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Supervisor:  Lynn Rew 

 

The purpose of this study was to examine the calcium intake, physical activity 

levels, estradiol levels and bone densities of the lumbar spine and hip in childhood cancer 

survivors and healthy young adults 18 to 30 years of age. A convenience sample of 48 

adults, including childhood cancer survivors of acute lymphoblastic leukemia (n = 28) 

and healthy friends of the survivor (n = 20), were matched for age and gender (males = 

22; females = 26). The sample was recruited from the Dallas-Fort Worth area. 

Data gathered from participants included: anthropometric data; calcium intake 

(CI) as assessed by the Willett semi-quantitative food frequency questionnaire; level of 

physical activity (PA) based on the Modified Physical Activity Questionnaire; blood 

samples for estradiol; and bone densities (BD) of the lumbar spine L1-4 and 5 regions of 

the proximal femur as measured by dual energy x-ray absorptiometry. CI, PA, estradiol 

levels, body mass index (BMI) and BD were compared by group (survivor and control) 



 ix

and gender using SPSS to perform data analyses using independent samples t-tests and 

analysis of variance. 

Results indicated that female childhood cancer survivors had BMIs that were 

significantly higher statistically than male cancer survivors or controls F (1, 48) = 2.82, p 

= .10. There were no significant differences in calcium intakes by group or gender. PA 

levels were significantly different with an interaction based on group and gender. Male 

controls had higher levels than male survivors and female survivors had higher levels of 

PA than female controls F(1, 48) = 6.70, p = .01. Hip BD in males was significantly 

higher than those in females F (1, 47) = 5.29, p = .03, although there were no statistically 

significant differences by group or gender in spine BD. 

Findings in this study are supported by similar research in childhood cancer 

survivors regarding elevated BMIs and decreased physical activity levels. Bone density in 

young adults regardless of whether they are a childhood cancer survivor or healthy young 

adult remains a priority for further research and development of intervention programs by 

nurses and other health professionals. 
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CHAPTER ONE 
INTRODUCTION 

 
Osteoporosis is a major public health problem for women over the age of 45 and 

they comprise eighty percent of the affected population (Gordon, 2000). Traditionally 

osteoporosis has been considered a disease of women, but is much more common in men 

than previously believed (Kudlacek et al., 2000; Walker, 1999). In fact, if men lived long 

enough, the same trends in bone loss would occur as they do in women (Slemenda et al., 

1992). The mechanism of male osteoporosis appears to be different from that of women; 

however, the etiology remains relatively unclear. With the anticipated increase of aging 

adults (particularly those over 85) in the world population, it is estimated that by 2050 the 

number of hip fractures will increase from 1.7 million in 1990 to 6.3 million yearly 

(Gennari, 2001). 

Despite the numerous advances in treatment options in the elderly, there is still no 

cure. However, recent research suggests that osteoporosis may be a preventable disease 

during the childhood and adolescent years (Magarey et al., 1999a). Nearly half of the 

adult skeletal volume is accounted for by yearly gain in bone mass during adolescence 

(Bonjour et al., 1991). Many young women and men, including those who are survivors 

of childhood cancer, are at increased risk for developing inadequate peak bone mass 

leading to early bone loss and osteoporosis (Oeffinger et al., 2000b). Identification of 

those factors that can lower the risk of osteoporosis most effectively in healthy 

adolescents, young adults, and childhood survivors of cancer will enable nurses to 

intervene at the earliest stage of peak bone development. 
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Background and Significance 

The phenomenon of peak bone mass has received increasing attention in the past 

10 years due to its relevance to osteoporosis in women. Research in the area of peak bone 

mass has developed along two distinct paths: 1) bone development in puberty, its rate and 

time of acquisition and 2) those factors that influence development of peak bone mass. 

Puberty is a critical time in the formation of peak bone mass with a 10 to 12% gain per 

year (Heaney et al., 2000a). Females generally begin puberty around the age of 9 to 10 

years and reach their maximum growth velocity by about 12 years (Emans et al., 1997). 

Progress of growth during adolescence is divided into stages (Marshall & Tanner, 

1969). Breast and pubic hair development are staged beginning with stage 1 

(preadolescent) through stage 5 (mature). In females the growth spurt occurs during 

pubertal stages 2 and 4 when about 37% of the adult skeletal volume is formed 

(Matkovic, 1996). With the cessation of puberty and linear bone growth, adolescent 

females between 14 and 16 years of age continue to gain bone mass as a result of 

consolidation of the skeleton. On average, by the age of 18 years most of the skeletal 

mass (85 to 90%) has been accumulated (Heaney et al., 2000a; Matkovic, 1996). 

In males the growth spurt occurs about 2 years later than in girls during pubertal 

stages 3 and 5. A gender difference appears during puberty as a consequence of this 

prolonged growth period in boys (Theintz et al., 1992), and because of this males 

accumulate more bone, primarily by increased development in the size of the bone 

(Rizzoli et al., 2001). In males bone mass will more than double in the lumbar spine 

during puberty (Bonjour et al., 1991). A longer period of growth in males allows for a 
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higher accumulation of bone mass than in the female. Males achieve the majority of their 

adult bone mass by age 20 (Heaney et al., 2000a). Peak bone mass in both males and 

females is achieved in most parts of the skeleton by the end of the second decade of life 

(Rizzoli et al., 2001). 

There are two types of bony tissue that develop during childhood and 

adolescence: compact bone (cortical) and spongy bone (cancellous or trabecular). 

Approximately 80% of the skeleton is cortical bone, with the remaining 20% made up of 

trabecular bone (Layne & Nelson, 2000). Cortical bone, which is highly organized, solid, 

and extremely strong, is located on the outer surface of bone and is especially prominent 

in the long shafts of the arms and legs. Trabecular bone is more porous, less complex, has 

a spongy appearance, and is located predominately in the vertebrae of the spine 

(Ballabriga, 2000; Layne & Nelson, 2000). During childhood and adolescence, up to the 

acquisition of adult stature, two processes take place simultaneously: the synthesis of new 

bone from growth cartilage (modeling) and remodeling of previously synthesized bone 

(Ballabriga, 2000). 

Bone is a living, growing tissue that has metabolic as well as structural functions 

(Layne & Nelson, 2000). During adolescence, dimensional growth of bone accelerates, 

bone density and thickness increase, and bone deposition exceeds resorption. Modeling is 

the process that occurs only during periods of bone growth (adolescence) as a result of 

periosteal bone formation, endocortical bone resorption, and endochondral ossification 

(Jilka, 2003). During young adulthood (ages 18 to 30 years) bones are no longer growing 

in length and the cycle of resorption and formation drops below the higher levels 



 4

demonstrated in adolescence (Heaney et al., 2000a). Modeling is completed at maturity 

or the time of final acquisition of peak bone mass. 

Healthy bone is maintained through the metabolic process of remodeling, which 

occurs throughout life and is distinct from bone growth. Bone remodeling requires tight 

coordination of focal bone resorption and formation. This is accomplished by assembly 

of osteoclasts and osteoblasts into discrete temporary anatomic structures called basic 

multicellular units (BMUs). A fully developed BMU consists of a group of osteoclasts in 

front, a group of osteoblasts behind, some form of blood supply, and associated 

connective tissue (Jilka, 2003). Osteoclasts are the major resorptive cells of bone. With 

the development of osteoclasts, old bone cells that have signs of age or damage are 

removed (Layne & Nelson, 2000). This resorption process leaves tiny, microscopic holes 

in the bone called lacunae. The life span of the osteoclast is approximately 2 weeks with 

death due to apoptosis (Jilka, 2003). Bone-forming osteoblasts, with a life span of 3 

months, follow behind the osteoclast and refill these spaces with new bone. The entire 

process takes about 4 months in healthy bone (Kalu, 1999) with the lifespan of the BMU 

averaging 6-9 months (Jilka, 2003). The continual replenishment of osteoclasts and 

osteoblasts is necessary for BMU progression to occur. Both modeling and remodeling 

occur during adolescence and young adulthood with the continuation of only remodeling 

after the age of 30 in men and women. 

Calcium makes up the matrix that gives bone its strength and rigidity, its 

structural function. Because 99% of the body’s calcium is found in bone, the need for 

calcium is determined by skeletal requirements (National Institutes of Health, 1994). To 
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meet the high calcium requirement for rapid bone growth, adolescents have higher 

calcium absorption than children or young adults and excrete less in their urine. During 

periods of rapid bone growth, such as adolescence, a positive relationship between 

calcium intake and retention of calcium has been found (Matkovic, 1991). Because of the 

increased need for calcium during adolescence and young adulthood, a new current 

Dietary Reference Intake (DRI) of 1300 mg/day for 9-18 year olds and 1000 mg /day for 

19-50 year olds has been recommended by the Institute of Medicine (Harnack et al., 

1999; Institute of Medicine, 1997). 

Exercise and physical activity are known to provide stimuli that are important for 

the maintenance and improvement of bone health (Layne & Nelson, 2000). Both aerobic 

training and weight lifting have direct impact upon bone tissue and have been shown to 

increase the peak bone mass that is attained in young women and young men (Blimkie et 

al., 1996). There is some suggestion in the literature that resistance training may have a 

more powerful effect in this regard, while aerobic training maintains bone, but does not 

enhance accretion (Kelly, 2000; Layne & Nelson, 2000). Mechanical loading of the 

skeleton during physical activity causes a strain of the bone. This strain becomes an 

osteogenic stimulus if it is greater than the optimum strain determined for that area, thus 

leading to an increase in bone mass (Kun et al., 2001). 

The physiological mechanisms by which mechanical loading affects bone mass 

are not clear, especially the transmission of the signal (bone stress) to the cells 

responsible for remodeling bone. Unlike calcium intake that has a threshold, a level 

above which the skeleton will no longer benefit by producing more bone, physical 
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activity has no such threshold, i.e. the greater the mechanical loading on the bone, the 

higher the mass of that bone (Kun et al., 2001; Layne & Nelson, 2000). The ability of the 

bone to adapt to mechanical loading is much greater during growth, particularly during 

adolescence, than after maturity (Kun et al., 2001). This is directly related to the size and 

force-producing capacity of muscles to which the bone is attached, i.e. tennis players will 

exhibit differential bone mass in their dominant forearm, as well as muscle hypertrophy, 

compared to the nondominant arm (Layne & Nelson, 2000). Extremes of exercise, 

though, can cause significant problems with the development of bone mass in 

adolescence. Excessive exercise, as in elite female athletes, has been shown to lead to 

decreased weight and prolonged episodes of amenorrhea resulting in decreased bone 

mass (Lloyd et al., 1988). The other more common extreme, a sedentary lifestyle, has 

been implicated in bone loss and its associated problems in all age groups (Donaldson et 

al., 1970). 

Extremes in adolescence are common not only with exercise, but with food intake 

and dieting. As young adolescents, particularly females, move into puberty they become 

more body and weight conscious. Studies have demonstrated that with the onset of 

adolescence more females begin to cut back on their intake of milk and dairy products 

(Albertson, Tobelmann, & Marquart, 1997; Moore, Valuck, McDougall, & Fink, 1995; 

Klesges et al., 1999). Given the importance of calcium to bone health and the fact that 

maximum bone growth is taking place, it is of concern that calcium intake in adolescent 

females is one-half to two-thirds the recommended daily allowance, often with 

carbonated beverages replacing dairy products (Albertson et al., 1997; Harnack et al., 
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1999; Wyshak, 2000). The prevalence of women with less than optimal levels of calcium 

in their diet continues throughout adulthood, further increasing their risk for osteoporosis 

(Klesges et al., 1999). Intake of calcium in males is higher overall, but may be 

suboptimal (Nieves et al., 2005). 

The vast majority of studies looking at calcium, physical activity and other risk 

factors associated with peak bone mass have involved healthy females, with relatively 

few including males. There is a paucity of research exploring these and other risk factors 

associated with peak bone mass in chronically ill adolescents or those who develop 

severe generalized illness during periods of bone acquisition, such as survivors of 

childhood cancer. Advancements in the treatment of childhood cancers have resulted in 

increased survival rates for many patients. However, cancer survivors now face long-term 

consequences of treatment with intensive, multimodality therapies (Mulder, 1999; 

Vassilopoulou-Sellin et al., 1999). Research of long-term consequences in survivors of 

childhood cancer is a relatively new phenomenon brought on by the extraordinary 

increase in numbers of survivors (Stevens et al., 1998). It has been well recognized that 

cancer treatments can be associated with significant late effects including psychological 

and physiological changes, i.e. second neoplasms (Vassilopoulou-Sellin et al., 1999), 

endocrine deficiencies (Mulder, 1999), and decreased bone density with an increased risk 

of osteoporosis (Pfeilschifter & Diel, 2000). 

Survivors of childhood cancer (Hesseling et al., 1998; Vassilopoulou-Sellin et al., 

1999) and acute lymphoblastic leukemia (Arikoski et al., 1998; Atkinson, Halton, 

Bradley, Wu, & Barr, 1998; Brennan, Rahim, Adams, Eden, & Shalet, 1999; Hoorweg-
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Nijman et al., 1999; Nysom et al., 1998; Warner, Evans, Webb, Bell, & Gregory, 1999), 

both males and females, have consistently shown reduction of bone mineral density, bone 

mass content, and/or age-adjusted bone mass. Additionally, survivors of childhood 

cancers may have a reduction of peak bone mass due to decreased physical activity 

(Oeffinger et al., 2000b). Survivors of acute lymphoblastic leukemia in childhood have 

decreased activity levels and total daily energy expenditures, particularly females (Black 

et al., 1998). 

This reduction of activity may be related to changes in gross motor skills 

(Matkovic et al., 1994) and reduction in maximal and submaximal exercise capacity 

(Jenney et al., 1995). Decreased activity levels in survivors of childhood cancer 

contribute to the increased frequency of obesity in this population (Warner et al., 1999), 

although as yet no research has examined the effects of the decrease in physical activity 

levels nor whether the development of obesity may be of benefit to the development of 

peak bone mass in these young persons. 

There remains a significant void in the research regarding peak bone mass in 

survivors of childhood cancers, specifically in the areas of calcium intake and level of 

physical activity and their relationship to development of peak bone mass. There also 

remains much more to be learned regarding other risk factors that influence peak bone 

mass and their effect in survivors of childhood cancer and healthy young adults alike. 
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Purpose of the Study 

The purpose of this study was to explore the calcium intake, physical activity 

level, estradiol levels, and spine and hip bone density in young adult survivors of 

childhood cancer and healthy young adults who were 18 to 30 years of age. This study 

was the first step in identifying the risk factors that most impact the development of peak 

bone mass in childhood survivors of cancer, as well as, adding to the data already present, 

regarding healthy young adult males and females. Data pertaining to other risk factors 

was collected, including regularity of menstrual cycles, methods of contraception, 

potential eating disorders, smoking behavior, and alcohol intake in both males and 

females. Evaluating these risk factors in relation to peak bone mass in both populations of 

young adults would allow for comparison with other young men and women from other 

geographic areas, ethnic backgrounds, and with differing forms of cancer treatment. 

Dissemination of the information will raise awareness in health care providers and 

vulnerable young adults regarding unhealthy behaviors leading to decreased bone mass 

and eventually to the development of intervention strategies to prevent or limit future 

problems of osteoporosis. This will enable women and men to lead healthier and more 

active lives as they age and decrease overall health care costs. 

This descriptive exploratory study examined the current intake of calcium during 

the past year, as well as, the current level of physical activity and the relationship each 

has on bone density in young adults aged 18 to 30 years who are survivors of childhood 

cancer compared to healthy young adults. A demographic questionnaire was administered 

to assess medical history, menstrual history, use of tobacco, alcohol, and other 
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medications. The Harvard semiquantitative food frequency questionnaire was utilized to 

evaluate the participant’s intake of calcium historically and in the past year (Willett et al., 

1987). Current physical activity, leisure and occupational activities was assessed utilizing 

the Modifiable Activity Questionnaire with additional questions added to assess sleep 

time and hours of television, computer and video games per day (Kriska et al., 1997). 

Bone mineral density of Ward’s triangle of the trochanter and the lumbar spine was 

determined with dual-energy x-ray absorptiometry (DXA). 

Research Questions 

This dissertation study answered the following research questions: 

1. What is the current intake of calcium in young adults who were survivors 

of childhood cancer and healthy young adult controls? 

2. What is the current level of physical activity for survivors of childhood 

cancer and healthy young adult controls? 

3. What are the current bone densities of the lumbar spine and hip in 

survivors of childhood cancer and healthy young adult controls? 

4. What are the current levels of estradiol in survivors of childhood cancer 

and healthy young adult controls? 

5. What are the differences in the current level of calcium intake between 

males and females? 

6. What are the differences in the current level of calcium intake between 

survivors of childhood cancer and healthy young adult controls? 
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7. What is the relationship of the level of calcium intake to group 

(survivor/control) and gender? 

8. What are the differences in the level of physical activity between males 

and females? 

9. What are the differences in the level of physical activity between survivors 

of childhood cancer and healthy young adult controls? 

10. What is the relationship of the level of physical activity to group and 

gender? 

11. What are the differences in the bone densities of the hip and lumbar spine 

of males and females? 

12. What are the differences in the bone densities of the hip and lumbar spine 

of survivors of childhood cancer and healthy young adult controls? 

13. What is the relationship of lumbar spine and hip bone densities to group 

and gender? 

14. What are the differences in estradiol levels between males and females? 

15. What are the differences in estradiol levels between survivors of childhood 

cancer and healthy young adult controls? 

16. What is the relationship of estradiol levels to group and gender? 

Conceptual Framework 

Integrative theory is a new concept in the health sciences, particularly nursing. 

Over the years, nursing has advocated the need for a distinctive knowledge base 
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perpetuating the separateness of nursing from other disciplines (Phillips, 1996). This 

fragmentation is particularly evident in the area of osteoporosis. Emerging health care 

problems, such as osteoporosis, have become more global, complex, and ill-defined, 

requiring far-reaching but effective solutions (Bruhn, 1995). Traditional means of 

resolving these problems utilizing rigid modes of thinking and methods of inquiry will no 

longer be successful. Rose (1986) points out that “we continue to apply disciplined 

research approaches to undisciplined problems” (p. 332). 

When dealing with “undisciplined problems” nursing has often looked to other 

disciplines to borrow, share, or derive theory. Use of a single theory is a frequent 

occurrence in nursing research and in other disciplines. This specialization promotes 

security in knowing more than others do and being able to claim that a specific body of 

knowledge belongs to that discipline (Engleberg, 1995). Specialization provides a sense 

of security that may make some researchers reluctant to venture beyond the boundaries of 

isolated, well-demarcated problems and areas of concern. This reductionistic form of 

research and theory development is necessary and an important means of acquiring 

specialized knowledge, but may not be adequate when attempting to gain knowledge 

about a more inclusive and holistic model of health care (Engleberg, 1995). 

Nursing views the care of the person holistically. Holism is “the philosophy or 

approach to the care of others that facilitates the integration, harmony, and balance of 

body, mind, and spirit” (Johnson, 1990). To achieve this comprehensive goal requires 

exploration of an integrative approach. Integrative theory enables the researcher to study 

and understand human phenomena more fully by stepping across existing knowledge 
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boundaries into other disciplines. Cross-disciplinary inquiry and development of 

synthesized theories would allow researchers to study and understand phenomena of 

interest more fully (Walker, 1999). Nursing is in a unique position to contribute to this 

integrative process within health care and specifically in the prevention of osteoporosis. 

Integration refers to bringing two or more ideas that normally reside in distant 

realms into relation with one another (Engleberg, 1995). Integrative science includes 

“cross-disciplinary inquiry and development of synthesizing theories” to investigate an 

area of interest thoroughly (Walker, 1999, p. 96). As osteoporosis is viewed today, an 

integrative theory would likely bring together phenomena relevant to women based on 

the immense amount of research on osteoporosis and women’s increased risk for 

developing osteoporosis. An integrative theory of osteoporosis as it would look with 

existing knowledge “requires a knowledge base that connects important dimensions of 

women’s health needs…(and) forms a basis of a comprehensive framework of health 

assessment and health maintenance in caring for women across the life span” (Walker & 

Tinkle, 1996). Two dimensions form the basis of integrative theory: 1) incorporating the 

extant of the sciences that study women’s health issues, such as physiology, nutrition, 

psychology, sociology, environmental science, women’s/gender studies, nursing and 

medicine to create a complete picture of the woman; and 2) incorporating linkages 

between those life stages, focusing on health promotion, disease prevention, and 

management of chronic disease (Walker & Tinkle, 1996). Integrative theory is likely to 

change our way of thinking about and studying a problem because of its broader, more 
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far-reaching focus, but we may be limiting the scope of the problem by limiting this 

theory only to women. 

An integrative approach is particularly appropriate to a discussion of osteoporosis 

and must include men as well as women. Men reach the same age-adjusted incidence of 

hip fracture as women 5 to 10 years later. This delay in bone loss is due to the 

development in men of higher peak bone mass and bones of larger size during 

adolescence (Rizzoli et al., 2001). As the life expectancy of males increases it is likely 

that we will begin to see increased numbers of vertebral and hip fractures. Higher 

mortality rates are observed in males with major types of orthopedic fractures and longer 

hospital stays with a lower likelihood of returning to independent living conditions after 

the fracture (Schurch et al., 1996). A comprehensive framework for osteoporosis views 

the entire life span of the adult as important to the development and maintenance of bone 

density. Critical developmental periods, such as adolescence and menopause in women 

and men who are older than 60 years of age, where development, lack of development or 

maintenance of bone at these times place that person at greater risk for osteoporosis. With 

increased emphasis on prevention, research in the area of the development of peak bone 

mass (PBM) in adolescents and women has far surpassed the meager amounts of research 

in males. It is out of this integrative approach that the author has created a conceptual 

model for PBM that incorporates the research from a variety of disciplines that have 

conducted studies of various aspects of PBM in young women and men. 
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Figure 1  Conceptual Model for Peak Bone Mass 
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Figure 1, seeks to simplify and categorize these factors that influence PBM either as bone 

health risk factors or as protective factors.  

Bone Health Risk Factors 

Bone health risk factors include variables that are influential to the development 

of PBM at a population and/or individual level (Figure 2). Gender, ethnicity, and genetics 

are determined prior to birth, thus rendering these variables essentially unmodifiable. The 

remainder of the risk factors can potentially be modified with appropriate interventions. 

The variable listed under bone health risk factors may be classified as mediators, 

moderators or possibly both (Bennett, 2000; Kim et al., 2001; Lindley & Walker, 1993). 

Baron and Kenny (1986) introduced the terms mediator/moderator to describe the action 

a variable has on an outcome variable, i.e. PBM. A mediator is a variable that identifies 

how the association occurs between an independent variable and an outcome variable. A 

moderator interacts with the independent variable so that the independent variables 

association on the outcome varies based on the different levels of the moderator variable 

(Bennett, 2000). Testing of these variables in a conceptual model of PBM as mediators or 

moderators has not been performed prior to this study. One of the purposes of this 

research was to test the conceptual model and further delineate the role each variable has 

in the development of PBM. Bennett (2000) asserts that the definitional difference 

between both mediator and moderator is important, but may not always be obvious at 

first glance reinforcing the need to determine these relationships.  
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Much of what is currently known about bone health risk factors is a compilation 

of research from the disciplines of nutrition, kinesiology, physiology, and medicine 

looking at PBM from a physiological perspective. A true integrative theory includes both 

physical and social variables; however, social variables pertaining to PBM have rarely 

been discussed much less researched. 

Social risk factors, such as socioeconomic status (SES), level of knowledge 

regarding positive health behaviors, or the effect access to care has on the outcome of 

PBM have been included as bone health risk factors in the conceptual model (Figure 2). 

These factors, whether moderating or mediating, have had little attention in the research 

literature. It is likely that research of the psychosocial aspects involved in the 

development of peak bone mass have been limited because the exploratory, reductionistic 

research is still in progress. A second reason that research has been limited is that social 

variables are often far more complex, interrelated and their effects difficult to confirm 

(Sobal, 1991), and indeed, may modify the effects of the physical variables. Further 

research to validate this assumption is necessary.  

Protective Factors 

The protective factors in the proposed conceptual framework may have either a 

positive or a negative effect on the development of PBM and potentially mediate the 

effects of the bone health risk factors. Protective factors are those variables that research 

has demonstrated that if present in appropriate prescribed quantities significantly enhance 

PBM. The effects of the each protective variable may be singular in nature or have an 
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additive effect on one another if all are present. These are also the variables that health 

care providers and young adults may alter in terms of changing behaviors or health care 

management to improve the outcome of PBM through primary prevention strategies. A 

detailed review of each of the components within the categories of bone health risk and 

protective factors is presented in Chapter 2. 

Research Tradition: Feminist/Gender Perspective 

Another aspect that requires consideration with the research of PBM in young 

women and men is the incorporation of a feminist viewpoint. Osteoporosis has long been 

a health problem of women that had gone unnoticed for years. Feminists have demanded 

that more research include women and focus on women’s health problems. With 

continued persistence, osteoporosis has become a highly researched women’s health 

phenomenon. It seems appropriate to include a feminist/gender perspective with new data 

indicating the increased risk that males encounter with age. Male osteoporosis likely has 

been a problem for many years and that a form of reverse discrimination may have 

limited research on male osteoporosis due to the emphasis placed on the much larger 

problem of osteoporosis in women. PBM is important to both males and females in 

young adulthood. 

Feminism is a term that is difficult to define. Hall and Stevens (1991) have 

identified three basic principles that are included in the term: 1) “a valuing of women and 

a validation of women’s experiences, ideas, and needs; 2) a recognition of the existence 

of ideologic, structural, and interpersonal conditions that oppress women; and 3) a desire 
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to bring about social change of oppressive constraints through criticism and political 

action” (p. 17). The study of women is not new, although studying them from the 

perspective of their own experiences, as they understand themselves and the world, is 

quite unique (Allen, 1994). Feminist scholarship endeavors not only to describe and 

interpret phenomena of women’s lives whatever age they are, but also to raise 

consciousness and bring about changes in interest accorded to the women studied (Hall & 

Stevens, 1991). 

Feminists view health and physical expression as central to women’s increasing 

freedom from patriarchal beliefs of our society. Traditionally, women have been viewed 

as “other”, whereby the male body is the norm and the female body is, therefore, the 

deviation. Hence, the healthy, but uniquely female functions of menstruation, pregnancy, 

childbirth, and menopause easily become viewed as diseases or potential disorders 

requiring treatment (MacPherson, 1981; Vertinsky, 1989). As women seek more 

knowledge about their health, viewpoints other than traditional patriarchal discourses will 

be an ever-larger part of that knowledge base. 

Many women’s studies programs have begun to broaden their perspective and 

include the study of gender, with the understanding that it is not only women that have 

been viewed as “other”. This applies particularly to the study of osteoporosis and peak 

bone density in relation to males. A gender bias is possible in the diagnosis of 

osteoporosis in males because health care providers often are not looking for it and many 

men refuse to believe that they have a “woman’s disease’ (Sawka et al., 2003). The vast 

majority of research has and continues to focus on women and the prevention and 
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management of decreased bone density. Males of all ages need to be included in the 

research and prevention strategies due to increasing life spans of all adults. 

The final goal for incorporating a feminist point of view is to provide women and 

men with explanations that they want and need about phenomena that affect their lives 

(Hall & Stevens, 1991). It is for this reason that a feminist and gender perspective as a 

research foundation must be incorporated into what was once considered only a women’s 

health issue, peak bone mass. 

In summary, a conceptual model of peak bone mass for young adults must begin 

to integrate other disciplines that share an interest and concern. An integrative model will 

provide a linking of existing knowledge. There are currently multiple avenues of research 

in PBM including nutrition, physiology, kinesiology, nursing, and medicine. There is an 

essential knowledge of PBM already existing within each discipline, that when 

combined, will form “a common core” of knowledge that is essential to understanding the 

development of peak bone mass in young women and men (Walker, 1999). By drawing 

on all relevant knowledge of PBM and placing it into a feminist/gender framework of 

research, development of a comprehensive model will take us to a new level of 

integrative thought. 

Additionally, an integrative model will allow diverse disciplines to communicate 

with one another. This will enable both males and females to be better served by a more 

thorough definition of the issue (Walker, 1999). Integrative thought will allow for the 

creation of a model of care that will provide a high level of consistent care to young 
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adults across all disciplines. This will include a consistent knowledge base with which to 

educate health care professionals and those who may be affected. 

This conceptual model is not a static model, but one that will change and become 

more meaningful to the health care community as researchers further elucidate and clarify 

factors determining PBM and their interrelationships. Ensuring that all women and men 

have strong bones throughout their life is not a luxury, but a need. This need must be met 

as early in life as possible through the development of an integrated strategy suited to the 

specific population. 

Definitions 

Peak bone mass is the highest level of bone mass achieved as a result of normal 

growth during adolescence. Maximum peak bone mass is generally thought to be 

achieved by the age of 16 to 18 years of age in certain types of bone in females 

(Matkovic, 1996) and in males by the age 20 (Rizzoli et al., 2001). It is believed 

that both women and men continue to gain bone mass through the second and 

third decade of life (Teegarden et al., 1995). Peak bone mass can be determined 

by a number of different methods, but for the current study dual energy x-ray 

absorptiometry will be used. 

Bone mineral density (BMD) is the ratio between the amount of mineral measured in 

the bone and the projected area. By combining measurements at various sites, the 

bone density in cortical as well as trabecular bone can be evaluated (van der Sluis 

& de Muinck Keizer-Schrama, 2001). Bone density is expressed in grams per 
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centimeter squared and is used to determine actual changes in bone density 

(Richmond, 2003). 

Dual energy x-ray absorptiometry (DXA) is the most widely used technique for bone 

mass measurement. An x-ray tube is the source of photons. Bone mineral 

measurements by DXA rely on the absorption of energy that occurs as the beam 

of x-ray photons scan across the region of interest (Gilsanz, 1999). DXA has a 

low radiation dose and significant precision and accuracy. 

T-score is the number of standard deviations above or below the mean value for 

young adult reference data (considered to represent peak bone mass). The score 

compares the patient’s bone mineral density with the mean value in young adult 

white women, although male databases are no available on a limited basis. T-

scores are calculated for a peak bone mass that occurs between the ages of 20 and 

30 years; therefore they have little relevance in patients below that age 

(Richmond, 2003). 

Z-score is the number of standard deviations below the mean for an age-matched 

population. The Z-score compares the patient’s bone mineral density with the 

mean value in a population of similar age, sex, and height. This information is 

useful in determining the likelihood of secondary osteoporosis due to causes such 

as primary or secondary metabolic bone disease (Richmond, 2003). 

Osteopenia is considered to be a BMD of the hip, spine, or distal forearm that is ≥ –1 

and ≤ –2.5 standard deviations (SD orT-score) below the normal mean in adult 

women (Lindsay & Meunier, 1998). 
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Osteopenia in children is a condition characterized by low bone mass for age, or more 

specifically for skeletal age and stage of sexual maturation. Osteopenia could be 

defined as a condition in which the BMD Z-score lies between –1 and –2 SD 

below the mean value of age- and sex-matched healthy participants (Saggese et 

al., 2001). 

Osteoporosis is “a disease characterized by low bone mass and micro-architectural 

deterioration of bone tissue leading to enhanced bone fragility and a consequent 

increase in fracture risk” (Lindsay & Meunier, 1998). The bone mineral content or 

BMD is 2.5 SD or more (T-score ≤2.5) below the mean of healthy young adult 

women (van der Sluis & de Muinck Keizer-Schrama, 2001). 

Osteoporosis in children could be defined as a condition in which BMD is 2 SD or 

more below the mean value of age- and sex-matched healthy participants (z-score 

< -2) (Saggese et al., 2001). 

Physical activity is defined as any bodily movement produced by the contraction of 

skeletal muscle that increases energy expenditure above the basal level 

(Caspersen et al., 1985).Physical activity will be expressed as MET hours per day. 

Leisure physical activity is often assumed to be the best representation of physical 

activity of a population. These are activities that require energy expenditure above 

that of daily living, including sports, recreation or other physical activity. Levels 

of leisure activity have been further defined on the Modified Physical Activity 

Questionnaire as follows: 
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a. Vigorous activity refers to any activity in which 10 kcal/min or 5 to 10 

METs of energy are utilized, e.g. strenuous sports, jogging, aerobic 

dancing, sustained swimming, brisk walking. 

b. Moderate activity refers to any activity in which > 2.5 METs but ≤ 5 

METs are utilized, e.g., housework, light sports, regular walking, painting, 

etc. 

c. Light activity refers to activity in which > 1 MET and ≤ 2.5 METs or 5 

kcal/min of energy are utilized, e.g., office work, driving car, strolling, 

standing with little motion. 

d. Sitting activity involves the use of 1 MET or approximately 1 kcal/kg/h. 

e. Sleeping or reclining involves the use of 1 MET or approximately 1 

kcal/kg/h. 

MET stands for metabolic equivalent. One MET represents the metabolic rate of an 

individual at rest and is set at 3.5 ml of oxygen consumed per kilogram body mass per 

minute, or approximately 1 kcal/kg/h, e.g. 10 METs of activity participation would 

require 10 times the resting metabolic rate (Kriska et al., 1997). 

Survivors of childhood cancer are young adults between the ages of 18 and 30 years of 

age who attend or have attended the After the Care Experience (ACE) clinic at The 

University of Texas Southwestern Medical Center (UTSMC) following treatment for 

acute lymphoblastic leukemia. They must be at least 24 months post-treatment. 
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Current calcium intake is the estimated calcium intake of the participant over the 

previous 12 months. Amount of calcium consumed is determined from the Willett 

food frequency questionnaire and is calculated in milligrams/day. 

Estradiol level. Estradiol or E2 as it is commonly referred to in the literature, is the 

hormone that has been determined to play the most significant role in the 

development of bone in both males and females. In females it is produced in the 

ovary and in males a small amount is converted (aromatized) from testosterone into 

estrogen (Frank, 2003; Riggs et al., 1998). 

Body mass index (BMI) is an index of a person’s weight in relation to height, determined 

by dividing the weight (in kilograms) by the square of the height (in meters) (Whitney 

et al., 1998) 

Micronutrient intake includes those vitamins and minerals other than calcium that are 

required for bone development, e.g., manganese, vitamin D, magnesium. 

Assumptions 

The major assumptions of the study are as follows: 

1. The participants will respond honestly to the questionnaire items. 

2. The participants will be able to accurately recall and record their physical 

activities and level of intensity, and historical and current calcium intake. 

3. Each survivor of childhood cancer will have a female friend or sibling that is of 

similar age that will make up the comparison group. 
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4. Some participants may be lactose intolerant, but will consume calcium in other 

food products or as a supplement. 

Limitations 

The limitations of the study include the following: 

1. The nonrandom convenience sample may not be representative of the population. 

2. The participants may not recall or record their physical activities or calcium intake 

with accuracy. 

3. The participants may misunderstand questionnaire items. 

4. Participants may be unable to have an accurate bone densitometry completed. 

Relevance to Nursing/Summary 

Peak bone mass, which is achieved in late adolescence, is a main determinant of 

osteoporosis in adulthood. Initiatives were developed in Healthy People 2010 (U.S. 

Department of Health and Human Services, 2000) to increase to 75% the proportion of 

youth ages 12 through 24 years who meet dietary recommendations for calcium including 

food sources, dietary supplements, and antacids. Research to identify other key factors in 

the acquisition of peak bone mass to prevent osteoporosis in future generations of women 

and men is of utmost importance. 

This chapter provided an introduction to the study looking at peak bone mass in 

healthy young adults and survivors of childhood cancer. Chapter 1 introduced the 

problem, purpose, significance, conceptual framework, and research foundation 
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underlying the proposed study, as well as discussing definitions, assumptions, and 

limitations. The research perspective underlying this study will be explored in Chapter 2. 
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CHAPTER TWO 

REVIEW OF LITERATURE 

This chapter presents a review of the relevant literature pertaining to the factors 

impacting the development of peak bone mass (PBM) in young adults who are survivors 

of childhood cancer and those who have not had cancer or other chronic illness. Studies 

of PBM in healthy adolescents and young women have increased exponentially over the 

past five years. This research has identified numerous factors that affect the development 

of peak bone mass in healthy young women and to a lesser extent in males, with 

considerable emphasis placed on adequate calcium intake and physical activity during the 

prepubertal and adolescent period. The same is not true regarding PBM in adolescent or 

young adult survivors of childhood cancer. 

There has been a paucity of research looking at PBM in survivors of childhood 

cancer and only recently have researchers recognized the long-term impact cancer 

treatments have on the bone health of survivors of childhood cancer. Studies in survivors 

have demonstrated a reduction of bone mineral density in adolescents and young adults 

increasing their risk of early osteoporosis (Nysom et al., 1998; Warner et al., 1999). 

Additionally, there are no studies that have looked at the impact of calcium intake and 

physical activity and their effect on PBM in survivors of childhood cancer compared to a 

healthy group of young adults. 

The intent of this chapter is to review the process of acquisition of peak bone 

mass in adolescents and young adults and the importance it has in the prevention of 

osteoporosis in aging women and men. Following will be a discussion of childhood 
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cancers, particularly those that will be included in this study and the types of cancer 

treatments most commonly used to arrest the progression of the disease and the effects 

these medications have on bone development. Finally, risk factors affecting peak bone 

mass are reviewed and relevant studies discussed that pertain to healthy young adults and 

survivors of childhood cancer. Since there is a growing amount of literature on male 

osteoporosis the causes of male osteoporosis and how it differs from female osteoporosis 

will be discussed briefly. 

Peak Bone Mass 

Peak bone mass (PBM) has received increased attention in the past five years due 

to its relevance to osteoporosis in menopausal women. Puberty is a critical time in the 

formation of PBM, which is the highest level of bone achieved as a result of normal 

growth (Matkovic et al., 1990). With a steadily increasing population of young persons in 

the United States growing at nearly twice the rate of the overall population, the numbers 

are expected to top the teen explosion of the 1960s and 1970s with a total of 30.8 million 

teens by 2015 (U.S.Census Bureau, 2001). With increasing numbers of adolescents over 

the next two decades, attention to preventive health care practices could significantly 

impact health care outcomes of these youth as they age, particularly with their bone 

health, PBM, and osteoporosis. 

Gains in bone mass are most rapid during adolescence with 25% of PBM acquired 

in the two year period of maximum growth or peak height velocity (Bachrach, 2001). In 

girls, the most change in bone mass occurs in the 12 months before and after menarche 
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(et al., 1999b) or between 11 to 14 years of age (Theintz et al., 1992). Total skeletal 

calcium increases from approximately 25 g at birth to approximately 1000 g in adult 

females with these enormous gains achieved through bone growth, modeling and 

remodeling, which proceed at differing rates at various skeletal sites (Heaney, 2000b). In 

both males and females bone mineral gains parallel skeletal growth during most of 

puberty, but lag behind peak height velocity by 6 to 12 months. Growth of the bone 

progresses from increased bone width, then mineral content, and finally bone density (et 

al., 1999b) At the time of peak height velocity males and females have reached 90% of 

their adult stature, but have acquired only 57% of their total bone mineral content (BMC) 

with increased risk of fracture due to this under mineralization (Bachrach, 2001). Bone 

mineral accrual continues after linear growth is complete, but the timing of peak bone 

mass remains debatable. 

Estimates of acquisition of PBM range from 18 years (Badell & Welner, 1995) 

through the third decade of life (Recker et al., 1992). At least 90% of PBM is acquired by 

age 18 in females(Bonjour et al., 1991; Matkovic, 1996; Theintz et al., 1992) and by age 

20 in males (Rizzoli et al., 2001), although gains in bone mineral density of 5 to 12% 

have been observed into the third decade (Recker et al., 1992). A more recent study of 

Australian girls indicated that girls attained 93% of the reference adult bone mineral 

content and 94% of volumetric density by age 17 (Magarey et al., 1999a). The timing of 

peak bone mass also varies by skeletal site. Women achieve peak bone mass before men 

at all sites. Peak hip BMD in women is achieved in late adolescence and peak lumbar 

spine and total body BMD near age 20 (Zanchetta et al., 1995). Regardless of the timing 
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of PBM, it is apparent that the preponderance of bone growth and mineralization occurs 

in the critical adolescent years. 

Peak bone mass and its progressive loss throughout adulthood is thought to 

increase the risk of osteoporotic fracture in later life (Lloyd & Taylor, 2001). The 

skeleton is viewed as a reservoir of bone material suggesting that persons with an 

increased reserve of bone early in life can afford to lose more and, thus, should be at a 

reduced risk of osteoporotic fracture in old age. Cross-sectional studies indicate that peak 

bone mass is controlled predominantly by genetics, hormonal status, body weight, 

physical activity, and diet making up the remainder of the variance (Rubin et al., 1999; 

Russell-Aulet, Wang, Thornton, Coll, & Person, 1993; Young et al., 1995). Even with the 

continuing update of information on peak bone mass, our understanding of its 

development remains rudimentary (Lloyd & Taylor, 2001), but peak bone mass acquired 

in adolescence is a key determinant of adult skeletal health and future risk of osteoporosis 

(Bachrach, 2000). Numerous factors have been identified that can impact the 

development of PBM in healthy young adults, but there is limited information on the 

effect these same factors have on young adults who have survived childhood cancer. 

Survivors of Childhood Cancer 

Childhood cancer. Cancer is the leading cause of death by disease among children 

in the United States (U.S.) under age 15. Among the twelve major types of childhood 

cancers, leukemias, brain and other central nervous system tumors account for over one-

half of all new cases (National Cancer Institute, 1999).The most common leukemia and 
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the most common childhood cancer is acute lymphoblastic leukemia (ALL), accounting 

for almost one-fourth of childhood cancers (Oeffinger et al., 2000a). Less common solid 

tumors in childhood are neuroblastoma, Wilm's tumor, and rhabdomyosarcoma (National 

Cancer Institute, 1999). With improvements in therapy over the last 20 years, there is 

now an overall survival rate of 74 to 80% in children (Oeffinger, 2000). 

Advancements in the treatment of childhood cancers have resulted in improved 

survival rates for many patients. However, cancer survivors now face long-term 

consequences of treatment with intensive, multimodality therapies (Mulder, 1999; 

Vassilopoulou-Sellin et al., 1999). With increasing rates of survival has come a growing 

awareness of the long-term effects of cancer therapy. Late effects of therapy for 

childhood cancer consist of both psychological and physiological changes including 

increased mortality, second neoplasms (Vassilopoulou-Sellin et al., 1999), serious organ 

toxicities, endocrine deficiencies (Mulder, 1999), and decreased bone density with an 

increased risk of osteoporosis (Pfeilschifter & Diel, 2000). It is likely that with the 

increased use of more aggressive therapies, such as autologous bone marrow transplants, 

more young adults will develop premature gonadal failure further increasing the 

survivor’s risk for cardiovascular disease and osteoporosis (Mulder, 1999). 

The improved outcome of patients is in part due to the antineoplastic efficacy of 

multimodality therapies, which often combine surgery, chemotherapy, and irradiation 

(Vassilopoulou-Sellin et al., 1999). Radiation therapy and certain chemotherapeutic 

agents have profound effects on bone metabolism, directly, and indirectly, through 

disruption of pituitary function affecting bone growth, endocrine function affecting 
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estrogen levels, nutrition, and physical activity. These effects will be discussed more 

fully with specific PBM risk factors. 

Factors Affecting Peak Bone Mass 

In the previous discussion of the development of a conceptual model of factors 

affecting PBM in Chapter One, categories of factors were created to organize and 

simplify the numerous factors that have been researched (Figure 2). These categories 

included bone health risk factors and protective factors. Each category and the factors 

included within each will be discussed in depth in this section. The discussion will be a 

synthesis of the literature for healthy young women and men comparing it with relevant 

research in survivors of childhood cancer. Many of these factors will affect healthy young 

adults and survivors in a similar manner as will be noted throughout this discussion. 

Bone Health Risk Factors 

Development of peak bone mass (PBM) is the goal during the key developmental 

years of adolescence and young adulthood. Factors including genetics, gender and 

ethnicity are determined prior to birth limiting the effect that health care providers can 

have. Other factors that or behaviors that not pre-determined include access to care, 

knowledge of health concerns and prevention, weight, medications, pregnancy/lactation, 

smoking and alcohol intake. All have been shown to effect bone health in various ways; 

therefore, awareness of these risk factors must remain high when assessing the 

adolescent. These variables are referred to as bone health risk factors. 
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Gender 

Gender has been shown to influence PBM and contribute to the risk of 

osteoporosis in later life. Adolescent males tend to display higher bone mineral content 

(BMC) and bone mineral density (BMD) for the whole body and femoral neck compared 

with females (Matkovic et al., 1990). Adult data reinforces this concept with 80% of 

those Americans with osteoporosis or low bone mass being female (Lloyd et al., 1988). 

Males maintain a stable BMD during middle age and then experience acceleration in the 

rate of bone loss as they age. If men live long enough the same trends occur as they do in 

women. The increase in fracture rates in men begins about 10 years later than in women, 

and men are not as prone to fractures of the long bones as women, e.g. Colles or forearm 

fracture (Kamel, 2005). 

Race/Ethnicity 

Race is also a determinant of bone density. Research in adolescents indicates that 

bone density is higher in Black females than in Whites, with Hispanic and Asian youth 

having comparable bone mass to whites (Bell et al., 1991; Matkovic et al., 1990). Spinal 

density in Black girls increased by 34% during puberty, whereas in White girls the 

increase was only 11% (Gilsanz et al., 1991). A study in the Netherlands indicated that 

Asian females had lower total body bone mass density (BMD) than Black or White girls, 

who had similar BMD (Boot et al., 1997). Research findings in adolescents remain 

somewhat inconsistent, but genetic factors remain an exceedingly important risk. 
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Family History and Genetics 

Bone mass is genetically controlled, with approximately 80% of total bone mass 

attributed to genetic predetermination (Matkovic & Ilich, 1993; Valimaki, Karkkainen, 

Lamberg-Allardt, & Laitinen, 1994). Research has indicated that peak bone size, mass 

and density in young adults are influenced by genetic transmission of information from 

both their mothers and fathers (Matkovic et al., 1990). Bone mineral density (BMD) is 

lower in daughters of osteoporotic mothers than in women without such a family history 

(Seeman, 1999). Data demonstrating that children develop a bone mass that is the 

average of their parents’ bone masses confirms the clinical observation that osteoporosis 

(a BMD value more than 2.5 SD below the young adult mean value) and osteopenia (a 

BMD value that lies between 1 and 2.5 SD below the young adult mean) are commonly 

seen in sons and daughters of osteoporotic parents (Lonzer et al., 1996). 

It is likely that osteoporosis is a polygenic disorder, not a single-gene dominant 

disorder like cystic fibrosis. Polymorphisms in genes encoding the vitamin D receptor 

(VDR), the estrogen receptor, insulin-like growth factor (IGF), type I collagen, 

transforming growth factor β and interleukin 6 are among the most extensively studied 

(Bachrach, 2001). It is likely that multiple genes may interact with each other and with 

environmental factors to produce the disease (Adams, 1999). Another avenue of research 

involves the genetics of bone accrual, which has been studied to a lesser extent, but most 

likely has a greater influence in adolescent females. 

Genetic studies in older adults are more numerous than those in young people 

despite the likelihood that genetic influences have a greater effect on bone mineral 
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acquisition than loss (Eisman, 1999; Seeman, 1999). In a study of 7 to 18-year-old 

females, Ferrari et al., (1998) found that polymorphisms in the vitamin D receptor gene 

were associated with lower BMD of the spine in prepubertal and adolescent girls, but not 

in premenopausal adult women. Other researchers have had similar results with an 

additional gene, collagen type I, found to explain some variability in spine BMD (Sainz 

et al., 1997), while others have found no relationship (Gunnes, 1997). These conflicting 

results suggest that longitudinal studies in larger cohorts of young women and men would 

be helpful in determining the gene(s) responsible for modulating bone mineral accrual. 

Access to Care 

Access to healthcare service is a dynamic interaction between a particular 

population and the environment in which the health care system resides (Andersen et al., 

1997). Access to healthcare services may be a substantial problem for many adolescents 

and young adults. Financial barriers such as the lack of insurance or Medicaid benefits 

that are largely limited to pregnancy-related services interfere with many young adult’s 

access to care (Grayson et al., 1999). For young adults, access is influenced not only by 

financial barriers but also by lack of knowledge, language, and cultural sensitivity (Rew, 

1998). Continued focus of the health system on curative care and insufficient attention to 

primary prevention, early detection and prevention of diseases in adolescents has created 

additional barriers to care (Khalifa, 1999). 
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Knowledge 

Lack of knowledge on the part of adolescents affects not only access to 

appropriate healthcare services, but also eating habits. Food habits begun in childhood are 

finalized in adolescence and provide the framework for one’s nutritional status as an 

adult. Lack of knowledge about daily requirements and dietary sources have been 

identified as factors affecting adequate calcium intake (Harel et al., 1998). Research 

regarding the potential effects of socioeconomic status, access to care and lack of 

knowledge of PBM in adolescents must further clarify how these factors interact with 

other risk factors to influence the outcome of PBM in adolescent women. This variable 

will not be included in this research study, but will be studied by this researcher in the 

future. 

Weight/Body Mass Index 

Body weight is an important determinant in bone mass in adolescents, and is 

thought to be due to increased skeletal loading from increased body mass. Lean and fat 

mass, two major components of body weight, were found to correlate with gain in total 

body bone mass density (TBBMD) in adolescents, although the gain in lean mass showed 

the strongest relationship to TBBMD. Lean mass alone was related to gain in total body 

bone mineral content (Cadogan et al., 1998). 

Reduction of body mass predisposes girls and women to osteoporosis. This has 

been observed in patients with anorexia nervosa. Teenage girls with anorexia nervosa, 

amenorrhea, and low estrogen levels do not develop PBM as do normal adolescents 
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(Cadogan et al., 1998; Powers, 1999). Patients with chronic anorexia nervosa have a 7-

fold increased incidence of fractures and often develop early osteoporosis (~ 50%) 

(Gordon et al., 1999). The bone loss that occurs during the active phase of anorexia 

nervosa is not completely reversed even after weight has been gained (Powers, 1999). 

Adolescents with bulimia or other eating disorders may also be at risk of osteoporosis, 

since one-third of patients with bulimia have a history of anorexia (Powers, 1999). 

At the other extreme, obesity with a sedentary lifestyle contributes to an 

increasingly overweight adolescent population (Beech et al., 1999). Many of these 

individuals diet frequently and aggressively in pursuit of a thin ideal, which may prevent 

optimal or peak bone formation and substantially increase the later risk of developing 

osteoporosis. Short-term fasting for 4 days in a group of dieting obese women with an 

average age of 39 +/- 9 years resulted in a 50% reduction in bone formation rates 

(Andersen et al., 1997). A study of long-term weight loss in healthy premenopausal 

women by Salamone et al., (1999) found that the intervention group who altered their 

lifestyle to lose weight had a higher rate of BMD loss at the hip and lumbar spine than 

did the weight-stable control group. Persons at greatest risk for possible adverse effects of 

dieting on bone mass are adolescent girls and young women of near-normal weight or 

slightly overweight, through their consumption of suboptimal diets low in calcium and 

other essential vitamins and minerals (Andersen et al., 1997). 

Recent studies have shown an increased incidence and prevalence of obesity in 

acute lymphoblastic leukemia (ALL) survivors (Didi et al., 1995; Van Dongen-Melman 

et al., 1995). Early studies suggested that the resulting obesity was secondary to 
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chemotherapy, with 38% to 57% of the survivors having a body mass index (BMI) 

greater than two standard deviations above the norm. More recent studies indicate that 

treatment with high doses of prednisone or dexamethasone may contribute to obesity 

(Warner et al., 1998), while others have found no association of chemotherapy with 

obesity in cancer survivors, including ALL and other cancers (Nysom et al., 1998). 

Reduced physical activity may also contribute to obesity in ALL survivors due to 

reduced exercise capacity possibly as a result of subclinical restrictive pulmonary disease 

from cyclophosphamide and craniospinal irradiation (Oeffinger et al., 2003). Intake of 

calcium and other vitamins and minerals important to bone formation, dieting patterns 

and prevalence of eating disorders in cancer survivors requires further research. 

Medications 

Contraceptive medication. Hormonal contraceptives, specifically Depo Provera 

(DMPA) were found to affect bone density in women of all ages. DMPA is a progestin-

only contraceptive that suppresses FSH and LH and concomitantly ovarian production of 

estradiol and estrone (Cundy et al., 1991). Studies done in the early 1990s indicated that 

women from 21 to 51 years of age, who had used DMPA for two years or more, had 

significantly reduced bone density in the lumbar spine and the femoral neck compared to 

a control group (Cundy et al., 1991). Later studies by (Cundy et al., 1998) demonstrated 

that bone density returned to near normal levels with discontinuation of DMPA. 

Today more young women are choosing DMPA as a method of contraception 

than in the past. Teens using DMPA were more likely to have been pregnant and were 
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more likely to report a history of genital infection with chlamydia as compared to oral 

contraceptive users (Smith et al., 1995). Many of these young women are involved in 

high-risk sexual behavior and other health-risk behaviors, such as alcohol, cigarette, and 

marijuana use (Heaney, 1999). These health-risk behaviors and their impact on PBM will 

be discussed in detail later. 

Recent studies of adolescents and young adult women using DMPA indicate 

varying effects on bone density. Cromer and colleagues (Cromer et al., 1996) 

prospectively compared bone density in a small convenience sample (N = 48) of 

adolescent females aged 12-21 years, receiving DMPA, Norplant or oral contraceptives 

to a control group. The bone densities of four lumbar vertebrae were measured on each 

adolescent prior to initiation of a method of contraception and at the end of one-year. 

There were no significant differences in bone density at baseline between groups. At the 

end of one-year researchers found that bone density decreased 1.5% in DMPA users, 

compared to increases in bone density with Norplant and oral contraceptives. At the end 

of two years the bone density of DMPA users had decreased a total of 3.1% (p<0.0001) 

(Cromer et al., 1996). 

Scholes et al. (1999) conducted a study comparing bone mineral density of 

women aged 18 to 39 years on DMPA compared with controls. Duration of use of DMPA 

ranged from 1 to 133 months. Among the youngest age group (18-21 years), the mean 

femoral neck bone density was 10.5% lower for DMPA users than controls. A significant 

dose-response relation between longer use of DMPA and decreased bone mass density 

was also found in this age group. Other researchers have noted that DMPA may exert a 
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negative effect on bone mineral density and should be prescribed cautiously for long-term 

use (> 5 yrs) in adolescents less than 16 years of age who may not have reached PBM 

(Cromer, 1999; Cundy et al., 1998). 

Recovery of bone density in women who stopped using DMPA is an issue. Cundy 

and colleagues (1994) found the average deficit in bone density prior to cessation was 

7.5% in the lumbar spine. A mean gain in bone density of 6.4% two years after the 

women in this study stopped using DMPA was also noted. Although bone density 

returned to near normal there remained a deficit of the lumbar spine. The issue of 

recovery and the degree of recovery of bone density particularly in adolescents remains a 

significant concern and requires further investigation. 

Oral contraceptives, on the other hand, are assumed to have a positive effect on 

bone density because of their estrogen content, but the research is conflicting. It is 

suggested that estrogen’s effect is fundamentally antiresorptive and its action may be a 

physiologic antagonism of parathyroid hormone (PTH) (Heaney, 2000b). This was 

supported by (Heaney et al., 2000a) who reported that oral contraceptives substantially 

decreased two indices of bone resorption, as well as reduced fasting morning calcium 

excretion and total 24-hour urinary calcium loss, relative to the levels found in normally 

menstruating, age-matched control women. This would suggest that oral contraceptives 

were enhancing the level of PTH antagonism above that of normal menstruating women. 

Other studies have supported the position that estrogen may increase bone density 

in women. Pasco et al. (2000) found that women exposed to oral contraceptives had a 

3.3% greater mean bone mineral density at the lumbar spine, with the greatest increase 
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the first 5 years of use. Similar increases in bone mineral density were not found at the 

proximal femur or distal forearm. A shortcoming of this study was that it was a 

retrospective study of women aged 20 to 69 years who had already achieved peak bone 

mass. Lloyd et al. (2000b) argue that the majority of studies looking at estrogen and peak 

bone mass have been retrospective and may not be a true indication of the effect of oral 

contraceptives on PBM when taken during adolescence. 

In an eight-year longitudinal observational study Lloyd et al. (2000b) compared 

28 oral contraceptive users ages 12 – 20 with 34 non-users who had never used oral 

contraceptives. Their findings indicated that oral contraceptives did not affect acquisition 

of peak bone mass. Similar findings in other studies indicate that oral contraceptives may 

depress the normal increase in bone mass at the femoral neck (Burr et al., 2000) or may 

have no affect on BMD (Theintz et al., 1992). But according to Heaney (Heaney, 2000b) 

the current dose of ethinyl estradiol in most oral contraceptives ranges from 20 to 35 µg 

per day is sufficient to produce a continuing level of estrogen at least as high as that of 

the normal preovulatory estradiol peak, even though the newer oral contraceptives are 

less estrogenic than previous generations of oral contraceptives. More longitudinal 

studies of oral contraceptive users during the period of adolescent and young adult 

acquisition of PBM are needed. 

The contribution of hormonal contraceptives to the prevention of osteopenia or 

osteoporosis in long-term cancer survivors has not been studied. It would appear that the 

use of DMPA and oral contraceptives would have similar effects in long-term cancer 

survivors as in healthy adolescents, suggesting that the use of DMPA should be avoided 
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to prevent additional bone loss. Hormone replacement therapy (Simon & Mack, 2001) in 

young women with primary ovarian failure (POF) has come into question. Many studies 

have demonstrated that the levels of hormones used in HRT in postmenopausal women 

are adequate to maintain bone mass (Lindsay et al., 1997). Unlike women with age-

appropriate menopause, young women and girls with treatment-related POF need to 

promote new bone formation, therefore, the level of postmenopausal HRT may not be 

sufficient to achieve continued bone acquisition in younger women (Mulder, 1999). 

Further research is necessary to determine the optimal dose of estrogen and progestin that 

is required to promote maximal bone growth in survivors who are already at risk. 

Other medications. Medications play a major role as causes of secondary 

osteoporosis in persons with chronic disease, particularly in survivors of childhood 

cancer. Systemic medications such as glucocorticoids, thyroxine, and heparin can cause 

decreased bone mass. Glucocorticoids have a direct effect on bone, causing inhibition of 

bone formation and enhancing bone resorption, as well as decreased calcium absorption 

from the intestine and increased renal excretion of calcium. Doses greater than 10 mg 

daily for prolonged periods are worrisome. Thyroxine at doses of 200 µg or more and 

chronic heparin therapy of 12,000-50,000 U/d are associated with bone loss in one-third 

of women (American College of Obstetrics and Gynecology, 1998). Anti-epileptic drugs 

most commonly associated with decreased bone density and osteomalacia are phenytoin, 

primidone and phenobarbital (Pack & Morrell, 2001). No reports of altered bone 

metabolism have been noted with the newer anticonvulsant drugs (lamtrigine, topiramate, 

vigabatrin and gabapentin) (Pack & Morrell, 2001). 
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All oncology therapies that induce hypogonadism cause osteoporosis in a large 

percentage of cancer patients, particularly those with nonhormone-dependent 

malignancies, such as Hodgkin’s and non-Hodgkin’s lymphoma, and other malignancies 

(Table 1) (Pfeilschifter & Diel, 2000) Glucocorticoids are often used in very high doses 

in cancer patients with other chemotherapeutic drugs. Methotrexate in large doses 

increases bone resorption and inhibits bone reformation, and eventually inhibition of 

DNA synthesis. Methotrexate is commonly used in the treatment of ALL. Other 

chemotherapeutic agents have been implicated, but long-term effects on bone density 

remain unclear (Pfeilschifter & Diel, 2000). 
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Table 1  

Malignant Tumors in Which Osteoporosis May Occur as a Result of Therapy in Women  

 
Tumor Mechanism 

Breast cancer 

Hodgkin’s and non-Hodgkin’s lymphoma 

Acute lymphatic leukemia 

Hematologic malignancies (ALL and 

solid tumors) 

Osteosarcomas 

Hematologic malignancies 

Solid tumors 

Brain tumors 

 

Thyroid carcinoma 

Gastric carcinoma 

Hepatocellular carcinoma 

Hypogonadism - chemotherapy 

Hypogonadism – chemotherapy/radiation 

Chemotherapy (methotrexate) 

Hypogonadism – chemotherapy and 

radiation 

 

Methotrexate/ifosfamide 

 

Methotrexate/growth hormone deficiency 

after radiotherapy 

Suppression with L-thyroxine? 

Malnutrition/malabsorption 

Post transplantation osteopathy 

Adapted from (Pfeilschifter & Diel, 2000) 

 

Radiation. Normal amounts of radiation exposure to healthy teens do not affect 

bone density. But irradiation used in cancer treatment, particularly head and spinal 

irradiation in ALL, has been shown to contribute to decreased growth and potentially lack 

of achievement of PBM (through suppression of GH), increasing the risk of osteoporosis 

in the future (Oeffinger et al., 2000a). Irradiation and cancer chemotherapy are additional 

risk factors for decreased PBM and future osteoporosis. 
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Pregnancy and Lactation 

In teenagers, the effects of pregnancy and lactation on PBM are beginning to be 

studied. An initial study by Sowers et al. (Sowers et al., 2000) evaluated 252 pregnant 

adolescent girls and women ages 12 to 34 years. Bone ultrasound measurements of the 

heel were performed at 16 weeks gestation and again at 6 weeks postpartum. Results 

indicated that on average, the bone qualitative ultrasound index was 3.6% lower 6 weeks 

postpartum than at entry into care (P = < .001). Nulliparous patients had significantly 

greater bone loss than did parous participants. Younger adolescents who were still 

growing (this term was not defined by the researchers) were more likely to lose more 

bone as compared to grown women (-5.5% versus –1.9%, P < .02). The bone mass loss in 

normal pregnancy was consistent with the demands of fetal mineralization according to 

the authors. This study did not indicate potential recovery to prepregnancy bone mass 

levels (Sowers et al., 1993). Lactation effects were not noted in the previous study, but 

are an important consideration in potential bone loss in the postpartum period for 

adolescents and young women. 

In mature women, pregnancy and lactation decrease bone mass (Ott, 1991) 

Women who breast-fed for 6 months or longer had significantly more bone loss in the 

lumbar spine and femoral neck of the hip (Kalkwarf & Specker, 1995). A more recent 

study by Homberg-Marttila & Sievanen (1999) found higher bone loss at the femoral 

neck than lumbar spine (42% versus 5%). There was evidence of return to baseline levels 

of the lumbar spine at 12 months parturition, but women who continued to breastfeed 

more than 9 months remained below baseline (Sowers et al., 1993).  
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When the influence of the number of pregnancies on bone mineral density was 

studied in a group of 509 postmenopausal women the results indicated that as the parity 

increased (more-than-five pregnancies) values for the BMD of the spine and the 

trochanter were significantly lower than groups with fewer pregnancies. Significant 

correlations were found between the number of pregnancies and BMD values for the 

spine (r = - 0.23; P < 0.01), trochanter (r = - 0.16; P < 0.01), and Ward’s triangle (r = - 

0.14; P < 0.05), with no significant correlation for the femur neck BMD (r = - 0.08; P > 

0.05) (Gur et al., 2003). These results suggest that the number of pregnancies does have 

an effect on BMD values and increase the risk for osteoporosis. Longitudinal studies of 

girls pregnant during adolescence should be undertaken to determine long-term effects, as 

well as studies of the effects of pregnancy and lactation on PBM in survivors of 

childhood cancer. 

Smoking 

In the majority of the literature surveyed smoking was not found to affect PBM in 

younger adolescents up to the age of 18 (Cromer et al., 1996; Lotborn, Bratteby, 

Samuelson, Ljunghall, & Sjostrom, 1999; Valimaki et al., 1994). Kristinsson et al. (1998) 

found a significant negative correlation between smoking and bone mass density and 

bone mass concentration at the total hip and total body in 18-year-olds. A study of 

women from 18 to 39 years of age who were using Depo Provera as contraception, found 

that smoking status was marginally associated with bone mineral density (Scholes et al., 

1999). 
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Studies in older women have demonstrated conflicting results with several 

indicating little change in bone density up to menopause (Cundy et al., 1994; Law & 

Hackshaw, 1997), while two more recent studies in perimenopausal women demonstrated 

interesting findings. The first study found that current female smokers had lower dietary 

intakes of calcium and vitamin D than never smokers (798 mg. versus 945 mg. calcium , 

P = .001; 0.53 µg/day versus 2.37 µg/day vitamin D, P = NS, respectively) (Morabia et 

al., 2000). A similar study found quantitatively small but statistically significant impact 

of pre- and peri-menopausal smoking habits on total body and femoral neck BMD 

(current smokers 1.099 g/cm2 versus never smokers 1.112 g/cm2) (Hermann et al., 

2000). Also noted were inverse relationships of serum 25-OHD levels (25-

hydroxyvitamin D) and serum osteocalcin to number of cigarettes smoked (ß = -0.16; 

P=0.003; ß = -0.16; P < .001, respectively). It was also noted that smokers had reduced 

body mass that may explain an additive negative effect on the skeleton along with 

decreased serum 25-hydroxyvitamin D and osteocalcin levels (Hermann et al., 2000).  

Smoking after menopause has been found to be a risk factor and particularly if 

combined with alcohol consumption significantly increases the risk for osteoporosis in 

older women (Cohen & Roe, 2000). It has been hypothesized that effects of smoking in 

adolescence may not be apparent due to the lack of exposure time, but that with age and 

continued smoking, effects may become apparent, thus, smoking should be considered a 

risk factor (Lotborn et al., 1999). There is limited data in men, but in Asian males who 

smoked there was significant accelerate in the reduction of bone density in men aged 40 
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to 59 years of age (Izumotani et al., 2003). The long-term consequences of smoking by 

cancer survivors have not previously been evaluated and require further investigation. 

The lifestyle factors that have been identified are considered health-risk behaviors 

in adolescents (DiClemente et al., 1996). Involvement in one type of risk behavior, such 

as smoking, increases the likelihood of involvement in other risk behaviors, such as 

alcohol, drug use, or early sexual activity (Brener & Collins, 1998; DiClemente et al., 

1996). This clustering of health-risk behaviors may be an early warning for the need to 

assess PBM in adolescents. Research findings concerning health risk factors and PBM in 

adolescents remain controversial and limited. 

Alcohol and Caffeine 

Studies of the effect of alcohol on PBM in adolescents are limited with the 

majority of the data from older men and women. Alcohol in moderation, no more than 

one standard drink per day for women (e.g. 12 oz beer, 5 oz of wine, or 1.5 oz of 80-

proof distilled spirits), is associated with decreased fracture risk, but excess alcohol is 

directly toxic to osteoblasts and is often associated with reduced bone mass and increased 

fracture risk in older women (Heaney, 1998). Excessive levels of alcohol consumption in 

adults can disrupt the ongoing balance between the erosion and the remodeling of bone 

tissue, contributing to alcoholic bone disease (Sampson, 1998). Results of studies in 

adolescents are conflicting. Several studies of adolescent females indicate that alcohol 

has no significant influence on bone density (Cromer et al., 1996; Lotborn et al., 1999), 
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while a study of young adults (20-23 yrs) found BMD was inversely associated with 

alcohol consumption (Fehily et al., 1992). 

Excessive use of caffeinated products increases urinary calcium excretion and 

ultimately drains off skeletal calcium in menopausal women. Ingestion of about a liter 

(34 ounces) of coffee daily causes a loss of 1.6 mmol L of calcium (Hasling, 1992). 

However, drinking one or two cups of coffee or 8 to 12 ounces per day of a caffeinated 

soft drink is probably safe (Conlisk & Galuska, 2000; Lloyd et al., 2000b; Packard & 

Recker, 1996). Consumption of soft drinks has increased dramatically among U.S. 

children and adolescents. Although soft drinks may not affect bone density directly, high 

consumption displaces the consumption of more nutritious beverages, such as milk or 

fruit juice (Harnack et al., 1999). There is also concern that increased amounts of 

phosphorus in soft drinks, caffeinated or not, may negatively affect calcium balance 

(Matkovic et al., 1990; Wyshak, 2000). 

The assumption that because people drink soft drinks that the potential for 

decreased bone density is probably due to a decrease in their intake of calcium rich foods 

may not be entirely correct. A recent study found that adult females who drank regular 

cola daily had decreased BMD compared with infrequent drinkers. The frequent cola 

drinkers had a slightly higher physical activity score, but overall their calcium intakes 

were similar to the infrequent drinkers. When the researcher adjusted for calcium, 

vitamin D, and body size, they found that lower calcium, caffeine, and sugar did not 

account for the BMD decrease. The only thing left was the phosphoric acid, which is 

contained in many foods including dairy products. However, these researchers felt that 
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when the phosphoric acid comes packaged with nutrients, it’s absorbed normally and is 

maintained in a balance. The problem with colas may be that the doses of phosphoric acid 

are not buffered by calcium; thereby the extra phosphorus binds with calcium preventing 

its absorption. The BMD in males in this study did not demonstrate a decrease associated 

with cola consumption (Tucker, 2003). Effects of caffeine and alcohol on PBM in 

adolescent females require additional research. Effects of alcohol, caffeine, and soft 

drinks require additional research in both healthy adolescents and those who are cancer 

survivors. 

Protective Factors 

There are a number of lifestyle factors that may play a role in development of 

PBM in adolescents. The may serve as protective factors if incorporated into ones 

lifestyle from an early age. These protective factors include diet, both calcium and 

micronutrient intake, physical activity, and levels of estrogen and other hormones in 

males and females.  

Calcium 

Calcium is the most common mineral in the human body, present in variable 

amounts in nearly all foods and water we consume; however, the main sources in diets in 

industrialized countries are dairy products and green, leafy vegetables (Heaney, 2000a). 

Calcium needs during adolescence are greater than in either childhood or adulthood due 

to the dramatic increase in skeletal growth and lean body mass. During adolescence, 

greater than one-third of adult skeletal mass is formed and 20% of adult height is 
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obtained (Story & Alton, 1996). PBM is related to calcium intake during the years of 

bone mineralization (Matkovic et al., 1994). The period between 9 and 20 years of age 

has been shown to be critical for achievement of PBM (Boot et al., 1997; Badell & 

Welner, 1995). 

Given the importance of calcium to bone health, it is of concern that calcium 

intake among adolescent girls’ starts to decline in puberty, the time of maximal 

requirements. Studies indicate that calcium intake in adolescent females is one-half to 

two-thirds the recommended daily allowance (RDA) (Albertson et al., 1997; Moore et al., 

1995). The prevalence of women drinking at least 3 servings of milk per day was about 

14.7% among 17 to 24 year old non- Hispanic whites in a study of Air Force recruits 

(Klesges et al., 1999) Dieting and increased intake of soft drinks in adolescence often 

lead to decreased intake of dairy products, which provide about 55% of the calcium in the 

diet (Harnack et al., 1999) and may lead to increased fracture risk (Wyshak, 2000; 

Heaney & Rafferty, 2001; Story & Alton, 1996). 

The amount of calcium required for maximal attainment of PBM remains a topic 

of debate. The disparity in calcium intake recommendations may be explained by 

dissimilar means of approaching the problem; i.e. adequate intake vs. optimal intake 

(New, 2001). The current dietary reference intake for calcium in 9- to 18-year olds (both 

males and females) is 1300 mg. per day (Institute of Medicine, 1997), with 

recommendations for as much as 1500 mg per day (Matkovic & Ilich, 1993). Studies 

demonstrate that adequate intake of calcium through diet or supplementation during 

adolescence leads to significantly greater increases in bone density in prepubertal girls 
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(Bonjour et al., 1997; Lee et al., 1994), pubertal girls (Cadogan, Eastell, Jones, & Barker, 

1997; Johnston et al., 1992), and premenopausal women (Welten, Kemper, Bertheke 

Post, & Van Staveren, 1995; Johnston et al., 1992; Lloyd et al., 1993). A unique feature 

of calcium nutrition can explain this phenomenon. Unlike most nutrients, the body cannot 

store a dietary surplus of calcium. Calcium as such, is stored as bone tissue and is 

regulated by mechanical loading (exercise) and limited by diet (Heaney et al., 2000b). 

Calcium is considered a threshold nutrient. “An intake threshold denotes the level 

below which skeletal accumulation varies with intake, and above which skeletal 

accumulation appears constant, irrespective of intake” (Heaney et al., 2000, p. 989). A 

detailed balance study of calcium retention of adolescent females at different levels of 

intake (841 - 2173 mg/d) supported the idea that calcium retention occurs within a certain 

range, but above this threshold further increases produce no appreciable calcium retention 

(Jackman et al., 1997). Given this threshold behavior, an individual’s requirement for 

skeletal health is the intake at or above this threshold level that is necessary throughout 

the entire period from childhood to young adulthood if the genetically programmed peak 

bone mass is to be achieved (Heaney et al., 2000a). Retention of maximal amounts of 

calcium is crucial to the body’s ability to store calcium in the skeleton. 

Calcium intake. Calcium intake has been found to be positively associated with 

increased bone mass. Diet and supplementation are the means of providing calcium to the 

body for storage. Intervention studies of calcium supplementation in children and 

adolescents suggest a 1-5% difference in BMD at the end of intervention period 

depending on skeletal site, however, many of the earlier studies failed to observe bone 
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density longitudinally once the supplement was withdrawn (New, 2001). Stear et al. 

(2000) indicate differences in bone mass up to 18 months after withdrawal of a calcium 

supplement. There remains a need for further research to validate the effect of calcium 

supplementation in both healthy young women and those who are cancer survivors. 

Considerable interest has been directed toward the public health implications of 

using ‘foods’ rather than ‘supplements’, including foods that are enriched with calcium 

(New, 2001). Milk and dairy products are an excellent source of calcium and have been 

shown to raise insulin-like growth factor-1 levels in children supplemented with milk, 

which in turn may lead to a stimulation of periosteal tissue allowing for slightly larger 

skeletal envelope (Cadogan et al., 1997). There is evidence in the literature that milk 

basic protein may directly suppress osteoclastic-mediated bone resorption, resulting in 

the prevention of bone loss in an animal model (Toba et al., 2000) 

Differences in bone mass have also been reported in children consuming calcium 

enriched foods (Bonjour et al., 1997), and even more recently with calcium fortified 

orange juice (Lambert et al., 2000). In Lambert’s study neither bone mineral content or 

BMD changes were significant at 18 months, but there were significant changes in bone 

turnover markers, suggesting that additional calcium suppressed bone remodeling. There 

are currently no studies comparing calcium supplements alone versus other calcium 

supplementary vehicles, such as cereals or bars. Additional research in this area is 

needed. 

Dietary patterns in adolescents. Dietary patterns of adolescents have changed 

over the past 10 to 15 years. Overt nutrient deficiency diseases, such as rickets, are no 
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longer public health problems as they were earlier in the century (Story & Alton, 1996). 

Today nutrition problems involve dietary excesses and imbalances. Studies indicate that 

the total energy intake of adolescents show an excessive quantity of fat and an 

insufficient quantity of carbohydrate-rich fibers (Clavien, Theintz, Rizzoli, & Bonjour, 

1996; Munoz, Krebs-Smith, Ballard-Barbash, & Cleveland, 1997). Barzel and Massey 

(1998) noted that the average American diet is high in protein and low in fruits and 

vegetables. This diet generates a large amount of acid, mainly as sulfates and phosphates. 

In order to buffer the acid the body utilizes calcium that is resorbed from bone. 

Consumption of lower amounts of protein and higher amounts of dietary fruits and 

vegetables serve as alkali buffers reversing bone loss (Barzel & Massey, 1998). 

There have been a number of population-based studies suggesting a positive 

correlation between high intakes of fruit and vegetables and bone health with similarities 

between the two largest studies (New, 2001; Tucker et al., 1999). An increase in fruit and 

vegetable intake from 3.6 to 9.5 daily servings decreased urinary calcium excretion from 

157 mg/24h to 110 mg/24h (New, 2001). Although the fruit and vegetable link has been 

discussed for over three decades it is only recently that it has received greater attention as 

an area for osteoporosis research. 

Additionally, diets high in sodium lead to increased calcium excretion 

(Swaminathan, 1999). In a study of pubertal females, it was observed that urinary sodium 

excretion was the major determinant of urinary calcium excretion, although an 

association between BMD and urinary sodium excretion was not found (Matkovic, 1996). 

In adolescent girls, every additional gram of salt leads to an extra 26 mg calcium excreted 
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in the urine (Matkovic et al., 1995), while an additional gram of protein consumed leads 

to an extra 1 mg calcium excreted in the urine (Barzel & Massey, 1998). Braggion and 

colleagues (1996) hypothesized that higher protein and sodium intake may, in fact, be 

responsible for lower calcium absorption. Whatever the process leading to calcium loss, 

young women should be advised to limit their dietary salt intake to < 2400 mg/day and 

their dietary protein intake to 1 gram/kg/day (Cromer & Harel, 2000). 

Other nutritional factors that may affect calcium absorption are foods high in 

fiber, phytates and oxalates. Vegetables with oxalates and whole grains with phytates, 

although they may contain calcium, act as binders that combine with minerals to form 

complexes that the body cannot absorb. Oxalates are found in beets, rhubarb, spinach 

(uncooked), and peanuts. Although these foods interfere with calcium absorption, their 

effects are relatively minor at intakes typical in U.S. diets (Whitney et al., 1998). More 

studies involving nutrient-nutrient interactions are necessary in adolescents and young 

women. 

Factors that enhance the absorption of calcium include: sufficient vitamin D to 

allow the gastrointestinal cells to produce the necessary calcium-binding protein; 

adequate stomach acidity to keep calcium soluble; equal amounts of phosphorus to 

accompany calcium; and finally calcium absorption is more efficient at low intakes rather 

than high. Lack of knowledge of these factors and changes in the diets of young women 

may play a role in adequate calcium absorption and other micronutrients (Whitney et al., 

1998). 
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Historical intake of calcium. Current diet and intake of necessary vitamins and 

minerals to promote optimal bone growth is one important aspect in research of PBM. 

Historical intake of calcium during childhood and other specific ages has been 

hypothesized to influence the development of peak bone mass and maintenance of bone 

mass in adulthood. Sandler et al. (1985) studied 255 white, middle- to upper-middle class 

women retrospectively who were at least one year into menopause and not currently on 

estrogen replacement therapy. The mean age was 57 years, with a range of 49 to 66 years. 

Bone density was assessed with a computerized tomography (CT) scan of the dominant 

radius. A 3-day diet record estimated current calcium intake and calcium intake in 

childhood, adolescence and adulthood was assessed retrospectively from responses to 

questions concerning frequency of milk consumption at each of those stages. At the time 

the study was done the current cohort of women had not been exposed to calcium 

fortified foods as children or young adults so it was assumed that past consumption of 

milk products would most reasonably reflect calcium intake. 

Results of the study (Sandler et al., 1985) indicated that the effects of milk 

consumption in childhood and adolescence on bone density might manifest as higher 

bone density decades later in menopause. The mean level of current calcium intake was 

found to be 720 mg/day with 70% of the women having intakes below the 800 mg/day 

RDA (RDA is now 1000 mg/day). Women who reported drinking milk with every meal 

at any of the life stages had a significantly higher current average calcium intake than 

women who drank milk less frequently. Half the population reported drinking milk with 

every meal in childhood and about one third in adolescence, with steadily decreasing 
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milk intake as the women aged. Women, who drank milk with every meal as children, 

had significantly higher bone densities in menopause. Current calcium intake was not 

significantly associated with current bone density. The assumed mechanism of the 

reported effect was through augmentation of peak bone mass and acquisition of good 

nutritional habits that minimized bone loss in adulthood (Sandler et al., 1985). 

A more recent retrospective study by Teegarden et al. (1999) invited 224 women 

ages 18 to 31 years to take part in a study evaluating previous milk intake from early 

childhood to 12 years of age and during adolescence (13-19 years) with a food frequency 

questionnaire. Calcium intake during these specific time periods was compared to bone 

densities of the total body, femoral neck, radius, and spine using DXA scanning. 

Childhood and adolescent milk intakes were positively correlated (r = 0.66). Childhood 

and adolescent milk intakes correlated with current calcium intakes (r = 0.26 and 0.33, 

respectively). Adolescent milk intake correlated with BMD of the radius (r = 0.16), and 

when weight was controlled for, adolescent milk intake correlated with total body BMD 

and bone mineral content (BMC), spinal BMC, radial BMD and BMC. Current calcium 

intake was correlated with spine BMC. This supports Sandler et al.’s study indicating that 

calcium intake in childhood may contribute to similar habits of milk intake later in life, 

thereby, increasing peak bone mass in adolescence (Teegarden et al., 1999). Greater peak 

bone mass in adolescence can help prevent osteoporosis in menopause. 
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Micronutrient Intake 

Changes in the diet of adolescents have led to decreased intake of micronutrients, 

such as vitamins and trace minerals. The vast majority of micronutrients are found in 

fresh fruits and vegetables. Researchers have found that only 36% of adolescents’ diets 

contain the recommended servings of vegetables, and only 30% contain the 

recommended servings of fruit (Munoz et al., 1997). In contrast, some young adults have 

changed their diet to either a vegan (plant-based foods only) or lactovegetarian (includes 

dairy products with plant-based foods). There has been concern that calcium intake may 

be low in the vegan group, but Kohlenberg-Mueller and Raschka (2003) demonstrated 

that a positive calcium balance can be maintained regardless of the type diet chosen and 

the level of calcium in the diet (calcium lower in the vegan group). This study may 

further indicate the importance of micronutrients found in fruits and vegetable to the 

absorption of calcium from the diet. However, most research studies have focused on the 

role of calcium, phosphorus, and vitamin D without reference to other important nutrients 

(New et al., 1998). Micronutrients with essential roles in bone tissue include vitamin K, 

vitamin C, vitamin A, magnesium, manganese, boron, strontium, and other trace minerals 

(Schaafsma et al., 2001). 

Magnesium. Magnesium is important to bone quality by controlling 

hydroxyapatite crystal growth to prevent brittle bones (Weaver, 2000). Little is known if 

current recommended intake levels of magnesium are adequate for optimal bone health, 

although increased levels of calcium (1500 mg/d) in adolescent’s diets have not been 

shown to affect levels of zinc or magnesium, which are both important in bone 
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mineralization and growth (Andon, Ilich, Tzagournis, & Matkovic, 1996; McKenna, 

Ilich, Andon, Wang, & Matkovic, 1997). Vitamin D is not considered an essential 

nutrient because the human body is able to produce it with the help of sunlight. 

Adolescents with low exposure to the sun and low calcium intakes, as in ultra-Orthodox 

Jewish, Islamic, or young women of cultures with conservative dress codes (Taha et al., 

2001), should be routinely supplemented with 5 micrograms/day of vitamin D (Russell, 

2001). 

Isoflavones. Other compounds found in foods that may play a role in bone 

mineralization and growth are isoflavones found primarily in soy products. Isoflavones 

are a type of phytoestrogen (plant estrogen) that bind to estrogen receptors and reduce 

estrogen activity (Whitney et al., 1998). There is increasing interest concerning the effect 

phytoestrogens may have in menopausal women in the prevention of osteoporosis and 

heart disease. Additional studies looking at the effects of vitamins, trace minerals and 

other phytochemicals and their importance to bone mineralization and prevention of 

osteoporosis in women and in the development of PBM in adolescents are needed. 

Physical Activity 

Bone modeling and remodeling is controlled by mechanical as well as metabolic 

factors. Bone will accommodate to the forces applied to it by altering its amount and 

distribution of mass. This premise has been refined to a general theory of bone mass 

regulation known as the mechanostat model by Frost (1987). When activity falls below 

the level of effective physiologic loading, bone resorption will exceed formation. Within 
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the physiological loading zone, bone is maintained, but only with increased intensity of 

bone loading is new bone produced (Bachrach, 2001). While calcium has a threshold 

level influencing bone mass, physical activity does not have such a threshold, i.e. the 

greater the mechanical loading on the bone, the higher the mass of the bone (Kun et al., 

2001). While the exact mechanism of mechanical loading and its effect on bone has yet to 

be identified, the scientific literature supports a positive relationship between physical 

activity, physical fitness, muscle strength and bone mass that is site specific and based on 

sexual maturation (Slemenda et al., 1994). 

Lack of physical activity and weight bearing has been demonstrated to lead to 

bone loss at both axial and appendicular skeletal sites. In a recent study looking at causes 

of overweight in children and adolescents, Gordon-Larsen, McMurray and Popkin (1999) 

found that there were large ethnic differences seen for inactivity, particularly for hours of 

television or video viewing per week (highest for blacks, mean = 20.4 hours; whites, 

mean = 13.1 hours). Physical activity (≥ 5 bouts of moderate to vigorous physical activity 

per week, 5-8 metabolic equivalents) was lowest for females and Hispanic and black 

adolescents. Ethnic differences were greater for inactivity than for moderate to vigorous 

physical activity. These statistics indicate minimal emphasis on physical activity that may 

have a significant effect on development of PBM in minorities in the future. 

Observational studies. Studies in premenarcheal and menarcheal girls indicate 

that moderate levels of high-impact, strength-building exercise at regular intervals can 

increase PBM. Girls who exercised gained significantly more lean muscle mass, less 

body fat content, and greater total body, lumbar spine, femur and femoral neck bone 
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mineral density and total bone mineral content (Boot et al., 1997; Morris, Naughton, 

Gibbs, Carlson, & Wark, 1997). Exercise is also site specific. The anatomic area 

exercised will gain the most skeletal benefit. Exercise that affects only one region rarely 

has systemic effects (Kelly, 2000). Female basketball players and tennis players had a 

significant correlation between radial BMD and grip strength (Tsuji et al., 1995). High 

school athletics and ballet classes in 10 to 12 year old girls were found to significantly 

increase bone density in the femoral neck (Khan et al., 1998; Lloyd et al., 2000a) Not all 

athletes have increased bone density, however, as evidenced in swimmers who have been 

shown to have lower bone density (Hergenroeder, 1995). When female athletes begin 

intensive training before menarche, they develop a greater bone mass than those who start 

after menarche (Licata, 1999). Regular exercise that includes weight bearing and strength 

building and maintenance of ideal weight (low body fat and high muscle mass) are 

important factors in the development of PBM (Cadogan et al., 1998). 

Exercise intervention studies. The contribution of moderate physical activity to 

bone mineral acquisition is less established than from high intensity physical activity. 

Few randomized trials involving physical activity intervention for bone mineral gains in 

children and adolescents have been conducted. Four studies were identified that 

examined effects of weight bearing physical activity on bone outcomes in children ages 7 

to 18 years. One study randomized individuals within a single school (Blimkie et al., 

1996), one randomized with the unit of randomization either schools or classrooms 

(Fuchs et al., 2001), and one was a nonrandomized, school-based study (Morris et al., 

1997). The final study was a treatment study for obese children that used a modified 
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crossover design (Gutin et al., 1999). Two studies consisted only of girls (Blimkie et al., 

1996; Morris et al., 1997) and the other two were both boys and girls (Fuchs et al., 2001; 

Gutin et al., 1999). Drop out rates were low and ranged from 3 to 15%; thus results 

should not have been biased due to differential dropout. Exercise attendance ranged from 

50 to 97% and duration of the interventions ranged from 6 to 10 months. Three of the 

four exercise programs were similar in content and comprised a mixed program of high-

impact weight-bearing physical activity such as jumping, aerobics, soccer, and weight 

training. One program consisted only of resistance training exercises using exercise 

machines (Blimkie et al., 1996). Frequency and duration of the intervention ranged from 

15 minutes three times weekly (Fuchs et al., 2001) to 40 minutes five times per week 

(Gutin et al., 1999). 

In each of the intervention studies different sites were evaluated to determine 

outcome bone densities. Fuchs et al. (2001). evaluated only the femoral neck, while Gutin 

et al. (1999)., Morris et al. (1997), and Blimkie et al. (1996) had only one site in 

common, total body BMD. Intervention effects were found to be significant in three of 

the studies, but study by Blimkie et al. (1996) using resistance training found no 

significant effects on bone density. This finding is consistent in demonstrating the 

positive effects of high-impact, weight bearing physical activity on bone density. The 

most consistent effect was observed in the femoral neck and lumbar spine. The available 

data also suggest that weight bearing physical activity interventions are effective in 

prepubertal children, while no similar conclusions can be drawn on bone gains in pubertal 

adolescents. 
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Limitations of these particular studies include small sample sizes and inadequate 

power to detect main effect differences due to intervention, as well as interventions with 

puberty and gender. What is also lacking is specific quantitative data outlining the type, 

frequency, and duration of physical activity needed to promote bone health in children 

and adolescents (French et al., 2000). Additional intervention studies are needed with 

larger sample sizes, within group comparisons of different weight bearing activities that 

have different durations and frequency, and follow-up once intervention has ceased to 

determine maintenance of effects. 

Historical physical activity. Surveying physical activity of older women at 

various life stages is another means of examining effects of varying levels of physical 

activity on bone density. Conclusive proof of a causal connection between early-life 

physical activity and late-life fracture can never be provided by epidemiologic studies, 

due to many other uncontrollable factors that may play a role, but a causal inference can 

be based on smaller pieces of information, i.e. bone mass can be followed throughout 

life; bone mass influences fracture risk; physical activity influences bone mass; and later 

in life, the type and duration of physical activity earlier in life reduces the fracture risk 

and bone loss (Heaney et al., 2000a). With these assumptions in mind investigators have 

attempted to develop reliable tools with which to assess previous physical activity 

because of its relevance to osteoporosis and other chronic illnesses in old age (Blair et al., 

1991; Kriska et al., 1988). 

A comparison of studies surveying historical physical activity will be 

summarized. Four studies were identified that evaluated previous physical activity in 
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women and its relationship to bone density (Khan et al., 1998; Lloyd et al., 2000a; 

Teegarden et al., 1996; Uusi-Rasi et al., 1998). One study was retrospective (Khan et al., 

1998), one a longitudinal study (Lloyd et al., 2000a), and two were a combination of 

retrospective and prospective designs(Teegarden et al., 1996; Uusi-Rasi et al., 1998). The 

age ranges of two of the studies were 12-18 and 18 to 31 year-olds, which allowed for 

historical activity to be determined over a relatively shortened time period just prior to 

and during development of peak bone mass (Lloyd et al., 2000a; Teegarden et al., 1996). 

In the Uusi-Rasi et al. and Khan et al. studies the age ranges were from 25 to 65 and the 

other were women in their early fifties, respectively. Only one study included a control 

group (Khan et al., 1998). Both Khan et al. and Uusi-Rasi et al. evaluated previous 

physical activity covering a much longer period of time, up to 40 years prior to the study, 

to determine effects on current bone mass. 

All four of the studies were consistent in their findings that the greater the weight 

bearing activity begun in childhood and adolescence the greater was the BMD of the 

femoral neck and hip. No significant findings were noted for the lumbar spine. One 

researcher noted that power sports that involve weight lifting contribute most to bone 

density of the lumbar spine, which historically have been sports women have been 

discouraged from participating in. Additionally, many women’s sports fail to apply loads 

to the spine that reach a mechanical threshold increasing bone density. Finally some 

sports that women participate in, such as ballet and gymnastics, often cause a delay in the 

onset of menarche and can cause menstrual disturbances contributing to lower bone 

density (Khan et al., 1998). 
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Problems encountered with studies involving historical recall of previous physical 

activity and the effect on bone density include: lack of consistent sites of bone density 

evaluation; lack of control groups; and potentially biased responses concerning amount of 

previous activity due to length of time since events occurred. But to summarize, historical 

physical activity, particularly weight bearing activity during adolescent bone 

development, was determined to increase bone density in the hip with maintenance into 

adulthood, possibly through the establishment of exercise habits that persist over a 

lifetime. These studies also point out that exercise of various forms should be 

incorporated into everyday activities to increase bone mass not just in the hip, but also the 

spine in adolescent females. 

Physical activity in cancer survivors. In contrast, lack of activity or absence of 

mechanical stress on bone as occurs in bed rest, is associated with rapid and significant 

bone demineralization (Donaldson et al., 1970). Adolescents with motor impairments are 

at risk of developing secondary osteoporosis due to the lack or limitation of muscle 

contraction and mechanical loading, both of which are required to promote bone 

formation (Turk, 1999). Immobility or lack of appropriate exercise is a factor in the 

development of PBM. 

Physical activity in cancer survivors has been previously discussed in relation to 

weight and obesity. Warner et al. (1999) compared physical activity levels of cancer 

survivors with ALL and other malignancies with a control group. They found that 

survivors of ALL had significantly lower total daily energy expenditure and physical 

activity levels than either the group with other types of malignancies or the controls. 
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Jenney et al. (1995) found that 42% of children previously treated for ALL reported some 

degree of exercise intolerance, most likely due to treatment effects. Black et al. (1998) 

noted greater impairment in physical performance in females after treatment with 

anthracyclines than in males. The reasons remain unclear why ALL survivors have lower 

activity levels than those with other types of cancer. Further study is required in the area 

of physical performance and decreased activity in survivors of childhood cancer. 

Interaction Effects of Calcium and Physical Activity on Peak Bone Mass 

Of the many risk factors impacting peak bone mass, calcium intake and weight-

bearing physical activity, have been studied more extensively and are known to 

contribute to PBM. In a meta-analysis of exercise intervention trials in young adults, 

Specker (1996) found that increased activity promoted gains only in women who 

consumed a minimum of 1000 mg/day of calcium. Controls exhibited no significant gains 

in bone mass even at calcium intakes above 1000 mg/day. Studies are limited that have 

sought to determine the relative significance of both calcium and physical activity 

together and if indeed there may be an interactive or associative effect of the two on bone 

mass density. Discussion of the existing studies follows. 

One study was identified that explored the interaction or association of calcium 

intake and physical activity on bone density in adult women. This study was cross-

sectional and looked at women in three age groups (25-30, 40-45, and 60-65 years) 

(Uusi-Rasi et al., 1998). A total of 422 Finnish women in three age groups were screened 

and then divided into four groups based on their level of physical activity (high or low) 
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and calcium intake (high or low). Total body bone mineral content and BMD of the 

femoral neck and distal radius were measured by DXA. Both high physical activity and 

high calcium intake were associated with a higher total body BMC when compared to 

low activity and low calcium intake. The BMD of the femoral neck was 5% higher in the 

high physical activity groups than the low physical activity groups, whereas calcium 

intake showed no such significant association. Overall, though, these researchers found 

no interaction between physical activity and calcium intake at any age level in this 

homogeneous sample of women. 

Two additional studies were reviewed involving adolescent females and peak 

bone mass development. The first study examined the effects of physical activity and 

calcium intake related to total body BMC and BMD of the proximal femur at the time of 

peak bone mass development (12 – 18 years) (Lloyd et al., 2000a). Calcium intake was 

not found to be related to hip BMD at age 18 years, or with total body BMC from 12 to 

18 years of age. However, as in the previous study by Uusi-Rasi et al. (Uusi-Rasi et al., 

1998) physical activity was related to a significant increase in peak hip BMD. 

The second study by Ali and Siktberg (2001) assessed calcium consumption, 

physical activities, and variables affecting both, in 293 adolescent females aged 14 to 19 

years. Predictors of calcium intake were skipping meals, perception of barriers to calcium 

intake, and trying to lose weight (beta weight: 0.29, 0.28, and 0.25, respectively). 

Predictors of exercise were perceptions of barriers and benefits to exercise (beta weights: 

0.27 and 0.13, respectively). Average calcium consumption was 450.53 mg/day and 6.06 

hours/week spent in exercise. Bone densities were not done with this sample, but the data 
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indicate that health education and intervention strategies are needed to address these 

perceived barriers to improved bone health. 

Limitations of all of these studies include the lack of women of diverse ethnic 

backgrounds, and the exclusion of males. There is inconsistency in those studies (Lloyd 

et al., 2000a; Uusi-Rasi et al., 1998) that evaluated bone density regarding the bone sites 

that were screened, i.e. proximal femur in one and femur and radius in the other, without 

evaluation of the lumbar spine, which is particularly important in women. It is apparent 

that additional studies are needed to determine if there are interaction effects between 

calcium intake and physical activity on peak bone mass in young women and men and 

the effect of these variables on the maintenance of bone density throughout an adult’s 

lifetime. 

Estrogen Level 

Sex hormones influence skeletal function throughout life. The effect of estrogens 

on growth in healthy girls is biphasic. At low levels (early puberty), estradiol (E2) 

stimulates growth, while at higher levels in later puberty it has a potent inhibitory effect 

on longitudinal growth and accelerates epiphiseal closure. Serum E2 concentration is a 

highly significant determinant of gain in bone mass (Cadogan, Blumsohn, Barker, & 

Eastell, 1998; Licata, 1999). If gonadal dysfunction occurs during puberty, the pubertal 

growth spurt fails to occur and peak bone mass is reduced (Turner et al., 1994). A history 

of amenorrhea or irregular menses is associated with lower bone density (Hergenroeder, 

1995). Studies have found that collegiate women athletes who missed more than 50% of 
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their expected menses (indicative of low estrogen levels) had vertebral densities 69% that 

of normal menstruating females (Lloyd et al., 1988; Rutherford, 1993). Regularity of 

menses is a significant predictor of PBM (Lloyd et al., 1988), and the mechanism of how 

this occurs is unclear, but may be related to body fat or lean body mass, which will be 

discussed later (Powers, 1999). Age at first menses accounted for 8% of the variance in 

lumbar spine bone mineral content with girls who experienced earlier menarche having 

greater spinal BMD (Takahashi et al., 1996), while children with delayed puberty have 

lower bone mass (Guo et al., 1997). 

In young women with certain forms of cancer, ovarian function has been found to 

be affected by radiation to the abdomen or pelvic area, and by alkylating 

chemotherapeutic agents, such as cyclophosphamide, chlorambucil, mechlorethamine, 

procarbazine, busulfan, and melphalan (Byrne et al., 1987). Forms of cancer whose 

treatment modalities often induce hypogonadism include Hodgkin’s and non-Hodgkin’s 

lymphoma, ALL, and solid tumors, such as Wilm’s and rhabdomyosarcoma. Bone 

marrow transplantation, a relatively new treatment for ALL, has not been evaluated 

adequately to determine the late effects of total body irradiation on the ovaries, but can 

lead to ovarian failure (Oeffinger et al., 2000a). Hypogonadism or premature ovarian 

failure (POF) occurs because of destruction to ovarian follicles and, therefore, loss of 

estrogen, by either radiation or certain medications. Temporary cessation of ovulation 

and menstruation results from damage to maturing follicles, while permanent effects 

occur when the number of surviving follicles cannot produce adequate hormones to 

maintain the menstrual cycle (Pfeilschifter & Diel, 2000). Young women with POF are at 



 71

the same risk of bone loss as postmenopausal women, but at an earlier age (Mulder, 

1999). Estrogen has a profound anabolic influence on bone metabolism, particularly 

during the production of PBM. In addition to estrogen, growth hormone (GH) has 

significant effects on bone metabolism and a deficiency can lead to decreased growth and 

bone mass. 

In males, it was thought that testosterone was the hormone that influenced bone 

development. However, recent studies now indicate that the hormone of importance in 

bone development in males is estradiol. Younger men with normal serum testosterone 

levels and estrogen deficiency (caused by the absence of estrogen receptors or aromatase, 

which converts androgen into estrogen) may have severe osteoporosis, supporting the 

hypothesis that estrogens play a major role in male skeletal development (Rizzoli et al., 

2001). Testosterone, particularly free testosterone declines as men age, as well as, free 

estradiol. Studies have demonstrated a positive correlation between BMD and estradiol in 

men, whereas most attempts to explain a significant correlation with serum testosterone 

have failed. These observations have led to the hypothesis that estrogen deficiency may 

be a common pathophysiologic mechanism of osteoporosis in men and women (Riggs et 

al., 1998). 

Other Hormones 

Growth hormone (GH) is affected by treatment in ALL survivors. The 

development of leukemia in the central nervous system (CNS) is a concern in childhood 

ALL. Prophylactic radiation to the head and spine significantly decreases the incidence of 
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CNS leukemia, but can cause growth hormone deficiency (Oeffinger, 2000). Three 

studies that evaluated GH status showed variation in the relationship of GH deficiency 

and reduced bone mass (Brennan et al., 1999; Cundy, Cornish, Evans, Roberts, & Reid, 

1994; Nysom et al., 1998). GH may be an underlying cause of decreased bone mass, but 

it seems plausible that impairment of peak bone mass is likely multifactorial in etiology, 

particularly in ALL survivors (Oeffinger, 2000). Further discussion may elucidate other 

possible etiologies. 

Summary 

Health behaviors adolescents develop in childhood can have a profound impact on 

their health in adulthood and old age. Physical activity and calcium intake have both been 

shown to affect the development of peak bone mass in young healthy adults. Studies 

evaluating both calcium intake and physical activity are limited in males and virtually 

nonexistent in survivors of childhood cancer. With the increased awareness of male 

osteoporosis it is vitally important to increase the level of knowledge of factors that 

contribute to PBM in male adolescents and young adults. The same if true regarding 

factors that may enhance PBM in childhood cancer survivors. 

Other factors such as medications have been evaluated in certain high risk groups 

of young adults, including survivors of childhood cancer, but there are currently no 

studies that have compared these health behaviors or risk factors in a group of healthy 

young adults or survivors of childhood cancer. There is a need to identify similarities and 

differences in healty young adults and childhood cancer survivors in order to develop 
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appropriate interventions promoting optimum PBM in both. This literature review forms 

a basis for the study of calcium intake and physical activity levels and their effects on 

PBM in survivors of childhood cancer and healthy young adults ages 18 to 30 years. 
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CHAPTER THREE 

METHODS 
 

The intent of this chapter is to describe the research methodology that was used to 

evaluate factors affecting peak bone mass in two groups of young adults, survivors of 

childhood cancer and a healthy comparison group. Chapter Three is an explanation of the 

study design, setting, sampling procedures, instrumentation, procedure, data collection 

methods, and methods of analysis of data. 

Design 
The objective of this study was to compare the peak bone mass of two groups of 

young adults aged 18 to 30. One group consisted of survivors of childhood cancer 

specifically ALL, and a group of their friends who were healthy with the intent of 

examining the association between calcium intake and level of physical activity on their 

bone density. This study used a descriptive exploratory design. The design was 

appropriate for this study because of its exploratory nature with no desire to detect a 

cause-and effect relationship. The dependent variables were (a) peak bone mass or 

current bone density of the hip and spine, (b) calcium intake, (c) level of physical 

activity, and (d) estradiol level and the independent variables were group (survivor or 

control) and gender. The major control strategies included the use of well-designed and 

reliable data-collection instruments and the collection of data on possible extraneous 

variables such as regularity of menstrual cycles, method of contraception, history of 

eating disorders, educational level, alcohol and smoking, and socioeconomic status. The 

instruments and collection of demographic data are discussed further in this chapter.  
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Setting 
This study was conducted in Dallas, Texas, at The University of Texas 

Southwestern Medical Center (UTSMC) in conjunction with the After the Cancer 

Experience Young Adult Program (ACEYAP) through the department of Family Practice 

and Community Medicine. The ACEYAP was developed in 1995 as a joint effort 

between the departments of Family Practice and Community Medicine at UTSMC and 

Pediatrics, the Division of Hematology-Oncology at Children’s Medical Center (CMC) in 

Dallas. Children’s Medical Center is a large regional referral center for children with 

cancer and the Center for Cancer and Blood Disorders is a member of, and credentialed 

by, the Pediatric Oncology Group. The ACEYAP was developed as an extension of the 

After the Cancer Experience (ACE) Program at CMC Center for Cancer and Blood 

Disorders, which is a late effects program started in 1989 to follow childhood cancer 

survivors under 18 years of age who are at least 24 months post-treatment. 

When adolescent survivors reach the age of 18 years and remain in or near the 

Dallas-Fort Worth metropolitan area they are transferred to the ACEYAP within Family 

Practice, where they are followed on a yearly basis for return of their disease, secondary 

neoplasms, after-effects due to their treatment, and risk factors that may contribute to the 

early onset of common adult health problems. A family physician on faculty with 

UTSMC is the director of the clinic and evaluates all patients along with the pediatric 

nurse practitioner from the ACE clinic at CMC. The clinic meets weekly for one half day 

to provide long-term care to adult survivors of childhood cancer. This clinic was a 

significant resource for recruitment of potential participants. The ACE Program 
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collaborates with the Cancer Registry of CMC in tracking the status of childhood cancer 

survivors treated at that institution. 

Population 
The target population for this study consisted of young adult survivors of 

childhood cancer ages 18 to 30 who had been treated for ALL during childhood or 

adolescence. The sample for this study was drawn from the population of survivors in the 

Dallas-Fort Worth metropolitan area and who were included in the ACEYAP clinic 

database of all cancer survivors. Not all survivors attended the ACEYAP clinic. Table 2 

describes the population of young adult survivors of ALL by age range and sex (ACE 

Clinic data, 2003). A nonrandom convenience sample was drawn from this population, 

and it was expected that the majority of survivors would participate. 
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Table 3.1. 

ACE Clinic Survivors of Childhood Acute Lymphoblastic Leukemia by Age and Sex 

 
 

 Ages 18-
25 
 

Ages 26-
30  

 Number 
of 

Survivors 

Number 
of 

Survivors 
Total 

Acute Lymphocytic Leukemia 
          Males 
          Females 

 
38 
43 

 
42 
54 

 
80 
97 

Total   177 
 

Inclusion criteria for the sample of survivors of childhood cancer consisted of any 

young adult between the ages of 18 and 30 years who remained in remission, was not 

pregnant, understood and spoke English, and agreed to participate in the study. None 

were excluded on the basis of race or ethnicity. 

A comparison group of young adults of similar ages was recruited through the 

cancer survivor participant themselves. Each survivor was asked to recruit a friend who 

had no history of cancer or other chronic illness, was not pregnant or currently taking 

corticosteroids or antiepileptic medication, between the ages of 18 and 30 years, 

understood and spoke English, and was willing to participate in this study. 

A power analysis was conducted using the nQuery Advisor© Version 5 (Saugus, 

MA) to determine the sample size that would be necessary to achieve adequate power, 

given a set level of risk of Type I error (Lipsey, 1990). The desired sample size was 

determined in the following manner: This was a two-group descriptive exploratory study 
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in which we were comparing the calcium intake, physical activity level, and bone density 

of the survivor group with the healthy group. A two group t-test of equal means (equal 

n’s) format was used with α = .05 (two-tailed test), a sample size of 52, and a power of 

80% detected a medium effect size of .555. In the case that not all of the survivors 

participated, the power analysis was re-calculated with 40 per group with the alpha and 

power remaining constant. An effect size of 0.634 was calculated indicating that practical 

or clinical significance could still be determined. 

A power analysis was performed using nQuery Advisor©  Version 5 (Saugus, MA) 

to determine if the sample size calculated for t-test was adequate for a multiple linear 

regression model. For a multiple linear regression model with a total sample of 104 

participants and up to 8 prior covariates, giving an R2 of 0.30, changes as small as .050 

could be detected in R2  with one additional predictor. With a smaller sample of 80, a 

change as small as .064 could be detected with one additional predictor. Thus a small 

sample size would be able to detect small differences in the slopes of different variables 

and differences in relationships of one variable to other variables if indeed there were 

differences; therefore, a total sample size as low as 80 participants would likely produce 

statistical significance, as well as, clinical or practical significance. The total number of 

participants (n = 48) enrolled in the study did not meet these requirements, although 

every effort was made.  

Instrumentation 
The young adults in this study were surveyed using three instruments. Included 

were a demographic form developed by the researcher, the Willett food frequency 
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questionnaire (WFFQ) (Willett et al., 1987), and the Modifiable Activity Questionnaire 

(MAQ) (Appendices A, B, and C respectively). These instruments are described below. 

Demographic form. The investigator for this study developed this instrument. 

Data gathered included: Age of participant, marital status, ethnicity, educational level of 

father/stepfather/male guardian and mother/stepmother/female guardian, health insurance 

coverage of participant, last physical examination, age of menarche, number of menstrual 

periods in the past 12 months, regularity of menstrual cycle since cancer treatment, form 

of contraception currently used, alcohol intake, smoking history, and medications and/or 

supplements participant was currently taking (Appendix A). 

Willett food frequency questionnaire (WFFQ). The food frequency questionnaire 

asked participants to report their usual frequency of consumption of each food from a list 

of foods for a specific period. Information on frequency and estimation of relative or 

absolute nutrient intakes, if portion size is included, is collected. “Semiquantitative 

dietary history” is used by some, including Willett, to indicate a general food frequency 

questionnaire that allows for a limited quantification of serving size (Thompson et al., 

1997). Food frequency questionnaires are considered the most appropriate and the most 

commonly used method for dietary assessment in epidemiologic studies addressing 

dietary causes of diseases, such as osteoporosis, cancer, or cardiovascular disease 

(Willett, 1998). For most epidemiologic investigations, the measurement of primary 

interest is “usual individual intake” over weeks, months, or years and is the conceptually 

important exposure rather than intake on a few specific days, such as determined by the 

food diary (Willett, 1998, p. 67). The basic food frequency questionnaire consists of two 
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components: A food list and a frequency response section for participants to report how 

often a food was eaten, e.g., never, less than once per month, 1-3 servings per month, 1 

serving per week, 2-4 servings per week, 5-6 servings per week, 1 serving per day, 2-3 

servings per day, or 4 or more servings per day. 

The WFFQ (Appendix B) was initially developed by Willett et al. (Willett et al., 

1985) to be a self-administered dietary questionnaire designed to assess intake of a 

variety of nutrients hypothesized to be associated with cancer or cardiovascular disease. 

The initial questionnaire consisted of a 61-item compressed survey designed for the 

Nurses Health Study (Willett et al., 1988). Since that time the WFFQ has been converted 

to an optically scannable format, with an expanded number of food items enlarging food 

categories to specific foods to evaluate diet-disease risk other than just cancer and 

cardiovascular disease (Willett et al., 1988; Willett et al, 1987). 

When using any nutritional assessment instrument it is crucial that the 

questionnaire measure true dietary intake; therefore, reliability and validity were 

important considerations. Rather than examining the reliability of food frequency 

questionnaires, the term “reproducibility” is used when considering whether the 

questionnaire is consistent in measurements of the same person at different times 

(Willett, 1998). Nutritional epidemiologists tend to favor the concept of reproducibility 

because of the various meanings of the term reliability in other disciplines. Validity refers 

to the degree to which the questionnaire actually measures the aspect of diet, such as 

calcium or fats, that it was designed to measure. In order to accomplish this, the WFFQ 

was compared with a superior standard, generally considered to be food diaries or diet 
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records (Willett, 1998). However, according to Freedman, Schatzkin, and Wax (1990) the 

comparison of questionnaires with supposedly more accurate food records show 

relatively poor agreement. This indicates a considerable discrepancy between the true diet 

of an individual and that inferred from a questionnaire, although it would be wrong to 

assume that the food record is even close to the true intake of the individual (Freedman et 

al., 1990). Evaluating dietary intake is an inexact science and can only be considered 

estimation. 

The validity and reproducibility of the semi-quantitative food frequency 

questionnaire developed by Willett for the Nurses Health Study was established by 

comparison with food diaries kept by participants for various lengths of time (Willett et 

al., 1985; Willett et al., 1988; Willett, Reynolds, Cottrell-Hoehner, Sampson, & Browne, 

1987). The Pearson correlation coefficient comparing calcium intake from the semi-

quantitative food-frequency questionnaire with a 1-year diet record was r = 0.67 (age, 

sex, calorie adjusted). The mean intake of calcium on the diet record was 894 ± 446 vs 

917 ± 586 for the semi-quantitative food frequency questionnaire (Willett, 1998). Other 

nutrients had similar correlation coefficients: In addition, the WFFQ has been tested and 

validated on women ages 34 to 59 years of age and men and women ages 20 to 54 years 

of age respectively (Willett et al., 1985; Willett et al., 1987). The WFFQ format is 

reproducible and valid in determining food intake. When compared to other FFQs, 

including the Block and National Cancer Institute FFQ, for determination of cancer risk 

Subar et al (2001) noted that the Willett did not estimate absolute intakes as well as the 

previous two FFQs. However, when energy adjustments were made the Willett was 
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comparable for assessing diet-disease risk. This may further indicate that the Willett may 

be a better indicator of overall diet-disease risk rather than for a single disease entity such 

as cancer. 

The WFFQ used for this study was twenty-two pages in length and evaluated the 

intake of macronutrients (proteins, carbohydrates, fats, and calcium) and micronutrients 

(vitamins and minerals). It was desirable to use a comprehensive dietary assessment for 

several reasons: a restrictive food list may leave out important foods, and inability to 

adjust for total intake may decrease the precision of specific nutrient measurements. This 

particular questionnaire was chosen rather than one that only included calcium-rich foods 

because of the importance of other nutrients to the absorption and utilization of calcium 

within the body. Another reason for using a more comprehensive questionnaire rather 

than a restrictive list pertains to the effects of measurement error. A restricted list of 

foods that are commonly eaten by most people could produce a distribution of nutrient 

values with a small standard deviation, perhaps smaller than that of the standard 

population implying that there is little or no error, which is likely to be untrue. On the 

other hand, it is possible that a very complete and highly discriminating questionnaire 

could overestimate intake of those with truly high intake and underestimate intake of 

those with a truly low intake would indicate a high degree of error when in fact it may be 

a good discriminator (Willett, 1998). 

Means of establishing validity in FFQs includes establishing a relationship 

between a nutrient intake and a specific physiological response or disease, or comparison 

with a biochemical indicator (Willett, 1998). In the case of a specific nutrient in the diet, 
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such as calcium, none of these methods of establishing validity is reasonable for short-

term studies. Establishing validity through a specific physiologic response of disease 

process requires at least a year and often longer to see changes in bone density or 

determine if decreased calcium can lead to osteoporosis. Biochemical indicators are an 

objective means of validation, except with calcium. Blood calcium levels or urine 

calcium excretion are not useful indicators of calcium intake because of tight homeostatic 

control and variation of excretion with diet (Willett, 1998). 

Foods having the highest amount of calcium and most likely to be eaten by 

mature adolescents and young adults were included in the questionnaire. Foods or food 

groups included were dairy products, tofu or soy products, green leafy vegetables, 

sardines and salmon, and foods that are currently calcium fortified, e.g., orange juice, 

breakfast cereals, and grains. There were 122 responses required to complete the 

questionnaire. Portion sizes were included with each food.  

Computation of nutrient intake of calcium from the participants’ responses was 

necessary to examine the relationship between calcium intake and bone (Willett, 1998). 

The computation of the data from the WFFQ was accomplished by mailing the 

questionnaires to Harvard School of Public health for coding and scanning. A computer 

diskette was returned to the investigator with the summary of the data of each participant. 

These data were then downloaded into an Excel database for further analysis. A printout 

of the relevant data was then summarized and sent to each participant outlining their 

estimated caloric intake, percentage of proteins, carbohydrates, and fats in their diet and 
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amounts of micronutrients in their diet (Appendix E). The time required for the 

participant to complete the WFFQ was approximately 30 to 45 minutes. 

Modifiable Activity Questionnaire. The Modifiable Activity Questionnaire 

(MAQ) (Appendix C) was developed by Kriska et al. (1990; 1988) to be easily modified 

to maximize the ability to assess physical activity in a variety of populations. The 

questionnaire assesses current (past-year and past-week) occupational and leisure 

activities, as well as extreme levels of inactivity due to disability. The original version of 

this questionnaire also assessed historical activity that was used for retrospective studies 

of diabetes and osteoporosis (Kriska et al., 1997). The questionnaire specifically looked 

at occupational and leisure activity. At the time the MAQ was developed, current 

physical activity had been shown to be associated with increased bone mass in athletes; 

therefore, it was thought that physical activity over the lifetime should be reflected in 

higher bone density. This assumption has been validated in a number of studies since that 

time (French et al., 2000; Lloyd et al., 2000a). The questionnaire contained a list of 

leisure activities that the participant was asked to check if they have done more than 10 

times during the previous year of their life. They were then asked to check the month in 

which they performed the particular activity, list the number of times per month, and the 

average number of minutes they did the specific activity. Other questions asked included: 

(a) amount of time spent watching TV, playing computer games, etc.; (b) weeks of 

inactivity due to a disability; and (c) historical information regarding competition in 

individual or team sports while in high school or college. Occupational activity levels 

were evaluated by asking each participant to list all jobs held in the past year. A job code 
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was assigned to the job by the participant from a list provided for them that indicated the 

level of effort required for that job (i.e., sitting at desk, heavy lifting). Completion of the 

MAQ took approximately 15 minutes for participants.  

Leisure activity was determined by summation of the hours per week for all 

activities averaged over the past year, including the average number of hours of sleep per 

night. These values were then weighted by their estimated metabolic cost as specified by 

Ainsworth, Haskell, Leon et al., (1993) and expressed as metabolic equivalent (MET) 

hours per week by multiplying hours per week for each specific activity by the estimated 

MET value of that activity. The same process was followed to determine MET-hours per 

week averaged over a year for occupational activity. Then both physical activity levels 

(leisure and occupational) were summed to give a total level of physical activity in MET-

hours per week (Kriska et al., 1990). 

Test-retest reliability for the MAQ for past year leisure activity in a study of 21-

36 year old Pima Indians was r = .63 with walking included and r = 0.92 with walking 

excluded (Kriska et al., 1990). Occupational activity reliability for the past year in the 

same population of Pima men and women was r = .88 with walking included and 

excluded. Validity data was determined in two studies using Caltrac activity monitors and 

doubly labeled water to determine total energy expenditure respectively (Kriska et al., 

1990; Schulz & Schoeller, 1994). Validity of past year leisure activity with walking 

included and excluded were acceptable as indicated in Table 3.2. Validity correlation for 

summary measures of adults’ habitual or global physical activity that are self-report 

measures are generally low in most physical activity tools, except for the MAQ which 
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had high correlations with Caltrac accelerometer and doubly labeled water (Sallis & 

Saelens, 2000).  

Along with the complete MAQ, three questions from the Paffenbarger Physical 

Activity Questionnaire were added to derive additional information regarding amount of 

walking done daily, usual pace of walking, and number of flights of stairs climbed daily 

(Paffenbarger, Jr. et al., 1993). Among adults, relative validity was higher for reports of 

vigorous physical activity than for reports of moderate intensity exercise. However, most 

measures of physical activity indicated substantial over-estimation of physical activity by 

study participants (Sallis & Saelens, 2000).  
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Table 3.2 

Validation studies of the MAQ 

Reference Method Activity 

Walking 
Included 
 
Test     Retest 

Walking 
Excluded 
Test      Retest 

Modifiable 
Activity 
Questionnair
e , (Kriska et 
al., 1990) 
 
 
 
 
 
 
Schulz et al. 
(1994) 
 
 
 
 
 
 
 

Caltrac activity 
monitor 
(counts/h) and 
MAQ activity 
(Spearman 
correlations) 
 
 
 
 
 
Total energy 
expenditure 
assessed by 
doubly labeled 
water and past-
yr leisure and 
total physical 
activity 
(Spearman 
correlations) 

 
 
Leisure 
  Past week  
  Past year 
Occupational 
  Past year 
Total past 
week 
 
 
 
Leisure 
Total 
    Men 
    Women 

 
 
 
.80*     .50* 
.69*     .27 
 
.41       .41 
.59*     .66* 
 
 
 
              
          .56* 
          .74* 
          .88* 
          .73 

 
 
 
.62*      .58*  
.44       .32 
 
.41       .41 
.53*      .60* 

* p < .05 

 

Weight, height, and body mass index calculation. Weight and height are the most 

commonly available anthropometric measurements utilized to determine frame size and 

adiposity. Height and other measures of frame size may reflect the influence of diet in the 

remote past. Weight and adiposity may be important variables in peak bone mass. Weight 

is optimally measured on a beam balance scale with the subject unclothed or lightly clad 
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without shoes (Willett, 1998). For this study, participants were asked to remove coats, 

jackets and other outer wear along with their shoes. A calibrated balance beam scale was 

used and weight was recorded to the nearest quarter pound. The height of each individual 

was determined using a stadiometer attached to the wall as prescribed by the 

manufacturer. Direct measurement of the height was made without shoes, with the back 

square against the stadiometer and the participant looking straight ahead. A set square 

was placed against the top part of the scalp and the height recorded to the nearest half-

inch. 

The height and weight of each individual was utilized to determine body mass 

index (BMI). The Consensus Development Conference on the Health Implications of 

Obesity sponsored by the National Institute of Health in 1985 recommended that the BMI 

be used to evaluate the health status of patients (Burton et al., 1985). The idea behind this 

ratio is a measurement of body weight corrected for height (Singh & Rasmussen, 2000). 

As a measurement of overweight and obesity, it is the most accepted measurement 

correlated with mortality risk. To calculate BMI, the following formula was 

recommended: 

BMI = Weight (kg)/Height (m)2 

Because metric measurement tools were not readily accessible, the following 

formula for determining BMI was used: 

BMI = weight (lb) X 705/height (in)2 

The BMI is considered a good index of total body fat in both men and women. 

See Table 3.3 for current guidelines of BMI and obesity. 
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Table 3.3 

Body Mass Index Guidelines 

 
Underweight Normal weight Overweight Obese Morbidly 

Obese 

Less than 18.5 18.5 to 24.9 25 to 29.9 30 to 34.9 ≥ 35 

 

 

Dual-energy x-ray absorptiometry (DXA). Currently DXA is the most widely 

used technique for bone mass measurements. It has the major advantages of simplicity, 

availability, and cost-effectiveness, coupled with a very low radiation exposure (Gilsanz, 

1999). Bone mineral measurements by DXA rely on the absorption of energy that occurs 

as the beam of x-ray photons scan across the region of interest. Two different energy 

photons are used: low energy photons that penetrate only the soft tissue surrounding the 

bone, and high-energy photons that penetrate both the soft tissue and the bone. A detector 

measures the photons exiting from the region of interest and a computer subtracts the low 

energy values from the high energy measurements (Gilsanz, 1999). DXA provides 

essentially two measurements: bone mineral content (BMC, grams) and bone area (in 

cm2). The BMC divided by the area is called bone mineral density (BMD, gm/cm2) 

(Mautalen & Oliveri, 1999). BMD is strongly correlated with bone strength and is 

therefore a good indicator of current or future fracture risk in adults. These measurements 

are not representative of true bone density and so are commonly referred to as areal 

measurements (Gilsanz, 1999). 
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Bone density of the lumbar spine and femoral neck were measured in all 

participants using a Lunar DPX DXA scanner (MEC, Minster, OH). The scanner was 

unable to accept participants whose weight was greater than 280 pounds, thereby further 

restricting participation. Two potential participants who otherwise would have been 

eligible could not participate due to a weight greater than the maximum. Measurements 

of the lumbar spine and of the femoral neck of the hip evaluated both types of bone, 

compact and trabecular. DXA measurements are considered the gold standard in the 

evaluation of bone density (Simon & Mack, 2001). The results of both the spine and hip 

were expressed in terms of BMD gm/cm2, t-scores and z-scores, but only the BMD 

gm/cm2 were used. The DXA scanner was calibrated daily utilizing a control vertebra 

provided by the manufacturer. A trained technician performed all bone densities on the 

participants using the same machine for the entire study. 

Radiation output was low, 1.4 µSv (micro-Sievert) for lateral lumbar spine and 

1.3 µSv for the femoral hip for a total of 2.7 µSv (Hologic data, 2000), but remained a 

concern to a fetus if the participant could have been pregnant. The bone density scan was 

scheduled for the first 10 days after the initiation of the participant’s most recent 

menstrual period. A urine pregnancy test was performed prior to each bone density to 

rule out a pregnancy in this sample of women. None of the participants’ pregnancy tests 

were positive. 
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Human Participants Protection 

This study involved legal adults who were exposed to low levels of radiation from 

the DXA scan of the hip and spine. A full review by the Departmental Review 

Committee at the University of Texas at Austin School of Nursing, University of Texas at 

Austin Institutional Review Board (IRB) (Appendix F and G) and the IRB of the 

University of Texas at Southwestern Medical Center (Appendix H and I) was required. 

The consent to participate (Appendix J and K) explained the following: (a) purpose of the 

study, (b) confidentiality of responses, and (c) voluntary nature of the participation and 

their right to withdraw from the study at any time. 

The signed consent forms were maintained in a locked filing cabinet for 

confidentiality. The participant’s confidentiality was maintained by using a code for each 

individual on their questionnaires, blood sample, height, weight, BMI, and bone density. 

The names of the participants will not be used in any report or scholarly presentation.  

The known risk to each participant was low dose radiation. The potential benefit 

to each participant was that they would have a baseline bone density test at no expense to 

themselves or their insurance company. The benefit to each participant was the 

knowledge that involvement in the study might ultimately contribute to the knowledge 

for improving peak bone mass in adolescents and young adults who have survived 

cancer, as well as, those who were healthy, and potentially preventing osteoporosis in old 

age. 



 92

Procedure 

Letters of support were acquired from Dr. Kevin Oeffinger, for funding of the 

project, and Dr. Bruce Carr for use of the Lunar DXA and research office space 

(Appendix R). Following Institutional Review Board (IRB) approval by The University 

of Texas at Austin and The University of Texas Southwestern Medical Center in Dallas 

(Appendices F and H), a letter was mailed to 164 survivors enrolled in the ACEYAP 

clinic living in or near Dallas-Fort Worth inviting them to participate in this study 

(Appendix L). Many of the potential participants from the ACEYAP clinic had already 

been informed during their annual physical examination at the ACEYAP clinic that the 

study was to take place. The letter was cosigned by the director of the ACEYAP clinic 

and the researcher indicating that the researcher was part of the ACEYAP clinic team. 

The survivors were asked to call the researcher’s office and leave phone numbers and an 

address where they could be contacted if they were interested in participating in the 

study. An address was requested because many of the letters had been sent to the parent’s 

address and the survivor was either in college, married or living on their own at a 

different address. The researcher then called each participant or parent who left a 

message to discuss the purpose of the study and screen each potential participant 

according to inclusion-exclusion criteria (Appendix N). If the young adult met all 

inclusion and exclusion criteria they were asked if they still wanted to be a participant. If 

the answer was affirmative, they were then asked to recommend to the researcher the 

name of a friend who was of similar age and sex to participate with them as a 
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comparison. Each potential participant was asked to get approval from the friend before 

the researcher contacted them. 

Once approval was received from the friend the researcher mailed a letter similar 

to that sent to the survivor discussing the purpose of the study (Appendix M). The letter 

discussed the study and requested that the friend of the survivor call the researcher’s 

office if they remained interested in participating in the study. Once the phone message 

was received the researcher contacted the friend by phone to discuss the purpose of the 

study and screen the friend according to the inclusion-exclusion criteria (Appendix N) 

and further questioned to be sure that the friend had never had cancer. If the friend met 

criteria for participation, an appointment was set up. This appointment was coordinated 

with the DXA technician prior to confirming with the participant and was made for a date 

that was within 10 days of the initiation of their menses if they were female. Surprisingly 

most of the female survivors who had a friend participate had menstrual cycles close to 

one another allowing for appointments on the same day in most instances. Once the 

appointment was confirmed, an appointment letter with directions and map to the 

research office was mailed to each prospective participant (Appendix P). A phone call to 

remind both the survivor and friend of their appointment was made the evening prior to 

the appointment. 

Upon arrival at the research office the researcher reviewed the purpose of the 

research study, the study consent (Appendices J and K) and Health Insurance Portability 

and Accountability Act (HIPAA) form (Appendix Q). Each participant was asked to read 

the consent completely. After answering any questions that the subject had, they were 
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asked to sign two copies of the consent form, one to be retained by the researcher and one 

for the participant to keep. Once the consent was signed, data collection began. Females 

were asked to provide a urine specimen to rule out pregnancy. Results of the urine 

pregnancy test were available within 4 minutes of starting the procedure. This allowed for 

discontinuation of the study if the participant was pregnant. Females could only continue 

in the study if they were not pregnant. All pregnancy tests performed were negative. 

Height and weight measurements were performed on all participants using a beam 

balance scale and stadiometer. Approximately 10 cc of blood was then drawn from each 

male and female participant to determine estradiol levels. 

Before administering the questionnaires, the researcher gave a brief explanation 

for completing each tool. Completion of the three questionnaires took approximately 45 

to 60 minutes. During the entire time, the researcher remained in close proximity to 

answer any questions that the participant had. Once the questionnaires were completed by 

the participant, the researcher reviewed each to clarify information as needed. 

Once the questionnaires were completed, the DXA technician was notified that 

the participant was ready for the DXA scan. The participant was given a brief explanation 

of the procedure by the researcher and/or technician. If the participant had any further 

questions, they were answered at that time. Bone densities of the hip (Ward’s triangle) 

and the lumbar spine were completed. On completion of the hip and spine scans, each 

participant was given a copy of their bone density results with an explanation of the 

outcome (Appendix D). If the bone density test was abnormal, the participant was 

notified and encouraged to notify their primary care physician (PCP) regarding the 
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abnormal bone density. No referrals to PCPs were required due to abnormally low bone 

densities on any of the participants in this study.  

At the conclusion of the appointment, the participant was encouraged to contact 

the researcher if he/she had any questions in the future. An incentive for participation in 

the study was given to the participant ($10 gift certificate to Blockbuster video) and they 

were asked to sign a form stating that they had received the incentive. This form was 

filed with the consents for IRB review. Complimentary valet parking was provided for 

each of the study participants. Copies of the results of their dietary analysis were mailed 

to each participant with a written explanation (Appendix E). A brief summary of the 

results of the study was sent to each participant once the final study results was approved 

by the dissertation committee. 

Data Analysis 
The goal of data analysis was to answer the research questions and interpret the 

results. Because of the smaller than expected sample size a number of issues had to be 

reviewed and are discussed here. The small sample size of N = 48 with the large number 

of variables within this study precluded the use of regression for multivariate data 

analysis, as well as, linear modeling to validate or create a new conceptual model for 

peak bone mass. Instead, research questions had to be reevaluated and rewritten to 

provide reliable findings for the data. Research questions posed for the revised data 

analysis consisted of determining differences in the means of the two samples 

(survivor/control and male/female). The t-test was selected because it is most commonly 

used in samples with less than 50 participants (Newton & Rudestam, 1999).  
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There were assumptions associated with the t-test that must be met in order for the 

test to provide reliable results. Those assumptions included: 

1. The observations within each of the samples must be independent; 

2. The two populations from which the samples are selected must be 

normally distributed; 

3. The two populations from which the samples are selected must have 

equal variances (Gravetter & Wallnau, 1996). 

The first assumption concerning the independence of the samples could be argued 

in this study, because the control was a friend of the survivor. This sample was one of 

convenience in which a survivor volunteered, but in order to be recruited was strongly 

encouraged to have a friend participate in the study dependent on meeting the inclusion 

criteria. It could be argued that this sample should be considered dependent because they 

were friends and by interacting with one another would impact one another’s responses. 

To control for this participants were placed in separate rooms while filling out their 

questionnaires and numerous times the friend and survivor came to complete the study on 

separate days. Additionally, Glass and Hopkins (1984) stated that when approaching 

questions regarding the independence of the sample, if the treatment is individually 

administered, as with this study, the observations are independent. But if the treatment 

involves an interaction among persons, such as a discussion method or group counseling 

the observations may influence each other. Or stated slightly different, if a participant can 

contribute only one score to one of the two groups the assumption of independence is met 

(Munro, 1997). The assumption of independence was met in this study. 
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The second assumption pertaining to normally distributed data is more important 

in a small sample than in a large sample (Gravetter & Wallnau, 1996). To determine if 

the samples were normally distributed, histograms and normal probability Q-Q plots were 

created for each of the major study variables. Two variables, calcium and estradiol levels, 

were positively skewed and leptokurtotic. Log transformations were performed with the 

result that these two variables distributions became more normally distributed. 

The third assumption stated that the two populations from which the samples were 

selected must have equal variance. This pertains to homogeneity of variance or 

homoscedasticity. This is a less critical assumption than the previous two, but is still 

important particularly when groups are not equal in size as in this study. But within the t-

test is a software procedure for homogeneity of variance called Levene’s test. This test is 

based on the fact that the ratio of the larger to the smaller variances is distributed as F, 

with n1 – 1 and n2 -1 degrees of freedom. Levene’s test is included in the t-test in SPSS 

and assists in determining whether the assumption has been met. If Levene’s test is 

significant, the null hypothesis of equal populations is rejected. In this instance, results 

for equal variances not assumed is reported. If Levene’s test is not significant then the 

equal variance assumed is reported. Because of the small sample size and unequal group 

size in this study, the equal variances not assumed was reported consistently in the results 

section due to its conservativeness (Gravetter & Wallnau, 1996). 

The analysis of variance (ANOVA) was selected to answer the research questions 

comparing means between two or more groups (i.e., survivor/control; male/female). The 

independent variables or factors may be categorical, but the dependent variable/s must be 
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continuous as in this study. The assumptions for ANOVA are the same three necessary 

for the independent samples t-test that have previously discussed and met. 

A number of steps were accomplished prior to the analysis and interpretation of 

the data. These steps are reviewed in the following section, and the type of statistical 

analysis discussed according to each specific question to be answered. 

Data from the bone densities of the spine and hip (gm/cm2), total calcium intake 

(mg/day), estradiol level (pg/mL), and physical activity level (kilocalories/week) were 

continuous variables at the ratio level. Data from the demographic questionnaire was 

primarily at the nominal and ordinal levels. Descriptive statistics are appropriate for all 

levels of data, nominal, ordinal, and ratio. Ratio level data allowed for more complex 

univariate analysis utilized in this study. 

Initially all data from the questionnaires, calcium levels mg/day, bone densities of 

the spine and hip (gm/cm2), and estradiol levels (pg/mL) were entered into an Excel 

database. All data were analyzed using the Statistical Package for Social Sciences© 

(SPSS) version 14. Study variables were examined for accuracy of data entry, missing 

data, and outliers through various SPSS program procedures such as frequencies, means, 

standard deviations, and ranges. Bar charts and histograms assisted in identifying errors 

and outliers. To control for type I errors, significance was set at the 0.05 level, one-tailed. 

A determination was made on management of missing data. In the case of WFFQ 

questions, research has shown that if data are missing it is most often indicative that the 

person does not eat that particular food: therefore, it was coded as “never eat” (Hansson 

& Galanti, 2000). Mean substitution or “best guess” may be utilized to replace missing 
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values if the extent of the problem is not large (Tabachnick & Fidell, 2001). This method 

did not have to be performed with this data set. 

Descriptive statistics were then run on the cleaned data to summarize the main 

characteristics of the sample as a whole and for each of the groups of young adults 

(survivors-friends, males-females) separately. Assumptions were evaluated at this time to 

determine if the variables were normally distributed. Outliers were identified by 

frequency distributions. Skewness and kurtosis was assessed. Quantile-normal and 

quantile-quantile plots or histograms comparing each variable with a Gaussian (normal) 

distribution assisted in determining if each variable was normally distributed. If a 

variable did not have a normal distribution, which was the case with calcium and 

estradiol levels, logarithmic (power) transformation was performed to create a more 

normal distribution for inferential statistical analysis (Hamilton, 1992). 

Statistics for research questions. Listed below are the research questions for this 

study. The specific statistical analyses for each will be discussed briefly. 

1. What was the current intake of calcium in young adults who were survivors of 

childhood cancer and in healthy young adult controls? 

Descriptive statistics were employed to determine the mean and standard 

deviations of current intake and historical intake of calcium for survivors 

and healthy young adults. 

2. What is the current level of physical activity for survivors of childhood cancer 

and healthy young adult controls? 
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Descriptive statistics were employed to determine the mean and standard 

deviations of current levels of physical activity for survivors and healthy 

young adults. 

3. What are the current bone densities of the lumbar spine and hip in survivors of 

childhood cancer and healthy young adult controls? 

Descriptive statistics was employed to determine the means and standard 

deviation of the bone density of the hip (Ward’s triangle) and the lumbar 

spine for survivors and healthy young adults. 

4. What are the current levels of estradiol in survivors of childhood cancer and 

healthy young adult controls? 

Descriptive statistics were employed to determine the mean and standard 

deviations of current levels of estradiol for survivors and healthy young 

adults. 

5. What are the differences in the current level of calcium intake between males 

and females? 

An independent samples t-test was used to examine the difference between 

the means in calcium intake of males and females. The data we analyzed 

within each group, males and females. This test is particularly useful with 

small sample sizes and nominal, interval, and ratio level data (Polit, 1996). 

The assumptions that had to be met included: (a) participants were 

randomly sampled, (b) normal distribution of the variable, and (c) 

homogeneity of variance in the two populations were equal. If both the 
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survivor group and comparison group were approximately equal in 

number, this assumption could be ignored (Polit & Beck, 2003). The 

significance level was set at α = 05. If the reported p-value for the test was 

small (> 0.05), the relationship was statistically significant. This would 

reject the null hypothesis that there was no relationship (Polit & Beck, 

2003). 

6. What was the difference in the levels of calcium intake between survivors and 

controls? 

Independent samples t-test was performed for data analysis to compare 

groups. 

7. What are the relationships in calcium intake between survivors and controls, 

males and females?  

Analysis of variance (ANOVA) was performed to compare both groups. 

8. What is the difference in the level of physical activity between males and 

females? 

An independent samples t-test was used to examine the difference between 

the means in physical activity of the male group and the female group. The 

data was analyzed within each group and between groups. Level of 

significance was set at α = 05. 

9. What is the difference in the level of physical activity between survivors and 

controls? 
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Independent two sample t-test was performed in data analysis to compare 

the groups. 

10. What is the relationship in the physical activity levels of survivors of 

childhood cancer and healthy controls, males and females? 

ANOVA was utilized to determine differences between the two overall 

groups. 

11. What are the differences in the bone densities of the hip and spine of males 

and females? 

Independent samples t-test was performed to compare this group. 

12. What are the differences in the bone densities of the hip and spine in survivors 

and controls?  

Independent samples t-test was performed to compare this group. 

13. What is the relationship of bone densities of the spine and hip to group and 

gender?  

ANOVA was performed the data analysis to compare both groups. 

14. What are the differences in the levels of estradiol in males and females? 

Independent samples t-test was performed to compare the members of the 

groups. 

15. What are the differences in the levels of estradiol in survivors and controls? 

Independent samples t-test was performed to compare the members of 

these group. 

16. What is the relationship in the level of estradiol to group and gender? 
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ANOVA was performed to determine the relationship of group to gender. 

Summary 
This chapter described the methods used to answer the research questions posed 

in Chapter 1. Research design, setting, population, instrumentation, procedures, and 

methods of data analysis were discussed in detail. An exploratory descriptive research 

design was used to determine the effects of calcium intake and physical activity on the 

bone density of childhood cancer survivors and healthy young adults. A convenience 

sample was recruited from a database of childhood cancer survivors from the ACE clinic 

at Children’s Medical Center in Dallas for this study that included 48 young adults ages 

18 to 30 years. The following chapter discusses the results of the data analysis. 
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CHAPTER FOUR 

PRESENTATION OF DATA 

The analysis and results of the statistical techniques applied to answer the 

research questions are presented in this chapter. The first section of this chapter presents 

the characteristics of the participants. The descriptive statistics for major study variables 

are presented in the second section and section three includes the findings for the research 

questions that were posed in Chapter 1. To reiterate, levels of significance were set at α = 

.05, one tailed to control for type I errors, and α = .05 for main effects and α = .10 for 

interactions. 

Characteristics of the Participants 

 Of the 164 letters that were mailed to childhood cancer survivors of ALL, 40 

survivors responded over the length of the study. Four were excluded from the study 

because they were taking medications that affected bone density, and the remaining 12 

chose not to be included in the study once information was provided. The final sample 

consisted of 28 survivors and 20 of their friends for a total sample of 48 participants. Not 

all survivors had friends that were of similar age or sex, a specific criterion for entry into 

the study, which accounts for the uneven size of the two groups. In the final analysis all 

of the participants completed the demographic, nutrition, physical activity and blood 

draw, although one female was found to be too heavy to have a DXA completed due to 

the weight restrictions of the machine. This participant’s data were utilized in the overall 

analysis. 
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 The characteristics of the participants are presented in Tables 4.1 and 4.2. 

Participants ranged in age from 18 to 27 years with a mean age of 22 years (SD = 2.4). Of 

the 48 participants, 46% (N=22) were males and 54% (N=26) were females. Within the 

survivor group there were 14 males and 14 females, and 8 males and 12 females in the 

control group. Ethnic diversity of the sample included 79% (N=38) White, 13% (N=6) 

Hispanic, 6% (N=3) African-American, and 2% (N=1) Asian.  
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Table 4.1 

Characteristics of Sample by Gender (N=48) 

 
 
Items 
 

N Mean SD 

 
Age 
 
   Male 
 
   Female 
 

 
48 

 
22 

 
26 

 
22.02 years 

 
21.09 years 

 
22.81 years 

 
2.45 

 
1.80 

 
2.67 

Height 
 
   Male 
 
   Female 
 

48 
 

22 
 

26 

67.41 inches 
 

70.90 inches 
 

64.45 inches 

4.68 
 

2.92 
 

3.77 

Weight 
 
   Male 
 
   Female 
 

48 
 

22 
 

26 

166.91 pounds 
 

182.84 pounds 
 

153.42 pounds 

48.10 
 

42.58 
 

49.12 

BMI 
 
   Male 
 
   Female 
 

48 
 

22 
 

26 

25.90 
 

25.60 
 

26.15 

7.17 
 

5.50 
 

8.43 
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Table 4.2 

Characteristics of Sample by Group (N=48) 

 
 
Items 
 

N Mean SD 

 
Age 
 
   Survivor 
 
   Control 
 

 
48 

 
28 

 
20 

 
22.02 years 

 
22.00 years 

 
22.10 years 

 
2.45 

 
2.40 

 
2.56 

Height 
 
   Survivor 
 
   Control 
 

48 
 

28 
 

20 

67.41 inches 
 

67.50 inches 
 

67.28 inches 

4.68 
 

4.99 
 

4.33 

Weight 
 
   Survivor 
 
   Control 
 

48 
 

28 
 

20 

166.91 pounds 
 

178.73 pounds 
 

150.35 pounds 

48.10 
 

51.79 
 

37.63 

BMI 
 
   Survivor 
 
   Control 
 

48 
 

28 
 

20 

25.90 
 

27.78 
 

23.27 

7.17 
 

8.06 
 

4.71 

 
  

 The variable BMI was further categorized according to National Heart, 

Lung and Blood Institute, 2005) guidelines for underweight (less than 18.5), 

normal weight (18.5 to 24.9), overweight (25 to 29.9), obesity class I (greater than 

30 to 34.9), obesity, class II (35-39.9) and extreme obesity (> 40) to determine the 
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percentage of participants that fell within each category. Analyses indicated the 

following numbers of participants within each BMI category: 1% (N=1) was 

underweight, 58% (N=28) were normal weight, 20% (N=10) were overweight and 

8% (N=4) were obese, class I, 4 % (N=.2) were obese, class II, and 6% (N= 3) 

were extremely obese. On further examination of BMI in survivors vs. controls by 

category were as follows: underweight (N = 0 vs. N=1); normal weight (N= 13 vs. 

N = 15); overweight (N= 8 vs. N= 2); obese, class I (N = 3 vs. N=1); obese, class 

II (N = 1 vs. N = 1); and extreme obesity (N = 3 vs. N= 0) respectively. 

On further examination a significant difference in the mean scores on BMI 

between survivors and controls was noted. An independent t-test indicated that 

there was a significant difference in the BMIs of survivors and controls t (44.52) 

= -2.44, p = .02. Observation of the mean scores demonstrated that the survivors 

had higher BMIs. To validate this assumption, an analysis of variance was 

performed to examine at the main effects of both group and gender (independent 

variables) and to determine if there was an interaction effect on BMI (dependent 

variable). See results in Table 4.3. The ANOVA was significant both for the main 

effect of group and also for the interaction of group by gender. Because the 

interaction was significant the main effects of group cannot be interpreted except 

across levels of the other independent variable. Figure 4.1 clearly demonstrates 
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the interaction of group and gender with female survivors having significantly 

higher BMIs than either male survivors or controls.  

 

 

Table 4.3 

ANOVA summary table for effects of group and gender on BMI 

 
Source 

 

Sum of 
Squares (SS) 

 

df 
 

Mean Squares 
(MS) 

 

F 
 

p 
 

 
Group (A) 
 

201.85 1 201.85 4.36 .04* 

Gender (B) 
 1.49 1 1.49 .03 .86 

Group * Gender 
 130.41 1 130.41 2.82 .10* 

Total 
 34605.69 48    
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Figure 4.1 

Estimated Marginal Means of BMI 
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Age at onset of menses for the females in the sample (N= 26) was 12.2 

years (SD = 1.4). For survivors (N=14) the average age at onset was 12.4 years 

(SD =1.4) and for their controls (N=12) the mean was 11.9 years (SD = 1.3). 

There was no significant difference in age of onset of menses between the two 

groups. 

 Average age of the cancer survivors at the time of diagnosis of their acute 

lymphoblastic leukemia was 7.2 (SD = 4.37) years of age with a range from 2 to 

16 years. Males were diagnosed at a slightly younger age than females, 6.6 years 
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and 7.9 respectively, but the difference was not statistically significant. Two 

survivors reported recurrences of their ALL during adolescence. 

Data collected regarding education levels of the sample can be 

summarized as follows: 10% (N=5) did not complete high school, 48% (N=23) 

graduated from high school, 29% (N=14) had acquired a bachelor’s degree and 

13% (N=6) had a master’s degree or higher. See Table 4.4 for comparison by 

group and level of education. A greater percentage of controls (55%) had 

completed college degrees (bachelor’s and master’s) compared to survivors 

(32%), although the two groups did not differ significantly in level of education. 
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Table 4.4 

Level of Education by Group 

 
 

Item  Group 

  Control Survivor 

Did not graduate from 
high school 

N 

% within group 

2 

10% 

3

11%

High school graduate N 

% within group 

7 

35% 

16

57%

Bachelor’s degree N 

% within group 

8 

40% 

6

21%

Master’s degree or 

higher 

N 

% within group 

3 

15% 

3

11%

 

 

 Overall, 58% (N=28) of the sample were employed and 42% (N=20) were 

not employed at the time of the study. Those who worked averaged 34.4 hours per 

week. A number of the participants were working and attending school or not 

working and only attending school. See Figure 4.5 for survivor and control 

employment status. There were no significant differences in employment status 

by group or by sex. 
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Table 4.5 

Employment by Group 

 
Item  Group 

  Control Survivor 

Not employed N 

% within group 

7 

35% 

13

47%

Employed N 

% within group 

13 

65% 

15

54%

 

Medical Insurance and Health Care 

 Data were collected to determine the percentage of participants who had 

medical insurance and who had accessed medical care for physical examinations. 

Out of 47 participants who answered the question, 79% (N=37) of the sample had 

health insurance with only 6% (N=3) not having insurance and 15% (N=7) who 

did not know if they had insurance. See Figures 4.2 and 4.3 for insurance by 

group and sex respectively. 
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Figure 4.2 

Insurance Coverage by Sex 

 

Insurance

Don't knowNoYes

C
ou

nt

30

20

10

0

Sex

Male

Female

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 115

Figure 4.3 

Insurance coverage by group 
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 Sixty percent (N=29) of the participants who reported medical care or a 

recent physical examination had undergone a physical examination within the 

previous year. Nineteen percent (N=9) reported seeing a health care provider 

within the past 1-2 years, 8% (N=4) did not remember and only 2% (N=1) 

reported never having had a physical examination. See Figures 4.4 and 4.5 for 

physical examinations by group and by sex. 
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Figure 4.4 

Frequency of physical examinations by sex 
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Figure 4.5 

Frequency of physical examination by group 
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Cigarette and Alcohol Use 

 Seventy-one percent (N = 34) of the participants reported that they had 

never smoked. Ten percent (N = 5) had stopped smoking over a year prior to the 

study, 2% (N = 1) smoked less than once a month, 4% (N = 2) smoking weekly 

and 13% (N = 6) smoking daily. More survivors than controls had never smoked 
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79% vs. 60% (N= 22 and N= 12) respectively. Equal numbers of survivors and 

control participants smoked daily (N=3 per group) and smoked weekly (N=1 per 

group). In terms of differences in male and females, more females (59%) than 

males (41%) had never smoked (N=20 vs. N=14). Of the 13% who smoked daily, 

five were male and one was female. The quantity smoked by the majority of those 

who smoked was 1-10 cigarettes a day with an equal number (N=4) having 

smoked for 1-3 years and for 4 or more years. 

 The demographic questionnaire divided alcohol use into two separate 

categories, beer and wine use and use of hard liquor. About one-third (N=16) of 

the sample drank beer or wine on a weekly basis and another 21% drank only on a 

monthly basis. Only one participant (2%) drank daily out of 47 who answered the 

question. Nineteen percent (N=9) stated that they never drank beer or wine. 

Sixteen participants (34%) drank 1-4 glasses of beer or wine. 

 The second category was use of hard liquor. Nearly 40% (N=18) of the 

sample stated that they never drank hard liquor with another 50% (N=24) stating 

that they drank infrequently, either monthly or less than monthly. Between 

survivors and controls, males and females the frequencies were similar for each 

category. 
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Dieting, Binge Eating and Laxative Use 

 Approximately two thirds (67%) of the sample claimed that they have 

never dieted with another third (31%) stating that they had dieted 1-4 times in the 

previous year and only 4 % dieting constantly. Two survivors documented that 

they were dieting constantly. Principally females (N=9) and survivors (N=9), 35% 

and 32% respectively, had dieted 1-4 times in the past year. 

 Binge eating or “having eaten so much in a short period of time that you 

felt out–of-control and would be embarrassed if others saw you” was assessed. 

Ninety-four percent of the sample denied binge eating, but 4% (N=3) stated that 

they did binge (2% did not respond). All three of the binging persons were 

survivors (1 male and 2 females). Only one of the female survivors admitted that 

she would make herself vomit and no one used laxatives, ipecac or diuretics to 

promote weight loss. 

 To summarize the overall characteristics of the sample, no significant 

differences were noted in age, height, level of education, or employment in either 

survivor and controls or males and females. Female survivors and controls did not 

differ significantly at age of onset of menses. One statistically significant 

difference was found in the BMI of survivors and controls. Female survivors had 

significantly higher BMIs than did either male survivors or controls or their 

female counterparts. 
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Descriptive Data for the Major Study Variables 

 The major study variables were calcium intake, overall level of physical 

activity, a sum of leisure, occupational and sleep activities, spine and hip density 

calculated separately from DXA scan, and estradiol levels. This section presents 

the descriptive statistics of the major study variables. 

Calcium 
 Research question one. What is the current intake of calcium in young 

adults who are survivors of childhood cancer and controls? Calcium levels in 

participants were calculated from the Willett FFQ. The daily calcium intake 

ranged from 288 to 3238 mg/day for the sample overall. The descriptive statistics 

for the variable calcium intake are presented in Table 4.6. Calcium intake of 

females overall is lower than that of both male survivors and controls. Male 

controls had the highest intake of calcium approaching required daily levels. 
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Table 4.6 

Descriptive Statistics for Calcium Intake (mg/day) 

 
Mean 

 

 
SD 

 
N 

 
Male 
 

 
1242.39 

 
789.65 

 
8 

Female 
 

843.52 406.21 12 Control  

Total 
 

1003.07 604.53 20 

Male 
 

934.35 811.55 14 

Female 
 

876.90 537.25 14 Survivor  

Total 
 

905.63 675.98 28 

Male 
 

1046.36 799.10 22 

Female 
 

861.49 472.21 26 

 
 
 
 
 
 
Group 

Total  

Total 946.23 642.33 48 

 
 
 
The distribution of levels of calcium in this population were positively skewed 

and leptokurtotic as demonstrated in Figure 4.6. 
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Figure 4.6 

Distribution of level of calcium (mg/day) 
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Physical Activity Levels 

 Research question two. What are the current levels of physical activity for 

survivors of childhood cancer and healthy young adult controls? The total number 

of METS for occupational, leisure and sleep per day of each participant was 

calculated and utilized in the data analysis. The overall average METS per day for 
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the 48 participants was 40.89 with a SD of 33.98. See Table 4.7 for descriptive 

statistics of physical activity.  

Table 4.7 

Descriptive Statistics of Levels of Physical Activity (METS/ day) 

 

  
Mean 

 

 
SD 

 
N 

 
Male 
 

 
70.10 

 
56.93 

 
8 

Female 
 

38.91 12.20 12 Control  

Total 
 

51.39 39.06 20 

Male 
 

37.26 20.16 14 

Female 
 

52.91 29.66 14 Survivor  

Total 
 

45.08 26.13 28 

Male 
 

49.20 39.92 22 

Female 
 

46.45 23.95 26 

 
 
 
 
 
Group 
 
 
 
 

Total  

Total 47.71 31.92 28 

 
 

 A histogram of overall level of physical activity was graphed to determine 

whether the distribution of the variable matched a normal distribution curve. The 

variable physical activity was found to have minimal positive skew and was only 

slightly leptokurtotic to the normal distribution.  
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Spine and Hip Bone Density 

 Research question three. What are the current bone densities of the lumbar 

spine and hip in survivors of childhood cancer and healthy young adult controls? 

Spine and hip bone density was calculated by the Lunar DXA machine for each 

participant. The grams/centimeter2 or bone volume was used rather than the t-

scores or z-scores. There was one participant whose excessive weight precluded a 

bone density being completed. Both spine and hip bone density were normally 

distributed and mesokurtotic. Table 4.8 displays the descriptive statistics for spine 

bone density and Table 4.9 for hip bone density. 
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Table 4.8 

Descriptive Statistics of Spine Bone Density (gm/cm2) 

  
Mean 

 

 
SD 

 
N 

 
Male 
 

 
1.24 

 
.13 

 
8 

Female 
 

1.21 .18 12 Control  

Total 
 

1.22 .15 20 

Male 
 

1.17 .08 13 

Female 
 

1.19 .14 14 Survivor  

Total 
 

1.18 .11 27 

Male 
 

1.20 .10 21 

Female 
 

1.19 .16 26 

 
 
 
 
 
 
Group 

Total  

Total 1.20 .13 47 
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Table 4.9 

Descriptive Statistics of Hip Bone Density (gm/cm2) 

 
  

Mean 
 

 
SD 

 
N 

 
Male 
 

 
1.13 

 
.13 

 
8 

Female 
 1.02 .11 12 Control  

Total 
 1.06 .13 20 

 
Male 
 

 
1.14 

 
.15 

 
13 

Female 
 

1.05 .16 14 Survivor  

Total 
 

1.09 .16 27 

 
Male 
 

 
1.13 

 
14 

 
21 

Female 
 

1.04 .14 26 

 
 
 
 
 
 
Group 
 
 
 
 
 

Total  

Total 1.08 .15 47 

 
 

Estradiol Levels 

 Research question four. What are the current levels of estradiol in 

survivors and controls? Table 4.10 presents the descriptive statistics relative to 

estradiol levels. The mean levels of estradiol were higher for females than for 

males as would be expected physiologically, although the levels of estradiol in 
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male survivors was higher than that of the male controls. The histogram for 

estradiol indicated a positive skew and was leptokurtotic. 

Table 4.10 

Descriptive Statistics for Estradiol Levels (pg/dL) 

  
Mean 

 

 
SD 

 
N 

 
Male 
 

 
28.36 

 
7.84 

 
8 

Female 
 

51.72 35.27 12 Control  

Total 
 

42.38 29.68 20 

Male 
 

44.34 45.55 14 

Female 
 

80.10 54.26 14 Survivor  

Total 
 

62.22 52.42 28 

Male 
 

38.53 36.97 22 

Female 
 

67.00 47.82 26 

 
 
 
 
 
 
Group 
 

Total  

Total 53.95 45.08 48 

 

 

Findings 

 This section presents the results of the data analysis for the remaining 

research questions. The significance level for this study was α < 0.05 for one-

tailed tests and α = .05 for main effects and .10 for interactions. As previously 
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discussed in Chapter 3 the data met the three assumptions for the utilization of t-

tests and ANOVA.  

Research question five: Are there differences in the current calcium intake 

between males and females in the overall group of survivors of childhood cancer 

and those who are healthy? As stated earlier the distribution for calcium was 

positively skewed and leptokurtotic; therefore, this variable did not meet the 

assumption of normal distribution. Because of this non-normal distribution, the 

data were analyzed with log transformation and without. No significant 

differences in the outcome were found with or without log transformation. An 

independent samples t-test was conducted to evaluate whether there were 

significant differences between the calcium intake of males and females. The log 

transformation of calcium was utilized. The test results were not significant, t 

(38.20) = .52, p = .61 with equal variances not assumed due to small sample size 

and unequal group sizes. Males and females did not differ significantly in their 

calcium intake on a daily basis.  
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Table 4.11 

Independent samples t-test for calcium, physical activity and estradiol in males 
and females 

 
 
 Males 

n=22 
M (SD) 

Females 
n=26 

M (SD) t df pa 

      
 
Calcium intake 
(log) 
 

 
6.72 (.68) 

 
6.63 (.50) 

. 
.52c 

 
38.20 

 
.61 

Physical 
activity 
 

49.20 
(39.93) 

46.45 
(23.95) 

.28c 33.16 .79 

Estradiol levels 
(log) 

3.46 (.53) 3.95 (.73) -2.72c 44.97 .01* 

      
a  Two-tailed significance 
b  Equal variance formula (pooled) 
c  Unequal variance formula 
* Significant at < .05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 130

Table 4.12 

Results of independent samples t-test of calcium, physical activity and estradiol 
for survivors and controls 

 
  

 

Survivors 
n=28 

M (SD) 
 

Controls 
n=20 

M (SD) t df pa 

      
Calcium intake 
(log) 
 

6.61 (.61) 6.76 (.55) .93c 43.62 .36 

Physical 
activity 
 

45.08 
(26.13) 

51.39 
(39.06) 

.63c 30.87 .53 

Estradiol levels 
(log) 

3.83 (.76) 3.58 (.54) -1.31c 46.0 .20 

      
a  Two-tailed significance 
b  Equal variance formula (pooled) 
c  Unequal variance formula 
 
 
 

Research question six: What are the differences in the calcium intake of 

survivors of childhood cancer and young healthy controls? Again an independent 

t-test was performed to determine differences and the analysis indicated t (46) = -

.92, p = .37. Survivors and controls did not differ significantly in their daily intake 

of calcium. See Table 4.12. Figure 4.7 indicates how similar the means were for 

calcium levels in survivors and controls. 

 
 
 



 131

Figure 4.7 

Error bars for calcium intake of survivors and controls 
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Research question seven: What is the relationship of the level of calcium 

intake to group and gender? To evaluate this question, 2 x 2 factorial analysis of 

variance (ANOVA) was conducted to evaluate the relationship between the 

dependent variable calcium (log transformed) and the independent categorical 

variables gender and group. The variables met the underlying assumptions of 

ANOVA as discussed earlier. A 2 x 2 factorial analysis of variance was conducted 

and the findings were not significant, indicating that there were no significant 

differences in daily intake of calcium between males and females and survivors 
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and controls. See Table 4.13. Figure 4.8 displays the levels of calcium in males 

and females by group. Although visually there appeared to be a significant 

difference in the non-transformed data and in the figure 4.8 of the marginal 

means, the ANOVA results were not statistically significant. 

 

Table 4.13 

ANOVA summary table for effects of group and gender on calcium (log) 

 
Source Sum of 

Squares (SS) df Mean 
Squares (MS) F p 

 
Group (A) 
 

.39 1 .39 1.50 .44 

Gender (B) 
 .21 1 .21 .80 .54 

Group * 
Gender  
 

.26 1 .26 .80 .39 

Total 
 2152.93 48 .35   
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Figure 4.8 

Estimated Marginal Means of Calcium (Log) 
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Research question eight: What were the differences in the level of physical 

activity between males and females? The graph of total levels of physical activity 

was positively skewed and slightly leptokurtotic. The data were analyzed with log 

transformation and again using the observed values to determine if there were 

significant differences in the results and there were none. For the presentation of 

the results of this variable the observed values were utilized when the independent 

sample t-test was conducted. The results indicated that there were no significant 
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differences in the mean scores of physical activity of males and females. See 

Table 4.11 for t-test scores and Figure 4.9 for comparison of means of males and 

females. 

 

Figure 4.9 

Error bars for overall physical activity levels in males and females 
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Research question nine: What are the differences in the physical activity 

levels of survivors and controls? The results of the independent sample t-test 

performed utilizing the overall scores for physical activity indicated no 
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significant differences between survivors and controls in their levels of 

physical activity on a daily basis. See Table 4.12 for data. Figure 4.10 

demonstrates the means scores for overall physical activity of survivors and 

controls. Visually it appears that survivors had higher overall levels of 

physical activity although not statistically significant. 

 

Figure 4.10 

Error bars for overall physical activity of survivors and controls 
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Research question ten: What is the relationship of the level of physical 

activity to group and gender? Although there were no significant differences in 
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each of the separate groups, male/female and survivor/control regarding physical 

activity, comparison of the two groups was performed. A univariate two-way 

analysis of variance was conducted to evaluate the relationship between gender 

and group (independent variables) with overall physical activity levels (dependent 

variable). Results of the analysis indicated that there were no significant 

differences within groups, but that an interaction between group and sex was 

significant F(1,44) = 6.70, p = .01. Interactions are defined as residual effects left 

over after other effects contributing to the group means have been removed 

(Newton & Rudestam, 1999). It is the joint effect of two or more independent 

variables (gender and group) on a dependent variable (overall physical activity) or 

when the effect of one independent variable is dependent on or moderates the 

level of another independent variable (Newton & Rudestam, 1999). Post hoc tests, 

although requested could not be run because there were less than 3 groups within 

each of the independent variables. See Table 4.14 for the results of the ANOVA 

of overall physical activity. Figure 4.11 further demonstrates the interaction of 

group and gender in relation to overall physical activity. To summarize the results 

indicate that male controls and female survivors had significantly higher levels of 

physical activity than their counterparts, although the male controls had higher 

levels of activity overall. 
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Table 4.14 

ANOVA summary table for the effects of group and gender on physical activity 

 
Source Sum of Squares 

(SS) df Mean Squares 
(MS) F p 

 
Group (A) 
 

1011.70 1 1011.70 .16 .76 

Gender (B) 
 688.46 1 688.46 .11 .80 

Group * Gender 
or A x B 
 

6247.24 1 6247.24 6.70 .01* 

Total 
 33093.31 48    

* p < .05 
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Figure 4.11 

Estimated Marginal Means of Total Physical Activity 
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Research question eleven: What are the differences in the bone densities 

of the hip and lumbar spine of males and females in the overall sample of 

survivors of childhood cancer and those who are healthy? The distribution of both 

hip and spine bone densities were normally distributed. Spine bone density data 

will be presented first followed by that of the hip. The independent samples t-test 
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for spine bone density demonstrated t (41.78) = .03, p = .98 indicating no 

significant differences between male and female bone densities of the spine. See 

Table 4.11. For hip bone density the t-test was significant, t (41.56) = -2.43, p = 

.02 indicating that the results of the hip bone densities of males and females in the 

sample differed significantly with males achieving an appreciably greater bone 

density of the trochanter than females at similar ages in their development. See 

Figure 4.12 for the error bars for difference in hip bone densities in males and 

females. 

 

Figure 4.12 

Error bars for bone density of the hip in males and females 
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Research question twelve: What are the differences in the bone densities 

of the lumbar spine and hip of survivors of childhood cancer and healthy young 

adults? Independent samples t-tests were conducted to evaluate this research 

question (Tables 4.11 and 4.12). The test indicated t (32.90) = -.97, p = .34 which 

was not significant for differences in BD of the spine between survivors and 

controls. The independent samples t-test conducted to determine if there were 

differences between survivors and controls in regards to hip bone density 

indicated that there were no significant differences between these two groups, t 

(44.74) = -.80, p = .43. To summarize, survivors and their controls were not 

significantly different in regards to spine and hip bone density. 

 Research question thirteen: What is the relationship of lumbar spine and 

hip bone densities to group and gender? To answer this question a 2 x 2 factorial 

ANOVA design was utilized to consider the variation across all groups (gender 

and survivor/control) simultaneously. See Tables 4.15 and 4.16. 

Results of the ANOVA for spine bone density demonstrated no significant 

difference between group or gender nor was there a significant interaction found.  

In contrast, the ANOVA for hip bone density indicated a significant main effect 

for sex F (1,44) = 5.29, p = .03, while no interaction was demonstrated. This 

supports the findings of the previous independent t-test and is indicative of a 

significant higher bone density of the trochanter in males than in females overall.  
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Table 4.15 

ANOVA summary table for effects of group and gender on spine bone density 

 

Source 
 

Sum of 
Squares (SS 

 
df Mean Squares 

(MS) F p 

Group (A) 
 .02 1 .02 1.12 .30 

Gender (B) 
 .001 1 .001 .06 .81 

Group * Gender 
 .006 1 .006 .32 .58 

Total 
 67.95 47    

 
 
 

Table 4.16 

ANOVA summary table for effects of group and gender on hip bone density 

 

Source 
Sum of 

Squares (SS 
 

df MeanSquares 
(MS) F p 

Group (A) 
 .005 1 .005 .25 .62 

Gender (B) 
 .11 1 .11 5.29 .03* 

Group * Gender 
 .001 1 .001 .05 .82 

Total 
 55.94 47    

     *p<.05 
 

Research question fourteen: Are there differences in the estradiol levels 

between males and females? The values of estradiol were not normally 

distributed; therefore, a log transformation was performed prior to analysis of the 
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data. The independent samples t-test was conducted to determine differences 

between estradiol levels between participants. The t-test was significant, t (45.25) 

= -2.03, p = .05. See Figure 4.13 depicting the mean plot of the log of estradiol for 

males and females. The results indicate that females have higher levels of the 

hormone estradiol, which would be logical and predictable physiologically. 



 143

Figure 4.13  

Error bars of the log of estradiol by sex 
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Research question fifteen: Are there differences in the estradiol levels 

between survivors and controls? Independent samples t-test were again conducted 

using the log of estradiol to evaluate whether there were differences in estradiol 

level between survivors and controls. The results of the analysis demonstrated t 

(46.00) = -1.31, p = .2 and was not significant. Survivors and controls had similar 

levels of estradiol which is reassuring. 
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Research question sixteen: What was the relationship of estradiol levels to 

group and gender? ANOVA was the statistical test utilized to answer this 

question. The results indicated that gender remained a significant influence on 

estradiol levels [F(1, 48) = 7.31, p = .01], while group [F (1, 48) = 2.38, p = .13] 

demonstrated no significant influence on levels of estradiol. There was no 

interaction or moderating effect noted with the two variables analyzed 

simultaneously. 

 

 

Table 4.17 

ANOVA summary table for effects of group and gender on estradiol (log) 

 
Source Sum of 

Squares (SS) df Mean 
Squares (MS) F p 

 
Group (A) 
 

.97 1 .97 2.38 .13 

Gender (B) 
 2.99 1 2.99 7.31 .01* 

Group * Gender 
 .03 1 .03 .08 .77 

Total 
 689.29 48    

 
* p <.05 
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 To summarize the results of this section, the significant findings will be 

reviewed followed by the essential nonsignificant findings.  

Significant findings 

1. A significant interaction was noted with BMI and gender and 

group. Both gender and group influenced the dependent variable 

BMI. Female and male survivors had higher BMIs than their 

counterparts. 

2. A significant interaction effect was demonstrated with overall 

physical activity and group and gender. Male controls had 

significantly higher physical activity levels than male survivors, 

while female survivors had significantly higher levels of physical 

activity than female controls. 

3. Hip (trochanter) bone density was significantly higher in males 

than in females. 

4. Female levels of estradiol were significantly higher than those of 

males. This finding merely supports normal physiological findings 

and will not be discussed further in the discussion chapter. 
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Nonsignificant findings 

1. No significant differences were found in the demographic and 

anthropometric characteristics of the sample, except for weight and 

BMI. 

2. Calcium intake in males and females and survivors and controls was 

not significantly different. Females as a whole had lower calcium 

intake (controls 844 mg vs survivor 877 mg) on a daily basis than did 

the males (control 1242 mg vs survivor 934 mg). Additionally, male 

survivors’ intake of calcium was greater than 300 mg/day lower than 

their counterparts. 

3. Physical activity levels were similar for males and females and for 

survivors and controls. 

4. No differences were found in the bone density of the spine for males 

and females or for survivors and controls. 

5. Male survivors (M = 44.34) had higher estradiol levels than male 

controls (M = 28.36), while female survivors had estradiol levels that 

were 28 pg/dL higher than female controls, although these differences 

were not significant. 
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These findings will be discussed further in Chapter Five along with 

limitations of the study, conclusions, implications for nursing and further research 

required. 
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CHAPTER FIVE 
DISCUSSION 

 The purpose of this study was to determine if there were significant differences 

between childhood survivors of acute lymphoblastic leukemia and a group of healthy 

control participants 18 to 27 years of age in their calcium intake, level of physical 

activity, lumbar spine and hip bone density, and estradiol levels. In this discussion section 

the significant findings will be discussed, followed by limitations of the study, 

conclusions, and recommendations for further research, implications and 

recommendations for nursing practice. 

Significant Findings 

Body Mass Index (BMI) 

 The first significant finding, although not related to a specific research question, 

was the result that the BMI of survivors was significantly greater than that of the control 

participants. This finding is supported by other research concerning survivors of 

childhood cancer (Oeffinger et al., 2000b; Warner et al., 2002; Warner et al., 1998).  

 These studies with much larger samples of childhood cancer survivors from the 

United States and Britain indicated that obesity is a significant problem in cancer 

survivors, particularly with ALL. The etiology of this has been related to decreased levels 

of physical activity attributed to reduced exercise tolerance related to cancer therapy 

(Jenney et al., 1995), inability to reach normal maximal oxygen uptake at the anaerobic 
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threshold (Black et al., 1998), deficits in gross motor skills (Wright et al., 1998), 

endocrine abnormalities induced by cranial irradiation (Talvensaari et al., 1996), or 

possibly family overprotection (Warner et al., 1998). In addition, ALL survivors who 

received cranial radiation therapy (CRT) and chemotherapy or chemotherapy alone with 

a combination of prednisone and dexamethasone, had the highest incidence of obesity 

(44%) (Van Dongen-Melman et al., 1995). In this particular sample of childhood cancer 

survivors, few were treated with CRT and the majority received only chemotherapy. 

Their chemotherapy protocol in the majority of instances consisted of methotrexate, 

prednisone and/or dexamethasone along with other medications. 

 An additional study by Warner, et al. (2002) further supported the findings of this 

study with female survivors of ALL having a greater tendency of being overweight. Girls 

between the ages of 7 and 19 years treated for ALL were significantly fatter than those 

treated for other malignancies or healthy control siblings whether measured by DXA or 

skinfold thickness, neither method of which was used in the present study. Males in 

Warner’s study were not significantly overweight compared to the other two groups, 

similar to the findings in the present study. 

The results of this study are consistent with those of other studies and these 

findings raise further concern over future health problems of childhood cancer survivors, 

especially females, related to obesity and overweight. Long-term health problems such as 

hypertension, insulin resistance, and dyslipidemia, which are all a part of the metabolic 

syndrome, are significant risk factors for future cardiovascular disease in this population 

(Talvensaari & Knip, 1997). Due to the small sample size of this study, generalizations to 
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other populations cannot be made regarding the risks of increased BMI for childhood 

cancer survivors. 

Although not statistically significant the fact that binge eating was noted in three 

survivors, 1 male (4%) and 2 females (7%) is clinically significant. National statistics 

indicate that about 1% of males and 5% of females in the general population have an 

eating disorder (National Institutes of Health, 1994). Percentages of eating disorders in 

this sample are higher than the national average and may be related to the weight 

difficulties that survivors have, although there is no research that supports or refutes this. 

Further investigation of this finding is necessary. 

Calcium 

Although there were no significant findings concerning intake of calcium between 

or within groups, it is worth discussing this finding for several reasons. First, the lack of 

statistical significance indicating that there were no differences in the levels of calcium 

intake is reassuring. Both the survivor and controls had very similar dietary intake of this 

bone forming mineral. What is also reassuring is that the male controls had an average 

intake of calcium (1242 mg/day) exceeding recommended levels of 1000-1200 mg/day in 

19 – 50 year olds (Institute of Medicine, 1997; National Institutes of Health, 1994). 

Secondly, a less reassuring aspect is the lower daily intake of calcium by female 

controls and survivors and male survivors. Although not significant statistically, female 

survivors and controls (873 vs. 844 mg/day, respectively) had calcium intakes that did 

not reach even the lower daily requirement of 1000 mg/day nor did male survivors (906 
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mg/day). Current literature supports the finding of females having lower intake of 

calcium beginning in adolescence and continuing throughout adulthood (Albertson et al., 

1997; Klesges et al., 1999). The purported explanation is that females become more 

weight conscious during adolescence and cut back on dairy products because of concerns 

over fat content and weight gain (Sandler et al., 1985; Teegarden et al., 1999) along with 

skipping meals (Ali & Siktberg, 2001). 

Another explanation could be underreporting of calcium intake on the food 

frequency questionnaire, although that is unlikely as experience has demonstrated over 

estimation of food intake, therefore, the levels of calcium in the sample overall may be 

considerably lower than those reported (Willett, 1998). Reinforcement of high calcium 

intake in the form of dairy products by mothers of adolescent daughters has been shown 

to positively affect continued intake of dairy products throughout young adulthood and 

into menopause (Teegarden et al., 1999). 

Coincidentally, research of calcium intake and weight loss has demonstrated a 

positive relationship. Studies have established that higher dietary intake of calcium is 

associated with weight loss and improved weight maintenance in women (Davies et al., 

2000; Field et al., 2003). Studies in men are limited although lowering of serum lipids 

was demonstrated with a dietary calcium fortified diet (Denke et al., 1993), and lowering 

the risk of metabolic syndrome with increased consumption of dairy products (Azadbakht 

et al., 2005). 

The mechanism of action seems to be that dietary calcium plays a pivotal role in 

the regulation of energy metabolism in an agouti gene rat model. High-calcium diets 
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attenuated adipocyte lipid accretion and weight gain during the over consumption of an 

energy-dense diet and increased lipolysis and preserved thermogenesis during caloric 

restriction, which markedly accelerated weight loss (Zemel & Miller, 2004; Zemel, 2004; 

Zemel et al., 2004). Improved dietary education regarding the relationship of dietary 

calcium to weight loss and maintenance in young adult males and females is desirable. 

Differences in levels of intake of calcium were not detected statistically in this 

sample perhaps due to the small number of participants and lack of power. Further 

research with a larger sample of cancer survivors and controls would assist in further 

validating these findings or refuting them. 

Physical Activity 

 A significant interaction was detected with group (survivor and control) and 

gender (males and females) in relation to physical activity. It was noted in Figure 4.11 

that male controls had higher activity levels overall than male survivors and female 

survivors and controls. Female survivors had higher physical activity levels than did male 

survivors and female controls. The interaction indicates that both gender and group had a 

moderating effect on physical activity, whereas there was no significance when viewing 

each separately.  

 Physical activity among adolescents and young adults has declined in recent 

decades, whereas time spent in sedentary activities, such as watching television, videos, 

or playing computer games has increased (Samuelson, 2000). Occupational physical 

activity associated with one’s vocation or profession has become increasingly more 
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sedentary with increased computer time. Attending college to attain further degrees 

involves significant sedentary activity. This sample was relatively well educated or in the 

process of continuing their education and this may be one reason for their lack of 

physical activity. Similarly, many professions now involve sitting at desks and computers 

for long periods of time. Construction jobs or those requiring increased levels of manual 

labor are not highly sought after by most high school graduates. 

Research examining only childhood cancer survivors of ALL has consistently 

demonstrated lower physical activity levels in survivors. Hypotheses postulated for these 

variances are that survivors of ALL may have physical effects, likely cardiopulmonary, 

that affect their ability to partake in strenuous physical activity (Black et al., 1998); 

changes in gross motor skills, balance, strength and agility (Wright et al., 1998); 

decreased activity levels and total daily energy expenditures that correlated with their 

percentage of body fat (Warner et al., 1998); or, family protectiveness due to the severity 

of the disease (Warner et al., 1998). Although there is no specific explanation for this 

decrease in physical activity in ALL survivors it is possible that none of them apply to 

this particular sample.  

Female survivors in this sample had higher levels of physical activity than did 

their female controls or male survivors. Possible explanations may be that overall females 

are more health and weight conscious and this group of participants had determined that 

exercise helped regulate and maintain their weight more effectively. Another explanation 

could be that with any research tool requesting self-reported levels of physical activity 

there is over-estimation of physical activity levels. 



 154

The lack of physical activity noted in survivors, male and female, and female 

controls is a significant factor in the development of obesity in these populations with all 

the associated risks. But it is difficult to determine whether the decreased physical 

activity led to the obesity or vice versa. No studies have made that delineation. 

An additional feature associated with decreased physical activity levels is the 

association with the development of bone mass during maximum periods of growth. In 

men and women alike, bone mass and density are remarkably lower with decreased levels 

of physical activity and this phenomenon will be discussed further in the following 

section. Regardless of the reasons for the decreased activity in all participants other than 

male controls, this is an area requiring further study in healthy and survivor populations. 

Bone Density of the Hip Trochanter 

 The most interesting finding of the study is the significantly higher bone density 

of the hip in male survivors and controls than in female survivors and controls in the 

sample. Research in the areas of healthy and survivor populations has not demonstrated 

this particular finding in any consistent manner. It is estimated in a study by Armstrong et 

al. (2000) that males achieve their maximum hip bone density by the age of 18 years. The 

average age of males in this sample was 21 years, three years beyond when they would 

have likely achieved their peak bone mass. Accretion of maximal spine bone density in 

males was achieved by the age of 22 according to the same study (Armstrong et al., 

2000). This early achievement of peak bone mass of the trochanter in males may be 

related to the increased body size, ethnicity, muscle mass and possible increased physical 
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activity may be an explanation in male controls, but probably not in male survivors 

(Leonard, 2003). 

 According to Lin, Lyle, Weaver et al. (2003) females’ highest BMD level in 300 

healthy females aged 6 to 32 years was observed at 18.5 (1.6) years for the femoral neck, 

14.2 (2.0) years for the greater trochanter and 15.8 (2.1) years for Ward’s triangle. The 

average age of females in this sample was 23 years exceeding the ages of peak bone mass 

of the hip in a healthy population. It appears that both males and females achieve peak 

bone mass in both their spine and hip earlier than was originally thought and the fact that 

the spine bone densities in this sample were not significantly different is reassuring. It is 

worrisome that the bone density of the hip in females is significantly lower than that of 

males at the same age when peak bone mass has likely been achieved in most of the 

participants of this study. The concern is the impact this lowered bone mass of the hip 

will have as women age and will they be more likely to suffer from osteopenia or 

osteoporosis later in life. Long-term follow-up would be necessary to clarify this 

dilemma. 

 Possible explanations may include: (a) decreased weight bearing exercise in 

females (Kim et al., 2004); (b) type of occupational activity being primarily sedentary 

(Kim et al., 2004); (c) lower body weight and decreased intake of calcium (Lin et al., 

2003); and/or (d) use of oral contraceptives (Burr et al., 2000). Kim (2004) noted that 

weight bearing exercise significantly increased the bone density of the trochanter of 

females in college. Females overall in this study had only slightly lower mean levels of 
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physical activity than did males (46.25 vs 49.20 METS/day). This would likely not 

explain the differences in hip bone density. 

 To, et al. (2005) noted that physical activity significantly correlated to bone mass 

in females from the ages of 17 to 19 years of age. The more active the female was the 

more likely it was that she would remain active and the higher her BMD would remain. 

In this sample there was a significant discrepancy in the physical activity levels between 

female survivors and controls as demonstrated by Figure 4.11. Again this explanation 

may not contribute to this outcome. 

 Another explanation would be that females overall had lower body weights than 

males. Increased weight in males would contribute to increased bone density of the hip 

due to stress placed on the hip bones and lower body weight in females would not 

produce as dense of bone in the hip. Lower body weight is not an explanation for the 

lower bone density of the hip of females in this sample. Females had similar BMIs as 

males in the sample (M = 26 for each). With the increased weight in females it would be 

projected that the bone density of the hip would be greater due to increased muscle stress 

placed on the trochanter and hip, but that was not found to be true in this study. 

Females did have clinically lower calcium intakes but these were not significantly 

different from those of males in the sample. Calcium intake has not been demonstrated to 

be a good predictor of BMD in females (Lin et al., 2003) in some studies, but in others it 

has been shown to be highly associated with the development of young adult bone mass 

(Wang et al., 2003). Additional research of the impact of calcium on development of 

young adult bone mass is required. 
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Lastly, recent research evaluating the effects of methods of contraception on 

BMD in females has shed new light on possible explanations for lowered bone density in 

women. The drug Depo Provera has been utilized for many years for contraception and is 

clearly linked with lowered bone density in women (Scholes et al., 2005). There were 3 

participants in this study who had taken Depo Provera, one for 7 months and the other 2 

for only 3 months. Data concerning length of time on Depo Provera and age of the 

participant when using Depo Provera were not collected, thus there is not way of 

knowing how distant or recent their use of this medication was. Scholes et al. (2005) did 

note in their study that new users lost bone mineral density more rapidly than prevalent 

users and those who discontinued experienced significantly increased bone mineral 

density relative to nonusers at the hip and the spine. Depending on when each of the three 

participants used Depo Provera and the relationship to the DXA scan may be a partial 

explanation, although the number of participants is too low to perform a meaningful 

analysis. 

A study by Burr et al. (2000) with 18 to 31 year old women demonstrated that 

oral contraceptive use alone or exercise alone may have a suppressive effect on the 

normal increase in bone mass of the femoral neck of the hip, while exercise and oral 

contraceptives had a less suppressive effect on BMD. Women who did not exercise or 

use oral contraceptives had the highest BMD of the femoral neck. Twenty-seven percent 

(N = 7) of the females in this study had taken or were taking oral contraceptives with a 

range of 1 to 84 months (M = 19.9 months). The interaction of medication and exercise 

may have had some impact on this sample, but due to the small sample size and lack of 
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collection of dates of initiating and stopping oral contraceptives, the relationship between 

these two variables was not explored. 

Estradiol 

 The significant finding of the levels of estradiol in females being higher than 

those of the males in this study is a normal physiologic finding. An unexpected finding 

was the difference in the overall means of estradiol levels between survivor females and 

males (80.10 and 44.34 pg/dL) and control females and males (51.72 and 28.36 pg/dL). 

Normal reference levels of estradiol in females during the follicular phase or first 10 to 

14 days of the menstrual cycle are 19-183 pg/mL (Labcorp) and for males it is < 54 

pg/mL. The mean level of estradiol is within normal range for both males and females in 

this study, but it is not within the scope of this research study to hypothesize or determine 

the rationale for the elevated mean levels of estradiol in survivors. Additional research is 

needed to determine logical reasons for this occurrence. 

Limitations 

 The lack of highly reliable tools to estimate physical activity levels in a young 

adult population was a significant problem. Accurate and reliable assessment of normal 

physical activity in a sample is difficult and can be very expensive. Use of pedometer 

type devices can be utilized, but to get an accurate view of a person’s usual activities, 

assessment of physical activity needs to be done over a prolonged period of time, with 

short spans of assessment at prescribed intervals throughout the year. Often people 

change their activity levels because they know they are being recorded. 
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Estimation of energy output is poor in this study. Over or under estimation of 

physical activity is common with over-estimation being most prevalent as noted in male 

controls. Collection of historical data concerning physical activity is also difficult for 

most persons again leading to highly inaccurate data. 

 Estimation of caloric intake is always difficult. Food frequency questionnaires are 

as unreliable as food diaries (Willett, 1998). The reason for choosing a food frequency 

questionnaire was that it provided data not only for the present as in a food diary, but also 

over a prolonged span of time. Although this questionnaire was extremely long and may 

have contributed to either over or under estimation of food intake due to fatigue, it 

provided a large amount of data that can be examined for future research endeavors. Use 

of both food diaries for short time spans (3-4 days) along with a food frequency 

questionnaire would allow for validation of nutrient intake in future studies. 

 More accurate means of calculating body mass index would have been preferred. 

Whole body DXA scans are better at estimating body fat in a sample, although the cost is 

greater to perform both the total body and the hip and spine bone density. In future 

research strong consideration would be made to include total body DXA scans for body 

fat for increased accuracy of data. A consideration for future studies is that most DXA 

machines have a weight limitation; therefore; sample selection would be biased and obese 

individuals would be unable to be evaluated. 

 The single most significant limitation was the small sample size for this study. It 

was expected that more survivors would participate, but the database through Children’s 

Medical Center was not updated on a regular basis and limited contact to potential 
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participants. Potential means of remedying this problem would be to advertise for 

potential participants in local newspapers, on radio programs, information banners on 

public transportation, or the use of a national cancer database that is likely to be updated 

regularly for research purposes. Additionally, grant monies might enable recruitment at 

several different sites to increase the sample size. High monetary reimbursement may 

also be needed to recruit a larger sample. 

Another limitation was that all cancer survivors came from Children’s Medical 

Center and had been entered into the long-term care young adult clinic. This population 

had been well taken care of and the particular areas explored in this study were 

anticipated problems with this population of survivors, therefore, this sample bias may 

have skewed data because of preventative education, particularly regarding bone density , 

exercise and calcium intake having taken place prior to this study. Future research studies 

should include a larger group of cancer survivors of ALL and other cancers that have not 

had regular follow-up after their treatment to determine if there are variations in the 

findings based on care received. 

Implications for Nursing 

 All adolescents and young adults, not just childhood cancer survivors, must be 

encouraged to increase their calcium intake in the form of dairy products through 

education that is geared to their needs. The fact that dairy products have been shown to 

prevent weight gain and may enhance weight loss must be stressed in school health 

classes and at well child examinations by health professionals. Children and adolescents 
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may need calcium supplements, although dietary calcium, based on empirical studies, is 

more beneficial to bone growth over time. 

 Based on previous research in childhood cancer survivors (Oeffinger et al., 2003; 

Warner et al., 2002), weight gain is a significant problem, especially for females. 

Calcium intake that reaches recommended levels of 1300 mg/day in adolescents and 1200 

mg/day in adults 19-50 years, through dietary intake should be strongly encouraged by 

health professionals, including dieticians, working with this population. Other factors 

may be involved with the weight gain in this population that require further elucidation, 

but for now diet and exercise must be emphasized. 

 Participation in physical activities that will promote bone growth of both hip and 

spine should be started early in a child’s life. Exposure to a wide variety of sports and 

activities will assist the child and adolescent in identifying those that will be enjoyed and 

continued throughout adulthood. Limitation of time watching television, playing 

computer games or surfing the web is necessary. This must begin prior to puberty from 

about 8 to 10 years of age for maximum benefit to bone growth. 

 Girls and women should be encouraged to find weight bearing exercise that will 

benefit both their spine and hip bone density such as running, walking, or jogging. 

Dancing and gymnastics, activities other than bicycle riding and swimming, can also 

contribute to development of strong bones. Anticipatory health education is necessary in 

the prepubertal and pubertal population. 
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Recommendations for Future Research 

The small sample size prevents generalizing to a larger population, but replication 

with a larger sample is recommended and would allow for validation of the present 

conceptual model or development of a conceptual model that better represents peak bone 

mass in childhood cancer survivors and healthy young adults. Additional research 

exploring the impact of either supplemented calcium or dietary calcium on weight control 

is necessary. Long-term follow-up of this sample or similar samples of childhood cancer 

survivors to evaluate weight gain/loss, physical activity levels and caloric intake over 

time may reveal much in terms of preventive health care and counseling. Calcium intake 

in male childhood cancer survivors is not a well studied area and further research would 

be beneficial with a much larger sample with various types of childhood cancer survivors 

included to determine if weight gain is associated with low calcium intake. Further study 

of differences in estradiol levels in childhood cancer survivors if any, is needed to 

determine if this may be a factor in weight gain and increase the risk of obesity in this 

population, or if weight gain is a result of treatment. Additionally, future research must 

further explore the impact of the level of estradiol on bone density in males as this area 

has only recently begun to be studied. 

 Contraception, particularly oral contraceptives, contraceptive patch and progestin-

only methods, and their impact on bone density has been studied extensively in healthy 

adolescents and young adults, but is limited in childhood cancer survivors. Additional 

research investigating the use of various methods of contraception, length of time used, 

and effect on bone density in childhood cancer survivors is necessary. 
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Qualitative nursing studies concerning childhood cancer survivors are 

lacking in the literature. One observation that this researcher made while 

interviewing survivor participants was their lack of close friends or their feelings 

of being different or isolated. Whether this was due to their disease or other 

factors occurring at the time of treatment or in the years following treatment is an 

area requiring further research. 

Nursing can and should contribute to the body of knowledge of peak bone 

mass in young adults and childhood cancer survivors. This study is a beginning 

and will lead to further integrative research to advance the knowledge base of 

factors leading to osteoporosis and identifying the best means of prevention of 

this disorder in both men and women. 
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APPENDIX A 

Demographic Questionnaire 
 
 

To all participants: 
 
You have been asked to participate in a study for my dissertation that is concerned with 
identifying factors that may have an effect on the strength of your bones as you become 
older. This survey will help us understand those factors that are most important in 
building strong bones when you are a teenager and young adult.  
 
The questions in this survey cover a number of different areas of importance related to 
your diet and exercise. The questions deal with both the present and past. 
 
This is NOT a test. Your name will NOT be on the survey so no one will know your 
answers. Please answer the questions as accurately as possible. Your participation is 
voluntary and you do not have to answer a particular question if you would prefer not to. 
 
Your help today is VERY IMPORTANT to me. 
 
Thank you for your help. 
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PERSONAL, FAMILY AND HEALTH INFORMATION 
 

 
1. How old were you at your last birthday?  _____ years 
 
2. Are you 

 American Indian/Alaska Native 
 Asian 
 Native Hawaiian or other Pacific Islander 
 Hispanic or Latino 
 Black or African American 
 White 
 Other 

 
3. What is the highest grade in school that your father/stepfather/male guardian has 

completed? If you’re not sure, make your best guess. Mark only one answer. 
 He did not finish high school 
 He finished high school 
 He went to vocational school (ex. Computer/electrician/mechanic) 
 He took some college 
 He finished college 
 He did some graduate work for a master’s or Ph.D. 
 He has a master’s or Ph.D. 
 I don’t know 

 
4. What is the highest grade in school that your mother/stepmother/female guardian has 

completed? If you’re not sure, make your best guess. Mark only one answer. 
 She did not finish high school 
 She finished high school 
 She went to vocational school (ex. Computer/electrician/mechanic) 
 She took some college 
 She finished college 
 She did some graduate work for a master’s or Ph.D. 
 She has a master’s or Ph.D. 
 I don’t know 

 
5. What is your highest level of education? 

 Did not graduate from high school 
 High school graduate 
 Bachelor’s degree 
 Master’s degree or postgraduate degree 
 Technical or vocational school/programs 
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6. Do you currently work outside the home?  _____ Yes  _____No 
If yes, what do you do? __________________ 
How many hours per week do you work?  _________ 
 

7. I have health/medical insurance (including Medicaid/Medicare) 
 Yes 
 No 
 Don’t know 

 
8. When did you last see a doctor for a checkup (regular physical exam, immunizations, 

etc.)? 
 Within the last 12 months 
 1-2 years ago 
 Over 2 years ago 
 Don’t remember 
 Never 

 
Males skip to Question # 12 – Females continue answering the following questions: 
 
9. How old were you when you had your first menstrual period?  _____years old 
 
10. Have your periods always been regular (a period about every month)?  

 Yes 
 No 

 
11. How many menstrual periods have you had in the past 12 months? 

 0-6 periods 
 7-12 periods 
 No longer have periods 

 
12. What method of birth control are you currently using to prevent pregnancy? 

 Birth control pills/oral contraceptives  Birth control pills + condoms 
 Depo-Provera     Depo Provera + condoms 
 Intrauterine device (IUD)    IUD + condoms 
 Norplant (implant in your upper arm)  Norplant + condoms 
 Condoms (male)     Condoms (male) + spermacide 
 Condoms (female)     Never sexually active 
 Spermacide (foam, cream, jelly, film)  Not currently sexually active 
 Sterilization (tubes were tied)   None of the above 
 Hysterectomy (uterus removed)   

 
Males please skip to Question # 15 – Females continue answering the following 
questions: 
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13.  If you are not currently on birth control pills, have you ever taken birth control pills 
in the past for any reason? 

 Yes 
 No 

 
If yes, how long did you take them? _______months 
 
14.  If you are not currently using Depo-Provera, have you ever used the contraceptive 
Depo-Provera in the past? 

 Yes 
 No 

 
If yes, how long did you use Depo-Provera? ________months 
 
The following questions concern some very personal information. Please answer 
questions as honestly and completely as possible. Remember, your answers will be kept 
confidential. 
 
15.  How often have you gone on a diet during the last year? By “diet”, we mean 

changing the way you eat so you can lose weight. 
 Never 
 1-4 times 
 5-10 times 
 More than 10 times 
 Am always dieting 

 
16. Have you ever eaten so much in a short period of time that you felt out-of-control and 

would be embarrassed if others saw you (binge-eating, gorging, or bulimia)? 
 Yes 
 No 
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17. Do you every vomit or throw up on purpose after eating? 
 Yes 
 No 

 
18. Do you ever use laxatives, ipecac, or diuretics (water pills) to lose weight? 

 Yes 
 No 

 
19. How often do you use the following: 
 

a.  Cigarettes 
 Daily 

 About weekly 
About monthly 
 Less than monthly 
 Over a year ago 
 Never 

 
b.  If you smoke how many cigarettes do 
you smoke in a day?  

 1-10 cigarettes 
 11-20 cigarettes 
 More than 20 cigarettes 

 
c.  How many years have you smoked 
this amount? 

 1-3 years 
 4 or more years 
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d.  Beer/wine/wine coolers 
 Daily 
 About weekly 
 About monthly 
 Less than monthly 
 Over a year ago 
 Never 

 
e.  If you drink beer/wine/wine coolers, generally, how much do you drink at one 
time? 

 One glass/can/drink 
 2-4 glasses/cans/drinks 
 More than 4 at one time 

 
f.  How many years have you been drinking this amount? 

 1-3 years 
 4 or more years 

 
g.  Hard liquor (rum, whiskey, mixed drinks, etc.) 

 Daily 
 About weekly 
 About monthly 
 Less than monthly 
 Over a year ago 
 Never 

 
h.  If you drink hard liquor, generally, how much do you drink at one time? 

 One glass/can/drink 
 2-4 glasses/cans/drinks 
 More than 4 at one time 

 
i.  How many years have you been drinking this amount? 

 1-3 years 
 4 or more years 

 
If you are a survivor of childhood cancer please answer the questions # 20 and 21. 
If you have never had cancer continue on to the next questionnaire 
 
20. How old were you when you were first diagnosed with cancer? ______ years 

 
21. What type of cancer were you diagnosed with? _____________________ 
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APPENDIX B 

Food Frequency Questionnaire - Example 
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APPENDIX C 

Modifiable Activity Questionnaire 
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APPENDIX D 

Bone Density Results 
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APPENDIX E 

Nutritional Data Sheet for Participants 
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APPENDIX F 
 

University of Texas at Austin IRB Approval 
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APPENDIX G 
 

University of Texas at Austin IRB Continuing Review 
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APPENDIX H 
 

The University of Texas Southwestern Initial IRB Review
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APPENDIX I 
 

University of Texas Southwestern IRB Continuing Review 

 



 185

 



 186

APPENDIX J 
 

Survivor Consent 
 
 

The University of Texas Southwestern Medical Center at Dallas 
 

CONSENT TO PARTICIPATE IN RESEARCH 
  
Title of Research: Effect of Calcium Intake and Physical Activity Levels on Peak 
Bone Mass in Survivors of Childhood Cancer and Healthy Young Adults Ages 18 to 30 
Years 
 
Investigator:    Telephone No.   Telephone No. 

(regular office hours)  (after hours) 
Jane Kass-Wolff, RN, MS  214-648-3203   972-727-4805 
 
Sponsors: 
Kevin Oeffinger, M. D.  214-648-4907 
 Faculty Sponsor at The University of Texas Southwestern Medical Center 
Lynn Rew, RN, EdD   512-232-4784 
 Faculty Advisor at The University of Texas at Austin 

 
 
INVITATION: You are a survivor of childhood cancer and are invited to participate in a 
study for my graduate nursing research on bone density and factors, such as calcium 
intake and physical activity that influence the greatest amount of bone growth during 
young adulthood. We will look to see if there are any differences between survivors of 
childhood cancer and a group of young adults who have not had cancer. My dissertation 
supervisor is Lynn Rew, EdD, RNC, at the University of Texas at Austin School of 
Nursing. 
 
Nursing research involves collecting and studying information about each patient’s 
experience. This information will be used to develop the best possible care for young 
adults who are survivors of childhood cancer and those who have not had childhood 
cancer or other long-term illness. 
 

NUMBER OF PARTICIPANTS: The investigator will invite 40 survivors of childhood 
cancer and 40 young adults who are friends of a survivor and have not had cancer to 
participate in this study. 
 
PURPOSE:  The purpose of this research is to determine the effects of calcium intake 
and physical activity on bone density in young adults who are survivors of childhood 
cancer and who may be at increased risk of weak bones because of previous cancer 
treatment and compare them to young adults who have not had childhood cancer. 
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PROCEDURES 
 
Screening for Eligibility:  The investigator will ask you questions about your health, 
medications you take for any health problems, and any surgical procedures you have had. 
 
A pregnancy test will be performed on every woman who is able to have children and wishes to 
participate in this research. The investigator will ask for the date when your last monthly period 
started and take a thorough menstrual history. A urine pregnancy test is accurate in diagnosing a 
pregnancy within 10 days of conception, so if you are not past the 10 days and you are pregnant 
the test may not indicate that you are pregnant. This procedure may be done even if you do not 
participate in this research. If the urine pregnancy test is positive you will be ineligible for this 
study and you will be counseled regarding your options. 
 
Study Procedures: The time required for you to complete the study will be approximately 2 to 
2½ hours. (1) A blood sample will be obtained by venipuncture, which involves inserting a 
needle into a vein in your arm and withdrawing a sample of blood, as is routinely done for 
physical examinations. In this study the investigator, a trained technician, will obtain a 30 
milliliter (about 2 tablespoons) sample of your blood that will be tested for the level of estradiol 
(estrogen, a female and male hormone); (2) you will be asked to complete 3 questionnaires 
consisting of personal and health history, e.g. contraceptive, smoking, and alcohol history, access 
to health care and family information; a questionnaire about your current and past eating habits; 
and finally the investigator will ask you questions about your current and past levels and types of 
physical activities; and (3) a bone density will be performed to determine the strength of your 
bones. 
 
POSSIBLE RISKS: 
 
There are minimal risks involved in this study. 
 
Radiation exposure for diagnostic tests: The amount of radiation exposure, in addition to 
Standard Care that you will receive in this study, is small. The risk of harm to your body from 
this radiation exposure is comparable to the everyday risk of driving 8 miles in an automobile or 
smoking 3 cigarettes. 
 
During the bone density test you will be asked to lie still on your back on the examination table. 
This should cause no pain or discomfort. You will not be asked to disrobe, only unbutton the top 
button of your pants, if necessary. You may be inconvenienced due to the length of time it takes 
to complete the study. 
 
Risks to an embryo, fetus, or breast-fed infant: A woman who is pregnant or is breast-feeding 
an infant should not participate in this research. 
 
It is not known whether bone density testing may harm an embryo or fetus or an infant who is 
breast-feeding. It is not known whether bone densitometry may lead to birth defects. If a woman 
is pregnant, radiation exposure to her reproductive organs may harm an embryo or fetus. 
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Blood Sample. You will have the same amount of blood collected whether you receive standard 
medical care for a health problem or participate in this research. Therefore, your risk of 
complications from collecting the blood is the same. 
 
Drawing a blood sample is accompanied by minor discomfort with needle entry and slight 
bleeding and/or bruising. A feeling of dizziness or faintness may occur. 
 
Unforeseen risks: A previously unknown problem could result from your participation in this 
research. It is not possible to estimate the chances of such problems or how serious problems 
could be. 
 
How you can help reduce some of the risks: It is your responsibility to do the following: 

• Ask questions about anything you do not understand 
• Notify the investigator if there is a risk of pregnancy 
• Follow the investigator’s instructions 
• Let the investigator know if your telephone number or address changes 
• Tell your regular health care provider about your participation in this research 

 
What to do if you have problems: If you have problems, such as unusual symptoms or pain at 
any time during your participation in the research, the investigator, Jane Kass-Wolff, RN, 
Certified Family Nurse Practitioner can recommend treatment. Telephone numbers where Ms. 
Kass-Wolff may be reached are listed above. 
 
If you suddenly have a serious problem, such as difficulty breathing or severe pain, go to the 
nearest hospital emergency room, or call 911. 
 
POSSIBLE BENEFITS 
 
Benefit to you: You will have the opportunity to have a bone density test, which will determine 
whether the bone you have already developed is adequate or if there may be a potential problem. 
In the past, bone densitometry has not been performed until women or men were much older and 
only if there were problems with their bones. Completion of the questionnaires will provide 
additional information with which to evaluate bone density. 
 
If there is a problem with the density of the bone in your spine or hip a copy of the bone density 

test will be given to you to give to your physician for care. The cost of any preventive treatment, 

if necessary, will be your responsibility. 

 
Benefit to other young adults with low bone density: Further research in the area of maximum 
bone development in young adults will help to determine factors that will help in identifying 
those persons who may have problems developing strong bones and prevent future problems. It 
may also allow for earlier recognition of problems with low bone mass in survivors of childhood 
cancer and young adults who have not had childhood cancer or other chronic illness. However, 
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the investigator will not know whether there are benefits to other people until all of the 
information obtained from this research has been collected and analyzed. 
 
ALTERNATIVES TO YOUR PARTICIPATION IN THIS RESEARCH: You do not have 
to participate in this research. If there is a need to perform a bone density test on you that test 
will be made available to you, but at your own expense. 
 
Please ask the investigator as many questions as you wish. The answers to your questions could 
help you decide whether you will participate in this research or receive the standard care that is 
currently available. If you decide now that you will participate in this research study and later 
change your mind, you may stop participation in this research study. 
 
THE INVESTIGATOR’S DECISION TO STOP YOUR PARTICIPATION: The 
investigator may stop your participation in this research without your permission under the 
following conditions: 

• Pregnancy 
• You are unable to follow instructions 

 
PROCEDURES AFTER STOPPING PARTICIPATION IN THIS RESEARCH: Notify the 
investigator of your wish to withdraw from the study. Nothing further will be required of you. 
 
PAYMENT TO TAKE PART IN THIS RESEARCH: You will be given a $10.00 gift 
certificate for completion of the study. 
 
COSTS TO YOU: You or your insurance company will not be charged for your visit or for any 
of the testing. 
 
There are no funds available to pay for lost time away from work or other activities, lost wages, 
transportation to and from the clinic, or childcare expenses. 
 
COMPENSATION FOR INJURY: Compensation for a physical injury or any other 
complication resulting from participation in this research is not available from The University of 
Texas Southwestern Medical Center at Dallas or The University of Texas at Austin. However, 
you retain your legal rights during your participation. 
 
RIGHTS OF PARTICIPANTS IN RESEARCH: You have certain rights. These rights 
include, but are not limited to your right to have information about the purpose and nature of the 
research, the procedures, any risks or benefits, and available medical care if complications occur. 
You have the right to ask any questions about the research and the procedures and to receive 
answers to all of your questions. You also have the right not to answer any question that you may 
feel is too personal. 
 
VOLUNTARY PARTICIPATION IN RESEARCH: You have the right to agree or refuse to 
participate in this research. If you decide to participate and later change your mind, you are free 
to discontinue participation in the research at any time without affecting your legal rights, or the 
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quality of the health care that you will receive at this institution, or any relationship with The 
University of Texas at Austin. 
 
Refusal to participate will involve no penalty or loss of benefits to which you are otherwise 
entitled. 
 
NEW INFORMATION: Any significant new information which becomes available during your 
participation in the research and that may affect your health, safety, or willingness to continue in 
the study will be given to you. 
 
RECORDS OF YOUR PARTICIPATION IN THIS RESEARCH 
 
Information kept at UT Southwestern: You have the right to privacy. All information obtained 
from this research that can be identified with you will remain confidential within the limits of the 
law. The investigator and other people associated with this research at The University of Texas 
Southwestern Medical Center will keep information about your participation in locked files. 
Such private information will be released only to persons directly involved with the research. 
 
Publication of the results of the research: The results of this research may appear in scientific 
publications without identifying you in any way. 
 
Information available to other people: An Institutional Review Board (IRB) is a group of 
people who are responsible for assuring the community that the rights of participants in research 
are respected. Members and staff of the IRB at this medical center may review the records of 
your participation in this research. You may be contacted by a representative of the IRB for 
information about your experience with this research. If you wish, you may refuse to answer any 
questions the representative of the Board may ask. 
 
YOUR QUESTIONS: If you have any questions about this study, please ask me. If you have 
any questions alter, you may call me at 214-648-3203 or my sponsor, Dr. Kevin Oeffinger at 
214-648-4907, or my supervisor, Professor Lynn Rew at 512-232-4784. The Chairman of the 
IRB is available to answer questions about your rights as a participant in research or to answer 
your questions about an injury or other complication resulting from your participation in this 
research. You may telephone the Chairman of the IRB at The University of Texas Southwestern 
Medical Center, during regular office hours at 214- 648-3060. 
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YOUR WILL HAVE A COPY OF THIS SIGNED AND DATED CONSENT 
FORM TO KEEP 

 
Your signature below certifies the following: 

• You have read (or been read) the information provided above 
• You have received answers to all of your questions 
• You have freely decided that you will participate in this research 
• You understand that you are not giving up any of your legal rights 
• The investigator may review your medical records 
• You are giving the investigator approval to release medical information to 

your physician with your knowledge and permission, if necessary. 
 
 
 
___________________________________ 
Participant’s Name (Printed) 
 
___________________________________    _________________ 
Participant’s Signature      Date 
 
___________________________________ 
Witness’ Name (Printed) 
 
___________________________________    _________________ 
Witness’ Signature       Date 
 
____________________________________ 
Name of Person Obtaining Consent (Printed) 
 
____________________________________   _________________ 
Signature of Person Obtaining Consent    Date 
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APPENDIX K 

Consent for Friend of Survivor 

 
 

The University of Texas Southwestern Medical Center at Dallas 
 

CONSENT TO PARTICIPATE IN RESEARCH 
  
Title of Research: Effect of Calcium Intake and Physical Activity Levels on Peak Bone Mass 
in Survivors of Childhood Cancer and Healthy Young Adults Ages 18 to 30 Years 
 
Investigator:    Telephone No.   Telephone No. 

(regular office hours)  (after hours) 
Jane Kass-Wolff, RN, MS  214-648-3203   972-727-4805 
 
Sponsors: 
Kevin Oeffinger, M. D.  214-648-4907 
 Faculty Sponsor at The University of Texas Southwestern Medical Center 
Lynn Rew, RN, EdD   512-232-4784 
 Faculty Advisor at The University of Texas at Austin 

 
 
INVITATION: You are invited to participate as a friend of a survivor of childhood cancer in a 
study for my graduate nursing research on bone density and factors, such as calcium intake and 
physical activity that influence the greatest amount of bone growth during young adulthood. We 
will look to see if there are any differences between survivors of childhood cancer and a group of 
young adults who have not had cancer. My dissertation supervisor is Lynn Rew, EdD, RNC, at 
the University of Texas at Austin School of Nursing. 
 
Nursing research involves collecting and studying information about each patient’s experience. 
This information will be used to develop the best possible care for young adults who are 
survivors of childhood cancer and those who have not had childhood cancer or other long-term 
illness. 
 

NUMBER OF PARTICIPANTS: The investigator will invite 40 survivors of childhood cancer 
and 40 young adults who are friends of a survivor and have not had cancer to participate in this 
study. 
 
PURPOSE:  The purpose of this research is to determine the effects of calcium intake and 
physical activity on bone density in young adults who are survivors of childhood cancer and who 
may be at increased risk of weak bones because of previous cancer treatment and compare them 
to young adults who have not had childhood cancer. 
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PROCEDURES 
 
Screening for Eligibility:  The investigator will ask you questions about your health, 
medications you take for any health problems, and any surgical procedures you have had. 
 
A pregnancy test will be performed on every woman who is able to have children and wishes to 
participate in this research. The investigator will ask for the date when your last monthly period 
started and take a thorough menstrual history. A urine pregnancy test is accurate in diagnosing a 
pregnancy within 10 days of conception, so if you are not past the 10 days and you are pregnant 
the test may not indicate that you are pregnant. This procedure may be done even if you do not 
participate in this research. If the urine pregnancy test is positive you will be ineligible for this 
study and you will be counseled regarding your options. 
 
Study Procedures: The time required for you to complete the study will be approximately 2 to 
2½ hours. (1) A blood sample will be obtained by venipuncture, which involves inserting a 
needle into a vein in your arm and withdrawing a sample of blood, as is routinely done for 
physical examinations. In this study the investigator, a trained technician, will obtain a 30 
milliliter (about 2 tablespoons) sample of your blood that will be tested for the level of estradiol 
(estrogen, a female and male hormone); (2) you will be asked to complete 3 questionnaires 
consisting of personal and health history, e.g. contraceptive, smoking, and alcohol history, access 
to health care and family information; a questionnaire about your current and past eating habits; 
and finally the investigator will ask you questions about your current and past levels and types of 
physical activities; and (3) a bone density will be performed to determine the strength of your 
bones. 
 
POSSIBLE RISKS: 
 
There are minimal risks involved in this study. 
 
Radiation exposure for diagnostic tests: The amount of radiation exposure, in addition to 
Standard Care that you will receive in this study, is small. The risk of harm to your body from 
this radiation exposure is comparable to the everyday risk of driving 8 miles in an automobile or 
smoking 3 cigarettes. 
 
During the bone density test you will be asked to lie still on your back on the examination table. 
This should cause no pain or discomfort. You will not be asked to disrobe, only unbutton the top 
button of your pants, if necessary. You may be inconvenienced due to the length of time it takes 
to complete the study. 
 
Risks to an embryo, fetus, or breast-fed infant: A woman who is pregnant or is breast-feeding 
an infant should not participate in this research. 
 
It is not known whether bone density testing may harm an embryo or fetus or an infant who is 
breast-feeding. It is not known whether bone densitometry may lead to birth defects. If a woman 
is pregnant, radiation exposure to her reproductive organs may harm an embryo or fetus. 
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Blood Sample. You will have the same amount of blood collected whether you receive standard 
medical care for a health problem or participate in this research. Therefore, your risk of 
complications from collecting the blood is the same. 
 
Drawing a blood sample is accompanied by minor discomfort with needle entry and slight 
bleeding and/or bruising. A feeling of dizziness or faintness may occur. 
 
Unforeseen risks: A previously unknown problem could result from your participation in this 
research. It is not possible to estimate the chances of such problems or how serious problems 
could be. 
 
How you can help reduce some of the risks: It is your responsibility to do the following: 

• Ask questions about anything you do not understand 
• Notify the investigator if there is a risk of pregnancy 
• Follow the investigator’s instructions 
• Let the investigator know if your telephone number or address changes 
• Tell your regular health care provider about your participation in this research 

 
What to do if you have problems: If you have problems, such as unusual symptoms or pain at 
any time during your participation in the research, the investigator, Jane Kass-Wolff, RN, 
Certified Family Nurse Practitioner can recommend treatment. Telephone numbers where Ms. 
Kass-Wolff may be reached are listed above. 
 
If you suddenly have a serious problem, such as difficulty breathing or severe pain, go to the 
nearest hospital emergency room, or call 911. 
 
POSSIBLE BENEFITS 
 
Benefit to you: You will have the opportunity to have a bone density test, which will determine 
whether the bone you have already developed is adequate or if there may be a potential problem. 
In the past, bone densitometry has not been performed until women or men were much older and 
only if there were problems with their bones. Completion of the questionnaires will provide 
additional information with which to evaluate bone density. 
 
If there is a problem with the density of the bone in your spine or hip a copy of the bone density 

test will be given to you to give to your physician for care. The cost of any preventive treatment, 

if necessary, will be your responsibility. 

 
Benefit to other young adults with low bone density: Further research in the area of maximum 
bone development in young adults will help to determine factors that will help in identifying 
those persons who may have problems developing strong bones and prevent future problems. It 
may also allow for earlier recognition of problems with low bone mass in survivors of childhood 
cancer and young adults who have not had childhood cancer or other chronic illness. However, 
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the investigator will not know whether there are benefits to other people until all of the 
information obtained from this research has been collected and analyzed. 
 
ALTERNATIVES TO YOUR PARTICIPATION IN THIS RESEARCH: You do not have 
to participate in this research. If there is a need to perform a bone density test on you that test 
will be made available to you, but at your own expense. 
 
Please ask the investigator as many questions as you wish. The answers to your questions could 
help you decide whether you will participate in this research or receive the standard care that is 
currently available. If you decide now that you will participate in this research study and later 
change your mind, you may stop participation in this research study. 
 
THE INVESTIGATOR’S DECISION TO STOP YOUR PARTICIPATION: The 
investigator may stop your participation in this research without your permission under the 
following conditions: 

• Pregnancy 
• You are unable to follow instructions 

 
PROCEDURES AFTER STOPPING PARTICIPATION IN THIS RESEARCH: Notify the 
investigator of your wish to withdraw from the study. Nothing further will be required of you. 
 
PAYMENT TO TAKE PART IN THIS RESEARCH: You will be given a $10.00 gift 
certificate for completion of the study. 
 
COSTS TO YOU: You or your insurance company will not be charged for your visit or for any 
of the testing. 
 
There are no funds available to pay for lost time away from work or other activities, lost wages, 
transportation to and from the clinic, or childcare expenses. 
 
COMPENSATION FOR INJURY: Compensation for a physical injury or any other 
complication resulting from participation in this research is not available from The University of 
Texas Southwestern Medical Center at Dallas. However, you retain your legal rights during your 
participation. 
 
RIGHTS OF PARTICIPANTS IN RESEARCH: You have certain rights. These rights 
include, but are not limited to your right to have information about the purpose and nature of the 
research, the procedures, any risks or benefits, and available medical care if complications occur. 
You have the right to ask any questions about the research and the procedures and to receive 
answers to all of your questions. You also have the right not to answer any question that you may 
feel is too personal. 
 
VOLUNTARY PARTICIPATION IN RESEARCH: You have the right to agree or refuse to 
participate in this research. If you decide to participate and later change your mind, you are free 
to discontinue participation in the research at any time without affecting your legal rights, or the 
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quality of the health care that you will receive at this institution, or any relationship with The 
University of Texas at Austin. 
 
Refusal to participate will involve no penalty or loss of benefits to which you are otherwise 
entitled. 
 
NEW INFORMATION: Any significant new information which becomes available during your 
participation in the research and that may affect your health, safety, or willingness to continue in 
the study will be given to you. 
 
RECORDS OF YOUR PARTICIPATION IN THIS RESEARCH 
 
Information kept at UT Southwestern: You have the right to privacy. All information obtained 
from this research that can be identified with you will remain confidential within the limits of the 
law. The investigator and other people associated with this research at The University of Texas 
Southwestern Medical Center will keep information about your participation in locked files. 
Such private information will be released only to persons directly involved with the research. 
 
Publication of the results of the research: The results of this research may appear in scientific 
publications without identifying you in any way. 
 
Information available to other people: An Institutional Review Board (IRB) is a group of 
people who are responsible for assuring the community that the rights of participants in research 
are respected. Members and staff of the IRB at this medical center may review the records of 
your participation in this research. You may be contacted by a representative of the IRB for 
information about your experience with this research. If you wish, you may refuse to answer any 
questions the representative of the Board may ask. 
 
YOUR QUESTIONS: If you have any question about this study, please ask me. If you have any 
questions alter, you may call me at 214-648-3203 or my sponsor, Dr. Kevin Oeffinger at 214-
648-4907, or my supervisor, Professor Lynn Rew at 512-232-4784. The Chairman of the IRB is 
available to answer questions about your rights as a participant in research or to answer your 
questions about an injury or other complication resulting from your participation in this research. 
You may telephone the Chairman of the IRB at The University of Texas Southwestern Medical 
Center, during regular office hours at 214- 648-3060. 
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YOUR WILL HAVE A COPY OF THIS SIGNED AND DATED CONSENT 
FORM TO KEEP 

 
Your signature below certifies the following: 

• You have read (or been read) the information provided above 
• You have received answers to all of your questions 
• You have freely decided that you will participate in this research 
• You understand that you are not giving up any of your legal rights 
• The investigator may review your medical records 
• You are giving the investigator approval to release medical information to 

your physician with your knowledge and permission, if necessary. 
 
 
 
___________________________________ 
Participant’s Name (Printed) 
 
___________________________________    _________________ 
Participant’s Signature      Date 
 
___________________________________ 
Witness’ Name (Printed) 
 
___________________________________    _________________ 
Witness’ Signature       Date 
 
____________________________________ 
Name of Person Obtaining Consent (Printed) 
 
____________________________________   _________________ 
Signature of Person Obtaining Consent    Date 
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APPENDIX L 

Letter to Survivor 

 
 
 
 
 
{Date} 
 
 
 
{Name} 
{Address} 
{City, State and Zip Code} 
 
Dear {Name}, 
 
Some treatments for childhood cancer may result in weaker bones and an increased risk 
for osteoporosis at a younger age. We would like to determine the density or strength of 
bones in young adults from 18 to 30 years of age who were treated for childhood cancer 
and compare them with young men and women who have never had cancer or other 
chronic illness. You were selected as a possible participant because you are being 
followed in the After the Cancer Experience (ACE) Young Adult Program at The 
University of Texas Southwestern Medical Center. There will be approximately 40 young 
adults who are childhood survivors of cancer and 40 who have never had childhood 
cancer in the study. 
 
My name is Jane Kass-Wolff and I am a registered nurse and Family Nurse Practitioner 
at the University of Texas Southwestern Medical Center. I am currently working on my 
graduate degree in nursing at The University of Texas in Austin. I also work with Dr. 
Kevin Oeffinger and the After the Cancer Experience (ACE) Young Adult Program. We 
are contacting you to invite you to participate in this exciting study on bone density. It 
would involve approximately 2 hours of your time, and would require a urine test to 
determine if you are pregnant (if you are a woman), review and sign a consent form, 
measure your height and weight, have blood drawn to look at hormone levels, complete 
three questionnaires concerning your personal and health history, diet, and level of 
physical activity, and a bone density test (special type of x-ray) of both your spine and 
hip. A copy of your bone density will be given to you the day of the test. A copy your 
dietary analysis, and blood test results will be given to you within 6-8 weeks following 
your completion of the study. A copy of the results of the study will be mailed to you 
when it is completed, if you choose. There will be no cost to you for these special tests, 
except the time involved to come to our office and to complete the study. On completion 
of the study you will receive a $10.00 gift certificate. 
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You can be assured that we will respect your privacy at all times. Your name or other 
identifiers will not be used in any report of our findings, or released to any person or 
agency, except study investigators. 
If you are interested we would like for you to call my office at 214 648-4747, Monday 
through Friday, from 8:00 a.m. to 4:30 p.m., and leave your name and phone numbers 
(office and home) with the receptionist. I will get back with you within 24 to 48 hours to 
ask you some questions and set up a time for you to meet with me and take part in this 
important study. We will be happy to answer any questions that you might have about the 
study at any time. 
 
We look forward to hearing from you in the near future. 
 
Sincerely, 
 
 
 
 
Jane Kass-Wolff, RN, MS, CFNP  Kevin Oeffinger, MD 
Doctoral Candidate in Nursing  Director, ACE Young Adult Program 
The University of Texas at Austin The University of Texas Southwestern 

Medical Center 
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APPENDIX M 

Letter to Friend 

 
 
 
 
 
{Date} 
 
 
 
{Name} 
{Address} 
{City, State and Zip Code} 
 
Dear {Name}, 
 
Some treatments for childhood cancer may result in weaker bones and an increased risk 
for osteoporosis at a younger age. We would like to determine the density or strength of 
bones in young adults from 18 to 30 years of age who were treated for childhood cancer 
and compare them with young men and women who have never had cancer or other 
chronic illness. There will be approximately 40 young adults who have never had 
childhood cancer and 40 who are childhood survivors of cancer in the study. 
 
 
My name is Jane Kass-Wolff and I am a registered nurse and Family Nurse Practitioner 
at the University of Texas Southwestern Medical Center. I am currently working on my 
graduate degree in nursing at the University of Texas in Austin. I also work with Dr. 
Kevin Oeffinger and the After the Cancer Experience (ACE) Young Adult Program. 
Your name was given to us by your friend (name), who is a survivor of childhood cancer. 
We are contacting you to invite you to participate in this exciting study on bone density. 
It would involve approximately 2 hours of your time, and would require a urine test to 
determine if you are pregnant (if you are a woman), review and sign a consent form, have 
you height and weight taken, have blood drawn to look at hormone levels, complete 
several questionnaires concerning your personal and health history, diet and level of 
physical activity, and a bone density test (special type of x-ray) of both your spine and 
hip. A copy of your bone density test will be given to you the day of the test. A copy your 
dietary analysis, and blood test results will be given to you within 6-8 weeks following 
your completion of the study. A copy of the results of the study will be mailed to you 
when it is completed, if you choose. There will be no cost to you for these special tests, 
except the time involved to come to our office and to complete the study. You will 
receive a $10.00 gift certificate for completing the study. 
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You can be assured that we will respect your privacy at all times. Your name or other 
identifiers will not be used in any report of our findings, or released to any person or 
agency, except study investigators. 
 
If you are interested we would like for you to call my office at 214 648-4747, Monday 
through Friday, from 8:00 a.m. to 4:30 p.m., and leave your name and phone numbers 
(office and home) with the receptionist. I will get back with you within 24 to 48 hours to 
ask you some questions and set up a time for you to meet with me and take part in this 
important study. We will be happy to answer any questions that you might have about the 
study at any time. 
We look forward to hearing from you in the near future. 
 
Sincerely, 
 
 
 
 
Jane Kass-Wolff, RN, MS, CFNP  Kevin Oeffinger, MD 
Doctoral Candidate in Nursing  Director, ACE Young Adult Program 
The University of Texas at Austin The University of Texas Southwestern 

Medical Center 
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APPENDIX N 

Screening Call Format for Survivor or Friend 

 
INITIAL INTERVIEW AND QUESTIONNAIRE 

 
 Hello, (name of potential participant), my name is ______ and I am calling you in 

regard to the postcard you sent indicating your interest in participating in the Young 

Adult Bone Density Study. I am also calling on behalf of Jane Kass-Wolff, RN, who is 

the nurse that is in charge of this study. We contacted you because you are a survivor of 

childhood cancer or friend of a survivor. This study is looking at the peak bone mass 

(greatest amount of bone produced during adolescence and young adulthood) and 

different things in your life that may influence its development. We will look at the bone 

mass in young adults who are survivors of childhood cancer and friends of survivors who 

have not had cancer as a child.  

(To begin here with the interview if neutral party contacts survivor and he/she is 

interested in participating) 

 I am excited about your interest in my study. I would like to ask you a few 

questions to see if you are eligible to be in the study. Your answers to these questions will 

be kept confidential and you can refuse to answer any question that you find too personal. 

 
1. How old are you? _______ years (Must be 18 to 30 years of age) 

2. Do you have any type of disability that prevents you from walking?  Yes No 

3. What medications are you currently taking?  

 Excluded if taking Lupron, corticosteroids, or seizure medications. 

Birth control pills? 

Vitamins/minerals?  

Herbs? 

4. Have you now or ever been told that you had osteopenia or osteoporosis (a 

softening/weakening of your bones?)  Yes No 
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5.  Have you now or ever had an eating disorder such as anorexia nervosa or 

bulimia? Yes No 

6. Do you have any deformities of your spine, such as a severe scoliosis?  

Yes No 

7.  Do you have any metal rods or metal pins in your hip or spine?   Yes No 

8.  What is your approximate weight?   _______ (Must be under about 280 lbs.) 

9.  Are you currently pregnant or think that you may be pregnant? Yes No 

Any YES circled is exclusionary. 

(Ineligible response) I am sorry, but you are not eligible for this study, but I do 

appreciate your interest in being a part of this important research. Thank you so much 

and I have enjoyed speaking with you. 

or 

(Eligible response) Congratulations! You are eligible for this study. Now let me 

go over what is involved in this study. It will take approximately 1 ½ to 2 hours of 

your time. You will come to the James W. Aston Ambulatory Center on Harry Hines 

Blvd. You will be mailed a map once Jane Kass-Wolff has scheduled a time for you 

to complete the study. You will come up to the 6th floor of the H building to the Ob-

Gyn research office. [If you are a woman on oral contraceptives we will have to set 

up an appointment when you are on your pill free period. If you are not on oral 

contraceptives you will have to be on your period or within ten days of the start]  

 If a woman, will check your urine to make sure that you are not pregnant. 

 Height and weight will be measured 

 Draw blood for estrogen level in females and males 

 Fill out questionnaires – there will be three 

 One that gathers information about you and your personal and 

health history 

 Dietary questionnaire  

 Physical activity questionnaire 

 Bone density test to determine the strength of the bones of your hip and 

spine 

 Don’t need to undress 
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 Just have to lie on your back on the table. 

 Will take about 10 minutes and you won’t feel anything 

 

What you will gain from participating in this study – 

 A copy of your bone density test for your medical records 

 A copy of the results of your dietary intake questionnaire will be mailed to 

you 

 Results of the study when we have completed the study 

Incentives for participating in this study 

 Free parking when you come to your scheduled appointment 

 A gift to thank you for your participation - $10.00 gift certificate 

 Free bone density test that would normally cost you or your insurance 

company $250 

 There will be no cost to you or to your insurance company for the tests 

that will be performed 

Do you have any questions of me? 

(Reinforce confidentiality of all information and tests.) 

Would you like to participate in my study? Yes No 

Give me your address so that we can mail you a map and a reminder of your appointment 

time. 

 Name: _____________________________ 

 Address: ________________________ Phone #: __________________ 

 Email address: ______________________ 

As I discussed earlier your participation includes a comparison subject.  I would like you 

to recommend 1 or 2 of your friends who are of the same sex and approximately the same 

age that could potentially participate in this study as your partner. 

I would strongly encourage you to talk with each one of them before I write or call them 

so that they are aware of whom I am and that you have recommended them. 

Name:   Address     Phone Number 

1.   

2.   
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Once I have contacted your friend and they have agreed to participate, Jane Kass-Wolff 

will contact the two of you regarding scheduling an appointment to complete the study. 

Can I answer any more questions? 

I’ve enjoyed talking with you. 
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APPENDIX O 

Screening Format to Call Parents of Survivors 

SCRIPT FOR NEUTRAL PARTY TO CONTACT SURVIVOR’S FAMILY OR 
SURVIVOR 

 
 

Survivors’s Name: _________________________ 
 
 

Hello, my name is ________. I am contacting you on behalf of the After the Care 

Experience Young Adult Program through The University of Texas Southwestern 

Medical Center of Dallas and Children’s Medical Center in Dallas. Your son/daughter 

(give survivor’s name) is a survivor of childhood cancer. We have been unable to get in 

touch with (survivor’s first name) through our mailings. We would like to tell you a little 

bit about an exciting study that is currently taking place for survivors of acute 

lymphocytic leukemia. This study is looking at the peak bone mass (greatest amount of 

bone produced during adolescence and young adulthood in both men and women) and 

different things in one’s life that may influence its development. We will look at the bone 

density in young adults who are survivors of childhood cancer and friends of the survivor 

who have not had cancer as a child.  

Each survivor and friend will be screened to be sure that they are eligible. If they are 

eligible then it will take approximately 1 ½ to 2 hours of their time. The study is being 

conducted at The University of Texas Southwestern Medical Center in Dallas on Harry 

Hines Blvd.  

If a woman, will check your urine to make sure that you are not pregnant. 

 Height and weight will be measured 

 Draw blood for estrogen level in females and males 

 Fill out questionnaires – there will be three 

 One that gathers information about personal and health history 

 Dietary questionnaire  

 Physical activity questionnaire 
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 Bone density test to determine the strength of the bones of your hip and 

spine 

 Don’t need to undress 

 Just have to lie on your back on the table. 

 Will take about 10 minutes and you won’t feel anything 

 

What the survivor and friend will gain from participating in this study – 

 A copy of your bone density test for their medical records 

 A copy of the results of their dietary intake questionnaire will be mailed to 

each person 

 Results of the study when we have completed the study 

Incentives for participating in this study 

 Free parking when you come to your scheduled appointment 

 A gift to thank you for your participation - $10.00 gift certificate 

 Free bone density test that would normally cost about $250 - $300 

 There will be no cost to the insurance company for the tests that will be 

performed 

All of the information gathered during the study will remain confidential and the survivor 

and friend’s names will not be associated with any of the data or study results. 

 

Do you have any questions of me? 

 

Would you have any problems with giving me the address and phone number of your 

son/daughter? 

 

Address: ____________________________________________________ 

 

Phone number: _____________________________ 

 

Best time to contact them: __________ 
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APPENDIX P 

Appointment Letter and Map 
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THE UNIVERSITY OF TEXAS 
Southwestern Medical Center 

AT DALLAS 
 

December 6, 2005 
 
 
Dear : 
 
I am excited that you have chosen to participate in my research study on bone density in 
young adults. Your visit with me will take approximately 2 hours. During this time I will 
check your urine for pregnancy if you are a female, review the consent form, answer any 
questions that you may have and then have you sign the consent form, if you are eligible 
for the study. Then I will measure your height and weight and draw a sample of blood 
from a vein in your arm. Once this is completed you will answer questions about your 
personal and health history, your diet, and physical activity levels. Finally a bone density 
test will be done. You will need to wear comfortable clothes. 
 
Your visit is scheduled for Wednesday, March 5th, 2003 at 2:30 p.m. 
 
Please come to the James W. Aston Center at 5303 Harry Hines Boulevard (located 
next to Parkland Memorial Hospital) and valet park. Once inside the Aston Center go to 
the desk and ask that someone escort you to our office in the Obstetrics-Gynecology 
Department, Room H6.126. If you would like to locate the office without an escort, turn 
right on entering the Aston Center and then turn left to proceed through the long lobby to 
the only door beside a pay phone. Enter that door and go through the next door also. On 
your right there are two elevators. Take one of them to the 6th floor. Turn to your right on 
exiting the elevator and follow the hall with the hanging plants, down the steps to the 
Hoblitzelle building or H building. Turn left at the end of the hall and go to Room 
H6.126, which will be on your right past the elevators. 
 
Parking: Valet park at the Aston Center and bring your ticket with you to the research 
office and it will be validated. 
 
I look forward to meeting you. Please call me at 214-673-4517 (cell) if you get lost or 
need directions or at home 972-727-4805 if you have any questions or need to change 
your appointment time. Please be on time. 
 
Sincerely yours, 
 
Jane Kass-Wolff, RN, MS, CFNP 
Family Nurse Practitioner 
Doctoral Nursing Student 
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APPENDIX Q 

Authorization for Use and Disclosure of Protected Health Information Form 
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APPENDIX R 

Letters of Support 
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