Pearson Product Moment Correlations were used

to determine relationships among study variables.

In order to examine if differences in bone health related behaviours and

physiological indicators exist based on dietary restraint (DR), the sample was divided

into high dietary restrainers (HDR) and low dietary restrainers (LDR), based on a median

split (score of 23) of the total DEBQ scores. HDR were classified as having total DEBQ

scores of> 23 and LDR with total DEBQ scores of < 23. After the median split was

performed, an independent samples t-test was conducted to ensure that the two groups

differed significantly in the DEBQ scores. A second split was then conducted based on
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oral contraceptive use. Those subjects currently on birth control comprised the birth

control (BC) group and those not currently on birth control comprised the non-birth

control (nBC) group.

Data were analyzed using a two-way analysis of variance (ANOVA) for dietary

restraint (LDR and HDR) and oral contraceptive use (BC and nBC). When significant

interaction (DR x BC) was found iP< 0.05), the Tukey post-hoc technique was used to

determine pair-wise differences.

An alpha level of <0.05 was the criteria for significance for all statistical analyses.

All data are expressed as mean ± standard error (SE). All statistical analyses were

conducted using the Statistical Package for Social Sciences (SPSS version 14 for

Windows, SPSS Inc., USA).

Chapter 4: Results

4.1 Baseline Characteristics

There were 100 subjects who met the inclusion criteria. According to self-reported

data, these women experienced menarche at a mean age of 12.94 ±0.13 years. As a group,

52% were classified as obese (BF>30%), and 88% consumed less than the minimum

recommended daily intake of calcium for their age group (1200-1500mg/day for

individuals between 1 1 and 24 years of age) (NIH, 1994).
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In terms of baseline characteristics, the two-way analysis of variance revealed no

significant interaction (DR x BC, p> 0.05) between oral contraceptive use and dietary

restraint. As shown in Table 4.1, HDR were significantly taller, heavier, had higher BMI

and %BF, and larger circumferences than LDR. There were no significant differences

between HDR and LDR with respect to physical activity levels. Although daily calcium

consumption was low in both HDR and LDR groups, LDR did consume significantly more

calcium per day when compared to HDR.
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TABLE 4.1 Group characteristics for the high dietary restrainers (HDR) and low dietary

restrainers (LDR) (values are means ± SE). SD are in parentheses.

Characteristics





The only significant difference found between oral contraceptive users and non-

users in physical characteristics, was height (Table 4.2). These two groups were similar

in terms of their physical activity levels, daily calcium intake and eating behaviours.

TABLE 4.2 Group characteristics for the users (BC) and non-users (nBC) of oral

contraceptives (or birth control [BC]) (values are mean ± SE).

Characteristics





Correlation coefficients of various physical characteristics and total DEBQ scores

for the total cohort can be found in Table 4.3. The total DEBQ scores correlated

positively with most physical characteristics, confirming that the heavier females were

dietary restrained, possibly as a means to lose weight. No significant correlation was

found between total DEBQ and either %BF or waist circumference measures.

TABLE 4J Correlation coefficients of various physical characteristics and total

DEBQ scores for the total cohort.





growing in a consistent manner in this group of young women (Table 4.4). Dominant

tibial and non-dominant radial SOS scores were also positively correlated. Weekly

physical activity metabolic equivalent and daily calcium intake levels were not

significantly correlated with dominant and non-dominant SOS scores. Interestingly, BMI

was significantly negatively correlated with SOS scores at both sites of the tibia.

TABLE 4.4 Correlation coefficients of SOS scores, BMI, WA^j. daily Ca"^ intake and

total DEBQ scores for the total cohort.





showed that the LDR not on birth control (nBC-LDR) had significantly higher dominant

tibial SOS scores when compared to the HDR not on birth control (nBC-HDR) whereas

their non-dominant tibial SOS was significantly higher than that of all other groups

(Figure 4.1). There were no significant differences found in SOS scores between the two

dietary restraint groups for those currently on birth control. There were no significant

interactions or main effects found in radial SOS scores for all four groups (Figure 4.2).
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Figure 4.1 Tibial SOS among all four groups (*P<0.05 nBC-HDR significantly lower

than nBC-LDR; #P<0.05 BC-LDR significantly lower than nBC-LDR).
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Figure 4.2 Radial SOS among all four groups. No significant interaction or main effects

were found.

4.3 Bone Turnover

The values of all measured markers were within normal range for this age group.

Correlation coefficients of markers ofbone turnover, BMI, age at menarche and total

DEBQ scores for the total cohort can be found in Table 4.5. Bone turnover showed no

significant correlations, including with SOS scores, weekly physical activity metabolic

equivalent, daily calcium intake, and %BF. Table 4.6 shows the biochemical markers of

bone turnover for the entire cohort of women.
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TABLE 4.5 Correlation coefficients of markers ofbone turnover, age at menarche and

total DEBQ scores for the total cohort.





Although there was no significant interaction found among DR and BC groups for

markers ofbone turnover main effects for dietary restraint (P< 0.05) were found for OC

while main effects for oral contraceptive use (P< 0.05) were found for BAP. The post

post-hoc tests revealed that the nBC-LDR had significantly higher levels ofOC when

compared to the nBC-HDR (Table 4.7). Additionally, the BC-LDR group had

significantly lower levels ofBAP when compared to the nBC-LDR group (Table 4.7).

TABLE 4.7 Biochemical markers ofbone turnover for all four groups (values are means

±SE).





Chapter 5: Discussion

5.1 Introduction

This is the first study of its kind to examine the relationship between dietary

restraint on bone strength and bone turnover among this population of women. The

objective of this study was to assess specific osteoporosis-related health behaviours and

physiological outcomes including daily calcium intake, physical activity levels, bone

strength, as assessed by QUS, and bone turnover in young females, 18-25 years of age.

Differences based on dietary restraint and oral contraceptive use, were also examined.

The most important findings of this study include: 1) bone strength and bone turnover

were negatively influenced by dietary restraint, 2) bone turnover, but not bone strength,

was negatively affected by oral contraceptive use in this population of women.

In accordance with the first hypothesis, HDR were found to have lower bone

strength scores at two sites and lower levels of OC. However, physical activity levels

were not statistically different between the two groups. Additionally, the data partially

supports the second hypothesis, in that oral contraceptive users were found to have lower

levels ofBAP and CTx. However, no differences were found in bone strength

parameters. Contrary to the third hypothesis, no relationship was found between bone

strength and levels of biochemical markers of bone turnover. Additionally, bone strength

scores and biochemical markers ofbone turnover were not found to be correlated with

daily calcium intake and physical activity levels.

84





5.2 Baseline Characteristics

The results showed that 88% of these young women did not meet the minimum

guidelines for calcium intake of 1200-1500 mg/day, and this finding is in accordance

with numerous studies also indicating that many young women consume well below the

recommended amoimt of calcium on a daily basis (Bachrach, 2001 ; Elgan et al., 2002,

2003, 2004; Kasper, Peterson, Allegrante, Galsworthy, & Gutin, 1994; McLean et al.,

2001; Salamone et al., 1999; Wallace, 2002). Additionally, 52% of subjects were

classified as obese (BF>30%). Regular weight-bearing, high impact physical activity and

adequate calcium intake are known to contribute to a higher bone density (Tudor-Locke

& McColl, 2000) and a lack of these healthy behaviours during adolescence and early

adulthood may put an individual at greater risk for osteoporosis later in life (Wallace &

Ballar, 2002). The data showed that a significant percentage of women sampled were not

taking appropriate precautionary measures with respect to lifestyle habits during these

critical years, which may later help to alleviate the consequences associated with post-

menopausal osteoporosis. Despite low daily Ca^* intake among the entire cohort, HDR

consumed significantly less calcium per day than the LDR, indicating even lower daily

Ca*^ intake for that group. There are few studies (especially among young women)

comparing calcium levels between dietary restraint groups, and contrary to our findings,

they have found no differences in calcium intake among HDR and LDR (McLean et al.,

2001 ; Rideout et al., 2006). However, in the study by McLean et al. (2001), calcium

intakes fi"om both 3-day and 24 hour food records were lower among the high dietary

restrainers, but this difference was not statistically different. However, the present study
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used a different calcium consumption assessment method than the previously mentioned

studies, which may have caused the discrepancies.

The individuals classified as HDR in this study were found to be significantly

taller, heavier, have higher BMI, %BF and circumferences than the LDR. McLean et al.

(2001) also showed a higher BMI among women in the high restraint group, but the

difference did not reach statistical significance. Most studies find no differences in

height, weight, BMI, %BF, and waist/hip circumferences between HDR and LDR (Barr

et al., 1994; McLean et al., 2001a, 2001b; McLean & Barr, 2003; Van Loan & Keim,

2000). The differences found in the present study may be a result of these women having

numerous limitations to their diet that they will tend to binge more often or have more

cravings than a non-restrainer. The physical characteristics of the subjects, such as %BF,

BMI, circumferences and weight were correlated positively with each other,

demonstrating good measurements.

There were also no differences found in WAeq between HDR and LDR, which

may be due to the low variability of physical activity levels in this sample or possible due

to the method of classification ofHDR and LDR. Studies among women of this age have

shown higher levels ofPA (hrs/wk) among high restrainers compared to low restrainers

(hrs/wk) (McLean et al., 2001a, 2001b; McLean & Barr, 2003). However, subject

populations with higher average ages have shown no differences (Barr et al., 1994; Van

Loan & Keim, 2000). The present DEBQ scores were found to be positively correlated

with weight, BMI and chest and hip circumferences confirming that the dietary

restrainers were heavier. The HDR may have been using restrictive eating habits in an
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attempt to lose weight, instead of PA; however, further research would clarify this

statement

5.3 Bone Strength

Physical activity levels and daily calcium intake were not significantly correlated

with tibial or radial SOS, possibly due again to the low variability of WAeq among these

women and the overall low levels of daily calcium intake. The importance of calcium

(Cadogan et al., 1997; Chan, Hoffman, & McMurry, 1995) and physical activity

(Creighton et al., 2001; Elgan et al., 2002; Shibata et al., 2003) on bone health is well

established. Young women must be educated about the benefits of daily weight-bearing

activity and be encouraged to include calcium fortified foods into their diets or to take

calcium supplements. This may help them to meet recommended guidelines for calcium

intake and physical activity in their late adolescence and early adulthood in order to

prevent or delay advanced bone loss later in life.

Bone strength scores of the dominant and non-dominant tibia and radius were

positively correlated with one another, showing that the skeleton was growing in a

consistent manner among this group of young women. Despite this finding, significant

differences in the tibial SOS scores were detected based on dietary restraint groupings,

with HDR having lower dominant and non-dominant tibial SOS scores than LDR. The

current study was unable to detect differences in measures of bone strength (based solely

on dietary restraint) at all sites, which could mean that this variable is also dependent

upon additional factors such as: ethnicity (reflects shared environments and lifestyle
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behaviours of a group [Tudor-Locke & McColl, 2000]); age at menarche; sub-clinical

menstrual irregularities (ex. luteal phase defects); calcium consumption/diet; and physical

activity.

The present study is the first study of its kind to examine bone strength among

women who are dietary restrained compared to those who are not; therefore, there is no

direct data to compare findings with. However, there are some studies examining the

relationship between BMD and dietary restraint in young women. Contrary to the

findings of the present study, these studies have found no initial differences between

dietary restrainers compared to those who are non-restrainers (Van Loan & Keim, 2000;

McLean et al., 2001b). However, these two previous studies assessed BMD and BMC

using DEXA, whereas in the present study bone strength was assessed using QUS.

Similarly, a study also examining the effects of dietary restraint on bone health (using

DEXA), found no association between cognitive eating restraint scores and current total

body, lumbar spine, hip or forearm BMD among young women (Nickols-Richardson et

al., 2006). It is possible that QUS may be more sensitive in detecting differences in bone

health characteristics compared to DEXA. These discrepancies may also be explained by

different population characteristics, different sites assessed, and different tools used to

measure the level of dietary restraint.

Body weight has been shown to have a strong influence on bone mass among

premenopausal women (Reid et al., 1992; Salamone et al., 1995) and the HDR in this

study were significantly heavier than the LDR. Despite being heavier, the HDR still had

significantly lower scores of bone strength at the tibial sites compared to LDR. This

could be evidence for a strong negative impact of restrained eating behaviour on bone
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strength characteristics despite the influence of weight or it could mean that weight itself

does not influence bone strength as much as it does BMD or BMC scores. A similar

finding to that of the present study comes from one examining the relationship between

chronic dieting behaviour and bone health among 78 obese premenopausal women (ages

30-45 years) (Bacon et al., 2004). Even though obese women have previously not been

considered 'at risk' for osteoporosis, they observed osteopenia/osteoporosis among 31%

of the sample population with a history of restrained eating and the low bone values were

not explained by present dietary intake, levels ofPA, stress or bone turnover.

Interestingly, BMI was found to significantly negatively correlate with dominant

and non-dominant tibia SOS scores. This is contrary to findings fi-om various other

studies reporting significant positive associations between BMI and bone mineral

measurements (Elgan et al., 2002; Lindsay, Cosman, Herrington, & Himmelstein, 1992;

Revilla et al., 1997; Ulrich et al., 1996). However these studies did not assess bone using

QUS, and differences in instrumentation, skeletal site analyzed and bone mineral

parameters selected can contribute to sources of conflict (Khosla, Atkinson, Riggs, &

Melton, 1996). Additionally, the type of mass as opposed to total mass, could affect bone

diflFerently. Over half (52%) of the subjects in the study had a body fat percentage of

30% or more and the HDR had significantly higher %BF. Previous research has shown

lean mass to be the strongest predictor ofbone density measures among young women

(Wallace & Ballard, 2002) and to be positively associated with BMD (Khosla et al.,

1996; Salamone et al., 1995). Additionally, skeletal muscles have been referred to as the

primary osteogenic agents (Zanker & Cooke, 2004) and positive relationships have been

observed between BMD measurements and muscle mass and strength (Marcus, 2001).
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Therefore, it may also be lower lean mass among our subjects explaining the differences

in results.

Well over half (69%) of the subjects were currently on birth control at the time of

the study. There were no significant differences in radial and dominant tibial SOS scores

between oral contraceptive users and non-users. However, non-dominant tibial SOS was

significantly higher in the nBC-LDR than in the BC-LDR. Findings are inconclusive with

respect to the effects of oral contraceptive use on bone health, as some studies report

positive effects (Kleerekoper et al., 1991; Recker et al., 1992), some report no effect

(Lloyd et al., 2004) and others report negative effects (Elgan et al., 2004; Weaver et al.,

2001). A study by Elgan et al. (2002) found that contraceptive pills were not potential

predictors ofBMD, however there was no comparison made to bone strength or any

markers of bone turnover.

5.4 Bone Turnover

The values of all measured markers were within normal range for this age group

of women. Interestingly, OC and BAP were positively correlated with both markers of

bone resorption (CTx and NTx). NTx was also positively correlated with age at

menarche which is similar to the findings of Elgan et al. (2002) who investigated BMD

and bone turnover in relation to lifestyle factors and physiological factors among female

students (ages 16-24 years). They detected a significant positive correlation among age

at menarche and another marker of bone resorption (deoxypyridinoline [DPD]) (r=0.22).
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Plasma OC levels were also found to correlate negatively with BMI (r=-0.21). This

finding is contrary to those of several other studies reporting a strong, significantly

positive correlation between serum OC and BMI (r=0.90) (Zanker & Swaine, 1997,

1998). These studies, however, were conducted on strictly amenorrheic athletes whereas

the subjects in the present study were eumenorrheic for at least two years. Bone turnover

was not correlated with any other variables, including physical activity and calcium

consumption. The study by Elgan et al. (2002) also found no correlation between bone

turnover and physical activity levels, however, they did find a significant negative

correlation with BMD (r=-0.23), whereas the present study found no correlations between

bone turnover and bone strength. Discrepancies could result fi-om the measurement of

different bone parameters. Elgan et al. (2002) measured calcaneal BMD whereas in the

present study, tibial and radial bone strength was assessed. Additionally, the previous

study only measured urinary DPD as a marker of bone resorption, whereas several

markers of bone resorption and formation were assessed in the present study, which may

give a more complete picture of bone turnover among this population of women.

Differences in bone turnover were detected among dietary restraint groups, with

the HDR having significantly lower levels ofOC compared to the LDR. Levels of the

other biomarkers tested (BAP, CTx and NTx) were also lower in the HDR but not

statistically different. The present study is one of only two studies examining the

relationship between dietary restraint and bone turnover among this population of

women. The other study is that by Nickols-Richardson et al. (2006) which examined the

relationship among BMD, biomarkers of bone turnover, salivary Cortisol, calcium and

vitamin D intakes, and cognitive eating restraint scores in a group of young women.
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Similar to the findings of the current study, they found an inverse relationship between

markers of bone turnover (serum OC and urinary NTx) and cognitive eating restraint

scores, concluding that restrained eating may be negatively associated with bone cell

activity.

Overall levels of bone turnover were lower among those currently using birth

control, compared to those who were not. Serum BAP levels were significantly lower in

the BC-LDR group as compared to the nBC-LDR. These findings are consistent with

those of several other recent studies detecting significantly lower levels of biochemical

markers of bone turnover among young women on oral contraceptives compared to non-

users (Burr et al., 2000; Gamero, Somay-Rendu, & Delmas, 1995; Weaver et al., 2001;

Zittermann, 2000). One study found no differences with respect to oral contraceptive use

on bone turnover; however, in this study only DPD was assessed (Elgan et al., 2003).

Discrepancies in the findings of the effects of contraceptive use on bone health may be

due to dose, duration of use, characteristics of subject populations (age, menstrual status),

confounders (calcium intake and smoking) and differences in the brands used (Tudor-

Locke & McColl, 2000).

Among the group not on birth control, subjects identified as HDR were found to

have significantly lower levels ofOC compared with the LDR, whereas there were no

differences in bone turnover among HDR and LDR for individuals on birth control. This

finding may suggest a protective effect of birth control on bone turnover for high dietary

restrainers. Currently there are no studies examining the effects of oral contraceptives on

bone turnover, among dietary restrainers, to compare these results.
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5.5 Limitations

There are several limitations to this study that should be addressed.

Ammenorrheic individuals were excluded from the study and this may have eliminated

an entire population ofyoung women who may be at greater risk of bone disease than

others. However, menstrual history was assessed in the questionnaires to account for

individuals who have not had their period for a month or longer in the past. Additionally,

sub-clinical menstrual irregularities, such as anovulation and luteal phase defects, were

not assessed, and these defects may also have an impact on bone health (including bone

strength and bone turnover). Another limitation relates to the use of self-report data, and

that some variables like reproductive history, PA levels and calcium consumption, were

assessed in this manner. The calcium RAM of estimating usual calcium intake can result

in over reporting in various populations (Hertzler & Frary, 1994; Moore, Johnson, Falk &

Klentrou, 2006); therefore, results from this method need to be interpreted with caution.

It may be useful to supplement the results from questionnaires assessing menstrual status

and calcium intake analysis, with physiological tests. These tests can include analyses of

urinary/serum hormone levels for menstrual status and urinary Ca^ for calcium

absorption.

Thirdly, categories for dietary restraint were divided based on a median split.

There is currently no standard for dividing groups based on restraint scores and most

authors seem to divide the groups according to what they deem appropriate, with the

same authors sometimes using different techniques to split the groups. For example,

researchers using the Three-Factor Eating Questionnaire (Stunkard & Messick, 1985) as a

93





tool to assess dietary restraint have divided groups based on a median split (Van Loan &

Keim, 2000), into tertiles (Barr et al., 1994; McLean et al., 2001a, 2001b), and even into

quartiles (McLean & Barr, 2003). Most importantly is that the HDR and LDR from the

present study differed significantly on DEBQ scores. Another limitation is that the

assessment ofPA did not allow subjects to discriminate between different types of

activities such as weight-bearing versus resistance training. This may prove to be useful

information, and could explain why no correlations were found between WAeq and SOS

scores.

The results of this study may not be generalized to all young women because

these findings do not provide information about possible discrepancies in eating patterns

between students and non-students. It is probably more appropriate to apply the results to

female college students. This study provides the only known descriptive data on tibial

and radial bone strength and levels of five specific markers ofbone turnover (OC, BAP,

25-OH vitamin D, CTx and NTx) among young college-aged women.

5.6 Conclusions

The present study aimed to assess specific osteoporosis-related health behaviours and

physiological outcomes among young college-aged women. The results suggest that oral

contraceptive use, low daily calcium intake, and low physical activity levels were

widespread behaviours occurring in about half of the women in this study. The young

women, who were in the HDR group, had lower scores on measures of bone strength and

lower levels of biomarkers of bone turnover as compared to LDR, despite their higher
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relative body fat. Additionally, bone turnover seemed to be negatively affected by oral

contraceptives alone while bone strength as assessed by QUS seemed only partially

affected by their use in this population of young women. Physical activity weekly energy

expenditure, on the other hand, was not associated with either bone strength or bone

turnover possibly due to the low variability of this variable in this population of young

Canadian women.

5.7 Recommendations for Future Work

Further research is needed to determine whether physical activity and sports participation

are associated with bone health in post-adolescent ages. This will encourage strategies

and education programs to instruct the young to optimize and maintain premenopausal

bone mineral status. Young women may be unaware of the critical importance of

calcium and physical activity in relation to bone health, and are therefore not engaging in

related health behaviours. Research aimed at designing comprehensive educational

programs based around the healthy behaviour recommendations for this critical age group

is necessary. Additionally, research assessing the relationship between clinical and sub-

clinical menstrual irregularities among young women on bone strength and bone turnover

is necessary. Finally, further investigation of the relationship between oral contraceptive

use among dietary restrainers and its effect on bone health among young women is also

required. Studies need to continue to examine the interrelationship of dietary restraint,
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calcium intake, bone health, psychosocial stress and menstrual cycle physiology among

young women.
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APPENDIX A: Completion checklist

COMPLETION CHECKLIST
Osteoporosis Knowledge and Health Status

APPLIED PHYSIOLOGY LABORATORY
FACULTY OF APPLIED HEALTH SCIENCES: BROCK UNIVERSITY

Subject ID: Date:

1. Contact Information





APPEIVDIX B: Contact information

CONTACT INFORMATION

Osteoporosis Knowledge and Health Status

APPLIED PHYSIOLOGY LABORATORY
FACULTY OF APPLIED HEALTH SCIENCES: BROCK UNIVERSITY

Subject ID: Subject Name:

Date:

Postal Code:

Home Number:

Cell Number:

E-mail Address:

Best Time and Method of Contact:

Name & Number of Person to Contact in Case of Emergency:
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APPENDIX C: Letter of information

LETTER OF INFORMATION

Project Title: Osteoporosis Knowledge and Health Status

Principal Investigator: Dr. Panagiota Klentrou (Associate Professor)

Department of Physical Education & Kinesiology

Brock University, Walker Complex #271

905-688-5550 ext.4538

Co-Investigators:

Dr. Kim Gammage (Assistant Professor)

Department of Physical Education & Kinesiology

Brock University, Walker Complex #264

905-688-5550 ext. 3772

Gioia Di Giovanni, B.P.H.E. (M.Sc. Candidate)

Faculty of Applied Health Sciences

Brock University, Welch Hall #17

905-688-5550 ext. 4901

I. PURPOSE OF THE STUDY

This study will attempt to examine the relationship between osteoporosis knowledge and

health status. Participation to this study involves two Ihr visits. You will be asked to

complete several questionnaires, height, weight and fat tests will be conducted along with

a blood test and an ultrasound test.

n. PROCEDURES

If you agree to participate in this study you will be required to complete several

questionnaires, have your height, weight, percent body fat and circumference measures

taken, have a blood test and an ultrasound test. The following information provides a

description of these procedures in greater detail in order for you to make an informed

decision about your choice to participate in this study. Please read these procedures

carefully and feel free to ask questions as necessary in order to clarify.

During the first visit, you will be invited to (1) discuss the requirements of the study, (2)

read the letter of information and sign the volunteer informed consent form, (3) complete

the questionnaires assessing general demographic information, knowledge of
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osteoporosis, osteoporosis health beliefs, osteoporosis self-efficacy, physical activity

levels and nutritional intake, and (4) agree to have height, weight, circumference and

body fat measured and recorded. This first assessment should take approximately 1 hour.

During the second visit, you will be invited to (1) agree to have a blood test, and (2) agree

to have a radiation-free ultrasound test conducted on both wrists and both legs. This

second assessment should take approximately 1 hour.

m. RISKS AND BENEFITS

There are no known physiological or psychological risks.

The benefits of participating in this study include an increased knowledge of your overall

health status, including nutritional and activity patterns.

This study has been reviewed and approved by the Brock University Ethics Board
(File # 02-304). For more information regarding Ethics Board approval and
subjects' rights contact: the Brock University Research Ethics Officer (905-688-

5550 ext. 3035, reb@brocku.ca)
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APPENDIX D: Volunteer informed consent form

VOLUNTEER INFORMED CONSENT FORM

Osteoporosis Knowledge and Health Status

Principal Investigator:

Panagiota KJentrou, Ph.D.

Department of Physical Education and Kinesiology, Brock University, St.

Catharines, Ontario, Canada

Co-Investigators :

Kim Gammage, Ph.D.

Department of Physical Education and Kinesiology, Brock University, St.

Catharines, Ontario, Canada

Gioia Di Giovanni, B.P.H.E., (M.Sc. Candidate)

Faculty of Applied Health Sciences, Brock University, St. Catharines, Ontario,

Canada

NAME OF PARTICIPANT:

I volunteer to participate as a subject in the research study entitled "Osteoporosis

Knowledge and Health Status" that is being conducted by Drs Nota Klentrou, Kimberley

Gammage and Gioia Di Giovanni in the Faculty of Applied Health Sciences at Brock

University. I understand that this study will examine the relationship between

osteoporosis knowledge and health status. I understand that as a participant of this

study I will be invited to complete the questionnaires assessing general demographic

information, knowledge of osteoporosis, osteoporosis health beliefs, osteoporosis self-

efficacy, physical activity levels, and nutritional intake. Also, my height, weight,

circumference and percent body fat scores, levels ofbone markers in my blood and speed

of sound scores obtained by ultrasound for bone strength will also be measured and

recorded. I am aware that this process will take approximately 1 hour/session for 2

sessions.

I have been advised that any medical information that I reveal and the experiment data

concerning me will be treated as confidential and not revealed to anyone other than the

investigators without my consent except as data that is represented as an unidentified

source. I accept that my data will be coded with an identification number and will

be kept in a locked filing cabinet in the testing laboratory. I understand that

confidential shredding after of all my data will take place after a minimum of 5

years. I understand that there is no obligation to answer any question or participate in

any aspect of this study that I consider invasive, offensive or inappropriate.
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I understand tiiat I am free to refuse to participate in any component of the study and may
withdraw my consent to participate without penalty or prejudice. I understand that my
participation in the research project has no bearing on any academic component ofmy
academic program. I understand that there is no payment ofmy participation. I

anderstand that the benefits of participating in this study include an increased

knowledge of my overall health status, including, nutritional and activity patterns.

I have had the opportunity to read the information letter that has been provided to me and

I fiilly understand the risks associated with the testing procedures. I have been able to

discuss the complete protocol with a member of the research team and all ofmy
questions have been fully answered to my satisfaction.

I am also aware that should I, at any time during my participation in this study, have any

further questions I can contact Dr. Klentrou at nota.klentrou(a),brocku.ca

Thank you for your help! Please take one copy of this form with you for further

reference.

I voluntarily consent to participate in this study.

Participant Signature Date

Researcher Signature Date

If you have any questions or concerns about your participation in the study, you
may contact

Dr. Panagiota Klentrou at 905-688-5550 ext. 4538

Dr. Kim Gammage at 905-688-5550 ext. 3772

Gioia Di Giovanni at 905-688-5550 ext. 4901

This study has been reviewed and approved by the Brock University Ethics Board
(File # 02-304).

For more information regarding Ethics Board approval and subjects' rights contact Brock
University Research Ethics Officer (905-688-5550 ext. 3035, reb@brocku.ca)
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APPENDIX E: General/demographic questionnaire

GENEHiUDEMOGRAPHIC QUESTIONNAIRE

1. General Information

What is your current year of study? (please check one)

D First year D Third year D Five or more

D Second year D Fourth year

What is the postal code for your permanent home address?

Indicate from what ages you lived at that postal code: From age to age

2. Nutrition and Eating Behaviour History

Arc you presently on a diet? D Yes D No

What type of diet are you on (e.g. protein)?

How long have you been on a diet?

When was the last time you dieted?

Are you currently trying to lose weight?

D No
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D Yes — If yes, explain

Have you lost weight recently?

D No

D Yes — If yes, explain

Do you experience episodes of losing and gaining weight in a repeatable and cyclical pattern?

D No

D Yes — If yes, explain

Are you vegetarian?

D No

D Yes —> If yes, what type of vegetarian are you?

Have you ever been diagnosed with an eating disorder? D Yes D No

What type of eating disorder did you have?

Start date of your eating disorder (mm/yyyy):

End date of your eating disorder (mm/yyyy): _

3. Reproductive History (women only)

At what age did you start your period?

How far apart are your periods?

Less than 1 month apart

About 1 month apart

1 to 2 months apart

2 to 4 months apart

4 to 6 months
More than 6 months apart
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Has there been a time where you stopped having your period?

No
Yes —> If yes, for how long? (months)

Have you ever taken the birth control pill?

No
Yes —> If yes, please answer the following with respect to the birth control pill

Brand Name Cycle Start (mm/yyyy) End Date (mm/yyyy)

Are you pregnant? D Yes D No

Have you ever been pregnant?

No
Yes

4. Medication/Supplement History

Are you currently taking vitamins or supplements (herbal or synthetic)?

D Yes D No
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Vitamin/ Dose Frequency Reason for taking

Calcium

Vitamin D

Please list any other medications that you are taking regularly:

Medication Dose Frequency Reasons for taking
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5. Smoking History

Have you ever smoked (even one time) cigarettes, cigars, or a pipe?

No
Yes -^ If yes, specify which one?

How many per day did you smoke?

How long did you smoke? (months)

Do you smoke now?

No
Yes — If yes, please answer the following:

How may per day?
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How long have you been smoking? (months)

6. Drinking History

How many cups of coffee (not decaffeinated) do you drink in a day? (please

check)

to 1 cup
1 to 2 cups

2 to 3 cups

4 cups or more

How many cups of tea (not decaffeinated) do you drink in a day? (please check)

to 1 cup
1 to 2 cups

2 to 3 cups

4 cups or more

How many cans of soda pop (not decaffeinated) do you drink in a day? (please

check)

to 1 can
1 to 2 can

2 to 3 can
4 cans or more

Do you drink alcoholic beverages? (please check)

No
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Yes —> If yes, how many servings of alcohol per week do you drink of:

Beer?

Wine?

Spirits/liquor?

(A serving refers to one of: 12oz. bottle of beer or cooler, 4oz. of wine, or loz.

of spirits/liquor)

7. Medical History

Have you had a medical check up in the last year?

No
Yes - If yes, were you determined to be in good health? D Yes D No

Did you have a pap smear in the last year? (women only)

No
Yes —

»

If yes, was it normal? D Yes D No (specify)

Do you have or have you ever had: (please check all that apply)
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Yes No

Diabetes mellitus

Thyroid problems

Hyperprolactinemia

High blood pressure

Coronary heart disease

Other heart conditions

Asthma

Anemia

Depressive illness

Other (specify)
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APPENDIX F: DEBQ

DEBQ

Please respond to the following questions by circling the appropriate number according to

the following scale:

Never = 1

Seldom = 2

Sometimes = 3

Often = 4

Very Often = 5

1 . Ifyou have put on weight, do you eat less than

you usually do?





APPENDIX G: Godin leisure-time exercise questionnaire

GODIN 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. rurming, 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) IVflLD EXERCISE
(MINIMAL EFFORT)
(i.e. yoga, archery, fishing from river band, bowling,

horseshoes, golf, snow-mobiling, easy walking)

2. 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/RARELYana
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APPENDIX H: Calcium checklist (RAM)

Calcium Checklist

To :-<-c ti*>''A niit-.h ...*l-,u(ni y-i-u ^ci iri .* tyc-'i'-'i^i -Jay: !• Rc»joi--d the

nuiiibcr of sc-rMn.QS you ate on a lypicaj fc»*c-d-intake day last ^-c-ck.

Use il»c drjtvin.u* tc- determine scn-ing sizes; J • Multiply the mimfc-er

d seiviii^ iHivrs the calcium value. ?' TotaJ your caJciLim intake for

each cyc-up

Servings x Cciicium value :

Pood 1 1 f»fvi'rfcgl

Milk. YocTurt, Cheese

! Amount of Calcium Consum&a (mg\

Number Ca Icium Amount
5ervtnq» Value Conjuirwd

Cho:ld.v cIkcsc • I our>De cr (• taHespo=ns >

Cc-iui.^e chee>e. I"» fat ' 12 cupj
Custiird. (tKidding. t.tpioca i 1/.; cup)
Ice creani. frozen yogurt (1 cup)
tvUc tftAi sKikc. •jf-yzKoa rrvde ^iih n)ilc*' I cup'

Soy milk '. I cup)
Yogurt wl>:.le 8 tl.oz,

cam soi-ij:' ijT iaucc prepared with
Ik • 1 cup)

irooi and cheese, hon-jemade '
1 cup)

>ec:>e pizza ' lA of 15-inch pie)

ichc < 1/8 of 8-inch pic)

niixi. Vegetablet

X





Number
Food f1 Kfvi'ngl Sef\'inc)j

Meat Fish. Poultry. Ury B»ans. Nuts

Dried tc^ans. cc-ikcd < na^-y,

kidney. pi«o> ( I cup>

Mc«. fish, poukiy i_} ooivoes)

Peanuts i l-Z cup) or lanse egg (0
Canoed saimon «ilh hiors <3 ounces)

Sardmes wjih tcors • 3 c+inces

)

5 cHirKcs shrtnip oc ~-9 oysters

Tc-lu IZ I 2 I :: li X I-inch square)

Food (I »efvif^

Fat. Sugar. AJcohol'

Cake •
I !( ot' 9-«odi cake) .x *i »

Beer (12 -Dunces) x In »

CoJas'i; ourK:es) x 1" =

Chc-cctate ( 1 ounce) x >t'i =

TOT.ia.

* U IS («c-D<naKnded itiai you limit >'our intake of fat. su.53f. and akohi-l

The aauil am:uni th»i ycu -ran eat depends iipz.n a vanety of fact-^rs

and your overall di«t<r/ s,-oaJs

Number Co Ic k-m Amount
Serv'iiioJ VjlL«e Concuracd

How much calcium did you consume?"

Gpcmp
Mil:

Fiuu. Vej5etat4es

Bread

Meat

Calcium mg

Fat. Suga

Total Cat.

' IC0h.3l

I n Coasumcd

cb«ft« or btmcbran tiwat

'It

lick
Hog.

Y- tor.

Presenth-. aduks averacj? onK-

abxK 4iX> to cdXi railliginras d
calcium each >iay There aie

difference's of opiriKHi as to haw
imi-rh we need Sevieral experts

suggea th.1t ;ide<qiBte intakes fcf

all adults ^vc'uld be l.OtK' niilli-

gnuiis for ages 19 to 3C' atid IJOD
for age 51 and o\'er. <Dthers

kUcw the sitnibr recom-

n>5ndations iii the fc4J>Twing

chart, .AJter menopouse. calcium

iiuake ise«ien more imponatu to

help prev>?nt Ixoe l<::ss due to

naiTial .igj?-relateij de-jeases iii

baie tissue, cakiiirn absciipticin.

and estrogen leveb. Since iiks of

the dtetiry cakium contes fn:>m

tlie mik. ycgoit ai>d cheese

group, it is generollv- diflkuk to

get aYDugli •.-akium withc« dair)-

prodiKts.
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APPENDIX I: Antrhopometric measurements data sheet

ANTHROPOMETRIC MEASUREMENTS DATA SHEET

Osteoporosis Knowledge and Health Status

APPLIED PHYSIOLOGY LABORATORY
FACULTY OF APPLIED HEALTH SCIENCES: BROCK UNIVERSITY

Subject ID:

Date:

SUBJECT HEIGHT (cm):

SUBJECT WEIGHT (kg):

CIRCUMFERENCE MEASURES (cm):

Chest : cm

Waist: cm





APPENDIX J: Bone strength data (QUS) sheet

BONE STRENGTH DATA (OUS)

Osteoporosis Knowledge and Health Status

APPLIED PHYSIOLOGY LABORATORY
FACULTY OF APPLIED HEALTH SCIENCES: BROCK UNIVERSITY

Subject ID:

Date:

TM
Probe Quality Measurements (Sunlight Omnisense 7000S)

Date





APPENDIX K: Executive summary request

Brock University, Faculty of Applied Health Sciences

Executive Summary Request

Title of Study: Osteoporosis Knowledge and Health Status

Principal Researchers: Dr. Panagiota Klentrou, Associate Professor, Dept. of Piiysical Education

and Kinesiology

Dr. Kimberiey Gammage, Assistant Professor, Dept. of Physical Education and Kinesiology

Gioia Di Giovanni, B.P.H.E. (M.Sc. Candidate) Faculty of Applied Health Sciences

If you would like to receive a summary of the results of the study please complete the following

infomiation.

If you would Wke to receive the information by mail please provide your name and address:

Name:

(First Name) (Last Name)

Address:

(Street Numt)er) (Street)

(City) (Province) (Postal Code)

If you would like to receive the information by email:

Name:

Email Address:
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APPENDIX L: Feedback letter

Feedback Letter

Monday August XX, 2003

Jane Smith

Dear Jane Smith:

Re: Osteoporosis knowledge and Health Status

I am writing to thank you for your participation in our recent study Osteoporosis

Knowledge and Health Status in Young Women. Your participation was a

tremendous help to our project and on behalf of all the other researchers and

myself, I wanted to thank you for taking the time to attend the testing dates over

the past few weeks.

But first I wanted to briefly outline the group results that we were able to

assemble. Firstly we were able to find that. .

.

For your individual results we were able to see. .

.

Finally, I would again like to thank you for your help. It was a pleasure

working with you and we all hope that the experience you gained fi"om this

study will help you to live a healthy and acfive Ufe. Good luck to you in the

future!

!

Sincerely Yours,

Panagiota Klentrou PhD. Kim Gammage PhD,

Associate Professor Assistant Professor

Brock University Brock University

(905) 688-5550 ext. 4538 (905) 688-5550 ext. 46 1

5
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APPENDIX M: Poster advertisement

FEMALE VOLUNTEERS NEEDED FOR STUDY!!
OSTEOPOROSIS KNOWLEDGE AND HEALTH STATUS

CRITERIA:

1) Caucasian females age 18-25 years

2) Current Brock University Student

3) Regularly menstruating

4) English Speaking

PARTICIPATION:
> How often: 2 visits

> How long: 1 hour each visit

> Where: AppHed Physiology Lab (WH 17)

BENEFITS FOR PARTICIPANTS:
> Assessment of your bone health and body composition

y Free nutritional and daily energy expenditure analysis

> Free assessment of leptin levels

> A GREAT OPPORTUNITY TO FIND OUT MORE ABOUT YOUR GENERAL
HEALTH!!!!

IMPORTANCE OF THE STUDY:
y A study to assess osteoporosis knowledge and health status

> The results of the study will indicate if health status is related to low knowledge of
osteoporosis

> Important implications for prevention of osteoporosis

CONTACT INFORMATION:
> Dr. Nota Klentrou. Principal Investigator, Department of Physical Education &

Kinesiology, Room: WC 271; Ext. 4538; E-mail: nota.klentrou(a),brocku.ca

> Dr. Kim Gammage . Co-Investigator, Department of Physical Education &
Kinesiology, Room WC 264; Ext. 3772, E-mail: kgammage@brocku.ca

^ Gioia Pi Giovanni. B.P.H.E.. Co-Investigator, Faculty of Applied Health Sciences,

Room: WH 17; Ext. 4901; E-mail: gd04ze@,brocku.ca

This study has been reviewed and approved by the Brock University Ethics
Board (File # 02-304). For more information regarding Ethics Board approval
and subjects' rights contact: the Brock University Ethics Officer (905-688-5550
ext 3035; reb(a/brocku.ca)
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APPENDIX N: Ethics packages (original and modification I)

ORIGINAL:

R£B-0I(200I)

ORS Use Only

REB File #: _
Monitoring:

End Date:

Y N

Brock University Research Ethics Board
Applicationfor Ethics Review ofResearch with Human

Participants

Before undertaking any research with human participants, the researcher must be

thoroughly familiar with the principles of research ethics (Brock University Faculty

Handbook Section 111:8 http://www.brocku.ca/researchservices/ and Tri-Council Policy

Statement on the Conduct of Research Involving Humans
http://www.sshrc.ca/english/programinfo/policies/Index.htm . If you are participating in

multi-institutional research, refer to these REB Guidelines

http://www/brocku.ca/researchservices/SOP2.html . If you are preparing a request for

ethics approval which involves research not sufficiently developed to prepare a complete

ethics protocol submission, please complete the "Request for ethics approval form for
underdeveloped projects"

http://www.brocku.ca/researchservices/prototvpe/documents/Request_for approvaltore
lease funding.doc to facilitate the release of funds. No research with human
participants shall commence prior to receiving approval from the Research Ethics

Board.
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A. Study Personnel

Faculty Supervisor (if

applicable)





I have read the Brock University Faculty Handbook Section 111:8 pertaining to

Research Ethics and agree to comply with the policies and procedures outlined

therein. I will report any adverse outcomes to the committee. Additions to or

changes in research procedures after the project has been approved will be

submitted to the committee for review. I agree to request renewal of approval for

any project continuing more than one year. I will submit a final report the Office of

Research Services once the research has been completed.

Signature: Date:

Signature: Date:

Signature: Date:

B. Protocol Information:

1. Title of Project: 0<;tennf>rn<;i<; KnowIeHap anH Health Stafii<: in Yniinp Women

2. Level of Project (please check those which apply):

I X I Faculty Research

I X I Ongoing track of research

[ ] Independent Study

[ ] Graduate Course (specify course)

[ ] Ph.D. Thesis

[ ] Masters Thesis

[ ] Masters Project

[ ] Course Assignment

[ ] Undergraduate Course (specify course)
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[ ] Honours Thesis

[ ] Honours Project

[ ] Course Assignment

[ ] Administration (specify department)

[ ] Other (please specify)

Funding Status:

Is this project currently

funded? Yes | X J

If Yes, please complete the

next section.

No
I ]

If No, is fiinding being sought? Yes
( ] No

[ ]

If No, proceed to question #4. If Yes, please complete

the next section.

Funding Sponsor: Internal SSHRC

Title of Grant: Osteoporosis knowledge and beliefs, and related health

behaviours in young women

Period of Funding

Have you submitted a copy of the application to the Office of Research Services (ORS)?
Yes

I
X ] No

I ]

If the study is funded, will the Principal Investigator require the approval of the sponsor(s)

before publication of the findings? Yes
( ] No [ X J

If yes, please explain.

Does the Principle Investigator(s) or Co-Investigator(s) have a financial interest of personal
relationship with member(s) of the funding? Yes

( ) No [ X ] If yes, please

explain.

Please attach a copy of the contract/application.

4. Has this application been submitted to another institution's Research Ethics Board?

Yes[ ] No[X
]

If Yes, provide the name of the Principal Investigator, Institution, date of ethics review and
the decision. Attach a copy of the ethics clearance certificate, if applicable.

5. Indicate the anticipated dates of contact with study participants;

First Contact (Month/DayA'ear):

Last Contact (Month/DayA'ear):

05/01/03

09/30/03
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6. Anticipated Completion Date: _ (Month/DayA'ear): I
^
2/^0^04

Researchers conducting research over several years must complete an annual report and

final report. Research is subject to monitoring as required by the Tri-Council Policy Statement

on Ethics in Human Research. Reminders to submit reports will be sent to you by the

Office ofResearch Services.

C. SUMMARY OF PROPOSED RESEARCH

1. Which of the following research designs will be used? (View this link for a

description of research designs

http://www.BrockU.CA/researchservices/researchdesign.html)

experimental and quasi-experimental designs

correlational designs

survey designs

grounded theory designs

ethnographic designs

narrative research designs

mixed method designs

action research designs

other Please specify:

2. Purpose and Rationale of Proposed Research

In lay language, (100-250 words) briefly describe the purpose (objectives) and rationale of
the proposed project and include any hypothesis(es)/research questions to be investigated.

Please do not include your a copy ofyour research proposal.

Primary intention of this interdisciplinary study is to examine the relationship

between osteoporosis knowledge, osteoporosis health beliefs, and lifestyle risk

factors in young women. To this end, six main issues will be addressed: (1)

assessing young women's specific knowledge of osteoporosis, its risk factors

and preventative behaviours; (2) describing young women's health beliefs

related to osteoporosis including seriousness, susceptibility, health motivation,

and benefits and barriers to adopting preventative behaviours; (3) evaluating
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lifestyle risk factors for osteoporosis such as menstrual history, smoking,

caffeine intake, dietary and exercise habits; (4) assessing calcium status, leptin

levels and bone remodelling markers, and body composition in order to identify

differences between low and high diet restrainers; (5) determining which

lifestyle factors are not influential toward the development of osteoporosis-

related cognitions and behaviours; and (6) examining the utility of the Health

BeliefModel in predicting osteoporosis risk preventive behaviours.

3. Methodologj'/Procedures

a. Which of thefollowing procedures will be used? Check all that apply. Provide a copy of
all materials to be used in this study.

] Survey(s) or questionnaire(s) (mail-back)

X ] Survey(s) or questionnaire(s) (in person)

] Survey(s) or questionnaire(s) (e-mail)

] Computer-administered task(s)

] Interview(s) (in person)

]
Interview(s) (by telephone)

] Focus group(s)

] Journals

X ] Diaries

] Audiotaping

] Videotaping

X ] Invasive physiological measurement (eg. venipuncture, muscle biopsies)

] Non-invasive physiological measurement (eg. exercise, heart rate, blood pressure,

electromyography, lower body negative pressure, etc.)

] Unobtrusive observations

] Analysis of secondary data set (no involvement with human participants)

X
]

Analysis of human tissue, body fluids, etc.

]
Other (specify):

Does your project involve the use of standard psychological questionnaires produced by
people other than the researcher? Are intellectual property rights being respected (i.e. is

the proper acknowledgement ofpayment being provided, or the appropriate consent being

sought, for the use ofthese tests?)

YES

c. Provide a brief, sequential description ofthe methodology to be used in this study
(approximately one page).
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Approximately 100 university students will be recruited to participate in the

study. Participants will be recruited through poster advertisements, which will

be placed on student bulletin boards across campus. Once the participant has

made initial contact, the study will be explained in full detail and a telephone or

face-to-face interview will be conducted in order to determine eligibility. The
following will serve as general eligibility criteria: females between the ages of IS-

IS; able to read, write and understand English. Once eligible participants have

been identified, they will be invited to the Applied Physiology Lab, where they

will: (1) further discuss the requirements of the study, (2) read the information

letter and sign informed consent, (3) complete the questionnaire packet.

A general questionnaire will be used to assess demographic information,

menstrual history, smoking history, alcohol and caffeine consumption, and

medical history. The questionnaire packet will be composed of the following

scales from several established instruments identified in the literature:

• Osteoporosis knowledge (Allinger, 1998): this scale was developed based on

self-care theory (Orem, 1995) and was designed to assess women's level of

osteoporosis knowledge. Initial validation of the scale on undergraduate and

graduate students demonstrated acceptable content validity (0.92), and a

Kruder-Richardson index = 0.83.

• Osteoporosis health beliefs (Kim et al., 1991): this is based on the Health

Belief Model and consists of seven subscales: Seriousness, Susceptibility,

Health Motivation, Calcium Benefits, Calcium Barriers, Exercise Benefits,

and Exercise Barriers. Concurrent validity of the measure has been

demonstrated. Internal consistency range from 0.61 for health motivation to

0.80 for susceptibility.

• Osteoporosis self-efficacv (Horan et al., 1998): this scale measures self-

efficacy, or confidence, for behaviours related to physical activity and calcium

intake. The scale has demonstrated internal consistency a>0.90.

• Dietary restraint (Stunkard and Messick, 1985): this 51 -item questionnaire

assesses three dimensions of human eating behaviour: cognitive restraint of

eating, disinhibition, and hunger. Initial validation in several populations

selected to include persons who exhibited the spectrum from extreme dietary

to extreme lack of restraint demonstrated reliabilities ranging from 0.79 to

0.93.

• Dietary calcium consumption (Hertzler and Frary, 1994): this "rapid

assessment method" was successfijlly developed using 24-hour recall for 23

adults (r = 0.97) and 3 day food records for 262 students (r = 0.28), and by
test-retest reliability with more than 100 cases (r = .80).

• Godin Leisure Time Exercise Ouestionnaire (Godin & Shephard, 1985):

assesses leisure time physical activity. Scores are calculated by multiplying

frequency scores by MET values to get weekly total energy expenditure and it
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has demonstrated adequate validity and reliability in adult populations

(Jacobs, Ainsworth, Hartman, & Lean, 1988).

Blood samples will be drawn from a subset of 30 participants by standard

venipuncture technique performed by a trained research assistant who has

completed a formal blood-drawing training course. All samples will be

centrifuged and aliquoted into polyethylene tubes, and frozen at -80°C. Blood

will be analyzedfor leptin and bone remodelling markers by RIA. The same 30

participants are also asked to do a 24-hour urine test which is explained to

them and their urine samples will be aliquoted into polyethylene tubes and

frozen at -80°C. Samples for urinary calcium will be analyzed by radio-

immunoassays (RIA) kits.

Height, weight and circumference measures will be assessed using

standard methods. Relative body fat will be determined via skinfold

measurement (Jackson et al., 1980) at various sites, including the triceps,

subscapula, iliac crest, abdomen, and thigh with a constant pressure skinfold

caliper (Holtain, Ltd., UK). All measurements will be made in triplicate on the

right side of the body by one investigator.

d. Will this study involve the administration of any alcohol or drugs? Yes [ ] No [ X ]

If Yes, specify drugs, dose and administration route.

4. Participants Involved in the Study

a. Indicate who will be recruited as potential participants in this study.

Brock Participants:

Non-Brock Participants:

Undergraduate students

Graduate students

Faculty and/or staff

Children (12 years and under)

Adolescents (13- 18 years)

Adults

Seniors

Persons in Institutional Settings

Aboriginals or First Nation Populations

Other (Specify)

Describe and justify the research participants in this study. Specifically, describe group
affiliation, gender, age range and any other special characteristics.
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Subjects are females between the ages of 18-25, able to read, write and

understand English, signed informed consent and are a current University of

Toronto Student

c How many participants are expected to be involved in this study? 100

5. Recruitment Process and Research Location

a. From what source(s) will the potential participants be recruited?

X ] Brock undergraduate and/or graduate classes

]
Brock Psychology 1 F90 Research Pool

] Other Brock sources (specify):

] Local School Boards

] Niagara Community

] Businesses, Industries

] Health care settings, nursing homes, etc.

[ ] Other (specify)

b. Describe how and by whom the potentialparticipants will be recruited.

Subjects will be recruited by poster advertisement. Posters will be distributed at

various locations on student bulletin boards across the University of Toronto

campus.

Provide a copy of any materials to be used for recruitment (e.g. posters(s), flyers,

advertisement(s), letter(s), telephone and other verbal scripts).

See Appendix E

Applied Physiology Laboratory WH 1

7

Where will the study take place? [ X ] On campus Location

[ ] Off campus Location
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6. Compensation of Participants

Will participants receive compensation (financial or otherwise) for participation? Yes
(

1 NoIX)
If Yes, provide details: (Please view the Tri-Council Policy Statement regarding

"Compensation ")

7. Feedback to Participants

Briefly describe the plans for provision of feedback. Where feasible, a letter of
appreciation should be provided to participants. This also should include details about

the purpose and findings of the study, and if possible, an executive summary of the study

outcomes. Provide a draft copy ofthefeedback letter to be used.

What is the anticipated date that participants should expect to receive feedback from you?

10/05/04

D. POTENTIAL BENEFITS FROM THE STUDY
1. Identify and describe any known or anticipated direct benefits to the participants from their involvement in

the project

An increased knowledge of their health status as reflected by measurements of
bone health, body composition, nutritional and activity patterns. It is expected
that the knowledge gained by subjects in terms of their health status as a result

of participation in this investigation outweigh the minor risks associated with
the procedures involved.

Z Identify and describe any known or anticipated benefits to the scientific community/societyfrom this study.

Assessment of the relationship between knowledge of osteoporosis and health
status as determined by calcium, markers of bone remodelling and exercise
status. Moreover, to assess the magnitude of the problem in a Canadian
cohort and develop comprehensive educational programs based on preferences
for sources of knowledge in this group of women.

E. INFORMED CONSENT PROCESS

1. Wh«< proccn will be uied (o Inform the potential participants about the study details and to obtain their consent for

participation?

[ X ) Information letter with written consent form; provide a copy

( ] Information letter with verbal consent; provide a copy of script for obtaining consent; provide a justification

for this choice
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[ ] Information/cover letter stating that completion of task indicates consent (eg. internet survey); provide a copy

[ ] Infomuuion provided verbally; consent provided verbally (include script)

[ ] Consent not solicited (eg. observations in public spaces)

[ ] Other (specify)

[ ] For Transcribers: Third party consent form; provide a copy

[ ] For Minors: Information Letter and Permission Form to be used to obtain permission from those with legal

authority to give it.

F. ANONYMITY OF PARTICIPANTS, CONFIDENTIALITY
OF DATA and SECONDARY USE OF DATA

1. Explain the procedures to be used to ensure anonymity of participants.

Subjects will be assigned a study identification number at the onset of the

study. Only the principle investigator will have access to the summary sheet

linking the subject names(s) and number(s). All data will be coded with an
identification number and will be kept in a locked filing cabinet in the testing

laboratory.

2. Explain the procedures to be used to ensure the confrdentiality of data both during the research and in the release of the

findings.

AH data will be coded with an identification number and will be kept in a

locked filing cabinet in the testing laboratory.

3. Describe the procedures for securing written records, questionnaires, video/audio tapes and electronic data, etc.

The research team will have access to the data only through the principle

investigator.

4. Indicale how long the data will be securely stored and the method to be used for final disposal of the data.

I I Paper Records

I
X I Confldential shredding after _mlnimum of_5_ years

[ ] Data will be retained indefinitely in a secure location

[ ] AudioA'ideo Recordings
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[ ] Erasing of audio/video tapes after years

[ ] Data will be retained indefinitely in a secure

location

[ ] Electronic Data

[ ] Erasing of electronic data after years

[ ] Data will be retained indefinitely in a secure

location

[ ] Other (Provide details on type, retention period and final

disposition, if applicable)

5. Are there conditions under which anonymity ofparticipants or confidentiality

ofdata cannot be guaranteed? Yes [ ] No [X]

If Yes, please provide details.

6. Secondary Use of Data

Is it your intention to allow the study and data to be reanalyzed by colleagues,

students or other researchers?

NO

How will you allow your participants the opportunity to choose to participate in a

study where their data could be distributed to others?

N/A

Is it your intention to reanalyze the data for purposes other that described in this

application?

NO

How will you contact participants to obtain their re-consent?

N/A

G. POTENTIAL RISKS FROM THE STUDY/EXPEDITED REVIEW
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In order to apply for an Expedited Review, the Researcher must satisfy the REB that the proposed

study involves no more than MINIMAL RISK.
http://www.BrockU.CA/researchservices/minimalrisk.html The purpose of this checklist is to

facilitate the review process by identifying the ethical issues with which the Committee is

concerned. Indicating more than one statement does not mean that your proposal will be sent to a

full review committee.

Please check all that apply to the research you are conducting. Provide further information in the

space below.

The populations studied will be defined as consisting of any of the following:

minors (under 1 8), pregnant women, prisoners, or mentally disabled. (Underline all

that apply.)

It will be possible to associate specific information in the records with specific

participants on the basis of name, position, or other identifying information

contained in the records.

Persons participating or queried in this investigation will be subjected to physical

discomfort, pain, aversive stimuli, or the threat of any of these. (Underline all that

apply )

The investigation will use procedures with the potential to induce participants to act

contrary to their wishes.

The investigation uses procedures likely to induce embarrassment, humiliation, lowered

self-esteem, guilt, conflict, anger, stress, discouragement, or other emotional reactions.

(Underline all that apply.)

Participants will be induced to disclose information of an intimate or otherwise

sensitive nature.

Participants will engage in strenuous or unaccustomed physical activify.

Participants will be deceived (actively misled). ** SEE QUESTION #G3
This research may infringe on the rights of participants (e.g. withholding of

beneficial treatments in control groups, restricting access to education or treatment,

participation cost, etc.).

This research will isolate the participant and the researcher-

Participants will receive compensation for their participation (any type).

A penalty may result if they decide to withdraw from the study or not participate at

all.

Participants will be exposed to physical or psychological risks not indicated above.

The research involves recording of data from subjects using invasive procedures

routinely employed in clinical practice. (This may include exposure to

electromagnetic radiation outside visible range, x-rays, blood sampling, microwaves,

etc.)

This research requires voice readings/recordings or audiotaping made for research

purposes.

This research requires the study of existing data, documents, records, pathological

specimens, or diagnostic specimens. (Secondary Use of Data)

There are institutional/formal power relationships present between researcher and
participant (i.e. student/teacher, employer/employee, counsellor/client).

I. For each procedure used in this study, provide a description of any known or anticipated risks/stressors to the

paiticipants. Stretton or risks include but are not limited to physiological, psychological, emotional, social,

economic riski/stressors. A sludy-specinc medical screening form must be included when physiological assessments
are used and associated risk(s) to participants are minimal or greater.
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[ ] No known or anticipated risks. Explain why no risks are anticipated:

[ X ] Minimal risk

Description of risks: Loss of consciousness during blood draws is rare yet

possible. Minor risks involve injury associated with blood draws (minor skin

irritation and/or bruising form venipuncture).

[ ] Greater than minimal risk. Description of risks:

Describe the procedures or safeguards in place to protect

the physical and psychological health of the participants in

light of the risks/stresses identified.

Precautions will be taken in order to minimize the risk of loss ofconsciousness

by limiting volume ofblood drawn while subject is in supine position.

Will this study involve the use ofdeception ? Yes [ ] No [X ]

If Yes, describe how subjects will be deceived. Justijy the deception. Attach a copy ofthe

written debriefing sheet and the materials used to obtain consentfollowing debriefing.

Considering the above, areyou applyingfor

Expedited Review _X_ Full Review

You will be notified via email if your proposal has been selected for an expedited

or full review.

Please ensure that you have included the follomng in your ethics
application to the Office ofResearch Services.

Checklist for attachments
X 1 Letter of information to subjects

X ] Copy of consent form, parental consent forms, third party consent forms
] Letter of approval for research from cooperating organizations or institutions

'if applicable)

X
X
X

Copy of feedback letter to be used
Data-gathering instruments
Matenals to be used for recruitment
(e.g. poster(s), flyers, advertisement(s), letter(s), telephone and
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I other verbal scripts
||

I[
J

If you refer to a previously approved protocol, please attach a copy of the H

origmal application and approval letter. B

I (It is the research's responsibility to provide this information.) I

SUBMIT THREE COPIES TO: OFFICE OF RESEARCH SER VICES - ROOMNA336
TELEPHONE: 688-5550. 3035 FAX 688-0748

Questions? Please contact:

Joe Engemann
Chair, Research Ethics Board

engemann@ brocku.ca

ext. 3943

Michael Owen
Director, Office of Research Services

mowen@spartan.ac.brocku.ca

ext. 3127

Deborah Van Oosten

Research Ethics Officer; dvanoost(a)spartan.ac.brocku.ca : ext. 3035
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Letter ofInformation

Project Title: Osteoporosis laiowledge and Healtli Status

Principal Investigators:

Dr. Nota Klentrou, Associate Professor Dr. Kim Gammage,
Assistant Professor

Dept. of Ptiysical Education & Kinesiology Dept. of Physical Education

& Kinesiology

Brock University, Walker Complex #271 Brock University,

Walker Complex #264

Phone: 905-688-5550 ext. 4538 Phone: 688-5550 ext.

3772

Date: XXXXX

I PURPOSE OF THE STUDY

This study will attempt to examine the relationship between osteoporosis

knowledge and health status. This study involves research and you will be

invited to participate in this project. Participation to this study involves two
visits to the to the Applied Physiology Lab of about one hour each.

II. PROCEDURES

Ifyou agree to participate in this study you will be required to complete a number
of logs, body composition assessment, urine and blood samples. The following

information provides a description of these procedures in greater detail in order

for you to make an informed decision about your choice to participate in this

study. Please read these procedures carefully and feel free to ask questions as

necessary in order to clarify.

Initially you will be invited to the Applied Physiology Lab, where you
will: (1) further discuss the requirements of the study, (2) read the

information letter and sign the informed consent, (3) complete the

baseline questionnaires assessing general demographic information,

knowledge of osteoporosis, osteoporosis health beliefs and osteoporosis

self-efficacy, (4) complete baseline measures of height, weight, and
relative body fat, and (5) receive instructions regarding the specific

aspects of the study that you will be required to complete at home and
during the second visit. Instructions for collecting a 24-hour urine

specimen will also be included that you will be asked to submit next
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day. This initial assessment will take approximately 1.0 hour. Before

you leave, a second visit will be scheduled at your convenience. During

the second visit, you will be asked to complete the dietary restraint scale,

the dietary calcium consumption scale and the physical activity

questionnaires. Blood samples will be drawn from your arm by a trained

research assistant. A blood volume of 15 ml (2-3 tablespoons) will be

collected.

III. RISKS AND BENEFITS

Loss ofconsciousness is also a possibility during the blood draws, however, all

precautions will be taken in order to minimize this risk. Minor risks involve injury

associated with blood draws (minor skin irritation and/or bruisingfrom

Venipuncture). Ifyou choose to participate, it is assumed that you understand

these risks and consider them acceptable.

The benefits of participating in this study include an increased knowledge of your

overall health status, including cardiovascular health, body composition, aerobic

capacity, nutritional and activity patterns.

This study has been reviewed and approved by the Brock University Ethics

Board (File # 02-304).

For more information regarding Ethics Board approval and subjects' rights

contact:

Deborah Van Oosten, Research Ethics Officer

Phone: 688-5550 ext. 3035; Email: dvanoost@spartan.ac.brocku.ca

166





Volunteer Informed Consent Form

Osteoporosis knowledge and Health Status

Principal Investigators:

Nota Klentrou, Ph.D.and Kim Gammage, Ph.D.

Department of Physical Education and Kinesiology, Brock University, St. Catharines

Ontario, Canada

NAME OF PARTICIPANT:

I volunteer to participate as a subject in the research study entitled "Osteoporosis

knowledge and health status in young women" that is being conducted by Drs

Nota Klentrou and Kimberly Gammage in the Faculty of Applied Health Sciences

at Brock University. I understand that this study will examine the relationship

between osteoporosis knowledge and health status. I understand that as a

participant of this study I will be invited to the Applied Physiology Lab to: 1)

complete the baseline questionnaires assessing general demographic information,

knowledge of osteoporosis, osteoporosis health beliefs and osteoporosis self-

efficacy; 2) complete baseline measures of height, weight, and relative body fat,

and 3) receive instructions regarding the specific aspects of the study that I will be

required to complete at home and during the second visit. I will be also required

to collect a 24-hour urine specimen that I will submit next day. I also understand

that I will be invited in the lab for a second visit. During the second visit, I will

complete the dietary restraint scale, the dietary calcium consumption scale and the

physical activity questionnaires. A Blood sample of 15 ml (2-3 tablespoons) will

be drawn from my arm by a trained research assistant. I am aware that each

visit to the Applied Physiology Lab will last approximately one hour.

I was informed and I understand that loss of consciousness is also a possibility

during the blood draws, however, all precautions will be taken in order to minimize

this risk. I also accept other possible minor risks including minor skin irritation

and/or bruising associated with blood draws.

I have been advised that any medical information that I reveal and the

experiment data concerning me will be treated as confidential and not revealed

to anyone other than the investigators without my consent except as data that is

represented as an unidentified source. I accept that my data will be coded with an

identification number and will be kept in a locked filing cabinet in the testing

laboratory. I understand that confidential shredding after of all my data will take place

after a minimum of_5_years. I understand that there is no obligation to answer
any question or participate in any aspect of this study that I consider invasive,

offensive or inappropriate.
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I agree to advise the researchers of any health status changes (including but not

limited to viral illnesses, new prescriptions, or 'over the counter' medications)

that may occur during the course ofmy participation in this study. I understand

that I am free to refuse to participate in any component of the study and may
withdraw your consent to participate without penalty or prejudice. I understand

that my participation in the research project has no bearing on any academic

component ofmy academic program. I understand that there will be no payment

for my participation. I understand that the benefits of participating in this

study include an increased knowledge of my overall health status, including

cardiovascular health, body composition, aerobic capacity, nutritional and

activity patterns.

I have had the opportunity to read the information letter that has been provided to

me and I fully understand the risks associated with the testing and exercise

procedures. I have been able to discuss the complete protocol with Dr. Klentrou

and ofmy questions have been fully answered to my satisfaction.

I am also aware that should I, at any time during my participation in this study,

have any further questions I can contact Dr. Klentrou at nota.klentrou@brocku.ca.

Thank you for your help! Please take one copy of this form with you for further

reference.

I voluntarily consent to participate in this study.

Participant Signature

Date

Researcher Signature Date

Researcher Signature Date_

If you have any questions or concerns about your participation in the study,

you may contact

Dr. Nota Klentrou at 905-688-5550 ext. 4538

Dr. Kim Gammage at 688-5550 ext. 3772

This study has been reviewed and approved by the Brock University Ethics

Board (File # 02-304).
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For more information regarding Ethics Board approval and subjects' rights

contact Deborah Van Oosten, Research Ethics Officer, at 688-5550 ext.

3035 or dvanoost@spartan.ac.brocl(u.ca.

Feedback Letter

Monday August XX, 2003

Jane Smith

Dear Jane Smith:

Re: Osteoporosis knowledge and Health Status

I am writing to thank you for your participation in our recent study Osteoporosis

Knowledge and Health Status in Young Women. Your participation was a

tremendous help to our project and on behalf of all the other researchers and

myself, I wanted to thank you for taking the time to attend the testing dates over

the past few weeks.

But first I wanted to briefly outline the group results that we were able to

assemble. Firstly we were able to find that. .

.

For your individual results we were able to see. .

.

Finally, I would again like to thank you for your help. It was a pleasure

working with you and we all hope that the experience you gained ft-om this

study will help you to live a healthy and active life. Good luck to you in the

future!!

Sincerely Yours,

Panagiota Klentrou PhD. Kim Gammage PhD.

Associate Professor Assistant Professor

Brock University Brock University

(905) 688-5550 ext. 4538 (905) 688-5550 ext. 46 1

5
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STUDYMATERIALS

GENERAL/DEMOGRAPHIC QUESTIONNAIRE

1. General Information

Name:

Surname

Address:





2. Physical Activity/Exercise Training History

Are you presently physically active on a regular basis? n Yes a No
With respect to your physical activity state the following:

Type Frequency Duration per session Participation duration

At what age did you start engaging in physical activity/exercise training regularly?

3. Nutrition and Eating Behavior History

Are you presently on a diet? a Yes d No
What type of diet are you on (e.g. protein)?

How long have you been on a diet?

When was the last time you dieted?

Are you currently trying to lose weight?

D No

n Yes —» If yes, explain

Have you lost weight recently?

D No

D Yes — If yes, explain

Do you experience episodes of losing and gaining weight in a repeatable and cyclical pattern?

D No

D Yes — If yes, explain

Are you vegetarian?

D No

D Yes — If yes, what type of vegetarian are you?

Have you ever had an eating disorder? d Yes d No
What type of eating disorder did you have?

Start date of your eating disorder (mm/yyyy):

End date of your eating disorder (mm/yyyy):

4. Reproductive History

At what age did you start your period?

How far apart are your periods?

Less than 1 month apart
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About 1 month apart

1 to 2 months apart

2 to 4 months apart

4 to 6 months
More than 6 months apart

Has there been a time where you stopped having your period?

No
Yes —» If yes, for how long? (months)

Have you ever taken the birth control pill?

No
Yes —> If yes, please answer the following with respect to the birth control pill

Brand Name Cycle Start (mm/yyyy) End Date

(mm/yyyy)

Are you pregnant? n Yes d No

Have you ever been pregnant?

No
Yes

5. Medication/Supplement History

Are you currently taking vitamins or supplements (herbal or synthetic)?

Dose Frequency Reason for taking

Calcium

Vitamin D

Please list any other medications that you are taking regularly:

Medication Dose Frequency Reasons for taking
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6. Smoking History

Have you ever smoked cigarettes, cigars, or a pipe?

No
Yes -^ If yes, specify which one?

How many per day did you smoke?

How long did you smoke? (months)

Do you smoke now?

No
Yes — If yes, please answer the following:

How may per day?

How long? (months)

7. Drinking History

How many cups of coffee (not decaffeinated) do you drink in a day?

to 1 cup
1 to 2 cups

2 to 3 cups
4 cups or more

How many cups of tea (not decaffeinated) do you drink in a day?

to 1 cup
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1 to 2 cups

2 to 3 cups

4 cups or more

How many cans of soda pop (not decaffeinated) do you drink in a day?

to 1 can

1 to 2 can

2 to 3 can

4 cans or more

Do you drink alcoholic beverages?

No
Yes —> If yes, how many servings of alcohol do you intake of:

Daily Weekly

Beer?

Wine?

Spirits/liquor?

(A serving refers to one of: 12oz. bottle of beer or cooler, 4oz. of wine, or loz.

of spirits/liquor)

8. Medial History

Have you had a medical check up in the last year?

No
Yes —» If yes, were you determined to be in good health? d Yes a No

Did you have a pap smear in the last year?

No
Yes — If yes, was it normal? d Yes n No (specify)
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Do you have or have you ever had:

Diabetes mellitus

Thyroid problems

Hyperprolactinemia

High blood pressure

Coronary heart disease

Other heart conditions

Lung/breathing problems

Anemia

Depressive illness

Other (specify)

Yes No
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Facts on Osteoporosis Quiz

For each of the following questions, please indicate if the statement is True, False,

or Don't Know





12. There is no treatment for osteoporosis once you develop

it





27. Which sources has most of your information about osteoporosis come from?

Pamphlets

Books

Television

Magazines

Radio

Doctor, nurse or other health professional

Other:

28. From which sources do you prefer to get information about osteoporosis?

Pamphlets

Books

Television

Magazines

Radio

Doctor, nurse or other health professional

Other:
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Godin Leisure Time Exercise Questionnaire

Name:
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Poster Advertisement for Subject Recruitment

FEMALE VOLUNTEERS NEEDED FOR STUDY!!!!!

OSTEOPOROSIS KNOWLEDGE AND RISK STATUS

Criteria:

1) Female 18-25 age

2) Current Brock University Student

3) English Speaking

Participation:

> How often: two visits

> How long: one hour each visit

> Where: Applied Physiology Lab (WH 17)

Benefits for Participants:

> Assessment of your bone health and body composition

> Free measurement of your leptin levels

> Free nutritional and daily energy expenditure analysis

> A GREAT OPPORTUNITY TO FIND OUT MORE ABOUT YOUR
GENERAL HEALTH!!!

Importance of the Study:

> A study to assess osteoporosis knowledge and risk status

> The results of the study will indicate if risk status is related to low

knowledge of osteoporosis

> Important implications for prevention of osteoporosis

Contact Information:
> Dr. Nota Klentrou. Principal Investigator

Department of Physical Education & Kinesiology

Room: WC 271; Ext. 4538; E-mail: nota.klentrou(abrocku.ca

> Dr. Kim Gammaoe. Principal Investigator

Department of Physical Education & Kinesiology

Room: WC 264; Ext. 3772; E-mail: Kimberley.Gammage@brocku.ca
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> Angela Kochan-Vintinner. Research Assistant

Department of Community Health Science

Room: AS 324; Ext. 4593; E-mail: avintinn@arnie.pec.brocku.ca

This study has been reviewed and approved by the Brock University Ethics

Board (File # 02-304).

For more information regarding Ethics Board approval and subjects' rights

contact:

Deborah Van Oosten, Research Ethics Officer at 688-5550 ext. 3035;

dvanoost@spartan.ac.brocku.ca
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MODIFICATION I:

Brock University Research Ethics Board (REB)
Request for Ethics Clearance of a Revision or Modification to an Ongoing

Application to Conduct Research with Human Participants

Please refer to Brock University Research Ethics Guidelines, found at

http://www.brocku.ca/researchservices prior to completion and submission of this

application. If you have questions about or require assistance with the completion of

this form, please contact the Research Ethics Office at (905) 688-5550 ext. 3035, or

reb(QJbrocku.ca . Once complete, please return this form with all accompanying material

to Scotiabank Hall 335.

SECTION A - GENERAL INFORMATION

1. Title of the Research Project: Osteoporosis Knowledge and Health Status

2. Principal Investigator: Panagiota Klentrou File Number: 02-304

Department: PEKN

3. Faculty Supervisor: N/A

Email: See above

4. Original Approval Date:

Email: nota.klentrou@brocku.ca

Department: N/A

Phone Ext.: x 4538

Anticipated Closing Date: Aug 31, 2005

SECTION B - MODIFICATIONS/REVISIONS

5. Provide a brief description of, and explanation for, the revision(s) or modification(s) requested to

your application that previously received ethics clearance. If the revision(s) is (are) to a

questionnaire or interview protocol with previous ethics clearance, submit the entire document and
highlight the sections that are revised or added. A complete copy of any new measure(s) or

scale(s) must be attached for ethics review.

1

.

The anticipated closing date has been changed to August 3 1 , 2006 to allow further data

collection.

2. Gioia Di Giovanni (B.P.H.E.) has been added as a masters student who will be conducting

some of the research and analyzing data.

3. Phase 2 of the original application (in which physiological measures were cleared by
ethics) and was eliminated with the previous modification has been added back in to the

study.

- these include, height measures, weight measures, circumference measures (chest, waist, and
hips), along with blood draws and percent body fat calculations.
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3. Quantitative Ultrasound (QUS) will be utilized during the second phase of the study, using

the Sunlight Omnisense™ 7000S ultrasound

system

> QUS will provide speed of sound (SOS) scores which reflect several

different characteristics of bone including density, microarchitectural

structure and elasticity

> Bone SOS will be determined at the distal 1/3 of the dominant and

non-dominant radius and the mid-shaft of the dominant and non-

dominant tibia

> This device is portable, relatively inexpensive and radiation free

> QUS fits World Health Organization criteria for Osteoporosis

diagnosis

6. a) Do the revised procedures outiined above require and change(s) to the Informed Letter/Consent

Form currentiy in use and that previously received ethics clearance? [ x ] Yes [ ] No

b) If yes, briefly describe these changes. Attach a copy of the revised Information Letter/Consent

Form and highlight the revised sections.

Changes have been made to reflect the change in protocol (i.e., only 1 visit will be required, and

participants will be asked to fill out several questionnaires only). The title of the project has also been

changed.

SECTION C - SIGNATURES

lAVe respectfully request ethics approval of the modifications/revisions described above. All

modifled

Documents and procedures have been submitted for REB review and approval.

Signature of Principal Investigator Date

Signature of Faculty Supervisor Date

•Office Use Only

The Modification request as described above to an ongoing project involving human participants has
been reviewed and received ethics clearance.

Chair, Research Ethics Board Date
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APPENDIX O: Raw data
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