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ABSTRACT 

Osteoporosis is a condition of reduced bone mineral density (BMD) resulting in an 

increased susceptibility to bone fractures. The purpose of this study was to determine the 

effects of 12 months of weight bearing and resistance exercise on BMD, bone formation, 

measured by serum osteocalcin (OC) and bone resorption, measured by urinary excretion 

of deoxypyridinoline crosslinks (Dpd), in 2 groups of postmenopausal women who were 

either taking or not taking hormone replacement therapy (HRT). Secondary aims were to 

characterize the changes in insulin-like growth factors-1 and -2 (IGF-1 and -2) and IGF 

binding protein 3 (IGFBP3) in response to exercise training, and to determine the 

contribution of these growth factors in predicting changes in bone mineral density in the 2 

populations of postmenopausal women. 

Women who were three to ten years postmenopausal and aged 40-65 years were 

included in the study. Women in HRT and no HRT groups were randomized into the 

exercise intervention resulting in four groups: 1) women not taking HRT, not exercising; 

2) women taking HRT, not exercising; 3) women exercising, not taking HRT; and 4) 

women exercising, taking HRT. The number of subjects per group after one year was 27, 

21, 25, and 16, respectively. 

Exercise training and HRT increase BMD similarly at most BMD sites whereas the 

combination of exercise and HRT produced increases in BMD greater than either treatment 

alone. Bone remodeling was surpressed in the groups taking EiRT regardless of exercise 

status. The bone remodeling response to exercise training in women not taking HRT was 

not significantiy different from those not exercising but the direction of change suggests an 

elevation in bone remodeling in response to exercise training. Exercise training does not 

stimulate a change in IGF-1, IGF-2, IGF-l:IGF-2, and IGFBP3. Markers of bone 

remodeling and IGF-1 are signiHcant predictors of BMD changes but the overall amount of 

variation in BMD changes accounted for is low. Exercise and HRT status were significant 
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predictors of changes in BMD even after accounting for variation due to bone remodeling 

indicating that bone changes are regulated by factors not addressed in this study. 
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CHAPTER 1; INTRODUCTION 

Explanation of the Problem and its Context 

Osteoporosis is a condition of reduced bone density and mass which results in 

increased susceptibility to bone fractures (ISO). This condition has a significant public 

health impact, accounting for approximately 1.5 million fractures each year with annual 

costs exceeding $18 billion (24,25,110). Older women who suffer a hip fracture, a 

primary fracture site in osteopenic women, have about a 12-20% greater mortality than 

other women of the same age (24). The etiology of osteoporosis includes factors such as 

estrogen deficiency, diet, physical inactivity, low peak bone mass, low bone mineral 

density (BMD), and genetic predisposition (86). The decrease in senun estrogen levels at 

menopause is associated with rapid bone loss where 11 to 18% of bone mass is lost within 

the first 10 years after menopause (142). Traditional therapeutic regimens for osteoporosis 

have focused primarily on diet modification with calcium, vitamin D, and fluoride, or 

hormone therapy, often with only limited success. Hormone replacement therapy (HRT) 

more so than other strategies has been demonstrated to be effective for retarding bone loss 

and maintaining bone mass (19, 85, 108), yet many women are unwilling or unable to 

initiate HRT (119). In the Epidemiologic Followup Study to the First National Health and 

Nutrition Examination Survey, 45% of postmenopausal women used HRT for at least one 

month but only 20% of the cohort remained on HRT for 5 years or more (10). The 1984 

NIH osteoporosis consensus development conference acknowledged the limitations of 

current treatment options and stressed the need "to develop safe, effective, low-cost 

strategies which might be applicable to populations at large for maximizing peak bone 

mass, minimizing bone loss and preventing osteoporotic fractures" (7, 100). 

Bone mass and BMD depend on the amount of bone made during growth, peak 

bone mass attained, and its subsequent rate of loss (20). Factors that effect the rate of bone 

loss during adulthood include mechanical strain (48,49,142) and hormonal agents (108). 
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Changes in bone mass and structure are thought to occur through a feedback system where 

mechanosensors detect changes in mechanical usage and transduce these signals through 

gap junctions to the appropriate machinery which causes an adaptation to that stimulus 

(48,142). Therefore, if strain levels exceed a setpoint, the bone will be stimulated to 

change it's mass and structure to increase bone strength. If strain levels fall below a 

setpoint, the bone would also be stimulated to change it's mass and structure parallel to the 

demands placed upon it. Minimum effective strains for the increase in bone mass (1500 -

2500 ^strain) and the prevention of bone loss (50 - 2(K) |istrain) have been proposed by 

Frost (48). This feedback control system results in a balance between excessive bone mass 

which would provide strength but hinder mobility and low bone mass which would 

provide mobility at the expense of bone fragility (142). 

Because the mechanosensors have a threshold for activation, it is clear that strain 

magnitude is an important characteristic of a mechanical load that would cause activation. 

In addition, strain rate and distribution, the three dimensional direction of a load, are also 

important characteristics to consider. From animal studies, it is generally accepted that 

dynamic loading is more effective than a static load for stimulating bone and that the 

magnitude of the load is more important than the number of cycles (14,116,117). More 

recently, it has been proposed that the change in strain is more important than the absolute 

magnitude though it is difficult to distinguish between these two variables (127). Also, 

loading 3 or 4 days per week was equally as effective as daily loading for increasing the 

periosteal formation surface in adult female rats (107). Unusual strain distributions, even 

when the strains are within the normal range of strain magnitudes, are particularly 

osteogenic (83,117). It is likely that large strain magnitudes, high strain rates and unusual 

strain distributions are independent osteogenic stimuli though, in vivo, they typically occur 

in combination. 
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Hormonal or biochemical agents influence bone by either changing the sensitivity of 

the mechanosensors (the setpoint) or by affecting the cellular machinery that resorbs and 

forms bone, the osteoclasts and osteoblasts, respectively (83,142). Estrogen is thought to 

be a set point altering agent which increases the sensitivity of the mechanosensors (142) or 

amplifies the signal transduction from the mechanosensors (83). Either case results in a 

more sensitive system. Upon estrogen withdrawal, the mechanical load required to 

maintain or increase bone is larger (83,142). In contrast, an agent such as calcitonin slows 

bone loss by exerting a direct effect on bone resorption through the inhibition of osteoclasts 

(142,145). 

To evaluate the potential effectiveness of various therapies to treat bone loss, the 

cellular events that occur which determine bone remodeling and, therefore, bone mass, 

must be examined. Smith et al. (130) discussed the role of second messengers, growth 

factors, and other intermediates in the transduction of a mechanical stimuli to an 

intracellular message capable of influencing the cells responsible for remodeling. Three 

intracellular messengers, inositol 1,4,5-trisphosphate (IP3), diacylglycerol (DAG), and 

cyclic adenosine 3',5'-monophosphate (cAMP), have been detected following the 

application of a mechanical stimuli in cell and organ cultures. Calcium, prostacyclin, and 

prostaglandin E2, and insulin-like growth factor -1 (IGF-1) have also been detected 

following a mechanical stimulus. The administration of estrogen and parathyroid hormone 

to these preparations have resulted in mechanical load-like responses involving many of the 

same intracellular messenger (130). However, despite these fmdings, the post-loading 

cascade of events that occurs and how these events influence osteoblasts and osteoclasts are 

not known. 

Ultimately, the strains imposed on bone will influence changes in bone mass 

through bone remodeling, a coupled process whereby formation follows resorption. This 

remodeling of bone is the process by which damage is repaired and aged bone replaced. 
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Over time, net losses or gains in bone are possible depending on the presence of stimuli 

that alter the relative rates of resorption, formation, or both (43). 

Resorption and formation are accomplished by specialized cells called osteoclasts 

and osteoblasts, respectively (108). Osteoclasts are large (20 -100 jim in diameter) 

multinucleated cells which begin the cycle of bone remodeling by attaching to the bone 

surface and secreting lysosomal proteases and hydrogen ions using a vacuolar type proton 

ATPase (146). The acidic condition disintegrates the hydroxyapatite crystals and creates 

small pits in the bone. As these cells move to an adjacent location on the bone, osteoblasts 

begin the process of forming bone. A single cycle of bone remodeling takes about 3-4 

months with the formation phase lasting 75% of the total time. Each cycle also replaces 

about 0.05mm' of bone (108). The activation of remodeling, the extent to which the two 

processes are coupled, and the mechanism of their coupling is not known. Also, the 

regulation of bone remodeling in terms of the rate, location on the bone surface and the 

number of resorptive sites is not clearly understood. 

The bone remodeling cycle is complex and involves many local and systemic 

factors. These include estrogen, growth hormone, insulin-Uke growth factors, parathyroid 

hormone, calcitonin, vitamin D, interleukins, transforming growth factor-B, bone 

morphogenetic proteins, prostaglandins, insulin-like growth factors and fibroblast growth 

factors (13,95). However, the relative contributions of these factors to normal bone 

remodeling is not known. 

Despite being widely used as a therapy for postmenopausal bone loss, the primary 

mechanism by which estrogen preserves bone is not known though several theories exist 

Estrogen has been shown to inhibit interleuken-6 production which stimulates osteoclasts 

to resorb bone. Therefore, in the absence of estrogen, interleukin-6 stimulates bone 

resorption leading to bone loss (68). The bone preserving effects of estrogen are also 

thought to be mediated through the release of growth hormone, which stimulates IGF-1 
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release, which can affect bone formation directly (39). Clinically, estrogen deficiency is 

associated with an increase in the rate of overall remodeling and an uncoupling of 

resorption and formation with resorption exceeding formation (108,142). HRT results in a 

suppression of bone remodeling (103,109). Estrogen inhibits bone resorption possibly 

through a direct effect on the osteoclast since the effect is not mediated by calcitonin 

(9,64,53). Estrogen receptors have been found on osteoblasts albeit in low concentrations 

(21,41,78). Interestingly, mechanical strain sensing abilities of osteoblasts, in addition to 

other cell types, have been documented (130), yet direct effects of estrogen on osteoblasts 

in culture have not been consistently demonstrated (22,42). 

In the search for factors involved in the regulation of bone remodeling, insulin-like 

growth factors (IGFs) have received much attention because they are involved in 

longitudinal bone growth prenatally and during puberty (65,114) and age-related decreases 

in both systemic and bone tissue levels have been shown (6,98). After the cessation of 

longitudinal bone growth, systemic IGF-1 levels rise in response to growth hormone (29). 

IGF-1 is also produced independently by osteoblasts (26). Stimulatory effects of IGF-1 on 

osteoblastic activity, replication and differentiation of osteoblasts, and cortical bone 

formation have been documented (62,121,134). Also, skeletal and serum IGF-1 levels 

were higher in a strain of mice with a genetically high BMD compared to mice with low 

BMD (113). Thus, IGF-1 may be involved in the regulation of bone remodeling in the 

traditional endocrine fashion (mediating the anabolic effects of growth hormone) and in an 

autocrine and paracrine manner (local production and effects). 

GENERAL AIMS 

Physical exercise is an inexpensive and widely applicable treatment that has been 

suggested as prophylactic and therapeutic for osteoporosis, but this hypothesis has not 

been adequately tested in randomized prospective trials. Limited and inconsistent 

longitudinal data are currently available, and in these studies only a few measurement sites 



have been used, usually on the appendicular skeleton in middle-aged and older populations 

(131,132). Often, only short duration exercise programs have been employed and these 

usually have been composed of low intensity activities unlikely to increase BMD. Other 

methodological flaws include small sample sizes, substantial subject attrition without 

appropriate statistical adjustment, inappropriate methods unable to detect small changes in 

bone mass and density, choice of measurement sites not stressed by the exercise protocol, 

and nonrandomization to exercise and control groups (7). Consequently, despite the 

general belief that exercise is important for maintaining skeletal integrity (1, 11), there is 

little data on which to base an exercise prescription for maintaining or increasing BMD, 

particularly at skeletal sites where osteoporotic fractures often occur. 

Information regarding the response of bone remodeling to interventions such as 

exercise training and HRT is also lacking and conflicting. Several methodological issues 

have hindered research progress. Direct measurement of bone remodeling require bone 

biopsies which are painful and not practical for humans in most situations. Investigators 

now rely on biochemical markers in the blood or urine to estimate bone remodeling. Taylor 

et al. (141), in a recent review of biochemical markers, recommended the use of osteocalcin 

(OC), which is uniquely produced by bone forming cells and released into serum, as a 

marker of bone formation. It has high discriminant power allowing the detection of 

changes in formation due to estrogen status and other bone related disorders such as 

calciiun deficiency (12,33,141). 

The search for a marker of bone resorption has been more problematic. Many of 

the earlier biochemical markers were not sensitive to small changes in bone metabolism or 

were insensitive in certain disease states. An ideal marker of bone resorption has the 

following characteristics: Bone tissue is its only source, it is released only during collagen 

breakdown, the liver does not metabolize it, and it can discriminate between normal bone 

resorption and cases of either high or low resorption (141). Urinary hydroxyproline. 
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which is released during collagen breakdown, has traditionally been used as a marker of 

bone resorption but it is not bone specific and is metabolized by the liver. These factors 

lower it's discriminant power in monitoring bone resorption (34,141). 

In contrast, pyridinoline and deoxypyridinoline are nonreducible pyridinium 

crosslinks released during bone resorption having a high discriminant power and can be 

used to detect small changes in bone resorption (34, 124, 141). These markers, measured 

by high-performance liquid chromatography (HPLC), have been shown to compare well 

with direct bone resorption measures in postmenopausal women (35,79,115) and in rats 

(44). Subsequently, an easier method for quantifying the pyridinium crosslinks, enzyme 

immunoassay, was developed (111,125). Robins (111) also reported that 

deoxypyridinoline crosslinks were more specific to bone than the pyridinoline crosslinks 

(111). Pyridinium crosslinks have also been shown to be depressed in cases known to 

decrease bone resorption including hormone replacement therapy (57,77,144), Paget's 

disease (143), and hyperthyroidism (50). There are no studies to date that have measured 

the changes in both bone formation and bone resorption using these sensitive markers in a 

population at high risk for bone loss, postmenopausal women. Additionally, the effects of 

exercise and exercise plus EWT have not been adequately addressed. 

Aging is associated with a decreased ability of osteoblasts to form bone, an increase 

in the number of resorptive spaces and an increased rate in bone remodeling, which results 

in accelerated bone loss (20,142). Physical activity is shown to decrease with age (2) and 

after the loss of estrogen that occurs during menopause, bone loss in women is accelerated. 

Other changes associated with aging are the decrease in serum IGF-1 levels (6,55), 

decreased IGF-1 content in bone (98), a decrease in binding protein 3 (37), and a decrease 

in growth hormone levels (55). It is not known if and how these changes with aging 

impact the sensitivity or activation of the bone remodeling system. It is also not clear how 
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the system responds to therapies like exercise and HRT and how multiple therapies impact 

the resulting bone mass. 

The purpose of this study was to determine the effects of exercise training on bone 

mineral density and bone remodeling, measured by serum osteocalcin (OC) (bone 

formation) and urinary excretion of deoxypyridinoline crosslinks (Dpd) (bone resorption), 

in 2 groups of postmenopausal women who were either taking or not taking HRT. In 

addition, secondary aims were 1) to characterize the changes in IGF-1, insulin-like growth 

factor-2 (IGF-2), and IGFBP3 in response to exercise training, and 2) to determine the 

contribution of these growth factors in predicting changes in bone mineral density in the 2 

populations of postmenopausal women. 

A REVIEW OF LITERATURE 

and Bone 

The positive effects of exercise and mechanical loading on BMD has been well 

documented using animal models (16,17,61,83,153,154). In humans, indirect evidence 

from cross-sectional studies demonstrating that athletes and physically active nonathletes 

have greater BMD than inactive controls (66,101,136,140) suggests physical training 

might be important for increasing BMD; however, the potential for selection bias in these 

studies is high. Possibly the best evidence that exercise may increase BMD comes from 

studies demonstrating greater bone width and BMD in the dominant limb versus the non-

dominant limb in recreational and professional tennis players with a long history of 

physical activity (71,94,104). 

There has been no systematic attempt to define the type, intensity and amount of 

exercise necessaty to maintain or increase BMD in vivo. Some investigators have 

suggested that resistance exercise might be effective for increasing BMD (51,99). Indeed, 

results from Lohman et al. (87), Gleeson et al. (51), Snow-Harter et al. (133), and Marcus 

et al. (88) demonstrate significant increases in lumbar vertebrae BMD of about 1-2% as a 
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result of 8-18 months of resistance exercise in premenopausal women. Increases in BMD 

have also been documented in premenopausal women in response to 2 years of aerobic 

training plus weight training (46) and 18 months of jumping and calisthenics (60) 

compared to sedentary controls. 

In postmenopausal females, Dalsky et al. (28) reported a 5% increase in lumbar 

vertebrae BMD after 9 months of weight bearing and some resistance exercise. Likewise, 

Pruitt et al. (106) reported a 1.6% increase in lumbar BMD after 9 months of weightlifting 

compared to a 3.6% loss in inactive menopausal controls. In a study by Kohrt et al. (77), 

weight-bearing exercise increased BMD significantly above control in the lumbar spine, 

femoral neck, trochanter, and Ward's triangle in postmenopausal women. Nelson (97) 

also found increases in BMD in response to weight training whereas no exercise effect was 

found in response to heavy exercise plus aerobic training in a smdy by Heikkinen (59). 

However, the exercise program was unsupervised in the latter study. Walking above the 

anaerobic threshold and walking plus aerobics classes have been shown increase BMD by 

1.1% and to reduce bone loss (-0.5% in the exercise group vs. -2.6% in the control 

group), respectively (58,105). Recently, significant increases (1.5% to 2.3%) in BMD at 

all sites were documented in early postmenopausal women in response to ipsilateral 

strength training (high loads and low repetitions) compared to the contralateral control, 

however, endurance training Qow loads and high repetitions) significantly increased BMD 

by 0. 1% only in the radius (75). Trunk extensions with and with out weights and 

"heeldrop" exercises (standing on the toes with the heels off the ground and dropping the 

heels to the floor) were not intense enough to elicit an increase in BMD (4,126, 128). 

Based on these results, programs involving both weight-bearing and resistance exercise 

should prove most effective for maintaining and possibly increasing BMD. 

HRT and Bong 
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Studies of amenorrlieic athletes (38, 84,89) and other hypoestrogenic females have 

demonstrated the permissive effect of estrogen on BMD (27). Estrogen replacement in 

postmenopausal women has been associated with maintenance of BMD such that the 

relative risks of osteoporosis may be reduced. Whether exercise can substitute for 

hormone therapy is unknown and important to study since many women are unable or 

unwilling to undergo HRT. 

Recently, Notelovitz et al. (99) reported an 8% increase in spine BMD in surgically 

postmenopausal women with HRT and resistance exercise compared to a 1% increase with 

HRT alone, suggesting that HRT and exercise may have synergistic effects. In conurast, 

Heikkinen et al. (59) reported no additional effect of resistance exercise over HRT on 

BMD, although their subjects exercised only once per week compared to three times per 

week in the Notelovitz study. In older postmenopausal women, Kohrt et al. (77) employed 

weight-bearing exercise and reported significant and similar increases in BMD in the 

exercise group and the HRT non-exercise group. Also, additive effects of exercise and 

HRT on BMD were reported at the spine and femur while a synergistic effect on total body 

BMD was reported. These results are consistent with experiments performed on 

ovariectomized rats (153,154) and in rat ulna organ cultures (17) that suggest loading and 

HRT act to increase BMD in an additive or synergistic manner. 

Bone Remodeling. Exergisg. and HRT 

Some investigators have begim to address the mechanisms underlying the positive 

effects of exercise and HRT on BMD using rat or monkey models. These studies suggest 

that HRT decreases bone remodeling by suppressing both formation and resorption 

(153,155,151) although there have been some reports of increased formation (18,67). 

Exercise mainly suppresses resorption in adult ovariectomized rats but can also increase 

bone formation in intact adult and growing rats (16,61,153,155). In contrast, exercise has 

also been shown to suppress formation in adult ovariectomized rats (154). 
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In humans, crossectional comparisons of male and female weight lifters to 

sedentary counterparts show elevated osteocalcin levels, a biochemical maiicer of bone 

formation, in the weight lifters (30, 72). However, diere is a paucity of methodologically 

strong studies describing the changes in bone remodeling in hiunans put on an exercise 

program. In premenopausal women, Lohman et al. (87) and Pruitt et al. (106) reported 

increases in osteocalcin with resistance exercise. Studies in postmenopausal women have 

been inconsistent with authors reporting decreases (28), no change (58,77) or increases 

(96) in osteocalcin in response to various types of exercise which all resulted in increases in 

BMD. Kohrt (77) also studied the interactive effects of HRT and weight-bearing exercise 

on BMD and reported decreases in osteocalcin in the HRT and HRT plus exercise groups 

compared to the exercise alone group where no change was observed. The effects of low 

impact exercise, low impact exercise plus calcium supplementation, and low impact 

exercise plus HRT on BMD was examined by Prince (105) who showed lower levels of 

resorption, measured by urinary hydroxyproline, in the exercise plus calcium and the 

exercise plus EIRT vs. exercise alone. Hatori (58) showed that 7 months of high intensity 

walking resulted in increases in BMD with no significant change in osteocalcin and 

hydroxyproline in a sample of postmenopausal women. The control group in this study 

lost bone and experienced significantly higher osteocalcin and hydroxyproline levels. 

In spite of these studies, few comprehensive efforts have been made to characterize 

the effects of exercise, HRT and their combination on BMD and bone remodeling. Small 

sample sizes (28,58,77), insufficient exercise interventions (111), incomplete biochemical 

data (28,58,77,96, 105), and the use of biochemical markers that are insensitive to small 

changes in bone metabolism (111) have resulted in an incomplete understanding of the 

response of bone remodeling to interventions such as exercise or HRT. Specifically, 

markers of both bone formation and resorption must be included in smdy designs for a 

more complete understanding of how interventions effect bone remodeling (141). 
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IGF-i. IGF-2. IGFBP3. and Bone 

IGF-l levels are altered by other systemic factors such as estrogen which may act 

directly on IGF-1 producing cells or through the release of growth hormone. In rats, 

increases in IGF-1 have been observed in estrogen withdrawal. The authors concluded that 

the increase in both bone resorption and formation after the loss of estrogen causes an 

elevation in IGF-1 because osteoblasts have been shown to produce IGF-1 (120). In 

contrast, a comparison of premenopausal and postmenopausal women revealed lower IGF-

1 levels with estrogen deficiency (112). IGF-1 production after treatment with estrogen 

has also been demonstrated in bone cell cultures (42). Decreases or no change in IGF-1 

levels are observed with oral HRT presumably due to the suppression of bone remodeling 

(32,47,77,90,92,148) while transdermal HRT and endogenous estrogen have been shown 

to increase IGF-1 levels (90) which has been explained by estrogen's stimulatory effect on 

growth hormone. Therefore, though esu-ogen exerts a positive effect on growth hormone, 

the resulting effect on levels of IGF-1 is less clear. 

Changes in bone remodeling in response to exercise training may also involve IGF-

1. Both increases and decreases in IGF-1 in response to acute bouts of exercise have been 

documented (3, 138). Growth hormone is also elevated in response to acute bouts of 

exercise which could impact IGF-1 levels (80,81,82,139). In response to exercise 

training, a decrease and no change in IGF-l have been observed (77,129,147). Nelson 

(96) documented higher IGF-I levels in trained postmenopausal women while Davee (30) 

showed elevated IGF-1 levels in young women who weight lift. Kelly (74) concluded that 

higher IGF-1 levels in older adults corresponded to higher fitness levels. 

Canalis (13) has suggested that the IGF-1 content in bone is an important factor in 

the maintenance of skeletal integrity and is dependent on serum levels of IGF-1. 

Therefore, therapies which maintain systemic IGF-1 levels should ultimately preserve bone 

but this does not explain the IGF-1 decreases with HRT. Another consideration is the 
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presence of IGF-2 which also exerts positive effects on bone (122,123,137) and is 

increased with acute exercise (3). Both IGF-1 and IGF-2 compete for the same binding 

proteins (BPs) in serum, can bind to the same receptors, and both can inhibit the secretion 

of growth hormone (52). Levels of IGF-1 and 2 in serum tend to be inversely related, 

therefore, IGF-2 has been postulated to play a role in preventing hyperanabolism (52). 

IGF-2 circulates in concentrations three to four dmes higher than IGF-1 but has no known 

role in adulthood. Gluckman (52) has postulated that a IGF-l:IGF-2 ratio may be more 

important than either factor's absolute level. 

Recent findings have indicated that IGFBPs not only protect IGFs from degradation 

thereby increasing their half-lives (5,8,52,135), but can serve as a reservoir, slowly 

releasing IGFs into circulation to exert a physiological effect (56). IGFBPs also can 

modify IGF receptors (23) and can potentiate the effects of IGFs by interacting with the 

target cells (36,40). IGFs and growth hormone also stimulate the production of IGraPs 

(56,70,121,149), as do acute bouts of exercise (138). Wuster (152) observed lower IGF-

1, IGF-2, and IGFBP3 (the major binding protein in serum) in women with osteoporosis 

versus non-osteoporotic controls. However, the growth hormone stimulated increases in 

IGF-1, -2, and BP3 were not different between normal and osteoporotic women (73). 

Explanation of Dissertation Format 

This document has been prepared in manuscript format. Chapter 2 describes the 

methodologies used in die present study and also summarizes the main findings and 

conclusions of the two manuscripts which are presented in Chapters 3 and 4. The data 

presented in this dissertation are a subsample from a much larger prospective clinical trial 

funded by the National Institutes of Health (T.G. Lohman, PI). My unique contribution to 

this effort was the measurement of serum concentrations of osteocalcin, IGF-1, IGF-2 and 

IGFBP3 as well as measurements of urinary excretion of Dpd and creatinine. Quality 

control parameters are discussed for these assays in Chapter 2. These biochemical assays 
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were made possible with funding from the American College of Sports Medicine, the 

National Osteoporosis Foundation, Sigma Xi, and Sigma Delta Epsilon Graduate Women 

in Science (L.A. Milliken, PI). The data presented in this dissertation are neither published 

nor submitted for publication at this time. 



CHAPTER 2: PRESENT STUDY 

Methods 

The methodologies used in the present study are described below with emphasis 

given to the measurement of OC, Dpd, IGF-1, IGF-2, IGFBP3, and creatinine. The main 

findings and conclusions of the two manuscripts, which are presented in chapters 3 and 4 

of this dissertation, are summarized following the presentation of the methods. 

Subjects 

Television and newspaper advertisements, direct mailings and study flyers 

distributed to community groups were used to recruit postmenopausal women in the 

Tucson area to participate in a smdy originally funded to assess changes in BMD in 

response to exercise training and HRT. The 93 women studied for this project were 

members of the first two cohorts recruited into the parent study. A screening questionnaire 

(Appendix A) was used to determined if each potential subject met the criteria for inclusion 

in the study. 

Women three to ten years postmenopausal who were aged 40-65 years, sedentary 

Oess than 120 minutes of regular weight-bearing exercise per week for at least one year), 

and were not taking any drugs that alter BMD except HRT (Appendix B) were included in 

the study. Those women taking HRT agreed to continue therapy throughout the 

intervention period. Women were excluded if they were smokers, had been on HRT for 

less than a year or more than 3.9 years or had been off HRT for less than one year, had 

osteoporosis (initial spine or hip BMD greater than a Z score of -3.0), were obese or very 

lean (body mass index > 32.9 and < 19.0 from self-reported weight and height), were 

undergoing cancer treatment or had treatment within the past 5 years, or were unable or 

unwilling to be randomly assigned to the exercise or non-exercise group. Qualified 

participants agreed not to change their dietary habits or their initial levels of physical activi^^ 

except that required by the exercise intervention. AH subjects also agreed to take 800 mg 
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calcium citrate supplements daily (provided free of charge by the Mission Pharmacal 

Company) which, in conjimction with dietary calcium intake, were intended to minimize 

the confounding effects of low calcium intakes in order to adequately test the effects of the 

exercise intervention. Physical examinations were performed and subjects were excluded if 

they had a history of an eating disorder, a musculoskeletal condition such as severe 

muscular dystrophy or riieumatoid arthritis, a history of extensive bone fractures, or 

conditions which contraindicate exercise training. Physical capacity was assessed by a 

physician monitored stress test and subjects were excluded for exercise induced 

cardiovascular abnormalities (Appendix C). Informed and written consent was obtained 

from each subject prior to participadon and all study procedures were approved by the 

University of Arizona's Human Subjects Review Board (Appendix D). All laboratory test 

results were provided to the subjects after the intervention free of charge. 

Design 

Women either taking HRT (n = 39) or not taking HRT (n = 54) were recruited into 

the study. All subjects were asked to continue their current regimen throughout the 

intervention period. The accepted EiRT was any physician prescribed regimen including 

continuous and cyclic estrogen either opposed with progesterone or unopposed taken orally 

or transdermally. A large variety of estrogen formulations, doses, and regimens were 

accepted, therefore, serum estrone and estriol measurements by radioimmunoassay were 

used to verify hormone levels for the analysis of data. 

Women in HRT and no HRT groups were randomized into the exercise or non-

exercise groups resulting in four groups; 1) women not taking HRT and not exercising 

(No Ex, No HRT); 2) women taking HRT and not exercising (No Ex, HRT); 3) women 

exercising and not taking HRT (Ex, No HRT); and 4) women exercising and taking HRT 

(Ex, HRT). The number of subjects per group at the end of one year was 27, 21, 25, and 

16, respectively. 
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Exercise Training Intervention 

The 12 month supervised exercise training program involved both resistance and 

weight-bearing exercises to maximize the potential bone loading effects. Kohrt et al. (77) 

and Nelson et al. (96) employed weight bearing and resistance exercise, respectively, to 

induce positive changes in BMD in small samples of postmenopausal women, therefore, 

the combination of these exercises may result in a greater positive effect Supervised 

exercise sessions were performed three times per week on alternating days for 75 minutes 

each session at local fimess centers. Study exercise leaders were present to teach and 

monitor proper technique, assess exercise adherence and compliance, and provide 

motivational incentives such as newsletters and group activities to decrease the drop-out 

rate. Each session consisted of three components: cardiovascular weight bearing activity 

(20 - 30 minutes), resistance exercises (35 minutes), and stretching and balance (10 

minutes). 

Cardiovascular weight bearing activity began with walking and then a circuit for 10 

- 20 minutes which progressed to include stair stepping and walking with weight vests. 

The circuit was high impact activities such as skipping, high stepping, and side stepping 

interspersed with walking performed for 15 minutes per session. The frequency and 

duration of the high impact activities in the circuit were increased upon adaptation to 

maintain a heart rate 50% - 70% of maximal. Stair stepping was introduced at month three 

and was performed 10-15 minutes per session. At month four, walking was performed 

twice per week while wearing 10 lb. weight vests. The amount of weight was increased 

throughout the remainder of the exercise intervention. 

Resistance training was composed of exercises targeting large muscle groups, small 

muscle groups and abdominals. The leg press, squat, seated military press, back 

extension, rotary torso, seated rows, and lateral pull-downs were performed to focus on 

the large muscles of the legs, shoulders, arms, and back. Subjects performed two sets (6 -
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8 repetitions per set) at 70 - 80% of a one repetition maximum for each exercise. The one 

repetition maximum was performed every 6 weeks in order to adjust the exercise intensity 

for strength gains throughout the training program. Small muscle groups involved in the 

maintenance of proper posture were targeted using therabands and physiotherapy balls 

Garge "balls" on which exercises can be safely performed). These exercises include 

adduction/retraction of the scapula, scapular depression/elevation, and external rotation of 

the humerus. Exercises for the abdominals and obliques were also performed. 

Aerobic Capacitv 

A physician monitored stress test using a modiHed Balke-Naughton treadmill 

protocol performed at baseline and twelve months was used to assess changes in aerobic 

capacity in both the exercise and control groups. A Quintin treadmill with an O, and COt 

analyzer was used to measure expired gas to estimate oxygen consumption (ml Oj/kg/min) 

and RER. Subjects walked at 3.3 mph beginning at 0% grade which were increased by 2% 

each minute. After reaching 25% grade, the speed was increased by 0.4 mph each minute 

while the grade remained constant The test proceeded until volitional exhaustion. Rates of 

perceived exertion (using the original Borg scale), heart rate, and cardiac rhythms (using a 

12-lead ECG) were monitored before, during, and after the test The stress test was 

terminated by the physician in cases of severe cardiac events. 

Strength 

Strength testing was performed on both exercise and control groups at baseline, six 

months and 12 montiis to assess strength gains. The LIDO Active Isokinetic Dynamometer 

was used which allows the measurement of force generated by the muscle throughout the 

range of motion. The LIDO provides resistance necessary to maintain a specified constant 

rotational speed based on the force applied by the subjects. The movements tested were the 

knee extension/flexion, elbow extension/flexion, hip extension/flexion, and back 

extension/flexion. Three sets of five repetitions were performed for each exercise with a 



one minute rest between sets. The average of the final 3 repetitions were used in 

subsequent analyses. The LIDO is also designed with the ability to standardize subject 

positioning and limb angle. 

Height and Weight 

Standing height was measured in duplicate using a wall mounted stadiometer. 

Weight was measured in duplicate using an Accu-weigh Model 150 TK/A-58 beam scale 

(Mett'o Equipment Corp., Sunnyvale, CA). Height and weight were measured to the 

nearest tenth of a cm or kg, respectively. 

Bone Densitometry and Body Composition 

Regional BMD (g/cm^) and total body bone mineral content (BMC) (g), fat (kg), 

and lean soft tissue (kg) were measured using dual-energy x-ray absorptiometry (DXA). 

Total body percent fat was equal to [fat (kg)/ fat (kg) + lean soft tissue (kg) + bone mineral 

content (kg)]* 100. Whole body, anteroposterior spine, and right femur scans were 

performed in duplicate using the Lunar Radiation Corporation DXA scanner, model DPX-L 

with software version 1.3y, to provide accurate and safe estimations of BMD (54,69,91). 

The theoretical basis of DXA has been described previously (93,102). This machine was 

calibrated daily using a phantom provided by the Lunar Corporation. Long and short term 

precision were monitored from daily scans of a hydroxyapatite lumbar vertebrae bone 

phantom. Technical errors (TE) for each site were calculated from the duplicate scans 

which were performed within one to two weeks (Table 1.). The average of the two scans 

were used in all subsequent analyses due to the high day to day correlations (r,,) (r = 0.94 

- 0.99) and the low coefHcients of variation (CV) (CV% = 1.6 - 4.0). 

Whole body scans require the subject in the supine position with palms down and 

arms along the torso. The legs were held together with straps and scanning was performed 

on the Medium 150 speed. The spine scans were performed on the Medium 750 speed for 

those subjects whose abdomens were less than 24 cm thick and on Slow 750 speed for 
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abdominal thicknesses greater than 24 cm. Increased subject thickness may confound soft 

tissue results if the Slow speed is not used (communication with the Lunar Corporation). 

Spine scans were performed with the subject in a supine position with the lower legs 

elevated to achieve a 90 degree angle at the knee. The right femur was scatmed with the 

right leg slightly rotated inward (about IS degrees) and held in this position with a brace 

and velcro straps provided by the Lunar Corporation. For thicknesses less than 24 cm at 

the level of the greater trochanter, the Medium 750 speed were used while the Slow 750 

speed were used for thicknesses greater than 24 cm. Follow-up scans were performed on 

the same settings as the baseline scans. All analyses were performed using the extended 

research analysis feature which has been shown to give the best results for soft tissue 

analysis (93,31). These scanning and analysis procedures are consistent with those 

provided by the Lunar Radiation Corporation. 
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TABLE 1: Technical errors and coefficients of variation for total body and 
regional body composition from DXA (n=88). 

Day 1 Day 2 ^"1.2 TE* CV (%)" 
Total Body 

BMC (g) 2218.3 2215.4 0.99 36.8 1.6 
Fat (kg) 26.5 27.0 0.99 0.91 3.4 
Lean soft 38.7 38.4 0.97 0.86 2.2 

tissue (kg) 

Regional 

HMD (g/cm-) 

L2-4'' 1.110 1.114 0.99 0.02 1.8 

Femur 0.843 0.846 0.95 0.03 3.6 

neck 

Femur 0.741 0.746 0.96 0.02 2.7 

trochanter 

Femur 0.749 0.752 0.94 0.03 4.0 

wards'^ 

a TE =JSdV2n, where d = day 1 - day 2 

b Lumbar vertebrae 2 through 4. 

c Ward's triangle. 

d CV % = (TE/mean) * 100 
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Blood and Urine Sample Collections 

Specimens were collected after an overnight (12h) fast and were coordinated with 

the estrogen cycles of those women on HRT. Two blood samples 7-14 days apart were 

drawn within the same phase of the estrogen cycle (i.e. estrogen alone or estrogen plus 

progesterone). All follow-up samples were taken during the same phase of the cycle as the 

baseline sample. Each subject was instructed not to consume any medication including 

HRT, calcium supplements, or multivitamins the morning of their blood draw. Blood 

specimens were collected at the laboratory between 0600 h and 0900 h into Vacutainer 

brand serum separator tubes with a clot activator by standard venipuncture procedures 

performed by a certified phlebotomisL Duplicate samples of whole blood were collected 

into capillary tubes for the measurement of hematocrit using a microhematocrit centrifuge. 

The Vacutainer tubes were centrifuged at 1500 x G for 15 minutes after being allowed to 

clot for 30 minutes. Sera were aliquotted into cryovials and transferred into -80° C for 

storage until assayed. 

A first morning void urine sample was collected by each subject the morning of 

their blood draw. Upon arrival to the laboratory, 3 mL of this sample were aliquotted into 

cryovials and transferred into -80° C for storage until assayed. Supplies and instructions 

for the collection of this sample were provided to each subject prior to the blood draw date. 

Biochemical Assavs 

Immunoradiometric assays (IRMA) were performed to determine serum levels of 

OC, IGF-1, IGF-2, and IGFBP3. The OC kit was purchased from Nichols Institute 

Diagnostics (San Juan Capistrano, CA) and the remaining IRMA kits were supplied by 

Diagnostic Systems Laboratories (Webster, TX). Using either antibody coated tubes (IGF-

1, IGF-2, IGFBP3) or coated beads {OC), the analyte in the standards, controls and test 

samples were sandwiched between the "anchored" antibody and a second I-'^ labeled 

antibody. Buffer was used to wash away any imboimd labeled antibody and the coated 
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tube or tube containing the bead was counted. A curve was created from the standard 

concentrations and counts using Immunofit EIA/RIA software v4.0 (Beckman Instruments, 

Fullerton, CA), a curve fitting software package capable of cubic spline and 4 parameter 

logistic curve fits. Unknown sample concentrations were estimated from this standard 

curve. 

For the measurement of Dpd, a competitive enzyme-linked immunoabsorbant assay 

(ELISA) obtained from Metra Biosystems (Mountain View, CA) was used. A microtiter 

plate coated with a monoclonal anti-Dpd antibody captured the Dpd in the standards, 

controls, and samples. A competition between the Dpd and a conjugated Dpd-alkaline 

phosphatase for the antibody was created. This reaction were detected with a p-

Nitrophenyl Phosphate substrate. A standard curve similar to the IRMA was created from 

the known standard concenu^tions and optical densities using software capable of a 4 

parameter logistic curve fit (MetraPit, vl.l, Metra Biosystems, Mountain View, CA). 

Unknown sample concentrations were subsequently calculated. 

Because Dpd was measured in urine, determinations of creatinine excretion were 

needed to adjust for variations in urine outpuL A creatinine ELISA kit obtained from Metra 

Biosystems was used. Color was formed when alkaline picrate was added to samples 

containing creatinine. A microtiter plate reader was used to detect the optical densities of 

the standards, controls, and samples. A standard curve was created using software capable 

of linear regression (MetraPit, Metra Biosystems) and unknown sample concentrations 

were subsequently determined. 

To evaluate assay accuracy, the high and low conurols were assayed with each 

assay described above. These contix)ls were supplied by the respective companies and 

included an acceptable range in which the control concentration should fall. Figures 1 and 

2 illustrate the values for the low and high conut)ls for each assay performed. The dashed 
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line corresponds to the actual value of the controls (see also Table 2). Ail consols fell 

within the acceptable range provided by the company. 

The low and high controls were also used to determine the interassay variability 

(Table 2). The coefficients of variation (CV), equal to the standard deviation/mean x 1(X), 

ranged from 2.0 to 17.8%. The largest CV occurred for the osteocalcin low conu*ol, 

however, the standard deviation is four times smaller than the standard deviation for the 

high control reflecting less variability. Therefore, the osteocalcin low control CV is larger 

due to the small mean of the low control. 

Intraassay variation for each analyte was evaluated using the duplicate tubes/wells 

for the low and high controls for each assay. The ranges for the CVs were 1.3 to 12.8%, 

0.6 to 14.4%, 1.0 to 10.0%, 0.03 to 19.4 %, 0.3 to 37.1% and 0.2 to 3.2% for OC, Dpd, 

creatinine, IGF-1, IGF-2, and IGFBP3 controls, respectively. The 37.1% CV was for the 

low (250 ng/ml) IGF-2 control, however, the mean for this population of subjects was 

846.85 ng/ml with no value below 500 ng/ml. Any problems with this part of the curve 

did not affect these results. 

All samples, standards, and controls were assayed in duplicate and samples from all 

three timepoints for any given subject were included in the same assay to eliminate the 

impact of inter-assay variation. Also, each assay contained subjects from each of the 

Ui^atment groups. Any sample with a concentration higher than the highest standard was 

diluted and reassayed. Samples with high variation (greater than ~ 10.0%) between 

duplicate tubes, assessed using CVs and standard deviations, were also reassayed. 
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TABLE 2; Interassay variation for the low and high controls for each analyte. 

Analyte Control Level Actual Mean St. Dev. CV(%)* 
IGF-1 Low 92.00 96.11 4.47 4.7 

(ng/ml) High 292.00 287.54 22.87 8.0 
IGF-2 Low 250.00 237.06 20.93 8.8 
(ng/ml) High 750.00 752.35 35.00 4.7 
IGFBP3 Low 4.00 4.13 0.17 4.1 
(ng/ml) High 17.00 16.48 0.51 3.1 

Dpd Lot #1 Low 13.50 15.31 2.16 14.1 
(nM) High 100.00 107.80 3.02 2.8 

Dpd Lot #2 Low 14.60 14.94 0.76 5.1 
(nM) High 97.90 104.57 11.55 11.0 

Cieatinine Low 7.00 6.89 0.14 2.0 
(mM) High 25.20 24.98 0.75 3.0 

Osteocalcin Low 1.30 1.29 0.23 17.8 
(ng/ml) High 13.15 13.51 0.94 7.0 

* Coefficient of Variation (CV) = (SLDevy Mean)* 100 
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Main Findings 

The main findings for both manuscripts are summarized below. The results are 

presented in detail in Chapter 3 and 4. 

First Manuscript: Effects Of Exercise Training On Bone Remodeling, 

Insulln-LIke Growth Factors And Bone Mineral Density In Post-

Menopausal Women With and Without Hormone Replacement Therapy 

The effects of 12 months of exercise training on BMD, OC, Dpd, IGF-1, IGF-2, 

and IGFBP3 in 84 postmenopausal women either taking or not taking HRT were examined 

in the first manuscript Significant baseline differences were found between the HRT and 

non HRT groups in age, OC, Dpd, IGF-1, esurone, and estradiol. The HRT group was 

younger, had lower serum levels of OC and IGF-1, had higher levels of estrone and 

estradiol, and lower urinary excretion of Dpd. There were significant (p < 0.05) 

differences between the HRT and non HRT groups in the percent change in BMD of the 

lumbar spine and Ward's triangle of the femur from baseline to 6 months. Percent changes 

from baseline to 12 months were significantly (p < 0,05) larger for the HRT versus the non 

HRT groups, ignoring the exercise status, in the femoral neck. Ward's triangle, lumbar 

spine, and total body. In the group of women taking HRT, there was a significant (p < 

0.05) exercise effect at the greater trochanter. In the group of women not taking HRT, 

there was a significant exercise effect at the greater ttochanter (p < 0.10) and Ward's 

triangle (p < 0.05). Significant decreases in Dpd at both 6 (p < 0.05) and 12 (p < 0.10) 

months were present in women taking HRT. OC was also lower (p < 0.10) in women on 

HRT when measured at 6 months but was not different from baseline at 12 months. No 

significant changes were observed in IGF-1, IGF-2, IGFBP3, or IGF-l:IGF-2. The 

largest change occurred in IGF-1 for the group exercising and on HRT (-8.2%) vs the 

group not exercising and on HRT (-1.9%). 
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Second Manuscript: Predicting Changes In Bone Mineral Density From 

Markers Of Bone Remodeling And Insulin-Like Growth Factors In Post-

Menopausal Women. 

The prediction of 6 and 12 month changes in BMD from markers of bone 

remodeling and IGFs in 84 postmenopausal women is addressed in second manuscript. 

OC, Dpd, and IGF-1 were examined together because they were not significandy 

interrelated. Changes in Dpd significantly predicted 6 month changes in BMD of the 

Ward's triangle (p < 0.10) and femoral neck (p < 0.05) and 12 month changes in the 

greater trochanter (p < 0.10), the total body (p < 0.05), and the lumbar spine (p < 0.05). 

The significant regression coefficients for Dpd were positive. Changes in OC significandy 

predicted 12 month changes in BMD in the greater trochanter (p < 0.10) and the lumbar 

spine (p < 0.05). In contrast to the Dpd, the relationship between CXZ and the BMD 

changes was inverse indicating that a positive change in CXT from baseline to 12 months 

was related to a negative change in BMD. IGF-1 significantly predicted 12 month changes 

in BMD in the femoral neck (p < 0.05) and 6 month changes in BMD in the lumbar spine 

(p < 0.05). The amount of variation accounted for (R" x 100) ranged from 2.0% in the 

total body to 19.1% in the lumbar spine where both OC and Dpd were significant 

predictors of changes in BMD. When the ratio of IGF-1 to IGF-2 and IGFBP3 were 

included in the model in place of IGF-1, none were significant predictors of 6 and 12 

month changes in BMD. 

To determine if OC and Dpd account for variation in BMD changes independent of 

the exercise and hormone status of posunenopausal women, multiple regression was 

performed using coding variables denoting the exercise effect in the HRT group, the 

exercise effect in the no HRT group, and HRT effect in the entire group, followed by 

analyses with OC and Dpd. The final analysis includes OC, Dpd and the coding variables 

were entered as independent variables. When considering 6 month changes in BMD, the 
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coding variables (HRT effect) were significant predictors (p < 0.05) of changes in Ward's 

triangle and lumbar spine BMD and remained significant (p < 0.05) when OC and Dpd 

were included in the model. Dpd was a significant predictor (p < 0.10) of BMD changes in 

the Ward's triangle only when the coding variables were not included in the analysis. 

However, at the femoral neck, Dpd was a significant predictor (p < 0.05) of BMD changes 

regardless of the presence of the coding variables in the model. When multiple regression 

analysis was used to predict 12 month changes in BMD, in all situations except for the 

lumbar spine, the coding variables (one or more) were significant predictors of BMD 

changes regardless of the addition of OC and Dpd to the analysis. 

In the analyses described above, the x 100 ranged from 1.9% to 24.6%. In all 

models except for the 12 month changes in the lumbar spine and 6 month changes in the 

femoral neck, the coding variables for exercise and HRT accounted for more variation than 

the models with OC and Dpd alone. The largest amount of variation was accounted for in 

the models combining the coding variables with OC and Dpd versus either model alone 

except for 6 month changes in the lumbar spine BMD where the coding variables alone 

accounted for the most variation in BMD changes. 

The sample was arbitrarily divided into bone gainers (BG) (> +0.(X)4 g/cm") and 

bone losers (BL) (> -0.004 g/cm*) based on 12 month changes in total body BMD. 

Changes in OC, Dpd, IGF-1, IGF-2, IGFBP3, and the ratio of IGF-1 to IGF-2 were each 

predicted from the coding variable comparing BGs and BLs, the number of years 

postmenopausal and the baseline biochemical variables. The variable comparing BGs to 

BLs was a significant (p < 0.05) predictor of 12 month changes in OC indicating that OC 

changes over 12 months are different between BGs and BLs in total body BMD. 

Conclusions 

In the first manuscript, we concluded that exercise training and HRT increase BMD 

similarly at most sites whereas the combination of exercise training and HRT produced 
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increases in BMD greater than either treatment alone. Additionally, bone remodeling was 

surptessed in the groups taking HRT regardless of exercise status. The bone remodeling 

response to exercise training in women not taking HRT was not significandy different from 

those not exercising but the direction of change suggests an elevation in bone remodeling in 

response to exercise training. Exercise training does not stimulate a change in IGF-1, IGF-

2, IGF-l:IGF-2, and IGFBP3 in postmenopausal population either taking or not taking 

HRT. 

In the second manuscript, we concluded that markers of bone remodeling and IGF-

1 are significant predictors of BMD changes but the overall amount of variadon in BMD 

changes accounted for in these models is low. Exercise and HRT status were significant 

predictors of changes in BMD even after the addition of bone remodeling markers. Also, 

OC levels were different between bone gainers and bone losers with bone losers showing 

an increased formation. 

Limitations 

One of the difficulties in determining the role of OC, Dpd, and IGFs in the 

maintenance of BMD is that the serum levels of each factor represents the systemic average 

of local effects that may have taken place. Since the changes in BMD are site specific, local 

changes in the levels of bone biomarkers can be diluted by opposite changes elsewhere in 

the body. One strategy to improve the estimation of bone remodeling using these markers 

would be to obtain two samples on consecutive days and use the mean values in analyses. 

This would decrease the technical error allowing a smaller change to be detected. 

In addition, changes in maiicers of bone remodeling, theoretically, can occur as 

early as 3 to 4 months following the initiation of an intervention. Each bone remodeling 

cycle, resorption followed by formation, is thought to last up to 200 days, though the effect 

of therapies on this time frame is not known. The largest mechanical stimulus in this study 

occurred with the initiation of the exercise program because these women were sedentary at 
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baseline. The largest response in bone remodeling should have followed this stimulus and 

could have occurred at the 3 month dmepoint The first follow-up blood and urine samples 

were taken at 6 months. Because the exercise program was progressive in nature, 

remodeling would continue but the response smaller in magnitude than the initial change 

that may have taken place. 

Finally, many different HRT regimens were present in this study. Regimens 

included the estrogen transdermal patch (n = 3), unopposed estrogen tablets (n = 10), 

estrogen plus progesterone taken orally (n = 23) and oral estrogen plus testosterone (n = 

2). Oral and transdermal HRT has been shown to have differential effects on IGF-1 levels 

(90,148). Differential effects on IGF-1 may also exist between unopposed estrogen, 

estrogen opposed with progesterone, or estrogen plus testosterone. This is the case for 

changes in OC which have been shown to be different in women taking estrogen plus 

testosterone versus estrogen alone (109). Figures 8 and 9 show the individual data for 6 

and 12 month changes in formation and resorption for each group. The largest changes in 

formation or resorption were not consistently associated with a particular type of HRT 

regimen. For example, the largest increase in resorption in the No Ex, HRT group 

occurred in a woman who was taking estrogen tablets every day but the largest change for 

formation in the same group of women was a person taking estrogen plus progesterone. 

The variability in the changes in bone remodeling were similar in HRT and non HRT 

groups. 
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CHAPTER 3: EFFECTS OF EXERCISE TRAINING ON BONE REMODELING, 

INSULIN-LDCE GROWTH FACTORS AND BONE MINERAL DENSITY IN POST

MENOPAUSAL WOMEN WITH AND WITHOUT HORMONE REPLACEMENT 

THERAPY 

Introduction 

Osteoporosis has a significant public health impact, accounting for approximately 

1.5 million fractures each year with annual costs exceeding $18 billion (24,25,110). Older 

women who suffer a hip fracture, a primary fracture site in osteopenic women, have about 

a 12-20% greater mortality than other women of the same age (24). Hormone replacement 

therapy (HRT) more so than other strategies has been demonstrated to be effective for 

retarding bone loss and maintaining bone mass (19,85,108), yet many women are 

unwilling or unable to initiate HRT (119). In the Epidemiologic FoUowup Study to the 

First National Health and Nutrition Examination Survey, 45% of postmenopausal women 

used HRT for at least one month but only 20% of the cohort remained on HRT for 5 years 

or more (10). Exercise training has been proposed as therapeutic and prophylactic for 

osteoporosis based on crossectional studies demonstrating that athletes and physically 

active nonathletes have greater BMD than inactive controls (66,101,136,140). Possibly the 

best evidence that exercise may increase BMD comes from studies demonstrating greater 

bone width and BMD in the dominant limb versus the non-dominant limb in recreational 

and professional tennis players with a long history of physical activity (71,94,104). 

In postmenopausal females, Dalsky et al. (28) reported a 5% increase in lumbar 

vertebrae BMD after 9 months of weight bearing and some resistance exercise. Likewise, 

Pruitt et al. (106) reported a 1.6% increase in lumbar BMD after 9 months of weightlifting 

compared to a 3.6% loss in inactive menopausal controls. Nelson (96) also found 

increases in BMD in response to weight training whereas no exercise effect was found in 

response to heavy exercise plus aerobic tinning in a study by Heikkinen (59). However, 
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the exercise program was unsupervised in the latter study. Walking above the anaerobic 

threshold and walking plus aerobics classes have been shown increase BMD by 1.1% and 

to reduce bone loss (-0.5% in the exercise group vs. -2.6% in the control group), 

respectively (58,105). Recently, significant increases (1.5% to 2.3%) in BMD at all sites 

were documented in early postmenopausal women in response to ipsilateral strength 

Q-aining (high loads and low repetitions) compared to the contralateral control, however, 

endurance training (low loads and high repetitions) signiHcanUy increased BMD by 0.1% 

only in the radius (75). Kohrt (76) found similar and significant increases in BMD of the 

total body, lumbar spine and Ward's triangle in response to weight-bearing and weight 

lifting exercises in older postmenopausal women. At the femoral neck, only those women 

who performed weight-bearing exercises experienced increases in BMD. Trunk extensions 

with and with out weights and "heeldrop" exercises (standing on the toes with the heels off 

the ground and dropping the heels to the floor) were not intense enough to elicit an increase 

in BMD (4,126,128). Based on these results, programs involving both weight-bearing and 

resistance exercise may prove most effective for maintaining and possibly increasing BMD 

at a variety of skeletal sites. 

To begin understanding the long term impact of therapies designed to decrease bone 

loss in postmenopausal women, it is necessary to examine the mechanisms by which these 

therapies maintain or increase BMD. Currently, the response of bone remodeling to 

exercise, HRT and their combination is unclear. Crossectional comparisons of male and 

female weight lifters versus their sedentary counterparts showed higher osteocalcin levels, 

a biochemical marker of bone formation, in weight lifters (30,72). Studies in 

postmenopausal women have been inconsistent with authors reporting decreases (28), no 

change (58,77) and increases (96) in OC in response to various types of exercise training 

interventions which all resulted in increases in BMD. In spite of these studies, few 

comprehensive efforts have been made to characterize the effects of exercise, HRT and 
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their combination on BMD and bone remodeling. Small sample sizes (28,58,77), 

insufficient exercise interventions (Robins, 1994), incomplete biochemical data 

(28,58,77,96,105), and the use of biochemical markers that are insensitive to small 

changes in bone (111) have resulted in an incomplete understanding of the response of 

bone remodeling to interventions such as exercise or HRT. Specifically, markers of bone 

formation and resorption must be examined in the same study to develop a more complete 

understanding of how interventions effect bone remodeling (141). 

Therefore, the purpose of this study was to determine the effects of exercise 

training on BMD and bone remodeling in postmenopausal women either taking or not 

taking HRT. A secondary aim was to determine the effects of exercise training on IGF-1, 

IGF-2, IGFBP3 and the ratio of IGF-1 to IGF-2 in the same sample of postmenopausal 

women to determine their role in the regulation of bone remodeling. 

Methods 

Subjects 

Television and newspaper advertisements, direct mailings and study flyers 

distributed to community groups were used to recruit 93 postmenopausal women to 

participate in this study. A screening questiormaire was used to determined if each potential 

subject met the criteria for inclusion in the study. 

Women three to ten years postmenopausal who were aged 40-65 years, sedentary 

(less than 120 minutes of regular weight-bearing exercise per week for at least one year), 

and were not taking any drugs that alter BMD except HRT were included in the study. 

Women either taking HRT (for at least 1 year but not longer than 3.9 years) or not taking 

HRT (not taking hormone for at least one year) were recruited. Any physician prescribed 

HRT regimen and formulation was accepted. Potential subjects were excluded if they were 

smokers, had osteoporosis (initial spine or hip BMD greater than a Z score of -3.0), were 

obese or very lean (body mass index > 32.9 or < 19.0 from self-reported weight and 
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unable or unwilling to be randomly assigned to the exercise or non-exercise group. 

Physical examinations were performed and subjects were excluded if they had a history of 

an eating disorder, a musculoskeletal condition such as severe muscular dystrophy or 

rheumatoid arthritis, a history of extensive bone fractures, or conditions which 

contraindicate exercise training. 

QualiHed participants agreed not to change their dietary habits or their initial levels 

of physical activity except as required by the exercise intervention. All subjects also agreed 

to take 800 mg of calcium cittate daily which, in conjiuiction with dietary calcium intake, 

was intended to minimize the confounding effects of low calcium intakes in order to 

adequately test the effects of the exercise intervention. Informed and written consent was 

obtained from each subject prior to participation and all study procedures have been 

approved by the University of Arizona's Human Subjects Review Board. 

Intervention 

The group of women taking HRT and those not taking HRT were randomized into 

the exercise or non-exercise groups resulting in four groups: I) women not taking HRT 

and not exercising (No Ex, No HRT); 2) women taking HRT and not exercising (No Ex, 

HRT); 3) women exercising and not taking HRT (Ex, No HRT); and 4) women exercising 

and taking HRT (Ex, HRT). The number of subjects per group at the end of one year was 

27, 21, 25, and 16, respectively. The 12 month supervised exercise training program 

involved both resistance and weight-bearing exercises to maximize the potential bone 

loading effects. Kohrt et al. (77) and Nelson et al. (96) employed weight bearing and 

resistance exercise, respectively, to induce positive changes in BMD in small samples of 

postmenopausal women, therefore, the combination of these exercises should result in a 

greater positive effecL Supervised exercise sessions were performed three times per week 

on alternating days for 75 minutes each session at local fitness centers. Each session 
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consisted of three components: 20 minutes of cardiovascular weight bearing activity 

(jumping, skipping while wearing weight vests), 35 minutes of resistance exercises (small 

and large muscle weight lifting), and 10 minutes of stretching and balance. 

Cardiovascular weight bearing activity began with walking and then a circuit for 10 

- 20 minutes which progressed to include stair stepping and walking with weight vests. 

The circuit was high impact activities such as skipping, high stepping, and side stepping 

interspersed with walking performed for 15 minutes per session. The frequency and 

duration of the high impact activities in the circuit were increased upon adaptation to 

maintain a heart rate 50% - 70% of maximal. Stair stepping was introduced at month three 

and was performed 10-15 minutes per session. At month four, walking was performed 

twice per week while wearing 10 lb. weight vests. The amount of weight were increased 

throughout the remainder of the exercise intervention. 

Resistance training was composed of exercises targeting large muscle groups and 

small muscle groups including abdominals. The leg press, squat, seated military press, 

back extension, rotary torso, seated rows, and lateral pull-downs were performed to focus 

on the large muscles of the legs, shoulders, arms, and back. Subjects performed two sets 

(6-8 repetitions per set) at 70 - 80% of a one repetition maximum for each exercise. The 

one repetition maximum was performed every 6 weeks in order to adjust the exercise 

intensity for strength gains throughout the training program. Small muscle groups 

involved in the maintenance of proper posture were targeted using therabands for resistance 

and physioballs for support and balance. These exercises included adduction/retraction of 

the scapula, scapular depression/elevation, and external rotation of the humerus. Exercises 

for the abdominals and obliques were also performed. 

Strength 

Muscle strength testing was measured in both exercise and control groups at 

baseline, six months and 12 months to assess strength gains. The LIDO Active Isokinetic 
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Dynamometer was used which allows the measurement of force generated by the muscle 

throughout the range of motion. The LIDO provides resistance necessary to maintain a 

speciHed constant rotational speed based on the force applied by the subjects. The 

exercises tested were the knee extension/flexion, elbow extension/flexion, hip 

extension/flexion, and back extension/flexion. Three sets of five repetitions were 

performed for each exercise with a one minute rest between sets. The LIDO is also 

designed with the ability to standardize subject positioning and limb angle. Also, one 

repetition maximum measurements were made every six weeks in those exercising to 

monitor strength gains and to progressively increase the exercise intensity. 

Height and Weight 

Standing height was measured in duplicate using a wall mounted stadiometer. 

Weight was measured in duplicate using an Accu-weigh Model 150 TK/A-58 beam scale 

(Metro Equipment Corp., Sunnyvale, CA). Height and weight were measured to the 

nearest tenth of a cm or kg, respectively. 

Bone Densitometrv and Bodv Composition 

Regional HMD (g/cm") and total body bone mineral content (BMC) (g), fat (kg), 

and lean soft tissue (kg) measurements were obtained from dual-energy x-ray 

absorptiometry (DXA). Total body percent fat was equal to [fat (kg)/ fat (kg) + lean soft 

tissue (kg) + bone mineral content (kg)]* 100. Whole body, anteroposterior spine, and 

right femur scans were performed in duplicate on medium speed using the Lunar Radiation 

Corporation DXA scanner, model DPX-L with software version 1.3y, to provide accurate 

and safe estimations of HMD (54,69,91). The average of the two scans was used in all 

subsequent analyses due to the high day to day correlations (r,j) (r = 0.94 - 0.99) and the 

low coefficients of variation (CV) (CV% = 1.6 - 4.0). Follow-up scans were performed 

on the same settings as the baseline scans. All analyses were performed using the extended 

research analysis feature which has been shown to give the best results for soft tissue 
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analysis (31,93). These scanning and analysis procedures are consistent with those 

provided by the Lunar Radiation Corporation. 

Blood and Urine Sample Collections 

Specimens were collected after a 12 hour fast between 0600 h and 0900 h and were 

coordinated with the estrogen cycles of those women on HRT. Two blood samples 7-14 

days apart were drawn within the same phase of the estrogen cycle (i.e. estrogen alone or 

estrogen plus progesterone). All follow-up samples were taken during the same phase of 

the cycle as the baseline sample. Blood specimens were collected into Vacutainer brand 

serum separator tubes with a clot activator by standard venipuncture procedures performed 

by a certified phlebotomist. The Vacutainer tubes were centrifuged at 1500 x G for 15 

minutes after being allowed to clot for 30 minutes. Sera were aliquotted into cryovials and 

transferred into -80® C for storage until assayed. A first morning void urine sample was 

also collected and transferred into -80° C for storage until assayed. The final sample size 

included 84 of the 89 subjects who completed the one year intervention and were able to 

provide adequate fasting blood and urine sample. 

Biochemical Assavs 

Immunoradiometric assays (IRMA) were performed to determine serum levels of 

OC, IGF-1, IGF-2, and IGFBP3. The OC kit was obtained from Nichols Institute 

Diagnostics (San Juan Capisurano, CA) and the remaining IRMA kits were supplied by 

Diagnostic Systems Laboratories (Webster, TX). A standard curve was created from the 

standard concentrations and counts using Immimoflt EIA/RIA software v4.0 (Beckman 

Instruments, FuUerton, CA), a curve fitting software package capable of cubic spline and 4 

parameter logistic curve Hts. Unknown sample concentrations were estimated from this 

curve. 

For the measurement of Dpd, a competitive enzyme-linked inununoabsorbant assay 

(ELISA) obtained from Metra Biosystems (Mountain View, CA) was used. A standard 



52 

curve was created from the known standard concentrations and optical densities using 

software capable of a 4 parameter logistic curve fit (MetraFit, vl.l, Metra Biosystems, 

Mountain View, CA). Unknown sample concentrations were subsequendy calculated. 

Because Dpd was measured in the urine, determinations of creatinine excretion were 

needed to adjust for variations in urine production. A creatinine ELISA kit was obtained 

from Metra Biosystems and data were analyzed using MetraFit, Metra Biosystems, 

Mountain View, CA. 

All samples, standards, and controls were assayed in duplicate and samples from all 

three timepoints for any given subject were included in the same assay to eliminate the 

impact of inter-assay variation. Also, each assay contained subjects from each of the 

treatment groups. Any sample with a concentration higher than the highest standard was 

diluted and reassayed. Samples with high variation (greater than ~ 10.0%) between 

duplicate tubes, assessed using CVs and standard deviations, were also reassayed. 

Statistical Analyses 

Multiple regression analysis was used to assess baseline differences in all variables 

and to determine the effect of HRT, the effect of exercise for those women on HRT, and 

the effect of exercise for those women not on HRT on BMD, OC, Dpd, IGF-1, IGF-2, and 

IGFBP3. A one way ANOVA was used to determine the effects of the exercise 

intervention on strength and body composition. These analyses include 84 of the original 

93 subjects who completed one year of the study and were able to provide adequate fasting 

serum and urine samples for analysis. All statistical analyses were performed using 

Statistical Package for the Social Sciences software version 7.0 (Chicago, IL). 

To determine baseline differences among groups, multiple regression was used 

with each baseline variable as the dependent variable and coding variables denoting the 

HRT group and the exercise groups in women on HRT and not on HRT entered as the 



independent variables. Adjusted mean values were calculated for those variables which 

were significantly different between groups. 

To determine the effect of exercise training on BMD and the biochemical variables, 

the differences between baseline and 6 month or 12 month for each variable was calculated 

and used as the dependent variable in multiple regression analyses. Independent variables 

for each analysis were the baseline values, to account for the influence of the baseline value 

on the change from baseline to 6 or 12 month, the number of years postmenopausal, and 

the three coding variables denoting the BiRT and no HRT groups, the exercise effect in 

women on HRT, and the exercise effect of women not on HRT. Adjusted means and 

percent adjusted changes from baseline were subsequendy calculated from the multiple 

regression results. Significance levels of p < 0.05 and p < 0.10 for all analyses were used 

to minimize both Type I and Type II errors. 

Results 

Baseline characteristics are presented in Table 3. All mean values were within the 

normal ranges for postmenopausal women either taking or not taking HRT. There were 

significant baseline differences between the HRT and non HRT groups in age, OC, Dpd, 

IGF-1, estrone, and estradiol (Table 4). The HRT group was younger, had lower serum 

levels of CX2 and IGF-1, had higher levels of estrone and estradiol, and lower urinary 

excretion of Dpd (Figure 3). 

No baseline differences in muscle strength (average peak torque (Nm)), measured 

using a LIDO active isokinetic dynamometer, existed between groups (Table 5). The 

baseline, six, and twelve month mean strength values are presented in Table 5. In the 

exercise groups either taking or not taking HRT, significant (p < 0.05) increases in strength 

occurred in all muscle groups tested after one year of exercise. The non exercise group 

taking HRT experienced significant (p < 0.05) increases in strength in 3 of the 8 muscle 

groups measured at 12 months but decreases in strength in 3 sites at 6 months. The non 
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exercise group not taking HRT showed significant (p < 0.05) increases in strength in 4 of 

the 8 muscle groups measured. However, only the exercise groups showed significant (p 

< 0.05) increases in DXA estimated lean mass at both 6 and 12 months (Table 6). There 

were no significant changes in body weight 
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TABLE 3: Baseline characteristics (n = 84). 

Variable Mean Standard Deviation 
Age (yr) 55.90 * 4.69 
Height (cm) 162.75 6.75 
Weight Gcg) 68.58 11.10 
Bone Mineral Density (g/cm") 

Trochanter 0.746 0.112 
Wards Triangle 0.754 0.129 
Femoral Neck 0.848 0.114 
Lumbar Vertabrae 2-4 1.120 0.150 
Total Body 1.110 0.082 

Osetocalcin (ng/ml) 6.80* 2.34 
Deoxypyridinoline Crosslinks (mM) 6.12* 2.51 
Insulin-like growth factor 1 (n^ml) 135.11 * 46.11 
Insulin-like growth factor 2 (ng/ml) 846.85 126.47 
IGF binding protein 3 (ng/ml) 2984 488 
Estrone (p^ml) 80.0* 54.6 
Estradiol (pg/ml) 36.0* 21.2 
Calcium int^ (mg) 808.04 250.43 
* Significantly different between the HRT and non HRT groups (p<0.05). 
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TABLE 4: Means and standard deviations for baseline values in the HRT and non HRT 
groups. 

Non HRT Group HRT Group 
Variable Mean SD Mean SD 
Age (yrs) 56.9* 4.6 54.4 4.4 
Height (cm) 162.4 6.1 162.8 7.6 
Weight (kg) 68.4 10.6 68.8 11.7 
BMD (g/cm') 

Femoral Neck 0.836 0.109 0.864 0.121 
Lumbar Spine 1.104 0.159 1.144 0.134 
Total body 1.096 0.080 1.131 0.082 

Osteocalcin (ng/ml) 8.04* 2.09 5.18 1.52 
Deoxypyridinoline crosslinks (mM/nM) 6.93* 2.77 5.17 1.79 
InsuUn-like growth factor-1 (ng/ml) 146.4* 42.8 119.2 45.8 
Insulin-like growth factor-2 (n^ml) 855.5 128.6 836.7 123.0 
IGF binding protein 3 (ng/ml) 300.0 47.0 295.3 50.9 
Estrone (p^ml) 17.9* 10.5 142.1 76.5 
Estradiol (pg/ml) 10.9* 8.6 61.1 28.7 

Significwtly different between HRT and non HRT groups (p < 0.05). 
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RGURE 3: Mean values for the HRT and no HRT groups for variables where significant 
differences were found. 



58 

TABLE 5: Baseline, six, and twelve month means and standard deviations for average peak 
torque measured by a Lido dynamometer. 

Baseline 6 Month 12 Month 
HRT,Ex Mean SD Mean SD Mean SD 
Back-ext 
Back-flex 
Elbow-ext 
Elbow-flex 
Hip-ext 
Hip-flex 
Knee-ext 
Knee-flex 

79.23 38.00 
83.90 31.73 
13.47 4.71 
12.41 4.04 
63.53 23.13 
56.44 14.81 
74.88 25.13 
42.09 14.86 

92.77 24.06 
100.30* 24.16 
17.20* 4.13 
13.76 3.35 
65.22 15.25 
57.81 8.97 
82.71 25.71 
45.97 14.88 

96.23* 19.37 
101.80* 23.94 
18.38* 5.12 
14.44* 3.79 
78.25* 18.65 
70.28* 14.06 
94.76* 15.72 
52.79* 9.75 

No HRT, Ex 
Back-ext 
Back-flex 
Elbow-ext 
Elbow-flex 
Hip-ext 
Hip-flex 
Knee-ext 
Knee-flex 

511^ 
82.41 22.28 
13.78 2.63 
11.67 2.44 
58.63 15.90 
49.39 12.88 
75.46 16.55 
41.83 7.86 

92.74* 29.19 
89.04 18.50 
15.75* 3.09 
12.52 2.87 
65.33 14.93 
58.25* 13.52 
83.63* 18.27 
43.75 8.55 

95.20* 29.96 
94.05* 16.89 
16.46* 4.41 
12.50* 2.65 
72.33* 17.99 
64.04* 15.42 
87.48* 17.49 
48.20* 9.90 

HRT, No Ex 
Back-ext 
Back-flex 
Elbow-ext 
Elbow-flex 
Hip-ext 
Hip-flex 
Knee-ext 
Knee-flex 

81.92 30.26 
85.79 25.55 
14.92 3.59 
12.05 3.41 
61.86 16.93 
51.39 13.28 
78.75 20.26 
49.75 18.73 

86.67 26.82 
72.98* 20.54 
14.95 3.27 
10.88* 2.52 
66.40 20.20 
56.50* 16.09 
80.81 18.25 
42.81* 11.18 

92.58* 23.98 
82.05 22.71 
15.29 2.93 
11.84 2-96 
68.50* 16.66 
61.83* 16.54 
79.85 18.93 
43.40 9.26 

No HRT, No Ex 
Back-ext 
Back-flex 
Elbow-ext 
Elbow-flex 
Hip-ext 
Hip-flex 
Knee-ext 
Knee-flex 

86.44 32.25 
78.87 25.01 
13.22 3.34 
11.62 3.61 
60.19 17.41 
48.67 9.95 
70.70 18.02 
40.69 13.89 

79.56 25.74 
76.91 22.30 
13.65 3.35 
10.54 2.09 
59.19 16.97 
50.50 11.72 
73.30 16.60 
40.15 9.42 

90.26 31.19 
78.22 19.67 
14.76* 3.46 
11.60 3.16 
65.83* 19.88 
55.65* 14.91 
78.19* 20.51 
42.78 9.70 

Significantly different from baseline (p < 0.05). 
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TABLE 6: Body composition means and standard deviations for baseline, six, and twelve 
month. 

Baseline 
Mean SD 

Six Months 
Mean SD 

12 Months 
Mean SD 

Lean Mass(g) 
Fat Mass (g) 
Weight (kg) 

39162.3 
27221.4 

69.5 

4637.2 
8179.6 
11.13 

39992.6 
26906.4 

69.8 

4783.7 
8600.4 
11.2 

3911AA 
26732.4 

69.6 

4621.0 
8687.8 
11.3 

Control Group 
Lean Mass(g) 
Fat Mass (g) 
Weight (kg) 

38321.3 
26438.5 

67.8 

4247.0 
8166.9 

11.0 

38218.4 
26674.3 

67.7 
8258.2 

11.0 

38151.9 
26963.1 

68.2 

4228.2 
9100.1 

11.6 
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Percent changes from the adjusted baseline to 6 and 12 months in BMD are 

presented in Figure 4. There were significant (p < 0.05) differences between the HRT and 

non HRT groups in the percent change in BMD of the lumbar spine and Ward's triangle 

from baseline to 6 months. Percent changes from baseline to 12 months were significantly 

(p < 0.05) different between the HRT and non HRT groups in the femoral neck. Ward's 

triangle, lumbar spine, and total body. In the group of women taking HRT, there was a 

significant (p < 0.05) exercise effect at the greater trochanter at 12 months. In the group of 

women not taking HRT, there was a significant exercise effect at the greater trochanter (p < 

0.10) and Ward's triangle (p < 0.05) at 12 months. 

To determine the response of bone remodeling markers to exercise training in 

women taking HRT and not taking HRT, percent changes between baseline and 6 and 12 

months of the intervention were calculated and are presented in Figure 5. Significant 

decreases in Dpd at both 6 (p < 0.05) and 12 (p < 0.10) months were present in women 

taking HRT regardless of exercise group. CXH was also lower (p < 0.10) in women on 

HRT when measured at 6 months but was not different from baseline at 12 months. Figure 

6 illustrates the means for OC and DPD for each group at baseline, 6, and 12 months. OC 

and Dpd decreased at 6 months in women on HRT regardless of exercise group. At 12 

months, OC returned to the baseline value and Dpd remained depressed. For women not 

on HRT, both OC and Dpd levels were higher than the HRT group at baseline and did not 

change throughout the intervention period. There were no significant exercise effects in 

either group of women but small increases in OC and Dpd in response to exercise Draining 

were observed. 

The effects of exercise training on IGF-1, IGF-2 and IGFBP3 in postmenopausal 

women taking or not taking HRT are presented in Figure 7. Percent changes in the ratio of 

IGF-1 to IGF-2 were also examined. No significant changes were found. The largest 
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change occurred in IGF-1 for the group exercising and on HRT (-8.2%) vs the group not 

exercising and on HRT (-1.9%). 
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FIGURE 4: Percent changes from baseline to six months and twelve months for BMD sites 

in response to exercise in women taking or not taking HRT. 
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FIGURE 5: Percent changes from baseline to six months and twelve months for bone 

remodeling markers in response to exercise in women taking or not taking HRT. a = HRT 

different than no HRT (p < 0.05); b = HRT different than no HRT (p < 0.10). 



SIX MONTH 

16 

12 

8 

4 

c o 
E 
v> 
2 
o 
c 

g ^ 0 

I 
ti so s eQ 

-8 

• Osteocalcin 

ill Dpd 

-12 

-16 

X J. J. X 
No Ex 

NoHRT NoHRT 
No Ex 
HRT 

Ex 
HRT 

TWELVE MONTH 

e o 
E 
u 

13 

•S # 
c/a A 

<4pa 
u 
(31) 
C es 

16 

12 

8 

-8 

-12 

n Osteocalcin 

H Dpd 

o_ n 

-16 J. X X 
No Ex 

NoHRT Nc^HRT 
No Ex 
HRT 

Ex 
HRT 



9.0 

8.0 -

I - •'•o 
« "e 

i f  c« O 
O 6.0 

5.0 -

4.0 

e~. 
o No ex, no HRT 

o Ex, no HRT 

BL 
—r-
6M 

,o No ex, HRT 

Ex, HRT 

12M 

8.0 

7.0 -

i  ̂  6.0 

^ 1 
.1 ^ 

t ' o. 

§ 
<S 4.0 -

3.0 

o— 
9/^ 

O— 
o— 

. e Ex, no HRT 

o No ex, no HRT 

—r-
BL 

—r-
6M 

lO No ex, HRT 

iO Ex, HRT 

12M 

RGURE 6: Bone remodeling mean values for each intervention group for baseline, six, 
twelve months. 



67 

IGF-1 

u 

• 6 Month 
^ 12 Month 

I 
No Ex Ex 

No HRT No HRT 
No Ex 
HRT 

Ex 
HRT 

IGF-2 

O e 
"S 
OQ 
B p 

u t 00 

U 
O 6 Month 
m 12 Month 

J. 
No Ex Ex 

No HRT No HRT 
No Ex 
HRT 

Ex 
HRT 

IGFBP3 

O 6 Month 
EHI 12 Month 

i-wn 

No Ex Ex No Ex 
No HRT No HRT HRT 

Ex 
HRT 

.S 
"S 
QQ 
s p 

00 

IGF-l:IGF-2 

n 6 Month 
iO 12 Month 

No Ex 
No HRT 

Ex 
No HRT 

No Ex 
HRT 

Ex 
HRT 

FIGURE 7: Percent changes from baseline to six months and twelve months for growth 
factors in response to exercise in women taking or not taking HRT. 



Effect sizes, equal to the change over time divided by the standard deviation of the 

change, were calculated for each variable and are presented in Table 8. The highest effect 

size was 0.41 for the (X! change over 6 months in the group not on HRT and not 

exercising. This corresponds to a statistical power of 29%. To detect the small changes 

we observed in this study with a power of 80%, a sample size of 100 to over 400 per 

group would be required. 

Short term and long terra variability were calculated and compared for OC, IGF-1, 

IGF-2, and IGFBP3. Short terra variability, technical error, was based on 2 measurements 

made 7 to 14 days apart in 10 to 20 subjects chosen at random. Long term variability was 

based on the SEE of the multiple regression analyses (6 and 12 month changes from 

baseline) described above. These data are presented in Table 7. The long term variability, 

which includes both technical error and biological variability, was slighdy larger at 12 

months than the variability over 7 to 14 days in OC, IGF-2 and IGFBP3 but not for IGF-1. 

Technical error reflects measurement error and involves no biological variation. In this 

case, the variation over 7 to 14 days may have involved biological changes rather than 

measurement error alone. 
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TABLE 7: Technical error and variability over 6 and 12 months for biochemical variables. 

Six Month Twelve Month 
Variable Technical CV(%) SEE/ZT CV(%f S E E / / J  C V  ( % )  

Error® 
OC 1.05 14.6 0.85 12.5 1.18 17.3 

IGF-1 16.74 14.8 19.35 14.3 19.21 14.2 
IGF-2 44.46 5.3 53.28 6.3 54.00 6.4 

IGFBP3 2.08 6.7 1.72 5.8 2.15 7.2 
a Calculated from 2 samples taken 7 to 14 days apart 
b CV (%) = (technical error / initial mean) * 100 
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TABLE 8: Effect sizes'** for six and twelve month changes in biochemical variables for each 
intervention group. 

Variable No Ex, No HRT Ex, No HRT No Ex, HRT Ex, HRT 
Six Month 
Osetocalcin 0.41 0.10 0.36 0.38 

Dpd 0.19 0.12 0.35 0.09 
IGF-1 0.26 0.03 0.02 0.11 
IGF-2 0.10 0.08 0.04 O.I l  

IGFBP3 0.10 0.24 0.09 0.23 
IGF-l;IGF-2 0.24 0.03 0.003 0.11 

Twelve Month 
Osetocalcin 0.19 0.21 0.18 0.20 

Dpd 0.27 0.11 0.002 0.22 
IGF-1 0.20 0.23 0.095 0.10 
IGF-2 0.10 0.33 0.008 0.16 

IGFBP3 0.06 0.34 0.04 0.21 
IGF-l:IGF-2 0.23 0.06 0.03 0.23 

* Effect size = Change over time divided by the standard deviation of the change. 
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Discussion 

Baseline differences existed between the HRT and non HRT groups in OC and Dpd 

with the HRT group exhibiting a suppression of bone remodeling (Figure 3). The 

suppression of bone remodeling with HRT is well documented in rats (151,153,155) and 

in humans (77,103,105,109). After estrogen withdrawal, bone remodeling becomes 

elevated and this is usually associated with bone loss (108,142). Baseline IGF-1 levels 

were also lower in the HRT group than the non HRT group (Figure 3). This is consistent 

with research in rats (120) and in postmenopausal women (32,47,90,92,148) suggesting 

that a suppression of bone remodeling reduces the IGF-1 production from osteoblasts. In 

contrast, endogenous and transdermal HRT has been shown to increase IGF-1 levels 

(90,148) through the stimulation of growth hormone. 

As expected, the HRT group had higher senmi estrone and estradiol levels. The 

HRT group was also younger than the non HRT group (Figure 3) because those taking 

HRT were only included if they had been taking HRT for at least one year and not more 

than 3.9 years. The subjects not taking HRT were up to 10 years postmenopausal with no 

synthetic estrogen therapy for at least one year. To account for these baseline differences, 

all analyses accounted for the variation due to the baseline status and the number of years 

postmenopausal. 

The interventions performed here resulted in increases in BMD at each site 

measured. The group receiving no treatment experienced decreases in BMD at all sites. 

The largest increases in BMD were found in the group who exercised and were on HRT 

except for the femoral neck where the group on HRT alone showed the largest increase. 

These results are similar to the findings of Kohrt (77) who showed additive or synergistic 

effect of exercise training and HRT in postmenopausal women and in older 

postmenopausal women not on HRT who were performing weight bearing exercises (76). 

In the present study, there were no significant increases in BMD at the lumbar spine in 
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response to exercise in those women not on HRT whereas increases at this site in response 

to exercise alone have been previously documented (76). These data suggest that either 

exercise alone or HRT alone can decrease bone loss or increase BMD but this varies by site 

whereas the combination of the two therapies may provide the largest most consistent 

increases in BMD. 

This study is unique because we have included measurements of both bone 

formation and bone resorption using the most sensitive markers currendy available. 

Significant decreases in Dpd at 6 and 12 months and decreases in OC at 6 months were 

observed in both HRT groups regardless of exercise status (Figure 5). The exercise group 

not taking HRT showed nonsignificant increases in both formation and resorption. The No 

Ex, No HRT group showed no changes in either marker. Kohrt (77) studied the interactive 

effects of HRT and weight-bearing exercise on BMD and reported decreases in osteocalcin 

in the HRT and HRT plus exercise groups compared to the exercise alone group where no 

change was observed. Prince (105) reported decreased hydroxyproline levels, a marker of 

bone resorption, in women who were exercising and taking HRT or exercising and taking 

Ca^. However, Hatori (58) reported that the nonexercising control group exhibited 

elevated (K! and hydroxyproline levels versus no changes in the exercise group even 

though increases in BMD were documented. 

Our data indicate that those groups taking HRT, regardless of their exercise status, 

achieved an increase in BMD by a suppression of bone remodeling. In contrast, the 

exercise group achieved an increase in BMD by increasing bone remodeling, a 

phenomenon usually associated with bone loss. Assuming that these markers uoily reflect 

bone remodeling, our data support the concept that exercise and HRT may function to 

increase BMD through different mechanisms. These results seem inconsistent with the 

notion that estrogen simply alters the set point of bone mechanosensors (83,142) requiring 
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a smaller mechanical stimuli to produce osteogenic responses similar to conditions without 

estrogen. The changes observed in BMD in the Ex, HRT group (larger increases than 

either Ex or EIRT groups) support the set point altering fimction of estrogen (Figure 5). 

However, if this is the case, the changes in bone remodeling for Ex and HRT alone should 

be similar in direction and their combination greater in magnitude than either alone. 

IGF-1, IGF-2, and IGFBP3 were also measured to determine dieir role in 

regulating bone remodeling. Canalis (13) has suggested that the IGF-1 content in bone is 

an important factor in the maintenance of skeletal integrity and is dependent on serum levels 

if IGF-1. Therefore, therapies which maintain systemic IGF-1 levels should ultimately 

preserve bone but this does not explain the low levels IGF-1 we found at baseline for 

women on HRT. Another consideration is the presence of IGF-2 which also exerts 

positive effects on bone in culture (122,123,137) and is increased with acute exercise (3). 

Both IGF-1 and IGF-2 compete for the same binding proteins (BPs) in serum, can bind to 

the same receptors, and both can inhibit the secretion of growth hormone (52). Levels of 

IGF-1 and 2 in serum tend to be inversely related, therefore, IGF-2 has been postulated to 

play a role in preventing hyperanabolism (52). IGF-2 circulates in concentrations three to 

four times higher than IGF-1 but has no known role in adulthood. Gluckman (52) has 

postulated that a IGF-l:IGF-2 ratio may be more important than either factor's absolute 

level. Also, recent findings have indicated that IGFBPs not only protect IGFs from 

degradation increasing their half-lives (5,8,52,135) but can serve as a reservoir slowly 

releasing IGFs into circulation to exert a physiological effect (56). IGFBPs can modify 

IGF receptors (23) and can potentiate the effects of IGFs by interacting with the target cells 

(36,40). Wuster (152) observed lower IGF-1, IGF-2, and IGFBP3 in women with 

osteoporosis versus non-osteoporotic controls. Despite these findings, no significant 
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changes in these growth factors were found in response to exercise training in this sample 

of women taking or not taking HRT. 

One of the difRculties in determining the role of IGFs and markers o/bone 

remodeling in increasing BMD is that serum or urine samples reflect systemic levels of 

these biochemical variables. Some of the BMD changes that occurred in this study are site 

specific. A significant increase in BMD was observed in the greater trochanter for women 

exercising whereas, at the Ward's triangle, there was a significantly decrease in BMD that 

was smaller than the decrease in the control group. There were also no significant changes 

in the lumber spine and femoral neck BMD in this group (Ex, No HRT). Since there are 

site specific effects on BMD, the utility of changes in systemic levels of OC and Dpd may 

not reflect changes at a given BMD site. Therefore, it is not surprising that significant 

changes in OC and Dpd occurred in the groups who showed the most consistent regional 

and total body response in BMD (HRT vs. no HRT). 

Many different HRT regimens were present in this study. Regimens included the 

estrogen transdermal patch (n = 3), unopposed estrogen tablets (n = 10), estrogen plus 

progesterone taken orally (n = 23) and oral estrogen plus testosterone (n = 2). Oral and 

transdermal HRT has been shown to have differential effects on IGF-1 levels (90,148). 

Differential effects on IGF-1 may also exist between unopposed estrogen, esttogen 

opposed with progesterone, or estrogen plus testosterone. This is the case for changes in 

OC which have been shown to be different in women taking esttogen plus testosterone 

versus estrogen alone (109). Figures 8 and 9 show the individual data for 6 and 12 month 

changes in formation and resorption for each group. The largest changes in formation or 

resorption were not consistently associated with a particular type of HRT regimen. For 

example, the largest increase in resorption in the No Ex, HRT group occurred in a woman 

who was taking estrogen every day but the largest change for formation in the same group 
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of women was a person taking estrogen plus progesterone. Also, the variability in the 

changes in bone remodeling were similar in HRT and non FIRT groups. 

We conclude that exercise training and HRT increase BMD similarly at most sites 

whereas the combination of exercise training and HRT results in greater increases in BMD 

than either treatment alone. Additionally, bone remodeling was surpressed in the groups 

taking EiRT regardless of exercise status. The bone remodeling changes in women 

exercising and not taking HRT was not significantly different from those not exercising but 

the direction of change suggests an increase in bone remodeling in those who exercised and 

did not take HRT. Exercise U'aining did not stimulate a change in IGF-1, IGF-2, IGF-

l:IGF-2, and IGFBP3 in postmenopausal women taking HRT or not taking HRT. 
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CHAPTER 4: PREDICTING CHANGES IN BONE MINERAL DENSITY FROM MARKERS 

OF BONE REMODELING AND INSULIN-LIKE GROWTH FACTORS IN POST

MENOPAUSAL WOMEN. 

Introduction 

A variety of factors including diet, physical activity, hormonal status, and genetic 

predisposition conuribute to postmenopausal bone loss (86). HRT, moreso than other 

surategies, has been demostrated to be effective for retarding bone loss and maintaining 

bone mass (19,85,108), yet many women are unwilling or unable to initiate HRT (119). 

There is growing evidence supporting the use of exercise training as an alternate or adjunct 

therapy for increasing or maintaining HMD (28,58,77,105,106). 

BMD in adulthood is the result of a balance between the relative rates of bone 

resorption and bone formation, a coupled process where formation follows resorption (43). 

However, the activation of remodeling, the extent to which the two processes are coupled, 

and the mechanism of their coupling is not known. Measurements of markers of bone 

formation and bone resorption can give insight into the mechanisms through which 

therapies such as exercise and HRT increase or maintain BMD. Kohrt (77) reported 

decreases in osteocalcin, a marker of bone formation, in response to exercise plus HRT 

versus exercise alone. Prince (105) found decreased resorption in exercise plus calcium or 

HRT treatment versus exercise alone. Others have found no significant changes in 

formation or resorption (58) in postmenopausal women in response to exercise training. 

Bone remodeling is a complex process that may involve growth factors such as 

IGF-1. Canalis (13) has suggested that the IGF-1 content of bone is an important factor in 

the maintenance of skeletal integrity and is dependent on serum levels of IGF-1. 

Therefore, therapies which maintain systemic levels of IGF-1 should ultimately preserve 

bone though decreases in IGF-1 in response to HRT have been documented (47,77,90). 

Elevated IGF-1 levels have been documented in trained postmenopausal women (96) and in 
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young women who weight lift (30). In response to exercise training, a decrease and no 

change in IGF-1 have been reported (77,129,147) 

Currendy, the relative importance of exercise training, HRT, markers of bone 

remodeling, and IGFs in predicting changes in BMD are not known. The purpose of this 

study was to determine the contribution of bone remodeling and IGFs to changes in BMD 

over 6 and 12 months and to determine how these factors relate to increases and decreases 

in total body bone mineral density over 12 months. 

Methods 

Sul2ig£ls 

Television and newspaper advertisements, direct mailings and study flyers 

distributed to community groups were used to recruit 93 postmenopausal women to 

participate this study. A screening questionnaire was used to determined if each potential 

subject met the criteria for inclusion in the study. 

Women three to ten years postmenopausal who were aged 40 - 65 years, sedentary 

(less than 120 minutes of regular exercise per week for at least one year), and were not 

taking any drugs that alter BMD except HRT were included in the study. Women either 

taking HRT (for at least I year but not longer than 3.9 years) or not taking HRT (not taking 

hormone for at lest one year) were recruited. Any physician approved HRT regimen and 

formulation was accepted. Potential subjects were excluded if they were smokers, had 

osteoporosis (initial spine or hip BMD greater than a Z score of -3.0), were obese or very 

lean (body mass index > 32.9 and < 19.0 from self-reported weight and height), were 

undergoing cancer treatment or had treatment within the past 5 years, or were unable or 

unwilling to be randomly assigned to the exercise or non-exercise group. Physical 

examinations were performed and subjects were excluded if they had a history of an eating 

disorder, a musculoskeletal condition such as severe muscular dystrophy or rheumatoid 

arthritis, a history of extensive bone fractiues, or conditions which contraindicate exercise 
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training. Subjects who were taking HRT or not taking HRT were randomly assigned to a 

one year supervised exercise training program consisting of resistive and weight bearing 

exercises or to a control group. 

All subjects also agreed to take 800 mg of calcium citrate daily which, in 

conjimction with dietary calcium intake, were intended to minimize the confounding effects 

of low calcium intakes on BMD. Informed and written consent was obtained from each 

subject prior to participation and all study procedures have been approved by the University 

of Arizona's Human Subjects Review Board. 

Bone Densitometrv 

Regional and total body BMD (g/cm*) measurements were obtained from dual-

energy x-ray absorptiometry (DXA). Whole body, anteroposterior spine, and right femur 

scans were performed in duplicate using the Lunar Radiation Corporation DXA scanner, 

model DPX-L with software version l.3y on medium speed, to provide accurate and safe 

estimations of BMD (54,69,91). The average of the two scans were used in all 

subsequent analyses due to the high day to day correlations (r,,) (r = 0.94 - 0.99) and the 

low coefficients of variation (CV) (CV% = 1.6 - 4.0). Follow-up scans were performed 

on the same settings as the baseline scans. All analyses were performed using the extended 

research analysis feature which has been shown to give the best results for soft tissue 

analysis (31,93). These scanning and analysis procedures are consistent with those 

provided by the Lunar Radiation Corporation. 

Blood and Urine Sample Collections 

Specimens were collected after 12 hour overnight fast between 0600 h and 0900 h 

and were coordinated with the estrogen cycles of those women on HRT. Two blood 

samples 7-14 days apart were drawn within the same phase of the estrogen cycle (i.e. 

estrogen alone or estrogen plus progesterone). All follow-up samples were taken diuing 

the same phase of the cycle as the baseline sample. Blood specimens were collected into 
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Vacutainer brand serum separator tubes with a clot activator by standard venipuncture 

procedures performed by a certified phlebotomist. The Vacutainer tubes were centrifuged 

at 1500 X G for 15 minutes after being allowed to clot for 30 minutes. Sera were aliquotted 

into cryovials and transferred into -80° C for storage until assayed. A first morning void 

urine sample was also collected and transferred into -80° C for storage until assayed. 84 of 

the 89 subjects who completed the one year intervention were able to provide adequate 

fasting blood and urine sample. 

Biochemical Assays 

Immunoradiometric assays (IRMA) were performed to determine serum levels of 

OC, IGF-1, IGF-2, and IGFBP3. The OC kit was obtained from Nichols Institute 

Diagnostics (San Juan Capistrano, CA) and the remaining IRMA kits were supplied by 

Diagnostic Systems Laboratories (Webster, TX). A standaid curve was created from the 

standard concentrations and counts using Immunofit EIA/RIA software v4.G (Beckman 

Instruments, FuUerton, CA), a curve fitting software package capable of cubic spline and 4 

parameter logistic curve fits. Unknown sample concentrations were estimated from this 

curve. 

For the measurement of Dpd, a competitive enzyme-linked immimoabsorbant assay 

(ELISA) obtained from Metra Biosystems (Mountain View, CA) was used. A standard 

curve was created from the known standard concentrations and optical densities using 

software capable of a 4 parameter logistic curve fit (MetraFit, vl.l, Metra Biosystems, 

Mountain View, CA). Unknown sample concentrations were subsequendy calculated. 

Because Dpd was measured in the urine, determinations of creatinine excretion were 

needed to adjust for variations in urine output A creatinine ELISA kit obtained from Metra 

Biosystems was data was analyzed using MetraFit, Metra Biosystems, Mountain View, 

CA. 



82 

All samples, standards, and controls were assayed in duplicate and samples from all 

three timepoints for any given subject were included in the same assay to eliminate the 

impact of inter-assay variation. Also, each assay contained subjects from each of the 

treatment groups. Any sample with a concentration higher than the highest standard was 

diluted and reassayed. Samples with high variation (greater than ~ 10.0%) between 

duplicate tubes, assessed using CVs and standard deviations, were also reassayed. 

Statistical Analyses 

All data analyses included 84 of the original 93 subjects who completed one year of 

the study and were able to provide adequate fasting serum and urine samples for analysis. 

All statistical analyses were performed using Statistical Package for the Social Sciences 

software version 7.0 (Chicago, IL). 

Multiple regression analysis was used to determine the contribution of various 

factors associated with bone remodeling to changes in BMD over 6 and 12 months. To 

avoid the problem of multicolinearity, simple Pearson product moment correlations (Table 

9) were performed between all biochemical variables (6 or 12 month minus baseline). Any 

variables that were significantly inter-related (p<0.05) were not included together in any 

multiple regression analysis. Two sets of independent variables were identified: I) OC, 

Dpd, and IGF-1 and 2) OC, Dpd, IGF-l:IGF-2, IGFBP3. Models I and 2 also included 

as independent variables the number of years postmenopausal and the baseline BMD. 

Including the baseline BMD variable accoimts for the variation in BMD changes over time 

due to differences in BMD at baseline. 

The contribution of OC and Dpd to changes in BMD over 6 and 12 months was 

also compared to the amount of variation in BMD accounted for by coding variables 

designating the HRT groups regardless of exercise status and an exercise effect in women 

taking HRT and in those not taking HRT using multiple regression analysis. Finally, the 

coding variables and the markers of bone remodeling were combined to predict BMD 
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changes over 6 and 12 months to see if after accounting for the effects of exercise and HRT 

there remained an association between maiicers of bone remodeling and BMD. Each 

analysis also included the number of years postmenopausal and the baseline BMD as 

independent variables. 

The sample was then divided into 3 groups based on whether they gained total body 

BMD over one year ^ +0.004 g/cm^), lost BMD (> -0.004 g/cm"), or experienced no 

change in BMD (0.00 ± 0.003 g/cm^) by creating a coding variable. The coding variable 

comparing bone losers and bone gainers, the number of years postmenopausal, and the 

baseline OC or Dpd were entered into a multiple regression analysis to predict changes in 

(X) and Dpd, alternately, over 12 months. Significance levels of p < 0.05 and p < 0.10 for 

all analyses were used to conux)l for both Type I and Type 11 errors. 

Results 

Factors thought to be associated with changes in BMD were examined first using 

simple Pearson correlations to determine whether the variables were inter-related (Table 9). 

Multiple regression analyses for the first set of independent variables (CXH, Dpd, and IGF-

1) arc presented in Table 10. Regression coefficients (slopes) for the three independent 

variables are given in each line for each BMD site at 6 months and then at 12 months. 

Changes in Dpd significantly predicted 6 month changes in BMD of the Ward's triangle (p 

< 0.10) and femoral neck (p < 0.05). For 12 month BMD changes, Dpd significantly 

predicted the greater ux)chanter (p < 0.10), the total body (p < 0.05), and the lumbar spine 

(p < 0.05). The significant coefficients for Dpd were positive. 

Changes in OC significantly predicted 12 month changes in BMD in the greater 

trochanter (p < 0.10) and the limibar spine (p < 0.05). In contrast to the Dpd, the OC 

coefficients were negative indicating that a positive change in OC from baseline to 12 

months, but not from baseline to 6 months, is related to a negative change in BMD. IGF-1 
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significantly predicted 12 month changes in BMD in the femoral neck (p < 0.05) and 6 

month changes in BMD in the lumbar spine (p < 0.05). Increases in IGF-1 from baseline 

to 12 months were related to decreases in BMD of the femoral neck while increases in IGF-

I from baseline to 6 months were related to increases in BMD of the lumbar spine. The 

amount of variation accounted for (R^ x 100) ranged from 2.0% in the total body to 19.1% 

in the lumbar spine where both OC and Dpd were signiflcant predictors of changes in 

BMD. When the ratio of IGF-1 to IGF-2 plus IGFBP3 were added in place of IGF-1 

(Model 2), they were nonsignificant predictors of 6 and 12 month changes in BMD. 

To determine if OC and Dpd account for variation in BMD changes independent of 

the exercise and hormone status of postmenopausal women, multiple regression was 

performed using coding variables denoting die exercise effect in both HRT groups and the 

HRT groups disregarding their exercise status, followed by analyses with OC and Dpd. 

Finally, (X!, Dpd and the coding variables were entered as independent variables (Tables 

II and 12). Multiple regression coefficients for predicting 6 month changes in BMD for 

each set of analyses are presented in Table 11. The coding variables (HRT effect) were 

significant predictors (p < 0.05) of changes in Ward's triangle and lumbar spine BMD and 

remained significant (p < 0.05) when OC and Dpd were included in the model. Dpd was a 

significant predictor (p < 0.10) of BMD changes in the Ward's triangle only when the 

coding variables were not included in the analysis. However, at the femoral neck, Dpd 

was a significant predictor (p < 0.05) of BMD changes regardless of the presence of the 

coding variables in the model. 

Multiple regression coefficients for predicting 12 month changes in BMD are 

presented in Table 12. In all situations except for the lumbar spine, the coding variables 

(one or more) were significant predictors of BMD changes regardless of the addition of OC 

and Dpd to the analysis. The coding variables were significant predictors (p < 0.05) of 

BMD changes in the femoral neck (HRT effect) and Ward's triangle (HRT effect and 
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exercise effect in the non HRT group) when entered in die model alone or with the addidon 

of OC and Dpd. OC and Dpd were non significant predictors of femoral neck and Ward's 

triangle BMD changes. OC significantly (p < O.IO) predicted changes in BMD of the 

greater trochanter regardless of the addition of the coding variables. Also at this site, there 

was a significant (p <0.10) exercise effect in both HRT groups which persisted after the 

addition of OC and Dpd. When predicting total body changes in BMD, a significant HRT 

effect (p < 0.05) and exercise effect (p < 0.10) in the non HRT group existed when entered 

without OC and Dpd. Dpd was significant (p < 0.05) when entered with the coding 

variables. In the model including all variables, the EiRT effect was significant at p < 0.10, 

the exercise effect became nonsignificant, and the Dpd was significant at p < 0.10. At the 

lumbar spine, OC and Dpd coefficients were significant (p < 0.05) without the coding 

variables in the model. Dpd remained significant when the coding variables were added. A 

significant HRT effect in the model without OC and Dpd became nonsignificant after their 

addition. 

In the analyses described above, the R" x 100 ranged from 1.9% to 24.6%. The 

regression coefficients for markers of bone remodeling were larger at 12 months than a 16 

months, except for Dpd at the femoral neck. In all models except for the 12 month changes 

in the lumbar spine and 6 month changes in the femoral neck, the coding variables 

accounted for more variation than the models with OC and Dpd alone. The largest amount 

of variation was accounted for in the models combining the coding variables with OC and 

Dpd versus either model alone except for 6 month changes in the lumbar spine BMD where 

the coding variables alone accounted for the most variation in BMD changes. 

The sample was divided arbitrarily into bone gainers (BG) (> +0.004 g/cm") and 

bone losers (BL) (> -0.004 g/cm") based on 12 month changes in total body BMD. The 

mean changes in OC, Dpd, IGF-1, IGF-2, IGFBP3, and the ratio of IGF-1 to IGF-2 for 

each group are presented in Table 13. Changes in the biochemical variables were each 



predicted from the coding variable comparing BGs and BLs, the number of years 

postmenopausal and the baseline OC and Dpd. The variable comparing BGs to BLs was a 

significant (p < 0.05) predictor of 12 month changes in CXI but not Dpd indicating that CXZ 

changes over 12 months are related to the largest 12 month changes in total body BMD. 
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TABLE 9: Conelation coefficients for biochemical variables (6 or 12 months minus 
baseline). 

Six Month DPD 6-B IGF-1 6-B IGF-2 6-B OC6-B Ratio 6-B 
-Baseline 6-B 
IGFBP3 1.0 

6-B 
DPD6-B .157 1.0 
IGF-1 6-B .432* .007 1.0 
IGF-2 6-B .646* .046 .134 1.0 
0C6-B .161 -.009 .091 .222 1.0 

Ratio 6-B .199 .014 .924* -.197 .002 1.0 
12 Month - IGFBP3 DPD 12- IGF-1 IGF-2 OC 12-B Ratio 12-
Baseline 12-B B 12-B 12-B B 
IGFBP3 1.0 

12-B 
DPD 12-B .116 1.0 

IGF-1 .342* .180 1.0 
12-B 

IGF-2 .702* .007 -.007 1.0 
12-B 

OC 12-B .296* .123 .177 .305* 1.0 
Ratio 12-B .119 .140 .928* -.308* .075 1.0 
* Significaiit correlation (pcO.OS). 
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TABLE 10: Multiple regression coefficients for equations predicting changes in bone 
mineral density from osteocalcin, deoxypyridinoline crosslinks (Dpd) and IGF-1. 

Independent Variables 
BMD Site (g/cm") Osteocalcin Dpd IGF-1 R'xlOG 
Total Body 6M 
Total Body 12M 

0.0005 
-0.0011 

0.0002 
0.0019* 

0.00001 
-0.00004 

2.1 
11.6 

Femorai N îSi 6M 
Femoral Neck 12M 

O.OJ034 
0.0044 

O.OOS9* 
0.0020 

o.TjSQol 
-0.0003* 

15.8 
15.8 

Tiochahter6M 
Trochanter 12M 

0.0023 
-0.004t 

o.oodoT 
0.0027t 

0.0002 
-0.00016 

7.1 
9.4 

Waids Tnangle (SSl 
Wards Triangle 12M 

0.003 
-0.004 

o.o t̂ 
0.004 

0.0002 
-0.00002 

13.2 
7.2 

Spuiie 6M 
Spine 12M 

-(5JS01"7 
-0.0047* 

^.00T2 
0.0035* 

"0.00016* 
0.00010 

7.6 
19.1 

t Significant coefficient (p<0.10). 
6M = Six months after initiating the exercise program. 
12M = One year after initiating the exercise program. 



TABLE 11: Multiple regression coefficients for equations predicting six month changes in bone mineral density from exercise/HRT 
group status and biochemical markers of bone turnover. 

Independent Variables 
BMD Site HRTvs noHRT Exercise vs Control Exercise vs Osteocalcin Dpd R^x 100 
(g/cm^) for no HRT Control for HRT 

Dpd 

"^TbtaTBody 0.0017 0.0009 -0.0009 5.0 
0.0002 0.0004 1.9 

0.0014 -0.00002 -0.0013 0.0003 0.0005 5.3 
Femora] Neck 0.0009 0.0004 0.0004 9.4 

0.0034 0.0039* 15.8 
0.0009 0.0017 -0.000005 0.0032 0.0038* 16.1 

Trochanter O.OOII 0.00084 0.0060 4.8 
0.0027 0.00005 4.4 

0.0012 -0.00038 0.0061 0.0027 -0.00009 6.6 
Wards Triangle 0.0093* 0.0041 0.0031 14.3 

0.0034 0.0037t 11.5 
0.01* 0.0060 0.0026 0.0027 0.0035 20.0 

Lumbar Spine 0.0063* 0.0020 0.0011 9.2 Lumbar Spine 
-0.0013 0.0012 2.8 

0.0049* 0.0028 0.00094 -0.0016 0.0011 8.8 
* Significant coefficient (p<0.05). 
t Significant coefficient (p<0.10). 



TABLE 12: Multiple regression coefficients for equations predicting twelve month changes in bone mineral density from 
exercise/HRT group status and biochemical markers of bone turnover. 

Independent Variables 
BMD Site HRT vs no HRT Exercise vs Conu-ol Exercise vs Osteocalcin Dpd R^x 100 
(g/cm^) for no HRT ConU'ol for HRT 

Dpd 

Total Body 0.0037* 6.66h-|- 0.0010 i l l  Total Body 
-0.0013 0.0019* 8.6 

0.0028t 0.0018 0.0021 -0.0013 -0.0015t 13.6 
Femoral Neck 0.0091* 0.0068 -0.0031 15.3 

0.0043 0.0012 10.8 
0.0087* 0.0106t -0.0016 0.0042 -0.0002 20.4 

Trochanter 0.0042 0.0079t 0.0116* 11.4 
-0.004 It 0.0022 6.8 

0.0054t 0.0112* 0.00816t -0.0042t 0.0008 20.8 
Wards Triangle 0.0124* 0.0125* 0.0101 15.4 Wards Triangle 

-0.0041 0.0041 7.1 
0.0137* 0.0172* 0.0086 -0.0039 0.0015 24.6 

Lumbar Spine 0.0057t 0.0042 0.00341 10.7 Lumbar Spine 
-0.0047* 0.0038* 17.9 

0.0034 0.0057 0.0045 -0.0047 0.0030* 23.0 
* Significant coefficient (p<0.05). 
t Significant coefficient (p<0.10). 
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TABLE 13: Mean (± SD) differences between twelve months and baseline for biochemical 
varaibles in groups of BMD gainers, BMD losers, and those with no BMD change. 

Variable^^ 

Dpd(mM/nM) 
IGF-1 (ng/ml) 
IGF-2 (ng/ml) 
K3ra^(n^ml) 7.89 181 
* BMD gainers and loser significantly different (p < 0.05). 

BMD Gainers BMD Losers BMD No Change 
Mean SD Mean SD Mean SD 

-0.086* 1.8 0.524 1.9 -0.047 1.1 
-0.050 1.3 -0.700 2.9 0.379 2.0 
-7.25 29.1 2.84 38.3 -4.49 29.8 
0.489 61.9 -22.3 118.0 -26.4 66.1 
7.89 18.1 -12.62 41.6 -102.7 23.9 
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Discussion 

Previously we have documented decreases in Dpd in response HRT over 6 and 12 

months and no significant changes (P < 0.05) in OC, IGF-1, IGF-2, and IGFBP3 in 

response to HRT, 6 and 12 months of exercise training and their combination in 

postmenopausal women (Chapter 3). In the present study, using a pooled sample of 

sedentary and exercising subjects, we used multiple regression analyses to further 

investigate the relationship of these biochemical variables to changes in BMD in 

postmenopausal women either taking HRT or not taking HRT. 

After determining groups of variables that were not interrelated (Table 9), these 

models were used to predict changes in BMD in this sample of 84 postmenopausal women. 

OC, Dpd and IGF-1 were not significant predictors of BMD changes in the total body and 

greater trochanter at 6 months and the Ward's triangle at 12 months. At these sites, 

changes in BMD were due to factors other than indices of bone remodeling. Both OC and 

Dpd were significant predictors of changes in BMD from baseline to 12 months at the 

lumbar spine and greater ux)chanter, however the amount of variability accounted for each 

model was 19.1% and 9.4%, respectively. Though there were no significant changes in 

IGF-1 levels in response to exercise or HRT (Chapter 3), IGF-1 was a significant predictor 

of 12 month BMD changes in the femoral neck and of 6 month BMD changes at the lumbar 

spine, accounting for 15.8 and 7.6%, respectively, of the variation in BMD changes. 

Factors such as age, number of years taking HRT, and the effect of different HRT 

regimens were not accoimted for in these models. 

The combination of OC, Dpd, the ratio of IGF-1 to IGF-2, and IGFBP3 was also 

used to predict 6 and 12 month changes in BMD. The ratio of IGF-1 to IGF-2 and 

IGreP3 were not significant predictors of BMD changes. This suggests that these factors 

do not play a major role in short term changes in BMD in postmenopausal women taking or 

not taking HRT who have been randomized into an exercise program or control. Gluckman 



(52) has proposed that the ratio of IGF-1 to IGF-2 plays a more important role in anabolic 

processes than the levels of either factor alone. These data suggest that, in this population 

of postmenopausal women, IGF-1 is more important that the ratio of IGF-1 to IGF-2. 

Acute bouts of exercise can stimulate IGFBP3 levels (138) but they remained unchanged in 

response to chronic exercise (Chapter 3). Further, in this pooled sample of exercising and 

sedentary postmenopausal women, IGFBP3 was not related to BMD changes. 

The significant regression coefficients (Table 10) observed in Dpd for predicting 

changes in BMD were positive in direction. Therefore, a positive change in Dpd, increased 

resorption, contributes to positive changes in BMD while a negative change in Dpd, 

decreased resorption, contributes to negative changes in BMD. This relationship is 

unexpected given that the women taking HRT generally experienced a suppression of bone 

resorption while increasing BMD. However, the trend for increases in BMD for those not 

taking HRT and exercising was an elevated level of bone remodeling. In contrast, the 

significant negative coefficients for OC show positive changes in BMD when formation 

decreases and negative changes in BMD when formation increases. This relationship is 

consistent with changes in bone remodeling in response to HRT. The two significant 

coefficients for IGF-1, predicting 12 month changes in BMD of the femoral neck and 6 

month changes in BMD of the lumbar spine, were opposite in direction. In both cases, no 

other coefficient in the model was significant. 

We also examined the role of OC and Dpd before and after accounting for the 

variability in BMD changes due to exercise and HRT. In predicting both 6 and 12 month 

changes in regional and total body BMD (Tables 11 and 12), OC and Dpd coefficients 

remained significant after accounting for the variability in BMD changes due to exercise and 

HRT status in 4 of the 10 sites examined. When predicting changes in BMD at the lumbar 

spine, after the addition of OC and Dpd to the model, the exercise and HRT variables 

became nonsignificant indicating that the variability in BMD accounted for by HRT and 
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exercise could be accounted for by changes in OC and Dpd. In the majority of sites (6 of 

the 10 sites), however, the variability accounted for by HRT and exercise remained 

significant after the addition of OC and Dpd to the model. There were no significant 

predictors of 6 month changes in BMD of the total body and the greater urochanter even 

when the effects of exercise, HRT, and bone remodeling were combined in the equation. 

The relationships examined were stronger when predicting 12 month changes where the R* 

X 100 ranged from 6.8% to 24.6% but only 1.9% to 20% for 6 month changes. A large 

amount of the variability in BMD changes remains unaccounted for in these models. 

One of the difficulties in determining the contribution of OC, Dpd, and IGFs to 

changes in BMD is that the serum levels of each factor represents the systemic average of 

local effects that may have taken place. Since the changes in BMD are site specific, local 

changes in the levels of bone bioraarkers can be diluted by opposite changes elsewhere in 

the body. TTierefore, we identified bone gainers and bone losers based on 12 month 

changes in total body BMD and determined if 12 month changes in OC, Dpd, IGF-1, IGF-

2, IGFBP3 and the ratio of IGF-1 to IGF-2 were different between groups. The only 

significant difference between groups occurred for 12 month changes in OC. No 

significant differences were found in Dpd 12 month changes between bone losers and bone 

gainers. Bone losers had increases in formation while bone gainers had decreases in 

formation over 12 months. The largest changes in BMD occurred in those women on HRT 

therefore, it is not surprising that increases in BMD occurred through a suppression of 

bone remodeling. 

In an effort to identify factors which contribute to changes in BMD, Chen (15) 

studied 45 postmenopausal women and found that while bone mineral mass is more related 

to lean mass than fat mass, BMD changes over one year are more closely related to changes 

in fat mass and body weight Houtkooper et al (63) also predicted BMD changes over 18 
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months from nutrient intake, exercise status and body composition. They concluded that 

fat mass, energy intake, and exercise group status signiflcandy predicted BMD changes. 

The present study is unique in that markers of both formation and resorption were 

included in these analyses. We conclude that markers of bone remodeling and IGF-1 are 

significant predictors of BMD changes but the overall amount of variation in BMD changes 

accounted for in these models is low. Exercise and HRT status were significant predictors 

of changes in BMD even after the addition of bone remodeling markers. Also, OC levels 

were different between bone gainers and bone losers with bone losers showing an 

increased formation. 
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APPENDIX A: Screening questionnaire 

UNIVERSITY OF ARIZONA 
DEPARTMENTS OF PHYSIOLOGY, NUTRITIONAL SCIENCES AND 

FAMILY AND COMMUNITY MEDICINE 

GENERAL BACKGROUND 

Name: Today's Date: 

Date of Birth: L / Age; 
month / day / year 

Social Security # - -

Address: Zip code: 

Phone: (H) (W) 

Convenient times to call: 

Occupation: 

Name of local friend, neighbor or relative: 

Phone # 

Race/ethnicity: Please circle one -

Caucasian African-American Native American Asian 
Hispanic 

Mother's race/ethnicity: 

Father's: Maternal grandparents: 

Paternal grandparents: 

Are you currently participating in any other studies? Y N 

Which one(s): 

Do you have any plans to move away from Tucson within the next year?: Y N 
If yes, when; 

How did you hear about the BEST study: 
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If T. V. show, list T. V. station and name of show: 

If newspaper or magazine, list name & date (if known): 

What will be your mode of transportation to the testing sites if you are accepted into 
the study?: 

public transportation drive yourself be dropped off 
other 

If randomly assigned into the exercise program, which exercise facility is most 
convenient for you? 

Naturally Women at Broadway/Kolb Metro at Oracle/fiia 
University Wellness Center (UMC) Campbell/Speedway 

I live mile(s) from the Broadway/Kolb intersection, miles from the 
Oracle/Ina intersection and mile(s) from the Speedway/Campbell intersection. 
I work mile(s) from the Broadway/Kolb intersection, miles from the 
Oracle/Ina intersection and mile(s) from the Speedway/Campbell intersection. 

MEDICAL HISTORY 

1. Weight lbs Height ^ft in 

2. Menstrual History 
Do you still have a period? 

Y N 

Date of your last menstrual period: 
/ / OR 

mon/ day / yr 
if you still have a menstrual cycle, is it due to 
hormone replacement therapy? • Yes • No 

Hysterectomy? 
Y N 

Date of hysterectomy 
(N/A) 

L L 
mon / day / yr 

Were your ovaries removed? 
Y N 

Both ovaries? 1 ovary? 

For CMIIee Only 

Rsviewer 

BMI 
>»5* 

ID# 
s»t/sarg m«nop«ttm:_ 
ynr puai nwaopauw. 
yr* on ttttT 
HUT type 

(N/A). 
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Date of ovarectomy 
L L 

mon/ day / yr 

If your ovaries were not removed, have you experienced any symptoms of 
menopause, i.e., hot flashes, night sweats, vaginal dryness, depression? If so when did 
they start? 

. Arc you still experiencing any of those symptons? 
Y N 

Have you had a blood test (FSU) to determine if you are menopausal? 
Y N 

Results 
mon / day / yr 

3. Medical History (Please mark "Y" or "N") 
a. Arc you currently undergoing chemotherapy or radiation therapy? 

b. Have you ever had a broken bone? Which bone(s)? 

How did the fracture happen? When? 

c. Have you ever had a stress fracture? Which bone(s)? 

d. Are you currendy taking any prescribed medicines (other than HRT)? 

Which ones? 

For what condition(s)? (medical condition, i.e. hyperthyroid, allergies): 

Dosage, Frequency. 

(how many times a day) milligrams (mg) 

e. Arc you currently taking any over-the-counter medicines? 

Which ones? 

Dosage & Frequency: (how many times a day) 

f. Are you currendy taking hormone replacement therapy (HRT)/esU:ogen or 
progesterone)? • Yes • No 

If yes, what date did you begin taking HRT? / 
mon / yr 

Type (brand name): 
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Amount (dosage) & frequency: 

What type of HRT schedule arc you on? Continuous or cyclic? (circle one) 

If cycling, please explain (i.e. how many days a month do you take 
estrogen, and if on progesterone, how many days a month? 

What day each month coincides with day 1 of your cycle? 

g. Aie you currently taking any steroids (i.e., anabolic steroids, androgens, 
allergy relat^ corticoids)? 

Type: Dosage & Frequency: 

h. Do you smoke? How many (# of cigarettes per day) 

i. How many times have you been pregnant? Number of children? 

4. Personal History (Have you ever been diagnosed or treated for any of the 
following?) 

YES NO TYPE OR DAlEdVIO/YR) 

Heart disease 
Diabetes 
Liver disease 
Osteoporosis 
Breast cancer 
Uterine cancer 
Other cancer 
(Type ) 

If yes, what type of treatment did you receive? 
YES NO TYPE OR DATE 

Hip fracmrc 
Vertebral fracture 
Eating disorder 
Thyroid disorder 
Kidney stones 
Kidney disease 
Gastrointestinal 
disorder 
Other (please describe) 

5. Brief family (parents or grandparents) medical history (i.e., do or did 
any of them have heart disease, diabetes, osteoporosis?): 
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YES NO TYPE OR DAIE 

Heart disease 
Oiabetes 
Liver disease 
Osteoporosis 
Breast cancer 
Uterine cancer 
Other cancer 
(Type ) 
Hip fracture 
Vertebral fracture 
Eating disorder 
Kidney stones 
Other (please 
described) 

DIET SCREENING QUESTIONNAIRE 

1. Diet Evaluation -- FOCNI Frequency 

On a typical day, do you consume at least one food in the following list in the 
amount shown to equal 1 serving OR a combination of the foods in the list that 
equals 1 serving (e.g. 1/2 cup milk and 1/2 cup yogurt or 1 ounce Cheddar cheese 
and 1 cup ice cream)? 

Yes No 
Dairy Products 
Acidophilus milk (1 serving = 1 cup) 
Milk - whole, two percent, one percent, skim, chocolate, buttermilk - (1 serving = 
1 cup) 
Dry milk powder - (1 serving = 1/3 cup) 
Yogurt - plain, with fruit, or flavored (1 serving = I cup) 
Calciiun fortified orange juice (1 serving = 1 cup) 
Pudding (1 serving = 1 cup) 
Cheese - American, brick Cheddar, Colby, Edam, Mozzarella, processed cheese (1 
serving = 2 ounces or 2 one inch cubes) 
Cottage cheese (1 serving = 2 cups) 
Ice cream, ice milk (1 serving = 2 cups) 
Non-dairv products 
Tofu products (1 serving = 1/2 cup) 
Sardines with bones (1 serving = 1/2 cup or 3 ounces) 
Spinach (1 serving = 1 1/4 cups cooked) 
Oysters (1 serving = 1 cup) 
Creamed soups (1 serving = 2 cups) 
Salmon canned with bones (1 serving = 2/3 cup or 5 ounces) 



101 

a. If no, would you be willing to consume 1 serving (or equivalent) per day of any 
of the foods listed above? 

^Yes No 

2. Have you ever been told you have an allergy or intolerance to milk or milk 
products? ^Yes No 

3. Do you take a calcium supplement? Yes No 

If yes, are you willing to stop using the supplement and only take the 800 mg 
calcium supplement that will be given to you in this study? Yes No 

4. Do you take a multivitamin/mineral supplement? Yes No 

How many milligrams of calcium does it contain? 

How many units of vitamin "D" does it contain? 

If yes, are you willing to stop using your current supplement and be willing to 
switch to a comparable supplement that does not contain calcium? Yes ^No 

5. Do you regularly take any of the following? Yes No 

Turns, Titralac, Tiuralac Syrup, Bicarbonate, Alka-Seltzer-2 (circle those you take) 

If the answer is yes, are you willing to stop using that antacid and replace it with an 
antacid that does not contain calcium? ^Yes No 

6. Do you use any of following to help control your weight? Yes No 

laxatives How often in the last week 
How often in the last month? 
How often in the last year? 

diuretics How often in the last week 
How often in the last month? 
How often in the last year? 

self-induced 
vomiting 

How often in the last week 
How often in the last month? 
How often in the last year? 

bran How often in the last week 
How often in the last month? 
How often in the last year? 

exercise How often in the last week 
How often in the last month? 
How often in the last year? 

7. Have you lost or gained more than 30 pounds in the past year? Yes No 
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Do you intend to lose more than 30 pounds over the next year Yes No 

If yes, would you be willing instead to maintain your current weight over the next 
year? 

Yes No 

PHYSICAL ACTIVITY HISTORY 

I. Occupation(s). List all occupations you have had, starting with your current 
employer and working back over the past 5 years (please include volunteer work). 
Indicate if full or part-time employed, years employed and give an estimate of the amount 
of physical activity involved using a s<^e of 1-5 with l=very little activity and 5=very 
hi^ level of activity. 

Physical Activity 
From/To Full/ 1 2 3 4 5 
in yrs part-time very little some moderate higb very high 

Occupation 
a . -

b . -

c . -

d . -

e. -

2. In the last vear. did any of the occupations listed above require you to 
consistendy lift, carry moderate to heavy loads, or involve pushing, pulling or 
shoveling? Yes No 

If yes, please explain: 

3. Physical Activity. In tll£ last vear. have you been involved in athletic 
competition? Yes No 

If yes, what sport(s)? Please explain 

4. In the last year, have you engaged in weight training or some other type of 
resistance exercise (e.g.. Nautilus, Universal machines; exercise bands, etc.)? 

Yes No 

If yes, please indicate, on average, the number of months per year, sessions per 
month and number of minutes per session the activity is performed: 
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Describe exercise Months Weeks Sessions Minutes per 
per year per month per week session 

a 

b 

c 

d 

Do you presently engage in the same activities listed above? If not, how 
many months has it been since you engaged in the activities listed above? 

(Months) 

5. In the past year, have you engaged in any type of regular exercise (at home or in a 
community facility)? 

_Yes No 

If yes, please indicate on average, the number of months per year, sessions per 
month and number of minutes per session the activity is performed: 

Describe exercise Months Weeks Sessions Minutes per 
per year per month per week session 

a 

b 

c 

d 

If you listed walking above, what is your usual pace of walking? Marie ONE only. 

•Casual or strolling Oess than 2 miles per hour) QFairly brisk (3 to 4 miles per 
hour) 
•Average or normal (2 to 3 miles per hour) •Brisk or striding (4 miles 
per hour or faster) 

Do you presently engage in the same activities listed above? If not, how 
many months has it been since you engaged in the activities listed above? 
(months) 

8/19/98: mg 



APPENDIX B: Exclusion Criteria—Drugs 

Medications which decrease bone mineral density: 

Tamoxifen 
Calcimar 
Didronel 
Miacalcin 

Medications which increase bone mineral density: 

Alendronate- Fosamax (Merck) 
Calcitonin nasal spray- Miacalcin (Sandoz) 
Fluoride, slow-release- Slow Fluoride (Mission Pharmacal) 

Medications for high cholesterol-

Atroraid-S 
Colestid 
Lescol 
Lopid 
Loielco 
Mevacor 
Nicolar 
Pravachol 
Questran Light 
Zocor 

Beta Blocker: 

Atenolol 
Blocadren 
Inderal 
Inderal 
Inderide 
Kerlone 
Levatol 
Lopressor 
Lotesin 
Metroprolol 
Propanolol 
Sectral 
Tenoretic 
Tenormin 
Timolol 
Toprol-xl 

Medications for asthma: 
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Prohahle cause to exclude if compliance with exercise program is affected (need to 
ascertain dosage/long-term use, severity of asthma): 

Aerohid 
Alupent 
Ashron-G 
Atrovent 
Azmacort 
Beclovent 
Brethaire 
Biethine 
Bricanyl 
Bronkometer 
Choledyl 
Elixophyllin 
Intal 
Isuprel 
Lufyllin 
Marax 
Maxair autohaler 
Metrprel 
Proventil 
Quibron-T/SR 
Respbid 
Serevent 
Slo-Bid 
Slo-phyllin 
TheoX 
Theo-24 
Theo-dur 
Tilade 
Tomalate 
Uniphyl 
Vanceril 
Ventolin 
Volmax 
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APPENDIX C: Indications for termination of an exercise test 

Absolute Indications 
1. Acute myocardial infarction or suspicion of a myocardial infarction 
2. Onset of moderate to severe angina 
3. Drop in SBP with increasing workload or drop below standing resting pressure 
4. Serious arrhythmias (e.g. second or third degree atrioventricular block, sustained 

ventricular tachycardia or increasing premature ventricular contractions, atrial 
fibrillation with fast ventricular response) 

5. Signs of poor perfusion, including pallor, cyanosis, or cold and clammy skin 
6. Unusual or severe shormess of breath 
7. Central nervous system symptoms, including ataxia, vertigo, visual or gait problems, 

or confusion 
8. Technical inability to monitor the ECG 
9. Patient's request 

Relative Indications 
1. Pronounced ECG changes from baseline [>2mra of horizontal or downsloping ST-

segment depression, or >2mm of ST-segment elevation (except in a VR)] 
2. Any chest pain that is increasing 
3. Physical or verbal manifestations of severe fatigue or shormess of breath 
4. Wheezing 
5. Leg cramps of intermittent claudication (grade 3 on 4-point scale) 
6. Hypertensive response (SBP >260mm Hg: DBP >115mmHg) 
7. serious arrhythmias such as supraventricular tachycardia 
8. Exercise-induced bundle branch block that cannot be distinguished from ventricular 

tachycardia 
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APPENDIX D: Human Subjects Approval 
THE UNIVERSRIY OF 

ARIZONA, Human iuoiecs Committetf « \s loI2 £. Mjbciir 
Tucson. Ar;2t.'nj 

Health Sqencss Qntir 5io> 27 June 1996 _ 

Timochy G. Lohman, Ph.D. 
Department cf Physiology 
Gictings Building, Room 101 
PO BOX 2100 93 

RE: HSC #93-77 EXERCISE, BONE MIJfERAL AND BLOOD LIPIDS IN WOMEN 

Dear Dr. Lohman: 

We received your 26 June 1995 letter and accompanying consent form 
addendum for the above referenced project. Protocol modification 
involves inclusion of sub-sample of 20 women enrolled currently who 
agree to measurement of energy expenditure before i after l year of 
exercise program [procedures include 30 ml blood draw after 12-hr 
overnight fast, collecting urine samples on 5 of the 9 days cf 
study, recording of food intake; also energy expenditure measured 
via consumption of 2/3 cup doubly-labeled water and accelerometer 
worn to measure physical activity and oxygen consumption & carbon 
dioxide production measured to determine resting energy expenditure 
[consent form describing procedures as noted above provided for 
review]. Aporoval for these changes is granted effective 27 June 
199S. 

The Human Subjects Committee (Institutional Review Board) of the 
university cf Arizona has a current assurance of compliance, number 
M-1233, which is on file with the Depart.-nent of Health and Human 
Services and covers this activity. 

Approval is granted with the understanding that no further changes 
or additions will be made either to the procedures followed or to 
the consent form(s) used (copies of which we have on file) without 
Che knowledge and approval of the Human Subjects Commiccee and your 
College or Deparcmental Review Committee. Any research related 
physical or psychological harm to any subject must also be reported 
CO each committee. 

A university policy requires thac all signed subjecc ccnsenc forms 
be kept in a pernr.iinent file in an area designaced for chac purpose 
by Che Department Head or comparable authority. This will assure 
their accessibility in the event chat universicy officials require 
Che information and the principal invescigacor is unavailable for 
some reason. 

Sincerely yours, 

William F Denny, M.D. 
Chairman, Human Subjeccs Committee 

WFD:rs 
cc: Deparcmencal/college Review Commiccee 
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