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ABSTRACT 

The purpose of this longitudinal repeated measures experimental study was to 

determine the effects of bone health testing using dual energy X-ray absorptiometry 

(DXA) on outcomes of intentions toward and actual engagement in bone health behaviors 

(calcium intake, vitamin D intake, physical activity) among perimenopausal women. The 

Perimenopausal Bone Health Behaviors Model was developed based on the Theory of 

Planned Behavior and guided this study to determine how perimenopausal women 

respond to DXA and bone health information compared to bone health information only. 

One hundred fifty community-based perimenopausal women (ages 35-55) were 

randomly assigned to an intervention group (n=75 DXA and bone health information) or 

to a comparison group (n=75 bone health information). Baseline demographic data were 

collected. The Prevention Intentions Questionnaire and Behaviors Questionnaire were 

administered at baseline, at two weeks, and at two months after both groups received 

assigned interventions. 

Results showed 32% (n = 24) of intervention group women had low bone density. 

The intervention of DXA and bone health information showed near-significance (p = 

.068) over the intervention of bone health information alone in affecting women’s 

intentions, and showed near-significance in affecting calcium intake (p = .052). Lower 

bone density test scores were related to higher intentions (r(74) = -.23, p = .046) at two 

weeks after DXA and bone health information, and were related to improved vitamin D 

intake (r(73) = -.25, p = .03) at two months after DXA and bone health information. At 

study end, Attitudes contributed 27.0% of the variance in Intentions among women who 
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received DXA and bone health information; Attitudes, Subjective Norms, and Perceived 

Behavioral Control contributed 62.0% of the variance in Intentions among women who 

received bone health information only. 

Nursing interventions focusing on perimenopausal women should include 

providing bone health information to all perimenopausal women. Interventions targeting 

attitudes toward bone health behaviors may motivate some perimenopausal women to 

participate in behaviors that contribute to decreased risk of osteoporosis. Early detection 

and intervention in perimenopausal bone loss may reduce osteoporosis morbidity and 

may impact women's quality of life, reduce financial consequences to individuals, 

families, communities, and the nation. 
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CHAPTER ONE: BACKGROUND AND SIGNIFICANCE 

Introduction 

Osteoporosis, the most common but preventable bone disease in humans, can lead 

to fracture resulting in severe debilitation, excessive health care costs, loss of 

independence, and potential premature death. This skeletal disorder is characterized by 

low bone density with compromised bone strength leading to increased susceptibility to 

fractures, especially of the hip, spine and wrist (Department of Health and Human 

Services [DHHS], 2004; National Osteoporosis Foundation [NOF], 2004). 

Bone density and subsequent bone strength is affected by peak bone mass, or the 

time when the highest lifetime bone density has been achieved, usually occurring in early 

adulthood (Cosman, 2005). Low peak bone mass and low bone density in early-life plus 

further bone loss in perimenopause contribute to osteoporotic fracture risk in later life 

("NORA", 2002; Adami, et al., 2004; North American Menopause Society [NAMS], 

2002; Riis, Hansen, Jensen, Overgaard, & Christiansen, 1996; Sayegh & Stubblefield, 

2002). This osteoporotic fracture risk is further affected by menopause, a predictable life 

event; the majority of people with osteoporosis are postmenopausal women (NAMS, 

2006). Recently, researchers have found that bone density may decrease significantly 

among perimenopausal women (Chapurlat, et al., 2000; Finkelstein, et al., 2002). This 

increased risk affects all ethnicities, although some groups have greater vulnerability, 

including Caucasian women living in areas of limited sunlight exposure (Holick, 2004; 

NOF, 2006a). Despite this predictable risk, most perimenopausal women are not aware of 
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their individual bone density status because current clinical guidelines do not support 

bone density testing before menopause. 

Managing modifiable risk factors of calcium and vitamin D intake and 

appropriate physical activity are known to reduce the risk of osteoporosis, however most 

people do not engage in these behaviors to promote bone health (DHHS, 2004; Hsieh, 

Novielli, Diamond, & Cheruva, 2001). Although postmenopausal pharmacologic therapy 

can reduce the risk of osteoporotic fractures, the need for this intervention may not be 

determined until fracture occurs (NOF, 2004). Detection of low bone density among 

women prior to menopause may promote earlier intervention of bone health behaviors as 

a way to avoid osteoporosis. 

This study focused on perimenopausal women and the effects of bone density 

testing on their intention to engage in and actually participate in bone health promotion 

behaviors of calcium intake, vitamin D intake, and physical activity. The purpose of this 

study was to examine the effectiveness of bone density test results on improved bone 

health promotion behaviors among perimenopausal women compared to the usual care of 

receiving only bone health information. 

Definition of Terms 

Understanding the purpose of this study requires knowing common terminology. 

The following includes a list of terms used throughout the study: 

a) Bone density: bone mineral density; measure of bone mass in relation to volume 

to determine osteoporosis risk. 
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b) Dual energy x-ray absorptiometry: instrument considered the ‘gold standard’ 

for measuring bone density; also known as “DXA.” 

c) Menopause: the last menstrual period experienced either by natural means or by 

surgical removal of both ovaries. 

d) Modifiable risk factors: contributory osteoporosis risk factors that can be 

changed by lifestyle interventions and include calcium intake, vitamin D 

exposure and intake, physical activity and exercise, alcohol consumption, 

nicotine use, and caffeine consumption. 

e) Non-modifiable risk factors: contributory osteoporosis risk factors that cannot 

be altered by lifestyle interventions and include genetics, family history, some 

medical conditions, aging, female gender, natural or surgical menopause. 

f) Osteopenia: low bone density measured by a dual energy X-ray absorptiometry 

T-score of equal to or less than 1.0 standard deviation below the mean, but 

greater than 2.5 standard deviations below the mean. 

g) Osteoporosis: low bone density measured by a dual energy X-ray 

absorptiometry T-score of equal to or less than 2.5 standard deviations below 

the mean; indicates high risk for fracture. 

h) Peak Bone Mass: the point when highest lifetime bone density or bone mass is 

achieved. 

i) Perimenopause: the time between premenopause (regular menstrual cycling) 

and menopause (final menstrual period) generally characterized by menstrual 



20 

 

dysregulation and onset of vasomotor and other menopause-related 

symptomatology. 

j) T-score: scores of standard deviations compared to reference populations of 

peak bone density T-scores among normal persons aged 25-35; used to confirm 

diagnosis of osteoporosis. 

Background 

Incidence and Economic Impact 

Osteoporosis affects more than 55% of Americans over the age of 50 ("NORA", 

2002; National Institutes of Health [NIH], 2002; Plonczynski, 2000), and the majority of 

the 10 million people in the United States with osteoporosis are women (NOF, 2008b). 

An additional 33.6 million people over the age of 50 have low bone density of the hip 

(DHHS, 2004). One problem in estimating the impact of osteoporosis is that many people 

do not know their bone health status, if they are at risk for osteoporosis, or if they 

actually have the disease (DHHS, 2004). Although pharmacologic therapy can reduce the 

risk of osteoporotic fractures, osteoporosis often remains undiagnosed, or ignored in the 

general population, until fracture occurs (NOF, 2004). Estimates indicate that 

osteoporosis contributes to 90% of hip fractures in women and 80% of hip fractures in 

men (DHHS, 2004). 

Adverse consequences of osteoporosis also extend to the United States economy 

as an estimated $19 billion was spent on osteoporotic fractures in 2005 (NOF, 2008b). An 

annual cost of $25.3 billion is projected by year 2025 unless effective bone health 

promotion and osteoporosis prevention interventions are enacted (NOF, 2008c). 
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Risk Factors 

Both non-modifiable and modifiable risk factors contribute to bone health and 

subsequent osteoporosis fracture risk in women, and are well-known. Non-modifiable 

risk factors include low peak bone density, history of fracture after age 50, family history 

of osteoporosis or bone fracture, female gender, body weight less than 127 pounds, aging, 

natural or surgical menopause, amenorrhea, some chronic medical conditions, and 

Caucasian or Asian ethnicity. Modifiable risk factors include history of anorexia nervosa, 

low lifetime calcium intake, lack of adequate vitamin D, sedentary lifestyle, present 

cigarette smoking, and consuming more than two alcoholic beverages per day ("NORA", 

2002; Bilezikian & Luckey, 2004; DHHS, 2004; NOF, 2004). 

Sustaining bone health depends on adapting and maintaining a lifestyle of 

adequate calcium and vitamin D intake as well as appropriate physical activity (DHHS, 

2004). Since strong evidence suggests that women lose bone density during the 

perimenopausal transition (Chapurlat, et al., 2000), it is imperative to target interventions 

that improve bone health prior to or during this phase. Interventions that improve bone 

health behaviors known to decrease low bone density and osteoporosis risk have 

primarily focused on calcium and vitamin D intake and physical activity in 

postmenopausal women. There are limited data on the use of bone density testing as an 

early intervention for these conditions, but these data appear to hold promise (Estok, 

Sedlak, Doheny, & Hall, 2007; Sedlak, Doheny, Estok, & Zeller, 2005; Winzenberg, et al., 

2006). 
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Bone Density Testing 

Bone density technology has advanced during the past decade, and is now used in 

clinical practice to monitor osteoporosis and in studies using bone density as a marker of 

fracture risk rather than as a primary endpoint of fracture (Bonnick, 2005; Small, 2005). 

Presently, dual energy X-ray absorptiometry (DXA) is the “gold standard” and most 

reliable tool used for bone health testing in the United States; however, lack of existing 

scientific evidence precludes recommending bone density testing of women before 

menopause (Cosman, 2005; Sayegh & Stubblefield, 2002). Thus, contemporary 

guidelines do not advise individual bone density test screening of perimenopausal women 

(Adami, et al., 2004; G. Jones & Scott, 1999; NOF, 2004; Simon, 2004). An important 

omission from extant literature is identification of individual perimenopausal women 

with low bone density who would benefit from early interventions. 

Purpose of the Study 

The purpose of this study was to test the effects of an intervention (dual energy X-

ray absorptiometry [DXA] and bone health information) on outcomes of intent to engage 

in and of actual bone health behaviors among perimenopausal women aged 35-55. 

Guided by the Theory of Planned Behavior, latent variables that influence intention were 

measured to obtain a more complete understanding of intentions to change bone health 

behaviors and of actual change in these behaviors. The overall goal of this program of 

research is to improve the health of women by increasing bone health behaviors known to 

reduce osteoporosis risk. 
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Research Aims 

The following aims outline the focus of this study. 

Aim One: To compare the effects of an intervention (DXA and bone health 

information) on intentions to engage in bone health behaviors at two 

weeks and at two months after the intervention compared to bone 

health information alone. 

Aim Two: To compare the effects of an intervention (DXA and bone health 

information) on bone health behaviors at two weeks and at two 

months after the intervention compared to bone health information 

alone. 

Aim Three: To examine the relationship between intentions scores and bone 

density scores within the intervention group at two weeks and at two 

months after the intervention. 

Aim Four: To examine the relationship between actual bone health behaviors 

scores and bone density scores within the intervention group at two 

weeks and at two months after the intervention. 

Aim Five: To describe the contribution of attitudes, subjective norms, and 

perceived behavioral control on intentions to engage in actual bone 

health behaviors at two weeks and at two months after the 

intervention. 
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Aim Six: To describe the relationship of intentions to engage in bone health 

behaviors and actual bone health behaviors at two weeks and at two 

months after the intervention. 

Study Significance to Women’s Health and Nursing 

Much information is available to health care professionals and to women about 

risk factors that contribute to osteoporosis. However, an important omission from extant 

literature is identification of perimenopausal women who have low bone density, with 

consequent focus on those who require interventions that reduce osteoporosis risk. Due to 

the sharp increase in perimenopausal bone loss, studying this group is important, as early 

identification and focus on promoting bone health may reduce osteoporosis morbidity in 

later life. Such osteoporosis morbidity reduction may have positive impact on women’s 

quality of life and may reduce financial consequences to individuals, families, 

communities, and the nation. 

Nurses and advanced practice nurses frequently interact with women at risk for 

osteoporosis. They are called upon to educate women about bone health promotion and 

would benefit from knowledge of women’s risk early. In this way, nurses can contribute 

to morbidity reduction for aging women and positively impact women’s health. 

The unique aspect of this study was a focus on younger women to evaluate use of 

bone density testing and bone health information as interventions in bone health 

promotion. To date, few experimental studies have examined the role of bone density 

testing among women prior to menopause. Results from this study may suggest the value 

of bone health promotion activities in perimenopausal women as a way to ward off the 
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rapid bone density decline associated with this phase in women’s lives. These results may 

also serve as the impetus for changes in screening and treatment guidelines that currently 

focus on postmenopausal, or older, women. 

Summary 

Chapter One identifies the problem of osteoporosis and describes how peak bone 

mass, low bone density, and menopause contribute to osteoporosis risk. A definition of 

related terms is provided. Background information presents an overview of the incidence 

and economic impact of osteoporosis in the United States, and introduces the concepts of 

modifiable risk factors and non-modifiable risk factors, which are a focus of this study. 

Bone density testing is discussed and is the intervention used in this study. The purpose 

of the study and related research aims are stated, as well as the study’s significance to 

women’s health and to nursing. 



26 

 

CHAPTER TWO: LITERATURE REVIEW AND THEORETICAL FRAMEWORK 

Introduction 

This chapter presents a literature review about bone health promotion and 

osteoporosis prevention and discusses the theoretical framework for the study. 

Physiology and pathophysiology of bone health and the contributory variables of peak 

bone mass, non-modifiable and modifiable risk factors, and aging are discussed. The use 

of bone density testing technology within current practice and policy guidelines are 

discussed, with suggestions for earlier utilization of this technology as partial basis for 

this study. Recent research on bone health information and educational interventions and 

use of bone density testing as an intervention are presented and synthesized. The final 

section of the chapter presents the theoretical framework for this study focusing on 

osteoporosis prevention research about behavioral responses to informational and bone 

density testing interventions. 

Bone Health and Osteoporosis 

Skeletal bone provides structural function for mobility, organ protection and 

support, as well as a storage reservoir for the body’s essential minerals (DHHS, 2004; 

Borer, 2005). During early life, bones reach peak bone mass, defined as the point when 

highest lifetime bone density or bone mass is achieved (Cosman, 2005; Javaid & Cooper, 

2002; NIH, 2005). Contributory risk factors to osteoporosis include both non-modifiable 

genetics and modifiable behaviors of diet and physical activity, which are critically 

important to bone health throughout life, and are central to this dissertation research. 



27 

 

Peak Bone Mass, Bone Loss and Aging 

All people experience bone loss with aging. Research findings indicate that non-

modifiable genetic factors primarily contribute to attainment of peak bone mass (Runyan, 

Stadler, Bainbridge, Miller, & Moyer-Mileur, 2003; Ferrari, Rizzoli, Slosman, & 

Bonjour, 1998). Various ethnic groups have different peak bone masses, e.g. blacks have 

greater peak bone mass than do Caucasians who have greater peak bone mass than do 

Japanese (Finkelstein, et al., 2002; Pothiwala, Evans, & Chapman-Novakofski, 2006). 

Peak bone mass is also affected by modifiable risk factors of physical activity and 

nutrition (Javaid & Cooper, 2002; A. A. Khan & Syed, 2004; Novotny, Daida, Grove, 

Acharya, Vogt, & Paperny, 2004; Sinaki, 1996). 

A comprehensive research review article on the interaction of mechanical, 

hormonal and dietary factors in osteoporosis prevention among women revealed that 

within two years after menarche, the lumbar spine among girls reaches approximately 

95% of peak bone mass (Borer, 2005). Factors in midlife that contribute to bone density 

loss are decreases in sex hormones, lack of physical activity, and calcium and vitamin D 

deficiency (Bainbridge, Sowers, Lin, & Harlow, 2004; Holmes-Walker, Prelevic, & 

Jacobs, 1995; Kemmler, Engelke, Weineck, Hensen, & Kalender, 2003; MacDonald, 

New, Golden, Campbell, & Reid, 2004; NOF, 2004; Santoro, 2004). Low bone density 

occurs in approximately 15%-27% of perimenopausal women with most causes due to 

both genetic and environmental factors (T. Jones & Davie, 1998; A. Khan, 2006; 

Lewiecki, Watts, McClung, Petak, Bachrach, Shepherd, et al., 2004; Ott, 2006; Smeets-

Goevaers, Lesusink, Papapoulos, Maartens, Keyzer, Weerdenburg, et al., 1998). 
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Perimenopausal Bone Density Loss: Pathophysiology 

Health care providers and patients can benefit in understanding how bone health 

is affected by the perimenopausal transition of menstrual regularity to menstrual 

cessation. Physiologically, perimenopause refers to the time before the final menstrual 

period when irregular ovulation and menses occur. Corresponding fluctuations in 

hypothalamic-pituitary-ovarian axis hormones are related to increased follicle stimulating 

hormone levels with some studies reporting accompanying decreased levels of estradiol 

(Bergstrom, Freyschuss, & Landgren, 2005; Mauck & Clarke, 2006). From patients’ self-

assessment perspectives, perimenopause may or may not be associated with symptoms of 

vasomotor changes of hot flashes and/or night sweats, vaginal dryness, painful 

intercourse, decreased sexual interest, urinary incontinence, increased irritability, sleep 

disturbance, and/or depression (Mauck & Clarke, 2006). These perceptible symptoms are 

thought to be related to estradiol levels fluctuations (Mauck & Clarke, 2006; Moreira 

Kulak, Schussheim, McMahon, Kurland, Silverberg, Siris, et al., 2000); however, bone 

density loss is asymptomatic. 

Researchers found that bone density may decrease significantly among 

perimenopausal women (Chapurlat, et al., 2000) and affects approximately 15% among 

women aged 30-40 (A. Khan, et al., 2004). Due to perimenopausal estrogen decline, bone 

resorption increases, resulting in low bone density, and potential osteoporosis. 

Menopause, which results in cessation of ovarian estradiol, further characterizes how the 

withdrawal of circulating estradiol and progesterone produces injurious effects on bone 

metabolism. 
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Factors Affecting Bone Health: Non-modifiable and Modifiable Risks 

According to the National Osteoporosis Foundation (2008), various factors 

contribute to bone health and subsequent fracture risk in women. Non-modifiable risk 

factors include low bone density, history of fracture after age 50, family history of 

osteoporosis or bone fracture, female gender, body weight less than 127 pounds, aging, 

natural or surgical menopause, amenorrhea, some chronic medical conditions and 

ethnicity of Caucasian or Asian ("NORA", 2002; Bainbridge, et al., 2004; Cosman, 2005; 

Ferrari, et al., 1998; Gourlay & Brown, 2004; Guthrie, Ebeling, Dennerstein, & Wark, 

2000; A. A. Khan & Syed, 2004; NOF, 2004; Novotny, et al., 2004; Robitaille, Yoon, 

Moore, Liu, Irizarry-Delacruz, Looker, et al., 2008; Smeets-Goevaers, et al., 1998; 

Turner, Wallace, Perry, & Bleeker, 2004). 

Modifiable risk factors include history of anorexia nervosa, low lifetime calcium 

intake, lack of adequate vitamin D, sedentary lifestyle, present cigarette smoking, and 

consuming more than two alcoholic beverages per day (Adami, et al., 2004; Bainbridge, 

et al., 2004; Cosman, 2005; Gourlay & Brown, 2004; Guthrie, et al., 2000; Sinaki, 1996; 

Sinaki, Canvin, Phillips, & Clarke, 2004; Smeets-Goevaers, et al., 1998; Tuppurainen, 

Honkanen, Kroger, Saarikoski, & Alhava, 1993; Turner, et al., 2004). 

Modifiable Risk Factors of Nutrition: Calcium Intake and Bone Health 

There is substantial evidence linking adequate dietary calcium intake with bone 

health. Calcium intake achieves its greatest potential to influence bone density during the 

pre-teen years (DHHS, 2004; Nieves, 2005). Studies of the effects of calcium intake on 

bone health after achievement of peak bone mass among women have been conducted; 
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however, most experimental studies and randomized control trials of calcium intake and 

bone health focus on post-menopausal women (Di Daniele, Carbonelli, Candeloro, 

Iacopino, De Lorenzo, Andreoli, et al., 2004; Jamal & Emanoilidis, 2008; MacDonald, et 

al., 2004; Tang, Eslick, Nowson, Smith, & Bensoussan, 2007). Meta-analysis of 

controlled trials on effects of calcium dose on bone density and fracture among 

postmenopausal women revealed that 1200 mg of calcium supplementation daily is 

effective in reducing rates of hip and spine bone loss and osteoporotic fracture (Jamal & 

Emanoilidis). 

Recent intervention studies support that adequate daily calcium intake contributes 

to higher bone density among women prior to menopause (Di Daniele, et al., 2004; Peris, 

et al., 2007). Meta-analyses of more than 80 cross-sectional, longitudinal, and 

intervention studies of the relationship of calcium intake and bone density in pre- and 

perimenopausal women have consistently indicated a significant positive relationship 

between intake of at least 1000 mg of daily calcium and prevention of bone loss at all 

skeletal sites (Borer, 2005; Welten, Kemper, Post, & van Staveren, 1995) and decreased 

bone loss with fracture risk (Tang, et al., 2007). The current daily calcium requirements 

for adult women, depending on menstrual status, is 1,000 to 1,500 mg (American 

Association of Clinical Endocrinologists, 2003; Simon, 2004; NOF, 2007) with 

recommendation of 1200 mg daily for perimenopausal and postmenopausal women 

(NAMS, 2006; NOF, 2007).  
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Modifiable Risk Factors of Nutrition: Vitamin D Intake and Bone Health 

Because calcium absorption decreases with aging, promotion of adequate daily 

calcium intake alone may not be appropriate (Devine, Wilson, Dick, & Prince, 2002; 

Mundy, 2001). Recent research encourages an increasingly higher daily calcium intake 

among older adults to compensate for its decreased absorption (Roux, et al., 2008). 

Vitamin D acts directly on calcium absorption through the intestine, which affects 

clinical outcomes of bone density and fracture (Devine, et al., 2002; Feskanich, Willett, 

& Colditz, 2003). 

Prevalence of vitamin D deficiency is high (Lips, Hosking, Lippuner, Norquist, 

Wehren, Maalouf, et al., 2006), leads to inadequate calcium absorption, secondary 

hyperparathyroidism, increased bone turnover and subsequent bone loss, as well as 

muscle weakness (Campbell & Allain, 2006). Because calcium absorption is affected by 

skin-absorption of vitamin D via direct sunlight, seasonal variations and lack of sun-

exposure is also considered a risk factor for low bone density (Holick, 2004; Nieves, 

2005; Outila, Kurkkuinen, & Lamberg-Allards, 2001). Most diets are deficient in vitamin 

D with past recommendations supporting a daily vitamin D intake of at least 400-800 

units for North American pre-menopausal women (Feskanich, et al., 2003; NAMS, 2006; 

NOF, 2004; Roux, Bischoff-Ferrari, Papapoulos, Papp, West, Bouillon, et al., 2008). 

Currently most guidelines recommend a daily vitamin D intake of 800 - 1,000 units for 

adults 50 and older (American Association of Clinical Endocrinologists, 2003; NOF, 

2007; Tang, et al., 2007). 
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Modifiable Risk Factors: Physical Activity and Bone Health in Perimenopausal Women 

Less than half of U.S. women over the age of 19 exercise regularly (Burghardt, 

1999; Speck & Harrell, 2003). Studies have supported the positive relationship between 

intensity of physical activity during early-life and bone density, although the most 

beneficial types of exercise have not been specifically defined and are still debated 

(Borer, 2005; DeBar, Ritenbaugh, Vuckovic, Stevens, Aickin, Elliot, et al., 2004; Gutin 

& Kasper, 1992; Kontulainen, Heinonen, Kannus, Pasanen, Sievanen, Vuori, et al., 

2004). 

Research on physical activity and bone health among older women has shown 

promise of causal effect. A Cochrane review of 18 controlled randomized studies 

published between January 1966 and December 2003 evaluated whether exercise reduced 

the rate of bone density loss after menopause (Shea, Bonaiuti, Iovine, Negrini, Robinson, 

Kemper, et al., 2004). The authors noted limitations in making recommendations about 

exercise based on this review, given the inconsistencies in the quality of the various 

studies, small sample sizes, and difference in exercise interventions. Despite these stated 

cautions of interpretation, the authors concluded that resistance exercises (aerobics, 

weight-bearing and weight-resistance) may be effective in helping to prevent further bone 

density loss of the spine and wrist. They noted that walking is effective in increasing 

bone density in the hip and spine in postmenopausal women, but effectiveness related to 

continued participation in physical activity. The authors further commented that the 

studied exercises improve muscle mass, balance, strength and co-ordination, which 

contribute to fall prevention and subsequent reduction of fractures (Shea, et al., 2004). 
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The Erlangen Fitness Osteoporosis Prevention Study, a longitudinal prospective 

controlled exercise study, was developed to determine effects of exercise on bone density 

in early post-menopausal German women (Kemmler, Engelke, Weineck, Hensen, & 

Kalender, 2003). The original study was designed for a three-year period, but was 

extended an additional two years with an amended training regimen (Kemmler, et al., 

2007; Kemmler, et al., 2003). At the end of 50 months, bone density results of 40 women 

(age 55.1 ± 3 years) in the exercise group were compared to those of 28 women (age 55.5 

± 3.0 years) in the control group. Bone density results at the lumbar spine and total hip of 

the exercise group were maintained (+1.0%, p = 0.037 and -0.3%, p = 0.194, 

respectively), with significant (p < 0.001) decreases in the lumbar spine (-3.2%) and hip 

(-2.3%) recorded in the control group. Differences between groups were significant (p < 

0.001) (Kemmler, et al., 2007) with the exercise group measuring less bone density loss 

than the control group. The Erlangen Fitness Osteoporosis Prevention Study 

demonstrated that a high-intensity planned exercise program significantly supports bone 

density in newly menopausal women. 

Despite consistent evidence that various types of formal or planned exercise 

support bone density in perimenopausal and early menopausal women, there is little 

research evaluating relationships between lifestyle physical activity and bone health. 

Ulrich, Georgiou, Gillis, and Snow (1999) examined the relationship between various 

types of lifetime physical activity and bone density results in a cross-sectional study of 25 

women prior to menopause (M = 41 years old). A lifetime history of physical activity was 

acquired through self-reported structured interviews. These results suggested that women 
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classify their physical activity in terms of planned exercise rather than occupational 

activity or lifestyle-housekeeping activity. Perceived physical activity was weakly 

correlated with other lifetime activity variables (weight-bearing exercise: r = 0.40 [not 

significant]; total weight-bearing activity: r = 0.52 [p ≤ 0.05]; total exercise:  r = 0.52 [p 

≤ 0.01]). The study further supported lifetime weight-bearing exercise significantly 

predicted total bone density and peripheral bone density. 

Studies support that the intervention of physical activity may significantly 

contribute to improved bone density in perimenopausal women. Presently, 

recommendations of physical activity to maintain bone health among perimenopausal 

women is at least 30 minutes of sustained weight-bearing activity most days of the week 

(DHHS, 2004). 

Osteoporosis and Early Detection: Use of Surrogate Markers 

Surrogate markers are biomarkers of physiological status that serve as substitutes 

for clinically-related endpoints (morbidity or death) and are used to predict effects of 

interventions (Atkinson, Colburn, DeGruttola, DeMets, Downing, Hoth, et al., 2001; 

Ditlevsen & Keiding, 2007). Much of chronic illness research depends on use of 

surrogate markers, rather than endpoints of serious morbidity or death. For example, 

surrogate markers of blood pressure for hypertension and lipid ratios for hyperlipidemia 

are used clinically and in research for predicting cardiovascular risk, and are included in 

well-established screening guidelines. Primary prevention activities that include 

modifying health risk behaviors of dietary nutrition and physical activity have been at 

least partially successful when recommended as initial treatment for hyperlipidemia and 
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hypertension (Hensrud, 2000). Using surrogate markers in chronic illness research has 

contributed to earlier disease detection and has promoted clinical guideline development 

that has positively influenced health care practice outcomes. Studying the use of bone 

density testing results as a surrogate marker in osteoporosis prevention may add to the 

development of guidelines that promote earlier detection of low bone density among 

women prior to menopause. 

Bone Density Measurement: Surrogate Marker in Osteoporosis Prevention Research 

Identifying women at highest risk for osteoporosis and subsequent fracture is 

critical. Approximately 70% of bone strength variation is measured by bone density 

(Majumdar, 2003; Small, 2005) which is considered a surrogate marker that may 

contribute to osteoporosis prevention management (Bonnick, 2002; DHHS, 2004; 

Majumdar). Bone density testing has more power to predict fracture risk in the 

postmenopausal population than does elevated serum cholesterol in prediction of 

myocardial infarction (Miller, 2005). 

Bone densitometry technology has advanced during the past decade, and is now 

commonly used in clinical practice for monitoring osteoporosis and in studies that use 

bone density as the surrogate marker of bone health rather than using the endpoint of 

bone fracture (Bonnick, 2005; Small, 2005). Bone density testing consists of two types: 

central and peripheral. Central testing measures bone density at anatomical sites of spine 

and/or hip and /or total body. Peripheral testing measures bone density at other 

anatomical sites such as heel, finger, forearm, kneecap, or shin, and is used when central 
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testing is not available, but is not indicated for diagnosing or monitoring treatment of 

osteoporosis (Lenchik, et al., 2002). 

Dual Energy X-ray Absorptiometry 

Bone density testing using dual energy X-ray absorptiometry (DXA) is the gold 

standard test for bone density to determine osteoporosis risk, and was used in this study 

as the intervention. Bone density testing results were reported as T-scores, or standard 

deviations compared to the reference population of persons aged 25-35 peak bone mass 

T-scores (Bonnick, 2002, 2005; NOF, 2004; Simon, 2004). According to the World 

Health Organization, low bone density is defined as bone density measured at or between 

1 and 2.5 standard deviations below the mean; osteoporosis is defined as bone density 

measured at 2.5 standard deviations or more below the mean (Aoki, Grecu, Srinivas, 

Prescott, Benbarka, &Arcangeli, 2000; NOF, 2004; Simon, 2004). For each standard 

deviation decrease in bone density, estimated fracture risk increases by 10% (Small, 

2005; Winters & Snow, 2000). Table 1 shows categories of bone density distributions 

among United States Caucasian women aged 25-80 years; bone loss and associated 

decreased T-scores indicate significant change between ages 25 and 50. Approximately 

15%-33% of these women have low bone density or osteopenia and approximately 0.5-

1.0% have T-scores below -2.5 within the osteoporotic range (Kanis, 2002). 
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TABLE 1. Percentage of U.S. Caucasian Women in World Health Organization Bone 
Density Categories (Adapted with permission: Ott, SM. "Osteoporosis and 
Bone Physiology" http://courses.washington.edu/bonephys/ as dated on 
9/13/2006). 

 
T-score Category Age 25 Age 50 Age 65 Age 80 

Normal 84% 66% 40% 10% 

Osteopenia 15% 33% 40% 35% 

Osteoporosis 1% 1% 13% 27% 

Established Osteoporosis 1% 1% 7% 27% 

Gaps in Routine Screening Guidelines for Early Detection of Bone Loss 

Introduced in 1987, central dual-energy x-ray absorptiometry is used to measure 

the largest number of skeletal sites of all bone health technologies (Fogelman & Blake, 

2000). Dual-energy x-ray absorptiometry was approved by the U.S. Food and Drug 

Administration in 1988 for clinical practice (Bonnick, 2005). Most researchers agree that 

the “gold standard” test for bone density is hip and spine dual-energy x-ray 

absorptiometry and is the preferred method to identify low bone density and osteoporosis 

and to predict fracture risk. This recommendation is due to this method’s ease of use, 

short scan times, low radiation exposure, and stable calibration (Aoki, et al., 2000; 

Bonnick, 2005; Crandall, 2001; Fogelman & Blake, 2005; Khan, Bachrach, Brown, 

Hanley, Josse, Kendler, et al., 2004; NIH, 2002; Olson, 2007; Simon, 2004; Small, 2005). 

Guidelines for bone density testing were first published by the National 

Osteoporosis Foundation in 1998 and were revised in 2003 (Bonnick, 2005; NOF, 2004). 

Although dual-energy x-ray absorptiometry (DXA) is presently the most reliable tool 

used for osteoporosis screening in the United States, lack of existing scientific evidence 
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showing benefit of perimenopausal bone density testing precludes recommending its 

universal use among women before menopause (Cosman, 2005; Sayegh & Stubblefield, 

2002). Contemporary guidelines do not promote individual bone density screening of 

perimenopausal women (DHHS, 2004; NOF, 2004; Simon, 2004; The International 

Society for Clinical Densitometry [ISCD], 2006). In addition, current clinical risk factor 

history and screening questionnaires are generally inadequate for discriminating between 

normal and low bone density among perimenopausal women (Jones & Scott, 1999). 

Continued focus on older women will miss opportunities that may prevent accelerated 

bone loss that occurs during the transition from pre- to post-menopause. 

Health Promotion and Chronic Illness: Education and Testing as Interventions 

The number of people dealing with chronic illness continues to grow due to aging 

and greater longevity of the population. Recently, the effectiveness of care of many 

chronic illnesses has improved largely because of appropriate interventions of these 

conditions. These successful approaches are multifaceted and include provider-oriented 

feedback, organizational changes in clinical management and follow-up, information 

system changes, as well as patient-oriented educational interventions (Wagner, Austin, 

Davis, Hindmarsh, Schaefer, & Bonomi, 2001). 

Patient-oriented educational interventions may include individualized education, 

personal information from routine screening test results, education and information via 

well-established clinical guidelines, or from technological applications within 

experimental studies not typically used in screening programs. Personalized, or tailored, 

health promotion is a strategy for an individual person rather than a group of people, with 
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a specific health promotion message based on that individual’s health behavioral 

outcomes (Kreuter & Skinner, 2000). People who have individualized information about 

their personal risk factors may be more likely to modify their health risk behaviors than 

people who have only a generalized understanding of health risk factors that they 

perceive as not personally affecting them (Kreuter & Strecher, 1996). Likewise, women 

who know their personal bone health risk may be more motivated to improve their bone 

health behaviors. 

Effect of Bone Health Promotion Education on Outcomes of Intention or Actual 

Behaviors: Intervention Studies 

Several recent longitudinal studies using information or education as an 

intervention on effects of bone health behaviors among women were conducted in the 

United States. Refer to Appendix A. A brief description of each study is followed by a 

comparative synthesis of findings. 

Blalock, DeVellis, Patterson, Campbell, Orenstein, & Dooley (2002) studied the 

effects of two interventions on calcium intake and physical activity among 547 

perimenopausal women, aged 40-56 years, in 12 western North Carolina counties over a 

12-month timeline. Interventions were either tailored to the individual (two informational 

packets and one telephone counseling session on calcium intake and exercise level), or 

administered via community-based education (in an Osteoporosis Resource Center 

workshop on osteoporosis that offered bone density testing). Outcomes were calcium 

intake and exercise level, as well as stages of behavioral change. Results showed little 

support that tailored educational intervention was more effective than community-based 
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education intervention over the entire study. Calcium intake change in the tailored 

education group was significant at 3 and 6 months (p < 0.05) in the engaged stage of 

change, and at 6 months (p < 0.05) in the action stage of change; increase in calcium 

intake was significant in the community tailored group at 3 months (p < 0.10) and at 12 

months (p < 0.10) . Exercise level change was not significant at any time-point in the 

study. 

Brecher, Pomerantz, Snyder, Janora, Klotzbach-Shimomura, and Cavalieri (2002) 

evaluated the effectiveness of an osteoporosis prevention program among 110 community 

women aged 25-75 to determine if knowledge of calcium, exercise, and osteoporosis 

increased over time, and if participants were willing to make changes in behavior. Two 

groups were randomly assigned to a treatment group (n = 51) of a three-hour multi-

educational program consisting of epidemiologic information about osteoporosis, a 

lecture about diet, and an interactive exercise presentation, or to a control group (n = 46) 

who did not participate in the multi-educational program. Data were collected at baseline, 

immediately after the program, and at three months after the program. Results compared 

treatment and control groups, using analysis of variance with repeated measures, showing 

significant difference in knowledge over time (F = 38.37; df =2, 168; p < 0.001), between 

groups (F = 8.30; df =1, 84; p < 0.05), and a significant interaction of time and group (F 

= 10.56; df =2, 168; p < 0.001). Chi-square analyses of three categories of change (not 

planning to change, planning to change in the immediate future, currently changing) were 

applied at all three data collection times. Treatment participants were more likely to be 

planning to change calcium intake at posttest than were control participants (χ² = 15.02, 
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df =2, p = 0.001). Treatment participants were also more likely to have already changed 

their calcium intake at posttest (83% versus 58%; χ² = 7.41, df =2, p = 0.025), with no 

significant changes found in exercise intentions at all three time-points. The findings in 

this study suggest that a multi-educational approach may be more effective than general 

information only in changing knowledge and behaviors in osteoporosis prevention in 

women prior to menopause. 

Kulp, Rane, and Bachmann (2004) evaluated the effectiveness of an educational 

video on increasing knowledge and bone health behaviors among 195 women ages 35-80 

randomly assigned to an intervention group (n = 98) who viewed the video prior to an 

office visit with their physician of choice. The control group (n = 97) had a routine office 

visit only. All participants completed a questionnaire immediately after their visit to 

assess osteoporosis knowledge, demographic and medical information, baseline 

behaviors of calcium and vitamin D intake, exercise, use of hormone therapy, and 

whether they spoke with their physician about bone health. Three months after the visit, a 

follow-up questionnaire was sent to all participants to assess any health behavior 

changes. Results showed that knowledge scores were significantly higher in the 

intervention group (mean of 92% versus mean of 80%; p <0.001). During the office visit, 

47.8% of the intervention group spoke with their physician about bone health versus 

37.8% of the control group, which was not statistically significant. At three months, 68 

(69%) intervention group women and 61 (63%) control group women completed the 

questionnaire. Results showed some significant changes between the intervention and 

control groups. Among all women who did not use calcium, vitamin D, or hormone 
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therapy at baseline, more women in the intervention group started taking calcium than did 

control group women (26.5% versus 4.9%; p < 0.001), started taking vitamin D 

supplements (20.6% versus 6.6%; p = 0.02), started a program of weight-bearing exercise 

(13.3% versus 1.7%; p = 0.03), and started hormone therapy (8% versus 1%; p = 0.04). 

The findings in this study suggest that the use of a short informational session (video) 

may be an adjunct to routine health care appointments in increasing behavioral change in 

osteoporosis prevention. 

The overall purpose of the studies of Blalock et al. (2002), Brecher et al. (2002), 

and Kulp et al. (2004) was to determine if an intervention of bone health education or 

information was effective in changing behaviors known to reduce osteoporosis risk. The 

results did not consistently support that educational or informational intervention alone 

was effective in changing outcomes of osteoporosis preventive behaviors. None of these 

studies focused exclusively on perimenopausal women; further comparative discussion of 

these studies follow. 

All the aforementioned studies used health promotion education or information as 

an intervention to change health behaviors and included random assignment of 

participants to either a treatment group or comparison group. Outcomes included 

intention to change bone health behaviors (Brecher et al., 2002) as well as actual behavior 

change (Blalock, et al., 2002; Brecher, et al., 2002; Kulp, Rane, & Bachmann, 2004). 

Studied behaviors were calcium intake (Blalock, et al; Brecher, et al.; Kulp, et al.), 

vitamin D intake (Kulp, et al.), and physical activity (Blalock, et al.; Brecher, et al.; Kulp, 
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et al.). The length of the studies varied from three months (Brecher, et al.; Kulp, et al.) to 

12 months (Blalock, et al). 

Types of intervention and outcome focus varied. Two studies evaluated 

participants’ self-evaluations of various descriptions of osteoporosis risk and readiness 

for behavioral change (Blalock, et al., 2002; Brecher, et al., 2002). Intervention methods 

included interactive educational programs (Brecher, et al.), written materials (Blalock, et 

al.), informational video (Kulp, et al., 2004), community/ethnic-based (Blalock, et al.) 

and telephone counseling (Blalock, et al.). 

The above mentioned studies of health promotion as intervention to change bone 

health behaviors used data collection methods of various self-report surveys of past 

osteoporosis preventive behaviors ranging from ‘one week’ to ‘the past month’ (Brecher, 

et al., 2002). Two studies used validated instruments to assess calcium intake and 

exercise outcomes (Blalock, et al., 2002; Brecher, et al.). All three studies used 

instruments that measured cognitive domains of osteoporosis prevention, but none 

measured affective domains that could influence intentions or behaviors, (e.g., feelings 

about exercise and physical activity, likelihood of other people influencing choices and 

behaviors) (Kiviniemi, Voss-Humke, & Seifert, 2007). 

Intentions to change bone health behaviors were associated with the intervention 

in several studies. Brecher, et al. (2002) reported that intentions to improve calcium 

intake, but not actual increased calcium intake behavior, were associated with the 

community-based interactive educational intervention. The inconsistency may have been 

affected by the calcium intake questionnaire, which did not account for calcium 
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supplements. Some participants may have increased their overall calcium intake by 

increased calcium supplement intake, which was not measured. 

Outcomes of two studies did show improvement in some behavioral outcomes 

because of the intervention (Blalock, et al., 2002; Kulp, et al., 2004). Blalock et al. stated 

that calcium intake increased among women receiving individualized education within a 

community education group, with no intervention effects observed in exercise outcomes. 

Kulp et al. showed an informational video to an experimental group prior to routine 

medical exams that resulted in higher rates of calcium and vitamin D intake as well as 

exercise. 

Outcomes of two studies did not show improvement in exercise outcomes due to 

intervention alone. Previous behavior may have accounted for this lack of significant 

findings as the authors reported this lack possibly explained by baseline measurements 

showing previous behaviors of high activity levels (Blalock, et al., 2002; Brecher, et al., 

2002). 

Overall findings of these bone health education or information intervention 

studies provide limited support that education or information intervention alone leads to 

improved intentions to change bone health behavior, or to improved or appropriate actual 

behaviors among women of varied ages. Improvement in overall calcium intake appears 

to be influenced by bone health education or information intervention; however, bone 

health education or information intervention has shown limited effect in improving 

physical activity or exercise, an important modifiable risk factor in bone health. 
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Effect of Bone Health Testing Results on Outcomes of Intention or Actual Behaviors: 

Intervention Studies 

Several recent longitudinal experimental studies using bone density testing as an 

intervention on effects of bone health behaviors among women were conducted (Estok, et 

al., 2007; Rolnick, Kopher, Jackson, Rischer, & Compo, 2001; Winzenberg, Oldenburg, 

Frendin, De Wit, Riley, & Jones, 2006). Refer to Appendix B. A brief description of each 

study is followed by a comparative synthesis of findings. 

In their 12-month longitudinal randomized controlled trial, Estok, Sedlak, 

Doheny, and Hall (2007) studied 203 postmenopausal women and the relationships 

between receiving personal knowledge about bone density, health beliefs, and outcomes 

of calcium intake and weight-bearing exercise at baseline, 6 months, and 12 months. 

Participants completed a self-report survey about osteoporosis preventive behaviors, risk 

factors, and demographics, as well as questions about calcium intake and weight-bearing 

exercise. Participants were randomized to the experimental group who received bone 

density testing via dual energy X-ray absorptiometry of the lumbar spine and femur. The 

study’s theoretical model proposed that health beliefs, knowledge about osteoporosis, and 

bone density testing would be associated with changes in bone health behaviors. 

Structural equation modeling was used to test the model. The model showed most utility 

for identifying factors that influenced calcium intake, e.g., personal knowledge of bone 

density results explained a significant part of the calcium intake changes between 6 and 

12 months (β = +.21, p < .05). Women with low bone density had higher calcium intake 

between 6 and 12 months than did women with normal bone density. Study results 
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showed some evidence that personalized knowledge of bone density results had an effect 

on calcium through changes in susceptibility beliefs. This study provided added 

information that bone density results are significantly related to increases in calcium 

intake in postmenopausal women, and that antecedents to behavior (susceptibility, 

knowledge, and beliefs) may impact outcomes (Estok, et al., 2007). This study did not 

address other factors associated with decision-making in women. 

Another study that focused on postmenopausal women, conducted by Rolnick, et 

al. (2001), determined if osteoporosis education, with and without bone density testing, 

increased the initiation of bone health behaviors and initiation of pharmaceutical 

treatment. A convenience sample of 508 women from a managed care organization was 

randomized to an experimental group who received bone density testing of the forearm. 

Both groups received a two-hour educational session provided by a women’s health nurse 

practitioner about osteoporosis prevention. Those in the experimental group were 

significantly more likely to discuss calcium with their health care providers than were 

those receiving only education (60% versus 49% respectively, p = 0.021) and vitamin D 

(46% versus 34% respectively, p = 0.010). Attitudes toward osteoporosis prevention were 

reported to be similar to those expressed at baseline, but the authors did not define 

attitudes or provide related measurement information. There were no significant changes 

in behavioral outcomes of calcium intake, vitamin D intake or exercise between the bone 

density group and the education-only group; however, the authors did not describe 

instruments or outcome measurements. 
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Using random selection from a validated list of voters, Winzenberg et al. (2006) 

performed a two-year randomized controlled trial of lumbar spine and femur bone density 

testing feedback on behavioral outcomes of calcium intake and physical activity among 

470 premenopausal Australian women ages 25-44. Two different educational 

interventions were used: an osteoporosis informational leaflet or a small group education 

session. Participant results were evaluated according to four groups: 1) informational 

leaflet with low bone density (n=119); 2) informational leaflet with normal bone density 

(n=128); 3) education course with low bone density (n=112); and 4) education course and 

normal bone density (n=108). Women who had low bone density results were more likely 

to begin calcium supplement use (p < 0.001) and to report increase physical activity (p = 

0.001) than were women who had normal bone density results regardless of informational 

leaflet or education group. 

None of these experimental studies focused exclusively on perimenopausal 

women. Results implied that current routine bone density screening among women after 

age 65 may be ineffective in efforts to prevent osteoporosis (Estok, et al., 2007; 

Winzenberg, et al., 2006). 

Winzenberg et al. (2006) had the most rigorous population sampling method by 

using random selection via a list of Australian voters considered to be 95% complete for 

persons in the study’s age group of 23-44 years old, prior to random assignment of 

intervention. Estok et al. (2007) and Rolnick et al. (2001) used convenience sampling 

with randomized assignment to intervention. 
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Osteoporosis is a disease influenced by age, time, and menstrual status, with the 

best study designs using experimental longitudinal studies over time. All three studies 

used baseline measures of behavioral outcomes that were repeated after the bone density 

intervention; however, the study lengths varied. Six-month follow-up data were collected 

by Rolnick et al. (2001) and Estok et al. (2007); further repeated measures were 

performed at one year by Estok et al. and Winzenberg et al. (2006) who had the final data 

collection at two years. 

Behavioral outcomes of bone health behaviors were measured in these studies, 

however reliability and validity values of measurement tools were only stated in 

Winzenberg et al. (2006) and Estok et al. (2007). Rolnick et al. (2001) did not discuss 

using specific valid instruments or the instrument reliabilities, which may have affected 

the reported lack of significant findings of the study’s bone density intervention. 

In reference to measurement of concepts related to behavioral change, affective 

domains as well as cognitive domains, are believed to significantly contribute to 

behavioral changes (Kiviniemi, et al., 2007; Kraft, Rise, Sutton, & Roysamb, 2005). 

None of these aforementioned studies included measurements of affective domains, (e.g., 

overall positive or negative feelings or values associated with the behavior), despite 

research indicating that affective components may contribute significantly to exercise 

behavior (Kiviniemi, et al.). For example, women were not asked if they considered 

exercising as desirable or not, or if their behavior was influenced by others. A gap exists 

in this current research regarding the inclusion of affective influences on bone health 

behaviors in experimental studies. 
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None of the studies reported results of precision testing of dual energy X-ray 

absorptiometry with the bone density results. Although study outcomes may have not 

been affected, reporting precision testing results within research study findings is a 

recommendation by the International Society for Clinical Densitometry (Lewiecki, 

Binkley, Bilezikian, Kendler, Leib, & Petak, 2006). 

Overall outcomes were not consistent in supporting that bone density testing had a 

significant effect on all bone health behavioral outcomes. Rolnick et al. (2001) did not 

find any significant effect of bone density testing on outcome behaviors of calcium 

initiation, vitamin D initiation, or exercise. As stated previously, this result may have 

been impacted by type of measurement. Both Estok et al. (2007) and Winzenberg et al. 

(2006) reported positive relationships between low bone density results and improved 

calcium intake but did not measure vitamin D intake, known to enhance calcium 

absorption, and neither study found any intervention effect on exercise. 

Rolnick et al. (2001) compared behavioral responses between an osteoporosis 

education group and an intervention group receiving osteoporosis education with bone 

density testing. Although no significant difference in calcium intake, vitamin D intake, or 

exercise was found between groups, behavioral responses differed within the intervention 

group according to bone density results. Rolnick et al. stated that the percentage of 

calcium consumption increased according to decreased levels of bone mass (p = 0.06), 

reporting 61% of women with normal bone density, 63% with osteopenia or low bone 

density, and 89% with osteoporosis, who increased their calcium intake over the six-

month follow-up. In this same study, increased vitamin D intake based on bone density 
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results reached statistical significance (p = 0.032) comparing control group (n=109, 40% 

increased vitamin D intake) with bone density intervention group diagnosed with 

osteopenia (n=67, 51% increased vitamin D intake) and osteoporosis (n=18, 72% 

increased vitamin D intake). 

None of the studies measured intentions to change behavior and the relationship 

between intentions and actual behavior. Therefore, further study of the relationship 

between intentions and behaviors in osteoporosis prevention will provide practical 

information to clinicians and researchers to determine if change in intentions predicts 

actual change in bone health behaviors. 

The Theory of Planned Behavior 

The Theory of Planned Behavior originated from social psychology and from the 

Theory of Reasoned Action developed in 1967 by Martin Fishbein and Icek Ajzen. The 

Theory of Reasoned Action originally proposed that the intrapersonal factors of Attitudes 

and Subjective Norms influence behavior through Intentions (Ajzen, 1991). In the Theory 

of Reasoned Action, Attitudes are targeted by addressing beliefs about outcomes and 

values about those outcomes, and Subjective Norms are targeted by focusing on 

perceptions of others and related motivation to comply with others’ expectations. A 

critique of the Theory of Reasoned Action is that not all behavior may be volitional; 

therefore, Icek Ajzen added a third variable, Perceived Behavioral Control (Ajzen, 1991; 

Pender, Murdaugh, & Parsons, 2006). Additionally, Ajzen noted that most behaviors 

occur at some point along a continuum having endpoints of ‘total control’ to ‘complete 

lack of control,’ and are relative to the person and to the specific behavior (Godin & Kok, 
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1996). According to the Theory of Planned Behavior, human behavior is affected by 

three conceptually-independent latent variables and their antecedent aggregated factors. 

The antecedent factors to the latent variables are cognitive beliefs (information, 

knowledge and thoughts about the studied behavior) and affective associations (feelings 

and values associated with the studied behavior) (Kiviniemi, et al., 2007). The Theory of 

Planned Behavior has been effectively used to explain and predict intentions and 

behaviors in health promotion research, including nutrition (Brewer, Blake, Rankin, & 

Douglass, 1999; Conner, Norman, & Bell, 2002; Kim, Reicks, & Sjoberg, 2003; Masalu 

& Astrom, 2003; Nejad, Wertheim, & Greenwood, 2005; Rah, Hasler, Painter, & 

Chapman-Novakofski, 2004; Tussing & Chapman-Novakofski, 2005), physical activity 

and exercise (Armitage, 2005; Conn, Tripp-Reimer, & Maas, 2003; Courneya, Bobick, & 

Schinke, 1999; Jackson, Smith, & Conner, 2003), cardiovascular disease prevention 

(Deskins, Harris, Bradlyn, Cottrell, Coffman, Olexa, et al., 2006), cigarette and drug use 

(Hanson, 1999; Morrison, Golder, Keller, & Gillmore, 2002), health care providers’ use 

of preventive interventions (Honda & Gorin, 2006), HIV screening (Kakoko, Astrom, 

Lugoe, & Lie, 2006), bicycle helmet use (Lajunen & Rasanen, 2004), medication use 

(Legare, Godin, Dodin, Turcot, & Laperriere, 2003; Spatz, Thombs, Byrne, & Page, 

2003; Williams, Povey, & White, 2008), health care provider interventions (Michie, 

Dormandy, French, & Marteau, 2004), and mammography screening (Steadman, Rutter, 

& Field, 2002; Steele & Porche, 2005; Tolma, Reininger, & Ureda, 2006). The Theory of 

Planned Behavior has also been used to explain intentions and health behaviors in 

management of chronic illness (Johnston, Johnston, Pollard, Kinmouth, & Mant, 2004; . 
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Jones, Courneya, Fairey, & Mackey, 2005; Jones, Courneya, Vallance, Ladha, Mant, 

Belch, et al., 2006; Prapavessis, Maddison, Ruygrok, Bassett, Harper, & Gillanders, 

2005). 

The Perimenopausal Bone Health Behaviors Model shown in Figure 1 was 

developed for this study by applying the theoretical underpinnings in Ajzen’s Theory of 

Planned Behavior. Although the Theory of Planned Behavior has not been extensively 

applied in research that focuses on perimenopausal women and bone health promotion 

behaviors, the theory was chosen because of its recommended instrument development 

specific to the study’s population sample of perimenopausal women (Ajzen, 1991; 

Armitage & Conner, 2001).
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FIGURE 1. Perimenopausal Bone Health Behaviors Model 
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The following list of terms describes the latent variables and their antecedent 

factors applying the Theory of Planned Behavior (Ajzen & Fishbein, 1999) to the 

Perimenopausal Bone Health Behaviors Model. 

Intentions: an indication of a woman’s readiness to perform actual bone health 

behaviors of adequate calcium intake, vitamin D intake, and physical 

activity; considered to be the immediate antecedent of actual bone health 

behaviors. 

Actual Bone Health Behaviors: transmission of intentions into actions of adequate 

calcium intake, vitamin D intake, and physical activity. 

Attitude: overall evaluation of actual bone health behaviors.  

Behavioral Belief: cognitive antecedent variable of attitude; a woman’s belief about 

the consequences of actual bone health behaviors based on her belief that 

these behaviors will lead to the desired outcome of improved bone health. 

Evaluation of Behavioral Outcomes: affective antecedent variable of attitude; a 

woman’s positive or negative judgment that each behavioral belief will 

lead to the desired outcome of improved bone health. 

Subjective Norm: overall estimate of social pressure to perform or not perform 

actual bone health behaviors. 

Normative Belief: cognitive antecedent variable of subjective norm; a woman’s 

positive or negative judgments about actual bone health behaviors that are 

influenced by the judgment of significant others. 
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Motivation to Comply: affective antecedent variable of subjective norm; a woman’s 

belief about what others expect from her about actual bone health 

behaviors. 

Perceived Behavioral Control: a woman’s overall extent of feeling able to perform 

actual bone health behaviors. 

Control Belief: cognitive antecedent variable of perceived behavioral control; a 

woman’s belief about her control over the factors that impede or assist 

actual bone health behaviors. 

Perceived Power: affective antecedent variable of perceived behavioral control; a 

woman’s feeling confident about her ability to perform or not perform 

actual bone health behaviors. 

The Perimenopausal Bone Health Behaviors Model implies that the construct of 

Attitudes is affected by the intervention of bone density testing using dual energy X-ray 

absorptiometry. Behavioral beliefs and evaluations about bone health behaviors generate 

positive or negative attitudes toward these behaviors, and will affect intentions toward the 

behaviors. 

Positive or negative normative beliefs about others’ expectations and motivation 

to comply with these expectations bring about the perceived social pressure of Subjective 

Norms, which influence Intentions. Control beliefs about factors that may assist or 

interfere with performance of actual bone health behaviors, and perceived power over 

these factors, lead to Perceived Behavioral Control. 
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The latent variables of Attitudes toward behavior, Subjective Norms, and 

Perceived Behavioral Control, lead to Intentions (Ajzen, 2002; Brown, 1999). Overall, 

Attitudes and Subjective Norms are proposed to influence Intentions; Intentions are 

related to Actual Bone Health Behaviors. Actual Bone Health Behaviors that are not 

completely under volitional control are suggested to be measured somewhat directly by 

Perceived Behavioral Control, which may predict behavior independently of Intentions 

(Rhodes & Courneya, 2003b). Generally, the more positive Attitudes and Subjective 

Norm, and the greater Perceived Behavioral Control, the stronger are Intentions to 

perform the studied behavior. Intentions is considered to be the immediate antecedent of 

Actual Bone Health Behaviors (Brown). 

Bone Health Behaviors Among Perimenopausal Women:  

Theoretical Application to Behavior 

Many behavioral models attempt to predict whether a person will perform, or is 

actually performing, various behaviors according to a specified set of predictor variables 

which often do not consider affective associations with the studied behavior (Kiviniemi, 

et al., 2007). Recent social psychology theories have added the construct of knowledge, 

which includes both affective and cognitive domains, to behavioral change theory 

applications. To reiterate, the Theory of Planned Behavior has been tested in health 

promotion and illness prevention research as well as in chronic disease research focusing 

on volitional behaviors. The following discussion focuses on the Theory of Planned 

Behavior constructs of Attitudes, Subjective Norms, and Perceived Behavioral Control in 

relation to Intentions and Actual Bone Health Behaviors. 
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Bone Health Behaviors: Attitudes 

In this dissertation study, Attitudes is defined as favorable and unfavorable 

cognitive and affective beliefs that a woman has concerning bone health behaviors. 

Attitudes are considered to be a woman’s overall evaluation of the bone health behaviors 

(Ajzen, 2002; Brown, 1999) of calcium intake, vitamin D intake, and physical activity in 

this study. 

Attitudes about calcium intake have been positively associated with osteoporosis 

prevention in postmenopausal women (Blalock, et al., 2005) and in young college-aged 

women (Piaseu, Schepp, & Belza, 2002). Other studies suggest that attitude alone, is not 

sufficient in effecting a change in osteoporosis prevention among younger women 

(Hsieh, et al., 2001; Schmiege, Aiken, Sander, & Gerend, 2007) unless it was associated 

with perception of increased risk of osteoporosis (von Hurst & Wham, 2007). 

Some studies indicate that most women do not have sufficient knowledge about 

bone health and osteoporosis risk factors that effectively influences their attitudes toward 

osteoporosis preventive behaviors (Hsieh, et al., 2001; Sedlak, Doheny, & Jones, 1998). 

Knowledge of adequate calcium intake and behavior can be somewhat influenced by 

social factors such as changes in family and work routines, suggesting that preventive 

behavior is influenced by more than having accurate information about health (French, 

Moore, Vernace-Inserra, & Hawker, 2005). In several studies, attitude contributed 

significantly to the studied behavior; only women who reported actively worrying about 

developing osteoporosis according to their own personal risk were more likely to be 

engaged in significant osteoporosis preventive behaviors (Hsieh, et al., 2001; Rubin & 
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Cummings, 1992; Schmiege, et al., 2007) suggesting that an affective domain may also 

influence attitudes. 

Bone Health Behaviors: Subjective Norms 

In this study, Subjective Norms is the perimenopausal woman’s perception that 

important people in her life support or do not support her performance or her 

nonperformance of bone health behaviors (Ajzen, 2002). Few perimenopausal and 

postmenopausal women take active measures to prevent osteoporosis despite the belief 

that it is a serious condition and most of these women do not perceive personal 

susceptibility of bone loss and subsequent disease (DHHS, 2004; Hsieh, et al., 2001). 

Women consider health care providers as their primary source of information 

(Matthews, Laya, & DeWitt, 2006) and are more likely to engage in health promotion 

behaviors if their health care providers discuss and encourage their participation  (Kulp, 

et al., 2004; McLeod, McCann, Horvath, & Wactawski-Wendes, 2007). There is strong 

evidence indicating that social support interventions at the community level, through 

exercise and dietary lifestyle programs, may contribute toward improved bone health 

(Ching-Hsing, Chen-Yen, McCubbin, Zhang, & Inouye, 2008; DHHS, 2004). 

Bone Health Behaviors: Perceived Behavior Control 

In this study, Perceived Behavioral Control is the perception of a woman’s ability 

to perform bone health behaviors and is assumed to reflect her past participation in bone 

health behaviors, as well as her anticipated barriers to performing these behaviors (Ajzen, 

2002). According to Icek Ajzen (personal communication, February 4, 2006), the 

antecedent variable of Perceived Behavioral Control’s perceived power is similar to the 
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construct of self-efficacy as both constructs depict peoples' beliefs that they are capable 

of performing a specific behavior. 

The construct of Perceived Behavioral Control’s positive effect on physical 

activity/exercise has been studied by Theory of Planned Behavior researchers (Armitage, 

2005; Conn, et al., 2003; Jones, et al., 2005; Rhodes & Courneya, 2003a, 2003c; Rhodes 

& Blanchard, 2006). Some data suggests that many women do not perceive that they are 

susceptible to osteoporosis (Gerend, Aiken, West, & Erchull, 2004; Hsieh, et al., 2001), 

and that this perception affects their participation in health promotion behaviors. In 

studies targeting Perceived Behavioral Control and bone health promotion behaviors to 

increase self-efficacy, calcium intake increased from baseline (Piaseu, et al., 2002; 

Tussing & Chapman-Novakofski, 2005) and improved exercise adherence in older 

women (Conn, et al., 2003). 

Perceived Behavioral Control has been studied extensively in the physical 

activity/exercise domain as a Theory of Planned Behavior construct, but has limited 

research focusing on osteoporosis preventive behaviors among perimenopausal women. 

Intentions and Actual Bone Health Behaviors 

In this dissertation study, Intentions are an indication of a woman’s readiness to 

perform actual bone health behaviors of adequate calcium intake, vitamin D intake, and 

physical activity and are considered the immediate antecedent of actual bone health 

behaviors. Several published articles will define how Intentions are measured in studies 

focusing on behavioral change. 
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Webb and Sheeran (2006) published a meta-analysis of 47 experimental studies 

that included random assignment to treatments focusing on increasing intention, with 

comparison to subsequent behavior change. Their findings indicated that a medium-large 

change (d = 0.66) in intention scores was related to a small-medium behavioral change (d 

= 0.36). The meta-analysis also cited prior habits and behaviors as contributing to the 

relationship between intentions and behaviors. 

A single-group intervention study of 342 middle-aged women (M age = 49.5 

years) evaluated changes in intentions and behaviors of physical activity, dairy product 

consumption, and decreases in caffeine intake after participating in an osteoporosis 

prevention program of four educational classes, bone density testing with follow-up 

individual consultation (Turner, Wallace, Hunt, & Gray, 2003). Although results showed 

that women increased some actual behaviors from baseline (60% increased dairy food 

consumption, 39% started using calcium supplements, 20% increased yard work, 19% 

began walking, 14% started weight training), measuring intentions was  difficult, and 

therefore was not directly related to behavioral change. The authors stated that the study 

participants were “self-selected and self-motivated” (Turner, et al., 2003, p. 525) and that 

these traits influenced behavioral intention. 

Another study among younger women measured intentions to consume calcium 

and perform exercise. Schmiege, et al. (2007) examined intentions and actual 

osteoporosis preventive behaviors of calcium intake and exercise in two samples of 

college women aged 17-25. The first sample consisted of 202 participants (M = 18.40 

years, SD = 0.77 years); the second sample consisted of 209 participants (M = 19.07 
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years, SD = 1.27 years). Intentions were measured by one 6-point item for calcium and 

for exercise; behavior was measured by self-report recording of daily calcium in 

milligrams and daily weight-bearing exercise in minutes. Baseline data followed by a 6-

month data collection were obtained from both groups. Structured equation modeling 

showed that intentions to exercise and to consume calcium predicted actual behaviors at 

six months for both groups (p < .001). 

There is some evidence to show that intentions toward behavioral change are 

predictive of actual change in these behaviors. However, difference in interventions, 

behaviors, and study settings generalizes difficult as applied to perimenopausal women 

and bone health behaviors. 

Perimenopausal Bone Health Behaviors Model 

The Theory of Planned Behavior has not been extensively utilized in or developed 

for osteoporosis prevention or for bone health promotion research. However, as 

previously explained, the Theory of Planned Behavior has been used in preventive 

behavior research related to calcium intake and physical activity. The Perimenopausal 

Bone Health Behaviors Model will be tested in this study; components of the model are 

further discussed. 

External Variables 

External variables are those variables that are not part of a study but could have 

an effect on the study’s outcomes (Vogt, 2005). Common external variables have been 

discussed in Theory of Planned Behavior research that may contribute to further theory 

development (Brown, 1999) include socio-cultural variables and prior behavior. 
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Personal Factors 

Personal factors are not specified in the Theory of Planned Behavior and may 

contribute to further theory development. Age, culture, geographic location, 

socioeconomic status, religious preference, culture, and gender are related variables 

mentioned in literature (Legare, et al., 2003; Rhodes & Courneya, 2003a). These 

variables may contribute to the study’s model and were considered through 

inclusion/exclusion factors discussed in Chapter Three. Perimenopausal Caucasian 

women aged 35-55 within a specific geographic area in Minnesota are expected to 

respond differently than women of other ages, ethnicity, and geographic areas. 

Perception of and Prior Bone Health Behaviors 

Perimenopausal women may not perceive any personal risk for osteoporosis 

despite information that is available to them (Backett-Milburn, Parry, & Mauthner, 2000; 

Geusens & Dinant, 2007); personal perception of bone health behaviors and osteoporosis 

risk is important to assess (Deeks, Zoungas, & Teede, 2008). Some Theory of Planned 

Behavior researchers suggest prior behavior as an external variable (Ajzen, 2001; 

Conner, Norman, & Bell, 2002; Rhodes & Courneya, 2003b). To account for this 

potential theoretical weakness, the Perimenopausal Bone Health Behaviors Model 

included measures of prior bone health behaviors and perceptions of bone health 

behaviors at baseline. 
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Interventions: Dual Energy X-ray Absorptiometry and Bone Health Education Effect on 

Attitudes 

The intervention was directed at Attitudes. Literature suggests that interventions 

directed at changing attitudinal beliefs in health promotion studies affect intentions in 

exercise among adults (Kerner, Grossman, & Kurrant, 2001), in healthy eating behaviors 

(Armitage, 2004; Conner, et al., 2002), in motivating men toward skin cancer screening 

(Janda, Youl, Lowe, Baade, Elwood, Ring, et al., 2006), and in antenatal care among 

pregnant women (Fetohy, 2004). Several studies suggest that women who believe that 

they are at risk for osteoporosis are more likely to consider altering and actually changing 

their lifestyles to improve their health (Hsieh, et al., 2001; Sedlak, Doheny, Estok, Zeller, 

& Winchell, 2007; Solomon, Levin, & Helfgott, 2000) and that interventions directed at 

altering these intentions and behaviors are needed (Piaseu, et al., 2002; Sedlak, et al., 

1998; Shu & Yi-Ching, 2003). 

Attitudes are the focus of the intervention and expected to have a direct effect on 

intentions. What participants believe about their bone health behaviors and how they 

evaluate these beliefs may change more in response to individual dual energy X-ray 

absorptiometry (DXA) testing and test results in the intervention group than in the 

comparison group who are exposed only to general bone health education. 

Whether Subjective Norms will change significantly from baseline is not 

anticipated and is not the focus of the intervention. Intervention studies focusing on 

subjective norms are inconsistent about this variable’s impact on intentions in (Armitage 

& Conner, 2001; Hagger, Chatzisarantis, & Harris, 2006; L. W. Jones, et al., 2006; 
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Kakoko, et al., 2006; Prapavessis, et al., 2005). Studying how perimenopausal women 

perceive the influence of others on their bone health behaviors will contribute to future 

intervention studies. It is not anticipated that the intervention will have a strong impact on 

Subjective Norms, and will not significantly impact Intentions. 

Perceived Behavioral Control is presented as directly influencing the relationship 

between Intentions and Behaviors in the model. Research findings are inconsistent in 

measuring Perceived Behavioral Control contribution to Intentions (Ajzen, 2001; 

Armitage & Conner, 2001; Conner, Povey, Sparks, James, & Shepherd, 2003; Kraft, et 

al., 2005; Prapavessis, et al., 2005). It is anticipated that the intervention will have an 

impact on Perceived Behavioral Control, and will subsequently impact Intentions. 

Actual Bone Health Behaviors of calcium intake, vitamin D intake and physical 

activity are self-reported behaviors mediated by Intention. Alternatively, Intention is 

mediated by a perimenopausal woman’s attitude toward bone health behaviors, what 

important others’ think about bone health behaviors, and her perceptions about being able 

to perform these behaviors. If the Perimenopausal Bone Health Behaviors Model reflects 

the Theory of Planned Behavior, then as Intentions increase, Actual Bone Health 

Behaviors will increase. 

Summary 

Chapter Two presented the literature review of research about the relationships 

between the modifiable risk factors of adequate calcium and vitamin D intake, adequate 

physical activity, and bone health in perimenopausal women. Adequate management of 

these modifiable risk factors can positively affect bone health among women prior to 
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menopause. Current bone density testing technology was discussed in reference to current 

screening guidelines that do not include perimenopausal women. Intervention studies 

support that bone density testing can impact women’s bone health behaviors, however 

similar studies among perimenopausal women are lacking. The final section of the 

chapter introduced the Perimenopausal Bone Health Behaviors Model, developed from 

the Theory of Planned Behavior, which was used as the theoretical framework for this 

study. 
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CHAPTER THREE: METHODS 

Introduction 

The purpose of this study was to test the effects of an intervention (dual energy X-

ray absorptiometry [DXA] and bone health information) on intent to engage in and actual 

bone health behaviors among perimenopausal women aged 35-55. Chapter Three 

presents the methods used to test the Perimenopausal Bone Health Behaviors Model that 

guided the aims in this study. The research design, sample criteria and setting, and 

procedures for protecting the rights of human subjects are also presented. Procedures for 

questionnaire instrument development and estimation of reliability and construct validity 

are discussed within the chapter and are included in the appendices. Procedures for 

collecting participant questionnaire data and for performing DXA and recording bone 

density results are presented. Information regarding the data management and analysis 

plan to address each research question completes the chapter. 

Design 

A longitudinal, repeated measures experimental design was used to determine the 

effect of DXA and bone health information on perimenopausal women’s intentions to 

engage in actual behaviors known to promote bone health and prevent osteoporosis. 

Change in behaviors over time, i.e., two weeks and two months after DXA and bone 

health information, were measured. The study design included participant randomization 

into two groups, the intervention group receiving DXA and bone health information, and 

the comparison group receiving only bone health information. 
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Sample 

The study was conducted in a community in Minnesota with a population of 

approximately 50,000 (Ramstrom, 2001). The convenience sample included 150 

community-based women aged 35-55 who responded to media advertisements and met 

study criteria. 

Inclusion criteria included women ages 35-55, who had experienced the last 

menstrual period within past 6 months and who reported any vasomotor symptom or 

menstrual cycle change. They had to be able to read English and complete questionnaires 

without assistance, willing to be randomized into one of two groups and complete the 

study within the designated time, and reside within or near the study’s community. 

Exclusion criteria included previous measurement and knowledge of DXA results, 

history of bilateral oophorectomy or hysterectomy, present use of prescribed hormones 

for menopausal symptom management, pregnancy or planning pregnancy at study entry, 

history of breast cancer, history of hip fracture or scoliosis, presence of metal prostheses 

in hip or forearm or spine, or presently lactating. 

Sample Size 

Sample size in quantitative research is determined by power of the study (Burns 

& Grove, 2005). Power is “the capacity of the study to detect differences or relationships 

that actually exist in the population” (Burns & Grove, 2005, p.354). A power analysis 

was performed and included the following parameters: 1) significance level, 2) effect 

size, 3) sample size, and 4) power (Cohen, 1988). 
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Effect size for calculating sample size was estimated from other bone health 

intervention research among premenopausal and postmenopausal women (Estok, et al., 

2007; Winzenberg, et al., 2006). In their two-year randomized control trial of bone density 

testing effects on osteoporosis preventive behaviors among 470 premenopausal 

Australian women aged 25-44 years, Winzenberg et al. found significant improvement in 

osteoporosis preventive behaviors two years after baseline. Among women with low bone 

density results (described as T-scores of <0.0), calcium supplement intake increased by 

19% two years after baseline (β = .19, p < 0.001); self-reported physical activity also 

increased (p = 0.001) but effect size was not reported for change in physical activity. 

In their 18-month randomized control trial that included bone density testing 

effects on calcium intake and weight-bearing exercise among 203 United States 

postmenopausal women aged 50-65, Estok et al. (2007) reported that bone density testing 

had a significant direct positive effect (β = .23, p < 0.05) on calcium intake at six months 

but had no significant effect on weight-bearing exercise. Women who received bone 

density testing had a 23% increased calcium intake at six months compared to women 

who did not receive bone density testing. Among women who received bone density 

testing, those with low bone density results (described as T-scores of ≤ -1.0) had a 30% 

increase in calcium intake (β = .30, p < 0.05) at 6 months compared to women with 

normal bone density results (described as T-scores > -1.0). Women who received bone 

density testing maintained their calcium intake between 6 and 12 months regardless of 

normal or low bone density results; no significant change in calcium intake behavior was 

reported between 6 and 12 months following bone density testing. 
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Power analysis was calculated for repeated measures ANOVA, correlations and 

multiple regression; repeated measures ANOVA required the highest number of 

participants (N = 130) for the total sample. Assuming that bone density testing 

intervention would be positively associated with an increase in calcium intake by 19 - 

23%, using power of at least 80%, with an α = .05, and allowing for a 14% attrition rate 

during the four-month study, recruitment of 150 participants was required (Hintze, 1996). 

Setting 

The setting for the intervention was the regional medical campus of a community-

owned and operated nonprofit health care organization in a rural Minnesota community. 

This health care organization employs more than 1,200 employees, 50 physicians and 

advanced practice nurses, and 350 volunteers who provide health care in 13 specialties 

(Winona Health, 2007). 

The participants completed all baseline data in a private meeting room located on 

the organization’s campus during 1 of 16 study orientation meetings. Participants 

completed the two follow-up telephone interviews in their own homes or at locations of 

their choice. 

The department of radiology was the setting for DXA testing of the intervention 

group. One certified densitometry technician tested all participants using the same 

densitometry equipment in the same procedure room. The principal investigator provided 

all intervention group participants with their DXA results, immediately after DXA 

testing, in a private room within the department of radiology. 
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Model of Study Design 

Figure 2 depicts the Study Design for this research. The following section will 

discuss design components of the model. 

 
Study Orientation Meetings     IG   Xx             O¹            O² 

 
Recruitment  BL Data  R 
 

            CG   x              O¹             O² 
Key 
Study Orientation Meetings 

BL: Baseline Data 
Osteoporosis Risk Assessment Survey  
Prevention Intentions Questionnaire 
Behaviors Questionnaire 

R: Random assignment 
IG: Intervention Group 
CG: Comparison Group 
X: Dual energy X-ray absorptiometry of anatomical sites (forearm, total hip, neck of hip, and 

lumbar spine) and test results 
x: Bone health information booklet about modifiable risk factors: calcium/vitamin D intake, 

physical activity 
O¹: Time One (two weeks after intervention) 

Prevention Intentions Questionnaire 
Behaviors Questionnaire  
Interventions Follow-up Questionnaire 

O²: Time Two (two months after intervention) 
Prevention Intentions Questionnaire 
Behaviors Questionnaire 
Interventions Follow-up Questionnaire 

 
FIGURE 2. Model of Study Design 
 

Recruitment Procedures 

A convenience sample of 150 community-based perimenopausal women aged 35-

55 responded to media advertisements in flyers placed in community areas, local 

newspaper ads, a television presentation, and public service announcements over a two-

week period (Appendix C). All met study criteria. 
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A designated telephone number and an email address were provided for interested 

women to contact the principal investigator and to leave a message. Of the 452 women 

who responded to the advertisements in the two-week recruitment period, 290 responded 

via email and 162 responded via the study’s confidential telephone number. The principal 

investigator or the research assistant contacted each potential participant by telephone. 

All potential participants were screened using inclusion/exclusion criteria with a brief 

questionnaire (Appendix D) and their names and contact information were recorded in a 

recruitment log. The first qualified 150 participants were entered into the study after 

being assigned an appointment for 1 of 16 study orientation meetings. The principal 

investigator sent a letter (Appendix E) to all 150 qualified participants welcoming them 

to the study and stating the date and time of their assigned study orientation meetings. 

Several strategies were used to minimize attrition. Folders were presented to each 

participant during the study orientation meetings. These folders contained a letter 

welcoming participants into the study, two copies of the consent form, and baseline 

questionnaires printed in different pastel colors for easy recognition and for esthetic 

value. During the study orientation meetings, face-to-face presentations of all data 

collection procedures provided participants with information regarding the significance 

of the study, offered opportunities to ask questions about the study and the 

questionnaires, and provided an on-site visit of the DXA testing site, thus creating 

familiarity with the environment. To foster continued involvement, participants were 

reminded of the importance in completing the two follow-up telephone questionnaires at 

both time-points following the intervention. Telephone access to the principal 
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investigator and/or research assistant provided participants with opportunities to address 

additional concerns. As an incentive to fully participate, DXA testing was offered to the 

comparison group after completion of the study, to reduce attrition from demoralization 

of not being assigned to the intervention group. 

Instruments 

Several questionnaires were developed specifically for this study and included the 

Osteoporosis Risk Assessment Survey, the Prevention Intentions Questionnaire, and the 

Behaviors Questionnaire. The following section describes the questionnaires and related 

instrument reliability and construct validity. 

Osteoporosis Risk Assessment Survey 

 The Osteoporosis Risk Assessment Survey (Appendix F), a demographic and risk 

assessment questionnaire, was developed for a 2002 pilot study of perimenopausal 

women (n = 40) within the same community (Olson, 2002). The Osteoporosis Risk 

Assessment Survey addressed external variables of “Personal Factors: Biological and 

Socio-cultural” identified in the Perimenopausal Bone Health Behaviors Model. These 

factors included socio-demographics (4 items), family history (3 items), medical history 

(29 items), medications (8 items), and gynecologic history (16 items); physical 

measurements of height, weight, and body mass index were also recorded. An average of 

ten minutes was needed to complete the Osteoporosis Risk Assessment Survey. 

Prevention Intentions Questionnaire 

The Manual for Health Services Researchers (Ajzen, 2002; Francis, Eccles, 

Johnston, Walker, Grimshaw, Foy, et al., 2004) guided the development of the 72-item 
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Prevention Intentions Questionnaire (Appendix G) which was based on the Theory of 

Planned Behavior. The questionnaire addressed how the Perimenopausal Bone Health 

Behaviors Model latent variables of Attitudes, Subjective Norms, and Perceived 

Behavioral Control related to outcome variables of Intentions and to Actual Bone Health 

Behaviors. Construct themes within each latent variable (presented in this chapter), scale 

scoring, and reliability testing are addressed in the following subsections. Additional 

categories were included in the questionnaire and included perception of bone health 

behavior knowledge, and preferences of types of bone health behaviors. 

Questionnaire Development 

The development of the Prevention Intentions Questionnaire involved three pilot 

studies: 1) the Olson 2002 Perimenopausal Women’s study (N=40) as stated previously; 

2) an elicitation study (N=25) to determine constructs for the Theory of Planned 

Behaviors variables of Attitudes, Subjective Norms, Perceived Behavioral Control and 

Intentions; and 3) an instrument development pilot study of the Prevention Intentions 

questionnaire (N=13). 

The Olson 2002 Perimenopausal Women’s study was a descriptive study of 40 

perimenopausal women aged 35-55 conducted to determine bone density status and 

baseline information about bone health behaviors. Of the 40 women, 15 (37.5%) had at 

least one anatomical site (hip, lumbar spine, or forearm) that met criteria for low bone 

density status. This study provided a basis for continued research and led to the 

development of this dissertation research. 
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The elicitation study (N=25) used criteria from the manual by Francis et al. (2004) 

and was conducted in the same community of perimenopausal women aged 35-55, to 

elicit themes pertaining to bone health behaviors in reference to Attitudes, Subjective 

Norms, and Perceived Behavioral Control, and Intentions. Elicited themes for Attitudes 

included [the behavior]: (a) will help to make my bones strong, (b) is good for me, (c) 

will help to prevent osteoporosis, and (d) will lower my risk for osteoporosis. Elicited 

themes for Subjective Norms included (a) friends, (b) health care providers, and (c) 

family members. Elicited themes for Perceived Behavioral Control included: (a) time, (b) 

cost, (c) risk of injury, (d) weather, (e) sun exposure, and (f) developing a routine. These 

answers provided the basis for Prevention Intentions questionnaire development. 

The instrument development pilot study (N=13) for the Prevention Intentions 

Questionnaire was given to 19 perimenopausal women aged 35-55 for test-retest 

reliability and to determine readability and content validity; 13 women completed the 

written questionnaires given two week apart. Reliability and validity are addressed 

further in this section. 

Validity 

Content validity is considered a matter of expert judgment as to instrument items 

accurately depicting what is being measured (Burns & Grove, 2005; Vogt, 2005). Two 

health care professionals, a certified clinical densitometrist/ internal medicine physician 

and a registered nurse who provides direct patient care to perimenopausal women, 

independently reviewed the responses during the questionnaire development process, and 
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were in agreement with the elicited themes. Criteria for determining content validity 

included relevance, clarity, simplicity, and ambiguity (Yaghmaie, 2003). 

After the Prevention Intentions Questionnaire was developed, the same two health 

care professionals independently judged the instrument for content validity and endorsed 

the questionnaire as representative of perimenopausal women in the community and as 

reflective of the themes elicited during the questionnaire development process. Five 

perimenopausal women, aged 42-51, individually judged the questionnaire to be easily 

understood and interpreted in both written and telephone formats. The Intentions 

Questionnaire took an average of 15 minutes to complete using both written and 

telephone interview methods. 

Construct Validity 

Construct validity pertains to the fit between the variables’ conceptual definitions 

and operational definitions. Measurements of variables must appropriately reflect the 

theoretical constructs of the study and often takes years of continued testing to develop 

(Burns & Grove, 2005). Development of the Prevention Intentions questionnaire was 

done with intention to further evaluate its reliability and validity for future utility. 

As previously stated, the elicitation study’s (N = 25) extracted themes about bone 

health behaviors that were used to develop Prevention Intentions Questionnaire items. 

The instrument-development pilot study (N = 13) included perimenopausal women from 

the study population, who completed the Prevention Intentions Questionnaire draft in 

written form on separate occasions two weeks apart. Although the pilot sample size was 
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small, a correlational matrix was developed to address convergent and divergent validity, 

revealing acceptable results for continued instrument development. 

Burnand, Kernan, and Feinstein (1990) proposed correlation coefficient 

guidelines for determining construct validity: insignificant (r < .30), moderate (r = .30 - 

.45), substantial (r = .46 - .60), and high (r > .61). Correlation coefficients for Attitudes 

(moderate convergence, moderate divergence), Subjective Norms (moderate 

convergence, moderate divergence) and Perceived Behavioral Control (moderate 

convergence, insignificant divergence) constructs indicated higher correlation coefficient 

scores for convergence within each construct than for divergence between constructs. To 

achieve lower divergence, minor modifications to some questions were made, including 

adding an Attitudes item about calcium supplements, emphasizing the word “not” with 

capital letters in the questionnaire, and changing the phrase “daily diet” to “every day.” 

Reliability 

Reliability of an instrument pertains to the consistency or stability of its 

measurement from one observation to another (Burns & Grove, 2005; Vogt, 2005). 

Francis et al. (2004) recommended test-retest reliability to determine the stability of 

Theory of Planned Behavior questionnaire item responses. Prior to the dissertation study, 

the same Prevention Intentions instrument-development pilot study (N = 13) included a 

two-week written test-retest reliability with reliability coefficients for individual 

Prevention Intentions Questionnaire items ranging from r = .60 to r = .98. Item total 

coefficient alpha for the pilot study (N=13) was α = .93. An alpha value of at least .70 is 

considered to have sufficient internal consistency for a new tool (Burns & Grove, 2005). 
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The total Prevention Intentions Questionnaire item-scale alpha coefficient was .94. The 

study’s subscales reliabilities are discussed further in this section. 

Appendix H includes the Prevention Intentions Scale Score Key that displays the 

study model’s variables, construct themes, labels and measurement, item numbers, test-

retest reliability coefficients for single-item constructs, coefficient alpha reliabilities for 

variable constructs, and subscale score ranges. 

Perception of Bone Health Behavior Knowledge Subscale 

The Perception of Bone Health Behavior Knowledge Subscale measured 

women’s perception of their knowledge of bone health behaviors and included two 

questions about calcium intake, two questions about vitamin D intake, and two questions 

about physical activity. Individual Perceptions subscale scores ranged from +6 to +42. 

Prior to the study, the pilot study’s (N = 13) perception subscale test-retest reliability 

scores ranged from r = 0.76 to r = .90. Perceptions subscale at baseline demonstrated 

high internal consistency (α = .79). 

An example of a Perceptions question in written form during baseline data 

collection was: 

I know how much calcium I need every day to help prevent osteoporosis. 
 

Strongly Disagree        Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

The participant wrote an “X” between the corresponding marks on the line that 

best matched her response. 

During the telephone interview, participants were asked, “On a scale of 1 to 7, 

with 1 being Strongly Disagree and 7 being Strongly Agree, what is your response to  the 



78 

 

following statement: I know how much calcium I need every day to help prevent 

osteoporosis?” The interviewer recorded the participant’s numerical response on the 

written questionnaire next to the corresponding question. 

Prevention Intentions Subscale: Attitudes 

The Attitudes subscale measured how attitudes, one of the latent independent 

variables, influenced intentions to change bone health behavior. The elicitation study (N 

= 25) found that the most salient beliefs for perimenopausal women and attitudes about 

bone health behaviors of calcium intake, vitamin D intake and physical activity were 

preventing osteoporosis, keeping bones strong, lowering risk for osteoporosis, and that 

the bone health behaviors are “good for me.” 

The Attitudes subscale included eight items about calcium intake, four items 

about vitamin D intake, and four items about physical activity. Each item included one 

cognitive item and one affective item that were paired to measure a construct (see 

Appendix H). Scoring the Attitudes subscale involved multiplying the scores of paired 

behavioral beliefs and outcome evaluation items for a range of +1 to +56 per paired item. 

All paired item scores were summed to obtain an Attitudes subscale score, ranging from 

+8 to +512. The Attitudes subscale demonstrated high internal consistency (α = .91). 

An example of paired Attitudes items in written form that paired cognitive item 

(7) with affective item (17) to measure the construct of “keeping my bones strong” was: 

7. Doing weight-bearing exercise every day will keep my bones strong. 
 

Strongly Disagree        Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 
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17. Doing weight-bearing exercise every day to keep my bones strong is: 
 

Extremely Desirable       Not Desirable At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

The participant wrote an “X” between the corresponding marks on the line that 

best matched her response. During the telephone interviewing, participants were asked, 

“On a scale of 1 to 7, with 1 being Strongly Disagree and 7 being Strongly Agree, what is 

your response to  the following statement: Doing weight-bearing exercise every day will 

keep my bones strong?” The interviewer recorded the participant’s numerical response on 

the written questionnaire next to the corresponding question. Scoring was recorded using 

the range of +1 (Strongly Disagree/Not Desirable At All) to +7 (Strongly Agree/ 

Extremely Desirable). 

One Attitudes construct was measured as a single paired-item. The construct, 

physical activity, was indexed with one item, “being good for me,” with a pilot study 

(N=13) test-retest reliability of r = .70. 

Coefficient alpha reliabilities for the construct of “keeping my bones strong” (α = 

.82), “preventing osteoporosis” (α = .75), and “lowering my risk for osteoporosis” (r = 

.82), were consistent with pilot study test (N=13) alpha coefficients (α = .90, α = .75, and 

α = .88 respectively) suggesting good internal consistency. 

As previously stated, Burnand, Kernan, and Feinstein (1990) proposed correlation 

coefficient guidelines for determining construct validity: insignificant (r < .30), moderate 

(r = .30 - .45), substantial (r = .46 - .60), and high (r > .61). Construct validity for the 

Prevention Intentions Questionnaire using a correlational matrix demonstrated improved 

convergence and improved divergence compared to the pilot study. Correlation 
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coefficients for Attitudes (substantial convergence, moderate divergence) constructs 

indicated higher correlation coefficient scores for convergence within each construct than 

for divergence between constructs. The Attitudes construct of “keeping my bones strong” 

showed highest convergent and lowest divergent scores. 

Prevention Intentions Subscale: Subjective Norms 

The Subjective Norms subscale was developed to measure how other people’s 

opinions and behavior influenced women’s intentions to change bone health behavior and 

actual behavior. The elicitation study (N = 25) found that the main Subjective Norm 

Beliefs among perimenopausal women toward bone health behaviors of calcium intake, 

vitamin D intake and physical activity were family members, health care providers, and 

friends. 

The Subjective Norms subscale included six items about calcium intake, six items 

about vitamin D intake, and eight items about physical activity. These items included 

cognitive items and affective items that were paired to measure a specific construct (see 

Appendix H). Scoring the Subjective Norms subscale involved multiplying the scores of 

paired normative beliefs and motivation to comply items to create a score range of +1 to 

+70 per paired item. All paired item scores were summed to obtain a Subjective Norms 

subscale score, ranging from +10 to +700. The Subjective Norms subscale demonstrated 

high internal consistency (α = .92). 

An example of paired Subjective Norms items, in written form, that paired a 

cognitive item (2) with an affective item (32) to measure the construct of “friends” was:  
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2. Most of my friends _______ weight-bearing exercise/physical activity daily to 
help maintain their healthy bones. 

 
Get Enough        Don’t Get Enough 

I--------I--------I--------I--------I--------I----- ---I--------I 
 

32. Doing the same as my friends do about getting daily weight-bearing 
exercise/physical activity to maintain my bone health influences me. 

 
Not at All        Influences me Extremely 

I--------I--------I--------I--------I--------I----- ---I--------I 

The participant wrote an “X” between the corresponding marks on the line that 

best matched her response. During the telephone interviewing, participants were asked, 

“On a scale of 1 to 7, with 1 being Don’t get Enough and 7 being Get Enough, what is 

your response to  the following statement: Most of my friends (Don’t get enough to Get 

Enough) weight-bearing exercise/physical activity to help maintain their healthy bones?” 

The interviewer recorded the participant’s numerical response on the written 

questionnaire next to the corresponding question. Scoring was recorded using the range 

of +1 (Don’t get Enough/Not At All) to +7 (Get Enough/Influences me Extremely). 

Coefficient alpha reliabilities for the constructs of “friends” (α = .91), “health care 

providers” (α = .91), and “family” (α = .94) were consistent with pilot pre-test correlation 

coefficients (α = .91, α = .87, and α = .84 respectively) suggesting good internal 

consistency. Construct validity using a correlational matrix demonstrated improved 

convergence and improved divergence compared to the pilot study (N=13). Correlation 

coefficients for Subjective Norms (substantial-high convergence, moderate divergence) 

constructs indicated higher correlation coefficient scores for convergence within each 

construct than for divergence between constructs. 
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Prevention Intentions Subscale: Perceived Behavioral Control 

The Perceived Behavioral Control subscale was developed to measure how 

women’s confidence and capability, and perceived barriers affected intentions to change 

bone health behaviors and actual behaviors. The elicitation study (N = 25) found that the 

main control beliefs and related perceived power among perimenopausal women about 

bone health behaviors of calcium intake, vitamin D intake and physical activity were 

participating in exercise and risk for injury, feeling discomfort during exercise, weather 

and seasonal changes, time and convenience, cost of supplements, meal planning, and 

risk of sun exposure. 

The Perceived Behavioral Control subscale included six questions about calcium 

intake, six questions about vitamin D intake, and six questions about physical activity. 

These items included cognitive items and affective items that were paired to measure a 

specific construct (see Appendix H). Scoring the Perceived Behavioral Control subscale 

involved multiplying the scores of paired control beliefs and perceived power to create a 

score range of +1 to +63 per paired item. All paired item scores were summed to obtain a 

Perceived Behavioral Control subscale score, ranging from +9 to +567. The Perceived 

Behavioral Control subscale demonstrated high internal consistency (α = .91). 

Four Perceived Behavioral Control constructs were measured as single paired-

items. The construct for vitamin D and “sun exposure” was measured as a single item 

with a pilot test-retest reliability of r = .93. The constructs for physical activity “injury,” 

“weather,” and “routine” were measured as a single items with  pilot test-retest 

reliabilities of r = .83, r = .91, and  r = .91, respectively. 
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An example of paired Perceived Behavioral Control items, in written form, that 

paired a cognitive item (31) with an affective item (47) to measure the construct of 

“time” was: 

31. Taking calcium supplements several times a day is __________ for me. 
 

Extremely Convenient       NOT Convenient at All 
I--------I--------I--------I--------I--------I----- ---I--------I 

47. How often does taking a calcium supplement at different times of the day affect 
my adequate calcium intake on a daily basis? 

 
Not at All          All the Time 

I--------I--------I--------I--------I--------I----- ---I--------I 

The participant wrote an “X” between the corresponding marks on the line that 

best matched her response. During the telephone interview, participants were asked, “On 

a scale of 1 to 7, with 1 being Not Convenient at All and 7 being Extremely Convenient, 

what is your response to the following statement: Taking calcium supplements several 

times a day is Not Convenient at All to Extremely Convenient for me?” The interviewer 

recorded the participant’s numerical response on the written questionnaire next to the 

corresponding question. Scoring was recorded using the range of +1 (Not Convenient at 

All/Not at All) to +7 (Extremely Convenient/All the Time). 

Correlation alpha reliabilities for the constructs of “time” (α = .82) and “cost” (α 

= .91) were consistent with pilot pre-test correlation coefficients (α = .87 and α = .86 

respectively) suggesting good internal consistency. Construct validity using a 

correlational matrix demonstrated improved convergence and improved divergence 

compared to the pilot study (N = 13). Correlation coefficients for Perceived Behavioral 

Control (moderate convergence, insignificant divergence) constructs indicated higher 
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correlation coefficient scores for convergence within each construct than for divergence 

between constructs. 

Prevention Intentions Subscale: Intentions Outcome 

The outcome, Intentions, one of the dependent variables, was measured with nine 

questions. Three questions were developed for each modifiable risk factor of calcium 

intake, vitamin D intake and physical activity. Scoring was unipolar, with an individual 

question response range of +1 to +7. Range of Intentions scale scores was +9 to +63. 

Intentions test-retest reliability scores ranged from r = 0.53 to r = .92. Coefficient alpha 

reliability for the Intentions outcome scale was α = 0.89. 

Preference of Type of Bone Health Behavior 

Women often will prefer one type of bone health behavior over another (French, 

Moore, Vernace-Inserra, & Hawker, 2005; Segar, Eccles, & Richardson, 2008); for 

example, some women may prefer to eat high-calcium foods rather than taking calcium 

supplements. The Preference of Type of Bone Health Behavior Questionnaire was 

developed to gather information about the study model’s external variables of ‘Personal 

Factors: Socio-cultural’ and bone health behaviors at baseline to establish group 

equivalence. Three questions were developed to evaluate how participants preferred to 

obtain calcium (through diet and/or calcium supplements), to obtain Vitamin D (through 

diet and/or vitamin supplements and/or sun exposure), and to participate in physical 

activity (through exercise program and/or daily activities). All question responses were 

measured categorically. The calcium preference item had four choices: 1) diet, 2) 

supplements, 3) combination of diet and supplements, and 4) not interested in calcium. 
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The vitamin D preference item had five choices: 1) diet, 2) supplements, 3) sun exposure, 

4) combination of diet, supplements and sun exposure, and 5) not interested in vitamin D. 

The physical activity preference item had four choices: 1) planned fitness training, 2) 

lifestyle, 3) combination of planned fitness and lifestyle, and 4) not interested in physical 

activity. 

Behaviors Questionnaire 

The Behaviors Questionnaire (Appendix I) was developed to measure outcome 

variables of dietary and supplemental calcium and vitamin D intake, and physical 

activity/exercise per self-report recall over the past seven days. Several questionnaires 

were combined for questionnaire and subscale development, which are further discussed. 

The Behaviors Questionnaire Subscales Score Key is presented in Appendix J. 

Behaviors Questionnaire: Calcium Intake and Vitamin D Intake Subscale 

The Behaviors Questionnaire Calcium and Vitamin D Intake Subscale was 

developed from the Olson 2002 Perimenopausal Women’s study (N=40) and from a 

modified short screening instrument derived from the Block-National Cancer Institute 

Health Habits and History Questionnaire (HHHQ) (Blalock, Norton, Patel, Cabral, & 

Thomas, 2003), available within the public domain. Estimates of vitamin D and calcium 

intakes from the 7-day food diary and the short form HHHQ correlated (r = 0.72 and r = 

0.66, respectively, p < .001) (Blalock, et al., 2003). 

The Olson 2002 Perimenopausal Women’s study (N=40) was a unpublished 

descriptive pilot study designed to measure personal medical and family histories, bone 

density results, and bone health behaviors of calcium intake, physical activity, smoking 
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habits, and alcohol intake, among 40 perimenopausal women aged 35-55 in the same 

population sampled in this study. Face validity was established by five perimenopausal 

women and content validity was established by two registered nurses who provided 

women’s health services in the studied population sample at that time using criteria of 

relevance, clarity, simplicity and ambiguity (Yaghmaie, 2003). The Olson (2002) study 

provided the same five questions for dietary calcium intake used in this study (see 

Appendix I), and was modified by changing calcium milligram content of several items 

to reflect current dietary choices. 

The Behaviors Questionnaire Calcium and Vitamin D Intake subscale consisted of 

five dietary calcium intake questions, three calcium supplement questions, and three 

vitamin D supplement questions. This subscale took approximately 10 minutes to 

complete in both written and telephone interview formats, if participants had access to 

their calcium and vitamin D supplements to record accurate dosages. 

Behaviors Questionnaire: Physical Activity/Exercise Subscale 

The Behaviors Questionnaire Physical Activity/Exercise subscale also addressed 

physical activity and exercise during the past seven days. The Behaviors Questionnaire 

Physical Activity/Exercise subscale was adapted from the Olson (2002) pilot study and 

from items listed in informational materials from organizations focusing on the diagnosis 

and treatment of osteoporosis (DHHS, 2004; National Institute of Arthritis and 

Musculoskeletal and Skin Diseases [NIAMS], 2005; NOF, 2006b, 2007; National 

Osteoporosis Society, 2001). Prior test-retest reliability of the pilot study physical activity 

items among perimenopausal women (N = 10) over 10 days revealed a test-retest 
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coefficient of 0.81 (Olson, 2002). Face validity of the subscale items was established by 

five perimenopausal women, and content validity was established by two registered 

nurses who provided women’s health services in the studied population sample using 

criteria of relevance, clarity, simplicity and ambiguity (Yaghmaie, 2003). This subscale 

took approximately 10 minutes to complete in both written and telephone interview 

formats. 

Interventions 

Bone Density Measurement: Dual Energy X-ray Absorptiometry 

Bone strength is comprised of trabecular bone, macro- and micro-architecture, 

bone turnover, cortical bone thickness, and bone mineralization with approximately 70% 

of variation in bone strength measured by bone density (Majumdar, 2003; Small, 2005). 

Bone metabolism resulting in bone density loss can be estimated by using bone 

densitometry, a non-surgical method of measuring bone density as part of an overall 

evaluation of fracture risk (Lenchik, et al., 2002). Bone densitometry technology has 

advanced during the past decade, and is now widely used as an integral component of 

clinical practice in monitoring osteoporosis and in studies that use bone density as 

surrogate endpoint rather than primary endpoint of fracture (Bonnick, 2002; Small, 

2005). 

Introduced in 1987, central dual-energy x-ray absorptiometry (DXA) is used to 

measure the largest number of skeletal sites of all bone health technologies. The 

fundamental principle of DXA is attenuation, or transmission of x-rays through the body 

using two different photon energy intensities measuring either bone or soft tissue 
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(Fogelman & Blake, 2000; ISCD, 2006). At low energy (30-50 kiloelectron volts [keV]) 

bone attenuation is greater than soft tissue attenuation, whereas at high energy (> 70 keV) 

bone and soft tissue attenuation are similar (ISCD, 2006). Dual-energy x-ray 

absorptiometry was approved by the U.S. Food and Drug Administration in 1988 for 

clinical practice (Bonnick, 2002; NIH, 2002). Most researchers agree that the “gold 

standard” test for bone density is hip and spine DXA as the preferred method to diagnose 

osteopenia (low bone density) and osteoporosis, and to predict fracture risk, due to its 

ease of use, short scan times, low radiation exposure, and stable calibration (Aoki et al., 

2000; Bonnick, 2005; Crandall, 2001; Fogelman & Blake, 2005; Khan et al., 2004; NIH, 

2002; Olson, 2007; Simon, 2004; Small, 2005). 

Bone density testing consists of two types: central and peripheral. Central testing 

measures bone density at anatomical sites of spine and/or hip and/or total body. 

Peripheral testing measures bone density at other anatomical sites such as heel, finger, 

wrist, kneecap, or shin, is used when central testing is not available, but is not indicated 

for diagnosing or monitoring treatment of osteoporosis (Lenchik, et al., 2002). Dual 

energy X-ray absorptiometry (DXA) testing of the total hip, femoral neck, lumbar spine, 

and distal forearm was administered using a Hologic Delphi C fan-beam table bone 

densitometer to all 75 intervention group participants. 

Participant Radiation Risk Exposure 

Radiation dose for all four sites was <10 mrem and involved less than 60 seconds 

of radiation exposure. Total time of testing was between 10-20 minutes per participant. 

Risk exposure is compared to the radiation from one chest x-ray as equivalent to the 
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natural radiation experienced in 10 days; radiation exposure to DXA is comparable to 

radiation experienced in one day (RadiologyInfo, 2007) (see Appendix K). 

Accuracy: Trueness and Precision 

Accuracy in densitometry is affected by systematic error (trueness) and random 

error (precision). Accuracy of T-scores is defined as the difference between the true and 

measured values of bone density compared to the true value of bone density expressed in 

percent. Calculated value for accuracy is called accuracy error, which for bone 

densitometry instruments is better than 10% and meets criteria for clinical assessment of 

fracture risk and diagnosis of osteoporosis (Baim, Wilson, Lewiecki, Luckey, Downs, & 

Lentle, 2005). Accuracy of T-scores results depends on the skill of the technologist at 

positioning study participants, on the expertise of the densitometrist in analyzing the 

results, and on the confidence interval used in T-score calculation. As previously stated, 

only one bone densitometer was used in this study; calibration of the Hologic 

densitometer was performed by the technologist according to Hologic manufacturer 

guidelines. 

Precision, or reproducibility, is the ability of the DXA measurement technique to 

reproduce the same numerical result when repeatedly performed in an identical manner. 

Precision testing allows a numerical equation to consider the skill of the technician. The 

technologist performed precision testing prior to the study according to the International 

Society for Clinical Densitometry [ISCD] (2006) guidelines of performing repeat scans 

on 30 women and calculating precision error according to standardized protocol. The 

technologist met the ISCD (2006) calculated precision error for each anatomic site within 
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guidelines for total hip (0.8 – 1.69%), spine (1.0 – 1.2%), and neck of the hip (1.11 – 

2.2%). 

The certified clinical densitometrist was the only professional who interpreted the 

bone density results, with one of every seven reports (10% of all T-score results) being 

read by another certified densitometrist for accuracy. 

Threats to validity, or standardization of bone density test results, was addressed 

by using only one densitometer, only one technologist certified in bone densitometry to 

administer testing, and only one professional certified in bone densitometry to interpret 

DXA testing and assign T-score results. 

Bone Health Information Booklet 

An information booklet, “Boning Up on Osteoporosis: A Guide to Prevention and 

Treatment,” (NOF, 2008a) was provided to all participants during the study orientation 

meetings at baseline. The National Osteoporosis Foundation provided this 102-page 

consumer-focused booklet for the study. This booklet included the most updated 

information about bone health, osteoporosis prevention, diagnosis and treatment of 

osteoporosis and represented the current usual and customary education available for 

women. Participants were encouraged to read the booklet with a focus on information 

about calcium intake, vitamin D intake, and physical activity. 

Interventions Follow-up Questionnaire 

In efforts to enhance treatment fidelity (Bellg, Borrelli, Resnick, Hecht, 

Minicucci, Ory, et al., 2004), the Interventions Follow-up Questionnaire (Appendix L) 

was used to determine if participants read the bone health information booklet. These 
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questions were designed to address responses to the interventions, and were measured at 

two weeks and at two months following intervention. The questionnaire consisted of one 

question asking if the participant read the materials (yes/no format). If yes, the participant 

completed questions 2-4 and responded to “How much did the information in the 

osteoporosis packet influence your (calcium intake, vitamin D intake, physical activity)? 

Intervention group participants were asked to complete questions 5-7 and responded to 

“How much did the bone density testing and results influence your (calcium intake, 

vitamin D intake, physical activity)?” Question 2-7 responses were measured using a 7-

point unipolar scale (1-not at all to 7-influenced me greatly). 

Procedures for Human Subjects Protection 

Approval for the study was obtained from the Institutional Review Board (IRB) of 

the University of Arizona (Appendix M). Additional study approval was obtained from 

the Winona Health Medical Center IRB, in Winona, Minnesota (Appendix N). Informed 

consent with signature was obtained from each participant (Appendix O) with all consent 

forms filed with the University of Arizona College of Nursing. 

Research Assistant Training 

Prior to the initiation of the study, a doctorate of nursing practice (DNP) student 

who completed a course in human subjects’ protection, was trained as a research assistant 

by the principal investigator. Appendix P displays the certificates for course completion. 

The training process included approximately ten hours of the following: study 

goals and objectives, study design, instrumentation content and administration of all self-

report questionnaires, interviewing techniques, data management, telephone follow-up 
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guidelines, and principal investigator involvement. Prior to the study, the research 

assistant and principal investigator role-played as participants and interviewed each other, 

to provide insight into the experience of the participant. The research assistant was 

supervised during the study by the principal investigator. 

Inter-rater standardization of interviewing procedures and techniques was 

assessed during the telephone interview process to determine any differences between the 

principal investigator and the research assistant. The principal investigator observed the 

research assistant perform ten complete telephone interviews that included all 

questionnaires during the study, with observation of words used, tone of voice, and 

timing of questions; no differences in technique were observed. 

Study Orientation Meetings 

After meeting the study’s inclusion and exclusion criteria, all qualified 

participants were scheduled for 1 of 16 study orientation meetings over a six day time 

period. The principal investigator conducted all meetings, which were each restricted to 

ten participants and lasted approximately one hour. The times for the meetings were 

10:00 a.m., 1:00 p.m. and 6 p.m. Monday through Friday, and 9 a.m. on Saturday, to 

accommodate participants’ schedules. One participant dropped out due to a family 

emergency; another qualified participant, taken from an on-call list, was entered into the 

study and attended the study orientation meeting. 

Baseline Data 

Data collection was completed face-to-face, in a study-designated private meeting 

room located on the medical center campus to control for testing effects, and to ensure 
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completion of all items. A folder was provided to each participant during the study 

orientation meeting. Each folder contained a copy of the letter of introduction to the study 

(Appendix Q) and two copies of the formal consent form, and all baseline questionnaires, 

as previously discussed. This baseline data comprised the first data collection time-point 

and included the Osteoporosis Risk Assessment Survey, Prevention Intentions 

Questionnaire, and Behaviors Questionnaire, which were discussed in the Instruments 

section of this chapter. 

Randomization 

The principal investigator prepared 150 folders containing all materials required 

for baseline data collection (discussed in the Instrument and Procedures section). A 

computer program was use to randomize and assign study numbers 1-150, via block 

sampling method of every ten participants, into either the intervention group (1) or the 

comparison group (2). The computer-assigned groups were then matched to a 

corresponding study number envelope, and a card designating assignment of intervention 

group or comparison group (Appendix R) was placed in the study number envelope and 

sealed. The sealed study number envelopes were placed in a designated locked cabinet in 

the principal investigator’s office until the date of each participant’s study orientation 

meeting. 

After completing all baseline data, each participant was given an assigned study 

number envelope, thus assignment of group was not known until the study number 

envelope was opened. Each participant’s identifying information was entered into a 

master study list using Microsoft Access, which included the participant’s name, address, 
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phone number, email, randomized assignment study number (1 – 150), and sections for 

reporting completion of each observation point. This identifying information was only 

available to the principal investigator, was kept in a locked computer file, and was 

destroyed after the study ended. 

Post-baseline Data Collection 

Intervention Group: Bone Density Testing via Dual Energy X-ray Absorptiometry 

Randomization assigned 75 women to the intervention group that received bone 

density testing via dual energy X-ray absorptiometry (DXA) and the bone health 

information booklet (NOF, 2008a) and assigned 75 women to the comparison group that 

received only the bone health information booklet. 

The 75 women in the intervention group were given DXA appointments during 

their study orientation meetings after obtaining baseline data and randomization to group. 

Each participant was informed of the risks of DXA testing (see Appendix K). 

Immediately after DXA testing, T-score results were determined by the certified clinical 

densitometrist, and were provided to each participant by the principal investigator 

(Appendix S). Normal bone density was determined by a T-score > - 1.0 and low bone 

density was determined by one or more anatomical sites having a T-score ≤ -1.0. The 

principal investigator addressed any additional questions about T-score results. 

Participants with low bone density results were offered referrals to health care providers 

as appropriate. 
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Observation One: Two Weeks After Intervention 

The first observation time-point occurred at two weeks following the intervention. 

The groups consisted of 75 comparison group women who received only bone health 

information, and of 75 intervention group women who received both bone health 

information and DXA. Each participant had an assigned date and time for the telephone 

interview. The Prevention Intentions Questionnaire, Behaviors Questionnaire, and 

Interventions Follow-up Questionnaire were administered via telephone interview. The 

principal investigator interviewed all 75 women in the intervention group; the research 

assistant interviewed all 75 women in the comparison group. Questionnaire responses 

were recorded using the same paper format as for baseline questionnaire responses. 

No attrition in either group occurred at this time-point. Each participant was 

assigned a date and time for the second telephone interview; this appointment was 

recorded in the master study list. 

Observation Two: Two Months After Intervention 

The second observation time-point occurred at two months following the 

intervention. The groups consisted of 75 perimenopausal women in the comparison group 

who received only bone health information and of 75 perimenopausal women in the 

intervention group who received both bone health information and DXA. Each 

participant had an assigned date and time for the second telephone interview. The 

Prevention Intentions Questionnaire, Behaviors Questionnaire, and Interventions Follow-

up Questionnaire were re-administered via telephone interview. The principal 

investigator interviewed women in the intervention group; the research assistant 
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interviewed women in the comparison group. Questionnaire responses were recorded 

using the same paper format as for baseline and observation one questionnaire responses. 

One participant in the intervention group did not complete the second interview 

for unknown reasons, despite two telephone messages and a certified letter. No attrition 

in the comparison group occurred at this time-point. 

Data Management and Analysis Plan 

Data Management 

Participant confidentiality was protected by keeping signed consent forms in a 

locked cabinet. The study numbers (1 – 150) were the only identifiers that appeared on all 

pages of each completed study form. The master study list that matched participant 

contact information with study numbers was password-protected and only available to the 

principal investigator. After the study findings were reported, this master study list was 

destroyed. 

Data were entered into one file using the Statistical Package for the Social 

Sciences (SPSS) and were identified by study number, and in the same order in which the 

questionnaires were administered and in the same order that the items were presented 

within the questionnaires. To assure data entry accuracy, 10% of participant raw data was 

screened and compared to the entered computer files by the principal investigator. If >1% 

of the items in a participant file were inaccurately entered, all related participant 

information were checked against the computer files. Data was cleaned prior to analyses 

by the principal investigator, and was achieved by running frequencies and checking for 

outliers to determine that all data were between the set limits and boundaries. Raw data 
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will be shredded and destroyed five years after publication of results, but computer files 

with de-identified data will be kept indefinitely. 

Data Analysis Plan 

Study Participant Characteristics 

Descriptive statistics were computed for all variables, comprising frequencies and 

percentages for categorical variables and means, standard deviations, skewness, and 

kurtosis for count. Exploratory data analyses (e.g. boxplots, histograms, barcharts, matrix 

scatterplots and density plots) were used to evaluate distributions and to identify 

distributional variances as non-normality, heterogeneity of variance, potential outliers, 

and need for transformation (Field, 2005; Munro, 2005). 

Dependent Variable Screening 

Distributions for the two dependent variables of Intentions and actual bone health 

behaviors were inspected using graphical techniques to determine any outliers or extreme 

values, non-normality, or any combination that might influence the study results. 

Potentially influential findings were evaluated and are discussed in the results section. 

Aims and Statistical Application 

Aim One 

Aim One: To compare the effects of an intervention (DXA and bone health 

information) on intentions to engage in bone health behaviors at two weeks and at two 

months after the intervention compared to bone health information alone. 

A 2 X 3 repeated measures mixed analysis of variance (ANOVA) was used to test 

for effects of bone density testing (using DXA) and bone health information intervention 
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on intentions to engage in preventive bone health behaviors immediately and at two 

months after the intervention. Assumptions of ANOVA were determined and included 

mutually exclusive groups and sphericity (Field, 2005). Intentions scores were not 

normally distributed at all observation points; however, ANOVA is considered to be 

fairly robust even if assumptions are not rigidly adhered to (Munro, 2005; Burns & 

Grove, 2005). 

ANOVA tested the main and interaction effects of the independent categorical 

variable of group between the intervention group receiving DXA and the comparison 

group, and of the categorical variable time over the study’s three observation points 

(baseline, two weeks, and two months) on the dependent continuous variable score of 

Intentions. T-tests were used to compare the mean scores of Intentions at each 

observation. 

Aim Two 

Aim Two: To compare the effects of an intervention (DXA and bone health 

information) on bone health behaviors at two weeks and at two months after the 

intervention compared to bone health information alone. 

A 2 X 3 repeated measures mixed analysis of variance (ANOVA) was used to test 

for effects of bone density testing (using DXA) and bone health information intervention 

on actual bone health behaviors at two weeks and at two months after the intervention. 

ANOVA is used to determine the statistical significance of the relationship between 

categorical independent variables and continuous dependent variables (Vogt, 2005). All 
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assumptions of ANOVA were determined and included mutually exclusive groups, 

sphericity, and normally distributed dependent variables (Field, 2005). 

ANOVA tested the main and interaction effects of the independent categorical 

variables of group (intervention and comparison) and time (baseline, two weeks, and two 

months) on the dependent continuous variable of actual bone health behavior scores 

(subscale ratio scores of calcium intake, Vitamin D intake, and physical activity). The 

intervention group and comparison group actual behavior scores were compared at each 

observation point to determine the effects of DXA and bone health information over time. 

Aim Three 

Aim Three: To examine the relationship between intentions scores and bone 

density scores within the intervention group at two weeks and at two months after the 

intervention. 

Correlation was used to describe the relationship between the continuous 

variables of intention scores and bone density results among women in the intervention 

group who received feedback of DXA  results at two weeks and at two months after the 

intervention. Assumptions for correlations include both variables are measured on the 

interval scale, normal distribution of at least one variable, independence of observed 

pairs, and homoscedasticity (Burns & Grove, 2005). Correlation is used in observational 

studies to test the extent and direction of the relationship among two or more variables in 

understanding complex behaviors, although its use cannot establish cause and effect 

(Huck, 2004; Pittenger, 2003). 
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Aim Four 

Aim Four: To examine the relationship between actual behaviors scores and bone 

density scores within the intervention group at two weeks and at two months after the 

intervention. 

Assumptions for correlations include both variables are measured on the interval 

scale, normal distribution of at least one variable, independence of observed pairs, and 

homoscedasticity (Burns & Grove, 2005). Correlation was used to describe the 

relationship between bone health behavior scores (calcium intake, vitamin D intake, and 

physical activity measured at the ratio level) and bone density T-score results among 

women in the intervention group who received bone health information and feedback of 

DXA results, at two weeks and at two months after the intervention. As stated previously, 

correlation cannot establish cause and effect (Huck, 2004; Pittenger, 2003).  

Aim Five 

Aim Five: To describe the contribution of attitudes, subjective norms, perceived 

behavioral control on intentions to engage in bone health behaviors at two weeks and at 

two months after the interventions. 

A multiple regression analysis was used to explore the contribution of attitudes, 

subjective norms, and perceived behavioral control (measured at the interval level) 

toward Intentions (measured at the interval level) to change bone health behaviors. 

Assumptions for multiple regression include all variables can be measured at the 

interval level and measured without error, the residuals are not correlated, 
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homoscedasticity of scores, and the residual errors are random with homogeneous 

variance (Burns & Grove, 2005). 

Aim Six 

Aim Six: To describe the relationship of intentions to engage in bone health 

behaviors and actual bone health behaviors at two weeks and at two months after the 

interventions. 

Correlation was used to describe the relationship between intention scores 

(measured at the interval level) and behavior scores (measured at the interval level) at 

two weeks and two months after the interventions. As stated previously, correlation 

cannot establish cause and effect (Huck, 2004; Pittenger, 2003). 

Summary 

Theory-driven intervention research is an important methodology for creating and 

evaluating nursing knowledge, and involves investigating the effectiveness of nursing 

interventions in attaining the desired outcomes in a realistic setting (Burns & Grove, 

2005). This chapter presented the methodology of the study’s research including study 

design and theoretical application. 
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CHAPTER FOUR: RESULTS OF DATA ANALYSIS 

Introduction 

The purpose of this study was to test the effects of an intervention (dual energy X-

ray absorptiometry [DXA] and bone health information) on outcomes of intent to engage 

in and of actual bone health behaviors among perimenopausal women aged 35-55. The 

specific aims of the study were: 

Aim One: To compare the effects of an intervention (DXA and bone health 

information) on intentions to engage in bone health behaviors at two 

weeks and at two months after the intervention compared to bone health 

information alone. 

Aim Two: To compare the effects of an intervention (DXA and bone health 

information) on bone health behaviors at two weeks and at two months 

after the intervention compared to bone health information alone. 

Aim Three: To examine the relationship between intentions scores and bone density 

scores within the intervention group at two weeks and at two months after 

the intervention. 

Aim Four: To examine the relationship between actual behaviors scores and bone 

density scores within the intervention group at two weeks and at two 

months after the intervention. 

Aim Five: To describe the contribution of attitudes, subjective norms, perceived 

behavioral control on intentions to engage in bone health behaviors at two 

weeks and at two months after the interventions. 
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Aim Six: To describe the relationship of intentions to engage in bone health 

behaviors and actual bone health behaviors at two weeks and at two 

months after the interventions. 

The results of data analysis are presented. The study sample is described and the 

findings for each research aim are reported. 

Description of the Sample 

The typical study participant was 46.41 years old (SD = 4.36), white (98.0%), 

married (81.3%), and had at least some post-high school education (90.0%). The average 

height among participants was 64.95 inches (SD = 2.45) and the average weight was 

166.34 pounds (SD = 38.46). Most participants had a body mass index (BMI) in the mid 

to high 20s (M = 27.71, SD = 6.23). 

Comparison of Study Groups 

Although random assignment procedures were used, baseline characteristics of 

the intervention and comparison groups were compared to assess their equivalence 

empirically. A significance level of p < .05 was set for all tests of homogeneity of 

variance. 

Biological and Socio-cultural Factors 

The t tests comparing the two groups showed similarities in biological factors of 

age, height, weight and body mass index (BMI) as shown in Table 2 and were similar in 

socio-cultural demographic factors of marital status, education, and ethnicity as shown in 

Table 3. Two participants in the intervention group stated ethnicity as American Indian or 

Alaskan Native, and one participant in the comparison group stated ethnicity as Hispanic 
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or Latino. No participant reported Race or Ethnicity of African American or Black, Asian 

or Pacific Islander, or Other. 

TABLE 2. Comparison of Study Groups: Biological Factors 

Biological Factor 
 

 Intervention 
Group (n = 75) 

Comparison 
Group (n = 75) 
 

Age in years Range 
Median 
Mean 
Standard Deviation 

35-55 
47.00 
46.72 
4.09 

35-54 
46.00 
46.11 
4.68 
 

Height in inches 
 
 
 
 
Weight in pounds 
 
 
 
 
Body Mass Index 
 

Range 
Median 
Mean 
Standard Deviation 
 
Range 
Median 
Mean 
Standard Deviation 
 
Range 
Median 
Mean 
Standard Deviation 

61.00 - 74.00 
64.00 
64.66 
2.45 
 
108.00 – 287.00 
154.00 
163.27     
38.43 
 
18.80 – 50.80 
25.60 
27.42 
6.37 

60.25 - 70.50 
65.00 
65.25 
2.42 
 
111.00 – 291.00 
161.00 
169.41 
38.50 
 
19.90 – 45.60 
26.60 
27.99 
6.11 
 

Note: p < .05 
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TABLE 3. Comparison of Study Groups: Demographic Factors  

Demographic Factor 
 

Intervention 
Group (n = 75) 
n (% of group) 

Comparison 
Group (n = 75) 
n (% of group) 

 
Marital Status 
 
 
 
 
 
 
Education 
 
 
 
 
 
 
 
 
Race/Ethnicity 
 
 

Single, living alone 
Single, living with partner 
Married 
Divorced 
Widowed 
Separated 
 
High School/GED 
Vocational training 
Some college/Associate Degree 
College Graduate/Baccalaureate 
Degree 
Some school after College 
Graduation 
Masters/Doctoral Degree 
 
White 
American Indian/Alaskan Native 
Hispanic/Latino 

4 (5.3) 
4 (5.3) 

60 (80.0) 
2 (2.7) 
2 (2.7) 
3 (4.0) 

 
7 (9.3) 

16 (21.3) 
20 (26.7) 
11 (14.7) 

 
7 (9.3) 

 
14 (18.7) 

 
73 (97.3)  
2 (2.7) 

0 

7 (9.3) 
2 (2.7) 

62 (82.7) 
4 (5.3) 

0 
0 
 

8 (10.7) 
11 (14.7) 
17 (22.7) 
22 (29.3) 

 
4 (5.3) 

 
13 (17.4) 

 
74 (98.7) 

0 
1 (1.3) 

 
Note: p < .05 

Family and Medical History 

Chi-square analysis using Fisher’s exact test determined that the two groups were 

similar according to family history (parents, grandparents, siblings) for history of 

osteoporosis, bone fracture, and Paget’s disease. Likewise, the intervention group and 

comparison groups were similar in characteristics for all medical history conditions. 

Medication History 

History of medication use that may contribute to risk of low bone density 

associated with osteoporosis (DHHS, 2004; NOF, 2008a) were recorded at baseline. Chi-
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square analysis using Fisher’s exact test determined that the two groups were similar in 

all reported use of medications. 

Gynecologic History 

There were no baseline group differences in factors of age at menarche, age at 

first live birth, previous hormonal contraceptive use, pregnancy, or number of 

pregnancies. One participant in the intervention group did not recall her age at menarche. 

Perimenopausal Symptoms 

Chi-square analysis using Fisher’s exact test determined that the two groups were 

similar according to reported perimenopausal symptoms of hot flashes during the day, 

night sweats, changes in menstrual cycle, mood swings, unusual vaginal dryness, and 

changes in bladder control. Table 4 shows the number and percentages of perimenopausal 

symptoms reported at baseline per group. The most commonly reported perimenopausal 

symptom was menstrual cycle changes, with 77.3% of women in the intervention group 

and 81.3% of women in the comparison group reporting this symptom. 
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TABLE 4. Comparison of Study Groups: Perimenopausal Symptoms  

Perimenopausal Symptom 
 

Intervention Group n=75 
n (% of group) 

 

Comparison Group 
n=75 

n (% of group) 
Hot flashes during day  50 (66.7) 46 (61.3) 

Night sweats  

Menstrual cycle changes  

Mood swings  

Unusual vaginal dryness  

Bladder control changes  

51 (68.0) 

58 (77.3) 

39 (52.0) 

16 (21.3) 

34 (45.3) 

50 (66.7) 

61 (81.3) 

43 (57.3) 

17 (22.7) 

36 (48.0) 

Note: p <.05 

Perceptions of Bone Health Behavior Knowledge 

Groups were compared for differences in perceptions of bone health behavior 

knowledge scores reported at baseline for the sole purpose of determining similarities or 

differences between groups. T-test analysis revealed no significant variances between 

groups. Perception of bone health behavior knowledge was not the focus of this study, 

and was not compared at observations following the interventions. 

Interventions Follow-up Questionnaire 

The Interventions Follow-up Questionnaire was used to determine if participants 

read the materials in the bone health information packet. At two weeks following 

interventions, 72 (96.0%) of women in the intervention group and 57 (76.0%) of women 

in the comparison group reported that they read the entire information booklet about bone 

health. At two months following interventions, 73 (98.6%) of women in the intervention 

group and 66 (88.0%) of women in the comparison group reported that they read the 

entire information booklet about bone health. Although some women admitted they did 
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not read the bone health information, no cases were dropped from analysis, due to no 

accurate measurement of the level of bone health information that was read or not read. 

Intentions 

T-test analysis determined that the groups presented with similar characteristics 

on the outcome variable Intentions to change bone health behaviors, at baseline. 

Participants in both groups indicated above average intentions to participate in bone 

health behaviors. The mean baseline total Intentions score (range 9-63) for the 

intervention group (n=75) was 52.42, SD = 7.03, and the mean baseline score for the 

comparison group (n=74) was 52.33, SD = 8.58. 

Intentions scores were not normally distributed at all observation points, therefore 

a log transformation was attempted to alleviate the concern of non-normality. This 

transformation revealed statistically similar results and did not change the significance of 

applied statistical tests; therefore, the analysis proceeded using the Intentions scores on 

the original scale when permissible. Further discussion about normal distribution of 

Intentions scores, attempts at transformation, and resultant statistical decisions will be 

presented when applicable. 

Actual Bone Health Behaviors 

Calcium Intake 

Total calcium intake was calculated as the sum of reported dietary and 

supplement intake (in mg) per participant over the previous seven days. T-test analysis 

determined that the groups had similar results in the outcome variable average daily 

calcium intake, at baseline. The mean baseline average daily calcium intake for the 
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intervention group (n=75) was 1317.1 mg, SD = 677.9, and the mean baseline average 

daily calcium intake for the comparison group (n=75) was 1521.9 mg, SD = 713.9. 

A daily minimum intake of 1200 mg was established as criteria for adequate 

calcium intake. At baseline, the majority of women (59.3%) in the study reported that 

they consumed an average of 1200 mg of calcium daily. The intervention group and 

comparison group were compared at baseline for any variance among numbers of women 

who met and who did not meet this criteria in each group. Chi-square analysis using 

Fisher’s exact test determined that the two groups were similar at baseline for women 

who met the minimum weekly requirement for calcium intake (intervention group: n = 

42, 56.0%; comparison group: n = 47, 62.7%) compared to those who consumed less than 

the minimum weekly requirement for calcium intake (intervention group: n = 33, 44.0%; 

comparison group: n = 28, 37.3%). 

Vitamin D Intake 

Total vitamin D intake was calculated as the sum of vitamin D supplement intake 

(in units) per participant over seven days. T-test analysis determined that the groups had 

similar results in the outcome variable average daily vitamin D intake, at baseline. The 

mean baseline average daily vitamin D intake for the intervention group (n = 75) was 

390.29 units (SD =  588.47), and the mean baseline average daily vitamin D intake for the 

comparison group (n=75) was 450.29 units (SD = 956.24). 

A daily minimum intake of 800 units was established as criteria for adequate 

vitamin D intake. The intervention group and comparison group were compared at 

baseline for any variance among numbers of women who met and who did not meet this 
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criteria in each group. Chi-square analysis using Fisher’s exact test determined that the 

two groups were similar at baseline for women who met the minimum weekly 

requirement for vitamin D intake. Thirty-two women (42.7%) of women in the 

intervention group consumed at least the minimum weekly requirement for vitamin D 

intake, compared to 30 women (40.0%) in the comparison group, at baseline. 

Physical Activity 

Total physical activity was calculated as the sum of the minutes of sport activity 

and lifestyle and leisure activity per participant over seven days. T-test analysis 

determined that the groups had similar results for the outcome of average daily total 

physical activity, at baseline. The average daily total physical activity for the intervention 

group (n = 75) was 93.69 minutes (SD = 88.56) and the average daily total physical 

activity for the comparison group (n = 75) was 80.11 minutes (SD = 59.90), at baseline. 

A daily minimum of 30 minutes of physical activity was established as criteria for 

adequate physical activity. The intervention group and comparison group were compared 

at baseline for any variance among numbers of women who met and who did not meet 

this criteria in each group. Chi-square analysis using Fisher’s exact test determined that 

the two groups were similar at baseline for women who met the minimum weekly 

requirement for physical activity. The majority of participants (86.7%) met the criteria for 

adequate daily physical activity at baseline. Sixty-four women (85.3%) of women in the 

intervention group reported an average of 30 minutes of daily total physical activity, 

compared to 66 women (88.0%) in the comparison group, at baseline. 
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Bone Density Testing Results 

Women in the intervention group completed DXA testing within a 10-day time 

span. All 75 women kept their appointments with 24 (32.0%) of women having at least 

one anatomic site that met criteria for low bone density (T-score ≤ -1.0). Overall results 

of DXA bone density T-scores according to anatomic site are shown in Table 5. Within 

the intervention group, 25.3% had a T-score of ≤ -1.0 at the neck of the hip, which was 

the most frequently reported anatomic site for low bone density. The least frequently 

reported anatomic site for low bone density was at the forearm, of which 5.3% of women 

had a T-score of ≤ -1.0. 

TABLE 5. Bone Density T-scores According to Anatomic Site (n = 75) 

Anatomic Site Normal T-score 
n %) 

 

Low T-score 
n (%) 

Lumbar Spine 

Neck of hip 

Total hip 

Forearm 

65 (86.7) 

56 (74.7) 

67 (89.3) 

71 (94.7) 

10 (13.3) 

19 (25.3) 

8 (10.7) 

4 (5.3) 

Results of Study Aims 

Aim One 

Aim One: To compare the effects of an intervention (DXA and bone health 

information) on intentions to engage in bone health behaviors at two weeks and at two 

months after the intervention compared to bone health information alone. 

Intentions scores were analyzed using a two (group: intervention, comparison) by 

three (time: baseline, two weeks after intervention, two months after intervention) 
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repeated-measures analysis of variance (ANOVA). The ANOVA assumptions that were 

met included normally distributed population data, mutually exclusive groups, at least 

one categorical independent variable, and near-equal sample size (Burns & Grove, 2005; 

Field, 2005). Intentions scores were not normally distributed at all observation points; 

however, ANOVA is considered to be fairly robust even if assumptions are not rigidly 

adhered to (Burns & Grove, 2005; Munro, 2005). Statistical significance alpha was set at 

.05. Mauchly’s test of sphericity was significant (Mauchly’s W = .723, df = 2, p < .05) 

therefore the more conservative Greenhouse-Geisser test was used for the analysis (Huck, 

2004). Although no statistically significant difference was found for DXA and bone 

health information on intentions to change bone health behaviors at two weeks or at two 

months after intervention, the difference approached significance F (1.57, 228.72) = 

2.927,  p = .068). There was a significant difference in the main effect of time F(1.57, 

228.72) = 35.55, p < .001) with participants in both groups scoring higher intention 

scores, compared to baseline intention scores, at both two weeks and two months after 

intervention (see Figure 3). There was no significant difference in the main effect of 

group. 

Figure 3 details the change in mean intentions scores for both groups at each time 

point. Intentions scores were similar for the intervention group (M = 52.52, SD = 7.02) 

and the comparison group (M = 52.33, SD = 8.58) at baseline. Note the intervention 

group scored higher at two weeks and two months after DXA  and bone health 

information (M = 57.05,  SD = 6.19; M = 58.19, SD = 5.64, respectively) than the 

comparison group scored at two weeks and at two months following bone health 
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information alone (M = 54.92, SD = 8.96; M = 56.00, SD = 8.99, respectively). The 

trend of increased intentions was sustained from two weeks until two months, and 

remained higher for the intervention group. 

 

FIGURE 3. Comparison of Groups on Mean Intentions Scores at Baseline, Two Weeks, 
and Two Months After Intervention 

Overall Intention scores of the intervention group were slightly higher than 

Intentions scores of the comparison group at two weeks and at two months after 

intervention. The percent increases in Intentions for the intervention group were 7.5% at 

two weeks and 9.6% at two months compared to baseline (p < .05). The percent increases 

in Intentions for the comparison group were 4.0% at two weeks and 6.0% at two months 

compared to baseline (p < .05). Table 6 shows the comparisons in mean Intention scores 

between groups and significance of time. 
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TABLE 6. Comparison of Intervention Effects on Intentions Over Time 

Intentions Scores: 
(range 1-63) 

Intervention  
Group N = 73 

Comparison  
Group N =75 

Intervention 
Compared to 
Comparison 

 
Baseline 

Mean (SD) 
Two weeks 

Mean (SD) 
% change from baseline 

Two months 
Mean (SD) 
% change from 2 weeks 
% change from baseline 

 
52.52 (7.02) 

 
57.05 (6.19) 

7.5%* 
 

58.19 (5.64) 
2.4% 
9.6%* 

 
52.33 (7.02) 

 
54.92 (8.9) 

4.0%* 
 

56.00 (8.99) 
2.0% 
6.0%* 

 
0.19 

 
2.58 (3.9%) 

 
 

2.19 (3.9%) 
 

* p < .05 

Aim Two 

Aim Two: To compare the effects of an intervention (DXA and bone health 

information) on bone health behaviors at two weeks and at two months after the 

intervention compared to bone health information alone. 

All Bone Health Behaviors subscales scores were analyzed using a two (group: 

intervention; comparison) by three (time: baseline; two weeks after intervention; two 

months after intervention) repeated-measures analysis of variance (ANOVA). The 

assumption for repeated measures ANOVA that were met included mutually exclusive 

groups and normally distributed dependent variables (Field, 2005). Statistical 

significance alpha was set at .05. 

Total Calcium Intake 

Mauchly’s test of sphericity was significant (Mauchly’s W = .940, df = 2, p < .05), 

therefore the more conservative Greenhouse-Geisser test was used for the analysis (Huck, 
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2004). Although no statistically significant difference was found for the interaction of 

DXA and bone health information on calcium intake at two weeks or at two months after 

intervention, the difference approached significance (F = 3.058, df = 1.88, 227.27, p = 

.052). There was a significant difference in the main effect of time, (F= 35.549, df = 1.88, 

227.27, p < .001). Participants in both groups consumed more daily calcium at two weeks 

after the intervention; the intervention group consumed less daily calcium than the 

comparison group at two months after the intervention. There was no significant 

difference in the main effect of group. 

Figure 4 details the change in average daily calcium intake for both groups at each 

time point. Average daily calcium intake was similar for the intervention group (M = 

1319.39, SD = 682.33) and the comparison group (M = 1521.93, SD = 713.93) at 

baseline. Note the intervention group’s consumption of calcium leveled after two weeks 

and remained at the same level two months following DXA and bone health information 

(M = 1762.63,  SD = 802.69; M = 1761.53, SD = 828.70, respectively). The comparison 

group’s calcium consumption continued to increase from two weeks to two months (M = 

1731.43, SD = 727.05; M = 1961.32, SD = 727.05, respectively), and remained higher 

than the intervention group’s average daily calcium at two months following intervention. 
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FIGURE 4. Comparison of Groups on Mean Daily Calcium Intake in Milligrams at 
Baseline, Two Weeks, and Two Months After Intervention 

Table 7 shows the comparisons in mean calcium intake between groups and the 

significance of time. Calcium intake in the comparison group increased from baseline and 

sustained this increased trend throughout the study. The percent increases in average 

daily calcium intake for the comparison group were 13.7% at two weeks (p = .006) and 

28.9% at two months (p < .001) compared to baseline. The percent increases in calcium 

intake for the intervention group were 33.6% at two weeks (p < .001) and 33.5% at two 

months (p < .001) compared to baseline. Note that both group’s average daily calcium 

intake was higher than the recommended daily 1200 mg, and the comparison group 

reported higher calcium intake than the intervention group over the course of the study. 
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TABLE 7. Comparison of Intervention Effects on Calcium Intake Over Time 

Calcium Intake (mg) Intervention  
Group N = 74 

Comparison  
Group N =75 

Intervention 
Compared to 
Comparison 

 
Baseline 

Mean (SD) 
 
Two weeks 

Mean (SD) 
% change from baseline 

 
Two months 

Mean (SD) 
% change from 2 weeks 
% change from baseline 

 
1319.39 
(682.33) 
 
1762.63 
(802.69) 
33.6%* 
 
1761.53 
(828.70) 
0.0% 
33.5%* 

 
1521.92 (713.93) 
 
 
1731.43 (727.05) 
13.77%* 
 
 
1961.32 (929.63) 
13.3%* 
28.9%* 

 
-202.53 (-13.3%) 
 
 
31.20 (1.8%) 
 
 
 
-199.79 (-10.2%) 

*p < .05 

Vitamin D Intake 

Mauchly’s test of sphericity was significant (Mauchly’s W = .750, df = 2, p < .05) 

therefore the more conservative Greenhouse-Geisser test was used for the analysis (Huck, 

2004). There was no statistically significant difference found for the interaction of DXA 

and bone health information on vitamin D intake at two weeks or at two months after 

intervention. There was a significant difference in the main effect of time (F= 17.526, df 

= 1.60, 235.20, p < .001) with participants in both groups consuming more daily vitamin 

D at two weeks and at two months after the intervention, compared to baseline vitamin D 

consumption. There was no significant difference in the main effect of group. 

Figure 5 details the change in average vitamin D intake for both groups at each 

time point. Average daily vitamin D intake was similar for the intervention group (M = 

395.44, SD = 590.70) and the comparison group (M = 450.29, SD = 656.24) at baseline. 
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Note that both groups had similar trends for increased vitamin D intake throughout the 

study. 

 

FIGURE 5. Comparison of Groups on Mean Daily Vitamin D in Units at Baseline, Two 
Weeks, and Two Months After Intervention 

Table 8 shows the comparisons in mean vitamin D intake between groups and the 

significance of time. The intervention group’s vitamin D intake was increased at two 

weeks (M = 579.68, SD = 672.43) and continued a similar trend at two months (M = 

719.98, SD = 1059.86) following DXA and bone health information. The comparison 

group’s trend of increased vitamin D intake was similar; the increased trend was 

sustained from two weeks to two months (M = 612.91, SD = 983.51; M = 718.24, SD = 

939.78, respectively) following intervention of bone health information. Vitamin D 

intake in the comparison group increased from baseline and sustained this increased trend 

throughout the study. The percent increases in average daily vitamin D intake for the 

comparison group were 36.1% at two weeks (p = .022) and 59.5% at two months (p = 
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.0002) following bone health information compared to baseline. The percent increases in 

Intentions for the intervention group were 46.6% at two weeks (p = .011) and 82.1% at 

two months (p < .0001) following DXA  and information compared to baseline. 

Note that the mean intake of vitamin D was less than the recommended daily 800 

units for both groups at all time-points in the study; however, the standard deviations 

increased following intervention. The standard deviation for vitamin D intake was higher 

in the comparison group than the intervention group at baseline (956.24 and 395.44 

respectively) and at two weeks after intervention (983.43 and 672.43, respectively). 

However, the standard deviation for vitamin D intake in the intervention group increased 

at two months (1059.86) following intervention, but remained fairly constant in the 

comparison group (939.78). 

TABLE 8. Comparison of Intervention Effects on Vitamin D Intake Over Time 

Vitamin D Intake (units) 
 
 

Intervention  
Group N = 74 

Comparison  
Group N =75 

Intervention 
compared to 
Comparison 

Baseline 
Mean (SD) 

Two weeks 
Mean (SD) 
% change from baseline 

Two months 
Mean (SD) 
% change from 2 weeks 
% change from baseline 

 
395.44 (590.70) 

 
579.68 (672.43) 

46.6%* 
 

719.98 (1059.86) 
24.2%* 
82.1%* 

 
450.29 (956.24) 

 
612.91 (983.51) 

36.1%* 
 

718.24 (939.78) 
17.2% 
59.5%* 

 
-54.85 (-12.2%) 

 
-33.23 (-5.4%) 

 
 

1.74 (0.2%) 

*p < .05 
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Total Physical Activity 

Total physical activity was measured in minutes and was calculated as the sum of 

both categories of sports activity and lifestyle and leisure activity. The average minutes 

per day of total physical activity were calculated for analysis. Mauchly’s test of sphericity 

was significant (Mauchly’s W = .926, df = 2, p < .05) therefore the more conservative 

Greenhouse-Geisser test was used for the analysis (Huck, 2004). There was a statistically 

significant difference found for the interaction of DXA and bone health information on 

total physical activity after intervention (F = 6.124, df = 1.86, 273.76, p = .003). Because 

the interaction effect was statistically significant, no separate main effect of group or time 

is considered. 

Figure 6 details the change in average daily total physical activity for both groups 

at each time point. Average daily total physical activity (measured in minutes) was 

similar for the intervention group (M = 92.85, SD = 88.86) and the comparison group (M 

= 80.11, SD = 59.90) at baseline, although the comparison group reported 15.9% more 

minutes of daily total physical activity than the intervention group. Note that both groups’ 

mean reported daily level of total physical activity met the minimum level (30 minutes of 

physical activity most days of the week) considered adequate for bone health (DHHS, 

2004) at all time-points. 

The intervention group’s average daily total physical activity in minutes 

decreased after baseline at two weeks (M = 73.01, SD = 51.68) and did not return to 

baseline levels at two months (M = 84.40, SD = 49.38) following DXA and bone health 

information. The comparison group’s trend of increased total physical activity in minutes 
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was sustained from two weeks to two months (M = 98.42, SD = 72.87; M = 106.47, SD 

= 64.92, respectively), and remained 20.7% higher than the intervention group’s average 

daily minutes of total physical activity at two months following intervention. 

 

FIGURE 6. Comparison of Groups on Mean Daily Total Physical Activity in Minutes at 
Baseline, Two Weeks, and Two Months After Intervention 

Table 9 shows the comparisons in mean total physical activity between groups 

and the significance of interaction. As previously stated, there was a significant 

interaction effect of the intervention on the groups over time; women in the comparison 

group who received bone health information were more likely to increase their total 

physical activity over time than were women in the bone density and bone health 

information group. 

The intervention group reported less total physical activity after baseline (M = 

92.85, SD = 88.86) than at two weeks (M = 73.01, SD = 51.68) and at two months (M = 

84.40, SD = 49.38) following DXA and bone health information. The comparison group 
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reported more total physical activity after baseline (M = 80.11, SD = 59.90) at both two 

weeks (M = 98.42, SD = 72.87) and at two months (M = 106.47, SD = 64.92) following 

bone health information. 

The percent decreases in total physical activity for the intervention group were 

21.4% at two weeks and 9.1% at two months (p < .05) following DXA and bone health 

information compared to baseline, but was not a statistically significant main time effect 

over the course of study. The percent increases in total physical activity for the 

comparison group were 22.8% at two weeks and 32.9% at two months (p < .05) 

compared to baseline, but there was not a statistically significant main time effect over 

the course of study. 

TABLE 9. Comparison of Intervention Effects on Physical Activity Over Time 

Physical Activity (minutes) 
 
 

Intervention  
Group N = 74 

Comparison  
Group N =75 

Intervention 
compared to 
Comparison 

 
Baseline 

Mean (SD) 
Two weeks 

Mean (SD) 
% change from baseline 

Two months 
Mean (SD) 
% change from 2 weeks 
% change from baseline 

 
 92.85 (88.86) 

 
73.01 (51.68)  

-21.4%* 
 

84.40 (49.38) 
15.6%* 
-9.1% 

 
80.11 (59.90) 

 
98.42 (72.87) 

22.8%* 
 

106.47 (64.92) 
8.2% 

32.9%* 

 
12.74 (15.9%) 

 
-25.41 (-25.8%)* 

 
 

-22.07 (-20.7%)* 

*p < .05 

Sports Activity and Lifestyle/Leisure Activity 

The study categorized total physical activity as sports-related or lifestyle and 

leisure-related. See Appendix I for clarification of sports and lifestyle/leisure activities. 
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Figure 7 details the change in average daily physical activity types for both groups at 

baseline, at two weeks and at two months after intervention. Both groups reported less 

sports activity than lifestyle and leisure activity over the entire study. The intervention 

group reported higher levels of sports activity at baseline and at two months after 

intervention than the comparison group reported; at two weeks after intervention, both 

groups reported similar levels of sports activity. The comparison group appeared to 

follow a trend line of decreasing sports activity after baseline; however, there was not a 

similar trend seen in lifestyle and leisure activity, which was reported as significantly 

increased over time. Although not demonstrating a statistically significant change, the 

intervention group increased both sports activity (18.74%) and lifestyle and leisure 

activity (15.56%) along a similar trend line following DXA and bone health information. 

 

FIGURE 7. Comparison of Groups on Mean Daily Sports Activity and Lifestyle/Leisure 
Activity in Minutes at Baseline, Two Weeks, and Two Months After 
Intervention 
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Table 10 illustrates the differences in reported sports activity and lifestyle and 

leisure activity according to study group. There was no significant interaction effect in 

women’s participating in sports activity; therefore, DXA and bone health information did 

not have a significant impact on women’s reported participation in sports activities over 

the course of the study. There was a significant interaction effect (F = 5.966, df = 1.83, 

269.20, p = .004) in lifestyle and leisure activity, and a significant main effect of group 

type (F = 3.959, df = 1.83, 269.20, p = .048) but no significant main effect of time in 

women’s participating in lifestyle and leisure activities. Women within the comparison 

group reported a 41.34% increase in their lifestyle and leisure activity from baseline to 

two weeks after intervention, and a 59.28% increase in their lifestyle and leisure activity 

from baseline to two months after intervention. Women in the comparison group were 

also more likely to change their lifestyle and leisure activity (36.86% at two weeks, and 

27.70% at two months) than were women in the intervention group over the course of the 

study. 
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TABLE 10. Comparison of Intervention Main Effects on Sports Activity and Lifestyle 
and Leisure Activity Over Time 

Physical Activity 
Type 

 

Intervention  
Mean (SD) 

Comparison 
Mean (SD) 

Intervention 
Compared to 
Comparison 

 
Baseline: n = 75 

Sports Activity 
Lifestyle/Leisure 

Two weeks: n =75 
Sports Activity 

% change from baseline 
Lifestyle/Leisure  

% change from baseline 
Two months: n =74 

Sports Activity 
% change from 2 weeks 
% change from baseline 

Lifestyle/Leisure 
% change from 2 weeks 
% change from baseline 

 
35.24 (33.66) 
58.46 (86.68) 

 
27.80 (26.44)  

-21.11% 
44.47 (42.93) 

-23.93% 
 

33.01 (25.86) 
18.74% 
-6.33% 

51.39 (47.05) 
15.56% 
-12.09% 

 
30.28 (26.03) 
49.83 (49.78) 

 
27.99 (23.65)  

-7.56% 
70.43 (72.39) 

41.34%* 
 

27.10 (20.45) 
-3.18% 
-10.50% 

79.37 (61.58) 
12.70% 
59.28%* 

 
4.96 (16.38%) 
8.63 (17.32%) 

 
-0.19 (-0.68%) 

 
-25.96 (-36.86%)* 

 
 

5.91 (21.81%) 
 
 

-21.98 (-27.70%)* 

*p < .05 

Aim Three 

Aim Three: To examine the relationship between Intentions scores and bone 

density scores within the intervention group at two weeks and at two months after the 

intervention. 

The relationship between Intentions scores and bone density test scores was 

analyzed using the Pearson’s Product-Moment Correlation. Assumptions for correlation 

were met (Burns & Grove, 2005). Statistical significance alpha was set at .05. The lowest 

bone density T-score from each intervention group participant’s four anatomical sites was 

compared to each participant’s total Intentions scores at two weeks and at two months 
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after DXA and bone health information. Baseline Intentions scores were used to compare 

Intentions changes before and after DXA and bone health information. 

There was a significant negative correlation between Intentions scores and lowest 

bone density T-scores at two weeks following DXA and bone health information (r(73) = 

-.23, p = .046). There was no significant correlation between Intentions scores and lowest 

bone density T-scores at two months following DXA and bone health information. Lower 

bone density T-scores were related to higher levels of Intentions scores at two weeks after 

DXA and bone health information, but were not related to Intentions scores at two 

months after DXA and bone health information.  

Comparison of Relationship of Changes in Intentions Scores Over Time 

Comparisons of the relationship of lowest bone density T-score and changes in 

Intentions scores between baseline and two weeks, between baseline and two months, and 

between two weeks and two months were also evaluated. No significant relationships 

were found. 

Table 11 illustrates that of the 24 women with low bone density T-scores, five 

reported low intentions scores at baseline. Crosstabulation was performed to explore 

frequency differences within categories of normal and low bone density, and high and 

low intentions at baseline, at two weeks and at two months after DXA and bone health 

information. Low bone density was categorized as a T-score ≤ -1.0 with normal bone 

density categorized as T-score of > -1.0. Intentions scores were divided into two 

categories, based on a score of 45 or greater (total Intentions score range of 9-63) 

indicated as above-average intentions. Low intentions were categorized as scores < 45, 
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with high intentions categorized as scores ≥ 45. No one with low bone density T-scores 

reported low intentions scores at two weeks or at two months after DXA and bone health 

information. 

TABLE 11. Crosstabulation of Low and Normal Bone Density (BMD) T-scores with 
High and Low Intentions Scores at Baseline, Two Weeks and Two Months 
After DXA and Bone Health Information (n = 74) 

Time-point 
Low BMD (T-score ≤ -1.0) 
Normal BMD (T-score >-1.0) 

 

Intentions Scores 
Low (<45)        High (≥45) 

n                       n 

Total 

Baseline 
Low BMD 
Normal BMD 

Total 
Two weeks 

Low BMD (T-score ≤ -1.0) 
Normal BMD 

Total 
Two months 

Low BMD 
Normal BMD 

Total 

 
5 
5 
10 
 
0 
3 
3 
 
0 
2 
2 

 
19 
45 
64 
 

24 
48 
72 
 

24 
48 
72 

 
24 
50¹ 
74¹ 

 
24 
51 
75 
 

24 
50¹ 
74¹ 

¹ one participant’s intentions scores missing at baseline and at two months after DXA and 
bone health information 

Further analysis was done to determine the effect of bone density DXA testing on 

Intentions at each time-point. Comparisons of mean Intentions scores using t-tests at 

baseline, at two weeks, and at two months after bone density DXA testing were 

calculated. Intentions scores were higher at both time-points after baseline. Table 12 

illustrates the mean Intentions scores that showed significant differences in Intentions 

scores between baseline and two weeks after DXA and bone health information t(71) = 

7.02, p ≤ .001, between two weeks and two months after DXA and bone health 
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information t(71) = 2.32, p = .02, and between baseline and two months after DXA and 

bone health information t(71) = 8.236, p ≤ .001. The study showed, with a 95% 

confidence level, an increase in Intentions scores of 3 to 6 units from baseline to two 

months after DXA and bone health information. 

TABLE 12. Changes in Mean Intentions Scores Between Time-points 

Time-points Comparisons Average Difference in Scores 
Between Time-points 

 

Confidence Intervals of 
Differences 

Baseline and 2 weeks 

2 weeks and 2 months 

4.53** 

1.05* 

3.24 – 5.81 

0.15 – 1.96 

Baseline and 2 months 5.67** 4.30 – 7.04 

** p ≤ .001 
  * p < .05 

Aim Four 

Aim Four: To examine the relationship between actual behaviors scores and bone 

density scores within the intervention group at two weeks and at two months after the 

intervention. 

The relationship between bone health behaviors scores (calcium intake, vitamin D 

intake, and total physical activity) and the lowest bone density DXA T-scores were 

analyzed using the Pearson’s Product-Moment Correlation. Assumptions for correlation 

were met (Burns & Grove, 2005). A diagnosis of osteoporosis or low bone density is 

based on the lowest T-score of the spine, total hip, or femoral neck; if none of these sites 

are amenable to testing, then the forearm is used (ICSI, 2006). The lowest of these bone 

density DXA T-scores per intervention group participant was compared to the 
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participant’s own bone health behaviors at two weeks and at two months after the 

intervention of DXA and bone health information. 

Calcium Intake 

The lowest bone density DXA T-score per intervention group participant was 

compared to that participant’s personal average daily calcium intake in milligrams. There 

were no significant correlations between average total calcium intake and lowest bone 

density scores at two weeks (r(73) = -.16) or at two months following DXA and bone 

health information (r(72) = -.20). 

Vitamin D Intake 

The lowest bone density DXA T-score per intervention group participant was 

compared to that participant’s personal average daily vitamin D intake in units. There 

was a significant negative correlation between average vitamin D intake and lowest bone 

density DXA T-scores at two months following DXA and bone health information (r(72) 

= -.25, p = .03). There was no significant correlation between average vitamin D intake 

and lowest bone density T-scores at two weeks following DXA and bone health 

information (r(73) = -.10). 

Total Physical Activity 

The lowest bone density DXA T-score per intervention group participant was 

compared to that participant’s personal average daily total physical activity in minutes. 

There were no significant correlations between average daily total physical activity and 

lowest bone density T-scores at two weeks or at two months following DXA and bone 

health information. Further analysis of the physical activity subgroups also resulted in no 
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significant correlations between lowest bone density T-scores and lifestyle and leisure 

activities at either two weeks (r(73) = .02) or at two months (r(72) = .08) following DXA 

and bone health information, or between lowest bone density T-scores and sports 

activities at either two weeks (r(73) = .18) or at two months (r(72) = .08) following DXA 

and bone health information. 

Comparison of Relationship of Bone Density Scores and Changes in Bone Health 

Behaviors Over Time 

Comparisons of the relationship of lowest bone density T-score and changes in 

bone health behaviors between baseline and two weeks, between baseline and two 

months, and between two weeks and two months after DXA and bone health information 

were also evaluated. No significant relationships were found. 

Crosstabulation was performed to explore frequency differences of categories of 

bone density (BMD) type (normal and low), and of the number of days that women met 

the minimum daily requirement for each bone health behavior at baseline, at two weeks 

and at two months after intervention. Low bone density was categorized as a T-score ≤ -

1.0 with normal bone density categorized as T-score of > -1.0. Days per week (0-7) that 

women met the minimum daily requirement for each bone health behavior were recorded. 

Minimum daily requirements were defined as 1200 mg of calcium, 800 units of vitamin 

D, and 30 minutes of total physical activity. Comparisons were made at baseline, at two 

weeks after intervention, and at two months after intervention. The following tables 

present related data. 
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Table 13 shows the number of days per week of that each woman with low bone 

density and normal bone density test results bone density reported an intake of at least 

1200 mg of calcium daily at baseline, at two weeks, and at two months following DXA 

and bone health information. Percentages of number of days that this intake was met 

within each bone density group type were calculated. At baseline, approximately 20% of 

women reported “no days” of meeting the minimum requirement for calcium intake 

during the 7-day recall of dietary and supplement intake, and approximately 30% of 

women reported that they met the minimum required calcium intake on all seven days. 

Two weeks after DXA and bone health information, 54.2% of women with low bone 

density and 56.9% of women with normal bone density reported meeting the 

recommended daily intake of calcium each day. This percentage remained constant for 

women with low bone density results (54.2%) at two months following DXA and bone 

health information but the percentage of women meeting the recommended daily intake 

of calcium decreased among women with normal bone density results (46.0%) at two 

month after DXA and bone health information. 
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TABLE 13. Comparisons of Lowest Bone Density T- Scores and Number of Days of 
Adequate Calcium Intake at Baseline, Two Weeks and Two Months After 
Interventions 

Time  
T-scores 

  Days of Adequate Calcium 
Intake 0-7 

(% of n within group) 
 

  Within 
Group 
Total 
(% of 

Total n) 

 
Baseline 

Low 
 
 

Normal 
 
 
2 weeks 

Low 
 
 

Normal 
 
 
2 months¹ 

Low 
 
 

Normal 
 
 

0 
 
5 

(20.9) 
 

11 
(21.6) 

 
 
1 

(4.2) 
 
6 

(11.8) 
 
 

1 
(4.2) 

 
6 

(12.0) 

1 
 
2 

(8.3) 
 
3 

(5.9) 
 
 
1 

(4.2) 
 
1 

(2.0) 
 
 
2 

(9.3) 
 
4 

(8.0) 

2 
 
2 

(8.3) 
 
2 

(3.9) 
 
 
3 

(12.5) 
 
3 

(5.9) 
 
 
0 
 
 
2 

(4.0) 

3 
 
0 
 
 
4 

(7.8) 
 
 
1 

(4.2) 
 
3 

(5.9) 
 
 
0 
 
 
2 

(4.0) 
 

4 
 
4 

(16.7) 
 
7 

(13.7) 
 
 
2 

(8.3) 
 
4 

(7.8) 
 
 
1 

(4.2) 
 
3 

(6.0) 

5 
 
2 

(8.3) 
 
9 

(17.6) 
 
 
1 

(4.2) 
 
1 

(2.0) 
 
 
3 

(12.5) 
 
5 

(10.0) 

6 
 
1 

(4.2) 
 
4 

(7.8) 
 
 
2 

(8.3) 
 
4 

(5.3) 
 
 
4 

(16.7) 
 

5 
(10.0) 

7 
 
8 

(33.3) 
 

15 
(29.4) 

 
 

13 
(54.2) 

 
29 

(56.9) 
 
 

13 
(54.2) 
 

23 
(46.0) 

 
 
24 
(32.0) 
 
51 
(68.0) 
 
 
24 
(32.0) 
 
51 
(68.0) 
 
 
24 
(32.4) 
 
50 
(67.6) 
 

Baseline n = 75; Two weeks n =75; Two months n = 74; ¹ = one missing participant 

Table 14 shows the number of days per week of that each woman with low bone 

density and normal bone density test results reported an intake of at least 800 units of 

vitamin D daily at baseline, at two weeks, and at two months following DXA and bone 

health information. Percentages of number of days this intake was met within each bone 

density group type were calculated. At baseline, approximately 75% - 80% of women 

reported “no days” of meeting the minimum requirement for vitamin D intake during the 
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7-day recall of dietary and supplement intake, and approximately 15% of women 

reported that they met the minimum required vitamin D intake on all seven days. Two 

weeks after DXA and bone health information, 37.5% of women with low bone density 

and 31.4% of women with normal bone density reported meeting the recommended daily 

intake of calcium each day. The trend increased for women with low bone density results 

at two months following DXA and bone health information (45.8%), and among women 

with normal bone density (38.0%). At two months following DXA and bone health 

information, 50.0% of women with low bone density reported not meeting the minimum 

daily requirement for vitamin D intake for any day in the previous week, compared to 

56.9% of women with normal bone density. 
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TABLE 14. Comparisons of Lowest Bone Density T-score and Number of Days of 
Adequate Vitamin D Intake at Baseline, Two Weeks and Two Months After 
Interventions 

Time  
T-score 

  Days of Adequate Vitamin D 
Intake 0-7 

(% of n within group) 

  Within 
Group 
Total 
(% of 

Total n) 

 
Baseline 

Low 
 
 

Normal 
 
2 weeks 

Low 
 
 

Normal 
 
2 months¹ 

Low 
 
 

Normal 
 
 

0 
 

19 
(79.2) 

 
41 

(75.9) 
 

14 
(58.3) 

 
33 

(64.7) 
 

12 
(50.0) 

 
29 

(56.9) 

1 
 
1 

(4.2) 
 
0 
 
 
0 
 
 
0 
 
 
1 

(4.2) 
 
0 
 

2 
 
0 
 
 
0 
 
 
0 
 
 
1 

(2.0) 
 
0 
 
 
0 

3 
 
0 
 
 
0 
 
 
0 
 
 
0 
 
 
0 
 
 
0 

4 
 
0 
 
 
1 

(19.6) 
 
0 
 
 
0 
 
 
0 
 
 
0 

5 
 
0 
 
 
1 

(19.6) 
 
0 
 
 
0 
 
 
0 
 
 
1 

(2.0) 
 

6 
 
0 
 
 
0 
 
 
1 

(4.2) 
 
1 

(2.0) 
 
0 
 
 
1 

(2.0) 
 

7 
 
4 

(16.7) 
 
8 

(15.7) 
 
9 

(37.5) 
 

16 
(31.4) 

 
11 

(45.8) 
 

19 
(38.0) 

 
 
24 
(32.0) 
 
51 
(68.0) 
 
24 
(32.0) 
 
51 
(68.0) 
 
24 
(32.4) 
 
50 
(67.6) 
 

Baseline n = 75; Two weeks n =75; Two months n = 74; ¹ = one missing participant 

Table 15 shows the number of days per week of that each woman with low bone 

density and normal bone density test results bone density reported at least 30 minutes of 

daily total physical activity at baseline, at two weeks, and at two months following DXA 

and bone health information. Percentages of number of days this activity was met within 

each bone density group type were calculated. At baseline, approximately 33 - 41% of 

women reported that they met the minimum required physical activity on all seven days. 

Two weeks after DXA and bone health information, fewer women with low bone density 
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results reported meeting the daily recommended total physical activity (29.2% at two 

weeks, down from 33.3% at baseline) compared to 41.2% of women with normal bone 

density who reported consistent adequate daily physical activity from baseline. At two 

months following DXA and bone health information, the percentage of women who met 

the recommended 30 minutes of daily physical activity were similar for those with low 

bone density (37.5%) and those with normal bone density (38.0%). 

TABLE 15. Comparisons of Lowest Bone Density T-scores and Number of Days of 
Adequate Total Physical Activity at Baseline, Two Weeks and Two Months 
After Interventions 

Time  
T-score 

  Days of Adequate Total 
Physical Activity 0-7 
(% of n within group) 

  Within 
Group 
Total 
(% of 

Total n) 

 
Baseline 

Low 
 
 

Normal 
 
2 weeks 

Low 
 
 

Normal 
 
2 months¹ 

Low 
 
 

Normal 

0 

0 
 
 
0 
 
 
0 
 

0 
 
 
0 
 
 
0 

1 

2 
(8.3) 

0 
 
 
0 
 
 
1 

(19.6) 
 
0 
 

1 
(2.0) 

2 

2 
(8.3) 

4 
(7.8) 

 
6 

(25.0) 
 
6 

(11.8) 
 
1 

(4.2) 
 
1 

(2.0) 

3 
 
4 

(16.7) 
 
5 

(9.8) 
 
1 

(4.2) 
 
6 

(11.8) 
 
2 

(16.7) 
 
4 

(8.0) 

4 
 
2 

(8.3) 

4 
(7.8) 

 
1 

(4.2) 
 
3 

(5.9) 
 
5 

(20.8) 
 
3 

(6.0) 

5 
 
3 

(12.5) 
 
6 

(11.8) 
 
4 

(16.7) 
 
7 

(13.7) 
 
1 

(4.2) 
 

11 
(22.0) 

6 
 
3 

(12.5) 
 

11 
(21.6) 

 
5 

(20.8) 
 
7 

(13.7) 
 
6 

(25.0) 
 

12 
(24.0) 

7 
 
8 

(33.3) 
 

21 
(41.2) 

 
7 

(29.2) 
 

21 
(41.2) 

 
9 

(37.5) 
 

18 
(38.0) 

 
 
24 
(32.0) 
 
51 
(68.0) 
 
24 
(32.0) 
 
51 
(68.0) 
 
24 
(32.4) 
 
50 
(67.6) 

¹ one participant dropout at two months after DXA and bone health information 
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Aim Five 

Aim Five: To describe the contribution of attitudes, subjective norms, perceived 

behavioral control on intentions to engage in bone health behaviors at two weeks and at 

two months after the intervention. 

A hierarchical multiple regression analysis was conducted to test the 

Perimenopausal Bone Health Behaviors Model at two weeks and at two months after 

intervention. Because the theoretical model’s intervention targeted Attitudes, this 

predictor variable was entered first, followed by the predictor variables Subjective Norms 

and Perceived Behavioral Control, and the variable Intentions toward bone health 

behaviors was entered as the outcome variable. Four tests of the model were performed: 

“DXA and bone health information at two weeks,” “DXA and bone health information at 

two months,” “bone health information at two weeks,” and “bone health information at 

two months.” 

Assumptions for multiple regression were met by using normal probability plots 

of the residuals for all models (Burns & Grove, 2005). Partial plots of the dependent and 

independent variable revealed skewness and a mild curvilinear relationship of the 

dependent variable most notably in the “bone health information at two months” model; 

results from log and square root transformations of the dependent variable did not 

substantially change the partial plot curvilinear relationship. Examination of the 

standardized residuals was done with further case diagnostics of outliers within the 

model, revealing one outlier. The case was removed from the “bone health information at 

two months” model, partial plot analysis was satisfactorily re-run. 
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Multicollinearity was assessed with all correlations between independent 

variables r <.80; variance inflation factors (1.04 – 1.71) and tolerances (.58 - .96) were 

within acceptable limits. Durbin-Watson test statistics ranged from 1.82 – 2.17, 

indicating independent residuals or errors. The following discussion will address the 

statistical analysis of each model. 

DXA and Bone Health Information Group at Two Weeks After Intervention 

The correlation index of predictor and outcome variables is presented in Table 16. 

All correlations are between -.80 and .80; therefore, no indication of multicollinearity 

was evidenced. 

TABLE 16. Correlation Index of Predictor and Outcome Variables: DXA and Bone 
Health Information at Two Weeks After Intervention (n =75) 

 
Pearson’s Correlation 
r = 

Intentions Attitudes Subjective 
Norms 

Perceived Behavioral 
Control 

Intentions 

Attitudes 

Subjective Norms 

Perceived Behavioral 

Control 

1.00 

  

.50 

1.00 

 

.10 

.26 

1.00 

 

.38 

.57 

.04 

1.00 

 

The results of the model are presented in Table 17. The independent predictor 

variable Attitudes was entered in step 1, Attitudes and Subjective Norms were entered in 

step 2, and Attitudes, Subjective Norms and Perceived Behavioral Control were entered 

in step 3. 

With an alpha level of .05, only step 1 in the model was significant. Step 1 

showed that Attitudes contributed significantly to Intentions R² = .249, F(1,73) = 24.24, p 
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< .001. Step 2 showed that the addition of Subjective Norms did not significantly 

improve the contribution toward Intentions from step 1. Likewise, Step 3 showed that the 

addition of Perceived Behavioral Control did not significantly improve the contribution 

toward Intentions from step 2. 

In summary, Attitudes contributed 24.9% of the variance in Intentions among 

perimenopausal women two weeks after they received DXA with personal bone density 

T-score results and information about bone health. 

TABLE 17. Summary of Hierarchical Regression of Intentions Within Perimenopausal 
Bone Health Behaviors Model at Two Weeks Following DXA and Bone 
Health Information Intervention (n = 75) 

Model 
 

B SE B  β 

Step 1** 
Constant 
Attitude 

Step 2 
Constant 
Attitude 
Subjective Norms 

Step 3 
Constant 
Attitude  
Subjective Norms 
Perceived Behavioral Control 

 
32.71 
.07 

 
32.99 
.07 

-.003 
 

33.54 
.06 

-.002 
.01 

 
4.93 
.01 

 
5.03 
.02 
.01 

 
5.04 
.02 
.01 
.01 

 

 
 

.50** 
 
 

.51** 
-.04 

 
 

.42* 
-.02 
.145 

Note. R²  = .249 for Step 1, (p < .001). 
**p < .001 
  *p = .001 

DXA and Bone Health Information Group at Two Months After Intervention 

The correlation index of predictor and outcome variables is presented in Table 18. 

All correlations are between -.80 and .80; therefore, no indication of multicollinearity 

was evidenced. 
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TABLE 18. Correlation Index of Predictor and Outcome Variables: DXA and Bone 
Health Information at Two Months After Intervention (n =73) 

 
Pearson’s Correlation 
r = 

Intentions Attitudes Subjective 
Norms 

Perceived Behavioral 
Control 

Intentions 

Attitudes 

Subjective Norms 

Perceived Behavioral 

Control 

1.00 

  

.52 

1.00 

 

.14 

.19 

1.00 

 

.36 

.55 

.12 

1.00 

 

The results of the model are presented in Table 19. The independent predictor 

variable Attitudes was entered in step 1, Attitudes and Subjective Norms were entered in 

step 2, and Attitudes, Subjective Norms and Perceived Behavioral Control were entered 

in step 3.  

With an alpha level of .05, only step 1 in the model was significant. Step 1 

showed that Attitudes contributed significantly to Intentions R² = .27, F(1,71) = 26.22, p 

< .001. Step 2 showed that the addition of Subjective Norms did not significantly 

improve the contribution toward Intentions from step 1. Likewise, Step 3 showed that the 

addition of Perceived Behavioral Control did not significantly improve the contribution 

toward Intentions from step 2. 

In summary, Attitudes contributed 27.0% of the variance in Intentions among 

perimenopausal women two months after they received DXA with personal T-score DXA 

results and information about bone health. 
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TABLE 19. Summary of Hierarchical Regression of Intentions Within Perimenopausal 
Bone Health Behaviors Model at Two Months Following DXA and Bone 
Health Information Intervention (n = 73) 

Model 
 

B SE B  β 

Step 1** 
Constant 
Attitude 

Step 2 
Constant 
Attitude 
Subjective Norms 

Step 3 
Constant 
Attitude  
Subjective Norms 
Perceived Behavioral Control 

 
35.33 
.07 

 
34.95 
.07 
.003 

 
33.01 
.06 
.003 
.01 

 
4.47 
.01 

 
4.58 
.01 
.01 

 
4.58 
.02 
.01 
.01 

 

 
 

.52** 
 
 

.51** 
.04 

 
 

.45* 
.04 
.11 

Note. R² = .27 for Step 1, (p < .001). 
**p < .001 
  *p = .001 

Bone Health Information Group at Two Weeks 

The correlation index of predictor and outcome variables is presented in Table 20. 

All correlations are between -.80 and .80; therefore, no indication of multicollinearity 

was evidenced. 
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TABLE 20. Correlation Index of Predictor and Outcome Variables: Bone Health 
Information Group at Two Weeks After Intervention (n =71) 

 
Pearson’s Correlation 
r = 

Intentions Attitudes Subjective 
Norms 

Perceived 
Behavioral 

Control 
Intentions 

Attitudes 

Subjective Norms 

Perceived Behavioral 

Control 

1.00 

 

.62 

1.00 

 

-.09 

.23 

1.00 

 

.51 

.59 

.17 

1.00 

 

The results of the model are presented in Table 21. The independent predictor 

variable Attitudes was entered in step 1, Attitudes and Subjective Norms were entered in 

step 2, and Attitudes, Subjective Norms and Perceived Behavioral Control were entered 

in step 3. 

With an alpha level of .05, steps 1, 2, and 3 in the model were significant (p < 

.05). Step 1 showed that Attitudes contributed significantly to Intentions R² = .39, F(1,71) 

= 45.46, p < .001. Step 2 showed that despite the positive contribution of Attitudes (β = 

.62), Subjective Norms was inversely related to Intentions (β = -.25), with the overall 

contribution of Attitudes and Subjective Norms accounting for 45.1% of the variation in 

Intentions at two weeks after intervention of bone health information R² = .53, F∆(1,70) 

= 53.15, p = .007. Step 3 showed that the addition of Perceived Behavioral Control also 

significantly improved the contribution toward Intentions from step 2, R² = .489, F (1,69) 

= 59.30, p = .03, accounting for 48.9% of the variance in Intentions toward bone health 

behaviors at two weeks following bone health intervention. 
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In summary, Attitudes, Subjective Norms, and Perceived Behavioral Control 

contributed 48.9% of the variance in Intentions among perimenopausal women two 

weeks after they received information about bone health. 

TABLE 21. Summary of Hierarchical Regression of Intentions Within Perimenopausal 
Bone Health Behaviors Model at Two Weeks Following Bone Health 
Information Intervention (n = 71) 

Model B SE B β 

Step1*** 
Constant 
Attitude 

Step 2** 
Constant 
Attitude 
Subjective Norms 

Step 3* 
Constant 
Attitude  
Subjective Norms 
Perceived Behavioral Control 

 
22.532 

.10 
 

25.75 
.11 
-.03  

 
26.86 
.09 
-.03 
.03 

 
4.91 
.01 

 
4.84 
.01 
.01 

 
4.72 
.02 
.01 
.01 

 

 
 

.62** 
 
 

.68*** 
-.25** 

 
 

.54*** 
-.26** 
.24* 

Note. R²  =  .39 for Step 1, p < .001; ∆ R²  = .06 for Step 2, p =.007. 
*** p  < .001 
  **  p < .01 
    * p = .03 

Bone Health Information Group at Two Months 

The correlation index of predictor and outcome variables is presented in Table 22. 

All correlations are between -.80 and .80; therefore, no indication of multicollinearity 

was evidenced. 
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TABLE 22. Correlation Index of Predictor and Outcome Variables: Bone Health 
Information Group at Two Months After Intervention (n =71) 

 
Pearson’s Correlation r 
= 

Intentions Attitudes Subjective 
Norms 

Perceived 
Behavioral 

Control 
Intentions 

Attitudes 

Subjective Norms 

Perceived Behavioral 

Control 

1.00 

 

.76 

1.00 

 

.17 

.36 

1.00 

 

.56 

.57 

.27 

1.00 

 

The results of the model are presented in Table 23. The independent predictor 

variable Attitudes was entered in step 1, Attitudes and Subjective Norms were entered in 

step 2, and Attitudes, Subjective Norms and Perceived Behavioral Control were entered 

in step 3. 

With an alpha level of .05, steps 1 and 3 in the model were significant. Step 1 

showed that Attitudes contributed significantly to Intentions R² = .58, F(1,69) = 95.77, p 

< .001. Step 2 showed that the addition of Subjective Norms did not significantly 

improve the contribution toward Intentions from step 1. Step 3 showed that despite the 

positive contribution of Attitudes (β = .70), Subjective Norms contributed to, but was 

inversely related, to Intentions (β = -.14). Perceived Behavioral Control contributed 

toward the model (β = .19), and along with Attitudes and Subjective Norms accounted for 

62.0% of the variation in Intentions at two months after intervention of bone health 

information R² = .62, F (1,67) = 99.19, p = .04. 
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In summary, Attitudes, Subjective Norms, and Perceived Behavioral Control 

contributed 62.0% of the variance in Intentions among perimenopausal women two 

months after they received information about bone health. 

TABLE 23. Summary of Hierarchical Regression of Intentions Within Perimenopausal 
Bone Health Behaviors Model at Two Months Following Bone Health 
Information Intervention (n = 72) 

Model B SE B β 

Step 1** 
Constant 
Attitude 

Step 2 
Constant 
Attitude 
Subjective Norms 

Step 3* 
Constant 
Attitude  
Subjective Norms 
Perceived Behavioral Control 

 
16.14 
.12 

 
16.49 
.13 
-.01 

 
17.46 
.11 
-.01 
.02 

 
4.13 
.01 

 
4.09 
.01 
.007 

 
4.02 
.01 
.006 
.01 

 

 
 

.76** 
 
 

.81** 
-.12 

 
 

.70* 
-.14 
.19* 

Note. R²  =  .62 for Step 1, p < .001; ∆ R²  = .01 for Step 2; ∆ R²  = .02 for Step 3. 
**p < .001 
  *p < .05 

Aim Six 

Aim Six: To describe the relationship of intentions to engage in bone health 

behaviors and actual bone health behaviors at two weeks and at two months after the 

interventions. 

This relationship was analyzed using the Pearson’s Product-Moment Correlation. 

Assumptions for correlation were met (Burns & Grove, 2005). The average daily calcium 

intake in milligrams, average daily vitamin D intake in units, and average total daily 

physical activity in minutes from each participant was compared to all participants’ total 
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Intentions scores at baseline, at two weeks and at two months after DXA and bone health 

information. Because Aim One and Two compared the two groups on the effects of DXA 

and bone health information on Intentions and Actual Bone Health Behaviors, this 

analysis focused on all study participants, regardless of group assignment. Table 24 

illustrates results from this analysis. 

Calcium Intake 

There was a significant positive correlation between average daily calcium intake 

and Intentions scores at baseline, (r(147) = .35, p < .001, at two weeks after intervention, 

(r(148)  = .45, p < .001), and at two months after intervention (r(147)  = .38, p < .001). 

Vitamin D Intake 

There was a significant positive correlation between average daily vitamin D 

intake and Intentions scores at baseline (r(147)  = .32, p < .001), at two weeks after 

intervention (r(148)  = .31, p < .001), and at two months after intervention (r(147)  = .29, 

p < .001). 

Total Physical Activity 

There was not a significant positive correlation between average total physical 

activity and Intentions scores at baseline, at two weeks after intervention, or at two 

months after intervention. However, when total physical activity subcategories of 

“lifestyle and leisure activity” and “sports activity” were considered separately, there was 

a significant positive correlation between average level of sports activity and Intentions 

scores at two weeks after intervention (r(148) = .26, p = .001), and at two months after 

intervention (r(147) = .27, p = .001). 
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TABLE 24. Correlations of Bone Health Behaviors with Intentions at Baseline, Two 
Weeks and Two Months After Intervention 

 
 

 
Bone Health Behavior 

 
Baseline 
n  = 149 

Intentions  r = 
Two weeks after 

intervention 
n =  150 

 

 
Two months 

after intervention 
n = 149 

Calcium Intake 

Vitamin D Intake 

Total Physical Activity 

.35** 

.32** 

.08 

.45** 

.31** 

.14 

.38** 

.29** 

.12 

Lifestyle/Leisure 

Sports Activity 

.05 

.09 

.03 

.26* 

.01 

.27* 

** p < .001 (two-tailed) 

Comparison of Relationship in Changes of Intentions Scores Time-points and Changes of 

Bone Health Behaviors Time-points 

Comparisons of the relationships of calcium intake, vitamin D intake, and total 

physical activity “between baseline and two weeks following intervention,” “between 

baseline and two months following intervention,” and “between two weeks and two 

months following intervention ” and changes in Intentions scores “between baseline and 

two weeks following intervention,” “between baseline and two months following 

intervention,” and “between two weeks and two months following intervention” were 

also evaluated. Table 25 details these relationships and significant findings. There was a 

significant positive correlation of Intentions scores “between baseline and two weeks 

following intervention” and calcium intake “between baseline and two weeks following 

intervention” (r(147) = .36, p < .001). There was also a significant positive correlation of 

Intentions scores “between baseline and two weeks following intervention” and vitamin 

D intake “between baseline and two weeks following intervention” (r(147) = .19,  
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p = .02). There were no significant correlations for the relationship of Intentions changes 

“between two weeks and two months following intervention” and calcium intake or 

vitamin D intake “between two weeks and two months following intervention.” There 

were no significant correlations for any relationships between observation time points of 

Intentions and observation time points of total physical activity or subcategories of 

lifestyle and leisure activities or sports activities. 

TABLE 25. Relationships Between Changes in Intentions Scores Time Points and 
Changes in Bone Health Behavior Time Points (N = 149) 

Bone Health Behavior and Intentions 
Between Each Time Point 

 

Correlations Between Changes 
r =  

Calcium Intake and Intentions 
BL to 2 wks 
2 wks to 2 mo 
BL to 2 mo 

Vitamin D Intake and Intentions 
BL to 2 wks 
2 wks to 2 mo 
BL to 2 mo 

Total Physical Activity and Intentions 
BL to 2 wks 
2 wks to 2 mo 
BL to 2 mo 

 
       .36*** 

 .04 
     .25** 

 
   .19* 
-.02 
-.06 

 
-.04 
-.06 
-.10 

Lifestyle/Leisure 
BL to 2 wks 
2 wks to 2 mo 
BL to 2 mo 

Sports Activity 
BL to 2 wks 
2 wks to 2 mo 
BL to 2 mo 

 
-.04 
-.05 
-.09 

 
-.01 
-.04 
-.03 

*** p < .001 
  **  p = .002 
    * p = .02 
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Comparing High Intentions Scores with Adequate Daily Bone Health Behaviors 

The data were further compared according to categories of high total Intentions 

scores and of the number of days that women met the minimum daily requirement for 

each bone health behavior at baseline, at two weeks and at two months after intervention. 

High total Intentions scores were defined as responses indicating any level of positive 

agreement toward the behavior, and was determined to be a score of 45-63 on the total 

Intentions scale score range of 9-63. Days per week (0-7) that women met the minimum 

daily requirement for each bone health behavior were recorded. Minimum daily 

requirements were defined as 1200 mg of calcium, 800 units of vitamin D, and 30 

minutes of total physical activity. Comparisons were made at baseline, at two weeks after 

intervention, and at two months after intervention. The following tables present related 

data. 

Table 26 presents the comparisons of categories of “high Intentions scores” with 

categories of “number of days of adequate daily calcium intake.” Of the 150 women in 

the study, 128 (85.3%) reported high intentions scores at baseline; of these women, 45 

(30.0%) reported that they met the minimum calcium intake every day (7 days) at 

baseline. At two weeks after the interventions, 137 (91.3%) women reported high 

intentions, and 82 (54.7%) reported meeting the minimum daily calcium intake. The 

trend of increased intentions and increased percentage of women meeting the daily 

minimum calcium intake plateaued. At two months after the interventions, 139 of 149 

(93.3%) women reported high intentions, and 82 (54.7%) reported meeting the minimum 

daily calcium intake. 
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TABLE 26. Comparisons of High Levels of Intentions and Number of Days of Adequate 
Calcium Intake at Baseline, Two Weeks and Two Months After 
Interventions 

Time   Days of Adequate 
Calcium Intake 0-7 (% of N) 

 

  High 
Intentions 

 
 
 
Baseline  
N = 150 
 
2 weeks 
N = 150 
 
2 months 
N = 149 
 

0 

 
18 
(12.0) 
 
7 
(4.7) 
 
7 
(4.7) 

1 

 
7 
(4.7) 
 
4 
(2.7) 
 
8 
(5.4) 
 

2 

 
9 
(6.0) 
 
8 
(5.3) 
 
4 
(2.7) 

3 
 
 
10 
(6.7) 
 
4 
(2.7) 
 
3 
(2.0) 

4 
 
 
10 
(6.7) 
 
12 
(8.0) 
 
10 
(6.7) 

5 
 
 
19 
(12.7) 
 
6 
(4.0) 
 
10 
(6.7) 

6 
 
 
10 
(6.7) 
 
14 
(9.3) 
 
15 
(10.1) 

7 
 
 
45 
(30.0) 
 
82 
(54.7) 
 
82 
(55.0) 

Total  
(% of N) 

 
128 
(85.3) 
 
137 
(91.3) 
 
139 
(93.3) 

 

Table 27 presents the comparisons of categories of “high Intentions scores” with 

categories of “number of days of adequate vitamin D intake.” Of the 150 women in the 

study, 128 (85.3%) reported high intentions scores at baseline; of these women, 23 

(15.3%) reported that they met the minimum vitamin D intake every day (7 days) at 

baseline. At two weeks after the interventions, 137 (91.3%) women reported high 

intentions, and 43 (28.7%) reported meeting the minimum daily vitamin D intake. After 

two weeks following the interventions, the trend of increased intentions plateaued, but the 

percentage of women meeting the daily minimum vitamin D intake increased. At two 

months after the interventions, 139 of 149 (93.3%) women reported high intentions, and 

62 (41.6%) reported meeting the minimum daily vitamin D intake. The number of 

women who reported that they did not have at least one day of adequate vitamin D intake 
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decreased from 98 (65.3%) at baseline, to 68 (45.7%) at two months following the 

interventions. 

TABLE 27. Comparisons of High Levels of Intentions and Number of Days of Adequate 
Vitamin D Intake at Baseline, Two Weeks and Two Months After 
Interventions 

Time   Days of Adequate 
Vitamin D Intake 0-7 (% of N) 
 

  High 
Intentions 

 
 
 
Baseline  
N = 150 
 
2 weeks 
N = 150 
 
2 months 
N = 149 
 

0 
 
 

98 
(65.3) 

 
88 

(58.7) 
 

68 
(45.7) 

 

1 
 
 
2 

(1.3) 
 
1 

(0.6) 
 
3 

(2.0) 
 

2 
 
 
0 
 
 
1 

(0.6) 
 
0 

3 
 
 
0 
 
 
0 
 
 
3 

(2.0) 
 

4 
 
 

10 
(6.7) 

 
1 

(0.6) 
 
1 

(0.7) 

5 
 
 
1 

(0.6) 
 
1 

(0.6) 
 
1 

(0.7) 

6 
 
 
0 
 
 
2 

(1.3) 
 
1 

(0.7) 

7 
 
 
23 
(15.3) 
 
43 
(28.7) 
 
62 
(41.6) 

Total  
(% of N) 

 
128 
(85.3) 
 
137 
(91.3) 
 
139 
(93.3) 

 

Table 28 presents the comparisons of categories of “high Intentions scores” with 

categories of “number of days of adequate total physical activity.” Of the 150 women in 

the study, 128 (85.3%) reported high intentions scores at baseline; of these women, 51 

(34.0%) reported that they met the minimum total physical activity requirements every 

day (7 days) at baseline. At two weeks after the interventions, 137 (91.3%) women 

reported high intentions, and 71 (47.3%) reported meeting the minimum daily total 

physical activity requirements. After two weeks following the interventions, the trend of 

increased intentions plateaued, but the percentage of women meeting the daily minimum 

total physical activity requirements increased. At two months after the interventions, 139 
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of 149 (93.3%) women reported high intentions, and 77 (51.7%) reported meeting the 

minimum total physical activity requirements. 

TABLE 28. Comparisons of High Levels of Intentions and Number of Days of Adequate 
Total Physical Activity at Baseline, Two Weeks and Two Months After 
Interventions 

Time   Days of Adequate Total 
Physical Activity 0-7 (% of N) 

  High 
Intentions 

 
 
 
Baseline  
N = 150 
 
2 weeks 
N = 150 
 
2 months 
N = 149 
 

0 

 
1 
(0.6) 

0 

 
0 

1 
 
 
2 
(1.3) 
 
2 
(1.3) 
 
1 
(0.7) 

2 
 
 
7 
(4.7) 
 
13 
(8.7) 
 
2 
(1.3) 

3 
 
 
13 
(8.7) 
 
8 
(5.3) 
 
6 
(4.0) 

4 
 
 
15 
(10.0) 
 
6 
(4.0) 
 
10 
(6.7) 

5 
 
 
14 
(9.3) 
 
17 
(11.3) 
 
16 
(10.7) 

6 
 
 
25 
(16.7) 
 
20 
(13.3) 
 
27 
(18.1) 

7 
 
 
51 
(34.0) 
 
71 
(47.3) 
 
77 
(51.7) 

Total 
(% of N) 

 
128 
(85.3) 
 
137 
(91.3) 
 
139 
(93.3) 
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CHAPTER FIVE: CONCLUSIONS 

Introduction 

The purpose of this study was to test the effects of an intervention (DXA and 

bone health information) on outcomes of intent to engage in and of actual bone health 

behaviors among perimenopausal women aged 35-55. Guided by the Theory of Planned 

Behavior, latent variables that influence intentions were measured to obtain a more 

complete understanding of intentions to change bone health behaviors and of actual 

change in these behaviors. Conclusions from the analyses are discussed in view of the 

study aims and limitations. Implications for nursing practice and for further research are 

also presented. 

Discussion of Findings 

Aim One 

Aim One: To compare the effects of an intervention (DXA and bone health 

information) on intentions to engage in bone health behaviors at two weeks and at two 

months after the intervention compared to bone health information alone. 

Intentions scores started to plateau in both groups after two weeks following 

interventions, suggesting the further away from the interventions, both groups’ 

motivation to maintain their intentions to engage in bone health behaviors waned. 

However, the majority of women reported high intentions and maintained high intentions 

throughout the study. A larger sample size may provide sufficient power to demonstrate a 

significant effect of the intervention on Intentions, as suggested by Webb and Sheeran’s 

(2006) meta-analysis of psycho-social theories that indicate a medium-to-large change in 
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intentions is related to a small-to-medium change in behaviors. However, it must be 

acknowledged that bone health information alone is an effective means of positively 

affecting bone health behavioral intentions and should be encouraged in health care 

settings that provide care to midlife women who are premenopausal or beginning to 

transition to menopause. The lack of significant group differences may be explained by 

characteristics of women in the study’s sample who were nearly as responsive to the 

health information provided to them as to bone density testing. Throughout the study, 

most women scored higher than average on the Intentions scale, similar to women in the 

study by Brecher et al. (2002) who also found that women aged 25-75 participating in an 

osteoporosis prevention program were more likely to plan to increase their calcium intake 

than were those who were not informed about osteoporosis prevention. Further study 

should focus on women of various educational, socioeconomic and ethnic backgrounds. 

Aim Two 

Aim Two: To compare the effects of an intervention (DXA and bone health 

information) on bone health behaviors at two weeks and at two months after the 

intervention compared to bone health information alone. 

DXA and bone health information did not statistically impact bone health 

behaviors over providing bone health information only. This finding was not consistent 

with those of Estok et al. (2007) and Winzenberg et al. (2006) who found significant 

changes in calcium intake as a result of bone density testing intervention among 

postmenopausal and premenopausal women, respectively. However, with an alpha < .05, 

the impact of DXA and bone health information on calcium intake in the present study 
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approached statistical significance (p = 0.052) suggesting if the study involved more 

participants, a significant effect of bone density testing on calcium intake would be noted. 

However, similar to the findings in Rolnick et al. (2001), calcium intake significantly 

increased over time, regardless of the intervention. Women who received bone health 

testing and information increased their average calcium intake at two weeks following 

DXA and bone health information, and then maintained their intake at an average 

calcium intake of approximately 1700 mg per day. However, women who received only 

bone health information appeared to continue to increase their average calcium intake 

above the recommended 1200 mg daily dose throughout the study, suggesting a need for 

further individualized information regarding adequate calcium intake. These results 

support previous research suggesting that nontailored interventions of providing bone 

health information only may lead to inappropriate increases in calcium intake (Blalock, et 

al., 2002). Bone health information may have motivated some women to increase their 

calcium intake to inappropriately high levels. 

At baseline, the majority of women in the study reported they already were 

consuming an average of 1200 mg of daily calcium (59.3%) and were participating in an 

average of 30 minutes of physical activity each day (86.7%), nearing a potential ceiling 

effect for the minimum daily requirement. However, the majority of participants were not 

consuming an average of 800 units of vitamin D daily (41.3%) at the beginning of the 

study. Because most women were already participating in appropriate bone health 

behaviors at baseline, the impact of bone density testing demonstrating significant 

improvement toward adequate bone health behaviors was difficult to attain. Estok et al. 



155 

 

(2007), Brecher et al. (2002), and Rolnick et al. (2001) reported high performance scores 

among groups of women in their studies at baseline, and recognized this potential impact 

on interpreting study results. 

Women in both groups did not meet the recommended average daily intake of 800 

unit of vitamin D over the course of the study; however, the mean intake for both groups 

was similar and approached recommended levels at two months following intervention. 

The standard deviation for vitamin D intake was higher in the comparison group than in 

the intervention group at two weeks following interventions, suggesting that some 

women were taking higher than recommended daily doses of vitamin D without knowing 

their bone health status. Similar to findings by Rolnick et al. (2001), improvement in 

vitamin D intake was significant regardless of bone density testing. 

The trend line depicted for total physical activity reported throughout the study 

suggests potential measurement error, which is consistent in research that seeks to 

quantify physical activity or exercise using self-report (Mackay, Schofield, & Schluter, 

2007; Ulrich, et al., 1999). Note that the telephone interview reports of total physical 

activity levels at two weeks after DXA and bone health information in the intervention 

group were significantly less than their written self-report levels at baseline, suggesting a 

potential method variance, or may reflect a historical influence. Despite inter-rater 

agreement during research assistant training and observation of telephone questionnaire 

technique and interpretation, variance in recording responses to lifestyle and leisure 

activities may have occurred. In addition, the geographic region was deluged by a flood 

in the previous year that affected entire communities, left many people homeless, and 
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caused temporary abandonment of homes and businesses. Spontaneous comments about 

lifestyle and leisure activities among some women at baseline included being highly 

physically active with post-flood recovery efforts during the week of self-reported 

baseline measures, which may have exaggerated baseline lifestyle and leisure activity 

levels. However, this finding of decreased physical activity after bone density 

intervention was similar to Blalock et al. (2002) who found that women who were 

already participating in adequate physical activity at baseline, decreased and maintained 

their overall activity at three months following educational intervention. Women who 

might perceive that they can safely reduce their levels of physical activity and continue to 

maintain bone health protection may explain this similarity. 

A significant time-effect increase in average total physical activity after baseline 

was found in the comparison group; however, this finding may have been affected by 

instrumentation, by inaccuracy in self-report of physical activity (Mackay, et al., 2007) or 

by women being unsure if they have achieved adequate activity for bone health. 

Repeating the same questionnaires may have "primed" participants in each group 

differently, contributing to possible selection-testing threat. Suggestions for future study 

include adding a question, “Was your past week’s physical activity level the (less 

than/the same as/more than) your usual level of activity?” and to consider observation of 

physical activity, or the use of instruments that can objectively document physical 

activity levels (i.e., pedometers). Difficulty in measuring bone density testing effects on 

physical activity was also noted by Estok et al. (2007) who stated that women may need 
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more information about appropriate type and intensity of exercise following bone density 

testing before they change exercise behaviors. 

Type of preferred physical activity may be significantly different among 

perimenopausal women (Segar, et al., 2008) and in reference to bone health behaviors. 

Secondary analysis of the data is suggested to explore any differences between lifestyle 

and leisure activity and sports activity.  

Aim Three 

Aim Three: To examine the relationship between intentions scores and bone 

density scores within the intervention group at two weeks and at two months after the 

intervention. 

Overall, DXA and bone health information appeared to have a positive effect on 

women’s intentions toward bone health behaviors, as the average level of intentions 

increased from baseline at both two weeks and at two months after DXA and bone health 

information. These results cannot be compared to other study findings, because no others 

report correlation of bone density test results specifically with Intentions toward bone 

health preventive behaviors over time. DXA and bone health information appeared to 

influence women who had lower intentions and low bone density results to increase and 

sustain their intentions toward bone health behaviors. However, low bone density DXA 

results were related to changes in intentions scores only at two weeks after bone density 

DXA testing, but not at two months following bone density DXA testing. The change 

differences in mean Intentions scores between baseline, two weeks, and two months were 

not significantly impacted by DXA and bone health information. This suggests that 
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intentions toward bone health behaviors are immediately affected by specific results of 

DXA and bone health information, but the effect is not sustained.  

This finding suggests further study about nursing interventions directed at 

intentions toward sustaining bone health behaviors over time. 

Aim Four 

Aim Four: To examine the relationship between actual behaviors scores and bone 

density scores within the intervention group at two weeks and at two months after the 

intervention. 

Bone density DXA test results significantly correlated with vitamin D intake two 

months after DXA and bone health information, but did not significantly correlate with 

change in vitamin D intake at two weeks after DXA and bone health information, or with 

calcium intake or total physical activity at any time after DXA and bone health 

information. These results cannot be compared to other study findings, because no others 

report correlation of bone density test results specifically with bone health preventive 

behaviors over time. However, an incidental finding in Rolnick et al. (2001) was the 

percentage of postmenopausal women who reported increases in calcium and vitamin D 

intake were inversely associated with bone density test results, and interpreted to mean 

lower bone density test results were associated with increases in calcium and vitamin D 

intake. 

Despite low bone density scores, 50% - 56.9% of women at study end were not 

meeting the daily requirement for vitamin D intake, regardless of low or normal results. 

Even at study end, the average daily intake of vitamin D for all women was less than 800 
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units/day recommended by current guidelines. It may be that neither bone health 

information nor bone density DXA testing and results, plus bone health information are 

sufficient to influence vitamin D intake in perimenopausal women. Alternatively, it is 

possible that vitamin D intake is not immediately influenced by these interventions. It is 

important for health care professionals who interpret bone density results and provide 

counseling regarding osteoporosis risk to focus attention on adequate vitamin D intake 

assessment in every clinical encounter regarding bone density status and osteoporosis 

risk. It is apparent that new interventions should be created and tested that focus on 

vitamin D intake for bone health promotion, as women in the present study did not 

respond to the intervention tested. 

Although not statistically significant, women with low bone density results 

reported increasing their adequate daily calcium intake more consistently than did women 

who had normal bone density results; this trend persisted throughout the study. This 

supports the finding of Aim Two that women who had DXA and bone health information 

increased their calcium intake from baseline to two weeks, and maintained a consistent 

average daily calcium intake between two weeks and two months after DXA and bone 

health information. DXA and bone health information may be motivating perimenopausal 

women to achieve and maintain adequate daily calcium intake; furthermore, women with 

low bone density results may be more motivated to maintain and sustain adequate 

calcium intake. It may also be that women who seek bone density testing are more likely 

to adopt the bone health promoting behavior of adequate calcium intake. 
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Most women in the study were already participating in the recommended daily 

average of at least 30 minutes of total physical activity at baseline. Women with normal 

bone density results may have maintained their activity at this level, due to reassurance 

about their established adequate physical activity level for bone health. 

To reiterate, most women in the study reported a fairly high level of daily 

physical activity. This finding may indicate that this sample represented women who 

were already engaged in health promotion. It may also be that women who volunteered 

for this study are generally more physically active and have maintained a high level of 

physical activity over time. To determine if this DXA and bone health information 

intervention can influence levels of physical activity, a more diverse sample that exhibits 

lower levels of physical activity or are sedentary at baseline, is needed. Future studies 

should include such women. 

Aim Five 

Aim Five: To describe the contribution of attitudes, subjective norms, perceived 

behavioral control on intentions to engage in bone health behaviors at two weeks and at 

two months after the interventions. 

Regression analyses showed Attitude as the primary explanatory variable for 

variance in perimenopausal women’s intentions toward bone health behaviors. Subjective 

Norms and Perceived Behavioral Control explained less variance. As women’s attitudes 

(beliefs and judgments) toward bone health behaviors increased, women’s intentions 

toward bone health behaviors increased. Attitudes was the only variable that contributed 

significantly to Intentions toward behaviors among women who had DXA and bone 
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health information, suggesting bone density testing and subsequent personal information 

about bone health status may mediate Intentions through Attitudes immediately after  and 

for at least two months after DXA and bone health information. This finding is consistent 

with Estok et al. (2007) who determined perceived susceptibility of low bone density T-

scores may partially mediate the relationship between personal knowledge and calcium 

intake; further exploration of the concepts of Attitudes, Perceived Behavioral Control 

with the concepts in Estok’s study may provide clarity. 

Intentions toward bone health behaviors were not significantly affected by social 

influence except among women in the comparison group at two weeks following bone 

health information. Among women in this group, the social impact of other people had a 

negative influence on Intentions, but further exploration about what social group 

contributed this impact was not done. Further analysis of the study’s construct of 

Subjective Norms may determine if family, friends, and health care providers have 

different influences on perimenopausal women and intentions toward bone health 

behaviors, and if this influence changes over time and by type of important people in 

women’s lives. This analysis may reflect the findings of Kulp et al. (2004) and Michie et 

al. (2004) in which physicians’ informational interaction with patients positively 

influenced behavioral outcomes. 

Perceived Behavioral Control contributed positively with Attitudes and Subjective 

Norms to impact Intentions among comparison group women at two weeks and at two 

months, and with Attitudes at two months, following bone health information. This 

finding suggests perception of barriers and of personal ability to participate in bone 
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health behaviors may be related to behavioral habits after two weeks following bone 

health information. Having information about appropriate bone health behaviors may 

contribute toward participating in appropriate behaviors. Studies have shown that prior 

habits and health information influences preventive behavior (Kulp, et al., 2004). 

Secondary analysis of the data may reveal if increased perceived behavioral control at 

two months is related to prior bone health behaviors performed at baseline or at two 

weeks following intervention, or by changes in behaviors over the course of the study. 

Perceived Behavioral Control may influence Intentions and subsequent health-related 

behaviors more directly in chronic disease interventions (Johnston, 2004; Jones, et al., 

2005; Prapavessis, et al., 2005) than in health promotion interventions.  

Aim Six 

Aim Six: To describe the relationship of intentions to engage in bone health 

behaviors and actual bone health behaviors at two weeks and at two months after the 

interventions. 

Women’s intentions toward bone health behaviors were significantly related to 

calcium intake and vitamin D intake throughout the entire study. This result is consistent 

with other correlational studies based on the Theory of Planned Behavior that strongly 

relate general intentions to health promotion behaviors (Armitage & Conner, 2001). This 

finding is also consistent with the experimental studies by Blalock et al. (2002) that 

correlated an “Engaged stage of considering behavior” (similar to positive Intentions) 

with increased calcium intake after baseline. Similarly, Brecher et al. (2002) reported that 
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women in a multi-disciplinary osteoporosis prevention program were more likely to plan 

to increase their calcium intake than were women in the control group. 

The majority of women consistently reported high intentions throughout the 

study, with slightly increased intentions at two weeks after the interventions that 

prevailed at two months following the interventions. 

The majority of women reported adequate daily calcium intake at the end of the 

study; however, 45.7% of all women at the end of the study reported they did not have at 

least one day of adequate vitamin D intake. This lack of adequate vitamin D could 

adversely affect their bone health. Secondary analysis of study data may provide more 

information about women who did not meet daily requirements for vitamin D intake 

versus those who did meet daily vitamin D requirements. 

Sports activity was also related to women’s intentions to participate in bone health 

behaviors, and increased two weeks after the interventions and sustained at two months 

after the interventions. Providing general information about bone health and/or providing 

personal information about bone density results appeared to positively impact the 

relationship between intentions and sports activity. 

The contribution of physical activity associated with leisure, lifestyle and work-

related activities may significantly contribute toward bone health among perimenopausal 

women. Women’s reported lifestyle and leisure activities were not associated with 

intentions toward bone health behaviors in the study, but this result may be related to the 

difficulty in quantifying and recording this type of physical activity. The relationship 

between types of total physical activity and intentions toward bone health behaviors 
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needs further study of physical activity preference and actual behaviors among 

perimenopausal women. 

Study Limitations 

The limitations of this study are presented according to participants, internal 

validity, theoretical framework, and generalizability. Suggestions for modifications are 

discussed. 

Participants: Selection Bias and Social Desirability 

The participants were self-selected, highly educated, mostly Caucasian, and 

reported high levels of intentions toward bone health behaviors as well as high levels of 

calcium intake and total physical activity at baseline. It is likely that women who 

volunteered to participate in this study are not representative of the general population. 

Women in this study are more likely to be concerned about bone health and therefore 

more likely to change behaviors that promoted their bone health. Their participation may 

have resulted from increased concern. Bone density testing, although a benefit to all 

participants in the study, may have been an incentive for women to report positive 

responses to questions. 

The principal investigator was also the primary care provider for some of the 

study participants. This relationship may have contributed to participant response of 

higher intentions scores and behavioral scores, despite efforts by the principal 

investigator and research assistant that encouraged participants to provide objective and 

candid responses to questionnaires. 
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Further study may include research assistants being involved in data collection 

procedures to reduce potential social desirability effect. 

Measurement Issues 

Newly Constructed Questionnaires 

The questionnaires in this study were developed specifically for perimenopausal 

women in the population sample. Because these questionnaires are newly constructed, 

further analysis for reliability and validity should be undertaken and is discussed in this 

section. 

Prevention Intentions Questionnaire 

Although the development of the Prevention Intentions Questionnaire followed 

the guidelines recommended according to the Theory of Planned Behavior (Francis, et 

al., 2004), the potential for inadequate preoperational explication of the constructs and 

mono-operation bias exists (Burns & Grove, 2005). Although the Prevention Intentions 

Questionnaire demonstrated adequate pilot test-retest item reliability (r =  .70 to .93) prior 

to the study, an acceptable total scale Cronbach’s alpha of .94, with expert-approved 

content validity, the questionnaire items and scale reliability and validity will need 

further testing. To improve reliability and to decrease respondent burden, items that have 

little or no discriminating power, or that elicit similar responses from most participants, 

should be removed. Exploratory factor analysis may re-identify items regarding 

dimensionality (e.g. Attitudes and Perceived Behavioral Control constructs demonstrated 

moderate convergence). Confirmatory factor analysis may provide an empirical method 

of further clarifying dimensionality between Attitudes and Perceived Behavioral Control. 
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Further construct explication should be done by using more than one instrument to 

measure each of the constructs (Attitudes, Subjective Norms, Perceived Behavioral 

Control, Intentions). 

Behaviors Questionnaire 

Testing of the Behaviors Questionnaire prior to the study was not done due to 

time constraints and feasibility of cost in validating self-report of calcium intake, vitamin 

D intake, and physical activity via observational methods. The Behaviors questionnaire 

may not have reflected all physical activity that contributed toward bone health 

behaviors, and the self-report method may have contributed toward inaccurate data 

collection. Further study may include measures, techniques, and methods to validate 

performance over time and intensity (e.g., pedometers, daily diary, computer 

entry/monitoring of activity, observation of behaviors). 

Self-report issues. Phenomena measured by self-report included retrospective 

dietary calcium intake, calcium and vitamin D supplement intake, and physical activity 

(planned exercise and sports activity, and lifestyle and leisure activity) over the previous 

seven days. Issues associated with self-report included possible exaggeration of reported 

behaviors and forgetfulness (Burns & Grove, 2005). Validity and reliability issues are 

discussed further in this section. 

Sensitivity. Sensitivity of an instrument is the ability of a measure to identify a 

condition correctly, or to reveal a “true positive.” If an instrument is imprecise, or does 

not measure a construct adequately, larger samples are needed to test the hypothesis of a 

study (Polit & Beck, 2008). A larger sample size may have contributed toward decreasing 
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potential systematic error in using newly constructed questionnaires, but feasibility of 

cost in providing bone density DXA testing to all participants was considered in the 

design of the study. 

Internal Validity 

Although the study’s design included randomizing participants to two groups, and 

baseline measurements found no quantifiable differences between the two groups, several 

threats to internal validity are discussed. 

Selection-history Threat 

Selection-history threat may have affected baseline measurement levels. Some of 

the participants reported very high physical activity levels at baseline. A potential 

historical threat may have led to exaggerated levels of routine physical activity. A 

regional flood in August 2007 left many people in the study’s population homeless for 

many months. Many women reported high levels of lifestyle and leisure activity at 

baseline that included flood clean-up efforts, and commented that this high physical 

activity level was unusual for them. Both groups reported high levels of physical activity 

at baseline, but the intervention group reported a significant decrease in lifestyle and 

leisure activity levels two weeks after DXA and bone health information which may have 

skewed results and subsequent interpretation if more women in the intervention group 

were affected by flood clean-up efforts than were women in the comparison group. The 

study design did not account for this potential threat. Future study may include using a 

cross-over design, adding another observation time-point of data collection following 

bone density DXA testing of the comparison group, and adding a question about 
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participants’ usual level of physical activity. Further development of accurate 

measurement of lifestyle and leisure activities is also recommended. 

Selection-instrumentation Threat 

Baseline measurements were obtained by written questionnaires, and follow-up 

measurements at two weeks and at two months were obtained by telephone interviews. 

Despite the research assistant’s training by the principal investigator, and inter-rater 

assessment of interviewing styles and techniques, selection-instrumentation threat may 

have been evidenced in lifestyle and leisure activity reported after baseline (Trochim, 

2005). Additionally, reliability in self-report of physical activity is difficult to quantify 

(Mackay, et al., 2007; Plonczynski, 2000). The results for lifestyle and leisure activity in 

this study were not substantiated by more objective measures, such as pedometers, direct 

observation or other measures often used to support self-report data. Future studies 

should include at least one of these measures as a way to determine actual physical 

activity levels. 

Evaluation Apprehension 

Some of the participants were patients within the principal investigator’s clinical 

practice, which may have contributed toward evaluation apprehension (Burns & Grove, 

2005). Some of these women may have wanted to be viewed by the principal investigator 

as competent and engaged in healthy behaviors, which may have contributed to the high 

Intentions scores at each observation time-point. Although this professional relationship 

was acknowledged by the principal investigator, there was no practical approach to 
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control for this potential confounder. As previously stated, further study should include 

objective research assistants who are unknown to study participants. 

Generalizability 

The study results cannot be generalized to other populations. Most women were 

Caucasian, had post-secondary educations, and reported high levels of bone health 

behaviors, implying that the study may not represent the average woman. Occupation and 

income were not recorded, which may have influenced interpretation of socio-economic 

status. If replicated, the study should include other population samples, e.g. non-

Caucasian; low physical activity habits at baseline. 

Most participants reported high intentions toward bone health behaviors 

throughout the study. This report of high intentions approached a ceiling effect and 

affected statistical non-normality and interpretation of the study’s findings at two months 

after the intervention. Future study may include other measures of Intentions. In their 

meta-analysis of 47 experimental studies of intentions-behaviors relationships, Webb and 

Sheeran (2006) suggest that implementation intentions (specifying how, when, and where 

someone will participate in certain behaviors) may be more effective in evaluating 

intentions than general statements of Intentions that were used in this study. An example 

of an implementation intention statement for future studies is, “I plan to take calcium 

supplements every day for the next week.” 

Implications for Nursing Practice 

Osteoporosis is a debilitating disease that affects far more women than men, is 

preventable, and results from the gradual bone density loss associated with aging and 
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menopause. Despite compelling evidence that bone health behaviors of adequate calcium 

intake, vitamin D intake, and weight bearing exercise can promote bone density and help 

to prevent osteoporosis, many women do not incorporate these behaviors into their 

lifestyles. 

The results of this study have implications for nursing practice. The study was 

conceptualized and was conducted to determine how perimenopausal women respond to 

DXA and bone health information immediately after testing and receiving specific results 

about their bone health. 

The percentage of perimenopausal women in this study that were found to have 

low bone density (32%) were consistent with research about low bone density among 

women immediately prior to menopause (Ott, 2006). Most of these women were highly 

educated, and participated in high levels of bone health behaviors at baseline suggesting 

that despite healthy lifestyles, the prevalence of low bone density prior to menopause 

may be a significant risk factor for osteoporosis later in these women’s lives. Further 

longitudinal studies to monitor bone density over time in this sample is recommended. 

The results of the study support existing research about postmenopausal women 

and bone health behaviors is not entirely applicable to perimenopausal women; therefore, 

appropriate nursing interventions focused on perimenopausal women must be considered. 

Attitudes (beliefs and values) toward bone health behaviors of calcium intake, vitamin D 

intake and physical activity contribute more toward Intentions among perimenopausal 

women after DXA and bone health information, than after being provided with bone 

health information only. Bone health research among postmenopausal women has not 
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included measurement of intentions and subsequent behaviors. In this study, 

perimenopausal women’s intentions to change bone health behaviors is related to their 

actual bone health behaviors; further study to support these findings is recommended. 

This study provides support for developing educational nursing interventions that 

include providing bone health information to all perimenopausal women. As well, 

following bone density testing and provision of results, educational interventions should 

be introduced and continued at intervals to provide a “booster” effect and to encourage 

continued bone health promotion behaviors. 

Interventions that target attitudes toward bone health behaviors may motivate 

some perimenopausal women to participate in behaviors that may contribute to decreased 

risk of osteoporosis. A longer study with extended observation time-points may provide 

information about sustained behavioral change following interventions. Because social 

interaction has been found to positively influence women’s health promotion behaviors 

(Ching-Hsing, et al., 2008; DHHS, 2004), nurses should consider health promotion 

behavioral interventions, such as referrals to health fitness clubs that focus on women and 

appropriate lifestyle modifications for bone health. Further study should include focus on 

women of diverse socio-economic and ethnic backgrounds. 
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BONE HEALTH EDUCATION INTERVENTION STUDIES
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Authors, 
Year 

Sample Intervention: Measurement 
Timeline 

Outcomes/Findings 

Blalock 
et al, 
2002 

547 community 
women ages 
40-56 from 12 
North Carolina 
counties  

Two groups randomly 
assigned to six counties: 
Experimental group had two 
packets of written 
information, one telephone 
counseling session; Control 
group had community 
osteoporosis resource center.  
Baseline, 3, 6, and 12-
months. 
 

Self-report calcium intake, calcium supplements, and exercise level (no 
time stated); Other: Stage of behavioral change. 
 
Calcium intake increased similarly for both groups and maintained after 
6 months. Intervention group at Engaged stage (inadequate intake but 
considering to increase intake) had increased calcium intake at follow-
up 
 

Brecher 
et al, 
2002  

110 community 
women, ages 
25-75 from 
southern New 
Jersey 

Two groups randomly 
assigned to 3-hour multi-
disciplinary interactive 
osteoporosis prevention 
program to intervention 
group at baseline, to control 
group after study end.  
Baseline, after intervention, 
3-month post-test. 
 

Self-report calcium intake (past week) and exercise (past month): 
intentions and behavior; Other: willingness to adopt lifestyle changes, 
ability to make behavioral changes. 
 
Intentions: Treatment group more likely to change calcium intake at 
post-test; no difference in exercise at all three times. 
 
Actual behavior: No difference between treatment and control groups. 
Treatment group more likely to change calcium intake after intervention 
and at 3-months. 
 

Kulp et 
al, 2004 

Convenience 
sample of 195 
community 
women ages 
35-80 from a 
university 
medical clinic 
in New Jersey 

Two groups randomly 
assigned to a 10-minute 
educational video on 
osteoporosis and prevention; 
both groups received routine 
exam and follow-up 
questionnaire. 
After exam and 3 months. 
 

Self-report calcium intake, vitamin D intake, exercise (no time stated); 
Other: hormone replacement therapy. 
 
Intervention group with previous behaviors as non-users of calcium and 
vitamin D and non-exercisers showed more behavioral changes. 
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APPENDIX B: 

BONE DENSITY TESTING INTERVENTION STUDIES 
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Author, 
Year, 

Location 

Purpose Sample Design Outcomes: Instruments Results/Findings 

Estok et 
al,  
2007 
 
 
USA 

To estimate 
relationships 
between personal 
knowledge of 
bone density, 
general 
knowledge of 
osteoporosis, 
health beliefs, and 
preventive 
behaviors of 
calcium intake 
and weight-
bearing exercise 

Convenience 
sample of 203 
community-
based 
postmenopau-
sal women 
ages 50 to 60 
years 

18-month 
longitudinal 
randomized 
clinical trial;  
Self-report 
questionnaires 
at 3 time 
points: 
baseline pre-
bone density 
testing, 6 
months, 12 
months after 
intervention 
 
Analyses: 
Structured 
Equation 
Modeling 

Calcium and exercise, weekly: 
Osteoporosis Preventing 
Behaviors Survey (no validity 
scores) 
 
General knowledge: 
Osteoporosis Knowledge Test 
(internal consistency (KR 20) for 
calcium =.72, for exercise = .69; 
test-retest reliability r=  .74 to 
.76) 
 
Susceptibility factors:  
Osteoporosis Health Belief Scale 
(test-retest reliability r= .90) and 
12-item Osteoporosis Self-
Efficacy Scale (reliability 
coefficient  α = .90) 
 
Bone density: dual energy X-ray 
absorptiometry of lumbar spine 
and femur using Lunar model 
(no precision testing score 
documented) 
 

Experiment had direct positive 
effect on calcium intake at 6 
months (B = .23, p <.05): 
personal bone density 
knowledge explained a 
significant part of increased 
calcium intake up to 6 months 
after intervention; no significant 
effect on exercise.  
 
No mediating effect of 
knowledge or beliefs on 
behavioral outcomes. 
 
Perceived susceptibility had 
partial mediating effect on 
relationship between personal 
knowledge (bone density) and 
calcium intake. 
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Author, 
Year, 

Location 

Purpose Sample Design Outcomes: Instruments Results/Findings 

Rolnick 
et al, 
2001 
 
 
USA 

To determine if 
osteoporosis 
education and/or 
bone density 
testing increased 
preventive 
behaviors and 
pharmacy 
treatment 

Convenience 
sample of 508 
postmenopaus
al women ages 
54-65 from a 
managed care 
organization  
 
Response rate: 
29% attrition 
among 2-hour 
education 
group after 
randomization 
compared to 
10% among 
bone density 
testing group 

Six month; 
randomly 
assigned to 
bone density 
testing 
(n=207) 
and/or 2-hour 
education 
(n=301); 
control group 
comparison 
(n=187); Self-
report 
questionnaires 
at baseline, 6 
months after 
intervention  
 
Analyses: 
Chi-square 

Vitamin D and calcium intake, 
exercise, hormone therapy 
initiation: (instruments not 
stated) 
 
Osteoporosis Risk Assessment: 
Simple Calculated Osteoporosis 
Risk Estimation (reliability not 
stated) 
 
Osteoporosis knowledge, 
treatment attitudes: (instruments 
not stated) 
 
Bone density: dual energy X-ray 
absorptiometry of forearm 
(manufacturer and precision 
testing not reported) 

No significant relationship in 
behavioral responses between 
education only and education 
with bone density groups. 
 
Calcium intake was inversely 
related to bone density results. 
 
Changes in vitamin D intake 
(from 40% to 72%) reached 
statistical significance (p < 
0.001) based on bone density 
results. 
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Author, 
Year, 

Location 

Purpose Sample/Design Outcomes: Instruments Results/Findings 

Winzen-
berg and 
Olden-
burg,  
2006 
 
 
Australia  

To test four 
hypotheses re: 
effects of 
individualized 
bone density 
testing feedback 
and educational 
interventions on 
osteoporosis 
preventive 
behaviors and 
bone density in 
premenopausal 
women 

Random selection of population-based 
sample of 470 premenopausal women 
ages 25-44 
 
2-year random controlled trial; Data 
collection via self-report questionnaires 
at baseline, one year, two years. 
 
Response rate: 64% with 415 (88%) of 
these completing the study 
 
Randomized to four groups: 1) 
leaflet/low bone density n=119; 2) 
leaflet/normal bone density n=128; 3) 
course/low bone density n=112; 4) 
course/normal bone density n=108 
 
Analyses: Paired t-tests: baseline and 
end bone density scores. 
 
ANOVA: within groups, categorical 
measures of  bone density and group 
changes. 
 
Linear regression: measure relationships 
between bone density change and 
groups, and behavior changes. 

Dietary calcium intake: Short 
Food Frequency Questionnaire 
(r = 0.79, p = 0.01) of past 12 
months; Calcium supplement 
use: (instrument not stated), 
physical activity: (modified 
instrument not stated) of past 14 
days 
 
Bone density: dual energy X-ray 
absorptiometry of hip and spine 
(Hologic, precision testing not 
reported) measured at baseline, 
two years) using T-score of >0.0 
as normal bone density. 

Education: No difference 
between leaflet and 
course groups on 
behavioral outcomes  
 
Bone density: Women 
with low bone density 
were more likely to start 
calcium supplement use 
and to report changes in 
physical activity. 
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APPENDIX C: 

FLYERS AND ADVERTISEMENTS
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APPENDIX D: 

TELEPHONE SCREENING FOR RECRUITMENT
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Telephone Screening Guide 

Thank you for responding to the ad for this study. I will discuss the study briefly and will 
ask you some questions to see if you are able to, and would like to, participate. 
 

This is a study that will be conducted in Winona, Minnesota. It focuses on women right 
before menopause. All the women in the study will be tested for bone density with the 
best type of equipment that is available. The testing is free. The study will be looking at 
these bone density results and will also be looking at how women react to the bone 
density results compared to women who don’t get tested. Women who don’t get tested 
during the study will have an opportunity to get tested at the end of the study. 
 

Do you have any questions? 
• If yes: 

o Answer the question(s). 
o If unable to answer the question(s):  

I can take your name and phone number and Ann Olson will call you back to answer your 
questions. (Get name and phone number.) 
 

• If no: 
I have to ask you some questions to see if you can be in the study. Can we go on? 

 

1. What is your present age? 
• 35-55 

 

2. Was your last menstrual period within the past 6 months? 
• ____________ (must be since _________ [this month/year] for study inclusion) 

 

3. Have you had any changes in your menstrual cycles, hot flashes, night sweats, 
mood swings, unusual vaginal dryness, increased irritability, forgetfulness, or 
changes in bladder control? 

• Needs to have at least one of the above. 
 

4. This study requires completing some questionnaires at three different times. Are 
you able to read the newspaper? How many years of school did you complete? 

a) Needs to be able to read and complete the written questionnaires at 
baseline, as well as to agree to complete telephone questionnaires. Must 
have at least an 8th grade education. 

 

5. This study will provide you with bone density testing, either during the study, or 
at the end of the study. This study also depends on everyone completing all the 
questionnaires and to come in for bone density testing during __________ or at 
the end of the study which will be sometime after ___________. Are you willing 
to be assigned to either group? Are you willing to complete the study’s 
questionnaires at three different times? 

 
a) The first questionnaires will be done during the study orientation meeting 

at Winona Health, which will take about 60 minutes. These questionnaires 
will include information about your health history, and information about 
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your intentions about bone health, and your actual behaviors about bone 
health.  

b) The second and third questionnaires will be by telephone interview and 
will take about 30-40 minutes to complete. These questionnaires will 
include information about your intentions about bone health, your actual 
behaviors about your bone health, and your response to the study’s testing.  

 
You can arrange when and where we will call you. Remember, these 
phone calls need to be done at certain times during the study. 

i. The first telephone questionnaire will be made during 
________________________. 

ii.  The second telephone questionnaire will be made during 
________________________. 

• Must be agreeable. 
 

6. Do you live in the Winona Minnesota area? Are you able to make appointments to 
come to Winona Health for 1 – 2 appointments [month/week of “1-baseline”, and 
“2-bone density testing”] if you are assigned to the intervention group: 
 (1- ______________; 2- ________________)? 

• Must be agreeable. 
 

7. Have you ever had bone density testing of the hip and spine? 
a) Desired response: No. 
b) If yes, do they know if they have normal or low bone density? If yes, 

disqualify. (Thank them for their interest, but explain that the study wants 
to measure how women perceive and deal with these results immediately 
after knowing their bone density results.) 

 
8. Have you had your ovaries removed? 

a) If yes, must have been within the past 6 months, since __________, to 
qualify. 

 
9. Are you taking any prescribed hormones for any menopause symptoms? 

a) If yes, disqualify. 
 

10. Are you pregnant, or trying to get pregnant? 
a) If yes, disqualify. Bone density testing should not be done during 

pregnancy.
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11. Are you breast feeding? 

a) If yes, disqualify. Bone density testing should not be done during breast-
feeding/lactation. 

 
12. Have you ever had a hip fracture? Do you have any metal (like a surgical pin) in 

your hip, forearm, or spine? 
a) If yes, disqualify. Bone density testing will be affected. 

13. Have you ever been diagnosed with breast cancer? 
a) If yes, disqualify. Bone density testing results may be affected 

 
 
Thank you for your time. 
 
If qualified:  We would like to set up a date and time during the week of 
______________ for you to come to Winona Health for the orientation meeting and to 
begin the study. The orientation meeting will take about 60 minutes. At that time, the 
study will be explained to you more completely.  
 
If the qualified participant asks: 

• The orientation dates are: Monday –Saturday  _______________ 
• The times of the meetings on these dates are: 

o _____ a.m. 
o _____ a.m./p.m. 
o _____ p.m. 

• The location of the orientation meeting is at Winona Health. Use the main hospital 
entrance and follow the arrows “Bone Density Study Orientation” to the 
Laboratory Conference Room. 

• Please bring all of your vitamins and other supplements with you to this meeting. 
 
We will be sending you a confirmatory letter with the date and time of your Study 
Orientation Meeting. Again, if you have any questions, please call back.  

• If needed: You may call either of these numbers: (507) 474-3047, or toll free at 1-
800-944-3960. 

 
 
Write down the name, address, and phone number of the qualified participant in your 
Qualified Participant Log. Enter her name in the corresponding date/time for the Study 
Orientation Meeting. 
 
 
 
If not qualified:  Thanks for your interest in this study. We appreciate your calling us.  
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Qualified Participant Log 
 

LOG 
# 

Date Name/Address Phone Orientation 
Appt. 

Other 
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Study Orientation Meetings: Enter participants’ names in preferred date/time. 
Time���� 
Dates↓  

Morning Afternoon Evening 

Monday 10 am 1 pm 6 pm 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Tuesday 10 am 1 pm 6 pm 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Wednesday 10 am 1 pm 6 pm 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
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Time� 
Dates↓  

Morning Afternoon Evening 

Thursday 10 am 1 pm 6 pm 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Friday 10 am 1 pm 6 pm 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Saturday 9 am 1 pm  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
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APPENDIX E: 

MAILED LETTER TO PARTICIPANTS
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March 2008 

Name/Address 

Dear  (first name)     , 
  
Thank you for your interest in participating in the Winona Area Perimenopausal Bone Density Project. 
Your involvement in this community research project is much appreciated and will contribute to the 
quality of health care for women in our community by providing valuable information about bone health 
and decreasing osteoporosis risk. I hope that the study results will be useful for our community. I plan to 
share these results in community presentations and publish them in professional health care journals. 
 
This research project will be studying women ages 35 to 55 who are living in the Winona Minnesota area 
to determine how women view their bone health and their risks for osteoporosis. This research project is 
part of the requirements of my PhD program through the College of Nursing with the University of 
Arizona. This research project is supported through partial funding by Winona Health and by the Winona 
State University Foundation.  
 
If you agree to participate in the study, you will be asked to sign a consent form during your Bone 
Density Study Orientation. The entire study will be completed in about four months. 
 
As part of the study requirements, you are to attend a Bone Density Study Orientation: 
 
Date:  _______________________________________ 
 
Time: _______________________________________ 
 
Location: Winona Health Women’s Imaging Center (use the Winona Health main entrance and 
follow the signs “Bone Density Study Orientation”) 
 
I do not know of any risks to you if you decide to participate in this study and I guarantee that your 
responses will be kept strictly confidential.  Only my research assistant and I will have access to the 
study’s information, and we will not share any information that identifies you.   
 
If you have any questions or concerns about being in this study, you may telephone me at 507-474-3047 
or toll free at 800-944-3960, or email me at aolson@winonaclinic.com.  This project has been approved 
by the Institutional Review Boards at The University of Arizona and at Winona Health.  
 
Thank you again… your participation is benefitting our community. 
 
Sincerely, 
   
 
Ann C. F. Olson, CNP, MS, MA, CCD 
Doctoral Candidate, College of Nursing-University of Arizona 
 

Winona Area Perimenopausal Bone Density Project 

Sponsored by the University of Arizona College of N ursing, Winona H ealth, 
and the Winona State University Foundation 
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APPENDIX F: 

OSTEOPOROSIS RISK ASSESSMENT SURVEY
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Date: _________________ 
 

For ADMINISTRATIVE use only. DO NOT WRITE IN THIS BOX : 
Date of Appointment:  ________________________ 
Height:   _____________ inches 
Weight:  _____________ pounds 
BMI: ________________ 

 

1. What is your present age in years? __________________ 
 

2. What is the highest grade in school that you finished?  Please check one.  
 

______ 1. Didn’t go to school 
______ 2. 1-4 years of grade school 
______ 3. 5-8 years of grade school 
______ 4. Some high school (9-11 years) 
______ 5. High School diploma or G.E.D. 
______ 6. Vocational or training school after high school graduation 
______ 7. Some college or Associate Degree 
______ 8. College graduate or Baccalaureate Degree 
______ 9. Some college or professional school after college graduation 
______10. Master’s Degree 
______11. Doctoral Degree (PhD, MD, JD, etc.) 

 

3. How would you describe your racial or ethnic group? 
 

______ 1. African American or Black 
______ 2. American Indian or Alaskan Native 
______ 3. Asian or Pacific Islander (ancestry is Chinese, Japanese, Korean, 

Vietnamese, Philippine)  Please specify  ________________________ 
______ 4. Hispanic/Latino (ancestry is Mexican, Cuban, Puerto Rican, Central 

American, or South American)  Please specify  ________________________ 
______ 5. White (not of Hispanic origin) 
______ 6. Other   Please specify  ________________________ 

 

4. What is your current marital status?  Please check one. 
 

______ 1. Single, living alone 
______ 2. Single, living with partner 
______ 3. Married 
______ 4. Divorced. 
______ 5. Widowed. 
______ 6. Separated. 

 

5. FAMILY HISTORY: Please check the appropriate box FOR EACH of your family 
members who have had these conditions. (Example: if two sisters have osteoporosis, make 
two checks in the appropriate box.) 
 

 Mother Father Sister Brother Grandmother Grandfather 
1. Osteoporosis       
2. Bone Fracture       
3. Paget's Disease       
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6. MEDICAL HISTORY 
 
If you have been DIAGNOSED by a health care professional with any of the following 
conditions, enter your age AT THE TIME OF DIAGNOSIS OR OCCURRENCE, then 
check Yes or No if treated. 

Write “YES” if you have ever been diagnosed with the 
condition at any time. 

Please write “NO” if you have NEVER been diagnosed 
with the condition at any time. 

YOUR AGE 
at 

DIAGNOSIS 

Have you EVER been 
treated for this condition? 

(Please check one.) 
YES                 NO 

____ 1.   Alcoholism/Drug abuse    

____ 2.   Anemia    
____ 3.   Asthma/Chronic bronchitis    
____ 4.   Coronary heart disease (heart attack, angina)    
____ 5.   Other heart disease (congestive heart failure)    
____ 6.   Cancer, please specify    
      _______________________________ 
____ 7.    Chronic depression, anxiety, bipolar disorder    
____ 8.    Colitis, irritable bowel, ulcerative colitis, 

Crohn's disease 
   

____ 9.    Diabetes with insulin treatment    
____ 10.  Diabetes with oral meds    
____ 11.  Eating disorder, please specify 
      _______________________________ 

   

____ 12.  Epilepsy/Seizures    
____ 13.  Gall bladder disease/removed    
____ 14.  High blood cholesterol    
____ 15.  High blood pressure (hypertension)    
____ 16.  Hyperthyroid (high thyroid)    
____ 17.  Hypothyroid (low thyroid)    
____ 18.  Kidney or bladder stone    
____ 19.  Kidney disease    
____ 20.  Liver disease    
____ 21.  Lupus or SLE (systemic lupus erythematosus)    
____ 22.  Multiple Sclerosis (MS)    
____23.   Osteoarthritis    
____24.   Rheumatoid Arthritis    
____25.   Stomach resection (stomach stapling, partial 

removal, bypass) 
   

____26.   Stroke    
____27.   Ulcer    
____28.   Other chronic illness, please specify 
      _______________________________ 

   

____29.   Bone fracture, please specify 
      _______________________________ 
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7. MEDICATIONS 
 

Please check if you have EVER used the following medications, the AGE you started using 
them and for HOW LONG. 
 

Write “YES” if you have used the 
medication at any time. Please write 
“NO” if you have NEVER taken this 

medication. 

Age at first 
use 

How many years (yrs) of medication use 
for at least 6 months at a time? 

(Please check one.) 
 

0-5 yrs           6-10 yrs          10+ yrs 
_____ 1.  Thyroid hormone     
                 (Synthroid, Levothroid)     
_____ 2.  Corticosteroids     
                 (Prednisone, inhaled steroids)     
_____ 3.  Anticoagulants     
                 (Warfarin, Coumadin)     
_____ 4.  Diuretics     
                 (water pills, Lasix,     
                 hydrochlorothiazide)     
_____ 5.  Anti-seizure     
                 (Dilantin, Phenytoin)     
_____ 6.  Antacids      
_____ 7.  Gonadotropin releasing 

hormone (GnRH) for 
endometriosis 

    

_____ 8.  Cholesterol lowering 
medication 

If yes, please write the medication name: 
________________________________ 

    
    

 

8. GYNECOLOGIC HISTORY (Questions GH 1-16) 
 

GH1. What was your age when you had your FIRST menstrual period? 
 

_____ years old 
 

GH2. When did your LAST menstrual period begin? 
 

_____Month ______Day _____ Year 
 

GH3. How far apart are your USUAL menstrual periods (start of one period to the start of 
the next) WITHOUT hormones (birth control pills/contraceptive patch/vaginal 
ring/implant) or pregnancy? 

 
______ 1. Less than 21 days 
______ 2. 21-25 days 
______ 3. 26-32 days 
______ 4. 33-35 days 
______ 5. 36-90 days 
______ 6. More than 90 days 
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GH4. Have you ever used estrogen + progesterone hormone contraceptives (birth control 
pills/skin patch/vaginal ring/implant)? 

 
______ 1. No (Go to Question GH6) 
______ 2. Yes (Go to next question) 

 
GH5. If yes, how many years, in TOTAL, did you use hormone contraceptives? 
 

______ 1. Less than 1 year 
______ 2. 1-2 years  
______ 3. 3-5 years  
______ 4. More than 5 years  

GH6. Have you ever used DepoProvera (progesterone injection/shot)? 
 

______ 1. No (Go to Question GH8) 
______ 2. Yes (Go to next question) 

 
GH7. If yes, how many years, in total, did you use DepoProvera? 
 

______ 1. Less than 1 year 
______ 2. 1-2 years  
______ 3. 3-5 years  
______ 4. More than 5 years  

 
GH8. Have you ever been pregnant? 
 

______ 1. No (Go to Question GH12) 
______ 2. Yes (Go to next question) 

 
GH9. If yes, how many times were you pregnant?  (Include all stillbirths, miscarriages, 
ectopic or tubal pregnancies, elective abortions.) 
 

______ Number of pregnancies  
 
GH10. How many of these pregnancies resulted in the live birth of a child? (Count the birth 
of twins, triplets, etc. as one live birth.) 
 

______ Number of live birth pregnancies  
 
GH11. How old were you at the birth of your first living child? 
 

______ Your age at the birth of this child  
 
GH12. Have you had a tubal ligation or other sterilization procedure (tubes tied; 
sterilization; Essure procedure)? 
 

______ 1. No 
______ 2. Yes 
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GH13. Have you had your uterus surgically removed (hysterectomy)? 
 

______ 1. No 
______ 2. Yes 

 
GH14. Have your ovaries been surgically removed? 
 

______ 1. No (Go to Question GH16) 
______ 2. Yes, one ovary, or part of one or both ovaries 
______ 3. Yes, both ovaries (Please discuss with research assistant.) 
______ 4. Yes, but unsure if one or both  

 
GH15. If yes, what was your age at the time of this surgery?  (If more than one surgery, 
please record age at last surgery.) 
 

______ Age at surgical removal of ovary/ovaries 
 
GH16. Have you experienced any of the following in the past year? (please check): 
 

______ 1. Hot flashes during the day   
______ 2. Night sweats 
______ 3. Any changes in your menstrual cycle 
______ 4. Mood swings 
______ 5. Unusual vaginal dryness 
______ 6. Changes in bladder control 

 
 
 
Thank you for completing this part of the study. Your answers will provide valuable 
information about bone health and osteoporosis. 
 
If you have any questions, please ask the principal investigator or the research 
assistant, as your answers are very important in the accuracy and value of this 
study. 
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APPENDIX G: 

PREVENTION INTENTIONS QUESTIONNAIRE
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Name:  _______________________________________________________________ 

Preferred contact:  Phone # ______________________________________________ 

Email  ________________________________________________________________ 
 

As you are aware, as women approach menopause, decreasing bone mineral density 
contributes to osteoporosis risk. The present survey is part of an investigation to discover 
some of the reasons that explain why women do or do not engage in preventive behaviors 
that can reduce osteoporosis risk prior to menopause. Specifically, we are interested in 
your personal opinions regarding these preventive behaviors. 
 

Please read each question carefully and answer it to the best of your ability. There are no 
correct or incorrect responses; we are merely interested in your personal point of view. 
 

Please enter your name and preferred phone/email contact (to allow us to validate any 
question) in the designated spaces above. All responses to this survey are completely 
confidential. All identifying information will be removed from this questionnaire and 
destroyed as soon as all data has been collected. 
 

Your participation is very important in this research study. Again, thank you for your 
participation in this study. 
 

Instructions 
Most questions in this survey use rating scales with 7 spaces; you are to make an “X” in 
the space that best describes your opinion. For example, if you were asked to rate "The 
Weather in Minnesota" on such a scale, the 7 spaces should be interpreted as follows: 
 

Example question:  The Weather in Minnesota is: 
 

Extremely Desirable         Extremely 
Undesirable 

I--------I--------I--------I--------I--------I----- ---I--------I  
 

If you think the weather in Minnesota is extremely desirable, then you would place an 
“X” as follows: 
 

Example question: The Weather in Minnesota is: 
Extremely Desirable        Extremely Undesirable 

I--- X ---I--------I--------I--------I--------I--------I-- ------I 
 

If you think the weather in Minnesota is fairly undesirable, then you would make an “X” 
as follows: 
 

Example question: The Weather in Minnesota is: 
Extremely Desirable        Extremely Undesirable 

I------I--------I--------I--------I---  X ---I--------I--------I 
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Please complete the following survey as discussed in the above example. 
 
1. I know how much calcium I need every day to help prevent osteoporosis. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
2. Most of my friends ________________ weight-bearing exercise/physical activity 

daily to help maintain their healthy bones. 
 

Get Enough       Don’t Get Enough 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
3. I prefer to get calcium from (Please check only one of the following): 
 

_____________ Dietary food sources  
_____________ Calcium supplements 
_____________ Combination of dietary sources and calcium supplements 
_____________ I am not interested in getting calcium in my diet or by 
supplements. 

 
4. Exposure to the sun by living in the Midwest is ________________ to add to my 

risk of skin cancer. 
 

Extremely Likely      Extremely Unlikely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
5. Getting calcium every day to keep my bones strong is: 
 

Extremely Desirable     Extremely Undesirable 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
6. I know how much Vitamin D I need every day to help prevent osteoporosis. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
7. Doing weight-bearing exercise every day will keep my bones strong. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 
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8. What my health care provider thinks of my getting Vitamin D on a daily basis is 
important to me. 

 
Not At All       Extremely Important 

I--------I--------I--------I--------I--------I----- ---I--------I 
 
9. I am getting enough calcium every day to help protect my bones. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
10. Participating in weight-bearing exercise everyday is _______________ for me. 
 

Extremely Pleasant      Extremely Unpleasant 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
11. Health care providers think that I _______________ get calcium on a daily basis. 
 

Should Never        Should Always 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
12. I know how much exercise/physical activity I need every day to help prevent 
osteoporosis. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
13. My family __________ if I get enough Vitamin D on a daily basis to prevent 
osteoporosis. 
 

Strongly Cares       Doesn’t Care At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
14. Getting calcium every day will keep my bones strong. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
15. What my family might think about my getting daily calcium to protect my bones 

is important to me. 
 

Not At All       Extremely Important 
I--------I--------I--------I--------I--------I----- ---I--------I 
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16. I am getting enough Vitamin D every day to help protect my bones. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
17. Doing weight-bearing exercise every day to keep my bones strong is: 
 

Extremely Desirable      Not Desirable At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
18. Most of my friends _______________ calcium daily to help maintain their 

healthy bones. 
 

Get Enough        Don’t Get Enough 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
19. Getting Vitamin D every day to help make my bones stronger is: 
 

Extremely Desirable       Not Desirable At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
20. Doing the same as my friends do about getting daily calcium to maintain my bone 

health influences me. 
 

Not At All       Influences Me Extremely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
21. I prefer to get exercise/physical activity from (Please check only one of the 
following): 
 

_____________ Planned fitness training (participation in health/fitness clubs, 
gyms, organized sport activities, fitness tapes, exercise 
programs) 

_____________ My lifestyle (usual home and/or work-related activities) 
_____________ Combination of planned fitness training and lifestyle 
_____________ I am not interested in getting exercise/physical activity from 

planned fitness training or my lifestyle. 
 
22. My health care provider thinks that I ________________ get Vitamin D on a 

daily basis. 
 

Should Never        Should Always 
I--------I--------I--------I--------I--------I----- ---I--------I 
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23. Making balanced healthy meals every day that include calcium to help me prevent 
osteoporosis is: 

 
Extremely Enjoyable       Not Enjoyable At All 

I--------I--------I--------I--------I--------I----- ---I--------I 
 
24. I do NOT plan to get Vitamin D on a daily basis. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
25. My health care provider thinks that I ________________ get weight-bearing 

exercise/physical activity on a daily basis. 
 

Should Never        Should Always 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
26. If I get enough Vitamin D on a daily basis, I will lower my risk for osteoporosis. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
27. What my family might think and feel about my getting Vitamin D every day has 

an influence on me. 
 

Not At All       Influences Me Extremely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
28. I am ________________ to take the time every day to include adequate food 

sources of calcium in my meal planning. 
 

NOT Likely At All       Extremely Likely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
29. I am getting enough exercise/physical activity every day to help protect my bones. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
30. Most of my friends ____________ Vitamin D daily to help maintain their healthy 

bones. 
 

Get Enough        Do NOT Get Enough 
I--------I--------I--------I--------I--------I----- ---I--------I 
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31. Taking calcium supplements several times a day is _______________ for me. 
 

Extremely Convenient     NOT Convenient At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
32. Doing the same as my friends do about getting daily weight-bearing 

exercise/physical activity to maintain my bone health influences me. 
 

Not At All       Influences Me Extremely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
33. The cost of Vitamin D supplements is _______________ for me. 
 

NOT Expensive At All      Extremely Expensive 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
34. Participating in weight-bearing exercise everyday will cause injury. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
35. Getting calcium every day will help me to prevent osteoporosis. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
36. I will be getting Vitamin D every day. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
37. I have NO intention to exercise or get physical activity daily. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 

38. My exercise/physical activity is NOT affected by weather changes of the seasons. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 

39. Getting calcium every day to prevent me from developing osteoporosis is: 
 

Worthless          Useful 
I--------I--------I--------I--------I--------I----- ---I--------I 
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40. Starting a weight-bearing exercise/physical activity routine is necessary in helping 
to prevent osteoporosis. 

 
Strongly Disagree       Strongly Agree 

I--------I--------I--------I--------I--------I----- ---I--------I 
 
41. The cost of calcium supplements influences my ability to get enough daily 

calcium to help prevent osteoporosis. 
 

Strongly Agree        Strongly Disagree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
42. Getting adequate Vitamin D every day will help to make my bones stronger. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
43. How often does time and convenience affect my preparing healthy meals that 

include adequate calcium on a daily basis? 
 

Not At All        All The Time 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
44. My family ____________ if I get enough calcium on a daily basis to prevent 

osteoporosis. 
 

Strongly Cares        Doesn’t Care At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
45. How often does time and convenience affect my preparing healthy meals that 

include adequate Vitamin D on a daily basis? 
 

Not At All        All The Time 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
46. How my health care provider thinks of my getting calcium on a daily basis is 

important to me. 
 

Not At All        Very Much 
I--------I--------I--------I--------I--------I----- ---I--------I 
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47. How often does taking a calcium supplement at different times of the day affect 
my adequate calcium intake on a daily basis? 

 
Not At All        All The Time 

I--------I--------I--------I--------I--------I----- ---I--------I 
 
48. The cost of Vitamin D supplements influences my ability to get enough daily 

Vitamin D to help prevent osteoporosis. 
 

Strongly Agree        Strongly Disagree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
49. Making balanced healthy meals every that include calcium will help me to 

prevent osteoporosis. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
50. What my family thinks of my getting enough exercise/physical activity on a daily 

basis influences me. 
 

Not At All        Very Much 
I--------I--------I--------I--------I--------I----- ---I--------I 

51. I am ________________ to take the time to include adequate food sources of 
Vitamin D in the meal planning of my healthy diet. 

 
Extremely Likely       NOT Likely At All 

I--------I--------I--------I--------I--------I----- ---I--------I 
 
52. What my health care provider thinks of my getting weight-bearing 

exercise/physical activity on a daily basis is important to me. 
 

Not At All        Extremely Important 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
53. I prefer to get Vitamin D from (Please check only one of the following): 
 

_____________ Dietary food sources  
_____________ Vitamin D supplements 
_____________ Sun exposure 
_____________ Combination of dietary sources, and/or Vitamin D supplements, 

and/or sun exposure 
_____________ I am not interested in getting Vitamin D in my diet, by 

supplements, or by sun exposure. 
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54. I am ________________ to rely on sun exposure for adequate daily Vitamin D to 
help prevent osteoporosis. 

 
Not Likely At All       Extremely Likely 

I--------I--------I--------I--------I--------I----- ---I--------I 
 
55. I intend to take calcium supplements daily. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
56. If I start feeling discomfort doing weight-bearing exercise, I am 

________________ to continue exercising. 
 

Extremely Likely       Not Likely At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
57. I plan to take Vitamin D supplements daily. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
58. My family ________________ if I get enough exercise/physical activity on a 

daily basis to prevent osteoporosis. 
 

Cares A Great Deal       Doesn’t Care At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
59. I have NO plans to get calcium in my daily diet. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
60. Getting enough Vitamin D on a daily basis to lower my risk for osteoporosis is: 
 

Extremely Worthwhile      Not Worthwhile At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
61. I do not want to get exercise or physical activity on a daily basis. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 
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62. I am more likely to participate in weight-bearing exercise during the warmer 
months than in the colder months. 

 
Strongly Disagree       Strongly Agree 

I--------I--------I--------I--------I--------I----- ---I--------I 
 
63. I will be getting calcium every day. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
64. I am _____________ to start a weight-bearing exercise/physical activity routine. 
 

Extremely Likely       Not Likely At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
65. I will be getting exercise/physical activity every day. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
66. Doing the same as my friends do about getting daily Vitamin D to maintain my 

bone health influences me. 
 

Not At All         Very Much 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
67. Most of my friends are ________________ to find the time daily to get weight-

bearing exercise/physical activity to help maintain their healthy bones. 
 

Extremely Motivated       Not Motivated At All 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
68. Participating in weight-bearing exercise and physical activity everyday is good for 

me. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
69. The cost of calcium supplements is ________________ for me. 
 

Extremely Expensive       Not Expensive At All 
I--------I--------I--------I--------I--------I----- ---I--------I 
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70. Doing the same as my friends do about finding the time to get daily weight-
bearing exercise/physical activity to maintain my bone health influences me. 

 
Not At All       Influences Me Extremely 

I--------I--------I--------I--------I--------I----- ---I--------I 
 
71. Taking calcium supplements every day to lower my risk for osteoporosis is 
 

Extremely Desirable       Extremely Undesirable 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
72. I will lower my risk for osteoporosis by taking calcium supplements every day. 
 

Strongly Disagree       Strongly Agree 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
 
Thank you, again. 
Your responses are very valuable in this research project.
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APPENDIX H: 

PREVENTION INTENTIONS SCALE SCORE KEY
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Variable Construct 
Theme: 
Label 

Construct Measured Item 
# 

Measure 
Scoring 
Format 

Test-retest item 
reliability 

[pilot study 
n = 13] 

Cronbach’s 
Alpha 

(standardize
d items) 

Subscale 
Score Range 
 (Cronbach’s 

Alpha) 
Perception 
of Bone 
Health 
Behavior 
Knowledge 

opbknow1 
opbknow2 
opbknow3 
opbknow4 
opbknow5 
opbknow6 

Calcium  
Vitamin D 
Calcium 
Physical Activity 
Vitamin D 
Physical Activity 

1 
6 
9 
12 
16 
29 

1 to 7 r  = .90     
r  = .76       
r  = .81       
r  = .89       
r  = .79       
r  = .84            

r  = .79 6 to 42 

Attitudes 
 

Strong: 
        att1 
        att1a 

 
Calcium Outcome Evaluation 
Calcium Behavioral Belief 

 
5 
14 

 
1 to 7 

 
 
 

r  = .82 1 to 56 
per paired item 
 
8 to 512  
subscale score 
 
 
 
(Total Attitudes 
Subscale 
r  = .91) 

        att2 
        att2a 

Physical Activity Behavioral Belief 
Physical Activity Outcome Evaluation 

7 
17 

1 to 7 

        att 4 
        att 4a 

Vitamin D Outcome Evaluation 
Vitamin D Behavioral Belief 

19 
42 

1 to 7 

Good     
        att 3 
        att 3a 

 
Physical Activity Outcome Evaluation 
Physical Activity Behavioral Belief 

 
10 
68 

 
1 to 7 
 

 
r  = .70 

 

Prevention 
        att 5 
        att 5a 

 
Calcium Outcome Evaluation 
Calcium Behavioral Belief 

 
23 
49 

 
1 to 7 

 
 
 

r  = .75 

        att 7 
        att 7a 

Calcium Behavioral Belief 
Calcium Outcome Evaluation 

35 
39 

1 to 7 

Lower Risk 
        att 6 
        att 6a 

 
Vitamin D Behavioral Belief 
Vitamin D Outcome Evaluation 

 
26 
60 

 
 
1 to 7 

 r  = .82 

        att 8   
        att 8a 

Calcium Behavioral Belief        
Calcium Outcome Evaluation   

72 
71 

1 to 7 
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Variable Construct 

Theme: 
Label 

Construct Measured Item 
# 

Measure 
Scoring 
Format 

Test-retest item 
reliability 

[pilot study 
n = 13] 

Cronbach’s 
Alpha 

(standardize
d items) 

Subscale 
Score Range 
 (Cronbach’s 

Alpha) 
Subjective 
Norms 

Friends 
        sn1   
        snt1a 

 
Physical Activity Normative Belief 
Physical Activity Motivation to Comply 

 
2 
32 

 
1 to 7 

 r  = .92 1 to 70 per paired 
item 
 
10 to 700 
subscale score 
 
 
 
(Total Subjective 
Norms 
Subscale 
r  = .92) 

        sn6  
        sn6a 

Calcium Normative Belief 
Calcium Motivation to Comply 

18 
20 

1 to 7 

        sn8  
        sn8a 

Vitamin D Normative Belief 
Vitamin D Motivation to Comply 

30 
66 

1 to 7 

        sn10 
        sn10a 

Physical Activity Normative Belief 
Physical Activity Motivation to Comply 

67 
70 

1 to 7 

Health 
Care 
Providers 
        sn2   
        sn2a  

 
 
 
Vitamin D Motivation to Comply 
Vitamin D Normative Belief 

 
 
 
8 
22 

 
 
 
1 to 7 

 r  = .91 

        sn3   
        sn3a 

Calcium Normative Belief 
Calcium Motivation to Comply 

11 
46 

1 to 7 

        sn7   
        sn7a 

Physical Activity Normative Belief 
Physical Activity Motivation to Comply 

25 
52 

1 to 7 

Family 
        sn4  
        sn4a 

 
Vitamin D Normative Belief 
Vitamin D Motivation to Comply 

 
13 
27 

 
1 to 7 

 r  = .95 

        sn5  
        sn5a 

Calcium Motivation to Comply 
Calcium Normative Belief 

15 
44 

1 to 7 

        sn9  
        sn9a 

Physical Activity Motivation to Comply 
Physical Activity Normative Belief 

50 
58 

1 to 7 
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Variable Construct 

Theme: 
Label 

Construct Measured Item 
# 

Measure 
Scoring 
Format 

Test-retest item 
reliability 

[pilot study 
n = 13] 

Cronbach’s 
Alpha 

(standardize
d items) 

Subscale 
Score Range 
 (Cronbach’s 

Alpha) 
Perceived 
Behavioral 
Control 
(PBC) 

Sun 
exposure 
       pbc1  
       pbc1a 

 
 
Vitamin D Control Beliefs      
Vitamin D Perceived Power    

 
 
4 
54 

 
 
1 to 7 

r  = .93   1 to 63 per paired 
item 
9 to 567 subscale 
score  
(Total Perceived 
Behavioral 
Control Subscale 
r  = .91) 

 Time 
       pbc2 
       pbc2a 

 
Calcium Perceived Power 
Calcium Control Beliefs 

 
28 
43 

 
1 to 7 

 r  = .82  

       pbc3  
       pbc3a 

Calcium Perceived Power    
Calcium Control Beliefs      

31 
47 

1 to 7 

       pbc4  
       pbc4a 

Vitamin D Control Beliefs 
Vitamin D Perceived Power 

45 
51 

1 to 7 

Cost       
       pbc5  
       pbc5a 

 
Vitamin D Control Beliefs    
Vitamin D Perceived Power  

 
33 
48 

 
1 to 7 

 r  = .91 

       pbc9  
       pbc9a 

Calcium Perceived Power        
Calcium Control Beliefs          

41 
69 

1 to 7 

Injury 
       pbc6 
       pbc6a 

 
Physical Activity Control Beliefs 
Physical Activity Perceived Power 

 
34 
56 

 
1 to 7 

r  = .83 
 

 

Weather       
       pbc7  
       pbc7a 

 
Physical Activity Control Beliefs 
Physical Activity Perceived Power 

 
38 
62 

 
1 to 7 

r  = .91  

Routine        
       pbc8  
       pbc8a               

 
Physical Activity Control Beliefs 
Physical Activity Perceived Power 

 
40 
64 

 
1 to 7 

r  = .91  



211 

 

 
Variable Construct 

Theme: 
Label 

Construct Measured Item 
# 

Measure 
Scoring 
Format 

Test-retest item 
reliability 

[pilot study 
n = 13] 

Cronbach’s 
Alpha 

(standardize
d items) 

Subscale 
Score Range 
 (Cronbach’s 

Alpha) 
Intentions int1 

int2 
int3 
int4  
int5  
int6 
int7 
int8 
int9 

Vitamin D 
Vitamin D 
Physical Activity 
Calcium   
Vitamin D   
Calcium 
Physical Activity 
Calcium 
Physical Activity 

24 
36 
37 
55 
57 
59 
61 
63 
65 

1 to 7  r  = .89 1 to 9 per item 
 
9 to 63 subscale 
score 

Preference 
of Type of 
Behavior 

prefer1 
prefer2 
prefer3 

Calcium                  [Categories] 
Physical Activity 
Vitamin D 

3 
21 
53 

1 to 4 
1 to 4 
1 to 5 

r  =  1.00 
r  =    .70 
r  =  1.00 
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APPENDIX I: 

BEHAVIORS QUESTIONNAIRE 
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• In the PAST WEEK (7 days), how many servings of eac h of these 
foods did you eat?   

 
Please answer EACH choice by entering the NUMBER of SERVINGS for each food item.   
Enter “0” if you did NOT eat any.   
1.  These foods have 400+ mg Calcium with each serving:  
 

 Sunday Monday Tuesday Wednesday Thursday Friday Saturday 
1 cup plain yogurt        
½ cup evaporated skim 
milk 

       

¼ cup nonfat dry milk 
powder 

       

5 oz canned mackerel or  
sardines with bones 

       

        

 
Please answer EACH choice by entering the NUMBER of SERVINGS for each food item.  
Enter “0” if you did NOT eat any  
2.  These foods have 300-399 mg Calcium with each serving: 
 

 Sunday Monday Tuesday Wednesday Thursday Friday Saturday 
1 cup milk (any type)        
1 cup orange juice with  
calcium 

       

¾ cup macaroni and cheese        
½ cup ricotta cheese        
1 ½ oz hard cheese        
1 cup fortified soy milk        
6 oz  salmon        
       
 
 

The following section will ask you about your calcium and vitamin D intake  during 
the PAST WEEK.   
 
Please try to remember each day during the past week, and write your answers as 
best you can.  Your answers are VERY important to this study… so PLEASE be as 
accurate as you can 
 
These foods are some of the most common foods eaten, but may not reflect your total 
calcium intake perfectly.  We are trying to determine if intake of these foods might 
change over a period of time among women before menopause… so your accurate 
answers are very helpful!  
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Please answer EACH choice by entering the NUMBER of SERVINGS for each food item.  
Enter “0” if you did NOT eat any.  
 

3. These foods have 200-299 mg Calcium with each serving: 
 

 Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

1 ½ oz American 
cheese 

       

¾ cup tofu        
1 burrito or enchilada 
with cheese 

       

½ cup fortified cottage 
cheese 

       

2 ¼" x 4" piece lasagna        
1 cup Total Raisin Bran        
 

Please answer EACH choice by entering the NUMBER of SERVINGS for each food item.  
Enter “0” if you did NOT eat any.  
 

4. These foods have 100-199 mg Calcium with each serving: 
 

 Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

1 packet (1/2 cup) 
oatmeal 

       

1 cup ice cream, frozen 
yogurt, or regular 
cottage cheese 

       

1 cup cooked soybeans        
4 nachos with cheese        
1 slice cheese pizza        
1 cup beans (black, 
navy, or northern) 

       

½ cup turnip or mustard 
greens, beets  

       

1 ½ oz shelled almonds        
¾ cup ice milk        
½ cup spinach        
 

Please answer EACH choice by entering the NUMBER of SERVINGS for each food item.  
Enter “0” if you did NOT eat any.  
 

5. These foods have 50-99 mg Calcium with each serving: 
 

 Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

6 oz orange juice 
(without calcium) or 1 
orange 

       

½ cup broccoli, bok 
choy or lima beans 
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 Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

½ cup kale, mustard 
greens 

       

½ cup baked beans        
1 English muffin or 
small pita  

       
 

½ cup cottage cheese        
1 oz nuts or seeds        
2 dried figs        
1 slice white bread        
1 tablespoon nonfat dry 
milk powder 

       

 

Thanks… your efforts are appreciated!   
 
Keep going…  
The next section is about calcium and vitamin D supplements. You will find it easier to 
complete if you have your supplements handy so that you can look at the labels for the 
correct names and doses. 
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6. Do you take a calcium supplement (tablet, capsule, liquid)? 

_____ Yes 
_____ No (Skip questions 7-8. Go to question 9.) 

 
7. What is the name of your calcium supplement(s) and how many milligrams (mg) 

is in ONE DOSE (tablet, capsule, liquid) of your calcium supplements? (If you do 
not take calcium supplements, write “0”) 

 
Name of calcium supplement: _______________________________   

How many milligrams in each dose? ___________________ 

 
Name of calcium supplement: _______________________________  

How many milligrams in each dose? ____________________    

 
8. List names of all your calcium supplements and the number of doses (tablet, 

capsule, liquid) that you took each day in the past week. Each box should have a 
number. For example: 

• If on Tuesday you took two calcium tablets, please write “2” in the box under 
Tuesday. 

• If you did not take any calcium supplements on any particular day, please write 
“0” in that day’s box. 

 

 Place ‘the number of tablets each day’ in each box (0,1,2,3, etc)  
Calcium 

Supplement 
Name 

 
Sunday 

 
Monday 

 
Tuesday 

 
Wednesday 

 
Thursday 

 
Friday 

 
Saturday 

 
 

       

 
 

       

 
 

       

This next section will ask you questions about any calcium or vitamin D 
supplements  that you might be taking. Please answer ALL questions as best 
as you can… your answers are very important, so please be as accurate as 
you can. 
 
If you use calcium or vitamin D supplements, you may need to look at the 
supplement labels so that you can record the doses accurately. 
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9. Do you take a Vitamin D supplement (tablet, capsule, liquid)? 
_____ Yes 
_____ No (Skip question 11. Please continue with next section.)  

 
10. What is the name of your Vitamin D supplement(s) and how many Units (U) is in 

ONE DOSE (tablet, capsule, liquid) of your Vitamin D supplements? (If you do 
not take Vitamin D supplements, write “0”) 

 
Name of Vitamin D supplement: _____________________________   

How many Units in each dose? ___________________ 

 
Name of Vitamin D supplement: _____________________________  

How many Units in each dose? ___________________    

 

11. List names of all your Vitamin D supplements and the number of DOSES that you 
took each day during the past week. Each box should have a number. For 
example: 

• If on Tuesday you took two Vitamin D tablets, please write “2” in the box under 
Tuesday. 

• If you did not take any Vitamin D supplements on any particular day, please write 
“0” in that day’s box. 

 

 Place ‘the number of doses each day’ in each box (0,1,2,3, etc)  
Vitamin D 
Supplement 

Name 

 
Sunday 

 
Monday 

 
Tuesday 

 
Wednesday 

 
Thursday 

 
Friday 

 
Saturday 

 
 

       

 
 

       

 
 
Thank you… keep going! 
 
You have one more section in this part of the study to complete… the next section is 
about physical activity and exercise.  
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The following questions will ask you about your phy sical activity or 
exercise during the PAST WEEK. These ‘bone healthy’  activities are 
some of the most common types of physical activity or exercise that 
women do, but may not reflect your level or type of  activity perfectly.  
 
We are trying to determine ‘bone health’ physical a ctivity/exercise 
change over a period of time among women before men opause… so 
your accurate answers are very helpful! 
 
***************************************************************************************** 
Please use the Physical Activity Guide  on the next page to complete 
this questionnaire. The Physical Activity Guide is divided into TWO 
categories:  
 

• EXERCISING AND SPORTS (activities that are planned exercise) 
 
• LIFESTYLE AND LEISURE ACTIVITIES (activities that a re part of 

your routine). 
 



219 

 

Physical Activity Guide 
 

 

 
 

 

 
EXERCISING AND SPORTS 
 
Aerobics (floor and water) 
Basketball 
Bicycling (inside on stationary bike with increased 
resistance) 
Bicycling (outside) 
Gymnastics 
Jogging 
Jumping rope 
Karate/Judo 
Motor-cross 
Racquetball 
Roller blading/skating 
Rope jumping 
Rowing machine 
Running 
Soccer 
Skiing (cross country and downhill) 
Stair-stepping 
Table tennis  
Tennis (doubles and singles) 
Trampoline exercising 
Volleyball 
Walking (outside or on treadmill without   
weights) 
Walking (outside or on treadmill with weights) 
Weight lifting (free weights and machine weights) 

 
LIFESTYLE AND LEISURE  
 
Climbing hills 
Dancing 
Digging ditches 
Farm work (feeding animals, milking, barn cleaning) 
Gardening (hoeing, weeding) 
Grocery shopping 
Hiking 
Lawn sports (badminton, croquet, lawn darts, horseshoes, 
etc.) 
Laundry (lifting heavy baskets, hanging clothes on 
clothesline) 
Mopping floors 
Mowing lawn (push mower) 
Painting (outside) 
Planting (seeds, garden, trees, etc.) 
Pushing a stroller 
Raking leaves 
Sailing 
Scraping paint  
Stocking shelves 
Sweeping 
Shoveling snow/sand/dirt 
Vacuuming 
Window cleaning 
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12. Using the Physical Activity Guide, please look at the list in EXERCISING 
AND SPORTS. 

 
Please write down the NUMBER of MINUTES you spent doing EXERCISING AND 
SPORTS for each day of the past seven days. For example: 

• If on Saturday you bicycled outside for a half hour, and jumped rope for ten 
minutes, your answer would look like this:  

 
Day List EXERCISING AND SPORTS activity Total EXERCISING 

AND SPORTS 
Activity Minutes per 

day 
Saturday 
 

Bicycled outside, jumped rope 40 

 
Please try to remember each day during the past week, and write your answers as 
best you can. Your answers are VERY important to this study… so PLEASE be as 
accurate as you can.  
 

Day List EXERCISING AND SPORTS activity Total EXERCISING 
AND SPORTS 

Activity Minutes per 
day 

Sunday 
 

 
 

 

Monday 
 

 
 

 

Tuesday 
 

 
 

 

Wednesday 
 

 
 

 

Thursday 
 

 
 

 

Friday 
 

 
 

 

Saturday 
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13. Using the Physical Activity Guide, please look at the list in LIFESTYLE AND 
LEISURE. 

 
Please write down the NUMBER of MINUTES you spent doing LIFESTYLE AND 
LEISURE for each day of the past seven days. For example: 

• If on Thursday you mowed lawn (push mower) for an hour, and then 
mopped floors for 45 minutes, write in 105 minutes.  

 
Day List LIFESTYLE AND LEISURE activity Total LIFESTYLE 

AND LEISURE 
Activity Minutes per 

day 
Thursday 
 

Mowed lawn, mopped floors 105 

 
Day List LIFESTYLE AND LEISURE 

Activities 
Total LIFESTYLE AND 

LEISURE Activity 
Minutes per day 

Sunday 
 

 
 

 

Monday 
 

 
 

 

Tuesday 
 

 
 

 

Wednesday 
 

 
 

 

Thursday 
 

 
 

 

Friday 
 

 
 

 

Saturday 
 

 
 

 

 
Thank you very much for completing this part of the study… your participation is very 
important to this research. If you have any questions please ask the research coordinator. 
We wish you many years of healthy bones! 
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APPENDIX J: 

BEHAVIORS QUESTIONNAIRE SCALE SCORE KEY
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Variable Construct 
Label 

Construct 
Measured 

Question 
# 

Measure of Scoring 
Format 

Scale Scoring 

Calcium 
Intake 

Diet400 Dietary calcium 
intake  

1 Number of 400 mg 
servings per day 

Total amount of mg for 7 days 
divided by 7 equals average amount  
of daily dietary calcium intake in mg Diet300 2 Number of 300 mg 

servings per day 
Diet200 3 Number of 200 mg 

servings per day 
Diet100 4 Number of 100 mg 

servings per day 
Diet50 5 Number of 50 mg 

servings per day 
DietCal Dietary Calcium 

intake 
 Number of mg of dietary 

calcium per day 
Total amount of dietary calcium in 
mg for 7 days divided by 7 equals 
average amount of daily dietary 
calcium intake 

SuppCa Calcium 
supplement intake 

8 Number of mg of 
calcium supplement per 
day 

Total amount of mg for 7 days 
divided by 7 equals average amount 
of daily calcium supplement intake 
in mg 

TotalCal Total calcium 
intake 

 Number of mg of 
calcium from all sources 
per day 

Sum of total mg dietary calcium 
(DietCal) and total mg calcium 
supplement (SuppCa) divided by 7 
equals average amount of total daily 
calcium intake in mg  

Vitamin D 
Intake 

SuppD Vitamin D 
supplement intake 

11 Number of units of 
vitamin D supplement 
per day 

Total amount in units for 7 days 
divided by 7 equals average amount 
of units of daily vitamin D 
supplement intake 

Physical 
Activity 
 
 

PAExSp Exercise/sport 
physical activity 
for bone health 

12 Number of minutes of 
exercise/sport bone 
health physical activity 
per day 

Total number of minutes for 7 days 
divided by 7 equals average number 
of minutes of daily exercise/sport 
physical activity  
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Physical 
Activity 

PALL Life/leisure 
physical activity 
for bone health 

13 Number of minutes of 
life/leisure  bone health 
physical activity per day 

Total number of minutes for 7 days 
divided by 7 equals average number 
of minutes of daily life/leisure 
physical activity 

PATotal Behaviors Total 
Physical Activity 
Score 

 Average number of 
minutes of both types of 
bone health physical 
activity per day 

Combined total number of minutes 
of both types of physical activity 
divided by 7 equals average number 
of minutes of daily bone health 
physical activity 
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APPENDIX K: 

RADIATION RISK INFORMATION 
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For this procedure:  Your effective radiation 
dose is:  

Comparable to 
natural background 
radiation for:  

Abdominal region:  

Computed Tomography (CT)-Abdomen  10 mSv  3 years  

Computed Tomography (CT)-Body  10 mSv  3 years  

Computed Tomography (CT)-
Colonography  

5 mSv  20 months  

Intravenous Pyelogram (IVP)  1.6 mSv  6 months  

Radiography-Lower GI Tract  4 mSv  16 months  

Radiography-Upper GI Tract  2 mSv  8 months  

Centr al nervous system:  

Computed Tomography (CT)-Head  2 mSv  8 months  

Computed Tomography (CT)-Spine  10 mSv  3 years  

Myelography  4 mSv  16 months  

Chest:  

Computed Tomography (CT)-Chest  8 mSv  3 years  

Radiography-Chest  0.1 mSv  10 days  

Children 's imaging:  

Voiding Cystourethrogram  5-10 yr. old: 1.6 mSv  6 months  

Infant: 0.8 mSv  3 months  

Face and neck:  

Computed Tomography (CT)-Sinuses  0.6 mSv  2 months  

Heart:  

Cardiac CT for Calcium Scoring  2 mSv  8 months  

Men's imaging:  

Bone Densitometry (DEXA)  0.01 mSv  1 day  

Women's imaging:  

Bone Densitometry (DEXA)  0.01 mSv  1 day  

Galactography  0.7 mSv  3 months  

Hysterosalpingography  1 mSv  4 months  

Mammography  0.7 mSv  3 months  

 
X-ray safety  
As with other medical procedures, x-rays are safe when used with care. Radiologists and x-ray 
technologists have been trained to use the minimum amount of radiation necessary to obtain the needed 
results. The amount of radiation used in most examinations is very small and the benefits greatly outweigh 
the risk of harm.  
X-rays are produced only when a switch is momentarily turned on. As with visible light, no radiation 
remains after the switch is turned off.  
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X-rays over your lifetime  
The decision to have an x-ray exam is a medical one, based on the likelihood of benefit from the exam and 
the potential risk from radiation. For low dose examinations, usually those that involve only films taken by 
a technologist, this is generally an easy decision. For higher dose exams such as computed tomography 
(CT) scans and those involving the use of contrast materials (dyes) such as barium or iodine, the radiologist 
may want to consider your past history of exposure to x-rays. If you have had frequent x-ray exams and 
change healthcare providers, it is a good idea to keep a record of your x-ray history for yourself. This can 
help your doctor make an informed decision. It is also very important to tell your doctor if you are pregnant 
before having an exam that involves the abdomen or pelvic region.  

 
Pregnancy and x-rays  
As with any aspect of medical care, knowing that a patient is or could be pregnant is important information. 
Pregnancy, for example, might explain certain symptoms or medical findings. When a pregnant patient is 
ill or injured, the physician will carefully select medications to avoid potential risks to the developing child. 
This is also true of x-rays.  
While the vast majority of medical x-rays do not pose a critical risk to a developing child, there may be a 
small likelihood of causing a serious illness or other complication. The actual risk depends on how far 
along the pregnancy is and on the type of x-ray. Ultrasound studies, for example, don't use x-rays and have 
never demonstrated any potential for risk to a pregnancy. X-ray studies of the head, arms, legs and chest do 
not usually expose the baby directly to x-rays and typically the technologist who takes the x-rays will 
implement special precautions to ensure that the baby of a pregnant patient is not directly exposed.  
Sometimes patients need examinations of the abdomen or pelvis while they are pregnant. When studies of 
the abdomen or pelvis are required, the physician may prefer to order a different type of exam for a 
pregnant patient or reduce the number of x-rays from that which are normally acquired. Therefore it is 
important that you inform your physician or the x-ray technologist about your reproductive status before 
the x-ray study is performed.  
Most standard x-ray examinations of the abdomen are not likely to pose a serious risk to the child. Some 
abdominal and pelvic studies such as CT deliver greater amounts of radiation to a developing pregnancy. 
Informing the radiologist that you are or might be pregnant is important so that your medical care can be 
planned with both you and your baby in mind. Remember, this is done to optimize medical care by 
reducing any potential risk.  
Radionuclide exams, also known as nuclear medicine, also use x-ray-like radiation. But the method of use 
is quite different from x-rays and they produce very different looking images. The same advice for 
informing your physician or the nuclear medicine technologist about any possible pregnancy before the 
examination begins is important.  
However, in nuclear medicine another precaution is advised for women who are breast-feeding a child. 
Some of the pharmaceuticals that are used for the study can pass into the mother's milk and subsequently 
the child will consume them. To avoid this possibility, it is important that a nursing mother inform her 
physician and the nuclear medicine technologist about this before the examination begins. Usually, you will 
be asked to discontinue breast-feeding for a short while, pump your breasts in the interim and discard the 
milk. Breast-feeding can often resume shortly afterwards.  

 
Radiation dose from interventional radiology 
procedures  
Interventional radiologic procedures use diagnostic-type imaging equipment to assist a physician in the 
treatment of a patient's condition. These procedures frequently provide favorable medical results with 
minimal recovery time. In some cases these procedures avoid the need for conventional surgery or improve 
the prospects for a favorable outcome from surgery. As with any medical procedure, there are associated 
risks and the nature of these risks depend on the procedure.  
Ultrasound imaging is sometimes used for interventional radiology procedures. Ultrasound uses acoustic 
radiation and, at current intensities, no risk is known to exist for this type of imaging procedure. Magnetic 
resonance imaging is used for other interventional radiology procedures. For these procedures, a careful 
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screening is performed prior to admission to the scanner room. This screening is to make sure that you have 
not had previous medical or cosmetic procedures that might make the procedure hazardous. 
With interventional radiology procedures using x-rays, the level of risk depends on the type of procedure 
because some use very little radiation, while complex procedures use much more. In general, the risk of 
developing a cancer from the exposure is not a major concern when compared to the benefits of the 
procedure. Many of the complex procedures, such as are used to open a partially blocked blood vessel, 
repair a weak area of a bulging vessel, or to redirect blood flow through malformed vessels, use extensive 
radiation. But such complex procedures are also frequently lifesaving in their benefit and the risks 
associated with the radiation are a secondary consideration. In very rare cases, some patients develop skin 
damage as a result of the procedure. As with any surgical procedure, these rare events are an important 
possibility when procedures are difficult and extensive. Since the risk for such complications depends on 
the individual circumstances, the physician should discuss these possibilities with the patient as is 
appropriate.  
 
Disclaimer:  
This information is copied from the RadiologyInfo Web site (http://www.radiologyinfo.org) which is 
dedicated to providing the highest quality information. To ensure that, each section is reviewed by a 
physician with expertise in the area presented. All information contained in the Web site is further reviewed 
by an ACR (American College of Radiology) - RSNA (Radiological Society of North America) committee, 
comprising physicians with expertise in several radiologic areas.  
However, it is not possible to assure that this Web site contains complete, up-to-date information on any 
particular subject. Therefore, ACR and RSNA make no representations or warranties about the suitability 
of this information for use for any particular purpose. All information is provided "as is" without express 
or implied warranty.  
Please visit the RadiologyInfo Web site at http://www.radiologyinfo.org to view or download the latest 
information.  
 
Copyright © 2007 Radiological Society of North America, Inc. Send comments via email to: webmast2@rsna.org  
http://www.radiologyinfo.org/ Copyright © 2007 RSNA 

 
Safety, X-ray Exposure…4 RadiologyInfo March 30, 2007  
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APPENDIX L: 

INTERVENTIONS FOLLOW-UP QUESTIONNAIRE
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1. Did you read the information in the “Boning Up on Osteoporosis” booklet that 
was given to you during the orientation to this study? 

 
_______ Yes  

If yes, how much time did you spend reading it? ___________minutes 
_______ No (please skip Questions 2-4) 

 
2. How much did the information in the osteoporosis packet influence your calcium 

intake? 
 

Not At All       Influenced Me Extremely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
3. How much did the information in the osteoporosis packet influence your Vitamin 

D intake? 
 

Not At All       Influenced Me Extremely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
4. How much did the information in the osteoporosis packet influence your physical 

activity/exercise? 
 

Not At All       Influenced Me Extremely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 

 
5. How much did the bone density testing influence your calcium intake? 
 

Not At All       Influenced Me Extremely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
6. How much did the bone density testing influence your Vitamin D intake? 
 

Not At All       Influenced Me Extremely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
7. How much did the bone density testing influence your physical activity/exercise? 
 

Not At All       Influenced Me Extremely 
I--------I--------I--------I--------I--------I----- ---I--------I 

 
 

If you received bone density testing during this study, please continue. 
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APPENDIX M: 

UNIVERSITY OF ARIZONA INSTITUTIONAL REVIEW BOARD (IRB) 

DOCUMENT
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APPENDIX N:  

WINONA HEALTH INSTITUTIONAL REVIEW BOARD (IRB) DOCUMENT
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APPENDIX O: 

INFORMED CONSENT 
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APPENDIX P: 

VERIFICATION OF COURSE COMPLETION IN PROTECTION OF HUMAN 

RESEARCH SUJBECTS 
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CITI  Course in The Protection of Human Research Subjects  
 

Saturday, September 30, 2006 

CITI Course Completion Record # 365385  
for Ann Olson  

 

To whom it may concern:  

On 9/30/2006, Ann Olson (username=annolson) completed all CITI Program 
requirements for the Basic CITI Course in The Protection of Human Research 
Subjects.  

 

Learner Institut ion:  University of Arizona  

Learner Group:  Social & Behavioral Research Investigators  

Learner Group Description:   

Contact Information:   
Gender: Female  
Which course do you plan to take?: The Social & Behavioral AND Biomedical 
Courses  
Role in human subjects research: Principal Investigator  
Email: annolson@nursing.arizona.edu  
Office Phone: 507-454-8436  

 

 

The Required Modules for Social & Behavioral Research 
Investigators are:  

Date 
completed  

Introduction  09/25/06  

History and Ethical Principles - SBR  09/25/06  

Defining Research with Human Subjects - SBR  09/25/06  

The Regulations and The Social and Behavioral Sciences - 
SBR  

09/28/06  

Assessing Risk in Social and Behavioral Sciences - SBR  09/28/06  

Informed Consent - SBR  09/28/06  
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Privacy and Confidentiality - SBR  09/28/06  

Research with Prisoners - SBR  09/28/06  

Research with Children - SBR  09/28/06  

Research in Public Elementary and Secondary Schools - SBR  09/30/06  

International Research - SBR  09/30/06  

Internet Research - SBR  09/30/06  

HIPAA and Human Subjects Research  09/30/06  

Workers as Research Subjects-A Vulnerable Population  09/30/06  

Conflicts of Interest in Research Involving Human Subjects  09/30/06  

University of Arizona  09/30/06  

Additional optional modules completed:  
Date 

completed  

For this Completion Report to be valid, the learner  listed above must be affiliated with a CITI 
participating institution. Falsified information an d unauthorized use of the CITI course site is 
unethical, and may be considered scientific miscond uct by your institution.  

Paul Braunschweiger Ph.D. 
Professor, University of Miami 
Director Office of Research Education 
CITI Course Coordinator  
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APPENDIX Q: 

STUDY INFORMATION PACKET LETTER OF INTRODUCTION 
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March-June 2008 
 
Thank you for your interest in participating in the Winona Area Perimenopausal Bone 
Density Project. Your involvement in this community research project is appreciated. 
Your participation will contribute to the quality of health care for women in our 
community by providing valuable information about bone health and decreasing 
osteoporosis risk. I plan to share these results in community presentations and publish 
them in professional health care journals. 
 
This research project will be studying women ages 35 to 55 who are living in the Winona 
Minnesota area to determine how women view their bone health and their risks for 
osteoporosis. This research project is required in my PhD program through the University 
of Arizona College of Nursing, and is supported through partial funding by Winona 
Health and by the Winona State University Foundation. As discussed with you in our 
recent phone interview, the entire study will be completed in approximately four months. 
 
I do not know of any risks to you if you decide to participate in this study and I guarantee 
that your responses will be kept strictly confidential. Only my research assistant and I 
will have access to the study’s information, and we will not share any information that 
identifies you.  
 
If you have any questions or concerns about being in this study, you may telephone me at 
507-474-3047 or toll free at 800-944-3960, or email me at aolson@winonaclinic.com. 
This project has been approved by the Institutional Review Boards at The University of 
Arizona and at Winona Health.  
 
Thank you again… your participation is benefitting our community. 
 
Sincerely, 
 
 
 
Ann C. F. Olson, CNP, MS, MA, CCD 
Doctoral Candidate, College of Nursing-University of Arizona 
 
 
 
 
 

 

Winona Area PerimenopausalWinona Area PerimenopausalWinona Area PerimenopausalWinona Area Perimenopausal    
Bone Density ProjectBone Density ProjectBone Density ProjectBone Density Project    

Sponsored by the University of Arizona College of Nursing, Winona Health, and the Winona State 
University Foundation 
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APPENDIX R: 

STUDY GROUP ASSIGNMENT CARDS 
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APPENDIX S: 

EXAMPLE OF BONE DENSITY T-SCORE REPORT 
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