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ABSTRACT 

A merry heart doeth good like a medicine 

But a broken spirit drieth the bones Proverbs 17:22 

The objective of this research is to establish the relationship between stress and 

bone loss, and to determine to what extent it can be mediated by changes in individual 

perceptions and behavior. It utilizes the results of a sixteen year longitudinal osteoporosis 

study and is augmented by extensive in-home interviews to assess pertinent psycho-social 

and health regime factors. The salience of the mind-body-spirit experience is applied to 

the topic of osteoporosis, a cogent and immediate concern for all women. 

As a chronic condition of aging, the impact of osteoporosis on the morbidity and 

mortality of women has long been a concern of health practitioners, anthropologists, and 

epidemiologists. It presents a formidable threat to quality of life for postmenopausal 

women. This paper has been developed to explore the possibility that life changes, 

adjustments and stressors might have a deleterious effect on bone density in aging women. 

The attempt to analyze whether bone loss accelerated under stress could not be 

unequivocally determined. In the process of interview and qualitative analysis it was 

revealed that the personal strengths of the subjects including positive attitudes, hardiness, 

and coping styles may well have buffered such losses. In this population, bone loss clearly 

associated with aging was not as clearly amenable to interventions by the subjects in terms 

of health and lifestyle behaviors as it appeared to be when bone density changes were not 

significantly attached to age. 



I INTRODUCTION TO THE STUDY 

Statement of the Problem 

Many of us are intimately familiar with stress. That often random, sometimes 

specific agitator that causes some of us to attain even higher levels of success while others 

fold and melt, is a presence that certainly shows itself in health consequences. The impact 

of stress on the aging population is of particular concern as frequent adjustments to 

changes in health, to loss of loved ones, to loss of independence, to retirement and 

residence changes provide additional insults to the equilibrium of the senescent phase. I 

have heard some say trepidatiously, "so these are the golden years?" 

One area of expected decline is bone density, and it is the purpose of this study to 

assess whether stress as an independent variable can hasten the rate of bone loss in a 

population where bone density loss is expected. Postmenopausal women are particularly 

vulnerable to enhanced fracture risk as estrogen stores are depleted and where adaptation 

to lifestyle changes, perceived losses, and compromised health can fiirther challenge the 

bone remodeling equilibrium. The morbid outcomes of osteoporosis are well known to 

health practitioners and to the aging population it threatens. To what extent can this 

disease of aging be exacerbated by stress? Is there a constellation of traits bo^ 

physiological and psychological, given the biological determinants of aging and 

menopause, that is most protective against devastating outcomes? For example, can we 

create a model of behaviors that target bone health at a time of predestined bone loss, and 

are mechanisms of coping such as internalizing the stressor stimulus and 'getting on with 

life' more adaptive? 
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Purpose of the Study 

To test these questions, a cohort of 85 postmenopausal women in two desert 

populations in Arizona were selected. These women had participated in the longitudinal 

Arizona Bone Density Project at the University of Arizona and had consented to personal 

interviews and random morning urine specimens for catecholamine analysis as part of this 

study. On record were yearly bone density measurements based on evaluation at the site 

of the distal one third radius using single photon absorptiometry. Additionally, 

questionnaires elucidating health and lifestyle history profiles were completed at the time 

of the annual scan. This included data on diet, exercise, medications, milk consumption, 

and health and lifestyle changes. Those selected for this study had multiple scans and 

indicated changes in health or lifestyle in the previous five years. 

The sometimes sobering, always enlightening process of interviewing led to more 

questions than it answered, and provided many lessons, not the least of which was the 

awesome grace with which so many women pursue their senior years. I was overwhelmed 

with the diversity of temperaments and coping styles, and the overall tenacity of aging 

women. Learning as I went fi-om home to home, I came to appreciate how women 

integrate all the challenges of aging and the variation of effects this interaction imparts. 

Inspired by their stories, I am hoping to shed light on the questions that they stimulated. 

While a qualitative review of their subjective reporting will disclose personal traits and 

styles that might suggest who is at greater risk, a quantitative analysis comprising both 

cross sectional and longitudinal analysis will suggest the strength of the relationship 

between stress and bone density. 
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The interviews raised these concerns which must be considered in each analysis if 

we are to look at the biocultural self and not merely the body. 

Is there a particular temperament or coping style that leads to better outcomes for 

bone? 

How do aging women deal with stress and to what extent do they minimize or 

integrate its presence? 

How do aging women perceive themselves and their experience of senescence; do 

they feel their age? 

Do socioeconomic circumstances have bearing? 

Do those who choose residence for a particular lifestyle or retirement fair better 

than those whose choice comes from health problems? 

Do childhood events such as birth order, place of origin, and perception of * happy' 

childhood have anything to do with bone health? 

Does living alone or an absence of a satisfactory social network predict greater 

decline? 

About the Population 

The Arizona Bone Density Project began in 1982 and residents of Sun City, 

Arizona were the first to be scanned. A Tucson population was added a year later. To 

date, approximately 3900 women have participated; some appear regularly for their yearly 

scan while others are more sporadic or have passed away. 

Sun City grew up in the I960's as a planned retirement community that ofifers a 

wealth of opportunities for an active and healthy retirement. There seem to be no limits to 
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the athletic and social pursuits of these retirees. Gol^ hula dancing, tennis, jazzercise, and 

swimming are a few of the myriad pursuits that many choose from. Social networking and 

community are valued. Many who came sought the warmth and sun as a reprieve from the 

mid-Western cold; others sought to immerse themselves in an environment in which they 

could give voice to their desire for intentional fun, growth, and health in their later years. 

With this came the volunteerism for which Sun Cityans pride themselves. 

While there is some variation in the degree of economic comfort experienced in 

this community, most have the &nds to retire and not work, and brought with them 

enthusiasm for leisure activities that the pursuit of income producing and family raising 

had constrained. There is an overall homogeneity in this population that is evidenced in 

the restaurants, golf courses, and shops. The golf cart is a common mode of 

transportation along the sparkling, clean and manicured avenues. Driving at or under the 

speed limit is the rule. 11 seems that only the servers, clerks, and attendants are not 

senior citizens. 

In contrast, the Tucson population offers a more heterogenous sampling of the 

human condition. While Tucson, the 'Old Pueblo,' attracts winter visitors for its warmth, 

and people with respiratory conditions for its arid climate, Arizona's relatively recent 

statehood and Mexican roots are fiiUy ambient features. Its diversity in cultures, age 

groups, and socioeconomic status make it a laboratory that is perhaps more relevant to the 

masses, or provides a more realistic portrayal of the average. A more in-depth look at the 

demographics will be elaborated in the methods section. In terms of elevation. 



temperature, rainfall, and geographic features, the two communities, which are 120 miles 

apart, are well matched. 

The decision to participate in the Arizona Bone Density Project was an individual 

one. Women in Sun City largely view pursuit of health as a priority for which they take 

responsibility. When the community offers research opportunities that would inform the 

understanding of a disease process, while enabling students and teachers to further their 

academic goals, people rally to the cause. Many in this community came to know of the 

study because they were volunteers in health related endeavors. Word of mouth then 

followed, and it became a task each scanning season to make sure the regulars were 

scheduled in with all the newcomers. 

In Tucson, the scans were offered at several locations, beginning with a low 

income housing project, but the largest population grew out of a senior citizen activity and 

education program, OASIS, in which women were already participating. In all settings, 

the principal investigator, William A. Stini, offered a presentation prior to the scanning 

dates which informed the public on the latest in osteoporosis research and what the 

individual could expect to gain from having a radial scan. 

It is not difBcult to solicit subjects for such a study because osteoporosis looms as 

such a formidable threat to the well being of the aging person. It is an expected process 

that is accentuated during the perimenopausal period. The gradual and steady decline in 

bone mass after peak bone density (about 35 years), is further complicated by estrogen 

depletion. The potential fracture risk can be predicted with bone scans. The billions of 

dollars spent yearly on treatment and hospitalization, and the morbid health decline for 
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older women after hip fracture speak to the severity and prevalence of unchecked 

osteoporotic changes. As in other systems seeking equilibrium, bone remodeling can curb 

these losses when challenges to its function are checked. 



n A REVIEW OF LITERATURE 

Osteoporosis and Women's Health 

Osteoporosis poses a serious health threat to elderly white women. As a 

component of aging wear and tear, and a counterpart to menopause, the incidence of 

complications related to fracture are crippling to older women, and staggering in terms of 

health costs. In 199S, about $13.8 billion was spent on white women for health care 

attributed to osteoporotic fractures. This population accounts for 75% of such 

expenditures (Ray et al. 1997). 

Health care costs were greatest for women aged 65-84 years (52.8%) followed by 

women 85 and older (34.8%). The consequence of hip, femur, forearm and other skeletal 

fractures is a short or long term stay in an institution; 91% of all osteoporotic medical 

costs are associated with these hospitalizations. (Ray et al. 1997) 

Awareness of the prevalence and cost to women should lead to systematic 

prevention and education programs by mid -life. Osteoporosis is a global public health 

problem anticipated to become even more prominent because of the realities of life 

expectancy Fracture risk for hip bone is one in six for women between 50 and 85. Forty 

percent of women suffer some sort of fracture in this age range (Slemenda 1996). With 

the prevalence of this disease and its potential morbid outcomes such as pneumonia and 

death, it is useful to explore what role if any, stressors bring to bear. 
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Aging. Nutrition, and Estrogen 

Women who are most impacted by this disease are also bombarded with many 

adjustments to aging, and to an internal drive to maintain status quo with a less efficiently 

equipped system. Stressors, once more readily dealt with by a younger, resilient self, can 

impact on general health and perhaps impart strain on mechanisms that rebuild bone. The 

ability to utilize nutrients is believed to be challenged in senescence; the addition of stress, 

which causes protein catabolism (Zeitlin et al. 1987) can insert an additional component 

of causation. Inadequate protein and/or calorie energy intake sets off a series of events 

that lead to increased growth hormone and a cortisone response that seeks to maintain 

protein synthesis for liver function. The circulating cortisone can be detrimental to bone 

building. Conversely, Zeitlin points out, happiness and well being can boost the immune 

response and the utilization of nutrients. 

Weindruch (1996) suggests that the presence of caloric restriction may of itself 

impair one's ability to withstand stress, particularly the stress of infection, injury or 

exposure. The state of thinness or frailty is often attached to senescence. In third world 

countries and in impoverished populations anywhere this is certainly a concern. For 

women, the state of anovulation and estrogen depletion can lead to early bone loss. 

Female endurance runners have been studied for this possible outcome; those whose 

exercise lead to menstrual cessation had a 10% reduction in lumbar bone density (Hetland 

et al. 1993), while overall bone metabolism was about the same in all the various levels of 

running exertion that were compared. 
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From the onset of naenopause, women lose bone mass and bone resorption 

escalates in response to estrogen depletion. Certain processes of aging also cause bone 

loss through diseases thirt -str-esis the bone buildmg raechaaisms. (Pacifici 1991). 

Glucocorticoids, for example are administered to elderly women who suffer from 

asthma, rheumatoid.ajtiinds, iow Juck {Mia, iupu«, and arteritis. These steroids cause 

osteoporosis by ultimately impairing calcium homeostasis and interfering with the FSH 

(follicle stimulating hormone) that releases estrogen (Lukert 1990, 1996). Endogenous 

glucocorticoid proliferation as a response to stress, both acute and chronic, leads to 

diminished immune response, thus compromising the body's resistance to infectious 

processes, and to accelerated bone loss. 

According to Manolagas (1995), the rate of bone loss starting at mid-life is 0.3 to 

0.5 percent per year. This increases as much as ten-fold after menopause. 

Postmenopausal women can use estrogen to inhibit the loss of compact bone in particular, 

yet studies show that the initial response during the first five years of treatment loses its 

strength. Often five to ten years after treatment is started, women on ERT (estrogen 

replacement therapy) show the same decade loss (9%) as untreated women (Mazess 

1982). 

Women with higher serum estrone after menopause had denser cortical bone. It is 

believed that because they have a greater concentration of serum estrogen, obese women 

fair better (Cauley et al.l988). Conversely, undernourished postmenopausal women have 

greater fi-acture risk when estrogen is not replaced. 
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Clinical tests of younger women suffering from anorexia nervosa have shown that 

recovery of lost lumbar and cortical bone is not promising. Trabecular loss precedes 

cortical bone loss, and so the women we see in our project who are scanned at the 

forearm, which is mostly cortical bone, may have already suffered great losses of the 

spongy bone. Anorexia induced osteoporosis increases fracture risk, and even those who 

have begun to stabilize following weight gain, have significant reduction in cortical bone, 

though the density (BMD) of trabecular bone improves (Herzog et al. 1993). In long term 

anorexia, the physiology of menopause is artificially induced, but creates a drop in 

circulating estrogen and amenorrhea. 

Horiuchi (1997) looks to gonadal changes and their consequences for estradiol 

production in the ovaries as an evolutionary determinant. Antagonistic pleiotropy speaks 

to the benefit of genes that enhance reproductive success early in life, and their damaging 

effects later on. While women are living longer than their reproductive years, menopause 

is that biological marker that signifies the onset of senescence and often a host of health 

consequences if no interventions are made. While mortality rates increase in women for 

ages 50 to 75 with a slower rise after 75, the development of diseases associated with 

hormonal changes (osteoporosis, arteriosclerosis) takes a more gradual gradient upward. 

As a disease that can be covert prior to fiacture, osteoporosis needs serious 

attention beyond its consideration as a concommitant of aging. It is important to consider 

the possible onset of bone density loss at age 50 for women. After this age the risk for 

spinal, hip or wrist fracture is 40% in white women (Genant et al. 1997). Age is one of 

the best predictors of fi^cture. 
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Willing et al. (1997) sought to reveal the role of specific phenotypes in 

postmenopausal women in Iowa, and found that body composition, weight loss, and age at 

menopause were strong predictors of BMD. It is suggested that liiestyle or environmental 

factors are perhaps modifiers of genetic predisposition. In my study, I considered the 

subject's geographic origins and parental roots, and by report whether there was a family 

history for women of osteoporosis. There are strong correlates for attitudinal and 

behavioral styles across regions. The Iowa group of women had similar alcohol 

consumption, smoking histories, dietary supplements, and medication intakes. This 

homogeneity made them a good population to study the efifect of genotype on BMD. 

Kirchengastet et al. (1998) looks to age at menarche and body composition in 

Viennese women, in predicting bone loss after menopause. The number of menstruating 

years is of import to estrogen levels and the number of years since menopause (when 

calcium supplementation and estrogen replacement are not used) is predictive of expected 

bone mass decline. The women who had early onset menarche had a lower bone mass 

although they were generally heavier. The study itself could not statistically corroborate 

the early maturity observation (p=0.05). We know that thin or undernourished women 

have lower estrogen levels, and a later onset of menarche. Likely, the later addition of 

body fat provides richer estrogen levels and often a higher bone density. 

Problems of undernutrition are strongly associated with aging. Appetite and 

problems affecting absorption of the nutrient have many etiologies not limited to home 

environment, loneliness, and depres»on. Illness and its associated changes can impair 

ability and energy to prepare meals, cause changes in olfactory sense and esophageal 
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motility, changes in secretion of gastric juices and digestion, as well as in intestinal 

motility. Financial resources may dictate nutrient restriction. Nutrition itself can alter the 

aging processes. Beall (1987) highlights the buffer of obesity against bone loss as a 

functional component of bone metabolism and estrogen production. When tested to 

disprove the assumption that obesity insures a superior intake of all nutrients, it was found 

that variation in calcium intake does not influence the pattern of aging bone loss. Caloric 

restriction may also bring an earlier onset of menopause thus calling for estrogen depletion 

earlier and longer in the aging woman. For example, thin caucasian women may 

experience menopause seven years earlier than average or obese women. 

Caloric restriction or inadequate protein and calcium in childhood has a 

recognizable impact on bone mass. Again white females ^e worse, falling 10% behind 

black females in bone mass during the growth spurt associated with puberty (Odell 1993). 

A major cause of osteoporosis is an excess of glucocorticoids. In patients who are 

prescribed glucocorticoids, spontaneous fractures occur in 30-50% of the recipients. The 

process of deterioration occurs because glucocorticoids decrease bone formation, 

intestinal calcium absorption and gonadal steroid production, thus increasing bone 

resorption and renal calcium excretion (Odell 1993). Prolonged excretion of 

glucocorticoids in response to stress is enhanced in the elderly whose 'turn ofiT mechanism 

may fail, leading to an excess of Cortisol. 

Thus, stress is an important variable to consider when evaluating risk Actors for 

osteoporosis. Aging women are surrounded by stressors and must make ^eat 

accomodations to life changes. The age cell of65-84 has a high risk of hip and femur 
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fractures, 90% of which are due to osteoporosis. (Melton et al 1997), and the stress 

response not only directly impairs bone remodeling, but can produce a condition that 

impairs protective mechanisms. This could hasten the oseoporotic process leading to 

fractures. Elderly caucasian women are most at risk and historically over represented 

among victims of osteoporosis related fractures. The statistics are fri^ening and make 

one wonder why greater attention is not given to osteoporosis. According to Melton, 

.. 70% of white women over age SO will have a decrease in bone mass sufBcient to 

warrant a diagnosis of osteoporosis." (1997; 19). 

Interventions 

Decreasing bone mass and fracture have an exponential relationship. Worldwide, 

the annual cost of osteoporosis drugs has increased to $2.5 billion (Komm 1998). There 

are several avenues to prevention and stabilization for those at risk. Odell (1993) looks to 

controlling the underlying etiologies; hypercortisolian, hyperparathyroidism, and 

thyrotoxicosis. All three can be somewhat modified by medication, and in the case of 

hyperparathyroid, sensitivity to seasonal variation in ultraviolet exposure and supplemental 

Vitamin O can ameliorate the effects. 

Over the past few years drug therapy has moved from the experimental to the 

prescribed state and alert doctors are sensitive to bone fragility. In these cases 

calciotropic medications are being prescribed, but often their utility has not been 

ascertained because of the cost of fbllow-up scan or absence of encouragement on the part 

of the physician to do so. While estrogen is the first line of defense, many women cannot 

take it because of side effects, or fiurilial history of breast cancer. Calcitoran nasal spray is 
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one drug that has been efficient in retarding bone I066 in pogtmenofiausal women 

(Overgaard et al !99S). The other three medications widely prescribed are Alendronate, 

(Fosamax), R/doxtfene ^vista) and Etkironate. (Didronel). Tliese dnigs affect bone 

remodeling. While calcium supplementation may merely prevent new loss, these 

FosamaX haS 

largely replaced a similar compound, Didronel which was often used by women in my 

study until th^ newer medications were marketed. It has a very positive assooiotiofi with 

increased density. In 4 years it increased spine BMD by 3.8% (Ravn et al. 1998). The 

use of Raloxifene, a selective estrogen reoe|)tor modulator came about when the positive 

effects of Tamoxifen as a chemotherpeutic agent for breast cancer showed an equilibrium 

for bone density during treatment. fResch et al. 1998). Women who cannot tolerate ERT 

can do well with Raloxifene. 

Maintaining thyroid function is essential because thyroid imbalance leads to 

calcium depletion by increasing the removal of calcium from bone and encouraging bone 

resorption. Regulation of serum calcium by thyrocalcitonin and parathyroid hormones is 

critical to —I'Tjttih'-c The necessity of calcium to many 

critical systemic function will not be addressed here. 

Screening can help isolate those at tigh risk by revealing changes in bone mineral 

density. There are several procedures at various costs that can do this. However, few 

doctors oversee women and their bone health. Considering the prevalence, cost and 

morbidity associated with osteoporosis, it is shamefully ignored by primary caregivers. 

Just recently Medicare H\ft>'sbQgin to pay fiar bone scans. Our population was 
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appropriately enthosiasticimd gratefid forthe opportunity to have a free scan and to 

follow their progress from year to year. Always advised to show the results to their 

doctor, it was good to find some who returned the following year, had amended a course 

of treatment, and were showing a halt to the loss. 

Stress and Adaptation 

The stress of life can become lethal. Women already face physical challenges after 

menopause that can lead to functional loss and health compromise. It is importam to 

know to what extent stress can be detrimental to bone health. 

The etiolo^esof stress provide a perspective on the-extent to which -extemai 

factors influence homeostatic mechanisms. While the mind-body connection seems to be a 

new alternative approach to understanding our ailments, it is really quite ancient. Selye's 

early work on the stress concept admits the elusiveness of definition. How interesting that 

the word itself often applied to a state of untenable or unoontioUed ieeiing accompanied 

by amorphous anxiety, is beyond specific definition. But Selye offers a clear picture of the 

response to such stsmuli which "produce a nonspecific increase in the need te^jerferm 

certain adaptive functions and then to reestablish normalcy."(1973:693). 

I have found that the word itself can yield a denial response when suggested to 

women over 70. There is an inherent pride in not allowing stress to be a factor. 

Acknowledgment of stress seems to be associated with k)ss of control. 

Women's health has the potential to decline after menopause. A study looking at 

men and womenin'four countries revealed a disparity inthe health of elderly men and 

women. Sociodemographics were definitely at issue in Rahmen's (1994) study which 
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included the U.S.. Education, income and place of residence were factors in feeling 

healthy and being active. Yet in these optimum conditions, women faired worse than men. 

Although there is a disparity in life expectancies which favors women, the overall quality 

of life for elderly women in terms of economics and desirability of residence can lead to 

both perceived .and real health compromise. It is also likely that although women live 

longer, whether in ample socioeconomic form or not, their general state of wellness may 

be less than men wiio have life but moce episodes of sudden death. 

It is understood that the mechanics of adaptation become less efficient with aging 

and the .ar«» /ipfi»ngihL» againgt etrj»sa an/i Aiefaej^ Th«»y fniiltipl<» 

stressors which impact the psyche and body without the plasticity, immune resilience and 

regenerative properties of youth. This puts the elderly at even greater risk for the 

pathways of stress. The dynamics of stress and what they may impart to our knowledge 

of health have lagged in the area of skeletal system viability. This system's integrity, so 

vital to form and function, can be the source of valuable information about the range and 

virulence of stress impact. 

The study of stress pervades many disciplines; its attractivenss as a potential 

research topic partially lies in its appeal to both the physical and social sciences and its 

application in allopathic and alternative medicines as well as anthropology and 

epidemiology. Stress thus bridges many disciplines and in this study provides a nexus for 

biological and cultural anthropology. 

Goodman's (1988) model attempts to make tangible the stress concept and its 

biobehavioral consequences. Stress is thus a 'sister' to adaptation. While we think of 
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adaptation as functional or positive, the limitations of adaptation are conceptualized as 

stress. It is not merely the physical environment that is causal. In biological 

anthropology, the political economic processes are at play. 

Goodman's suggestion for providing a practical mechanism for using stress 

employs the mechanisms of causation, impact, response, and consequence. He proposes 

that impact is strengthened or weakened by the predictability or persistence of the 

stressor. Accordingly, elevated blood pressure, elevated catecholamines, and osteoporosis 

would define impact. From there we have consequences. This would be illustrated for 

example by osteoporosis leading to hip fracture and pneumonia. The operative 

component here is response, or coping mechanism. Like the interplay of form and 

function, the adaptive response to osteoporosis (the form), can be sustaining or 

deleterious to the health of the individual. The production of osteons which build bone 

declines with age (fimction), yet the adaptive response seeks to compensate by reducing 

demand for osteoblast remodeling. To what extent does the stimulus or stressor confound 

this thrust of the body to maintain itself? 

Stress Phvsiologv 

A review of the physiological components of stress will help support an 

understanding of its transmission to distant comers of our bodies. It follows neurological 

and endocrine pathways that I believe can accelerate bone loss. 

According to Selye, stress is everywhere and its absence is death (1956). 

Goodman muses that it is the fuel that drives the engine.(198S). Stress as an evolutionary 

complement to selective processes follows the sentiments of Darwin (1859); the organism 
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is constantly interacting with changes in the environment. The umbrella under which stress 

mechanisms play out is Selye's General Adaptation syndrome (G.A.S.). A simplification 

of this response, first conceived as a model for the body's response to damage of any land, 

provides an initial alarm reaction. In this stage the body defenses are mobilized, and 

according to Selye, this is a 'nonspecific' syndrome. The call to arms will be the same 

regardless of the catalyst (1956). 

Mason (1971) later argued that the pituitary-adrenal cortical system which is 

activated in the alarm mode is actually discriminating. Later, Nicolson et al. (1977) 

showed that psychosocial stressors pushed Cortisol levels way above baseline to support 

the nonspecificity theory. This fight or flight stage also activates secretion of 

catecholamines. And so, responses to noxious stimuli and unpleasant life experiences both 

call forth the mediation of the endocrine system. 

The stage of resistance or adaptation then occurs after the organism has given all it 

has to defend itself. The excitement stage is self-limiting and is followed by this adaptive 

attempt through chemical processes to allay calamitous results and to maintain 

equilibrium. 

Finally, in 'exhaustion,' analogous to old age and its wear and tear aspects, the 

organism can no longer sustain its adaptational response to continued alarming stimuli and 

defers back to stage one, having lost its adaptive edge. 

Dohrenwend (1980) asserts that exposure to a stressful life event can have one of 

three outcomes that I simplify here; growth, status-quo, and a change for the worse. This 

psychophysiological correlate to Selye's GAS ofifers an analogue to the adroiocortical 
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relay that occurs in the presence of stress. The same hormone that protects in the alarm 

phase, Cortisol, can be detrimental when it persists to an unregulated degree, thus crippling 

the immune system and causing disease and bone loss (Gold 1996). This is how it works. 

Neurotransmission and Hormones 

Both neurotransmitters and hormones act as messengers, the former a component 

of the nervous system and the latter are produced by the endocrine system. For example, 

the proximal impact of norepinephrine as a chemical messenger of the nervous system is 

from nerve cell to nerve ceU. The hormones of the endocrine system impact distant sites. 

The former is a quick responding channel and the latter is slower and long lasting. In 

tandem, these two systems respond to stressful stimuM. 

The starting point is the hypothalamus which in certain respects, acts as the 

interface between environmental stimuli and neurological responses. Upon receiving 

messages from nerve cells it signals the pituitary gland, inducing the release of peptide 

hormones, ACTH being the one of concern here for its adrenal gland control. The inner 

core or medulla of the adrenal gland secretes the catecholamine epinephrine and the outer 

cortex produces steroids like Cortisol. Under stress the medulla emits epinephrine which 

offers support to Selye's alarm reaction by acting on the heart, lungs, and blood vessels to 

increase circulation of nutrients and oxygen to other organs. Further support of the stress 

response occurs when CRF or corticotropin releasing factor, stimulates this cascade of 

events from the adrenal release of Cortisol, testosterone, and estradiol, when prompted by 

ACTR The final round occurs when steroids (Cortisol) suppress the hypothalmic 

releasing hormones ACTH and LH, the luteinizing hormone associated with gonads. 
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The sympathetic response of the adrenal medullary system involves increased 

release of epinephrine and alters the concentration of urinary catecholamines (Levi 1972). 

Levi's work suggests that the hypothalmic-pituitary-adrenal (HPA) axis divides along 

psychosocial and physiological prompts. The sympathetic adrenal medullary (SAM) 

response seems to be more sensitive to psychosocial events than the adrenocortical 

system. The knowledge that these systems are interactive reduces the need to define the 

stressor origin or type to fbrtiiy our understanding of the stress and illness dialogue. It 

must not be forgotten in this broad and integrated body of research that as far as life and 

health are concerned, an understanding of the chemical reaction is essential, but reducing 

the negative impact on fimction and enhancing the quality of life through prevention and 

adaptive coping behaviors is the outcome to strive for. 

Walter Cannon (1909), the American physiologist, proposed that the adrenal 

medullary system was impacted by emotion through the sympathetic nervous system, and 

found the evidence for this in inhibition of gastrointestinal fimction, increased pulse, and 

piloerection, all provinces of the sympathetic nervous system. The role of a mediator here 

is significant as hormones are excreted and elevated in blood and urine specimens when 

this protective response comes into play. Epinephrine and norepinephrine, the adrenal 

medulla respondents, have been measured prior, during and after trial events of working, 

physical activity, and emotional arousal. 

Euler and Lundberg (1954) studied levels of these stress hormones on pilots and 

air transport passengers, and found a significant difiference in the two groups. Pilots 

showed an increase in excretion of norepinephrine and epinephrine during flight when 
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compared to nonflight days. These changes were measured in urinary catecholamine 

outputs which differentiate epinephrine and norepinephrine secretion. Epinephrine levels 

were more responsive in this study. Mason's (1968) work suggests that the rate of 

secretion or the elevation of baseline catecholamine levels will rise with both pleasant and 

unpleasant psychological stimuli. Reynolds (1981) asserts that even the perception of 

stress causes catecholamine levels in urine to rise. The reliability of catecholamine studies 

when teasing out subjective symptoms is very useful to the study of relationships between 

adjustment, hardiness, and attitudes and health. 

And so, when aging people talk of life changes and underscore their positive 

elements as in retirement, the factor of change may be experienced by the sympathetic 

nervous system as a stressor. Stress and/or change elicit chemical activities that affect 

tissues all over the body. Given the process of aging, the decline of the adaptive capacity 

of the body coupled with emotional and psychological adjustments to death, loss of loved 

ones and capabilities, the chemical signals that usually help the individual to accommodate 

can be damaging. For example, the release of Cortisol, a protective measure orchestrated 

by the anterior pituitary gland becomes detrimental to bone remodeling when the 

response is prolonged. Osteoporosis is one possible result. 

While supplemental estrogen is known to help reduce fracture risk associated with 

osteoporosis, endogenous levels of estrogen are also reduced when stress is experienced. 

Its natural role in decreasing bone resorption is impaired by stress. The natural decline in 

sex hormones means that a decline in osteoblast activity which forms new bone, will lead 

to loss in bone mass. 
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Mind-Body Connection 

Not everyone is convinced that stress may cause bone loss. Only a few researchers 

have tested such a relationship. Gold found one to exist between depressed women and 

bone density (1996), and Goodman (1985) referred to osteoporosis as one of several 

possible impacts from environmental events. Several women in my study were not 

convinced that stress causes or exacerbates an active disease or illness outcome, and must 

were perplexed as to how it might lead to bone density changes. In some ways, viewing 

the mind-body unit as an integrated system contradicts the usual approach taken by 

western medicine. From a holistic perspective, dissection into units or organs obscures 

the whole as an interactive system. The field of psychoneuroendocrinology has broadened 

our perspective by acknowledging that what transpires through feeling or thought can 

trigger neurochemical pathways and cause a response or outcome elsewhere. The immune 

system, which fimctions to protect us from pathogens, can also be suppressed by some of 

these chemical outcomes, leaving us more prone to illness. The way that people 

experience life, their culturally-acquired attitudes and beliefs, their individual coping 

framework, and their perceptions of their environment and the events that occur, inform 

us about their experience of stressors. By using this information, we can gain a better 

understanding of why external or internal perturbations do or don't cause dire outcomes. 

Kemeny (1991) argues that the degree of susceptibility to disease is influenced by 

such factors as social isolation, depression or defeat, and a lack of a sense of coherence. 

Thus, the hardiness of the personality as expressed in feelings of control, commitment and 

a perception of the environment as predictable, and therefore at least to some degree 
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controllable, would be part of a formula for better health. Such personality attributes are 

valuable to the understanding of the subjects of the present study, and to an assessment of 

the various types of life changes and the tasks inherent in aging adjustment. Much has 

been written on the psychosocial environment and disease, stress and illness outcomes, 

and the status of the immune system. We will look to previous studies on stress and then 

examine what the study population reports as stressors, how they cope, and what their 

personality traits are. While postmenopausal women who suffer from osteoporosis can use 

medicinal, diet, and exercise strategies to attempt to allay the loss of bone, can they also 

recognize stress as a marker that warrants treatment and becomes a catalyst for behavior 

change? 

Life Change and Readjustment 

Holmes and Rahe (1967) developed an instrument they named the Social 

Readjustment Scale. This instrument generated number ratings for the presence and 

importance of certain life events on that respondent's life. Forty-three areas were 

designated. Readjustments necessitated by the event were the key element of the extent to 

which stress was experienced. This was true regardless of whether the event might be 

considered positive or negative. Marriage, divorce, death of spouse, retirement, and 

change of residence are all examples of significant events. With this the Holmes and 

Rahe instrument assigned a numerical value to each event. For example, death of spouse 

has the highest value; 100, retirement, 45 and a vacation 13. Applying this scale, a final 

summary value can be calculated. The summary values are then assigned to four 

categories ranging from no life crisis to major life crisis. A later modification (Rahe 
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1975) introduced the "Life Change Unit" the value of which is determined on the basis of 

specific events reported by subjects during a six month period. 

Using this approach, a comparison of a Swedish and American population 

revealed that Swedish workers placed a higher value on retirement, troubles with the 

boss, and change in work conditions than American workers. Althou^ the rank order of 

these factors correlated highly across cultures, they were consistently rated higher by 

males in both the Swedish and American sample. Rahe is also concerned with intervening 

variables that may enhance or modify the relationship between life events and illness. The 

individual's perception of potentially stressful events is probably influenced by previous 

experience as well as individual ego defense mechanisms. A well-defended individual 

may show no physiological strain, while those who exhibit physiological responses may 

still avoid serious consequences. 

The Immune Svstem Response to Stress 

We propose that two basic pathways relate stress to bone loss in postmenopausal 

women. The first focuses on the age-related decline in immune function. The second 

focuses on the hypothalmic pituitary axis through which stress generates a glucocorticoid 

cascade (Kiecolt-CHaser 1991) associated with higher Cortisol levels known to impair bone 

formation. Evidence for impairment of the immune response is cited by Bartrop et al. 

(1977), who found that bereavement was associated with a profound decline in T-cell 

formation. Other studies have confirmed that the risk of infectious diseases such as 

pneumonia increases for postmenopausal women after hip fiacture. Both physical and 

psychological assaults can be implicated in the aheration of immune and/or hormonal 
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regulation resulting in bone loss. Even when adaptive adjustments permit a return to a 

normal physiological state, loss of bone that occurred during periods of stress may be 

permanent. Viewed from this perspective, bereavement followed by hip fracture, 

pneumonia, and death within a year may reveal the extent to which psychological stress 

can be translated into life-threatening physiological damages. 

Further evidence for the interaction of stress and physiological homeostasis may be 

found by examining the degree to which social networking and a well defended ego are 

associated with differential health outcomes when depression and stress inducing 

aqjeriences occur. 

Borella et al. (1999) explored the connection between emotional state, stable 

personality and the immune response when cadets were faced with exam stress. These 

investigators found that students with lower emotional stability and higher anxiety about 

the test had a decrease in the activity of natural killer cells, an important component of the 

immune response. Earlier, Kiecolt-Glaser (1984) had also shown proliferation of 

Epstein-Barr along with increase in herpes simplex viruses and decrease in natural killer 

cell activity around examination time. In a later study of spouses caring for Alzheimer's 

patients Kiecolt- Glaser also sought to identify changes in immune competency under 

stressful conditions. She found that although these caregivers were often depressed and 

experienced a significant drop in their antibodies for EB V, the immune response of those 

with stronger personal relationships and social support was less compromised. One 

explanation for this observation is that those with greater social support did not experience 

an increase in circulating glucocorticoids sufi5cient to suppress immunity. Another study 
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by the same researcher showed that lonely medical students had poorer immune fimction 

(1992). 

Nicholson et al. (1997) studied saliva Cortisol levels using speech tasks as the 

stressor. In part she questioned whether the HPA axis function declines with age. This 

would define why mean cotisol levels are higher in the elderly and whether stress reactions 

altered these levels. In this population, higher Cortisol levels occurred over 70 years of 

age. The subjects were healthy and had little variation in life events and psychological 

symptoms. All took a cognitive test. Those women who had an avoidant coping style 

which included an avoidance of stressful situations and a faculty for letting events take 

their own course, had lower basal Cortisol levels. This study did not concur with previous 

assumptions that functionality of the HPA axis declines with age, but does reveal that 

coping style is a measure of importance in Cortisol moderation. The adrenal response to 

avoidant coping and refusal to engage with stress as a style must moderate the CRF 

effects and reduce fi-ee Cortisol levels. This response should have a positive effect on 

bone integrity as Cortisol impairs osteogenesis. 

Smith (1988) looked at chronic oversecretion of CRF in depressed people to 

assess the degree of overactivity of the HPA in depression. Stress, he says, signals 

increased CRF which leads to increased stimulation of the HPA axis, hypercortisolism and 

lowered ACTH levels that reflect feedback fi-om the adrenal response. With stress leading 

to depression, he wondered why the HPA malfimction remains after the stress is gone. 

Others have researched the hypothalamic relationship to depression (Michelson gt 

1996; Gold et al 1988) and Halbreich etal. (1995) address the relationship of 
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depression to osteoporosis (because people with major depression have elevated Cortisol 

levels.) Michelson found that women with current or past depression had 

hypercortisolism and hypogonadism and decreased growth hormone. All three have 

deleterious effects on bone density. The concentration of osteocalcin which indicates 

osteoblast activity during bone formation, was lower in women with current or past 

depression. This impact was seen on trabecular rather than cortical bone. Because the 

ability for bone density to recover from hypercortisolism is impaired for up to ten years, 

the consequences and risk factors for fracture are much greater in depressed women. 

Gold's work draws parallels between stress and depression and he suggests that 

people exposed to stressors in early years will later develop depression or melancholia. Of 

the stress response he says, "...Glucocorticoid secretion is thought to restrain or 

counterregulate the effectors of the stress response, in order to prevent the consequences 

of prolonged or excessive activation... .Although it could confer an advantage during an 

acute emergency, such an effect could be problematic during emotional distress, which 

rarely resolves as quickly or as definitely.." (1988:418). 

Halbreich's work with psychiatric patients who are medicated with drugs that 

impact on the neuroendocrine system reveals lower BMD in these patients than expected 

for their age. Because schizophrenia and depression are both associated with 

hypercortisolism and decrease in gonadal hormones, they also are risk factors for 

osteoporosis. The pharmacologic regulation of these chemical imbalances enhances the 

risk of fracture. When other risk fectors are added, such as reduced mobility, the risk is 

increased. 
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Coping styles have often been discussed as mediators of stressful impact. 

Frankenhaeuser (1977) looks to personal control at the site of stressors as the modifier in 

arousal outcomes where job stress is the stimulus. She used catecholamine levels to 

measure neuroendocrine response to stress as a reliable barometer of psychological 

arousal. She writes, "The impact of a stimulus, as assessed by catecholamine excretion, is 

not determined by its physical properties as such, but by the individual's cognitive 

appraisal of its meaning and the context in which the stimulus is embedded.'X 1977:314). 

The internal locus of control, the subject's ability to perform harder and keep up with a 

task as the demand increased was chemically analogued by a rise in catecholamines. This 

reaction defended him so that he could keep up when required. But what is the cost? Will 

he be less fit to respond to other demands after this compensatory adrenal rush? 

According to Frankenhaeuser, women show a less marked catecholamine response 

than men to psychological stressors. She suggests this may be an evolutionary sex 

difference based on women's work at home. Another plausible explanation for gender 

differential could lie in the socialization of women. Acute, angry responses are less 

prevalent in women who often use cognitive appraisal to mediate a response. 

Euler's work with pilots (1954) also focused on the psychological state as a 

stimulus when stressful events are on the mind. While catecholamine levels were higher 

on flight day, they were also elevated the night prior to the flight. Thus, the increased 

activity of the adrenal medulla responsible for elevation in epinephrine secretion is not 

limited to physical activity. The increased activity of the adrenal medulla is responsible for 
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elevation in epinephrine as evidenced in catecholamine elevation and is associated with 

psychological stress. 

Because infection is the fourth greatest cause of death in the aging (Padgett et al 

1998), the interplay between two systems, the neuroendocrine and its response to stress, 

and the immune function prompted by Interleukin 1 and 6, is important to the 

understanding of the role of the HPA axis and stress. Elevated glucocorticoid secretion 

can suppress T cell immunity and increase susceptibility to herpes virus symptoms. Using 

aging rodents, Padgett showed that the activation of the HPA axis was similar in old and 

young mice but that increased Cortisol levels in response to restraint stress remained higher 

longer in older animals. Balanced interaction of the two systems is important in the 

maintenance of health of the elderly. Stressors and life changes that upset the balance can 

lead to immune suppression due to a sustained stress response resulting in stress-related 

illness. 

Perception of Stress and Coping Behaviors 

It is important to keep in mind the individual's perception of the stressor as we 

consider illness outcomes of stress. Belief that an event is inescapable as opposed to a 

belief that it can be controlled or avoided can substantially alter its psychological impact. 

(Cohen and Williamson 1991). When one perceives that coping with or altering the 

onslaught is not possible, distress follows. Such distress may cause a person to abandon a 

healthy lifestyle and compromise immunity with maladaptive diet, sleep and activity 

changes. Others may draw on the support of others to maintain adaptive health practices. 

Tendencies toward introversion-extroversion appear to be related to infection, with the 
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more socially engaged extrovert having less susceptibility. What remains unclear is the 

temporal aspect - how long from stress stimulus to disease onset? 

Levi (1972b)'asseits that both pleasant axid unpleasant psychosocial stimuli (those 

with both physical and psychological components) initiate the sympathoadrenomeduUary 

response. While positive reappraisal of an event may be a solid coping sidll with better 

health outcomes than a negative assessment, "life changes of a pleasant character also 

confront the human organism with the necessity to adapt.. ."(Levi 1972:55) and trigger 

the alarm phase of the G.A.S. In Levi's study of responses to different types of film 

watching, it was found that any emotional response ranging from fright and aggression to 

laughter produced a sympathoadrenomeduUary response. Only boring films produced a 

decrease in catecholamines. 

Where behavioral interventions have been put to test, there have been some 

compelling findings on palliative stress methods. Pennebaker (1990) assessed the health 

status of students at Texas Methodist University using number of their visits to campus 

health services. These students were asked to write about their deepest thoughts or 

feelings regarding a troubling event they had not previously disclosed. Blood pressure and 

skin sensory measures were done at the time of writing. The control group that did not 

write or talk about the events had more frequent health problems. 

An early study of Oxfordshire villagers tested urinary excretion of catecholamines 

measured during the workday and at rest, comparing manual and nonmanual types of labor 

(Jenner et al 1978V This study was a follow up of an earlier one that revealed that the 

level of catecholamine excretion is a useful measure of chronic and acute stress. While 
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both types of work groups had similar levels on rest days, the excretion rate was higher on 

nonmanual workers. There are several possibiJities to-explaia this. Physicai labor may 

help reduce the stress to the body and mind, thus modulating adrenal (catecholamine) 

response. Does the context of nonmanual work impose pressures of a social interactive 

nature, perceived responsibility, more coffee drinking and smoking breaks that would 

enter the equation. I understand well from my own population that the benefits of physical 

work or exercise went far beyond their contributions to body toning and weight control. 

Glucocorticoids are helpful during surgery, and in fact, patients with adrenal 

insufficiency receive supplementary glucocorticoids during the perioperative period to 

prevent circulatory collapse and hemodynamic instability, even though it is known that the 

glucocortical response has a negative impact on immune efficiency. 

In the postmenopausal women that I surveyed, physical and emotional events were 

perceived as qualitatively distinct. In general, women categorized physical stressors like 

failing health, decreased mobility, visual and hearing disturbances, and pain as stress. 

Emotional stressors like caring for sick loved ones, bereavement, change in residence and 

lifestyle, tended to be looked upon as expected consequences of life. Yet, we have seen 

that both cause a series of responses along the same pathways, and lead to similar 

outcomes. 

Certain responses to stress lead to compensatory mechanisms that are aversive yet 

adaptive in maintaining the organism. We can recall the fainting woman of Victorian days, 

swooning with emotion. She is really succombing to a dialogue between the 

sympathoneural and parasympathetic systems. Distressed, the sympathoneural activation 
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is inhibited and the parasympathetic becomes activated. This leads to a rise in circulating 

epinephrine and other hemodynamic changes that cause blood pressure to drop and for 

consciousness to cloud. (Goldstein 1995) Bernard referred to the bodily processes that 

are excited or repressed in an effort to maintain a constant internal environment, the 

"milieu interieur." (in Goldstein 1995). This is what it looks like: 

compensatory action 
» 

exteraal environment > internal environment >lMMly processes 

-experiential 

-behavioral 

-neuroendocrine 

-physiological 
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in METHODOLOGY 

The Study Popularion 

In October 1982, Sun City, Arizona became the initial site for a longitudinal study 

of bone density. From the original small numbers of male and female subjects, the 

population multiplied. When I began research for my study in 1997 there were already 

3800 women subjects in Sun City and Tucson, where a second phase of the study was 

initiated in 1983. This large sample permits the application of normative standards 

developed with which to compare my subjects and their age matches. 

The study reported here took place between February 1997 and May 1999 in Sun 

City and Sun City West located 12 miles northwest of Phoenix. Sun City opened its 

doors as a retirement community in 1960. Del Webb, the builder, and a cotton farmer 

named J.G. Boswell were the founding fathers. Of its 8900 acres, 1200 are golf courses. 

Most of its current residents are retired and live on incomes derived from social security, 

stocks and bonds, investments and savings. 

The sun belt environment often attracts people whose active lifestyle may lead to 

a healthy and longer life. How does lifestyle afifect bone turnover in the elderly? Sun City 

is a wonderful laboratory for study. Those interviewed for my study were anxious to talk 

about their choice of residence, why they left their home, and how life is for them now in 

the 'city of volunteers.' 
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E>emographic& on the entire population by the 1990 census support one's visual 

impression; that afiBuence sets this community apart from the general populations in 

surrounding towns. Tucson also draws retirees during the winter season but its population 

is more heterogenous in age, culture, and socioeconomic status. It is not closed in the 

sense that Sun City is, with age, housing requirements, conmiunity and golfing criteria 

clearly delineated and maintained by resident councils. 

Local ordinances require that at least one member of each household be over SS. 

Of the 22,425 women in Sun City, according to the 1995 special census for Maricopa 

County, 20,355 are 60 and over. Sun City West, with approximately half the population, 

had a similar ratio. Median household income in 1995 for Sun City was $26,293, and 

$36,580 for Sun City West. Of the total population of 38,126 in Sun City, 37,933 are 

white and only about 2000 men and 1700 women are gainfully employed. The largest 

feeder region is the Midwest. 22,583 come from that region and 7,166 come from the 

Northeast. The largest pockets of ancestry are English, German, and Irish. Sun City 

West mirrors populations origins and work force on a smaller scale. 

Tucson, located 120 miles south of Sun City has a very different demographic 

profile. The site of Apache and 0*0dham skirmishes in the 1800's, part of Mexico until 

the 1854 Gadsden Purchase, and as a place made sacred by the visit of Father Esuibio 

Kino in the 1700's, Tucson wears its history and cultural heritage like a batmer of pride. 

Of the 405,340 (1990 census) population, 118,595 are of Hispanic origin. Of the total 

female population of208,071, 39,471 are 60 and older. The largest single ancestry is 

Hispanic, followed by German, English and Irish. Of Tucson's total population, 141,000 
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are Arizona natives; the Midwest is the place of birth for 84,000, and the West is the third 

leading feeder area. The median family income in 1990 was $21,748. 

I was interested in comparing the two populations for several features; afifluence 

versus middle-class, BMD and age matching, degree of bone health as a function of SES 

as determined by degree of formal education, attitude, self- perception of quality of life, 

and coping styles. My interview data and familiarity with the 'feel' of both communities 

leads to general impressions. My expectation had been that Sun City women would retain 

greater bone density than Tucson women their age . 

This expectation derived from certain assumptions; included were l.)the sense of 

community and afi51iation is strong in Sun City, 2.) that people chose to be there^a time 

of strength and health and came with hope and optimism, 3 .) that the choice had. to do 

with healthy living styles and represented people who were active in taking charge of their 

own well-being, 4.) that the full complement of activities and volunteer work would keep 

minds busy and productive, and 5.) that the ability to afford leisure has health benefits. As 

Sue Gliptis reports (1991), the natures of lifestyle and leisure elude definition and one 

person's leisure activity may be another's requirement. It is clear that time is a commodity 

to Sun City subjects, given the retirement status and the resources with which to 

participate. Mobility could be a third ingredient in the process of leisure. 

Tucson's population represents a very mixed bag of socioeconomic status. The 

subjects in my study largely came to Tucson for health problems rather than to seek a 

Shangri-la in which to play out a retirement dream. It is my impression that there are 

more aged suffering from depression in the Tucson community. More women in the study 
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were living alone in Tucson than in Sun City. Reaching retirement age, &cing it alone, 

and not having the means to enjoy the 'golden years' can be a redpe for dissatisfaction, 

loneliness, and melancholy. 

My contention is that Tucson as a whole, and certainly the subjects of the current 

study represent a middle ground in terms of health, wealth, and enjoyment of aging. Sun 

City is heavily weighted both as a community and in my sampling, with people who have it 

all. 

Brems and Griffiths (1992) raise some pertinent points about socioeconomic status 

and the power of women's voices. Those of low socioeconomic status do not have the 

power politically or economically to let their needs be known. I generalize this to my 

study. Those who are aging and have many competing demands in terms of their own loss 

of health or their spouse's, are caught in the mire of basic survival while trying to live on 

fixed incomes, and so cease to reach out, follow health regimes, or utilize services. 

Generally, articulation of need comes firom a more empowered realm where health and 

financial pressures are not at issue. I found wisdom and truth in the prediction of Brems 

and Griffiths; that 'listening and talking to women heighten women's awareness of their 

health needs..(1992:263)and can allow women to realize that some problems of high 

prevalence need not be accepted as normal 

Subject Selection 

Potential female subjects were selected fi'om both populations by identifying those 

who had consecutive scans and were ten or more years postmenopause. They had 

indicated changes in health or lifestyle in the previous five years on the yearly 
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questionnaire completed at the time of the bone scan Potential subjects were invited to be 

in the study when I called and introduced myself and informed them of the opportunity. 

Others volunteered to participate when they were informed of the study at their annual 

scan by this researcher and the principal investigator for the Arizona Bone Density 

Project, William A Stini. Upon verbal statement of desire to be in this study, a statement 

of my purpose was mailed to the subject (Appendix A). Consent to be in the study also 

meant agreement to be interviewed in the home, supply a first morning void for urine 

catecholamine levels, and completion of a stress questionnaire prior to the 

interview.(Appendix B). Forty-five subjects fi'om Sun City and forty fi'om Tucson make 

up the population, N=85. All subjects are women because osteoporosis has its greatest 

impact on postmenopausal women, and because the project has such a large longitudinal 

population of women. All subjects identified themselves as Caucasian. The ages ranged 

fi-om 58-88. All subjects were well informed about osteoporosis having been participants 

in the Bone Density Project prior to my research. The motivation to be involved ranged 

fi-om desire to prevent osteoporosis or to monitor yearly bone densities to take action if 

needed, to feeling the imperative to do one's job for research as a good citizen. Most 

utilized the results to add, change, or continue their diet, exercise, and supplement regime. 

It is unfortunate that osteoporosis does not receive the respect it warrants fi'om the 

health community. Weak bones can kill and almost as many women die fi'om osteoporotic 

complications as fi'om breast cancer (McCord 1998). For many women in the study, the 

fi-ee scan they received was their only opportunity to be scanned. This was also true of 

women who were on calciotropic medications for which scans should have been ordered 
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to follow the effects of the medication. Annually, 50% of white women have a chance of 

developing osteoporosis and yet health care organizations do not initiate screenings. Our 

subjects were always encouraged to show their forearm scan report to their physician. 

The Instruments 

The purpose of this study is to determine if bone loss in postmeopausal women is 

accelerated by life change events or 'stressors.' It is already established that health can 

change during life crises. In the process of trying to demonstrate a relationship between 

stress and bone loss, the faa that all things are not equal in the subjects needs to be 

considered and when possible, corrected for. Estrogen replacement and bone building 

medications were recorded, and dichotomous variables used for those subjects who did or 

did not use these medications. Coping patterns and social support were also evaluated. 

This information helps target mediating styles or trends that may minimize the impact of 

the stressors thus producing a protective efifect on bone. Other avenues of discussion of 

the psychosocial data will be discussed in a qualitative review and include, but are not 

limited to coping styles, hardiness based on life experience, household configuration, birth 

order, perceptions of childhood, place of origin and parental roots. Those women living 

alone or with spouses will be compared to demonstrate whether aloneness in this 

population has anything to do with health. 

Instruments that have been used before to gather information on the events and 

value of the event in one's life, for example the Holmes and Rahe (1967) Social 

Readjustment Rating Scale (Appendix C) includes pleasant events, such as vacation, and 

unpleasant ones, such as jail term. A wide range of human experiences comprise their list 
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of 43 events. ToUe^n's work (1972) for her Master's Thesis in Nursing found a high 

correlation between fracture and life change events. In her study she utilized hospital 

records of patients who came in with fractures and then reviewed what was going on in 

their lives at the time. She applied the Holmes* scale using the life change unit which gives 

magnitude to each event. She found that the largest cohort of people experienced 

vacation, change of work hours, change of sleep pattern and change in residence. When 

compared to another study of Myocardial Infarction patients she found s strong positive 

correlation in comparing the rank order frequency of life changes within the fracture 

subjects of her study and those studied for heart attack. 

It is necessary then to clarify what constitutes a stressor. I ofren found that my 

subjeas did not report or consider positive events unless queried. The life change event 

better describes the information that was solicited to get a full history. This is defined as a 

change or personal event that required adaptation to cope with the change. 

My three sources of information about life change events or stressors were the 

annual questionnaire completed at the time of the scan, the stress questtonnaire that I 

composed and mailed to subjects for completion prior to the interview, and the interview. 

On the yearly questionnaire, subjects complete two questions which refer to changes: 

Have you had any nuyor changes in lifestyle (retired, widowed, divorced, married, moved, 

change in health of spouse/companion, etc.) in the last five years. Have you had any major 

changes in health (like illness, operation) in the last five years? The open space provided 

after the question encourages insertion of events that might not have been listed as well as 

explanation. One woman inserted, "less sex." 
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The stress questionnaire which they complete at home prior to the interview asks: 

Do you feel like your okl self since your illness, loss, or lifestyle change? How would you 

classify the stressors of rteent years? Cheek as many as apply, (medical, surgical, marital, 

divorce, separation, death of spouse, death of fiumly member, death of close friend, 

retirement,, jnoving to a new home, functional loss e.g. hearing, visual, ambulation, 

independence in daily living). How would you rate the impact of these stressors on your 

ability to continue your usual activities and your feeling blue or depressed? (no efifect, 

minimal, difiBcult, profound). Many used this, and were encouraged to do so in the 

directions, as a place to expound on what was going on. This proved to be very telling, 

and was sometimes the best way to unearth information from people who were less 

comfortable with verbal expression. For my assessment of verbal and written expression as 

a tool of disclosure or catharsis, I catalogued the women who expounded on the written 

question, and in the interview ascertained whether they use talking as a coping style and 

whether they write or journal to 'vent.' 

Subjects were informed during our phone contact prior to the interview that it 

would be approximately one and one half to two hours in length. They gave verbal 

consent to use a tape recorder and were assured of confidentiality. I also used paper and 

pencil notes and inserted comments and observations on the notes after the interview. The 

interview utilized many open ended questions to unveil very specific personal, health, and 

historical data. Appendix D lists the questions which were not always presented in this 

chronological order. The establishment of rapport was previously begun during the phone 

contact, meeting at the scan site, and through the client's comfort level with their previous 
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experiences with the Bone Density Project and Professor Stini. My nursing background 

seemed to validate me in their eyes, and most feel empathy for students and research and 

like to help out. 

Interview Desipi 

Prior to the meat of the interview I reminded them of the purpose of my study and 

gave them a brief summary of what I would be asking them. This was merely 

reinforcement of what they had been told in our phone contact and served as an ice 

breaker. I promised anonymity and a brief summary of the findings of my thesis when it 

was completed. I was quite amazed by the ease with which the minority of subjects 

expounded on their lives. In many cases, and perhaps to quell their anxiety about being 

interviewed, subjects plunged in with many thoughts and concerns before I had popped 

the first question. I chose the home as the interview site believing that the mibject would 

be most comfortable, casual, in. control, and least guarded. lamany cases getting out was 

a problem because of their own infirmity or their spouse's needs. It also a£forded privacy, 

an opportunity for me to see the environment in which th^ lived, and fi>r them to show 

ofif many interests and projects that they, or sometimes their spouses were involved in. I 

was also shown family pictures, heard original poetry and music, tasted home baked 

goodies, and took home more grapefiuit and oranges than I could handle. 

The two dozen, questions I asked covered how they came to be where they are, 

how they are feeling, what growing up was like, their work and education, marriages and 

children, pleasures and hobbies, health problems, events of concern and loss^ how 

stressed they feel, firequency of doctor visits, how they view alternative therapies, how 
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they view the research and whether the findings are valid, whether stress can be mediated 

and can it cause illness, how do they describe themselves, how old do they feel, do they 

follow a special diet and exercise, and how did they come to be involved in the bone 

density project. 

The question that most objectified stress was. On a scale of O-IO, with zero being 

no stress and 10 being very high, how would you rate your level of feeling stressed? From 

this question I was able to inquire about the strategies used to accommodate stress, 

whether the subject seeks someone to share the burden with or whether they tend to keep 

it in, and how empowered they feel to moderate the impact of stress. 

I found that the open-ended, in depth interview style was non threatening and fi'ee 

enough of my own agenda to allow and hear what the women had to say. For this reason, 

survey instnmients were not used. The qualitative data gleaned fi'om this approach is 

highly telling of what is going on in women's minds, and highly individualized. 'Free 

listing' as an interview surv^ technique was used to ascertain what the health and other 

problems were as seen by the subject. Very often they omitted events that I certainly 

would have included and later in the interview vicariously mentioned it in another context. 

This style encouraged the telling of the "illness narrative," the story of what women did 

during an event or illness (Kanani et al 1991). 

My impression is that the interview was a multifaceted instrument allowing for 

self-assessment, positive reappraisal, and the formulation of a personal plan of health that 

may have been lying dormant. A retrospective follow-up would be very telling in terms of 
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the impact of participation in the study, being interviewed, and raising the consciousness 

on subsequent implementation or renewing, of certain health, practices. 

Many subjects admitted the impact of the imerview as we parted. For some 

confessors it was a catalyst to resume exercise, start calcium supplementation, or to push 

their physician to order the more comprehensive DEXA. scan. Women were reminded to 

start taking care of themselves, an event often, deferred when life events cloud or 

overwhelm the picture. 

After the interview, I replayed the tapes from wMchL again took notes. I.created 

an outline of categories within which to assign data drawn from questions, quotes and 

themes, thereby converting subjective responses into coded data. 

Structure for ^nalysi^ 

A quantitative measure was used to identify individuals who had stated a mild, 

moderate, or high degree of stress in the STRESS= question. NO STOESS=0; MILD=1-

3; MODERATE=4-7,. and HIGH=8-10- The life event changes reported during the 

interview and pn the questionnaires were counted and categorized as either ' emotional' or 

'physical.' The number of events was counted for the quantitative analysis and put in cells 

of 0, 1,2. To earn a zero one had 0-3 events, a one meant 4-6 events, and a two meant 7 

and more events. The separation into 'emotional' and 'physical' is performed during the 

qualitative review. Events were then assigned categories and values based on the Scale of 

Recent Events.(Holmes and Rahe 1967). 
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Many dichotomous fields were created according to a yes or no response by the 

subject. For example, do you feel like your old self?*; do you volunteer?; is faith an 

important part of your life;? Were you a big milk drinker as a child? Do you live alone? 

A profile of the individual's temperament, personality traits and coping 

mechanisms was established through qualitative categories ascertained throughout the 

interview and stress questionnaire data. Into this body of information came answers to 

'how do you deal with, stress?' 'can you mediate stress, if so, how?' 'how would you 

describe yourself?' 

Prior to the interview, a urine specimen container was sent to the home of the 

subject with instructions on obtaining and refiigerating the first morning void on the day 

of the interview. These were labeled and placed in a cooler for transport back to the 

Physcial Anthorpology lab at the University of Arizona. Unfortunately, funding and 

processing resources did not come through in time for the analysis. 

The Lunar SP-2 was utilized to measure bone density of the left forearm at the 

distal one-third radius. Professor Stini did these measures as well as weight in kilos on a 

fi-ee standing scale and height in centimeters using a stadiometer. Each subject received a 

printed report of their results which also showed their previous measures so a comparison 

could be made. These three measures were done yearly on those subjects who continued 

their participation. Appendix E is a sample scan report. 

The four measures produced by the scan that were used in this study were the 

bone mineral content, the bone mineral dmsity, designated as BMI ( a ratio between 

width and content), and the age matched measure which compares the subject to others in 
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which informs us of the percent of peak bone density which remains. 

The trend from scan to scan will be examined through a time series analysis of 

women N=32 who had eight or more scans. In most cases they are consecutive, and 

averaging is used where one or two years are missed. From this type of analysis I can 

look at the health history to see what was going on, attitudes, coping styles, and hardiness, 

and then posit explanations for the trends. A second analysis takes a cross-sectional look 

at N=85, where there are baseline plus four years of scans and we attempt to predict what 

is causing bone loss. 

While bone loss is predicted for the postmenopausal woman, a standard deviation 

of -2.5 is beyond expected loss. Those women who retain only 70% of their peak bone 

density are by definition osteoporotic and have considerable fracture risk. Where fracture 

risk is designated as high we look to explanations and interpretations based on the 

interview data. We record use of bone building inhibitors like steroids, and calciotropic 

medications like Fosamax, Didronel, Calcitonin, Evista, and estrogen replacement therapy. 

The nature of bone remodeling is cyclical, and so it was necessary to create a 

method to observe the life events that individuals experienced as well as the health 

maintaining practices they engaged in so that the meaning of the yearfy bone measures in 

relationship to these events could be understood. To do this I created a cohort of women 

who had a minimum of eight scans, to provide for a rich base of bone density measures. I 

ran a regression analysis using age and ixme mineral densities to demonstrate the strength 

of the relationship between age and BMD trends in each of these individuals. I separated 
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the subjects to do further analysis based on the r-square values of the age/BMD 

regression. An r-square value of greater than 50% placed them in the category of strong 

for age-related bone loss. Those with an r-square value of less than 50% were placed in 

the category of other explanatories. For example, if less than 50% of an individual's bone 

density variation can be explained by age, what other variables are contributing to this 

pattern? 

To utilize the depth of interview and questionnaire information with the bone 

density patterns, I created dot-to-dot hand written charts in which I plotted the yearly life 

events, the use of estrogen, calcium, bone building medications, diuretics and steroids, the 

age of the individual at each year, and the BMD for each scan. The connecting of the dots 

afforded an overview of each yearly change that was more dramatic than the curvilinear 

regression, and in being so permitted a more cogent view of the yearly ups and downs and 

the events or lack of events that occurred with these patterns. 

Finally, I created tables in which I listed the coping styles, percents of bone loss, 

age-matched and young normal measures, magnitude of crisis, and perception of stress 

impact on the 32 'time-series' women to understand if the perceptions of stress, coping 

styles, and patterns of bone loss were associated. The case histories in the appendix take a 

narrative approach to several women to illuminate the essence of what I learned about 

them and how their lives and bone scans might have been correlated. The appendix also 

has several of the regression and dot-to-dot charts to illustrate the process I used to raise 

this information. In the qualitative review I discuss several women in the two categories 

of age-related and other explartatories and suggest explanations for their variations. 
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Psychosocial Background 

Of the qualitative variables derived from the interview, the answer to 'how do you 

cope with stress?* offers an important key to understanding how the individual perceives 

what a stressor is and defines styles and strategies for merging with the stressor and 

keeping all the components of her life intact. 

There is interesting literature on writing one's deepest thoughts and feelings as 

modes of reducing health care visits and costs. Smyth (1999) shows that asthma and 

rheumatoid arthritis patients in North Dakota had measurably impaired health, based on 

spirometer reading for asthmatics and RA fitctor for riieumatoid arthritis. When writing 

occurred on three consecutive days for 20 minutes and reflected deep feelings the health 

was markedly improved over the control group that wrote about their plans for the day. 

Not surprisingly, only a handful of women in my study kept a journal of their 

feelings or wrote when filled with emotion. Thirteen subjects reported this behavior. 

Several showed me calendars filled with events and reminders, but this was not included as 

a writing exercise that might have coping benefits. Of N=85, 36 women reported talking 

as a strategy when upset. Others indicated keeping it in, or not thinking about it as 

strategies. Comments like "I'm a Scandinavian stoic" were offered to explain their 

methods. 

The variation in how people are affected by stressors is enlightening and appears 

to have cultural and socioeconomic components that help shape individual responses. 
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Sarason sums up three predictors of positive stress moderation; a)intemai-extemal locus 

of control or stable personal traits; b)prior experiences that influence how a person 

responds to stress; c)environmental factors such as social support (1985). 

Certainly, prior experience with stressful situations seems to contribute to 

'hardiness;' how well a person copes with subsequent stressors or whether they are 

perceived as a threat may have something to do with their earlier experiences that have 

equipped them or are familiar. Locus of control is important as well in that one who 

views the control as outside their internal sphere feels less empowered to respond to 

environmental events. Close ties are also helpful buffers to stress. Living alone is for 

some a positive choice, while others who experienced long marriages find living alone 

unbearable. Bereavement can be destructive to health. 

Maddux (1995) addresses the role of self-efficacy in coping with environmental 

demands. A summary of its meaning is the belief that one can act competently to meet 

demands successfully; one must believe that certain behavior will have desired outcomes 

and this reinforces acts that are repeated because they work. Maddux proposes that high 

or low self-efficacy beliefs are an integral part of emotional responses because they are 

rooted in one's appraisal of the ability to control the aversive event. Such belief can lead 

to reduced strength of the immune system and to illness. 

Is the negative impact on health greater if one does not feel that they can mediate 

stress, or if socioeconomic constraints are at play? Williams (1995) has outlined a model 

of the pathway fi'om low socioeconomic status to ill health. While my population is 

somewhat weighted on the affluent side with the Sun City subjects, the Tucson sample 
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represents nuuiy who are on fixed low incomes; this is unfortunately more representative 

of the financial status of most elderly. This is particularly true for women who live alone. 

Williams' study found that the absence of support and love leads to decrease in serotonin, 

a neurotransmitter that has much to do with mood disorders. Its insufficiency can lead to 

social isolation and enhanced sympathetic activity associated with disease and death. 

Depression and hostility proliferate where serotonin levels fall. 

Flinn and England (1997) saw this in childhood stress in cases where the presence 

of social support through family relationships led to immuno>competence. The extent to 

which one believes they can mediate the impact of environmental events has a relationship 

to the amount of Cortisol that is released. So too, to the extent that SES comproniises 

belief in an internal locus of control it also imparts a negative trajectory for health 

outcomes. 

Leatherman and Goodman (1997) speak to the poor health outcomes of poverty 

and take a more global look at the political economy of health status. The cost of 

adaptation can alter prognosis of a healthy life. Behaviors are shaped by adaptation; 

biological outcomes are influenced by social processes. The merging of cultural and 

biological anthropology allows a more congruent look at stress and the role of 

modification of social and cultural events to help decrease the probability of negative 

outcomes. 

Thus, context, the relatedness of the individual to the environment, and the poise 

and self assertion with which the individual ages can modify responses to stressors. In 

societies where old age is reached earlier and maturity is respected, even revered, there 
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may be diminishing effects of the pressures felt in the middle years, filled with expectations 

of productivity and competency. In Samoa, Dressier (1997) found that blood pressure 

went down after the age of maturity, 55. 

In Arizona, Sun Cityans and Tucsonans live in similar geographic and climate 

environments, yet context may differ enough to project differences in feelings about aging, 

and about place. The selection of where to live may reflect temperament, attitude, need 

and purpose, SES, and goals. The majority of the Sun City subjects went to that 

community for lifestyle while Tucson drew its population fi'om those sick coming to 

convalesce. 

According to Wallhagen et al (1994), there is a strong association between internal 

health locus of control and physical function in women. One supposes that the belief that 

what happens to one's health has to do with one's own actions would lead to direct action 

in the case of health changes, and a more adaptive response. Wallhagen was surprised to 

find that functional status changed without health promoting behaviors or responses by 

women. This raises the question, 'what about self-efScacy?" Is it possible that belief in 

one's responsibility for their health is sufBcient to determine positive functional outcomes 

without intervention? This would speak strongly for perception and attitude, which of 

course do not operate in a vacuum. We will have an opportunity to explore whether faith 

and belief in external powers bear on health. 

AfSliation is suggested to be a strong aspect of perceived well being and positive 

responses to stress. (Kark et al 1996) did a sixteen year study comparing secular and 

religious kibbutzim. The kibbutz is a communal living arrangement of shared work, child 
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care, and resources. The ideal of the kibbutz was to have overcome gender and SES 

barriers and provide the egalitarian society. For this study, the comparison of an orthodox 

Kibbutz to a secular one offers very interesting data for health consideration. Coronary 

artery disease is prevalent in Israel; this study found fewer cases and fewer morbid 

outcomes in the religious kibbutz. The researchers proposed that some of the ameliorators 

of stress were sense of belonging and coherent world view, a relaxation response caused 

by frequent prayers, belief in an external divine source, rituals associated with religious 

law, stable marriages, and the feeling of collective solidarity. 

It is interesting to note that in the collective environment, all SES is equal, yet 

social pressures of the larger environment remain on the kibbutz. The orthodox Jewish 

collective fares better because of the benefits of faith in an external being, shared rituals, 

specific times of day for prayer, and affiliation. 

Disease prone personalities have been described for centuries. In the American 

culture of the 20"* century we have the type A personality and heart disease. Whether or 

not specific personalities raise discrete illness patterns is not the province of this paper. 

However, whether or not certain personalities are disease prone is of interest in that this 

leads to attitudes and perceptions that may be implicated in ability to stay well. Why do 

certain people experience life changes and become ill while others don't? 

Friedman and Booth (1987) sought to find out. As others have come to note, 

depression is strongly associated with health. Personality variables that have been 

explored in association with asthma, rheumatoid arthritis, coronary artery disease, ulcer, 

and headache are anger/hostility, anger/aggression, extroversion, and anxiety. Asthma, 
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ulcers, and RA tended to be more prevalent in association with introversion, and all five 

traits were associated with heart disease. Thus heart disease is not exclusive to introverts 

or extroverts. Headaches were associated with anxiety and depression and a positive 

correlation to illness. These researchers suggest that the impact of psychological distress 

is greatest on metabolic and immune processes and less specific to organs. 

A discussion of personality traits and illness will be included with my discussion of 

individual case histories. From these women one can leam about diversity in natures, 

temperaments, and adaptations, and how these traits interact with life events to determine 

who gets sick and who gets well. 

Coping Stvles 

I have found through my interviews that perception of whether an event or stressor 

is something of concern varied among respondents. Appraisal is an organizing principle 

used to evaluate this subjective category. It embraces personal perception and attitude. 

Lazarus (1971) use this term to describe what a person does with psychological stress. 

Some will defend and deny. In this case, assessment of the situation leads the person to 

view the problem as benign. This might cause the stress reaction to abate. 

Maitlin (1990) designed six coping strategies; positive appraisal, avoidance, 

religion, active cognitive, active behavioral, and social support. His positive reappraisal 

similarly described by Lazarus, occurs when he individual assesses that the event is not 

intolerable. People generally use several strategies. I found this to be true in an 

unpublished pilot study I did in 1994 where I found an association between the uses of 

active cognitive and active behavioral and positive reappraisal. Simply, one might 
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appraise the situation as benign and utilize mindful pursuits like research, reading, calling 

the doctor, and use learned perceptions of the event to cope. The event to which one 

responds might call forth a particular mechanism. Bereavement might call forth religion 

or, depending on individual traits, social support. 

When I compared the extent to which my subjects used these strategies I found 

that most used more than one coping pattern. For the N=85, 24 used positive reappraisal, 

17 used avoidance, 26 used active cognitive, 35 used active behavioral, 16 used religion, 

and 20 used social support. When the two populations were compared, certain differences 

emerged. In Sun City, the most frequently reported style was positive reappraisal n=20; 

the second most utilized was active behavioral n=I7. In Tucson, active behavioral was the 

most frequently used, n=18; positive reappraisal was reported by 4. 

Maitlin found that certain styles were adaptive/ maladaptive depending on the 

circumstance. For example, he found social support to be most helpful during illness and 

not particularly useful for stress induced anxiety or depression. Religion has the most 

benefit in high loss events. Active cognitive has the most impact on low loss and high 

threat events. Active behavior worked best for high threat events.. Maitlin's sample had 

the largest correlation between active cognitive and active behavioral. This relationship 

and a correlation between positive reappraisal and active behavioral were the two most 

highly correlated in my sample. 

Following analysis of the interview and tapes, I developed a similar list of six 

coping strategies that represented what the women described as their reactions to life 

changes and stressful situations. A cohort of 32 of the women who had at least eight 
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scans was evaluated for their responses to stress as well as their life histories that they 

shared. The women generally used more than one of the six styles which are attributed to 

these subjects in Appendix F. The six styles that were utilized and a sample of each 

follows: 

A separate Appendix G shows a broader list of subjective responses from which the 

categories developed. 

Psychosocial and control variables 

In the entire population, ages ranged from 58 to 88. Of the 85 subjects eight from 

Tucson and six from Sun City were in their sixties, thirty-nine subjects, twenty-one from 

Tucson and eighteen from Sun City were in their seventies and thirty-two, eleven from 

Tucson and twenty-one from Sun City were in their eighties. 

The stress rating scale of 0-10 was divided into three categories assigned the 

values of 0,1,2,3. Those who responded 0 for a rating of how stressed they were received 

a score of 0. Those who rated 1-3 scored 1; 4-7 scored 2, and 8-10 scored 3. A 

distribution of these values can be seen in Table I. 

1. cognitive assertion: 
2. spiritual affliatioft 
3. active maintaining 
4. detach/defend 

CM handle this." 
'1 ask the Lord for guidance." 
shop, walk, clean, ^ busy, hit soneCliing 
deny that the event causes stress; let events take 
their course 
verbdize feelings; call on social support system 

unable or unwilling to find solace 
5. network express 
6. isolate, withdraw 
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Forty women, 23 from Sun City and 17 from Tucson reported feeling like their 

'old selves.' This response came from the question, 'T>o you feel like your "old self' since 

your illness, loss, or lifestyle change?" This question as well as one that requests an 

evaluation of the impact of the stressors appears on a questionnaire that subjects 

completed prior to the interview. Elaboration with comments was encouraged. "Stress 

impact" was assigned values from 0-3 (Table 2), and these values were self selected when 

the subject considered "How would you rate the impact of these stressors on your ability 

to continue your usual activities, degree of depression, or feeling blue?" 

Subjects chose 0 if the events had 'no efifect,' 1 indicated minimal effect, 2 

indicated the impact was difScuh, and 3 indicated a profound effect. 

Both communities are very similar in the number of events reported. It was my 

purpose to elicit events of the past five years, but women shared life stories that were 

filled with events that could not always be placed in a specific time frame. And so, the 

problems of the integrity of recall are certainly present here. 

The events ranged from personal illness, loss of loved ones, including pets, spousal 

infirmity, residence changes, loss of capability, and relationship strain. All were 

considered, regardless of psychological/emotional or physical basis. The stress events 

were coded as 0-2. One was assigned a 0 if they had 0-3 events; 1=4-6; 2=7-10. (See 

Table 3) 

In Table 4 the breakdown of psychological and physical events shows a fairly even 

distribution in both settings, remembering that the Sun City population has S more 

subjects. 
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Faith was evaluated dichotomously in the quantitative analysis and also considered 

as a coping style. If a subject said that they have never been involved religiously, that they 

are not spiritual, or that the idea of a higher power is not akin to belief system, then faith 

was valued as zero. More subjects revealed a depth of belief^ comfort in a higher power, 

and dedication to church work and outreach than did not. Table 5 shows this breakdown. 

I asked women about their milk drinking habits in childhood, seeking to know if 

calcium intake in the formative years, which reach through puberty for bone growth may 

have had bearing on later bone density. Some women who were raised on farms reported 

an aversion to milk because they drank it warm as a child and did not like the taste. 

Others could not afford it due to the financial impact of the depression. Women answered 

yes or no to the question, "Were you a big milk drinker as a child?" Attempts to quantify 

behaviors of over a half century ago would have been fiiiitless, but women did seem to 

remember that they did or didn't drink milk. See table 6 for the distribution. 

A history of fi-actures alerts us to the possibility of fi'agile bone, or a genetic 

predisposition that puts one at risk. I inquired about all tinctures since the age of SO and 

so in this yes/no field, women earned a 1 if they had any fi'acture history unless only one 

episode to a toe or finger occurred. The distribution in table 7 shows that a greater 

proportion of women in Sun City had fi-actures, but the more advance age of that 

population must be recalled. 

I looked to volunteerism as an important measure of community involvement, 

ability to remain active in the face of personal or spousal infirmity, degree of isolation 

versus generativity, and opportunity to reap the rewards of giving and of reappraising 



66 

one's own circumstances against others that -may seem considerably more difBcuh. 

Volunteerism as catharsis and purpose is immeasurably healthful. Sun City boasts of its 

volunteerism and those women who 'admitted' to not doing so certainly seemed aware of 

the cultural mandate in the community. There are signs posted in the earliest residential 

development: 'Welcome to Sun City, the City of Volunteers" 

Volunteerism is not so highly valued in Tucson, and that is probably largely a 

function of its h^erogeneity. There are many senior citizens in Tucson who volumeer but 

one does not f^i remiss for not doing so. While the percent is higher with the Sun City 

respondents, it is also necessary to consider that the Tucson population appears to have 

less leisure time, more women living alone and supporting themselves, and more women 

with grandchildren or children dose by with whom they are involved. See Table 8. 

Joumaling or keeping a diary has been the province of women for centuries. 

Women often share with their diaries the most intimate portions of their internal lives. 

Some women use periodic writing to express strong feelings that can not be soothed in 

any other way. Often such treatises end up shredded in the waste can so they can not be 

seen by others. The health benefits of writing are under investigation in the scientific 

community. Table 9 shows the distribution of journal keepers in the population. 

I also queried women as to whether they talk to others when they are upset, have 

someone to confide in, or dioose to keep it in. 'Xjetting it off one's shoulders' has often 

been considered beneficial to health. Analogies of popular strength refer to not letting 

wounds fester and not letting sometiiiug eat your heart out Extroversion and introversion 

are personality styles that have been examined for health outcomes. Table 10 shows the 
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number of women who use taiidng as a means of heiping tfaemseives to feel better, i have 

found that 'controF by internaluing, 'stuffing it' or getting busy also seems to be highly 

valued in this population. Its health benefit lies In empowerment as women feel and see 

that they continue to function regardless of the challenges. In a later section, quantitative 

analysis will assess the hiceiihood tiiat one style or the other is more predictive of bone 

health. 

The belief that one can mediate stress was strong. As has been reviewed, locus of 

control is important in the cognitive evaluation of one's ability to cope. Belief that one 

can call on internal resources may or may not strengthen the bodily response. One's belief 

in external power as in tiie stiength of belief in god on the orthodox kibbutz itas also been 

demonstrated as beneficial to health . One style does not preclude the other. An 

individual can utilize both to her benefit. The strength of the correlation will be assessed 

quantitatively. Table 11 shows the distribution of women who felt they could respond in 

stressors in sucK a way that illness would not occur. 

A number of physicians are prescribing bone building medications to prevent or 

ameliorate the decline of bone mineral density. DidroneL, Fosamax, Calcitonin and Evista 

are the ones most fi'equently used in my population with Fosamax the most prevalent in 

the past 5 years. These are usually not prescribed prophylactically, although there are 

some astute doctors prescribing them in the perimenopausal or premenopausal period 

when it appears density is on the decline beyond expected norms, and where risk factors 

such as slight stature, ebbing estrogen levels, and lifestyle factors (smoking, absence of 

weight bearing exercise, low caidum intake) may prevaiL The scans show a very 
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encouraging halt in decline and often a gain in bone density underthese regimes. Table 12 

shows the distribution of women who used bone building medications. 

Social isolation is an issue for potential poor health outcomes. Some who live 

alone however are far from socially isolated. Some have lived alone because of choice; 

they may have never married, experienced a divorce that left them committed to never 

remarrying, lost a spouse to illness and wish to not replay that grief However, I have 

remained interested in whether living alone has a correlation to bone density, in and of 

itself or correlated to other behaviors. There are many documented cases where the health 

of men has declined after the loss of their spouses, but tins has been beUeved not to be the 

case for women who generally are more socially connected. Women may or may not take 

better care of tliemselves when they are alone. Table 13 shows the number of women 

who live alone in the study population. 

Estrogen replacement therapy is the most widely used regimen for bone density; 

many women begin therapy prior to their last period. In recent years there has been 

concern about the effects of estrogen on women in &milies with breast cancer histories 

and most have conduded that the risk it presents for breast cancer is not worth the gain in 

bone density. Many women cannot take estrogen however because they find the side 

effects undesirahie, and many sing its praises and Uke the fountain of youth has been 

returned to them. To be considered an estrogen user for the purpose of this study, a 

subject needed to be on it in recent years with no more than 5 years since cessation of the 

hormone. Estrogen stoppage leads to a decline in positive effect early on and bone density 

gains are not maintained. TaUe 14 shows the distrttnition of estrogen users. 
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I also idesdfied subjects using steroids such as Prednisone because of their well 

established negative impact on bone density. Less than 10% of the population were on 

steroids, though many used steroid based inhalers as needed for respiratory problems such 

as asthma. I did not include inhalers in my coding for steroid use. Three women in Sun 

City and six in Tycson used steroids. 

I was surprised by the longevity of the mothers ofmany of these women, and the 

associated risk of osteoporosis would have experienced. However, decades 

osteoporosis was not specifically identified as a diagnosis. When I asked if there was a 

family history of osteoporosis on the women's side,! accepted, "my mother was very 

hunched over (dowager's hump) as evidence of osteoporosis. Also, a sister with 

osteoporosis led to a ^es' for family history of osteoporosis. See Table 15 for the 

distribution. 

Although the ingestion of calcium through milk and dairy products is positive 

during the developmental years to puberty, many are using calcium supplementation 

currently in hopes of reducing bone loss. I used a supplemental intake of lOOOmg a day 

as a low cut off. if supplementation had not been practiced at least two years prior to 

their last scan, I did not include it in the positive coding. See Table 16. 

Social support emerged as an Important potential health barometer. I beard 

women say they felt blessed by the help of their children, the attentiveness of their 

spouses, the affiliation with church members, and the activities and finendstups they 

shared. I also heard women lament that they did not have more social networking, spent 

so much time alone; missed, thdrhu^ands terribly, and wished they had children to fall 
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back on. I gave three categories 0,1 and 2 to how 'supported* one feh. A 0, 

corresponded to feeling alone and desiring more socialization. Women reported very 

adequate social supports were assigned a 1, and women reporting feeling of weH being 

and a very intense level of support were assigned a 2. See Table 17. 

Both Tucson and Sun City are home to wonderful weather. You can enjoy the 

outdoors about 365 days a year; no excuses to stay in out of the rain. However man are 

cautious aboi|t time of exposure in the very strong desert sun. Many women are still able 

to engage in walking and other weight bearing exercises, while some of them lessened the 

'stress' by using swimming as their exercise. Exercise provides the benefit of raising 

endorphins, causing one to feel calm and good. It mobilizes oxygen exchange, causes the 

heart and lungs to work harder pushes blood and nutrients throughout the organs, and to 

some extent, has a positive effect on bone remodeling. Recent data has suggested that 

exercise in youth correlates strongly to bone density but older adults do not share this gain 

(Valdimarsson 1999). However, considering the decline in bone density that occurs when 

one becomes immobile, exercise remains a good formula to forestall that decline. And, 

because exercise helps maintain and build muscle mass, one may be at less risk for falls. 

In the yes/no dichotomous fields, women earned yes for exercise if it was of weight 

bearing nature, of 30 minutes duration and repeated 3 or more times a week for at least 

two years. See Table 18. 

The number of years since menopause is an important factor in predicting bone 

loss. The initial phase of bone loss In the S-IO years prior to cessation of menstruation 

and the subsequent 10 years are the times of greatest vulnerability, following which loss 
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plateaus at a slow decline. I have segmented n=85 into number of years since menopause 

where l=less than 10 years, 2= 10 plus years,, 3= 20 plus years, and 4 = 30 plus years. See 

Table 19. 

Although census information and the elaborateness of the homes in Sun City 

suggest a more aflQuent population on the whole, an absence of income data on each 

subject has led to the use of education attained as a barometer of SES. There are 4 

categories; 0= high school completion, 1= some college, 2= college graduate, 3= master's 

or more. While Sun City 'looked' more educated from the surface, Tucson had the higher 

number of subjects with Master's degrees. The subjects that I interviewed in Sun City are 

more highly clustered in their eighth decade and so the period from which they come, one 

which did not promote higher education for women must be recognized. I did not 

document the education level of their spouses which would have also been of interest. 

This detail must also be considered in the integrity of using education as a barometer of 

socioeconomic status in this population. See Table 20. 

The findings in the coding of this data where dichotomous fields were assigned 

reveals that there were larger numbers of women who volunteered, used estrogen, had 

faith, drank adequate milk in childhood, believed stress could be mediated to suppress 

illness, used calcium, and exercised. Fewer women kept journals, had fractures since age 

50, had a family history of osteoporosis, used bone building medication, or talked about 

their feelings. As many women lived alone as did not. The largest number of women felt 

stress equaled 4-7. The cohort for mild impact of stressors was the largest. The largest 

group of women felt social support was adequate as compared to insufficient or abundant. 
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The largest number of women had high school education with some post high school 

college, trade, business, or nursing education. 
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IV ANALYSIS OF THE DATA 

Quantitative Analysis 

Crosstabs and Pearson's Chi Square test were utilized to assess observed and 

expected values in the control and psychosocial variables. Tests were run using bone 

mineral density and bone mineral content as the dependent variable. Tertile measures of 

low, medium, and high changes in bone mineral density and content were employed, (see 

figure 1) Where interesting values emerged, the same method was used by splitting the 

population around the mean or the median as was the case when content was used, (see 

Figure 2) In most cases the dichotomous values 0=no, and l=yes are utilized. Several 

variables represent collapsing of values into one of three or four categories and this is 

designated where it occurs. The period of participation was not controlled for, and so 

the number of years in the study and the entry date in to the project varied among the 

women. An annualized bone mineral content and bone mineral density was derived by 

subtracting the initial measure fi'om the final measure and dividing that number by the 

count of years in the study. 

As will be noted, there are differences in results when the variables of BMC and 

BMD are used. Bone mineral content is a purer measure in that it tells us the true value of 

skeletal bone mineral calculated by grams of weight per centimeter of radial width. The 

bone density measure is corrected for diameter or width and since the SP-2 scan is two-
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dimensional, is properly called "areal density." The following results reflect the percent of 

difierence in bone mineral density where control and psychosocial values were considered. 

Milk use in the growing years through puberty is assumed to be protective of bone 

by helping to build bone mass. Youthful bone mass will hypothetically provide stores for 

the elderly years I expected there to be more subjects in the high category of bone loss 

when milk was not taken in quantity through puberty. The chi-square test did not confirm 

my hypothesis when BMD was the dependent variable. However, when I compared the 

bone mineral content of women who said yes to milk drinking as children, the mean value 

for these women was .712 as compared to .684 for the non-milk drinkers. The milk 

drinkers had 4% higher mineral-content upon entry into the study. This result supports the 

projection that early adequate calcium intake to support growing youth may be positively 

associated with aging bone mass, but not sufiBcient enough to prevent or counter the 

effects of osteoporotic changes associated with menopause. 

I expected that use of bone building medication including Didronel, Evista, 

Fosamax, and Mycalcin would place higher numbers in the low bone loss group. We had 

observed trends at the yearly scans that showed a reversal of decline and gains in bone 

density .from the previous year's measure when some of these medications were 

employed. This trend was not apparent using the chi-square test and bone mineral density 

as the dependent variable. Only one of these medications was taken by a significant 

number of participants to allow individual testing. Fosamax was evaluated separately. It is 

likely that by lumping the four medications which have different mechanisms of action, the 

potency of any one was obliterated. 
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I expected that women on estrogen replacement thecapy would faii into the low 

range of bone loss. Crosstab analysis supported this. The Pearson Chi Square of p=0.076 

reflects that this is not a random trend. That it is not statistically more impressive 4iiay be 

a function of the age of the subjects. It is thought that the potency of estrogen in the 

much older wom^n diminishes, that perhaps after 75 years of age and long term use the 

strength of its impact is extinguished. In my population, the length of time on estrogen 

and the years durifig the study in which they used it varied. (See Table 21) 

The steroid variable was discarded because too few subjects fell in to the 1 or yes 

group to provide ^uflBcient cell numbers to run the crosstabs and chi-square test. 

Exogenous steroids are harmful to bone remodeling and artificially produce the 

deleterious impact of the glucocorticoid stress response. More women used steroid 

inhalers than oral or parental doses of steroids. This type of administration was not coded 

for. 

A family history of osteoporosis on the female side did not predict greater bone 

loss. Some women with 1 or yes for such history had high bone miiaeral densities. I 

would posit here that while genetic propensities are thought to be strong in terms of 

stature and build, there are many intervening and environmental variables that could act 

upon such heritable traits. It is also true that the lack of identification of osteoporosis in 

past generations >vould leave a question mark as to the validity of reporting on this topic. 

Unless visible signs such as dowager's hump were observed, a daughter might be unaware 

of her mother's bone status. Thus the absence of a correlation when the chi-square test 

was applied is probably due to insufiBcient information on the part of the informant. 
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I questioned whether calcium supplementation in quantities of over 1200mg daily 

might be protective for some degree of postmenopausal bone loss. The crosstabs 

supported the hypothesis that there would be more people in the high bone loss group if 

calcium (120C)mg taken regularly) was not used. However the p=0.415 shows no 

statistical significance. This supports what is generally held to be true, that the health of 

the bone based on milk intake in youth will have a more positive effect on aging bone loss 

than supplementation. The fact of diminishing calcium absorption as intake rises is 

supported by this test. However, current treatment modalities continue to suggest calcium 

supplementation of ISOOmg daily. To test the benefits, consideration of how 

supplementation might abate loss once started would be a worthy contribution, but not 

one that was within the scope of this study to distinguish. 

The benefits of weight bearing exercise on bone health have been debated and the 

most recently published report disputes the benefits. I tested the women in my 

population to ascertain whether a certain intensity of exercise would be significantly 

correlated to less bone loss. If the women reported weight bearing exercise for at least 30 

minutes, at least three times a week, they were given a 1 or yes in the coding. Exercise 

was not significantly implicated as beneficial to bone loss. 

The number of years since menopause could have bearing on bone mineral density 

as estrogen supplies diminish, affecting the strength of bone building versus bone 

resorption. While it is generally accepted that the first ten years after menopause have the 

steepest decline as due the years just prior to cessation of the menses, this purportedly 

levels out through advancing age. The subjects were divided into four groups of ten year 
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spans, from less than 10 years past menopause to more than 30 years. Due to the larger 

number of subjects who were in their 70's and 80's, the crosstabs had too few subjects in 

the less than 10 and 20 year category. In the two older groups, as expected, the greater 

number fell into the high loss categories. Those women 20 and 30 years past menopause 

had greater bone loss. At this age however, type II osteoporosis which is age-related 

would also be a factor. The chi-square is p=0.16 and though not significant at the desired 

p<0.0S, it is of interest at that level. Many subjects had also buffered their declines with a 

steady regimen of estrogen supplementation which could have positively effected bone 

density. 

Years of education was used as a measure of socioeconomic status in the absence 

of income and financial well-being data. The homes and comfort of the Sun City 

population appeared to exceed that in Tucson, but this is not objectively quantifiable. My 

initial impression was that the Tucson population would have greater bone loss because 

both the community at large and the sample in this study do not appear to have the 

financial comfort, health care access and leisure pursuit choices available in Sun City. I 

also postulated that for similar reasons, the more highly educated would have less bone 

loss. There were four categories of education, high school to graduate school. I expected 

that those more highly educated would have less bone loss; that financial ease, educational 

attainment, and access to resources would characterize individuals who could make 

positive changes in response to health problems. Because there were too few counts in the 

graduate school cells to make a valid crosstab test, I collapsed the four groups into two. 

High school graduates and those with some college or technical, business school training 
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were placed in group 1. College graduates and those with a Master's degree of higher 

were placed in group 2. Contrary to my expectation, there was a greater degree of bone 

loss in the college educated groups, and by design this would suggest that the cohort with 

higher socioeconomic status had greater bone loss. The chi-square value was significant at 

p= 0.043. See table 22.1 propose that this information be interpreted. First, other 

researchers have tested hormonal response to stress and found that sedentary workers had 

higher catecholamine responses than laborers. By analogy, those who have had more 

education may have historically spent less time in active pursuits and more time in mental 

work. It is possible th^t the processing benefits of physical release have diminished the 

negative impact on the body. Those who spent more time in school, and possibly at 

sedentary jobs as a result may not have gained the early benefits of youthful exercise that 

is beneficial in building stores of bone mass for later support. 

A look at the stress and psychosocial variables is done in two ways. In one 

crosstab a low stress and high stress were assigned values of 0,1 respectively. I expected 

that there would be greater bone loss in the high stress group, however the chi-square test 

yielded a probability of chance association of p=0.133 (table 23) While this is not at a 

level of significance that can justify a conclusion that greater bone loss occurs in the more 

highly stressed, it suggests further consideration, and I will recommend how this might be 

achieved in the final chapter. It is certainly apparent through the review of the literature 

that stress has dire consequences for health that are dramatically expressed through the 

neuroendocrine systems. I have come to understand through my methods and procedures 

that individual life experiences, perceptions and response to life change events can have 
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significant sway in health outcomes. These traits can nullify or modify the extent to which 

stress depletes bone. 

Stress was evaluated by the subject who rated their stress on a scale of 0-10. 

Many subjects 'understated' their stress level. They furnished scenarios abundant for 

health, family, and personal concerns but indicated their stress number was low. 

Therefore, the low numbers outweighed the higher ones and the crosstab analysis could 

not be utilized. This outcome was of particular interest as I expected that those who 

perceived that stress was high would have greater bone loss. In fact, the 'feeling' of high 

stress was offset by responses, coping styles, and personality features that must have 

diffused the stress before it became distress and have health consequences. 

Subjects told me if they feel like their 'old self since the change or event in their 

lives had occurred. I expected that in the fields of yes and no that more subjects in the 

yes group would fall into the low bone loss category. I expected there would be more 

subjects who said no, in the high loss group. The opposite was true. The chi-square of 

p=0.087 suggests this is worthy of further consideration. See table 24. I created this 

question prior to the interview process and was &irly certain that the subjective feeling of 

life not being quite back in place would be reflected in how well ihe individual was faring. 

In this case that would have been expressed in lower bone density. I suggest after having 

assessed and interviewed that a statement of "yes" to feeling like one's 'old self is 

reflected in greater bone loss because those women have not recognized, and embraced the 

difficulties and put health reclaiming steps in place. Those who responded 'no* may have 

recognized the impact of their situation and taken action. 



I expected a higher proportion of women who had ab-eady sustained fractures 

since age SO in the high bone loss group While this did not occur, women with no 

fractures were more prominent in the low loss group. However ^ the chi-square was 

p=0.321 suggesting a random correlation. While certain fractures are fairly common in 

the elderly, for example CoUe's wrist fracture, the histories of the subjects does not verify 

that once a fracture occurs, more are to follow. Therefore, the absence of a statistical 

relationship between fracture and degree of bone loss is consistent with the character of 

this group in that having sustained a fracture does not confirm low bone density or that the 

individual is a high fr'acture risk. For the purpose of this study, we are most interested in 

alerting women to the fact of their particular risk for fi^cture so measures can be 

employed to reduce that risk. 

I expected that being engaged in volunteer work would provide a distinct state of 

feeling satisfied, as well as providing the benefits of networking and extra physical activity. 

While I expected that there would be more subjects who did not volunteer in the high 

bone loss group, the reverse relationship had statistical significance at p=0.019. See table 

25. I pose the interpretation that the women in this study who are volunteering are 

perhaps spreading their energy in many pursuits and places, perhaps not taking enough 

time to care for their own health, and feeling the stress of the demands of such work. The 

larger number of volunteers were Sun City residents where volunteerism has an aspect of 

pride, and I might suggest competition, might limit its possible benefits as a health 

augmenting pursuit. Being too much like a job, volunteering might maintain some of the 

less pleasant aspects of the adult years where intense direction and goals impair health. 
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The demands may as well diminish the aspects of reflecting on life with contentment, 

perceiving an internal locus of control, and feeling centered in a predictable life that are 

important complements to coping with demands and staying healthy. 

I expected that women who journal or write their deepest thoughts and feelings 

would have a higher presence in the low bone loss group. A chi square test of the 

relationship yielded a p value of0.074 indicating a possibly significant association worthy 

of further consideration. See table 26. Since Pennebaker's (cited earlier) work on writing 

to maintain health, others have researched the efifects of joumaling. I am encouraged that 

although I had a small cohort of women that wrote, their bone densities were significantly 

higher than those who didn't. The act of writing filings must have a positive impact on 

the stress pathways, possibly turning ofif the Cortisol response to stress before it does harm 

to bone density. It is of great interest that bone would be sensitive to this mediation. 

I did not have a clear expectation of whether living alone would show a 

relationship to bone density. Certainly many studies have suggested that health of a 

spouse declines after the death of the other, and that aging people living alone are often 

without resources, including health maintenance. These are just a few of the supposed 

benefits of having a companion. However, in this population, which was evenly 

dichotomized between living alone and not, the observed counts were &irly duplicated in 

both high and low bone loss groups and this was not statistically significant (p=0.80). I 

conclude that in this population, degree of afiBliation, social support, and health, were not 

necessarily predicted by living arrangements. 
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Finally, I expected that talking about conceras and feelings would serve health and 

well being, as would degree of perceived social support. The expected values and the chi 

square values were not supportive of this. This appears to contradict other work on social 

connectedness, affiliation, and self-expression as health saving. It appears that for the 

elderly, talking about problems is markedly differem than having a social network. 

Privacy, control, and competence are important values. Therefore, the ability, desire, or 

personal style of verbal sharing is not the catharsis it might be for a younger person. 

When the Sun City and Tucson populations were compared, there was no 

significant statistical difference in the weight of the variables upon the discrete populations 

in the percent of bone mineral density loss. However, a significant result occurs when we 

compare the final ages of the two populations. The women in Sun City are older in years 

than the Tucson population (p=0.002). When age-matched variables are compared, the 

two populations are similar. By virtue of this similarity in the two populations which are 

not chronologically the same, it can be inferred that Sun City population has a higher 

percent of bone density for age than the Tucson population. See table 27. 

The use of annualized change in bone mineral content as the dependent variable 

presents statistically significant results that differ fi-om the variable of bone mineral density. 

The most interesting contrasts were in the results of estrogen replacement and bone 

building medications. When using BMD, it was rather surprising that estrogen didn't 

have stronger significance (p=0.07) and that bone building medication was not significant 

at all. This confounding news led to an isolation of Fosamax, a drug that has been 

successfully used to reverse bone loss in postmenopausal women. In the Arizona 



83 

population as a whole, it was evident as women came to have their yearly scan that the 

majority who had started Fosamax during the previous year or years had increased bone 

density or stayed the same (a gain itself). The p value of0.022 was highly significant for 

the impact of Fosamax on bone mineral content. See table 31. When bone mineral 

content as the dependent variable was applied to the population, the significance of bone 

building medication was high (p=0.016) and estrogen was not significant. This differs 

fi^om the picture we saw when bone nnineral density was the dependent variable. In this 

case, bone building medication includes Didronel, Evista, Fosamax, and Calcitonin. 

Calcium use had not been significant when BMD was the dependent variable. The use of 

BMC however showed significance of p=0.075, while not significant at the genersdly 

accepted p=0.05 level, still of possible future interest. See tables 28, 29, 30. 

The apparent contrast in results when BMD and BMC are used is probably a 

function of what is measured. Bone mineral content appears to be influenced by calcium 

intake which is not a surprise. Bone building medications also impact on the 

mineralization process and so significant results are in agreement with some current beliefs 

on the use of calcium supplements. Estrogen however has its most apparent impact on 

slowing bone turnover and thus its benefit might be more closely tied to bone density 

rather than content. Additionally, estrogen is most helpful when started within 5 years of 

menopause rather than introduction 5 years after menopause starts. Its efficiency is also 

known to decrease over long term use. 

It is only in the control variables that statistical significance occurs when bone 

mineral contem is considered. An absence of a statistically significant relationship with 
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psychosocial variables may suggest that bone mineral content may be buffered by lifestyle, 

coping mechanisms, etc., while the more apparent relationship between bone density and 

psychosocial variables may suggest that density, which is affected by the remodeling 

process is more susceptible to external factors. Or we could simply be seeing that BMD 

results sometimes understate the actual bone mass and that content is closer to a true 

measure. 

Qualitative Analvsis 

The interview provided rich health and lifestyle histories as well as individual 

attitudes about life, health and stress. Such data could lose its relevance by limiting their 

evaluation to quantitative analysis not only because of the personal, subjective quality of 

their character but because such revelations aren't easily quantifiable. To help localize 

some of the information I tried to gather which related not simply to the issues and 

adjustments but to how people perceived them and how they responded, I isolated 32 of 

the subjects who had at least eiglit scans. Appendix V offers a list of the women in that 

cohort and their degree of bone density loss where l=low, 2-medium, and 3-high. I 

looked at their events and bone densities from year to year by plotting their bone mineral 

densities on a graph and writing the events that took place including introduction or 

termination of estrogen, calcium, and bone building medications. 

I hoped to find some pattern in the gains and losses in BMD, suspecting that when 

several life change events took place in the year preceding the scan that a drop in BMD 

might follow. I also expected that if a subject was on estrogen or bone building 
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medication that the drop might be small and the return to baseline the following year 

would occur. I expected that loss of a spouse or caring for a dying spouse might be 

followed by a large loss in BMD. Conversely, I expected that the absence of events from 

year to year might be accompanied by smaller than expected losses or even gains, 

especially in the presence of supportive medications. 

To my surprise, a drop in bone density was not always the rule following death of 

a spouse. In several cases BMD increased on the scan following the loss. There was no 

clearly delineated pattern of bone loss after difficult or multiple adjustments in a given 

year. Some subjects did show a marked decline, but others did not, and some gained! The 

addition of Fosamax, the bone building medication that seems to have the greatest impact 

on reversing bone loss, did not always reverse a drop in BMD just as estrogen did not 

always modify a decline. I turned to psychosocial background to understand and explain 

these unexpected trends. 

I evaluated coping styles among the women to assess whether such styles were 

responsible for particular immunity to bone loss in the presence of stressful events. Again, 

there was little support for the hypothesis that women who talk or share when upset, 

women who hold strong religious afiOliation, who network, or become active to mediate 

stress are better protected against bone loss when stressors were high. Increases or losses 

in bone density seem to occur regardless of personal hardiness or coping styles. Two 

significant traits that almost every subject appeared to possess was a core belief in their 

power to endure, and a positive view of life; these women were of the 'glass is half fiiir 
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perspective. It is to these qualities that I turn to explain why patterns of loss and gain 

were incongruent with the expected. 

First I examined the 32 women and ascertained which scan histories indicated a 

strong correlation to age as the explaining variable and those whose patterns suggested 

events other than age were responsible for the trends. A regression analysis yielded a 

curvilinear regression line based on the BMD and age at each scan. We do expect that age 

will be a persistent factor in the bone density of postmenopausal women. I analyzed the 

health histories and interview data for five women whose regressions were statistically 

significant for factors other than age and compared these to women for whom age was the 

statistically significant factor. 

From these methods and the data collected the hypothesis that bone mineral 

density is sensitive to stress or life change events could not be quantitatively defined. 

However, it can be inferred that the particular coherence, hardiness, and styles of 

responding to challenges that one is equipped with has much to do with the fine grained 

changes that occur in bone density at the site of life change events. Women who come 

into senior years with adaptational strengths based on previous life experiences have scan 

histories that are modulated by these facilities. Women who detach fi-om events and don't 

conceptualize them as stressors can modulate bone changes. As they do this they are 

calling on their cognitive awareness that tells them they can handle the situation. Their 

internal locus of control is present. The amount of events catalogued, their magnitude, 

and the subjective measure a subject reports to represent their stress do not appear to be 

implicated in bone density changes. The facility to say, "I feel like my old sel^" despite 
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histories that would suggest otherwise, demonstrates that subjects who do not 

conceptualize the events and deal with them on a cognitive basis are more likely to have 

bone loss despite interventions. 

Discussion 

The results of 8 women whose linear prediction indicated that something other 

than age was responsible for the BMD pattern now follow. Subject 901264 had a bone 

density that changed very little during her fourteen years in the Arizona Bone Density 

Project. She increased during the years and returned to her baseline the fourteenth year. 

Three subjects, 901369, 901S02, and 901S65 had lower final HMD's than their initial 

scan but show a pattern of increase towards the end of the scan history. One subject, 

901547, gained during the scan history, then declined, but finished with a slightly higher 

BMD than her initial one. 

Subject 901547 was an only child bom and raised in Massachusetts. She said that 

on a scale of 0-10 her stress was equal to 3. The minimal numerical value of her life 

events did not place her at risk for illness when using the Holmes and Rahe scale, but she 

did lose her spouse in the two year period prior to her last scan (one which was higher 

than her first; .601, .611 This is a 1.6% gain). E>espite the loss of her spouse, she said that 

the impact of her stress was minimal. She describes herself as a fatalist and believes 

strongly in positive thinking. She copes by detaching and through active maintaining. For 

example, she tells herself that she can handle the event, that it is not going to change her 

life, and busies herself with projects and activities. She defines her social support as 

adequate, not robust. She is not engaged in volunteerism nor does she journal. She 
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Started estrogen at age 59 and was on it throughout her scan history. In the same time 

frame as her husband's illness and death, she lost 14 pounds, had shingles (a virus largely 

explained by stress), temporal mandibular joint disease and coronary artery disease. She 

was also on thyroid balancing medication. A balance in thyroid hormone is important to 

bone remodeling. When compared to other women in the entire Arizona population for 

her age, she increased her percent age-match from the initial to final scan. Like half of the 

32 women for which a time series evaluation was done, her second scan was higher than 

her first, a characteristic I suspect is related to becoming mindfiil of bone density and 

taking action by participating in the project and making certain health choices. Her scan 

history is available in Appendix P. 

A subject (901502) who declined, then gained, but ended her scan history with a 

lower BMD than the initial scan, is the youngest of four children of Swedish descent, who 

grew up in Iowa. She said her stress level was a 5, and that the impact of stressors on her 

life was minimal. When quantified by using the Holmes and Rahe scale, her life events did 

not place her at risk for illness as the events were not clustered in close proximity to each 

other. However there were at least nine events over the past few years. She was in the 

project from age 76 to 86 and had a low BMD throughout. She started at .317 and 

finished at .305, a 3.7% loss. Her percent of young normal bone was low (42%) and she 

was at high risk for fracture. It is due to this fiagility that she followed a daily regime of 

1500mg of calcium. She also showed a gain in bone density the second year of her scans. 

Her densities increased after gall bladder surgery, coronary artery bypass surgery, a bowel 

obstruction, and after the onset of her husband's Alzheimer's disease. These events 
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however did not all occur in the same year. Her density dropped the year after gout and 

foot surgery. Throughout her scan history she complained of'nerves.' She was on 

Didonel for seven of the ten years in the project and was on estrogen from 1995-98. The 

conditions of gout and nerves appeared as chronic perturbations for which she was 

medicated. She says she has adequate social support and utilizes spiritual affiliation as a 

coping style. "I trust in the Lord." Her tendency is to detach from the stressful event or 

deny it as stressful. She does volunteer work and does not keep a journal. Her scan history 

can be seen in Appendix N. 

Subject 901369 participated in the Arizona Bone Density Project from 1986-1997 

and took calcium and estrogen throughout. During her scan history she had considerable 

bone loss which resolved in the final few years bringing her final scan at age marginally 

below her first scan eleven years earlier. This subject copes by isolation and withdrawal. 

She can reassess a situation positively an avoid feeling stressed. She was bom in 

Arkansas, the second of four children. Her stress level is 5 and she indicated six events in 

the past few years. She has adequate social support and does not do volunteer work or 

keep a journal. She says that she does not feel like her old self and that the events have a 

difficult impact on her ability to go about her activities. Her life change events in the past 

few years put her in moderate life crisis and at risk for illness. She is osteoporotic with a 

percent of young normal bone of 62%. In the absence of events in 1995 her BMD rose 

and continued this trend the following year during which she started Fosamax and had 

back surgery. She says, "you have to have a positive attitude." Her trend in BMD 
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changes shows an alternating two year rise and two year fall, with or without events. Her 

scan history can be seen in Appendix K. 

Subject (901565) was the youngest subject starting her scan history at age 49 and 

continuing in the program for ten years. She was the youngest of two and bom in Ohio of 

English extraction. She is one of only two women in the study who did not fill criteria for 

emotional 'hardiness.' When we met she was quite depressed and had been on Prozac for 

several years. While all the subjects were interviewed in their homes, she strongly 

requested we meet in a coffee shop. Her husband is retired at home and I sensed she 

wanted privacy fi'om him. She spoke very candidly in this neutral environment. She was 

finding it very difiBcult to have her husband at home since he retired, lamenting her lack of 

privacy and never getting to enjoy the feeling of being alone in their house. Her response 

to stress is to get active and busy, to network and to talk to her daughter. She does not do 

volunteer work or keep a journal. She feels abundantly supported by &mily and fiiends. 

She rated stress a 3 and had five life change events in the past several years. She says she 

gets tough in a crisis and sees herself as the rock that holds things together. Currently her 

body image is of concern, fi-ustrated and embarrassed by her overweight status. 

Compared to other women in the entire project her bone density is 100% age matched and 

has increased since she started the scans. At age 58 she has 93% of young normal bone. 

In the past 3 years the magnitude of the events put her in moderate life crisis. She says 

she feels like her old self and that the impact was moderate. Her final scan was .66 a 

3.1% gain fi'om her first of .64. Her scan history shows a gain and loss pattern with a huge 

plummet during two years (.683 to .602), an 11% drop after her husband's retirement and 
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the onset of her depression. That year she started estrogen. It took two years to start 

reversing the loss. She also lost bone density following the death of her father and her 

own foot surgery. The scan following the start of Prozac for depression was higher than 

the previous year. For this woman who sums her life role as 'the designated driver," the 

impact of perturbations of the psyche and emotion seems to have deleterious effects on 

bone. Her scan history can be seen in Appendix ). 

Subject (901264) says she has no stress but talked at length about her fear of 

losing her husband to cancer. "I've been a kept woman." She elaborates on her life of 

being taken care o^ not working outside the home or able to manage finances. In the past 

few years she has had seven life events but these do not add up to life crisis. She was bom 

in Massachusetts, the middle of 5 children. When she worries she walks alone and 

processes things. She says you shouldn't allow yourself to get ill and must learn to live 

with life. '1 know who I am and what I am about." She was in the study fi-om age 66-80 

and finished with a higher bone density than she started (.509, .547), a gain of 7.5%. Her 

series followed rises and falls during the 14 years. She says the impact of her stress is 

minimal and that she feels like her old self. She does not volunteer and feels she has 

adequate social support. She uses active maintaining and networking to cope. She was 

on estrogen fi-om 1989-1998 starting it the sixth year in the project, Didronel fi"om 1994-

96, and Miacalcin (also for bone density) fi'om 1996-98. She started calcium her third 

year. Her bone density increased fi'om her first to second scan. It increased after her 

mother's death and her own back surgery. After her brother died it decreased. Her bone 

density is greater than the average for women her age, but at age 80 is 77% young normal. 
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Two years after the addition of estrogen her bone density increased. However, in the 

absence of events her density dropped for the subsequent three years. This might be 

explained by the diuretic she took for hypertension. She started Didronel in 1994 and 

gained the following year. When a second brother died she continued to gain while on 

Miacalcio, although additional events including her husband's diagnosis of prostate cancer 

and her own pneumonia, asthma, and flu occurred in the same year. Her scan history can 

be seen in Appendix M. 

All of these women had scan histories that were significant for events other than 

age as the leading explaining variable. Subject 901264, a robust woman who lives with 

her husband of over 50 years had several ^unily deaths, new spousal diagnoses and her 

own respiratory problems during a short period of time. She may have gained at this time 

because she was on bone building medications which perhaps negated the impact of life 

events. She lost bone while on a diuretic, an expected impact. Early in her scan history 

she began to take Estrogen and continued to respond to bone density changes by changing 

health regimens and believing strongly in herself. Her pattern of gaining bone at age 80, 

defying the expected age prognosis, suggests that armed with estrogen, Didronel and 

Miacalcin, her attitude of 'no stress,' her hardiness and resiliency are also responsible for 

her positive results. 

Another subject (901502) who gained by the final scan was a fetalist and positive 

thinker. She responded to her scan results by starting estrogen. She gained bone on the 

scan following the death of her husband. She was severely osteoporotic fi'om the start. 

Possible inherited bone fi'agility and small stature had input into her low bone density and 
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early loss of peak bone density. Her final scan was lower than her first and she had several 

chronic ailments and 'nerves.' She counts on the Lord and attempts to detach fi'om the 

stressor. Despite adequate estrogen, Didronel, and calcium she did not fare well. She was 

76-86 years old during her participation in the project yet her regression suggests that age 

alone cannot explain her pattern. Perhaps the chronicity of her own health problems 

rather than occasional sporadic events led to the decline. Her scan history appears in 

Appendix N. 

Subject 901369 was on estrogen and calcium throughout and seems to have been 

afifected by her perception of life. She did not feel like her old self and the events in her 

life made going on in her usual fashion difficult. The numerical value of the life events put 

her in moderate crisis. A year following no events led to increased bone mineral density 

which continued to increase when she started Fosamax. 

Subject 901565 had a substantial decrease in BMD fi'om age 51-53 during which 

time she suffered fi'om strong emotional discord and a disruption in her usual self 

perception of being strong as a rock. Her BMD then increased at a time when she was 

being treated with estrogen and during a reduction in the amount of acute, high stress 

events. While the first 10 or so years after menopause also can be accompanied by a 

rather notable drop in BMD, for this subject the menopause had not quite started in her 

early 50's. 

These subjects held in common a commitment to action when bone density 

dropped. Their bone loss appears to be associated with the chronic nature of their ailments 

and the degree of impact the events had on their ability to sustain normal lives. For those 
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who had experienced stressful circumstances such as depression, living with the change of 

health of a spouse, or loss, for example, there were more dramatic losses in bone density, 

similar to those with life event values that placed them in moderate crisis. An attitude of 

detachment and positive thinking seems protective where multiple stressors are involved. 

Some women had patterns of bone mineral density change that were highly 

significant for age. This pattern is cx}nsistent with the expectation that bone density will 

decrease with age. In this group bone density loss was more pronounced. While age 

predicts bone loss, some of the women had higher percent age-match figures at their final 

scan, which indicates that as they age they are improving when compared to other women 

their age in the Arizona project. 

(901005) is one of the subjects with a history significant of age related bone loss 

and a rise in percent age-match. She was in the study fi-om age 63-79. She was bom in 

Iowa the oldest of two children. She says she is 'terribly' stressed and rates herself a '10.' 

She reported seven stressful events but their length of persistence and level of stress 

indicate a severe crisis but of a moderate scale when evaluated according to Holmes and 

Rahe. She uses many styles of coping; cognitive assessment, spiritual afiBliation, active 

maintaining, and networking. Most of the time she can 'almost' cope and she does this by 

talking to herself and using a positive approach. She desires to have as good a life as she 

can while she is here. She volunteers and is adequately supported socially. She began her 

scan history with aBMD of .601 and finished at .531, a loss of 11.6%. Her BMD was 

74% of young normal and 101% age-matched. This age-match value represents an 

increase from first to last scan. She does not take estrogen but she did start calcium in 
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1991 after being in the study for nine years. In 1997, after a drop during the 3 previous 

years of .05, which is an 8.9% loss in bone density, she started Fosamax. She had a gain 

and loss pattern that was not always correlated to events or absence of events. A big loss 

from 1991 to 1992 of .065 which was a loss of 10.8%, followed arthroscopic knee 

surgery. She was on a diuretic throughout for hypertension, a factor that can certainly 

deplete minerals and cause bone loss. Her bone density declined after her mother's death 

and after a motorcycle accident that caused a deterioration in her husband's mental 

capabilities. However, a six year decline was followed by a recapturing of .02 the year 

following her Fosamax therapy, a gain of 3.9%. Yet, she says the impact of all these 

events is minimal and that she felt like her old self after a year during which she injured her 

eye in a fall and sustained a vision loss, and her best friend died. Her husband is not the 

same since his accident and she dreads her upcoming 80*** birthday. Her scan history can 

be seen in Appendix Q. 

Subject (901633) stands out in my mind as someone who has endured extremes in 

emotional stress, some largely due to her husband's infidelity and their separation, but 

many life adjustments have left her anxious and depressed. She was bom in California, the 

eldest of three. She rates her stress a 5 and does not feel like her old self. She reported 

nine stressful events and in 1996-97 she scored very high on the Holmes and Rahe scale 

putting her in major life crisis. She describes the impact on her ability to go about her life 

as moderate/difBcult. She participated in the project from 1991 to1998 and started at age 

62. She had been on estrogen and calcium prior to the study and continued throughout. 
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She is of additional interest because she keeps a journal and writes letters to God. 

Because of the emotional and psychological nature of much of her personal traumas she 

has been involved in psychotherapy and also runs support groups. She had been very 

active in a sister cities project in dendale, Arizona, an activity that she needed to revise 

and pull back from due to the enormous 'political' stresses of that project. This was one 

of the causes of her anxiety attacks. She continues to do volunteer work and feels she has 

adequate social support. She utilizes spiritual afiSliation, active maintaining, and 

networking as coping styles. She says she is open to God's little nudges. She had an initial 

PCTA of 119% and an initial PCTY of 106%. This is a substantial 9.8% loss in bone 

density over 7 years. At the final scan, she continued to rate high in age match (11S%) 

and percent of young normal bone (96%), but has experienced substantial bone loss. 

This subject also focuses on body image and struggles with her weight, which is 

greater than she is comfortable with. With recent levels of stress and anxiety and the 

pressure of her husband's infirmity following his second hip replacement, she says she is 

more prone to 'lash out' when upset. Her first four scans decreased in bone density and 

they followed gall bladder surgery, chest pain and shortness of breath, the loss of two 

close fiiends through relocation, the stressfiil sister cities project, and her husband's hip 

surgery. Her BMD increased by .02 the scan following her relinquishing of the presidency 

of the sister cities project and the separation from her husband who had been unfaithful. 

This is a 3% gain in one year. However, the following year it declined at a time when she 

experienced severe back pain requiring epidural injections, sciatica, anxiety/depression and 

her husband's hip surgery. This woman may have started out with a genetic 
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predisposition in her favor, her densities are well above her age match. When considering 

the great strain she was under it is possible that in this subject the use of joumaling may 

have had a modifying effect, as probably did her weight. Her scan history can be seen in 

Appendix R. 

Subject (901637) was bom in Wisconsin and is the youngest of four children. Her 

philosophy holds that time heals and that there are things you have no control over. She 

enrolled in the project at age 70 in 1991. At that time her PCTA was 103% and her PCTY 

was 85%. She had already started calcium years before and tried estrogen for one year, 

giving it up in 1991. In her first two years she declined fi-om .605 to .518, a loss of 14%! 

In that period she was diagnosed with cancer, had a deep vein thrombosis which had her 

terrified. She believes that bone scan results reflect stress. After her lowest BMD of .49 

in 1995, an 18.5% loss fi^om 1991,the year she had pneumonia, her scans gradually 

climbed and although a sister and her cat died in 1997, the 1998 scan increased. She had 

started Fosamax that year as well. 

She says she does not feel like her old self and that the impact of the events on her 

ability to get on with life as usual is moderate/difBcult. She had 8 significantly disruptive 

life change events during her history in the project, but did not have a numeric 

accumulation that reflected moderate crisis using the Holmes and Rahe scale. She uses 

cognitive assertion and detachment to cope. She volunteers, feels adequately supported 

socially and does not keep a journal. She was 101% age-matched at the completion of her 

scans and had 76% of young normal bone. Her scan history can be seen in Appendix S. 
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Subject 926123 raises hundreds of healthy plants in her Arizona room/greenhouse. 

She attributes her success to Saturday morning talks with her plants as she cares for them. 

She lives alone having been divorced many years ago when her husband fell in love with 

his secretary. She has been very involved in Jewish women's groups, volunteering to help 

young children learn to read, and being an advocate of the homeless. She started in the 

project in 1991 at the age of 72. She lost bone density for her first 3 scans, stayed the 

same on the fourth, lost for two more years and gained her last year, ten months after 

starting Fosamax. The losses in the early years were accompanied by pneumonia, exercise 

abstention for seven months, cardiac fibrillation and steroid therapy for nine months. She 

started calcium after four declining years. In 1996 she added Didronel to her therapy but 

her bone density declined the following year. Although her best fiiend/confidante passed 

away in 1997, she still gained .02 in 1998, a 4% gain. 

This subject was bom in Brooklyn, oldest of two children. She says she feels like 

her old self and that the events that she has experienced have had a minimal impact on her 

ability to get on with life. She focuses on keeping stress down. It is an important goal in 

life that she makes a difference. She rates her stress level as four. She has adequate social 

support and uses cognitive assertion, active maintaining and networking to cope. She does 

not keep a journal. Her events do not put her on a crisis level, but by percent young 

normal criteria she is osteoporotic (61%) as she was initially at 68%. She lost 0.S3 BMD 

or 10.9% from her first to last scan and is 82% age-matched. At her first scan she was 

86% of normal. Her scan history can be seen in Appendix T. 



99 

Explanation 

Having considered subjects with scan patterns that are either significant for age or 

not significant for age, what distinctions, if any can be made? This is an important 

question because if bone density changes are responsive to life change events, that change 

is sensitive, probably short acting, and possibly imperceptible from one annual scan to the 

next. These are my observations. 

In the subjects who were compared, the bone density declines are steeper in the 

subjects whose regression patterns, where bone mineral density and age were correlated 

are significant for the impact of age (r square value where age explained at least 50% of 

the variation in bone density pattern). 

The addition of Fosamax had its most apparent impact on the subjects whose 

regressions were significant for age related bone loss. Their declining trends reversed on 

the scan immediately following the addition of Fosamax to their regimen. Those subjects 

whose pattern was not strongly explained by age did not have as sensitive or immediate 

response to Fosamax. 

Women in the 'other' category, where age was not significant, started preventive 

measures more aggressively than the age- related group. 

The women in the 'other' group, that in which age was the explanation for BMD 

changes less than 25% of the time, had patterns which led to either nearly regaining or 

surpassing their first scan. Their bone densities also tended to rise on their second scan. 

The qualitative review demonstrates that they started preventive measures more 

aggressively than the women who were strongly impacted by age trends. 
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Coping patterns were assorted among all the subjects. In the age related group the 

most commonly used styles were cognitive assessment, active maintaining and spiritual 

afiSliation. In the 'other' group, active maintaining and networking were the most likely 

used mechanisms. 

In the 'other' group, great life events like death of a spouse were not followed by 

declines as they were in the age related group. These patterns convince me that 

osteoporotic changes are most amenable to intervention when certain mental frameworks, 

coping styles, and a mindful response to stress that does not signal distress interact. This 

process occurs regardless of the advanced age of the subjects. 

A look at three women from each group, the 'age-related' and 'other,' their life 

crisis level, and percent of bone loss rated in 3 categories (1,2,3) signifying low, medium, 

and high appears in Appendix X. A separate appendix has the complete list of the 32 time 

series women and their rating for bone loss (Appendix V) 

I believe some of the explanation lies in whether bone density patterns are age-

related or 'other' related. I observe that subject 901633 and 901053 have the highest 

crisis scale rating and subject 901633 is in the medium category for bone loss and subject 

9010S3 is in the highest category. These categories are based on all the subjects in this 

study. Both are age-related. Subject 9010S3 was not on any bone helpers and subject 

901633 was on estrogen. Both were high for PCTA. Subject 926123 has low density to 

begin with, does not have a high crisis number and keeps stress down. She is on bone 

helpers and is in the medium category for bone loss for ail subjects in this study. 
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Subject 926123 whose percent bone loss was medium (2) had low bone density 

throughout her scan history. She does not have a high crisis scale and keeps stress down, 

'I'm strong like an Amazon." Her pattern is also significant for age-related loss, and she 

has been on bone building medications for years. 

Subjects who were not age-related are all in the low (I) degree of bone loss. 

Subject 901547 says she is not stressed and detaches when she is challenged by such 

events. She is on estrogen. Subject 901565 who gets tough in a crisis gained BMD and 

PCTA, and is on estrogen. Subject 901502 has very low bone density and lost BMD and 

PCTA. Her loss over 10 years however put her in the low loss group and has been on 

Didronel for 8 years. She is very emotional and upset with her current life. 

From these 6 examples I propose that coming into old age with a high PCTA is not 

necessarily protective. In the case of two women whose patterns were significant for age 

related changes, crisis scales were also high. In each case the women reported acute 

awareness of their emotions, anxiety, and the problematic nature of their life events. They 

'lash out,' 'write letters to God,' and feel "emotionally less stable.' This supports other 

studies which have focused on perception as the critical component of stress management 

and impact. How one feels about the life events makes a difference in the health 

outcomes. 

The women in this study were particularly hardy with an internal locus of control 

and adequate social support. Where it would otherwise be expected that decline in health 

or bone might occur, I believe the unusual mental wellness and personality strengths of 

this population can be claimed as instrumental in the results of the study. 
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V CONCLUSION 

Introduction 

This study was designed for the purpose of establishing a relationship between life 

change events and bone density changes in postmenopausal women. Fifty to ninety 

percent of postmenopausal women are at high risk for fracture. The purpose was also to 

investigate the perception of stressors by these individuals, how they adapted, and whether 

bone density was affected. The study was undertaken to add to the body of knowledge on 

stress and health research and the mind-body connection. It also addressed the question 

of the effect of life change events and stress on health behavior. If successful, this 

approach could allow prediction of the vulnerability of individuals to illness determined by 

the magnitude of life change. 

The stress questionnaire was employed as a data gathering tool. The interview 

structure was devised to allow objective testing of life events, demographics, perceptions 

of events, and responses to them. The coping styles that were listed at the interview were 

categorized by six styles created by this author in response to the mechanisms reported, 

and is not dissimilar in content to one previously used by Maitlin. The Schedule of Recent 

Events tool devised by Homes and Rahe was applied to the events discussed at the 

interview, to those that had been listed on the annual questionnaire form completed at the 

bone scan site, and to those referenced on the author's stress questionnaire completed 

prior to the interview. 
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These questions and the interview were administered to female participants in the 

Arizona Bone Density Project who were postmenopausal, had indicated on their yearly 

questionnaire that they had experienced changes in health or lifestyle, and who voluntarily 

participated in this study. The ages ranged from 58-87. A total of 85 stress 

questionnaires, interviews, and &sting morning urine specimens were collected for the 

data analysis. The two questions that generated the first round of potential subjects were; 

Have you had any major changes in lifestyle (retired, widowed, divorced, married, moved, 
change in health of spouse/companion, etc.) in the last five vears? 

Type of change Date 

Have you had any major changes in health (like illness, operation) in the last five years? 
Type of change Date How Long 

In Hospital Recuperation 

Summary of the Findings 

Of the 85 subject samples, 6 were eliminated because they had fewer than 5 yearly 

scans in the Arizona Bone Density Project. All the subjects were postmenopausal women 

who live in the Arizona desert communities of Tucson and Sun City. All were of 

Caucasian race and bom in the United States. At least half of the sample had moved to 

Arizona from the mid-West. The Northeast was the second largest region of origin. 

Fifty-five percent of the women lived alone at the time of the interview; most had been 

married and living alone was secondary to widowhood. 
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From the data analysis, the major findings were; 

1. Over 60% of the subjects rated the stress in their lives as 4 or more on a scale of 0-10. 

2. Sixteen percent of the women said they had no stress although they listed and stated 

health and lifestyle change events in recent years. 

3. Of the 32 women who were considered both qualitatively and quantitatively because 

of their long scan history (8 or more), 18 experienced no life crisis in all 3 time 

periods, 7 experienced a mild life crisis in one of the 3 time periods, 5 experienced a 

moderate life crisis in one of the 3 periods, 1 experienced a moderate, mild, and 

moderate life crisis in the 3 periods, and 1 experienced a major, no, and mild life crisis 

in the 3 periods. 

4. Health change and spousal health compromise were the most fi'equently experienced 

life change events. 

5. Of the coping styles used, 47% used detachment and defense; they denied the event 

caused stress. Forty-four percent used networking. They reached out to others. 

Forty percent used cognitive assertion. They felt strongly about their ability to handle 

things and used mindful pursuits and their personal hardy histories to asset that they 

could turn things around. Thirty-seven percent used active maintaining-they walked, 

sewed, shopped, got busy.. Thirty-four percent used spiritual affiliation. They 

believed strongly in turning the problem over to God. Nine percent used isolation and 

withdrawal. 

6. Of the coping styles available to women, most used more than one. Two women used 

4 styles, eight used 3 styles, fourteen used 2 styles and eight used 1 style. 

7. In the population of32, 44% were osteoporotic based on 70% or less percent young 

normal bone at their final scan. 34% met this criteria in the initial scan. Of the 

osteoporotic women, half of them had 80% of normal bone (age-match comparison). 

8. In the population of32, 37% were 100% normal or higher at the initial and final scan. 

In the group that was below 100% normal at the initial scan, 60% had decreased in 
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age-matched values at the final scan, 30% increased and two women started below 

normal and finished above normal. 

9. Of the entire sample, 56% said stress had no or minimal effect on their ability to get on 

with life. 

10. Fiity percent of the population had at least 7 stressfiil life events in the past few years. 

11. Milk intake in childhood did not lead to less bone loss when women were evaluated 

over the course of their participation in the study. However, those women who said 

they were big milk drinkers in their youth had higher bone mineral content when they 

entered the study than those women who denied considerable milk intake during their 

growing years. 

12. Calcium supplementation in adulthood was not associated with less bone density but 

was associated with lower loss of bone mineral content (BMC). 

13. Estrogen intake was associated with reduced loss of bone density ( p=0.07). 

14. Bone building medication was highly significant in reducing loss of bone content: 

(p=0.02). 

15. Joumaling was worthy of consideration for reducing bone loss: (p=0.07). 

16. A higher degree of education was significantly correlated with greater bone loss: 

(p=0.043). 

17. The correlation between high stress and bone loss was not significant but worthy of 

consideration (p=0.13). 

18. Volunteers had greater bone loss. (p=0.19) 

19. Feeling like your 'old selT was worthy of consideration. The p value of 0.08 in the 

direction of lower bone densities in the subjects that did respond in the affirmative is 

surprising. 

20. When the Sun City and Tucson populations were analyzed separately, there were no 

significant differences in the relationship of stress to bone loss or in the relationship of 

the control values to bone loss. However, the Tucson population was significantly 
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younger at the final scan, and the difierence in mean BMD between the two 

populations was not significant. 

21. The Tucson population had a greater percent of women who were college and 

graduate school graduates. This finding correlates with the finding that the more 

educated had the greater bone loss. 

22. The initial percent young normal of 70% or lower, a generally accepted criterion for a 

diagnosis of osteoporosis, was found in 29% (n=79) of the women. The same 

criterion of 70% applied to the final percent young normal had 42% (n=79) in that 

category. 

23. The percent age-matched, a figure which places a value for an individual that is related 

to other women the same age was found to decrease in 50% of the women (n=79) 

fi-om first to final scan. Forty-two percent of the women increased (n=79), and 71/2% 

stayed the same firom initial to final scan. 

24. In n=79, there were 35 women who were at 100% age-matched or greater at the initial 

scan and 34 women who were 100% age-matched or greater at the final scan. This 

means that 44% of the women had 'normal' bone as compared to the Arizona 

population for their age. 

Recommendations for Future Research 

This was an exploratory study of the magnitude of bone loss by subjects 

experiencing stressfiil life change events. Based on the findings of this study, it appears 

that there were problems inherent in the research design. To ascertain if stress was a 

component of bone loss, several measures of bone density would need to be taken during 

each year. Measurement at one annual scan alone seems to present a gain and loss pattern 

for each individual that is either mostly age related or related to various other factors that 

can not be isolated without more fiequent interventions. It is unlikely that significant loss 
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of bone would be detected at intervals of less than a year. Without a standardized time 

firame in which we understand reipodeling to take place, nor an impact to result effect of 

environmental inputs like stress, the subtle or fine-grained variations in bone density can 

elude defining correlations. Additionally, factors that trigger the General Adaptation 

Syndrome are not clearly understood. For example, how long does grieving have the 

potential to suppress the immune system? Is our understanding, based largely on 

religious ritual and lunar cycles, that one year must pass for healing fi'om traumatic events, 

somehow relevant to the length of impact on the growth, maintenance and immune 

fijnctions of the system? Does that time fiame diminish for other events like personal or 

spousal illness, residence change, retirement and loss of fimction? 

To identify correlations between bone loss and life change events, a study in 

which scans just prior to the event followed by sequential scans, history taking and 

objective measures such as catecholamine levels, blood pressure, percutaneous measures 

and a pencil and paper tool that elicits ratings of the amount of stress by the subject 

would provide a more controlled setting. Problems with this approach would include 

gathering baseline values prior to an event and minimizing radiation exposure where scans 

are performed on a weekly or monthly schedule after the stressor. 

While annual scans are adequate to track bone loss as a screening device to reveal 

fi-agile bone, and as a follow-up tool to identify outcomes following interventions and 

personal progress, changes in bone density appear to occur at a micro level, and so 

conclusions about impacts of events other than age are difiBcult to generate with certainty. 
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The design of this study would have benefited 6*001 a larger sample size and a 

control group that did not report any life changes during recent years. Cell size was often 

inadequate because of small sample size, and so an analysis of certain variables had to be 

abandoned. 

A larger sample which would be split among non-estrogen/ estrogen users, non-

users and users of bone building medications and non-users and users of calcium would 

help to control for positive effects of estrogen and Fosamax for example, and the 

uncertain outcomes of calcium supplementation. A population in which subject selection 

was imposed by age at the time of the first scan, and a requirement of five years in the 

study would address the problem of the age relatedness of bone loss. 

Finally, a measurement tool for stress in which subjects do a paper and pencil 

scoring sheet of the events as a diary would help reduce the problem of recall integrity, 

and the transformation in perception of an event that takes place through time. The 

application of the Holmes and Rahe schedule of events could then be used to analyze the 

degree of life crisis and susceptibility to health loss the events might generate. 

In summary, testing of the hypothesis that stress might enhance the degree of bone 

loss in postmenopausal women would be enhanced by; 

1.. A methodological study to devise an instrument that accurately measures an 

individual's ability to adapt to life change. 

2. A study of individuals who have a high life crises score but do not succumb to bone 

loss. 
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3. A study comparing a matched control group to subjects with high bone loss. 

4. A study that utilizes a cohort of individuals who entered the Arizona Bone Density 

project at the same age and had the same number of scans 

5. A retrospective study and analysis in which the impact of the participation in the study 

and the interview process is evaluated for generating health maintaining or health 

advocacy measures. 
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APPENDIX A Purpose of Study Statement for Subjects 

TO; Participants in Carole Adler's Thesis Project 
FROM; Carole Adler, Graduate Student, University of Arizona 
Re; Overview of 'stress and bone loss* study 

Thank you for your willingness to participate in research towards my Master's Thesis in 
Anthropology. I have worked with Dr. William Stini at the University of Arizona for the 
past three years in conjunction with the bone density project through which you receive 
your scans each year. 

I am very interested in the mind-body connection, and have selected to study the 
relationship of stress to bone loss. It is generally accepted that we lose bone as we ^e, 
and that this process accelerates for women after menopause. My question, *^o lifestyle 
changes, illnesses, or events that translate as stressful for us impart a greater magnitude of 
bone loss. Do our attitudes, activities, support systems, or methods of coping mediate this 
impact? 

Towards my data collection, I will be utilizing the questionnaire that you complete each 
year at the scan, a brief stress questionnaire, a personal imerview, and a urine coUection 
for catecholamines which serves to measure the physiological level of stress. Your yearly 
scan will tell us the percem of young normal bone that you have and the bone density. We 
will examine all this data to postulate the role of the variable 'stress' on your bone status. 

I hope to complete this research by December 1999 in a written thesis, and to continue to 
elaborate the study through a dissertation for n^ PhD in Anthropology. Women in Sun 
City and Tucson are participants. I wiU share the results with you, and hopefully together 
we will make a worthy contribution to the growing body of knowledge on aging and bone 
loss. 
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APPENDIX B Stress Questionnaire 

The University of Arizona 
Bone Density Study 

A questionnaire that you completed prior to your bone scan indicates that you 
reported either a significant health problem or life style change in recent years. This 
might have included a new medical diagnosis, major surgery, loss of a significant friend 
or family member, loss of a particular activity or exercise, a move to a new home, or a 
divorce or separation. 

In an effort to explore a correlation between bone loss and stress, we have selected 
bone scan participants who are among out 'regulars,' and whose faithful participation 
continues to provide a wealth of data for our study. Please assist us by taking a few 
minutes to answer the following questions. 

1. Do you feel like your "old self* since your illness, loss, or lifestyle change? 

Yes No 

Comments: 

2. How would you classify the stressors of recent years? Check as many as apply. 

Medical Surgical Marital Divorce Separation 

Death of spouse Death of family member (specify) 

Death of close friend Retirement Moving to a new home 

Functional loss e.g. visual hearing ambulation independence 

in daily living 

3. How would you rate the impact of these stressors on your ability to continue your 
usual activities, degree of depression, or feeling 'blue?' 

No effect Minimal Moderate/difficult Profound 

Please feel free to include comments that you believe might not have been addressed in 
the 
questions but are an important factor in your own recovery or adjustment. 
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Life Event Mean value 

1 Death of spouse 100 
2 Divorce 73 
3 Marital separation 65 
•1 Jail term 63 
5 Death of close family member 63 
6 Personal injury or illness 53 
7 Marriage 50 
8 Rred at work 47 
9 Marital reconciliation 45 

10 Retirement 45 
II Change in health of family member 44 
12 Pregnancy 40 
13 Sex difficulties 39 
14 Gain of new family member 39 
15 Business readjustment 39 
16 Change in financial state 38 
17 Death of close fnend 37 
18 Change to different line of work 36 
19 Change in # of arguments with spouse 35 
20 Mortgage over $ 10.000 31 
21 Foreclosure of loan or mortgage 30 
22 Change in responsibilities at work 29 
23 Son or daughter leaving home 29 
24 Trouble with in-laws 29 
25 Outstanding personal achievement 28 
26 Wife begin or stop work 26 
27 Begin or end school 26 
28 Change in living conditions 25 
29 Revision of personal habits 24 
30 Trouble with boss 23 
31 Change in work hours or conditions 20 
32 Change in residence 20 
33 Change in schools 20 
34 Change in recreation 19 
35 Change in church activities 19 
36 Change in social activities 18 
37 Mortgage or loan less than $10,000 17 
38 Change in sleeping habits 16 
39 Change in # of family get- togethers 15 
40 Change in eating habits 15 
41 Vacation 13 
42 Christmas 12 
43 Minor violations of the law 11 

Borrowed from Thomas H. Holmes and Richard H. Rahe 

The magnitude of life change units is described as the sum of the numerical value of the events 
that occur in a year. Therefore, crisis level is designated as no, mild, moderate, major. 

150= no life crisis 
150-199= mild life crisis 
200-299= moderate life crisis 300 and higher= major life crisis 
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Interview Questions 
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Do you have any questions or concerns about what we are doing here today? 

Do you have any questions about the stress questionnaire and my explanation of the 
project? 

How did you get involved in the bone density project? 

How old are you? 

How long have you lived here? 

What brought you here? 

Who lives with you? 

Do you have pets? 

Where did you grow up? 

Do you have siblings? 

Where are you in the birth order? 

Was it a city or rural setting that you grew up in? 

What kinds of activities did you engage in during your youth? 

Who do you think you're most like? 

Who did you admire? 

Where did your parents come from? 

Do you recall the depression years? 

Did you drink a lot of milk as a child? 

What was growing up like? 

Are there women in your family with osteoporosis? 

How old were your parents when they died? What did they suffer from? 

Did you wodc or go to college after high school? 

What kind of health are your siblings in? 

How long have you been married? 

How many children, grandchildren? 

Did you breastfeed your children? 

What's going on in your life now? 

How is your health? 

How is your spouse's health? 
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What do you do when you or your spouse receive a new diagnosis? 

What are the stressors in your life? 

On a scale of O-IO, where 0 is no stress and 10 is very high, how stressed are you? 

What do you do when you feel stressed? 

Do you tend to share your feelings with others? 

Do you keep a jounal? 

Is there a go-to person you share with? 

How would you describe yourself, your temperament? 

Do you think stress and illness are related? Is there a time you recall becoming ill 
because of stress? 

How do you see one's ability to mediate or do something to intervene so stress doesn't 
have ill effects, or so you don't feel stressed? 

What do you do for fun? 

How much time do you give to socializing? 

Are there hobbies you enjoy? 

Do you do volunteer work? How often? 

Is religion an important part of your life? 

What kind of exercise do you do? How often? How long? 

Have you ever broken a bone? 

Do you take calcium, Fosomax, Didrenol, Evista, Thyroid, Prednisone, Estrogen? 

Do you follow a special diet? 

What medications are you on? 

Do you ascribe to alternative health management? 

What do you think of the mind/body connection? 

What do you think of the research we're doing? Do you tend to take the results of these 
investigations seriously? 

Do you tend to inform your friends and get them involved in new solutions or research 
projects? 

How often do you see your doctor? 

How old do you feel? 

Is there anything you think I should have asked that I didn't? 

Can I call you, if after reviewing the tape and notes I have more questions or need to 
clarify? 
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Facility 
ID 

Cognitive 
Assertion 

Spiritual 
Affiliation 

Active E>etach 
Maintaining- Defend 

Network. Isolate 
Fxiicess Withdraw: 

TCTTAL 

901005 X X X X 4 
901030 X 1 
901032 X X Z 
901043 X X X 3 
901053 X X X 3 
901061 X X 2 
901069 X X 2 
901073 X X 2 
901127 X I 
901246 X 1 
901264 X X Z 
901286 X X 2 
901298 X X 2 
901341 X X X 3 
901367 X X X 3 
901369 X 1 
901386 X X 2 
901473 X I 
901475 X X 2 
901502 X I 
901547 X X - 2 
901565 X X 2 
901594 X X X 3 
901632 X I 
901633 X X X 3 
901637 X X 2 
901666 X X X 3 
926001 X X X X 4 
926018 X 1 
926123 X X X 1 

926177 X X 2 
926341 X X 2 
TOTAL 13 11 12 15 14 3 68 
Coping Styles in 32 Time Series Subjects 

This table contains the 6 coping styles developed by this reseaccher after assessment of 
interview data on 85 sut^ts. Those with 8 or more scans were given a closer evaluation 
for all aspects of health behavior and psychosocial history. The x designation mean&the 
subject uses that style. The total in the right hand column shows that subjects often used 
more than one coping style. 



APPENDIX G Sample of Coping Strategies 
Coping Style Cognitive Spiritual Active Detach Network Isolate 

Assertion Affiliation MaintaininK Defend Express Withdraw 
find the good talk to (he lord yard work don't allow 

stress 
discuss keep it in 

if you look on you have to get into action stuff and deal people bring if [ get blue 
(he bright side trust in God you up It 's hard (o 
you won't get pull myself up 
sick 
chink about we're all humor what is, is support groups withdraw 
tomorrow God's children 
keep stress pray computer just get on talk anxiety attacks 
down with it 
one day at a God's help bake stay calm don't accept it 
time 
leant lessons mah jongg cover up keep to self 
accept what is read make the best angry that I'm 
on your plate alive 
don't brood up and at em if it's not a 

mater of life 
and death it's 
not important 

friends don't 
life to hear 
problems 

live day to day keep busy walk away 
from it 

stay in control I'm a fighter why fight, it's 
the way it is 

get my mind breathing 
off it technique 
you live with swim 
what you have 
positive eat 
attitude 
perspective is exercise 
everything 
if you're yoga 
stressed you're 
stressed 
accept what's 
on your plate 
Just go on 
attitude can 
change the 
course 
role with the 
punches 
approach can 
make the 
difTerence 
I always snap 
back 
mind over 
matter 

shop 

dance 
play piano 

stand in the 
sua 
laugh 

have a big cry 

kick things 

get more active 
write 
fight to keep 
going 
walk alone and 

_groc«s_stuff___ 



-"^PENDIX H Sut^ect 926177 plot of events/age/BMD 

926177 
. reg bmd sdace sdatesq if id==926177 

Source 

Model 
Residual 

Total 

SS 

.003898134 
.00443674 

. 008334874 

df MS 

2 .001949067 
5 .000887348 

.001190696 

Number of obs = 8 
F( 2, 5) = 2.20 
Prob > F = 0.2 067 
R-squared = 0.4677 
Adj R-squared = 0.2548 
Root MSE = .02979 

bmd 1 Coef. Std. Err. t It| [95% Conf. Interval] 

sdate I .0000168 .0004522 0.037 0.972 -.0011455 .0011792 
sdatesq | -1.71e-09 1.77e-08 -0.097 0.927 -4.73e-08 4.38e-08 

_cons I .6629347 2.874853 0.231 0.827 -6.727109 8.052978 

o BMD a Linear prediction 

.648 -

.562446 -

62 66 63 64 6 1  65 67 68 
AGE 
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APPENDIX I Subject 926001 plot of events/age/BMD 

926001 
Source 

Model 
Residual 

Total 

ss df MS 

.005579109 

.001554767 

.007133876 

2 .002789554 
5 .000310953 

7 .001019125 

Number of obs = 8 
F( 2, 5) = 8.97 
Prob > F = 0.0222 
R-squared = -0.7821 
Adj R-squared = 0.6949 
Root USE = .01763 

bmd 1 Coef. Std. Err. t P>|tl [95% Conf. Interval] 

sdate I -.0007853 .0002683 -2.927 0.033 -.0014749 -.0000956 
sdatesq | 2.99e-08 1.05e-08 2.839 0.036 2.83e-09 5.69e-08 

_cons I 5.645052 1.705038 3.311 0.021 1.262113 10.02799 

o BMD Linear prediction 

.564784 -

.462 -

82 83 84 80 8 1  86 85 87 
AGE 





119 

— a 1 • - — — 

i 
«» a 1 • - — 

c • >* 
€ 

1 • 
>• 
' 

c 
' 

— 

p 
_ 

Q 

> 

1 
-— 

0 
<0 

Q 

> 

1 
-

1 
1 
< 

1 

— 

>V 

1 
1 
< 

1 

— 

, J 

1 
1 
< 

1 

§ >C ()! 
N 

Q 

* 

1 

\ C 

Ui! 
\ 

"V 

-1 
-1 VJ 

§ 

\ 

-£; 
io 

» 

> 
VI 

1 Di 

"V 

-1 
-1 VJ 

§ 

\ 

-£; 
io 

> 

1 ' 1 

"V 

-1 
-1 VJ 

§ 

\ 

-£; 
io 

n ry 
6 c Q . s 

i 

^ /'JO 

n c/-
> 

\ ^ 
\<5 
\ ^ 
\<5 / 

f 

n 

P- <71 / 1 

i/r 
90^ I col / 

v\ 76 

t/iT' 

IP .U <0 •ft'» 

l<?4l N« mi Wl* f f d  /<ffi 





APPENDIX J Subject 901286 plot of events/age/BMD 

901286 
. reg bmd sdate sdatesq if id==901286 

Source SS df MS 

Model 
Residual 

.019161281 

.006290729 
2 .00958064 

11 .000571884 

Total .02545201 13 .001957847 

Number of obs = 14 
F( 2. 11) = 16.75 
Prob > F = 0.0005 
R-squeired = 0.7528 
Adj R-squared = 0.7079 
Root MSE = .02391 

land 1 Coef. Std. Err. t 111 C95% Conf. Interval] 

sdate 1 .0001068 .0000685 1.561 0.147 -.0000438 .0002575 
sdatesq | -5.56e-09 2.93e-09 -1.899 0.084 -1.20e-08 8.85e-10 

_cons I .1479197 .394665 0.375 0.715 -.720732 1.016571 

o BMD A Linear prediction 

.547129 i  

75 73 74 76 77 78 79 80 81  82 83 84 
AGE 
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APPENDIX K Subject 901369 plot of events/age/BMD 

901369 
. reg bmd sdate sdatesq if id==901369 

Source | SS d£ MS Number of obs = 11 
+ F( 2, 8) = 1-04 

Model I .001601602 2 .000800801 Prob > F = 0.3970 
Residual | .006164578 8 .000770572 R-squared = 0.2062 

+ Adj R-squared = 0.0078 
Total I .00776618 10 .000776618 Root MSE = .02776 

bmd I Coef. Std. Err. t It| [95% Conf. Interval] 

sdate I -.0001259 .0001193 -1.055 0.322 -.0004011 .0001493 
sdatesq | 5.11e-09 5.10e-09 1.001 0.346 -6.65e-09 1.69e-08 

_cons I 1.193376 .6912016 1.727 0.123 -.400538 2.787289 

o BMD 
_J I L J L 

A Linear prediction 

.465 -
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APPENDIX L Subject 901594 plot of events/age/BMD 

901594 
. reg hmd sdace sdatesq if id==901594 

Source SS 

Model 
Residua.1 

Total 

.004692355 

.001594519 

.006286874 

df MS 

2 .002346178 
5 .000318904 

7 .000898125 

Number of obs = 8 
F( 2, 5) = 7.36 
Prob > F = 0.0324 
R-squared = 0.7454 
Adj R-squcixed = *0.6449 
Root MSE = .01786 

bsxi I Coef. Std. Err. t P''111 [95% Conf. Interval] 

sdace | -.0006698 .0002205 -3.038 0.029 -.0012366 -.000103 
sdatesq j 2.57e-08 8.67e-09 2.968 0.031 3.44e-09 4.80e-08 

_cons I 4.863966 1.3956 3.485 0.018 1.276464 8.451469 

o BMD A Linear prediction 

.588 -

.499 -
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APPENDIX M Subject 901264 plot of events/age/BMD 
901264 
. reg bmd sdate sdatesq if id==901264 

Source I SS df MS Number of obs = 15 
+ F(  2 ,  12)  =  0 .90  

Model I  . 000883671 2  .000441835 Prob > F = 0.4319  
Residual j  . 005884059 12  .000490338 R-squared = 0.1306  

Adj R-squared = -0 .0143  
Total I .00676773 14 .000483409 Root MSE = .02214  

bmd I Coef. Std. Err. t 111 [95% Conf. Interval] 

sdate I .0000696 .0000523 1 .331  0 .208  - .0000444 .0001836 
sdatesq | -3 .05e-09  2 .28e-09  -1 .339  0 .205  -8 .01e-09  1 .91e-09  

_cons .1607651 .2956634 0 .544  0 .597  - .4834302 .8049603 

o BMD A Linear prediction 

.594 -

.507 -

66 67 68 69 70 71 72 73 74 75 76 77 80 
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APPENDIX N Subject 901502 plot of events/age/BMD 
901502 
. reg bmd sdate sdacesq if id==901502 

Source ss 

Model 
Residual 

Total 

.001194102 

. 003620398 

.0048145 

df MS 

2 .000597051 
7 .0005172 

9 .000534944 

Number of obs = 
F( 2. 7) = 
Prob > F 
R-squared = 
Adj R-squared = 
Root MSE 

10 
1.15 
.3687 
.2480 
.0332 

= .02274 

bmd Coef. Std. Err. P> t (95% Conf. Interval] 

sdate 
sdatesq 

_cons 

-.0001938 
7.58e-09 
1.530963 

.0001528 
6.16e-09 
-9419383 

-1.268 
1.231 
1.625 

0.245 
0.258 
0.148 

-.000555 
-6.98e-09 
-.6963673 

.0001675 
2.21e-08 
3.758293 

o BMD A Linear prediction 

.357 -

.278 -
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APPENDIX O Subject 901565 plot of events/age/BMD 
901565 
. reg bmd sdate sdatesq if id==901565 

Source I SS df MS Number of obs = 8 
F{ 2, 5) = 0.86 

Model I .001513287 2 .000756644 Prob > F = 0.4778 
Residual | .004403593 5 .000880719 R-squared = 0.2558 

Adj R-squared = -0.0419 
Total I .00591688 7 .000845269 Root MSE = -.02968 

bmd 1 Coef. Std. Err. t P>It| [95% Conf. Interval] 

sdate I -.0002542 .0002808 -0.905 0.407 -.0009761 .0004677 
sdatesq j  9.77e-09 1.12e-08 0.873 0.423 -1.90e-08 3.85e-08 

_cons I 2.28387 1.750286 1.305 0.249 -2.215384 6.783124 

o BMD A Linear prediction 

.688 -

.606 -

58 57 54 55 56 51 52 53 49 50 
AGE 
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APPENDIX P Subject 901547 plot of events/age/BMD 

901547 
. reg bmd sdace sdacesq if id==901547 

Source SS df MS 

Model 
Residual 

.001212112 

.003778111 
2 .000606056 
6 .000629685 

Total .004990222 8 .000623778 

Number of obs = 9 
F( 2. 6) = 0.96 
Prob > F = 0.4340 
R-squared = 0.2429 
Adj R-scjuared = -i0.0095 
Root MSB = .02509 

fc«nd I Coef. SCd. Err. t P> 111 (95% Conf. InCerval] 

sdace | .0002456 .00022 1.117 0.307 -.0002926 .0007838 
sdacesq | -l.Ole-08 8.79e-09 -1.145 0.296 -3.16e-08 1.14e-08 

_co.is I -.8512103 1.367293 -0.623 0.556 -4.196856 2 .494435 

o BMD A Linear prediction 

.667 -

.599 -

60 61 63 62 67 64 65 66 68 59 
AGE 
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APPENDIX Q Subject 901005 plot of events/age/BMD 
901005 

Source 

Model 
Residual 

Total 

SS df MS 

. 01827434 
.0078406 

2 .00913717 
13 .000603123 

.02611494 15 .001740996 

Number of obs = 16 
F( 2, 13) = 15.15 
Prob > F = 0.0004 
R-squared = 0.6998 
Adj R-squetred = 0.6536 
RooC USE = .02456 

bmd I Coef. Std. Err. t 111 [95% Conf. Interval] 

sdate I .0001595 .0000424 3.760 0.002 .0000678 .0002511 
sdacesq | -7.78e-09 1.92e-09 -4.061 0.001 -1.19e-08 -3 .-64e-09 

_cons j  -.1965106 .2297042 -0.855 0.408 -.6927564 .2997352 

o BMD A Linear prediction 
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APPENDIX R Subject 901633 plot of events/age/BMD 
901633 
reg bmd sdate sdacesq if id==901633 

Source SS df MS 

Model I  . 003786266 
Residual j  . 001021736 

Total I  . 004808002 

2  .001893133 
5  .000204347 

7  .000686857 

Number of obs = 8 
F( 2. 5) = 9.26 
Prob > F = 0.0208 
R-squared = 0.7 875 
Adj R-squared = 0.7025 
Root MSE = .0143 

bmd Coef. Std. Err. P>|t| [95% Conf. Interval] 

sdate I 
sdacesq | 

cons 1 

-. 0006798 
2.56e-08 
5.187053 

.000222 
8.60e-09 
1.427288 

- 3 . 0 6 2  
2 .978 
3-634 

0 . 0 2 8  
0 .031 
0.015 

-.0012505 
3.50e-09 
1.518093 

-.0001091 
4.77e-08 
8.856012 

o bmd ^ Linear prediction 

.758 -

.678396 -

68 69 66 65 67 64 63 62 
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APPENDIX S Subject 901637 plot of events/age/BMD 

901637 
. reg bmd sdat:e sdatesq if id==901637 

Source SS 

Model I .006158771 
Residual .001219108 

Total I .007377878 

df MS 

2 .003079385 
5 .000243822 

.001053983 

Number of obs = 8 
F{ 2, 5) = 12.63 
Prob > F = 0.0111 
R-squared = 0.8348 
Adj R-squared = 0.7687 
Root MSE = .01561 

bmd I Coef. Std. Err. t P> 111 [95% Conf. Int;erval] 

sdate I -.0010844 .0002437 -4.450 0.007 -.0017109 -.0004579 
sdatesq | 4.14e-08 9.45e-09 4.384 0.007 1.71e-08 6.57e-08 

_cons 1 7.608456 1.566685 4.856 0.005 3.581165 11.63575 

o BMD & Linear prediction 

.605 -

.493 -

72 75 77 73 76 71 74 70 
AGE 
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APPENDIX T Subject 926123 plot of events/age/BMD 
926123 

reg bmd sdate sdatesq if id==926123 

Source SS df MS 

Model 
Residual 

.004905506 

.000333993 
2 .002452753 
5 .000066799 

Total .005239499 .0007485 

Number of obs = 8 
F( 2, 5) = 36.72 
Prob > F = 0.0010 
R-squared = 0.93 63 
Adj R-squared = -0.9108 
Root MSE = .00817 

bmd I Coef. Std. Err. t P> 11! t95% Conf. Interval] 

sdate I -.0005479 .0001238 -4.426 0.007 -.0008662 -.0002297 
sdatesq j 2.05e-08 4.85e-09 4.215 0.008 7.98e-09 3.29e-08 

_cons 1 4.092481 .7871323 5.199 0.003 2.069093 6.115869 

o BMD Linear prediction 

.496985 -

.418 -

73 75 77 76 78 74 72 
AGE 
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APPFNnTT [f 
Facility Coping Initial Final H&R Cnsis Scale Sireu Age Estrogen Fosanux Notes / %BMD 

ID Style BMD BMD Equals l°low 

PCTA PCTA O-lyr. l-2yr. 2-3yr. Didronel 2=niedu 

Sohigh 

901347 Active .601 .611 
Mainuui 
Detach 92 102 
Defend 

901363 Active .64 66 
Mauuui 
Network 90 100 
Express 

901302 spinmal 317 .303 
affiliation 

67 63 

901633 spiritual .738 .681 
affiliation 
active 119 l is  
maintain 
network 
express 

926123 cognitive .488 .433 
assetnon 
Khve 8S 82 

mainuini 

•« 
network 
express 

901033 cognitive 683 .332 
assertion 
spiritual 126 108 
affilianon 
network 

no 00 

no no 

no 3 

no 3 

no no no S 

mild 3 

no 4 

mod 2-3 

59-
68 

49-
38 

76-
86 

62-
69 

72-
79 

69-
83 

1989-
1998 

1992-
1998 

1997-
1998 

1991-
1998 

no 

no 

no "I don't feel stressed." 
Spouse died 1997 
Bone density vuution expl 

1 
no Depression Prozac 

"I gel lough in a crisis." 
Talks to daughter 
Bone density variation expl 

Didronel 
1991-98 

no 

1 
Cries easily 
Upset with husband's Alzht 
Tiusiinihe Lord 
Bone deniiiy variaiioa expl 

I 
Journal; lashes out; depres 
aDdaaiiety; 
leltcnioGod 
Therapy 2 

Didronel "I'm strong like an Amazon 
1996-97 Keep on talking 

Keep snu down 
Foiomax Bone detuiiy variaDon is ag< 
1997-98 2 

no Not happy with aging 
Emotions leu stable suce hi 
Believes angioplasty reducei 
Must love and accept 3 
bone density vanalion is age 

express 

SiK women and tiieir coping styles, crisis level, stress perception, bone medication usage and 
comparison to other women their age. 



APPENDIX V 

FACILJD 901005.00 3.00 
901030.00 3.00 
901032.00 3.00 
901043.00 1.00 
901053.00 3.00 
901061.00 2.00 
901069.00 3.00 
901073.00 3.00 

901127.00 2.00 
901246.00 2.00 
901264.00 1.00 
901286.00 3.00 

901298.00 3.00 
901341.00 2.00 
901367.00 3.00 
901369.00 1.00 
901386.00 2.00 
901473.00 2.00 
901475.00 3.00 

901502.00 1.00 
901547.00 1.00 
901565.00 1.00 
901594.00 ZOO 

901632.00 3.00 
901633.00 ^00 
901666.00 2.00 
926001.00 2.00 
926018.00 3.00 
926123.00 ZOO 

926177.00 ZOO 

926341.00 3.00 

Ylig 32 'time series analysis* subjects and percent of bone mineral density loss. 
1.00=low loss 
2.00=medium loss 
3.00=bigh loss 
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P= BMD (bone mineral density) increased 
m= BMD decreased 
#= number of life change events 
E= estrogen replacement therapy 
F= taking Fosamax 
D= taking Didronel 
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subfect »ot 
scans 

birth order stress«/old 
self 

origin impact coping HAR crisis 
past 3 yrs. 
0-1/1-2/2-3 

loss 
IslOW 
2zmed 
3xliigh 

PCTA 
initial/fin 

901386 11 2 of 6 0-10 /no Neb. min 3.4 no/no/mild 2 82 .<52 
901473 11 middl* of 

3 
S /no Conn. difficult 4 no/no/mlid 2 72/77 

901475 11 oldest of 3 7 /ye« Iowa difficult 3,4 no/no/no 3 120/116 
901502 10 young of 4 5 /yes Iowa fflln 2 no/no/no 1 67/63 
901547 9 only 3 Ayes Mass. min 3,4 no/no/no 1 92/102 
901565 8 young of 2 3 /yes Ohio difflcult 3,5 no/no/no 1 90/100 
901594 8 2 of 5 0 /no NJ none 1,2,5 no/no/no 2 98/98 
901632 8 only S /yes lllln. min 4 no/no/no 2 91/84 
901633 8 oldest of 3 5 /no Calif dlffieult 2,3,5 maj/no/mild 2 119/115 
901637 8 young of 4 4 /no Wise diffleult 1,4 no/no/no 2 103/101 
901666 8 oldest of 4 5 /no MW difficult 1,3,5 no.no,no 2 94/89 
926001 8 4 of 7 0 /y«s lllln min 1.2,4.5 no.no.mod 2 107/109 
926018 8 4 of 5 5 /yes NY min 1 mod/no/no 3 105/96 
926123 8 oldest of 2 4 /yes NY min 1.3,5 no/no/no 2 85/82 
926177 8 middle of 

a 
2 /yes Georg min 2,4 no/no/no 2 94/94 

926341 8 3 of 8 S^e/no Mass profoun 1,4 mod/ho/no 3 99/86 

32 Women: Psychosocial and Bone Variables 
Stress= this is the number that the subjects said best fit the amount of stress in 

lives 
Old Self: "do you feel like your old self since these events?'* 
Impact: How have the stressors effected your ability to go on with your normal 

life? 
Holmes and Rahe (H&R) Crisis Scale: No, Mild, Moderate, Major are derived 

from the Social Readjustment Scale that assigns number values to life 
events 

% loss: based on tertile groups of Islow; 2=medium; 3=high for the women 
this study 

% BMD loss is the result of subtracting the final from initial scan and dividing that 
number by the initial scan to get % difference between first and last scan. 

PCTA= percent age-matched. This value is derived from standards in the Arizona 
Bone Density Project. An individual is compared to other women in her 
age cohort 

PCTY= percent young normal. This value is the % bone density based on the peak 
bone density attained around age 30. 70% or less is criteria for 
osteoporosis 
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suOiect #0f  
scan 
s 

birth 
order 

stress=<old 
self 

origin impact coping H&R crisis past3 
Yrs. 
0-1/1-2/2-3 

%loss 
l=(ow 
2=med 
3=high 

PCTA 
Init/finai 

90100 
c 

16 oldest of 
O 

10/ yes Iowa min 1.2.3.5 mild/no/no 3 101/101 
9 
90103 
n 

17 
£ 

2 of 4 4/ yes N.Oak min 4 mild/no/no 3 86/83 

90103 15 young of 8/no lllin. none 1.2 no/no/no 3 86/78 

90104 
'S 

17 
O 
oldest of 10/ no Nevad min 1.2,5 mi(d/no/no 1 56/61 

O 
90105 
O 

17 
O 
oldest of 2-3/yes Ohio min 1.2,5 mod/mild/mod 3 126/108 

0 
90106 
1 
90106 
Q 

13 only 5/no lllin. mod 3.6 no/no/no 2 78/75 
0 
90106 
1 
90106 
Q 

17 4 of 5 2/yes NY diffic. 2.6 no/no/mild 3 106/95 

90107 
O 

15 youg of 9 5/no Ohio diffic. 3.5 no/no/no 2 80/74 
s) 
90112 15 mid of 3 5/no lllin. Oiffic. 4 no/no/no 2 123/133 
i 
90124 14 2 of 4 5/yes Ohio noone 4 no/no/no 2 119/128 
o 
90126 A 15 mid of 5 0/yes Mass. min 3.5 no/no/no 3 101/105 

90128 
c 

14 young of 
O 

7/ rx) Wise. min 3.4 no/no/no 3 120/104 
0 
90129 
8 
90134 
1 
90136 
*7 

14 
& 

oldest of 
p 

0/yes Ohio min 4.5 mod/no/no 3 99/82 
0 
90129 
8 
90134 
1 
90136 
*7 

11 young of 
n 

8/no Minn. Oiffic. 1.4.5 mild/no/no 2 119/117 

0 
90129 
8 
90134 
1 
90136 
*7 

10 
O 
young of 
C 

0/no lllin. min 1.2.5 no/no/no 3 95/88 

90136 11 
o 
2 of 4 5/no Arfcan diffic. 6 mod/no/no 1 83/86 

9 

Coping Style Code: 

1 Cognitive assertion 
2 Spiritual affiliation 
3 Active maintaining 
4 Detach/defend 
5 Network express 
6 Isolate, withdraw 



Table la. Descriptive Statistics for Total 
Scan Population (Ages 50-70, women) 

Age N (obs) Width ! BMC BHD ! BMI n for BMI 
50 49 1.270 ±.118 1 .871 ± .099 .686 ± .055 I 26.8 ± 7.1 46 
51 49 1.255 ± .120 ' .844 ± .108 .673 ±.062 ! 28.6 ± 7.8 45 
52 38 1.289 ± .122 .855 ± .136 .662 ±.069  ̂ 28.6 ± 9.3 34 
S3 47 1.273 ± .126 .827 ± .121 .650 ± .069 28.9 ± 7.2 45 
54 45 1.291 i .127 .861 ± .128 .667 ±.068 26.7 ± 7.0 44 
55 59 1.292 ± .128 .842 ± .135 .652 ±.078 1 26.5 ± 5.1 58 

; 56 54 1.304 ±.144 .822 ± .142 .630 ± .084 27.2 ± 5.8 52 
57 61 1.286 ± .145 .798 ± .127 . .622 ± .082 25.3 ± 5.7 57 

1 58 72 1.267 ± .138 .771 ± .132 .609 ± .078 25.4 ± 4.4 68 
59 87 1.242 ± il24 i755 ± ,126 .608 ± .078 24.8 ± 5^4 85 
60 123 1.242 ±.112 .763 ± ;i2b .615 ± .080 25.2 ± 4^4 117 
61 128 1.263 ± .136 .772 ± .145 

. 
.612 ± .091 26.0 ± 4.8 124 

62 142 1.258 ±.119 .763 ±.114 .609 ± .085 26.3 ±5.1 137 
63 188 1.258 ± .124 .744 ±.119 .593 ± .084 25.4 ± 4.8 181 
64 240 1.258 ± .118 .725 ± .125 .577 ± .089 25.4 ± 4.7 234 

{ 65 266 1.262 ± .128 .720 ± .119 .572 ± .081 25.8 ± 5.0 261 
I 66 300 1.281 ± .128 .736 ± .137 .575 ± .092 25.9 ± 4^8 294 
1 67 332 1.267 ±.122 ! .706 ± ^123 .558 ± .086 25.7 ± 4.8 323 

68 385 1.270 ± .127 .711 ± .130 .561 ± .091 
1 
; 25.6 ± 5.1 379 

69 402 1.269 ± .118 .687 ±.129 .542 ± .089 125.1 ±4.7 388 
70 402 i 1.263 ±.123 .691 ± .131 .548 ± .089 1 25.0 ± 4.5 396 



Table lb. Descriptive Statistics for Total 
Scan Population (Women, Ages 71-90) 

Age N (obsl Width BMC 1 BMD BMI n for BMI 
71 449 1.2741 .126 .6821 .128 ! .5361 .087 25.5 1 4.8 439 
72 402 1.268 1 !I24 .6721 .129 ! .5301 .088 25.2 1 4.3 397 
73 421 1.270 ± .124 .6731 .133 ' .5311 .091 1 25.4 1 4.4 411 
74 426 1.278 ± .125 .6651 .127 .5211 .087 25.4 1 5.0 416 
75 382 1.287 i .132 .6611 .124 .5141 .087 25.5 1 4.5 371 
76 396 1.278 1 .125 .6491 .130 .5091 .092 25.2 14.7 384 
77 366 1^294± !I28 .6511 .133 .5041 !092 25.3 1 4.9 359 
78 354 1.284 ± .i25 .6381 .ii28 .498 i .092 25.11 4.2 348 
79 333 1.278 ± .132 .6241 A20 .4891 .085 24.8 1 4.7 324 
80 281 1.283 ± !I30 .6341 ~133 .4961 .093 25.0 1 4.3 273 
81 249 I!279± ,133 .613 1 .128 .4811 .095 24.5 1 4.3 244 
82 213 1.280 ± .133 .6021 ,139 .472 1 .100 24.3 1 3.9 208 
83 172 1.275 t .133 .6121 !I48 .4821 ,102 24.5 1 4.0 170 
84 153 1.271 ± .i26 .6001 ,134 .4731 .097 24.8 1 3.8 150 
85 122 1.289 ± .123 .6001 ,126 .4671 .094 24.11 4.4 120 
86 126 1.289 ± .6041 .118 .4701 .086 24.2 1 4.6 122 
87 88 1.302 ± .141 .5811 ill5 .4471 .081 24.11 4.3 87 
88 66 1.296 ± .133 .5951 .119 .4611 .089 1 24.6 1 3.8 65 
89 59 1.277 ± ,127 .5681 ,133 .4441 ,096 ! 23.8 1 3.8 56 
90 1 35 1.279 ± .126 .5531 .127 .4341 .098 1 23.3 1 3.8 35 

Totals for Tables la fli lb: N = 3,613, obs = 8,562 
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APPENDIX Z Case Histories 

Subject (926177) was 69 at the time of the interview. Her story is a lesson in 

positive outlook, faith, love of life and love of people. She lives alone in Tucson with her 

2 cats in a low-middle income community of townhouses in a blue collar area of town 

bordering the O'odham reservation. She has lived in this home for eight years, and lived 

in four different homes in Tucson in 30 years. She was bom in a rural community outside 

of Atlanta; Red Oak, Georgia. She was the middle child. Of her childhood she reflects, '1 

felt secure in myself and had a lot of love." Her father died of malaria before her birth . 

She recalls the help of her grandparents and felt that they had everything they needed, 

even during the depression. She graduated high school. 

She moved to Tucson in 1968 because her husband had a bad heart. He died 

suddenly a year later. At that time she was 38 years old and had two teenage children.. 

She remarried four years later and within months her second husband was diagnosed with 

lung cancer. He was sick most of their time together and passed away in 1991. During 

that time, she took classes at a business college and worked as a financial secretary. She 

retired four years ago, at age 65. She is since involved in many volunteer projects through 

church, the Tucson Arthritis support group, she is on the HIV-AIDS camp staff, and helps 

her daughter who has multiple sclerosis (in remission at this time) with the grandchildren 

by preparing diimer and running them to their extracurricular activities. Recently she gave 

up baking the cakes for her daughter's Dairy Queen fi-anchise. 



Her many words of wisdom were instructive: "The secret to life is to accept 

what's on your plate." I observed by listening to her that she does this in many ways. She 

exemplifies the internal health locus of control. Of her obesity she says,' being thinner is 

nice but I like my body.' Her spirit and self-esteem ride on every phrase. She believes we 

all 'know' our own bodies and should listen to them; the doctor is not the author of her 

health. She has a close association with her church and says 'God is my partner.' In 

difficult times she asks him what she should do and the answer comes. "I love my life.!" 

The list of events in her life in the past 8 years that might cause some adaptive 

efforts are moving, death of her second husband, retiring, daughter's diagnosis of MS, her 

diagnosis and surgery for breast cancer, elevated blood pressure, and loss of a close fnend 

with whom she talked, shopped and had lunch. Her brother passed away 2 months before 

the interview after several years of fighting cancer and heart disease. They were very 

close all their lives, only 18 months between their ages. 

When she was 35 she had a hysterectomy at which time she suffered a memorable 

depression. She was placed on estrogen replacement therapy at that time but discontinued 

it at around age 4S. When a 1995 scan revealed that her bone density had decreased, she 

resumed ERT. However, she needed to discontinue hormone replacement in 1997 with 

her diagnosis of breast cancer. She has been on Tamoxifen since then. Tamoxifen is an 

anti-cancer drug and Love et al.(1992) found it promoted trabecular bone mass in the 

lumber spine, but radial bone mineral density (cortical) decreased. 
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Despite her cheerfulness, when she recalls the depression she suffered during her 

husband's illness and prior to her hysterectomy she says that of all diseases, depression is 

the most debilitating, and she would never want to experience it again. 

When she is upset she talks to her daughter, and expresses her feelings verbally 

with ease and flair. She says she started a journal by taping a family story. 

She identifies her fault of good-naturedness and recalls how she used to be a 

'doormat.' Now she says, '1 love myself-why would I allow anyone to mistreat me?" Of 

her overweight, a point she raises on her own, she disavows fatness and states, "I GLOW' 

Having given up exercise about 10 years ago, associated with care of her ailing spouse, 

she says that the interview has gotten her to think about the things she could be doing for 

her health, and plans to start walking again. She has a neighbor she chats with and plans 

to ask him to join her. 

This subject is a strong believer in the relationship of stress to illness. "If you're 

happy, your body is well." Unhappiness causes you to be sick. She identified those times 

in her life when that occurred. Her antidote, "When bad thoughts come in your mind, 

say, 'Lord, I'm not going to think this way.'" Of alternative measures she practices laying 

on of hands, and believes healing services are powerful and even reduced a tumor she had 

in a fallopian tube. 

She mostly eats at home and cooks for herself. She does not take steroids. 

Thyroid, or bone building medications. She follows no special diet but is cutting down on 

red meat consumption. She consumed a lot of milk growing up and says she was always 
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skinny. She first began taking calcium supplements in 1995 and takes half the 

recommended dose of 1200mg. 

She has never suffered a broken bone. On a scale of 0-10, she says stress=2, and 

the impact of stress is minimal on her ability to go about her life. Her graph of her bone 

density for the 8 scans she had through the Arizona Bone Density Study show some 

interesting interpretive patterns. Her bone density climbed 6.9% (an increase of 0.04 in 

BMD) after the death of her second husband for whom she had been caretaker through 

many years of illness.. The release fi-om this strain may have had positive effects on her 

bone remodeling facility. At that time she was not on any medication to aid or detract 

fi-om bone density, and had been off of ERT for 16 years, so its protective effect was long 

gone. Of his death and the possibility of another spouse, she said there is no way she 

would go through the grief again. 

She had a sharp drop during her retirement year of 19% (0.07 BMD loss) which 

prompted the beginning of estrogen replacement therapy and calcium supplements. She 

started a new career in her daughter's business and her BMD climbed 0.04 or 6.9%. This 

pattern too is syncronous with the supplements and ERT. It is important to note however 

that their addition did not cause an elevation in BMD the following scan, but two scans 

later, when she was working again. The diagnosis of breast cancer, surgery and 

Tamoxifen treatment had led to a steady decline fi-om 1996 to her last scan in 1998. 

During this time her daughter's MS acted up and she had a new diagnosis of hypertension. 

This subject's story is of interest for the personality traits she exhibits, her 

optimism and extroversion, her deep ^th, her involvement in the community and with 
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family, her hardiness and seif-possession. Because she has few medications that alter bone 

density, the course of her scans can be interpreted for the role of life events as catalyst to 

change. Her r-square value of 0.46 when time is the variable tells us that time (age) 

explains 46% of the BMD, and so we look to explain what is responsible for over 50% of 

this pattern? Her obesity certainly could contribute as a protection against bone loss, for as 

we have seen, estrone levels after menopause appear to be higher than those in thin 

women. The life events that cause the body to react defensively seem in this case to also 

be mediated by her coping mechanisms. Her spiritual affiliation and hardiness, which 

causes her to let things take their course seem adaptive for she has certainly not had an 

easy course. The proximity of her two children and her grandchildren for familial support 

provide a buffer from loneliness and isolation. A plotting of her BMD;s, age jmd life 

events can be seen in Appendix H. Appendix Ya delineates normative values of BMD and 

other variables for all women in the Arizona Bone Density Project. A comparison of each 

woman to women of same age in the entire project is designated as percent age-match 

(PCTA). Appendix X shows how this subject compares. 

Subject 926001 Honored in the volume, "Who's Who in Tucson Business and 

Professional Women" 

Subject 926001 is 88 years old and has lived in this same Tucson apartment for 31 

years. She came to Tucson when she was 25 because of her husband's sinus condition. 

She grew up on a farm 60 miles from Chicago, in a home without heat or plumbing. She 

said that what they didn't have in facilities they made up for in cows... .and like other 
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women who grew up on dairy farms, she HATED milk.. .only drank it dilute with coffee. 

The milk was warm and raw, neither pasteurized nor homogenized. Of her girlhood she 

says, "just living was hard work." She is of French, Irish, and German heritage, the fourth 

of seven children. Her mom was busy all the time with the children, two of whom had 

epilepsy. She often fended for herself. She saw her mom as very strong and independent 

and lived until age 92. She has one living sister who is 95 and lives in Illinois. This 

subject remembers her father as distant and only recalls being hugged by him once, when 

she took off for Tucson. He committed suicide when he was in his 60's. She sensed no 

love between her parents and never saw exchange of affection. As a matter of fact, she 

giggles and grins when she says, "the girls weren't allowed in the barnyard and so I never 

saw the animals mating. I had no idea how it was done until after I married." 

Subject 926001 has been a widow for 32 years and moved to this garden 

apartment complex in central Tucson after her husband's death. Her husband developed 

Alzheimer's at 67 and became abusive. When she could no longer handle him she put him 

in the state hospital in Phoenix so she could go back to work and support herself. She has 

one daughter who lives several hours away and with whom she does not see eye to eye or 

share a close relationship. 

Of her difiBcult life she says, 'T don't attend to stress, that's why I've survived." 

Her attitude about stress reveals that keeping busy and not worrying about things you 

can't control will keep you healthy. All her life she has asked god and the parish priest for 

direction. She has so many interests and activities she says she has no time to be 

depressed. 



She describes her temperament as very free, but says she can be so rigid 

sometimes that 'you couldn't bend me with a ten foot pole!" When asked to rate her 

stress from 0-10 she says 0.. ."I have no sympathy for people who complain about their 

health." Her activities include daily visits to the church where she also arranges flowers, 

working on the steering committee of the apartment complex , and taking many phone 

calls from friends and acquaintances seeking counsel. Any stressors that come her way 

have a minimal eflect on her ability to maintain her life. The phone rang often in the two 

hour visit. She exhibites warmth and concern when she speaks to callers. Her calendar 

reads like a journal, replete with appoiutments as well as events she has experienced. 

Writing everything down is her way of keeping obligations and taking the 'stress' of 

having to remember oflf her shoulders. 

She retired at 79 from managing a flower shop office. At age 45 she went to the 

University of Arizona to complete a Master's degree in education. She is a member of a 

women's scholastic honorary and of the Tucson Women's Business and Professional 

Association. She expresses a great deal of frustration about achieving a master's degree at 

50 and the difficulty she found getting hired in the field of education. 

She follows a liberal diet of low fat, low cholesterol and low salt foods. She eats 

at home most of the time and walks one mile every day. She has a very slight build. 

The events that were stressors in the past 5 years were shingles, which were quite 

painftil, a fall, which resulted in a fracture of the femur, a compression fracture of the rib, 

mitral valve prolapse, and hearing loss. She says the women in her family were not 

osteoporotic but her mother had a hip fracture at age 80. This subject had a total 
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hysterectomy at age 25 and was never on estrogen replacement therapy. She has taken 

Calcitrate 1200mg for many years and has been on Didronei, a bone building medication 

since 1994. 

When she is upset she has to vent; she has a church friend with whom to do this. 

Additionally her coping styles include spiritual affiliation, cognitive assertion, and 

detach/defend; she lets events take their course. 

This subject's BMD history since she started with the project in 1991 shows a 

significant decline starting at age 80 and within 5 years loss of 17%, or 0.10 BMD. 

Defying aging trends, she started to gain bone density between the ages of 85 and 87 so 

that she regained 18% or 0.06 BMD. In her time series analysis, 78% of her BMD pattern 

can be explained by age. It took 2 years after the start of Didronei to see the severity of 

the decline in bone density moderate, a decline that saw its most sharp drop after the fall 

and break of the left femur. Although in the previous two years that show a steady gain 

in BMD she has the stress of reduced mobility due to the thigh hardware as well as painful 

chronic shingles (usually stress related), it is highly possible that the satisfaction she is 

feeling with her life and her numerous outlets that involve people, affiliative groups, use of 

her very active and bright mind, and coping styles that defend against stress by 

immediately venting, using belief in a higher power and evaluating the situation as 'no big 

deal' have overridden the life events and rejuvenated her bones. Appendix I shows this 

subjects's yearly gains, losses and associated life events. 
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Subject (901286) 

Subject 901286 is 78 and lives in Sun City. My first phone impression of her had 

caused some apprehension; she was short, sounded tense, and was quite business-like. 

This demeanor held true in person, but she did break into smiles on occasion and her story 

certainly explained the traits that seemed constrained and guarded. She had lost a husband 

of 49 years in 1989. She said they were very close, "like one...the same values" She 

remarried in 1996 and describes the adjustment difficulties of living with a new man. At 

the time of the interview in November 1998, she was feeling the strain of winter holiday 

plans. Both have adult children and grandchildren and how they would visit both was 

problematic. They had agreed to go their separate ways for the visits. Ray is 10 years 

older than this subject, and she says he is in good health but has had some small strokes. In 

his younger years he was a college president. She is extremely proud of the high level of 

education achieved by her oflfspring, and herself remains involved in the philanthropic 

society, elder hostel, and habitat for humanity. She informs me that she attended one of 

the best private schools for her Master's degree in Education. She notes that Sun City has 

a large core of highly educated people. Her degree was in psychology and she taught 

briefly early in the marriage. Now she teaches occasional classes through the church; she 

is planning a spirituality lecture. 

This subject comes fi-om a suburb of Milwaukee and says, "1 grew up m a very 

dysfunctional family." She observed that her parents didn't like each other, and that her 

father's main goal was not to be poor. She had one older sister who died in her 30's of 

breast cancer while living with the subject. There was an acute sense of competition 
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between the two women that she believed was fostered by her parents; she strived hard 

not to create this in her own children. Her mother was deaf, and she recalls doing a lot of 

the message taking on the phone and other things that required hearing. She thought her 

mom was smart but was subservient to her father. Her father was very controlling, a 

violent person, and 'ran the family.' Both parents lived to their 80's but had separated. 

She helped her mother who was a brittle diabetic and had strokes. In her family, the 

members did not talk about things that were bothering them. 

When Gordon died of a massive stroke after having transient ischemic attacks for 

some time, she says she resumed all her activities within two weeks, but adds, "I think I 

was in shock for a year." She at that time resumed volunteering at Boswell Hopsital, daily 

church activites, and started the hospice in Sun City. To this day she says she has an 

activity for which she needs to get out every day, and admits her desire to be involved 

with people and things. "I have no patience for people who say, why me?" 

This subject has two daughters and one son (a PH.D) and she breastfed these 

children for 4-6 weeks. None of them live in the area, but she reports a very warm 

relationship with them and her 10 grandchildren and 5 great-grandchildren. 

She has moved 3 times since June, 1996. In 1992 she fractured and dislocated her 

shoulder. At age 43 she had a hysterectomy for endometriosis, but kept her ovaries. She 

has never taken estrogen because of the family history of breast cancer. Hypothyroidism 

led to a regimen of Synthroid for the past 15 years. A beloved son-in-law died two years 

ago and her daughter was planning to remarry the spring following our interview. She 

started in the bone density project in 1985 to follow her bone density and was started on 



Fosamax 1997 in because of loss of hip bone density. She walks 2 miles every morning 

and follows a low sugar, low fat diet with little red meat. She has taken calcium 

supplements for 20 years and increased to the recommended 1200mg (from 600) in 1993, 

Their townhome is in a retirement village and so they choose to eat one meal a day in the 

main dining room. She has a slight build. When she gave a number to the stress she feels 

she said, 7. She talks about being in charge as a marital issue. Both she and Ray are used 

to being in charge and have clashed in this part of their adjustment. She describes the 

reason for not feeling like her 'old self as "not as emotionally in control of myself as I 

would prefer to be." She says the impact however has minimal effect on her ability to 

continue her usual activities or to feel okay. 

Her philosophy ascribes a positive attitude as very important to health 

maintenance. She continues to volunteer at the hospital and pack food at the food bank. 

She feels that concern with the hereafter or what will be is a distraction and not conducive 

to living now. She does not worry about what will be but says she has recently felt a 

growing discomfort with the physical aspects of her own aging. She laments that she has 

given up some of her activities since Ray is in her life. She attributes her degree in 

psychology with knowing the answers to some of her concerns. 

She enjoys following research, reads avidly, participates in bell choir. She 

describes herself as well organized and in charge. She is concerned with the image she 

leaves her children and grandchildren and hopes she demonstrates that she copes with the 

things life offers. She does not keep a journal. Although she is highly involved in the 

church she does not seek the counsel of her pastor. 
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Can stress cause illness? She. says very much so. She believes cancer is stress 

related 'The stress of coming to terms with aging and what death means is big." 

Her bone density from 1985 to 1998 dropped 0.09, or 7.6%. Several patterns are very 

compelling. Her spouse died in October 1989. One year later her BMD had climbed 0.02 

or 2.1%. She had reported that her shock after his death propelled her back to many of 

the same activities as she had engaged in prior to his death. Did this process of coping 

actively in conjunction with the protective factor of'shock,' actually promote bone 

growth after a drop of 0.03 between 1987 and 1989, a period during which her husband 

had been plagued with small strokes.? After this gain over one year, there is a consistent 

loss of bone. From 1990 to 1993 she lost 16.6% (Oil BMD) and suflfered a shoulder 

fracture in 1992. Finally, 5 years after his death and with the doubling of her calcium 

supplementation, her bone density began to climb 6.5% (0.04 BMD) until her son in law 

died in 1995. Since that time she continues to lose bone, and in the 3 years until her last 

scan in 1998, she remarried, moved 3 times and is experiencing marital conflict and 

unsettled feelings about aging. Her BMD declined 7.6% (0.05) since 1995. Unlike most 

subjects taking Fosamax, She does not show the reversal in bone loss that is often seen 

within 6 months of administration of this drug. Rather, after one year on Fosamax she 

had dropped an additional 2.9%. Appendix J shows subject 901286's graph of events and 

BMD. 

Subject (901369) 
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Subject 901369 is 80 years old. She enrolled in the Arizona Bone Density Project 

in 1983 and has had eleven scans. Her bone density of .446 has essentially returned to its 

initial value of .449. At her first scan she was 72% age-matched and had increased to 

86% at her last scan. While this increase is unusual when age associated declines would 

prevail, it is not unheard of in this population. Her highest scan was .465 and her lowest, 

.381. She is osteoporotic by definition of percent young normal, retaining only 62%. She 

has taken approximately ISOOmg of calcium daily and has been on estrogen throughout 

her scan history. Her yearly gains and losses in BMD seem to reflect events related to 

health and relationships. Her greatest loss in bone (.068), IS. 1% occurred when she was 

scanned seven months after back surgery in March 1992. Her gain of .03, 6.6% occurred 

when she was happily involved with a man. An elevation from 1995-96 of .037, 9.2% 

occurred six months after starting Fosamax, an event close to her back surgery. 

This subject was bom in Arkansas, second of four children. She drank a lot of 

milk as a child and recalls a very happy childhood despite the depression. She loved smd 

was close to her mother, who she stayed with when she was dying of uterine cancer at the 

age of 73. Her father was killed at age 43 in a car/truck wreck during her first year at 

Presbyterian College in Oklahoma. She borrowed money to move back home and 

transferred schools. She worked for Dupont and is the only child that did not marry. She 

and her mom were 'buddies' and her mom did the cooking and housekeeping while she 

worked. She talked a lot about her siblings and their children. There is a strong and 

obvious bond among them all. 
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This subject moved to Sun City in 1981 to be near her sister, and at that time she 

retired as an executive secretary from Dupont. She had a diflBcult menopause at age SO 

and has been on estrogen ever since. There is no history of osteoporosis for women in her 

family. 

This subject is very active despite chronic back pain, steroid injections for sciatica, 

arthritis, macular degeneration, recent cataract surgery, hand surgery, ear pain, and 

eustachian tube problems. She loves to travel, take cruises, and had plans for a European 

trip the summer following our interview. 

She says you have to have a positive attitude and as she reflects about the human 

condition, she does not feel that she ha^that many, problems. She has high energy and is 

in the middle of many projects. She volunteers at the hospital thrift shop, reads avidly, 

water walks three timesa week for 45 minutes, loves to shop, and is a circle leader at 

church. She refers to Harvard Health News as a resource for health information. 

She feels she has done well financially and with investments. While she doesn't 

regret not having married, she does wish she had children. A male fiiend of several years 

recently moved away and she admits to feeling very stressed as a result Her best female 

friend-is very ill and her prognosis is that she will live less than a year. All this contributes 

to her response tharstress =5. She finds the impact of her stressors difficult and says she 

withdraws when stressed. 

Compared to women her age in the Arizona study, her bone density is 86% of 

normal. This represents a climb of 14 percentage points since her first scan. When life 

events are numerically ranked accordmg to the Schedule of Recent Events ofHolmes and 
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Rahe, she falls within the moderate life crisis area during her last year in the project, a 

level which could precipitate changes in health status. 

Her profile may represent mndirfattntv of health anH social changes thrniigh 

attitude, activity, and coping styles. Estrogen since menopause also can modify the degree 

of change from year to year although fi'om 1991-1992 this did not hold true. And despite 

steroid injections, she gained bone mineral density. 

Her low percent young normal of 62, (which exceeds her initial measure of 59% 

at age 69, defines her as osteoporotic (70% and below criteria), yet she has regained 

losses actually exceeding her initial bone density. She is of small stature, an attribute that 

is frequently associated with bone fi'ailty, but she has no family history of osteoporosis. 

She sustained two fi-actures. At age 76 she fi^actured a toe and at age 78 a wrist. She had 

a laminectomy and continues to have back pain and must wear a brace when working 

about the house. She does not take pain medication. 

This subject responds to changes in her health. She started ISOOmg of calcium 

when she entered the project. Recalling her mother's difBcult menopause, she went on 

estrogen when she entered her change of life. She sees a medical doctor yearly for her 

check up. She started Fosamax in 1996 and just recently increased her dose as a result of 

a hip scan that showed a decline in density. In 1996 she gave up golf and walking as a 

result of her high risk for fi-acture. When she fell and broke her wrist that year she 

reduced activities and believes her general health took a declining turn at that juncture. 

Her BMD did increase after one year on Fosamax (0.437 to 0.446), a gain of 2%. She 
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follows a low cholesterol diet, eating little red meat. She says that the impact of these 

changes on her ability to live her usual life is profound. 

Regression analysis indicates that factors other than age are needed to explain her 

bone density status. Among the possible factors might be included the stressors she has 

experienced, her perception of them and her reaction to them. There may also be 

hereditary and genetic explanations for her fragile bone, and her slight build is also 

associated with fracture risk. Appendix K illustrates her BMD patterns and life events. 

Subject (901594) 

"Every day gets more precious." These are the words of subject 901594 who is 76 

and lives in a large, beautiful home surrounded by lush gardens. She is also living what 

perhaps will be the last year of her life, a reality of which she is well aware. She takes 

about 40 pills each day for congestive heart failure, and has a history of heart attack, 

diabetes, macular degeneration, anemia and high blood pressure. 

She grew up in New Jersey was the second of five children, and lost her father 

when she was 15. He was killed by a train. She is the second bom of five children. All of 

the children pitched in to help their mother after his death. She remembers with fondness 

her time in the kitchen with her mother as they prepared meals and cleaned up together. 

She was a good milk drinker as she grew up. 

She and her husband came to Sun City twenty-two years ago to retire. They have 

been married for over 50 years. When they first arrived, they made great fiiendships and 

enjoyed swimming, bicycling, and dancing with their crowd of fnends. She has two 
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childrea who live out of state. She worked as a nurse on the mffitary base until her first 

daughter was bom. 

In the past two and one half years, also around the time of their anniversary. 

Her congestive heart failure became acute, and she has been on oxygen since. She must 

sleep sitting up and she is always fighting respiratory infections. She has been told she will 

not live another five years. These events do not represent a moderate crisis level for 

Holmes and Rahe's Schedule of Recent Events. Although there have been seven events of 

change, she says they have had no impact on her degree of depression or ability to go 

about her normal life. She does admit to not feeling like her old self. 

This subject copes with this fate in various ways. She reads about health and her 

own diagnoses, and believes that this access to information makes her less fearfiil. She 

believes it is important to be empowered in your own care through knowledge. She wills 

away depression, a state of mind she finds lethal because if you are depressed, "you lose 

control." She did volunteer work until her heart failure worsened and continues to do 

phone work for her congregation. She does not keep a journal. 

She says it is important to be calm, to pray, and to believe in getting better. She 

takes each day for what it oflfers. "As long as my loving husband and family are there for 

me and give me the love, courage, and strength I need, life goes on." 

This subject believes others are worse off than she and that accepting what life 

brings is critical. These days she spends much time at home, refijsing invitations, but 

continuing to cook meals for her husband. She is particular about what visitors she 



155 

accepts, choosing not to be with friends or family who will &11 apart with sadness over her 

condition. 

Subject 901594 says she is not stressed. She utilizes several coping mechanisms: 

cognitive assertioQ, spiritual affiliation, and networking. She feels that she has abundant 

support. 

Her bone scans show that her initial and final scan place her at 98 percent age-

matched. At 75% young normal bone she does not quite have the loss defined as 

osteoporosis. Her linear prediction where BMD and age are regressed shows that 75% of 

her variation in BMD over her scan history can be explain^ by age. Her BMD declined 

after the death of her mother, her own heart attack, and a fractured vertebrae that her 

husband sustained. After 3 years of being^ in the project with declining densities, she 

started to take calcium 1000-1 SOOmg daily. Although her last three years were replete 

with, stressful conditions including confronting her own mortality, she gained bone. She 

enrolled in the Arizona Bone Density Project in 1990 at which time her BMD was 0387. 

Her densities declined for 3 years and then curved upward. Her final BMD was Q.532. 

Her loss of 9.3% (0.05) over eight years is less than expected for post menopause bone 

loss and she remained at 98% of normal for her age. She was not on estrogen or bone 

building medications. 

This subject's perception of her life, her control over it, her early life experiences 

in which she gained hardiness and resilience, and her styles of coping may he implicated in 

the reversal of the expected bone density decline. In the absence of any therapies that 
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Stress Rating 0 I 2 3 Total 
Sun City 7 8 21 9 45 
Tucson 7 11 17 5 40 
Total 14 19 38 U 85 

TABLE 1 
Stress Rating: This is the subjective numerical value of stress given by the subject when 
asked to rate her stress from 0-10. These numbers were collapsed into 4 fields. 
0=0 
1=1-3 
2=4-7 
3=8-10 

Stress 
Impact 

0 1 2 3 Total 

Sun City 6 19 18 2 45 
Tucson 2 21 13 4 40 
Total 8 40 31 6 85 

TABLE 2 
Stress Impact: This reflects the subjective response to 'how much of an impact do your 
stressors have on your ability to go on with your normal life?' 
0=no impact 
l=minimal impact 
2=moderate/difficult 
3=profound 

Stress Events 0 I 2 Total 
Sun City 2 22 21 45 
Tucson 0 19 21 40 
Total 2 41 42 85 

TABLE 3 
Stress Events: This number represents a collapsed value for the number of reported 
stressors recalled during the past 5 years. 
0=0-3 
1=4-6 
2=7-10 
Nature of Stressors Psychological Events Physical Events Total Events 
Sun City 142 148 290 
Tucson 123 133 256 
T Ota! 265 281 546 

TABLE 4 
Nature of stressors: this is data collected on the number of reported psychological and 
physical stressors by all the interviewed subjects in Sun City and Tucson. There are more 
total events in Sun City and there are also 5 more subjects from that cohort and the 
average of 6.5 events per person holds true. 
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Faith 0 1 Total 
Sun City 13 32 
Tucson 14 26 
Total 27 58 

45 
40 
85 

TABLE 5 

FAITH: Dichotomous fields of no and yes, where 0=no; l=yes. The question posed: Is 
faith a strong part of your life and do you rely on your faith to get through hard times? 

Milk 0 I Total 
Sun City 12 33 
Tucson 14 26 
Total 26 59 

45 
40 
85 

TABLE 6 

MILK: Dichotomous fields of no and yes where 0=no; I=yes. The question posed is 
"were you a big milk drinker as a child?" 
Fractures 0 1 Total 
Sun City 22 23 
Tucson 26 14 
Total 48 37 

45 
40 
85 

TABLE 7 

FRACTURES: Dichotomous fields of no and yes where 0= 
posed, "have you fractured any bones since age 50?" 

=no; I-yes. The question 

Volunteers 0 I Total 
Sun City 16 29 
Tucson 17 23 
Total 33 52 

45 
40 
85 

TABLE 8 

VOLUNTEERS: Dichotomous fields where 0=no and l=yes. "Are you involved in 
volunteer work and have you been for the past several years?" 
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Journal 0 1 Total 
Sun City 39 6 45 
Tucson 33 7 40 
Total 72 13 85 

TABLE 9 

JOURNAL: Dichotomous fields in which 0=no, l=yes. "Do you keep a journal or use 
writing as a means of expfesston when upset?" 

Talk 0 1 Total 
Sun City 26 19 45 
Tucson 23 17 40 
Total 49 36 85 

TABLE 10 

TALKSr Dichotomous fields where 0=no; l=yes. 'T>o you. tend to talk to a fiiend or 
relative when upset or do you keep it to yourself?" 
Mediate Stress p _ . .  ̂ Tq»i 
Sun City 4 41 45 
Tucson 5 35 40 
Total 9 76 85 

TABLE 11 

MEDIATE STRESSi Dichotomous fields where 0=no; l=yes. "Can you stop stressors 
from causing tU health or having unwanted effects?" 
Bone Medication 0 1 Total 
Sun City 28 17 45 
Tucson 26 14 40 
Totd 54 . 

TABLE 12 

BONE MEDICATION: Dichotomous fields where 0=no; l=yes. The subject is or has 
taken bone medication. The four most used types are Didronel, Fosamax, Evista, 
Calcitonin. 
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Lives Alone 0 1 Total 
Sun City 27 18 45 
Tucson 13 27 40 
Total 40 45 85 

TABLE 13 

LIVES ALONE: Dichotomous fields where 0=no and l=yes. The subject lives alone. 
with spouse or significant other or other friend or relative. 

Estrogen 0 1 Total 
Replacement 
Sun City 21 24 45 
Tucson 18 22 40 
Total 39 46 85 

TABLE 14 

ESTROGEN REPLACEMENT THERAPY: Dichotomous fields in which 0=no and 
l=yes. Subject is using estrogen or has in recent years. 

Family History of 0 1 Total 
Osteoporosis 
Sun City 37 8 45 
Tucson 28 12 40 
Total 65 20 85 

TABLE 15 

FAMILY HISTORY OF OSTEOPOROSIS: Dichotomous fields in which 0=no and 
l=yes. The subject identifies women in her family, particularly the mother as known to 
have suffered from osteoporosis. 

Calcium 0 1 Total 
Supplements 
Sun City 15 30 45 
Tucson 5 35 40 
Total 20 65 85 

TABLE 16 

CALCIUM SUPPLEMENTATION: Dichotomous fields where O=no;l=yes. Subject 
takes or did take until recent years a minimum of lOOOmg calcium supplement daily. 
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Social Support 0 1 2 
Sun City 7 22 16 
Tucson 6 24 10 
Total 13 46 26 

TABLE 17 

SOCIAL SUPPORT: 3 fields of various levels of perceived social support where 0= 
does not feel adequate support, wishes for more; 1= social support is ample; 2=social 
support is abundant. 

Exercise 0 1 Total 
Sun City 14 31 45 
Tucson 17 23 40 
Total 31 54 85 

TABLE 18 

EXERCISE; Dichotomous fields where 0=no; 1= =yes. Subject engages in weight 
bearing exercise a minimum of 3 times a week for 30 minutes each episode. 
Years Since I 2 3 4 Total 
Menopause 
Sun City I 6 18 20 45 
T ucson 2 9 14 15 40 
Total 3 15 32 35 85 

TABLE 19 

YEARS SINCE MENOPAUSE: 4 fields where 1= 10 or fewer years past menopause; 
2=11-20 years past menopause; 3=21-30 years past menopause; 4=31 and more years past 
menopause. 

Education 0 I 2 3 
Sun City 14 18 11 2 
Tucson 2 20 11 7 
Total 16 38 22 9 

TABLE 20 

EDUCATION: Education as proxy for socioeconomic status. 4 fields in which 0=high 
school; l=some college or business/technical/nursing education; 2=college graduate; 
3=master's degree or higher. 
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ERT * icrlllM for pcrcwit tMiid dlNiircnca CroajtabuMion 1 I %
 dtfTerenc* 

1CX} 2.00 300 Total 
ERT CX3 Count 9 10 16 36 

Expected Count 11.4 12.3 11.4 350 
Residual -2.4 -2.3 46 

1 00 Count 16 17 9 42 
Expected Count 13.6 14.7 13.6 A2.0 
Rcaiduai 2.4 ^3 -4.6 

Total Count 25 27 25 77 
Expected Count 250 270 250 770 

CM-Squar* Tasis 

Valua df 

Asymp. 
Sig. 

r2-sidad) 
Haarson Chi-Squara 5.141* 2 076 
LikaiifMod Rate 5.171 2 075 
Llnaar-by-Linaar 
Assoculion 3901 1 048 

N of Valid Casas 77 

*' 0 calls ( 0%) hava aapaaad count lass than S. Ttia 
minimum aapaclad cour< is 11 36 

U=noi taking estrogen 
Estrogen replacement therapy 1= taking estrogen 



Table 22 
education aa two groups Osinodcrat* latiigh * Two groups split about th* mean (or 

pcrccnt total bmd di(f Crosstabulalioo 

Two groups spM about 
the mean for percer* 

total bmd diff 
Total 1 CO 2.00 Total 

aducation as two CX) Count 
groups Omodarate Expected Count 

' ''"S" Residual 

32 
279 
4 1 

IB 
22.1 
-4 1 

SO 
SO.O 

1 00 Court 
Expected Cow* 
Residual 

11 
IS.t 
-4.1 

16 
11.9 
4.1 

27 
270 

Total Count 
Expected Count 

43 
430 

34 
340 

77 
770 

Chi-Squar* Tests 

Value df 

Asymp. 
Sig. 

(2-sided) 
Eiaci Sig. 
l2-sidad) 

Exact Sig. 
(1-sided) 

Poarson Chi*^quare 3.84701 1 050 
ContinuCy Correction' 2.961 1 085 
Likalitiood Ratio 3.SS0 1 050 
Pier's Exact Teat 068 043 
Linaar-by-Unear 
Association 3.797 1 .051 

N of Valid Cases 77 

*• Compuad only for a 2x2 tabia 

" 0 cells (.0%) have eap«ct«d count less than 5. The minimum eipaeted count is 11.92. 

Education; 4 levels of attainment are split into 2 groups. 
0=high school and some college or technical school 

I = college grad and graduate school completion 
Percent total bone mineral difference split about the mean 

The more highely educated have greater bone loss 
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dummy vanaM* tar strweseeee (0| for pafcant bind dMtafanca Cf ••••aiilKliw 

tor Bmd 
I 00 

aifftrtno 
300 300 

dummy vanaoi* lor 
WMtaqsO (0) 
inMaq-=0 (I) 

00 Count 

Eiokim Count 
CwKiuai 

14 
10 1 

39 

a 
109 
-2 9 

1 00 Count 
Eipaciad Count 
Rniduai 

II 
149 
-3 9 

19 
18 t 
29 

9 
10 t 
-I 1 

1« 
149 

1 1 

I'otal Count 

EiotWd Count 
2S 

2S0 
27 

27 0 
25 

2S0 

Chi-Squarc Teats 

Valua or 

Asyinp. 
Sig. 

(2-sidad) 
Paaraon Ctu-£quara 4.032* 2 .133 
Likalihood Ratio 4 021 2 .134 
Linaar-by-Unaar 
Association 2.0S2 1 1S2 

N of Valid Caaas 77 

»• 0 cctis (.0%) hava •xpactad count Ims than 5. Tha 
minimum axpactad court is 10.06. 

O=low stress 
I =high stress 

Tertiles for percent bone mineral density difference 



Table 24 
OLD SELF * for parctnl bmd diffcrcnc* CrosaUbulation 

tertilas for pcrcent bmd diffarcnce 
1 00 2.00 3.00 Total 

OLD 0 Count 13 18 9 40 
E^^ecied Count 13.0 140 130 400 
Residual 0 40 -40 

1.0 Count 12 9 16 37 
Ejvacted Count 12.0 13.0 12.0 37.0 
Rcsiduai 0 ^0 40 

Total Count 25 27 25 77 
&«Mcfed Count 25.0 27 0 25.0 770 

Chi-Squar* Tests 

Valua df 

Asymp. 
ag. 

(2-«idad) 
Paaison Chi-Squara 4.881  ̂ 2 087 
Likalihoad Ratio 4.968 2 .083 
Linaar-Ay-Unaar 
Asiociation 1.265 1 281 

N of VaM Caias 77 

*• 0 cmUs ( 0%) hav* axpactad court IMS than 5. Tha 
minimum axpactad court n 12.01. 

Feeling like one's old self 
O=does not feel like old self 
1 =feels like old self 

Teniles for percent bone mineral density diiference where 1.00, 2.00, and 3 .00 are equal 
to low, medium and high bone loss 



Table 25 165 
volunteer * (•rtilas for p«rc*nt bmd diffafcnc* Crosatabutation 

teitiles for oercert bmd difference 
1 00 200 300 Total 

voluntMT 00 Court 15 6 9 30 
Expaciad Court 9.7 105 9.7 300 
Residual S3 -45 -7 

1 00 Court 10 21 16 47 
Expected Court 15.3 16.5 1S.3 47.0 
Residual -5 3 45 .7 

Total Court 25 27 25 77 
Eipeeted Court 250 27 0 25 0 770 

Chi-Squar* Teats 

Value <K 

Asymp. 
Sig. 

(2-sid«i) 
Pearaon Chi-Square 7926* 2 019 
UtwUioed RMm 8.03S 2 .018 
Unear-by-Unear 
Associtfion 2.986 1 064 

N of Valid Cases 77 

*• 0 caMs (.0%) hav* axpactad cout* laaa than S. Th« 
muuinufn aapaclad court is 9.74. 

Performs volunteer work 
O=does not volunteer 

I =does volunteer 
Teiiile groups for bone mineral density difference of low, medium, high 

Opposite of expected outcome 



Table 26 166 
JOURNAL * for pcfccnt bmd dlfTcrcnc* CrositJbulation 

tartilas for parcant bmd diffaianca 
1 00 2.00 300 Total 

JOURNAL 00 Count 18 22 24 84 

Expaetad Count 20.a 22.4 208 64 0 
Rasidual -2.8 -4 3 2 

t o o  Count 7 5 I 13 
Enpadad Count 42 46 42 13.0 
Rasidual 2.8 .4 -3 2 

Total Court 25 27 25 77 
Expact ad Count 25.0 270 250 770 

CM-S<iuara Taata 

Vafcja df 

Asymp. 
SIg. 

(2-sidad) 
Paanon Chi-Squara 5.210" 2 074 
UkaMwod Rtf ie 6.001 2 050 
Linaar-by-Unaar 
AaaociMion 5.064 1 024 

N of Valid Caaaa 77 

*- 3 c««s (50.0%) have Mpaelad count Ims than 5 Tha 
minimum aipaetad count ia 4.22. 

Keeps a journal or diary or writes when upset 
0=no journal 

1 =does journal 
Bone mineral density tertiles of low, medium, high loss 



Table 27 
167 

Sun Citv=0 Tucson=1 

00 1 00 

Mean 
Std 

Oaviabon Median Mean 
Std 

C3«viatian Median 
percent total (final-basa) 
bmd difference -8 29 7.32 -7 10 -7.13 8.15 -6.78 

Age at Final Scan 79 76 6.72 81 SO 75.14 5.79 74 00 
IN_PCTA 97 30 16.79 98.50 95.60 14.84 99 00 
PN PCT 95 20 17 24 96 50 94 14 13.12 95 00 

liMapandaat Sampto* Tm 

Lavana's Tasl 
iar6qualiva< 

\Ailsncas t-laat nf iijaoa 

So. Maan SUErrar 
QWiianca 

9e«Cof*lanca 
liMnal of Iha 

OWwanea 
F s»9- 1 (2-la4adt DMhtanca 

SUErrar 
QWiianca Lowaf UHW 

psfcsm lolal 
(final-taM) bfnJ 
diflefanca 

Equal vananeas 
assumad 
Equal Mrlancaa 
not aasuiTBd 

190 700 -653 

-S47 

75 

as.2 

516 

520 

-1.1S10 

-1.1910 

1.7642 

1.7617 

-C6664 

-4.7062 

2.3626 

2.4024 
Age al Final Scan EqMl KBdansaa 

assumad .2S4 609 3.196 79 002 4.6190 1.4491 1.7403 7.4977 
Equal variances 
not assumad 3 240 740 002 4.6190 1.4296 1.7790 7.4590 

IN_PCTA EqiMlMftancas 
assufiBd 1.986 212 460 77 640 1.6669 3.6141 -9.9011 •.S920 
Eqial Mflancas 
not assuimd .476 76.1 .636 1.6S69 3.9S32 •5.4012 8.7921 

FN_PCT Equal vartaneaa 
assunad 9.054 027 .301 77 .764 1.0617 3.S243 -9.9961 8.0794 
Eqial waitancas 
not assumad 311 76.0 .797 1.0617 14176 -9.7437 7.8671 

Sun City=0; ricson=l. Tucson stans lower and stays lower. Sun City is older in age at 
final scan. Sun City women have less overall bone loss than Tucson women. 



Table 28 

FOSOMAX * pet bine dlff group* apM atoom madiwi CrosaUbulation 

pel bmc d^r group* 
sott abou ( madian 
1 00 2.00 Total 

îiStkAAX 00 doun 27 36 S3 
Ftpactad Court 31.1 31.9 S3.0 
Rasidual -4.1 4.1 

100 Court 12 4 16 
Expactad Court 7.9 8.1 16.0 
Raaidual 4.1 -4.1 

Total Court 38 40 79 
Expactad Court 39.0 400 790 

CM-Squ«r« Taais 

Valua df 

Aaymp. 
SiO 

(2-wdad) 
Exact Sig. 
f2-stdad) 

Enct Sig. 
M-sidad) 

Pearson dhi-Squara 5.274«' 1 .022 
Cortlnucy Corraction* 4066 1 .044 
Likatihood Rrtio S.463 1 019 
FisTiaf s Exaa Ta« .027 021 
Linaw-t>y-Un«ar 
Auoctatlon 5.207 1 022 

N o< Valid Cawa* 79 

*- Compuad only for a 2x2 labia 

0 calla (.0%) hava aipactad court lau than S. Tba minimum aipactad count is 7.90. 

Fosamax intake. 0==<ioes not take Fosamax 
Intakes Fosamax 

Bone mineral content split about the median 



Table 29 
CALCIUM * pet tjmc diff groups spM about modian CrossUbutotiofi 

pet bmc diir groups 
spM atMi ( madian 
1 00 2.00 Total 

CALCIUM 00 Count 6 13 19 
Ejcpoctad Count 9.4 9.6 19.0 
Rasidual -3.4 3.4 

1 00 Court 33 27 80 
Expodad Count 29.6 30.4 60.0 
Rawdual 3.4 -3.4 

Total Count 39 40 79 
Expoctad Count 39.0 40.0 790 

Chi-Squar« Tasts 

Valua dr 

Asymp. 
Sig. 

(2-sid«d) 
Exact Sig. 
(2-Vdm6) 

Exact Sig. 
(1-sidad) 

Poafson Chi-Squara 3.167'' 1 07S 
Cocvinuty Conaaion' 2.299 1 129 
Lihalihood Rmio 3229 1 072 
Fisnafs Exact Tast .114 064 
Linaar-by-Unaar 
Association 3.127 1 077 

N of Valid Casas 79 

Compuad only lot a 2x2 tatila 

0 calls ( 0%) hava aipactad count lass than S. Tha minimum aKpoctad count is 9.38. 

Calcium intake; O=does not take calcium supplement 
1 =does take calcium supplement 

Bone mineral content split about the median 
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bone MEO * pet bmc difT groups spM about nMdian CrosstabuMion 

pet bmc diir groups 
spU atoou • madian 
1 00 2.00 Total 

UONE 0 Coui« 19 30 48 
Expaaad Court 24 2 24 0 48.0 
Rasidual -52 52 

10 Count 20 10 30 
Expaetad Court 148 1S.2 30.0 
Rasidual 52 -5.2 

Total CoufV 39 40 79 
Expaetad Count 390 40.0 790 

Chi-Squar* Teats 

Valua Of 

Asymp. 
Sifl. 

(2-sid«i) 
Exact Sig. 
(2-sid«d) 

Exact Sig. 
(1-Sidad) 

Peaison Chi-Squara 5.791" 1 016 
Cor(inu«y Conaaion' 4 729 1 030 
Likelihood Ram 5076 1 015 
Fisher's Exact Tad 021 014 
Lmaar-by-Linaar 
Association 5.718 1 017 

N of Valid Casas 79 

' Comput*d only for a 2x2 taCI* 

b 0 calls (.0%) hava aipoctad count lass than S. Tha miniinuin axpoctad count is 14.01. 

Bone medications; Fosamax, Didrenol, Evista, Calcitonin. 
O=not on bone med 
1 =takes bone med 

Bone mineral content split about the median 



1 7 1  

Facility- D:ise 94 94 95 95 96 96 97 97 98 98 Final 
ID P( TA BMC BMD BMC B.MD BMC BMD BMC BMD ^MC BMD PCX A 
')01Q05 9S 0.68 0.537 0 648' 0.51 0.605 0.531 Vol 
901043 57 0.389 0.289 0.379 0.291 0.368 0.27 0.393 0.298 61 
901061 74 0.578 0.398 0.546 0.391 0.547 0.393 7^ 
WI069 95 0.634 0 486 0.66 0.469 0,669 0.476 95 
9012S6 1 1 7  0.707 0.579 0.698 0.572 0.671 0.556 104 
901 298 SO 0.568 0.43 0.568 0.446 0.578 0.441 0.526 0.425 82 
901369 75 0.492 0.4 0.505 0.437 0.522 0.446 86 
901502 56 0.361 0.28 0.384 0.30 0.391 0.303 0.386 0.305 63 
901637 97 0.705 0.533 0.721 0.537 0.722 0.542 101 
901666 85 0.694 0.518 0.69 0.50 0.68 0.534 0.697 0.505 0.685 0.526 S9 

901704 79 0.501 0.423 0.497 0.384 0.515 0.397 0.513 0.409 80 
901788 87 0.707 0.518 0.662 0.477 0.675 0.486 0.671 0.497 86 
901818 67 0.486 0.381 0.552 0.395 0.537 0.395 0.55 0.412 75 

926123 77 0.593 0.423 0.611 0.418 0.593 0.435 82 
926274 98 0.57 0.497 0.533 0.46 ')2 

926283 75 0.642 0.411 0.679 0.43 SO 

92G354 94 0.773 0.564 0.792 0.56 100 

926825 81 0.612 0.474 0.615 0.49 0.638 0.476 0.637 0.49 87 

FOSAMAX 

TABLE 31 
The bone mineral content and density are shown the scan prior to the beginning of 
Fosamax administration and each subsequent year the BMC and BMD are shown. 
Content generally rises and density falls in the Fosamax users. Many of the age-match 
percents rise from initial to final scan. 
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