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ABSTRACT 

Osteoporosis is a major health problern. As average life expectancy increases, the incidence of 

hip and other fractures in postmenopausal women (PMW) also increases, The number of hip 

fractures (HF) and health care resources required to manage them are expected to quadruple in 

the next 40 years, under a No Intervention (NI) scenario, as the Canadian population ages. 

Consequentl y, implementation of effective preventati ve interventions are necessary in PMW to 

avoid future HFs. The hypothesis of the thesis is that popuIation supplementation with Calcium 

and vitamin D (CaVD) will result in fewer HFs, lower healthcare cost, and life years gained 

(LYG) compared to M, if therapy is initiated in PMW at either age 5 0  (CaVDSO), or age 65 

(CaVD65), and continued until age 90 or death. In an economic evàluation, the intervention 

under study must be compared to the current gold standard of care. Currently hormone 

replacement therapy (HRT) is that standard. The evaluation was initiated to determine the 

incremental cost-effectiveness of CaVD or HRT versus NI. A forty-year Markov economic 

mode1 was developed to conduct the evaluation. Canadian-specific probabilities and cost of 

events, needed for the model, were generated by manipulation of medical databases and literature 

reviews; efficacy of CaVD in osteoporosis prevention was evaluated via the conduct of a meta- 

analysis. The model was mn under the base case assumptions ( C a 0  and HRT had 20%, and 

50% reduction in HF nsk respectively, versus NI) and 3% rate of discounting. CaVD65 strategy 

was considered wealdy dominant (resulted in fewer HFs and lower cost than NI) under the base 



case assurnptions. HRT strategy initiated at age 65 was dominant over al1 strategies evaluated. 

HRT initiated at age 50 was cost-effective ($10,969/LYG; fewer HFs, but cost more than NI), 

while CaVDSO was not ($94,843/LYG). The mode1 resuks were sensitive to the cost of CaVD, 

HRT, long-term care, hip fracture repair, and to treatrnent efficacy assumptions, however use of 

acceptable cost ranges for these parameters did not alter the rank-ordering of the interventions. 

In conclusion, C a m 6 5  is a cost-effective alternative for those women who choose not to take 

E-RT for the prevention of HFs. 
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1, INTRODUCTION 

Osteoporosis is currently a major health problem with estimated costs of treatment 

in Canada exceeding $1.3 billion annually (Goeree et al, 1996). Unfortunately, the 

projected combination of population growth and increased life expectancy is anticipated 

to place an approxirnate four-fold increase on these health resources by the year 2050: 

thereby highlighting the need to develop and promote the use of effective preventive 

interventions. The greatest burden of illness and costs of osteoporosis are attributed to 

fracture of the hip; where greater than 90% of hip fractures in older postmenopausal 

women are attributable to the disease process (Melton et al, 1992). As a consequence, 

this thesis provides a focused examination of hip fracture incidence and costs in 

postmenopausal women with the perspective that the majonty of hip fracture events 

captured represent fractures secondary to osteoporosis, but, with the understanding that a 

smaller percentage of fractures can be attributed to other causes. 

A number of approaches have been studied in the past 10 years to evaluate their 

efficacy in preventing osteoporosis. For example, hormone replacement therapy (HRT) 

has been shown to be effective at maintaining bone mass (Christiansen et al, 1980), and is 

considered to be the current gold standard for the  treatment of osteoporosis. Concerns 

over the potential increased risk of breast cancer with HRT, however, have prevented a 

significant proportion of the postmenopausal population from using this therapy. Another 

strategy that has been recornrnended for the prevention of osteoporosis is calcium and 

vitamin D (CaVD) supplementation. This therapy does not offer any protective effects 

against cardiovascular disease, as is the case for HRT, however it is considered not to 

increase the risk of breast cancer. 



Significant changes are occurring in the utilization of phannaceuticals and health- 

care interventions in Canada. Firstly, there is the acute question of cost containment, and 

secondly the quest for enhancement of quality of care. Worldwide, guidelines are being 

implemented that include health economics evaluation as one of the three tiers in the 

licensing of pharmaceuticals. To demonstrate the utility of any therapy, analyses are 

conducted relative to the current gold standard; in this instance, HRT. These analyses are 

necessary to support the application process for the attainment of reimbursement from a 

number of Canadian provinces. Despite this advancement within the pharmaceutical 

domain, the adoption of health economic evaluations into other health care disciplines is 

currently in its infancy. Indeed, this approach has yet to be applied to the use of 

nutritional supplements for the prevention of age-reIated diseases, including osteoporosis. 

This thesis therefore provides a unique contribution in that it employs current health 

econornic techniques to evaluate the benefits of CaVD suppIementation for the 

prevention of hip fractures in postmenopausal women. Not only does it demonstrate the 

usefulness of this approach in the evaluation of CaVD, but more broadly opens the 

potential for econornic evaluations to be included in nutritional programme evaluations 

for developed countries, particularly as they relate to diseases of aging. 

The conduct of economic evahations involves the collection of data on clinical 

outcomes and associateci costs of intervention and treatment. Idedly the time horizon of 

the economic evaluation should match the time period over which the clinical trial data 

were collected. Unfortunately, clinical trials evaluating therapies requiring long-term 

administration for the prevention of outcomes, such as hip fracture, at five or more years 

post initiation are lacking. Typically these trials evaluate sunogate marker changes, e.g. 



changes in bone minera1 density, and use these markers to predict risk reduction of actual 

outcornes (hip fracture) in later years. The economic evaluations of preventative 

therapies under these circumstances are conducted via use of econornic models, such as 

the Markov mode1 employed in this thesis, which allows for the longitudinal assessrnent 

of costhenefits based on projected risk reduction. 

Recently, considerable discussion has surrounded the age at which KRT initiation 

should occur (at menopause versus 65 years of age) for the prevention of hip fractures 

(Barrett-Connor, 1998). The rnedian age of women at the age of the cessation of 

menstrual bleeding and initiation of the menopause is 50 years ( C m  et al, 1987). 

Comparable arguments can be applied to al1 treatment strategies for hip fracture 

prevention. Decisions surrounding the age at which osteoporosis preventative strategies 

should be initiated have been implicated as important in providing the greatest benefit to 

risk ratio for interventions, and assuring efficient use of health care resources. As a 

consequence, the current evaluation compares the impact of initiating therapy at 

menopause (50 years of age) versus a 15 year delay (65 years of age) pnor to initiation. 

Thus, the hypothesis under examination in this thesis is that supplementation with CaVD 

or treatment with HRT in Canadian postmenopausal cornmunity-dwelling wornen at the 

time of study initiation, will result in fewer medical events and lower overall healthcare 

cost than no intervention if therapy is initiated shortly after menopause. The secondary 

hypothesis is that delay of supplementation (by 15 years) beyond the initiation of the 

menopause, in women which were cornrnunity-dwelling at 50 years of age, wilI result in 

more medical events and additional costs than supplementation initiated shortly after 

menopause. 



2. REVIEW OF THE LITERATURE 

2.1 Epidemioiogy of Fractures 

Osteoporosis is a growing epidemic primarily in women in whom a 15% lifetime 

risk exists for a hip fracture (Clark et al, 1992), and at least 40% of Caucasian women 

over the age of 50 wiII suffer a fracture of the spine, hip and distal radius (Melton et al, 

1992). Annually, 1.2 to 1.5 million fractures a year occur in the United States in women 

and men that are attributed to osteoporosis (Rudy, 1989). The estimâted lifetime risk of 

fracture in Caucasian 50 year-old women is 17.5% at the hip, 15.6% at the vertebra, and 

16.0% at the distal forearm (Melton et al, 1992). The incidence of hip fracture is of the 

greatest interest and importance due to the complications that result from this type of 

fracture, and its lifetime occurrence in one-third of women and one-sixth of men over the 

age of 65 (Owen et al, 1982). 

Osteoporosis is a term that has been used to describe the clinical outcome 

(fracture) and the process that gives nse to fractures (Kanis, 1990). In 1991 a consensus 

development conference defined osteoporosis as (Consensus development conference, 

199 1): 

"A disease characterized by low bone mass and microarchitectural 

deterioration of bone tissue, leading to enhanced bone fragïlity and a 

consequent increase in fracture risk-" 

2.1.1 Hip Fractures 

Fracture rates of the femoral neck have been increasing over the past decade in 

Canada, pnncipally from the rise in the median age of the population (Jaglal et al, 1996). 



Martin et al (1991), in reviewing the incidence of hip fractures over a twelve year period 

in Manitoba and Saskatchewan, noted that the number of fractures exceeded the percent 

increase in the population. 

Canadian data on the incidence and dernography of osteoporosis, and hip fractures 

specifically, are available from Statistics Canada, although limitations exist with r e s ~ e c t  

to the accuracy of these data (Narod et al, 1986). Fractures of the femoral neck can b e  

estimated with the greatest accuracy since they require a surgical procedure which i ç  

tracked nationally. Measures of the incidence of fractures of the spine and the 

radiudhumems based upon the number of surgical procedures tend to underestirnate 

frequency since they often do not require hospitalization, or in the case of vertebral 

fractures can occur and not be recognized as such by the patient. 

The annual incidence of hip fractures in Canada in 198 1 was estimated to be 

(Narod et al, 1986): Male 32.7/100 000 Female 89-8/100 000 

This rate is somewhat lower than the rates from the United States - Rochester, Minnesota 

(Gallagher et al, 1980): Male 42.9/100 000 Female 124.5/100 000 

The discrepancy in rates reported by Gdlagher et al, and by Narod et al are surpnsin,a 

since the populations of both Canada and Rochester are both predominantly Caucasi. an, 

and of northern European ciescent. Narod et al (1986) suggest that the variability may be 

due to a sampling error since this estirnate assumes that Rochester is typical of the Wnited 

States. AItematively the Narod et al (1986) projections may have under-estimated 

fracture incidence, since as wilI be discussed later, an incomplete database was used, 



The total number of hip fractures in the United States in 1986 was 238,000 

(Hughes et al, 1988). The total number of hip fractures in Canada in 1987 was 18,903 

(Statistics Canada, 1989). It appears from these data that the incidence of hip fractures in 

Canada is approximately one-tenth that of the United States, corresponding to population 

size, but as with the Narod et al (1986) data could be suggestive of a somzwhat lower 

incidence in Canada, 

2.1.2 Vertebral Fractures 

Vertebral fractures, although more frequent than hip fractures, are more difficult 

to determine due to subjective variables in their diagnosis from radiogaphs. A number 

of algorithms have been proposed that utilize vertebral body dimensions to classify this 

type of fracture (Easteli et al, 199 1; Black et al, f 99 1). Estimates of vertebral fracture 

prevalence increase from 3% at age 50 to 40% at age 80 (Melton, 1989). Kelsey's et al 

(1987) estimate of vertebral fractures, of approximately 500,000 per year, is an 

underestimate according to MeIton (1989) indicating that the rnajority of these fractures 

are undiagnosed (Cooper et ai, 1992). 

2.1.3 Fractures of the Forearm 

Location of fracture has been correlated with age, with forearm fractures 

increasing in the 50s untiI age 65 and then plateauing (Wasnich, 1996). A number of 

researchers have suggested that the plateau is a result of the inability of the elderly to 

extend their arm in a protective reflex with increasing age (Cumrnings et al, 1989). 



Seasonal differences are noted with an increased rate of distal arrn fractures (Colles 

fractures) in the winter months where the potential for falls on slippery surfaces exist. 

2.2 Pathogenesis of Fractures 

In order for a fragility fracture to occur two elements are required, namely bone 

fragility (low bone mineral density) and some degree of trauma. A number of models 

have been constructed to explain the interrelationship between fracture and the 

pathogenic factors (Riggs 1988). As individuals age a decrease in bone mass is observed. 

Although, on average, women who sustain fractures have lower bone densities than do 

women without fractures, there is considerable overlap. Therefore, density alone cannot 

explain the propensity to fracture. Falls occur more frequently as we age and are more 

comrnon in wornen than men. One third of al1 elderly experience at Ieast one fa11 per year 

(Cumrnings et al, 1989). Falls may be the result of environmental hazards, are iatrogenic, 

or due to deficits intrinsic to the elderly. Although the incidence of hip fractures 

increases 30 fold between ages 50 and 80, this is far exceeded by the increase in falls 

between these ages. Attention has been focused on the mechanics of falling since only 

1% of falls in the elderly will result in hip fracture (Hayes et al, 1991). A number of 

protective devices have thus been developed and have demonstrated a reduced frequency 

of hip fracture (Lauritzen et al, 1993). 

Examination of Statistics Canada figures demonstrate the exponential rise of hip 

fracture rate with increasing age in both men and women (Statistics Canada, 1989). 

Similarly examination of the fracture rate data from this source indicate that 80% of a11 



hip fractures occur in individuals over age 45, and 80% of these occur in women. Similar 

rates are also seen in the US, (Melton, 1986)- 

Hip fracture rates correlate seasonally, with an increase during the winter months 

(Jacobsen et al, 1991). This may be due to a number of factors including tripping that can 

occur indoors during the darker winter months, similarly the elderly do not venture 

outside in inclement weather resulting in reduced exposure to sunlight resulting in 

decreased levels of dihydroxylated vitamin D since vitamin D is not synthesized in winter 

months in Canada. 

Racial differences appear to influence fracture rates with the lowest rate seen in 

Blacks, intermediate rates in Asians and the highest rates in Caucasians (Curnmin_os et al, 

1985). 

With advancing age, changes in the calciotropic hormones contribute significantly 

to the pathogenrsis of osteoporosis. Albright et al (1941) proposed that osteoporosis 

pathogenesis consists of two separate paradi=ms, one that is related to the Ioss of estrogen 

at the menopause, and the other that is age related. This concept has been classified into 

the following categories: Type 1 and Type II osteoporosis (Riggs 1985). Type 1 

osteoporosis, postmenopausal osteoporosis, is generally defined as affecting women 

within 15 to 20 years of menopause with the main clinical manifestation being vertebral 

fractures. Estrogen deficiency is felt to underlie this form of osteoporosis and as a result 

the skeleton becomes more sensitive to parathyroid hormone W H )  resulting in increased 

calcium resorption from bone. In these patients a reduced level of serum PTH causes a 

decrease in serum 1,25-dihydroxyvitamin D3 production and malabsorption of calcium 

(Gailagher, 1990). 



Type II osteoporosis, senile osteoporosis, is seen in both men and women over the 

age of 75 and is manifested mainly by hip and vertebral fractures (UIlrich, 139 1). 

Decreased bone formation and a decline in 1 alpha-hydroxylase activity in the kidney 

results in a decline in serum 1,X-dihydroxyvitamin Dg, which Ieads to malabsorption of 

calcium and secondary hyperparathyroidism. In some Type II patients there may also be a 

decline in the function or number of the vitamin D-binding receptors in the gut 

(Gallagher, 1990). Treatment of patients with vitamin D analogues may normalize 

calcium absorption and improve calcium balance. 

In both types of osteoporosis, bone mass decreases becaüse bone resorption 

exceeds bone formation. Estrogen deficiency and decreased renal capacity to synthesize 

1,35-dihydroxyvitamin D3 affect al1 elderly women, resulting in increased risk for the 

development of osteoporosis. 

2.3 Role of Bone Tissue 

Bone is an active tissue composed of both organic and inorganic components. 

The organic component is produced by the osteoblasts and consists of 95% type 1 

collagen and 5% noncollagenous proteins, e.g., osteocalcin, osteonectin, bone 

morphogenic protein, proteoglycans, and sialoproteins (Baron, 1996), however the 

functions of the noncollagenous proteins are not well understood. Osteocalcin (bone gla 

protein) comprises 20-40% of the noncollagenous proteins, is produced by the osteoblasts 

and is thought to be involved in the mineralization of osteoid to form bone. Its 

production is stimulated by 1,25-dihydroxyvitamin D. Elevated levels of osteocalcin can 

act as a predictor of a therapeutic response to calcitonin. Osteonectin comprises 20% of 



the noncollagenous proteins. The osteonectin-collagen complex potentiates the 

deposition of calcium phosphate saks ont0 the rnatrix- 

The inorganic component makes up 70% of the bone mass and consists primarily 

of an insoluble crystal, hydroxyapatite. The mineral is initially deposited on the organic 

matnx as calcium phosphate salts and Iater transformed into apatite crystals. Bone apatite 

is a heterogeneous mixture mostly consisting of calcium and phosphate but also 

containing varying arnounts of carbonate, magnesium, fluoride, sodium, and potassium. 

The skeleton is comprised of two types of bone, narnely trabecular (cancellous) 

bone and cortical (compact) bone, Trabecular bone is found primarily in vertebrae and 

the ends of long bones. Cortical bone, on the other hand, is found in the shafts of long 

bones. Although the majority of bone in the skeIeton is cortical, alterations in bone 

turnover are usually noted in the trabecular component because of its higher metabolic 

activity, where 80% of bone remodelling occurs (Gennant et aI, 1983). 

2.3.1 Bone Remodeling 

Skeletal growîh and deveiopment continues from in utero until the end of the third 

decade of Iife. Peak trabecular bone mass is reached by the end of the 2nd decade, while 

peak cortical mass is attained by the end of the 3rd decade (Heaney, 1996). Bone is a 

non-static tissue metabolically, and continuously remodels itself. The factors controiling 

bone resorption and formation under normal rernodelling situations are not well 

understood, however, under normal circumstances bone resorption and formation are 

balanced, A disturbance in this remodelling process will result in bone loss (negative 

bone balance) (Dempster, 1995). 



The remodelling process is responsible for replacing the old bone matrix with the 

new at an annual turnover rate of 25% in trabecular bone and 2-3% in cortical bone 

@empster et al, 1993). This remodelling sequence proceeds in the following order 

(Dempster, 1995): 

1) initiation. the generation of an impulse that alters the status of a resting bone 

surface, lowering its threshold for activation; 

2) activation. the provocation of the earliest cellular responses to the initiating 

stimulus; 

3) resomtion, the removal of organic and inorganic cornponents of bone by 

osteoclasts; 

4) reversal, the termination of resorption and initiation of formation; and 

5 )  formation. osteoblastic repair of the resorption cavity. 

This sequence of events prior to menopause ensures that bone mass is preserved. 

However, once menopausal rige is reached bone mass preservation becomes 

compromised. This long-term, progressive loss in bone mass is the summation of 

short-term losses (failure of formation to equal resorption) at the individual remodelling 

loci. Bone loss can be accelerated by excessive resorption or diminished formation. The 

cells that mediate these processes are the osteoclast (resorption) and the osteoblast 

(formation). Osteobiast and osteoclast functions are controlled by hormones, and also by 

substances produced by the bone cells themselves. 



2.3.2 The Osteoclast 

The osteocIast is a multinucleated ce11 that resorbs bone. The active osteoclast is 

characterized by a ruffled border at the site where the ce11 attaches to bone. Tartrate 

resistant acid phosphatase (TRAP) is an enzyme that is produced by the osteoclast and 

reflects osteoclastic activity. The ruffled border is the site where resorption occurs. 

Although the exact mechanism is unclear, H+ secretion by the osteoclast promotes 

hydroxyapatite dissolution. The osteoclast also causes the breakdown of the organic 

component of bone (collagen) by releasing proteases. It is currentIy postulated that an 

important protease produced by the osteoclasts is cathepsin B. Inhibitors of this protease 

block PTH-induced bone resorption in vitro and indices of bone resorption in vivo. 

The osteoclast is derived from a haematopoietic stem ce11 by fusion. Conflicting 

evidence exists both in favour of and against the hypothesis that cells of the monocyte- 

macrophage series are the preosteoclasts. Therefore, at present, the identity of this stem 

ce11 is unknowri (JiIka et al, 1994). 

A number of dmgs and hormones have been implicated in affecting the function 

of osteoclasts. Glucocorticoids cause bone loss by increasing the resorption activity of 

osteoclasts (Mitchell et al, 1990). Estrogen therapy on the other hand reduces or halts 

osteoclastic resorption and preserves bone mass (Alden, 1989). Congenital absence of 

carbonic anhydrase 11 (CA II) in children results in a syndrome that includes osteopetrosis 

because osteoclasts are unable to resorb bone in the absence of CA II. 



2.3.3 The Osteoblast 

The osteoblast is a cuboidal ce11 that lines bone surfaces, The principal protein 

produced by osteoblasts is type 1 coilagen, the predominant collagen of bone. In addition 

to collagen, the osteoblast synthesizes a variety of noncollagenous proteins, including 

osteocalcin and osteonectin (Jilka et al, 1994). 

Exercise and anabolic hormones, including progesterone, stimulate osteoblastic 

activity leading to bone formation (Alden, 1989). Evidence now exists that the osteoblast 

plays a key role in the activation of bone remodelling. Osteoblasts, not osteoclasts, have 

receptors for PTH and 1,E-dihydroxyvitarnin D3 (DeLuca, 1990). PTH and 

1,25-dihydroxyvitamin D3 cause changes in osteoblast funchon, but not directly that of 

osteoclasts. Osteoblasts are required for the hormonal induction of bone resorption by 

osteoclasts, and isolated osteoclasts alone will not resorb bone (Gennari et al, 1990a). 

Glucocorticoid use has also been associated with suppressed osteoblast function and 

decreased bone formation (Hodgson, 1990). 

2.3.4 Growth Factors 

Recent studies indicate that factors produced by the bone cells thernselves 

rnodulate the remodelling process. PTH has been shown to regulate the production of 

insulin-like growth factor 1 (IGF1) by osteoblasts, IGFl in tum increases bone 

formation. This may partly explain the anabolic effects of PTH. In addition, PTH 

induces the reIease of granulocyte-macrophage stimulating factor (GM-CSF) and 

macrophage stimulating factor (M-CSF) from osteoblasts. Both substances appear to 

enhance the recruitrnent of osteoclasts frorn precursors. Finally, transforming growth 



factor beta (TGFP) appears to be released from the organic matrix of bone during 

osteoclastic resorption (Fujita et al, 1990). TGFB itself stimulates osteoblastic activity 

and bone formation and enhances osteoclast apoptosis (Parfitt et al, 1996). 

Bone remodelling is rnaintained by the activity of osteoclasts and osteoblasts, and 

is under the control of a number of systemic factors. These factors include PTH, 

calcitonin (CT), and 1,25-dihydroxyvitamin D3. Fine tuning of this balance and 

amplification appear to be regulated by local factors including cytokines and growth 

factors such as IL-1, IL-2, IL-6, TNF alpha, TGF beta, IFN alpha, and IFN gamma. Sub- 

optimal functioning of these control mechanisms may lead to an imbalance between 

osteoclastic bone resorption and osteoblastic bone formation which could cause 

osteoporosis. Conditions associated with immune dysfunction such as aging, 

corticosteroid therapy, and rheumatoid arthntis are associated with osteoporosis, which 

are also more common in females, Iike most of the autoimmune-collagen diseases (Fujita 

et al, 1990). 

In both postrnenopausal (Type 1) and senile (Type II) osteoporosis, it is common 

to find reduced levels of serum 1,25-dihydroxyvitamin D3 and malabsorption of calcium. 

In Type 1 patients a reduced level of semm PTH causes a real decrease in semm 1,25- 

dihydroxyvitamin Dg production and malabsorption of calcium. 

2.4 Predisposition Characteristics to Disease 

Osteopo.rosis is characterized by a decrease in bone mass. Both the organic 

matrix (collagen) and minera1 component (hydroxyapatite crystal) are diminished in the 

osteoporotic patient (Termine et al, 1996). The literature has classified a number of risk 



factors for developing the disease in women and includes: Northern-European heritage, 

petite, a smoker, sedentary, family history of osteoporosis (particularly matemal), history 

of low dietary calcium intake, and early menopause or premenopausal oophorectomy 

(Sowers, 1993). Men are less likely to develop osteoporosis because of greater initial 

bone mass and slower rate of bone loss with age than women (Jackson et al, 1990). 

Osteoporosis is manifested by a decrease in bone minera1 density (BMD) and 

strength. The resulting diminution of bone tissue is expressed as reduced BMD. In the 

earliest stage, the patient is asymptomatic. However, as bone density decreases, 

spontaneous or fragili ty low trauma fracture occurs. The morbidi ty and rnortaIity 

associated with osteoporosis are most evident in the relation to hip fractures. Women 

who suffer hip fractures have a 12 to 20% greater risk of dying within the first year afier 

the fracture (Josse, 1989). Vertebral fractures occur in 400,000 women in the United 

States each year causing loss of height, pain, and, if recurrent, deformity @owagerls 

Hurnp). 

A number of rnodels have been proposed to predict change in bone rnass with 

respect to the risk factors listed above. These models additionally consider the peak bone 

mass attained by menopause and the rate of bone loss as a function of age as risk factors 

which need to be considered. Peak bone mass at menopause is critical since individuals 

with lower densities are more likely to cross the fracture threshold at an earlier age. The 

loss in ovarian function, as a result of menopause or oophorectomy, results in a 3-5% per 

annum Ioss in BMD during the first five to ten years of menopause. Following this 

penod of rapid BMD change, annual rates of loss are on the order of 0.5%. The 



individual with the lower initial bone density will cross the threshold of a normally low 

density at an earlier age and be more prone to fracture (Cumrnings et al, 1993). 

The peak bone density reached in young adulthood depends on many factors 

including physical activity and calcium intake (Prince et al, 1991). Physical activity 

appears to be important for maintaining and increasing normal bone mass. The exercise 

modality that optimally maintains or increases axial bone density has yet to be 

determineci- However, a positive correlation has been reported between bone mass and a 

variety of fitness and physical activity measurements, including maximal oxygen uptake, 

muscular strength, and lifetime physicaI activity (Snow-Harter et al 1992). Similarly, a 

positive correlation between calcium intake and bone density has been noted in young 

women. This correlation is independent of physical activity (Recker et al, 1992a). 

Likewise, calcium intake (1-1.5 g elemental calciudday) in premenopausal women 

appears to reduce the rate of age-related bone loss dunng this time penod (Matkovic et al, 

1994). Thus, prior to menopause, physical activity and diet are important deterrninants of 

bone health. In addition immobilization following a fracture results in a lack of weight 

bearing activity which results in greater bone loss. 

2.5 Diagnosis of Osteoporosis 

Diagnosis of advanced or severe osteoporosis can usudly be made by routine 

x-rays of the spine or femur, however detection by this method is only possible once a 25- 

30% loss in BMD occurs. Characteristic x-ray features of the osteoporotic skeleton pnor 

to fracture include cod-fish vertebrae, and accentuation of the trabecular pattern in the 



femord neck. Diagnosis by routine radiosaphy is unreliable since the disease has 

usually progressed substantially before detection. 

A number of non-invasive techniques currently exist which can quantify bone 

mass in vivo. These techniques provide a numerical evaluation of bone mas .  This 

7 

advance in technology allows the clinician to obtain the BMD. in grnlcm-, for the spine 

and hip. This information is critical since a decrease in BMD has been linked to an 

increased incidence of fracture (discussed below, section 2.6). 

A number of techniques are currently utilized to quantify bone mass. These 

methods include: dual xray absorptiometry, and quantitative computed tomography. 

Digital radiography, a new variation of dual xray absorptiometry, has the advantage of 

speed (five minutes for each scan), low radiation exposure (1-1.5 rem), and 

reproducibility (a coefficient for variation of 1 %) (Kimmel et al, 1994). 

These in vivo techniques offer a number of advantages in the treatment of 

osteoporosis. The literature (Melton et al, 1989) has established that approximately 95% 

of vertebral fractures occur in the elderly with lumbar densities below 1 .O gm/cm2. 

Similarly 95% of hip fractures in the elderly occur in those who have femoral densities 

2 
below 0.7 &&cm . These techniques dlow the clinician to identify patients at risk of 

fracture, and to monitor the efficacy of treatment regirnens by perforrning periodic 

determinations of BMD (Cummings et al, 1990b). 

An additional advmtage to this technology is its use as a screening tool with 

which BMDs c m  be performed on perimenopausal women who may be at high nsk for 

osteoporosis, and if BMDs are beIow the "normal" range for that age then the clinician 



can initiate therapy to rninimize bone Ioss. Screening however is currently not endorsed 

by the Osteoporosis Society of Canada (OSC, 1996). 

2.5.1 Differential Diagnosis and CPassification 

Idiopathic postmenopausal osteoporosis is a diagnosis of exclusion. Secondary 

causes such as osteomalacia, multiple myeloma, hyperparathyroidism, hyperthyroidism, 

carcinoma, and hypercortisolism must be considered. In the male, osteoporosis may be a 

manifestation of testicular failure, and in the young fernale, a feature of Turner's 

syndrome (Sklarin et al, 1996). Osteomalacia is a defect in collagen matrix 

rnineralization. Because milk is supplemented with vitamin D in North America, 

nutritional deficiency of the vitarnin is rare provided milk is consumed. Osteomalacia 

due to abnormality in vitarnin D metabolism however may occur in renal failure resulting 

in decreased 1,25-dihydroxyvitamin D3 production by the kidney. Other conditions such 

as steatorrhoea (loss of fat-soluble vitamins through the intestinal tract), or vitamin D 

dependent rickets, characterized by decreased 1 alpha-hydroxylase activity in renal 

mitochondria, can also lead to a defect in vitamin D metabolism (Holick, 1996). Bone 

rnineralization defects can also occur in the severely hypophosphatemic patient (typically 

the result of excess ingestion of phosphate binding antacid). 

Multiple rnyeloma, hyperthyroidism, hyperparathyroidism, and carcinoma can al1 

present as osteopenia (Khosla et al, 1995). Plasma cells are capable of producing a 

variety of substances termed osteoclast activating factors that induce bone resorption. 

Similady, PTH and thyroid hormone in excess induce bone resorption. Recent studies 

suggest that chronic administration of suppressive doses of thyroid hormone is associated 



with decreased bone mas. Finally, certain turnours are capable of inducing bone 

resorption resulting in hypercalcemia- 

Drug-induced osteoporosis can occur if the patient is exposed to excess 

gIucocorticoids (Lukert, 1996). Under these conditions, intestinal caIcium absorption is 

inhibited leading to decreased calcium availability for bone formation. In an attempt to 

maintain calcium homeostasis under conditions of low calcium absorption, bone 

resorption is often increased leading to a loss in BMD. 

Although idiopathic postmenopausal osteoporosis is the most common form of 

the disease that will be encountered, other causes of diminished bone density need to be 

considered. Consequently, evaluation of these patients should include serum calcium, 

phosphorus, and alkaline phosphatase levels, a cornplete blood count, serum or urine 

protein electrophoresis, thyroid function tests, PTH and serum cortisol levels, and 

24-hour unnary calcium excretion. Although these routine laboratory parameters when 

obtained in normal and osteoporotic patients cannot predict the affected woman, they help 

to define secondary causes. The combination of urinary calcium and hydroxyproline, 

serum alkaline phosphatase, and other newer serum and urine markers of bone resorption 

may help to identify "fast bone losers" in the perimenopausal period (Hansen et al, 1991). 

Theoretically, these wornen are at greatest risk for rapid progression of osteoporosis. 

Bone gla protein (osteocalcin) is the most abundant noncollagenous protein in adult bone. 

Osteocalcin is a marker for bone formation and eIevated values may indicate high bone 

turnover. 

Likewise, the pyridinoline-specific markers of bone resorption reflects bone 

breakdown due to increased osteoclastic activity (Delmas, 1995) . The urinary levels of 



the pyridinolines increase in postmenopausal women and women on suppressive doses of 

thyroid hormone, while estrogen treatment reduces levels to premenopausal values. 

2.6 Bone Minera1 Density Loss With Age And Propensity To Fracture 

A number of models have been proposed in the Iiterature to relate BMD to 

fracture risk (OTA, 1995a). This modelling process involves two steps, namely 

predicting BMD over time and relating BMD to fracture risk. Inherent in these models 

are a number of constraints including the site of BMD determination, and the technique 

used for the assessment (Marshall et al, 1996). 

Characteristics of BMDs by age have been described using a number of U.S. 

studies in a Office of Technology (OTA) report (OTA, 1995b). These studies evaluated 

the age-specific shape, the means, and standard deviation of the BMD distribution in 

Caucasian women. 

Melton et al (1986) evaluated the BMD of the proximal femur, in a number of 

women in Rochester, Minnesota, using dual photon absorptiometry (DPA). BMD was 

measured at two sites of the proximal femur, at the cervical and the intertrochanteric 

regions, of 300 women from an age-stratified sample. The most important reason cited 

for refusal of participation in the study was poor health especially in those women aged 2 

70 years, consequently the distribution of this group may be biased toward higher values. 

BMD (@cmZ) at each site was related to age through a multiple regression mode1 for 

each of six ages comesponding to the midpoints of six age strata (ie 35-44, ..., 285years). 

The data were used to obtain smoothed BMD distributions for each of the six age strata. 

Multiplication of these distributions by the number of residents in each of the age strata 



and subsequent surnrnation across al1 age groups resulted in the total number of Rochester 

wornen expected to be in each of the BMD intervals. 

In the Study of Osteoporotic Fractures (SOF) (Cummings et al, 1993). the largest 

cross-sectional study of bone mass, 9,704 healthy women over the age of 65 were 

screened and measured by Single Photon Absorptiometry (SPA) at the proximal radius, 

distai radius and cakaneous (Cummings et al, 1990~). The Framingham Osteoporosis 

Study (FOS) (Hannan et ai, 1992), another large cross-sectional study in which the BMD 

was obtained in 708 women over the age of 68, was also used in the OTA analysis. An 

analysis of the distribution of the observed BMD at the proximal radius for age groups 

65-89 demonstrated a normal distribution (OTA, 1995b). Most studies showed a slightly 

higher rate of bone Ioss just after the menopause which slowed after the age of 55 or 60 

(OTA 1995b). 

The associations between BMD and age in the literature are generally based on 

case-control, and cross-sectional studies since large longitudinal studies are lacking. 

There are a number of issues relating to the use of cross-sectional data to estimate 

longitudinal changes in BMD. The possibility of bias in the selection of subjects is one 

consideration. Secondly the sslmple size in each age stratum must be large enough to 

allow for sufficient precision. Lastly, cross-sectional estirnates of BMD changes may 

differ from longitudinal studies if cohort effects such as nutritional factors or medication 

use Vary with age. Two large case-controlled studies in which the possibility of these 

methodological issues were minirnized were used by OTA (1995a) to characterize the 

change in BMD with age (Cumrnings et al, 1990a). Using the SOF and FOS studies, OTA 

developed a base case distribution of BMD with age in postmenopausal women. In two 



other distributions, OTA also identified fast and slow BMD Iosers. In the OTA 

evaluation the base-case annual BMD loss in untreated postmenopausal women was 

estimated as 1.896, 1.396, 1 .O% and 0.9% for 50-54, 55-59,60-64 and 265 year-olds 

respectively. In the fast-loser group BMD loses were estimated as 3.096, 1.596, and 1.2% 

for 50-54,55-59, and 260 year-olds respective1 y. Slow-loser rates were presented as 

1.696, 12%, and 0.9% and 0.8% for 50-54, 55-59,60-64 and 265 year-oIds respectively 

(OTA, 1995b). The existence of "fast bone Iosers" after the menopause has been 

observed, and it has been demonstrated that genetic, environmental, and Iifestyle factors 

can impact on the rate of bone Ioss (Christiansen et al, 1987). 

Optimally age-specific BMDs could be detemined by following a large cohort of 

wornen over their lifetime (longitudinal study). Unfortunately as indicated above 

IongitudinaI studies in which a large number of women are followed for a number of 

years are lacking. Currently a prospective 5 year study (Canadian Multicentre 

Osteoporosis Study (CaMos)) is in progress in Canada (Kreiger et al, 1998). The 

objective of this study is to evaluate the changes in BMD, diet and disease incidence in a 

random Canadian popdation sarnple of both genders. The baseline BMD data from this 

study for Canadian men and wornen 250 years will be available in late 1998. 

The next step in this process is to establish the relationship between hip fracture 

incidence and BMD (Marshall et al, 1996, Cummings et al, 1993, OTA, 1995b). The 

optimal mode1 is one that cm predict the probability of hip fracture for a woman at any 

age, based on her current BMD. The estimation of a standardized relative risk involves 

the calculation of a ratio of the risk of fracture for a person whose bone mass is one 

standard deviation below the rnean to the risk of a person whose bone mass is at the 



mean. The SOF dataset, due to its large sample size, has published this type of 

information relating bone mass to relative risk of fracture. The data from this study 

suggest that a logistic relationship exists between BMD and hip fracture risk (Cummings 

et al, 1993). The conclusion of the analysis was that each standard deviation (SD) 

decrease in fernord neck density increased the age-adjusted risk of hip fracture 2.6 times 

(95% CI 1.9, 3.6). 

2.7 Osteoporosis Preventiodïreatment Interventions 

There are currently a number of effective treatments for the prevention and 

treatment of osteoporosis. These treatment strategies include the antiresorptive agents 

and the anabolics- Ovarian hormone therapy products (i .e. hormone replacement therapy 

(HRT)), the bisphosphonates, cakitonin and calcium and vitamin D being examples of 

the antiresorptive class of drugs. FIuoride and parathyroid hormone (PTH) are examples 

of the anaboiic agents. The focus of the thesis is on calcium, vitamin D, and HIIT, 

consequently the material in this section focuses primarily on these agents, 

2.7.1 Calcium 

Calcium is an essential nutrient since obligatory body losses through sweat, skin, 

hair, nails, as well as urine and feces, must be replaced. In the event that calcium is not 

available through the diet, then serum calcium levels are maintained at the expense of 

skeletal calcium. Thus, adequate calcium intake is an essential cornponent in any 

osteoporosis treatment regimen (Heaney et al, 1983). Calcium intake is one of many 

factors that has been associated with the growth, maintenance, and prevention of loss of 



bone from the siceleton, These studies have examined the effect of calcium on bone mass 

during the developmental stage. menopausal stage and postmenopausal state of women. 

Elegant calcium balance studies have been conducted in the last decade yielding 

considerable information on the impact of dietary calcium on bone development (Heaney 

et al, 1986). This has resulted in good cross-sectional data, but as with other aspects of 

osteoporosis good longitudinal information is lacking. unfortunately few longitudinal 

studies have been conducted evaluating the role of calcium supplementation and its 

effects on BMD. Information on the factors chat influence bone mass has been collected 

from studies in which bone mass or BMD is measured directly. Studies using the 

currently available densitometry equipment have allowed for the examination of the 

impact of an intervention on BMD, at various skeletal sites. 

2.7.1.1 Calcium Intake and Peak Bone Mass 

Studies examining the relationship between calcium intake and bone mass can be 

divided somewhat arbitrarily in the attainment of maximal bone mass during skeletal 

growth and maturation, and those focusing on maintenance of bone once peak bone mass 

has been attained. Peak bone mass is influenced by a combination of endogenous 

(genetic, hormonal; probably most important) and environmental factors (nutrition, 

exercise) (Johnson et al, 1992). Evidence suggesting that increasing calcium intake 

during the pre-menopausal years results in increased peak bone mass generally cornes 

from cross-sectional and retrospective studies. A number of studies on the impact of 

calcium supplernentation in boys and girls have been conducted, demonstrating that bone 

mass can be enhanced with calcium supplementation for example. Johnson et al (1992) 



evaluated the impact of a three-year, 1000 mg calcium supplementation in 10 year-old 

male and femaIe monozygotic twins, in whom dietary intake was estimated at 900 mg per 

day. Their study concluded that a rnean increase in BMD occurred in the six sites 

rnonitored, averaging 1.4% increase over those treated with placebo, with the greatest 

increase seen in the pre-pubertal stage. This finding was also supported in a calcium trial 

in adolescent twins, where it was found that the BMD of the spine and hip was 

augmented at one year by 6% versus 4% with 1000 mg calcium supplement or placebo 

respectively (Nowson et al, 1995). 

Other evidence suggesting a relationship between caIciurn intake and bone rnass 

cornes from an ecological study of two districts of Yugoslavia. Young adult men and 

women in the district with higher calcium intakes (1087 mg per day) had greater 

metacarpal bone density at age 30 than those in the lower intake district (8 12 mg per day! 

(Matkovic et al, 1979). The differences in BMD of the two groups declined with age, 

suggesting that calcium intake bas a greater impact on the development of peak bone 

mass, than on subsequent bone loss, Sirnilarly, estimated calcium intake in early 

adulthood has been positively correlated with bone density of the radius and spine of 

premenopausal women (Nieves et al, 1995), via a retrospective review of the curent and 

adolescent dietary habits of sixty-six 30-39 year-old women. 

A number of studies have been conducted in which young women have been 

exposed to levels above and below the recommended RDA for this age group (Matkovic 

et al, 1990, Lloyd et al, 1993, Nowson et al, 1995). Andon et al (1994) evaluated the 

impact on BLMD in young female teenagers in which they either consumed 1200 mg, 



1500 mg, or 850 mg calcium a day via the diet and use of supplements. The highest sain 

in whole body bone minera1 content was in the group with the highest intake, foHowed by 

those teenagers with the calcium intake closest to the current RDA, and the Iowest 

accretion was observed in the 850 mg calcium-consurning group. 

The relationship between BMD and exercise has also been examined in a number 

of prospective, retrospective and cross-sectional studies with conflicting results. A 

Finnish prospective population study was conducted between 1980 and 1986 in 3,596 

boys and girls aged 3 to 18 years in whom diet, exercise and smoking data were collected 

(Larnberg-Allardt et al, 1995). Six years later, 264 of the participants (of a randomly 

selected subgroup) had BMD determination of the femoral neck and spine. The data 

indicated a positive correlation between exercise and BMD in this young cohort of men 

and women. Nevertheless less compelling data for the benefits of exercise on BMD is 

also available (Snow-Harter et al, 1992). 

The bulk of the evidence demonstrates that BMD increases with calcium intakes 

in adolescents, however none of these studies were able to establish a level of calcium 

intake above which no further increase in bone mass wouid be attained- Nevertheless, the 

results frorn these studies were cornpelling enough to warrant an increase in the calcium 

recommendation durin3 adolescent years (FNB, 1997). 

Increasing evidence that bone mass continues to build for several years beyond the 

attainment of full height (approximately 18 years), has resulted in an increase in the 

recornmended dietary allowance (RDA) for caIcium for young adults ages 18 through 24 

years (calcium intake raised from 800 to 1200 mg per day) (FNB, 1997). 



2.7.1.2 Calcium Intake and Bone Loss in Pre- and Postmenoaausal Women 

The importance of adequate calcium intake (l,îOOmg/day) in young adulthood in 

wornen has been well documented. Clear cut evidence for intakes exceeding E W I  are 

lacking since most studies initiate subjects on calcium at a level that rneets the RNI. In 

perimenopausal women, however, the rate of bone loss is rapid (3-5% per year) during 

the first five years of the menopause. One of the problems in estimating calcium needs in 

this age group is that calcium intakes are below the RNI and RDA standards. 

Consequently, clear evidence that increased intake (to at Ieast the current requirement 

levels) is beneficial in rninimizing bone losses during this critical per-iod of negative bone 

balance is lacking. Consequently, as with adolescents the level of calcium intake 

n e c e s s q  to maintain BMD has not been well established. 

A number of prospective studies have shown that increasing calcium intake via 

dietary sources from 900 to 1500 m g  per day can prevent bone loss from the spine in 

prernenopausal adult women. In a cross-sectional study Picard et al (1988) evaluated the 

BMD of the spine in 183 pïe-menopausal women between the ages of 40-50 years. They 

found that women who consumed >1,000 mg of calcium per day had a higher BMD at the 

spine than those women whose calcium intake was ~ 5 0 0  mgday. A recent review of 3 1 

cross-sectional studies on the impact of calcium supplementation on bone mass in mostly 

prernenopausal women, resulted in either a positive correlation between mass and 

supplementation, or neutral effects (Ott, 1994). Recker et al (1992b, 1995) also 

conducted a study to evaluate the change in bone mass in women irnmediately before the 

menopause for a period of two years. Annual assessrnent of calcium intake by 7-day diet 



diary demonstrated intakes in these 75 women to be representative of the US population 

(65 1 mgday); no calcium supplements were provided- The analysis indicated that there 

was no significant change in BMD at the sites monitored (forearm, spine and total body) 

during the two years of study, thereby questioning whether low calcium intakes lead to 

premature bone loss during this age period. 

Loss of BMD is accelerated in women entering into menopause, hence a number 

of investigators have questioned whether calcium supplementation can help offset ihis 

rnenopausdly-related bone loss. Unfortunately results €rom these studies have not 

yielded compelling data- That is, cross-sectional studies conducted on women who enter 

the menopause (49-55 years) have shown that supplementation during this time period 

did not have a significant impact on bone loss in comparison to placebo treated patients 

(JohnelI et al, 1984; NiIas e t  al, 1984; Lukert et al, 1987). Sirnilar results were also seen 

in a number of longitudinal studies in these penmenopausal and early-menopausal 

women. SIemenda et al (1987), conducted a three year longitudinal study in which the 

BMD of 84 women (42-58 years), was measured and dietary calcium rnonitored. They 

concluded that dietary calcium is not related to bone loss. 

Furthemore, a number of randomized clinical trials, in which supplementation 

with calcium ranged from 500 mg to 2 gram, did not show a significant difference in 

BMD frorn control in early menopausal women Dawson-Hughes et al, 1990; Ettinger et 

al, 1987; Riis et al, 1987). During this period, despite calcium supplementation, women 

continued to lose bone at a rate of 23% per annum, Thus the current bulk of evidence 

would suggest that calcium supplementation during these early few years into menopause 



cannot blunt the BMD losses associated with the loss of endogenous estrogen production 

(Ettinger et al, 1987). 

In contrast to the menopausal years, many studies conducted to evaluate the 

impact of calcium supplementation in older postmenopausal women (5 or more years 

postrnenopausal) have shown significzint effects on slowing bone Ioss. Postmenopausal 

women, generally 55 years of age and older, are increasingly at higher risk of calcium 

deficiency, since their ability to absorb calcium declines due to lower Ievels of 

1.25-dihydroxyvitamin Ds (stimulates calcium absorption from the gut) and intakes often 

do not meet recornrnended levels. 

Not surprisingly, evidence exists that low calcium intakes are associated with 

increased bone loss in post-menopausal women. In a large two-year double-blind, 

placebo controlled trial, women with low usual calcium intakes were recruited (half under 

400 mg and half 400-650 mg) and treated with placebo or 500 mg of elemental calcium. 

It was found that in women with usual intakes under 400 mg daily, supplementation 

prevented bone loss from the spine, hip, and forearm. The higher intake group had a 

lower bone loss overall, however the impact of supplementation was not statisticaliy 

significant (Dawson-Hughes et al, 1990). This finding suggests that supplementation to 

increase total intake to 800mg of calcium daily, can reduce bone loss and risk of 

osteoporotic fracture. However, considerable controversy exists on the additional benefit 

of calcium intake above 800mg per day (Riis et al, 1987). 

Recently. Shea at al (1998) conducted a meta-analysis using the Cochrane 

Collaborative process (Chalmers et al, 1995). In this analysis al1 randomized clinical 

controlled trials (RCTs) were sought in which one intervention in the study was calcium 



alone in postmenopausal women. There were 15 studies that met the search cnteria in the 

calcium vs placebo meta analysis, 5 of which evaluated BMD changes at the femoral 

neck (Shea et al, 1998). The analysis found a modest, yet non-statistically significant, 

reduction in femoral neck bone loss. 

The five studies in the calcium vs placebo analysis are listed in the left column of 

Table 2.1 . The results from these studies, as well as their confidence intervals are 

presented as weighted mean differences (WMDs), which is a measure of the difference 

between the change elicited, in the outcome of interest, between the active and control 

regimens under a number of studies. The magnitude of change in this outcome over a 

number of studies is then "weighted" based on the number of subjects in each study 

(Bracken, 1992). The studies used in this rneta analysis are briefly described in Table 2.2. 

The five studies used by Shea et al (1998), evaluated the impact of calcium on 

BMD at the femoral neck. These studies demonstrated that the impact of calcium 

supplementation on BMD at the femoral neck was variable. These variable effects may 

be a result of the various supplementation levels, the age of the subjects. environmental 

factors, and calcium intake through the diet. 

Chevalley et al (1994) evaluated the impact of supplementation with 800 mg 

calcium on retirement home residing subjects (72. l f r  0.6 years), with and without a 

fracture history, and found that the regimen prevented femoral BMD decreases. A study 

by Lau et al (1992) in Hong Kong on community residing women 62-92 years of age 

supplemented with 800 mg calcium demonstrated a non significant change in BMD from 



Table 2.1 : WMD at Femoral Neck for Calcium vs placebo intervention 

Stirdj WMD CI (95%) 

Chevalley et al, (1994) 2.40 [- 1,13,5.93) 

Lau et al, ( 1992) -2,40 [- J 0,72,5.94] 

Dawson-Hughes et al, 1.23 
( 1 990) LM 

Dawson-Hughes et al, -0.22 
( 1990) EM 

Lamke et al, (1978) 4.50 [- 1.79, 10.791 

Overal1 1.22 [-O. 17,2.6 1 J 

*EM: early rnenopausal54.5 years LM: late menopausal 59.9 years 



Table 2.2 Studies used in the calcium versus placebo meta-analysis using the Cochrane Collaboraiive methodology (Shea, 1998) 

Sfudy 

Chevalley et al, 1994 

Lau et al, 1 992 

Dawson Hughes et al, 
1990 LM 

Dawson-Hughes et al, 
1990 EM 

Lamke et al, 1978 

Participants Intervention (Active/Control) Outcome 

Retirement home residents; 800 mgs calcium daily x 18 BMD - DPA at femoral 
mean age 72.4 years; placebo months; neck, mid-femoral shaft and 
con t rol led RCT (26 treatmentl25 control) lumbar spine 

Comrnunity (hostel for the 800mgs calcium daily x 10 BMD - DEXA at femoral 
elderly); mean age 77 years; months; neck, femoral shaft and 
placebo controlled RCT ( 12 treatmentil2 control) lumbar spine 

Comrnunity; mean age 59.9; 500 mgs calcium daity x 2 BMD - DEXA at fernoral 
placebo controlled RCT years; neck and lumbar spine 

(54 treatmentn I control) 

Community; mean age 54.5; 500 mgs calcium daily x 2 BMD - DEXA at femoral 
placebo controlled RCT years; neck and lumbar spine 

(23 treatment/ll control) 

Community; rnean age 60 1000 mgs calcium daily x 1 BMC at femoral neck, and 
years; placebo controlled RCT year; femoral shaft 

( 19 treatrnent/l7 control) 



baseline after 10 months of treatment. Healthy community-dweIling postmenopausal 

women with a mean age of 60 years were supplemented with 1,000 mg daily (Larnke et 

a1,1978). The study found a significant increase in BMD at the femoral neck after one 

year of treatment. 

The two studies by Dawson Hughes et al (1990), were reported in the same paper 

on two groups of menopausal women, The early menopausal group (EM) had a mean age 

of 54.5, and a second group late menopausal (LM) which were 59.9 years of age. A 

WMD of 1.23 (-0.56, 3.02) was seen for the LM subjects whereas the EM group had a 

WMD of -0.22 (-3.59, 3.15). This finding is suggestive that calcium supplementation in 

the LM subjects had a greater impact on BMD than the EM subjects. The meta-analysis 

of RCTs covering postmenopausal subjects supplemented with calcium showed a BMD 
L 

weighted mean difference (WMD) at the femoral neck of 1.22%, with a confidence 

interval of -0.17 and 2.61 (Shea et al, 1998). Although the overall WMD is not 

significantly different from placebo treatment, due to the confidence interval vaiues, the 

data suggested that a modestly beneficial effect of calcium exists. Nonetheless, a review 

of the studies included in the calcium versus placebo meta-analysis suggested a minimum 

of 1,000 mg of calcium, based on the total calcium intake used in the studies from both 

dietary and supplement sources (Shea et al, 1998). The results from S hea's meta-analysis 

indicated that there are insufficient data to discriminate a variable response of calcium 

supplementation with age, (except perhaps within the first five years of menopause), 

consequently for the thesis mode1 it will be assumed that the impact of calcium combined 

with vitamin D on femoral neck BMD is comparable across al1 age groups. 



A number of confounders may have influenced the results including poor vitamin 

D status, In section 2-72, vitamin D and its impact on BMD changes will be discussed, 

2.7.1.3 Calcium Intake Recommendations 

Currently Health and Welfare Canada's Recommended Nutrient Intakes for 

calcium in women 2 50 years of age is 800mg. Recently a report was produced by the 

Food and Nutrition Board (FNB) with the prirnary objective of "the establishment of a set 

of reference vaIues to replace the Recommended Dietary Allowances (RDAs) for the 

United Statesy7, with the secondary objective to establish "one set of reference values for 

the United States and Canada" @NB, 1997). The FNB solicited input from Canadian 

experts in this field in deriving these new values. 

The Adequate Intake (AI) value suggested by the FNB for calcium in women 3 50 

years is 1,200 mg. AI is based on "observed or expenrnental determinations of the 

average nutrient intake, by a defined population or subgroup, that appears to sustain 

nutritional state, such as normal circulating nutnent values or growth" (FNE3, 1997). AIS 

are used when sufficient scientific evidence is not available to calculate an estimated 

average requirement @AR). 

Based on these most recent recornrnendations, as well as the published consensus 

statements from the Scientific Advisory Board of the Osteoporosis Society of Canada 

(OSC, 1996), which recornrnend 1000-1500 mg of calcium as the nutrient intake for 

women 250 years of age, we have decided to base the thesis on a target of 1200 mg 

calcium corning from both dietary and supplement sources. This level of 

supplementation via the tablet dosage form would ensure that the "rypical" Canadian 



woman would just exceed the newly recomrnended AI for calcium of 1,200 mg. The 

mounting evidence suggesting that higher levels of calcium intake are required in older 

Canadian women has prornpted the thesis evaluation to consider 1,200 mg of calcium 

intake as the minimum intake by postmenopausal wornen. The decision to follow the 

FNB recornmendations in the thesis for calcium intake is also supported by the position 

taken by the Osteoporosis Society of Canada (OSC, 1996). 

2.7.1.4 Current Calcium Intakes In The Population 

Issues surrounding calcium status include low intake, upper safety limits and the 

appropriate level of supplementation for the population. Intake levels for calcium by a 

population typical of Canadians is necessary for use in the economic rnodel, since the 

level of calcium supplementation that will be provided for in the economic analysis will 

be based on the current level of intake. A number of population surveys have been 

conducted to determine current calcium intake. These studies have typically 

demonstrated that intakes are lower, especially in the 50+ age groups, than the 

recomrnended intakes. 

Current calcium consumption in the diet of Americans has been ascertained from 

a number of United States Depamnent of Agriculture (USDA) surveys (January????, 

1996). The results from the most recent survey are not complete, however the data 

presented are from the first wave of the USDA Continuing Survey of Food Intakes (CSFI) 

1994-96; survey data are still being collected. The reported calcium intakes probabl y 

represent an underestimate of actual intakes due to under-reporting of food uses. 

Sampling (for the total survey) was designed to be representative of the U.S. population 



and took into account geographic location, degree of urbanization, and socioeconornic 

characterktics. One third of the planned sample was to be recruited in each of three years 

dunng which the survey would be conducted. The reported data are from the first year. 

While the data should have been sarnpled on a representative basis, ce11 sizes are only 

about one third of expected final sizes and precision of estimates suffers from low sampIe 

size. Unlike several older USDA surveys, the success in recruitment and retention of 

subjects in this survey was high, consequently bias in the data was reduced. The 

collection of dietary data were based on two one day interviews via 24 hour reca1I. 

The calcium intakes, for this sample of the survey participants (720 men and 720 

women in the survey - aged 50-79 years), was 750m~ + 376 (mean + SD) in males and 

571rng + 286 in females (Table 2.3). The median intakes were 670 mg and 5 16mg in 

males and females respectiveIy. It should be noted that calcium intakes are skewed. 

The preliminary intake data from this survey by 5-year age groups is presented in 

Table 2.4. The table aiso includes the percentage of individuals who are using calcium 

and vitamin D supplements to complement their diet. The prelirninary survey results 

suggest that close to half of the women under the age of 80 years use calcium 

supplements- While this percentage declines precipitously in women over the age of 80 

years; this may simply be reflective of the small "n" in these older age groups. 

Irnportantly, while many females are using calcium supplements, few combine this with 

vitamin D. Smaller population surveys have been conducted in Canada, but for most 

provinces results are not currently available. Results from the Quebec ann of this 

initiative are available (Bertrand, 1995). The survey was based on a 24-hour recail and 

the summary data are presented in Table 2.5. The Canadian calcium intake data via the 





Table 2.4 Estimated Calcium and Energy lntakes and Usage of Supplements by Age and Gender, US, 1994 Based on 1994 data 
of the CSFIl 1994-96 survey as reteased by USDA on CD ROM, (January 1996). 

CROUP N Dieiary calcium Dietary calcium Supplernental calcium Supplemental vitamin D 
median (mg) mean (mg) (% of sampk) (% of sarnple) 

MEN 

WOMEN 
50-54 144 
55-59 128 
60-64 115 
65-69 117 
70-74 92 
75-79 55 
80-84 40 
85-89 29 



Table 2.5 Mean calcium intakes in women in Quebec b&ed on 24 hour recall. 

Age Number of subjects Calcium (mean, mg) 



diet do not appear to be appreciably different from the Iarger USDA survey. The mean 

intakes are consistently below both the current RNI of 800 mg per day as well as the 

target of 1,200mg in line with the OSC recomrnendations (OSC, 1996). This is the likely 

t q e t  for calcium of Canadian women if the FNB report is adopted (FNB, 1997). 

A poster was presented recently with calcium intake data from the Canadian 

Multicentre Osteoporosis Study (CaMos) by age and sex at the 16th International 

Congress of Nutrition (Poiiquin et al, 1997). This dataset reports calcium intakes greater 

than previous Canadian estimates by 100 to 400 mg. The reason for this discrepancy in 

data is not yet readily apparent and until the report is published cannot be evaluated. 

Nevertheless, the CaMos data is based on food frequency estimates of calcium intake 

rather than 24 hour recall. It is likely that the different approaches in attemptins to 

estimate calcium exposure, in part, account for the differences reported. 

It should be noted that primary food sources of calcium are obtained from dairy 

products such as miIk (whole milk 307 mg250 ml serving) cheeses, ice crearn, and 

yogurt. Secondary food sources of calcium include meat, fish, poultry and altemates. The 

major nutrients in the meat, fish, poultry and altemates goup are protein, iron, niacin and 

thiamine. Examples include canned salmon and sardines provided the bones are eaten. 

Other exarnples include beans (95 mg calcium per 250 ml serving), almonds (175mg 

calcium per l25rnl serving), and tofu (processed with calcium sulfate: 145 mg per 1Zrn.L 

serving). 

In the economic mode1 we assumed that on average female subjects 50 years and 

older are obtaining on average 575 mg of calcium through their diet. For the purpose of 

the thesis, estimates of calcium intake based on the larger 24 hour recall population 



surveys in the US and Canada were used- Thus it was assumed that mean intakes in 

women 250 years of age was 575mg. To reach the target of 1200 mg, an additional 625 

mg of calcium would be needed. To accomplish this level of supplementation in the 

mode1 it was decided that 750 mg of elementai calcium, with one 500 mg and one 250 mg 

tablet as the calcium carbonate sait would be used; since a 625 mg calcium tablet was not 

available. 

2.7.2 Vitamin D 

Research over the last two decades has reveaIed new insights into the roIe of 

vitamin D in regulating calcium and bone metabolism. Vitarnin D can either be 

synthesized in the skin or ingested via the diet. Both routes require vitarnin D to undergo 

hydroxylations in the liver and kidney on carbons 25 and 1, respectively, to form 

13-dihydroxyvitamin D3 (1 ,35-(OH)2D3). l,Z5-(OH) 7 D3 is considered to be the 

biologically active form of vitamin D which is responsible for controlling calcium 

metabolism by regulating intestinal calcium transport and the functions of bone cells (Le. 

osteoblasts possess nuclear receptors for 1 ,-5-(OH) 2 D3 and respond to the hormone by 

inducing osteocalcin synthesis) (Eyre, 1996). 

2.7.2.1 Vitamin D Intake And Its Role In Bone Mass 

Vitarnin D has long been recognized as being an essential fat soluble substance 

responsible for the growth and development of healthy bones in children. However, 

vitarnin D is also essential for the maintenance of skeletal health throughout life. There 

are a variety of factors that affect an individual's vitamin D status. Since milk is the only 



significant d i e t q  source of vitamin D, casual exposure to sunlight o r  consumption of a 

vitamin D supplement for most adults are their only alternatives to meet vitamin D 

requirement if they do not consume milk. Aging, sunscreen use, changes in season, 

latitude, and melanin pi,gnentation however can sigificantly decrease the cutaneous 

synthesis of vitamin D, It has historically been assumed that vitamin D-deficiency in the 

elderly is not a significant health problem in North Arnerica since food is fortified with 

this vitamin. I n  the previous section however, it was evident that calcium consumed via 

the diet were below the recomrnended intakes, consequently it was assumed that vitamin 

D intakes would also be below the recommended intakes since the calcium data imply 

that seniors are not consuming large quantities of milk. 

The fact that vitarnin D status may not be optimal in postrnenopausal women has 

been borne out in recent literature. Mounting evidence has indicated that as many as 60% 

of free living healthy elderly residing in a Boston nursing home suffer from vitarnin 

D-deficiency by the end of the winter (Holick e t  al, 1992). The Iow Ievels of vitamin D 

intake appear t o  be physiologically relevant since there is evidence that up to 40% of 

patients with hip fractures may be vitamin D-deficient (Holick, 1996). In addition, 

vitamin D-deficiency can result in osteomalacia; a rnineralization defect in bone. 

Vitamin D is biologically inactive, however full biological activity as discussed 

previously is produced endogenously via hydroxylation at the 25 position (in the liver), 

and then at the 1 position (in the mitochondna of the renal tubule cells). Consequently, 

liver and/or kidney disease can adversely affect the metabolism of vitamin D. 1,25 

(OH)ZD~, the homonally active fonn of the vitamin, increases intestinal calcium 

absorption, enhances rend tubular calcium reabsorption, stimulates osteoblast synthesis 



of osteocaicin. but in different ce11 systems and in higher concentrations decreases 

osteoblast synthesis of collagen, and augments bone resorption. In postmenopausal 

osteoporotic women decreased calcium absorption and reduced circulating levels of 1,25 

(OwzD3 in patients have prornpted the use of this activated hormone in the treatment of 

this disease (Reichel et al, 1989). 1,25 (OFQ7D3, however has a narrow therapeutic 

window. This disadvantage requires careful dosing to prevent the toxic sequelae of 

hypercalciuna and hypercalcemia (AIoia et al, 1988). 

The combination of decreased production of the activated vitamin and reduced 

intake of vitamin D via the diet can resuIt in accelerated bone Ioss in the elderly. 

2.7.2.2 Intake Of Vitamin D And Its Analogues, And Their Impact On Bone Loss In 

Postmenopausal Women 

Interest in studying the effects of vitamin D using the randomized controIled 

clinical trial (RCT) approach has been seen in the Iast twenty years. These studies 

typically however, have studied the impact of vitamin D on the skeletal system with 

either augmented calcium intake via the diet or with supplements. Calcium intakes 

reported in these studies via the diet were typically below the RDA and the researchers 

encouraged increased calcium intakes during these trials (Cumrnings et al, 1987). 

Consequently, studies in which vitamin D has been adrninistered alone without any form 

of calcium supplementation are lacking. Sirnilarly research using the RCT approach has 

been conducted pnrnarily on the 1,25 (OH)*D3 analogue of vitamin D since sponsors of 

this research have funded studies of these newer analogues. The following review of the 

clinical studies on vitamin D discuss the impact of these analogues on the skeletal system. 



The discussion will initialIy discuss the studies in which vitamin D was used and then be 

followed by those RCTs in which the vitamin D analogues were evaluated for the 

prevention of osteoporosis. 

A large randomized study in which vitamin D (800 IU) and calcium (1.2 grarns) 

supplementation was implemented in 3,270 mobile elderly women (mean aze 84 (SD 6) 

years) residing in nursing homes. The study found that following supplementation for 18 

months that a 43% reduction (p=0.043) in hip fractures occurred (Chapuy et al, 1992). 

The occurrence of hip fracture was also monitored over a three year period (Chapuy et al, 

1994). The study found after a three year supplementation in this group that a 29% 

reduction in risk of hip fracture was observed. 

Ooms et al (1995) studied the effect of 400 IU of vitamin D on bone loss on 177 

women 70 years and older over a two year period. The outcome measures were BMD of 

the femoraI neck, trochanter, and the distal radius. Calcium intake in the active and 

control group (n=l71), wôs maintained between 800 and 1000 mg via manipulation of the 

diet. The study demonstrated that significant increases in BMD at the femoral neck 

occurred in the vitamin Dkalcium a m  over the control group. 

Another study, in which annual intrarnuscular injections of vitarnin D2 (150,000 

IUIyear) were administered to 341 older Finnish women (mean age 86 years), resulted in 

a significant reduction (25%) of al1 fractures, and a non-significant reduction of 22% at 

the neck of the femur (Heikinhimo et al, 1992). Supplemental calcium was not 

administered in this study. 

Aloia et al (1988) showed that a mean administration of 0.8 pg of 1.25 (OH)->D3 

and supplementation of 1g or less of calcium to 17 postmenopausal women, over a two 



year penod, increased calcium absorption and bone density of the spine and radius. The 

study also demonstrated a decreased fracture rate, from 333/1 000 patient-years in the 

controls to 250/1 000 patient-years in the treated patients, by decreasing bone resorption. 

Hypercalciuria however, occurred in a11 subjects, and hypercaicemia occurred in 89% of 

the treated subjects. In a subsequent study (Gallagher et al, 1990), the dose of 1,X 

(OH)& was adjusted (rnean, 0,62 pgday), and was supplemented with less than 1 g of 

calcium, to maintain serum calcium less than 11 mgdl in 25 postmenopausal women. In 

this 2-year prospective study of patients with vertebral fractures, 1 ,Z OH2& increased 

spine density by 2% compared to a 3% loss in the controls. There were no differences in 

vertebral fracture rates during the study and urine calcium increased from 144 mg/d to 

256 mgd, although there were no changes in renal function. Most recently the hormone 

at a dose of 0.5 micro,orams/day adrninistered to 3 14 postmenopausal women has been 

reported to decrease fracture rate after 2 years of therapy (Tilyard et al, 1992). In 

contrast, in a doubIe-blind randomized 2-year trial, no s i~ i f ican t  differences between 

conîrol and treated groups in spine density or fracture rate were seen. The 43 subjects in 

the treated group were adrninistered 0.43 pg /day of 1,25 (OH)2D3 , and supplemented 

with 1 gram or less of calcium despite twofold increments in urine calcium (Ott et al, 

1989). 

The effects of 1-a(0H) vitamin D3 were studied recently in an RCT by Orimo et 

al (1994) over a one year period in eighty Japanese postmenopausal women (71.9 _+ 7.3 

years). These women were randomized to either 1 pg of 1-a(0H) vitamin D3 plus 300mg 

of elemental calcium, or 300mg of calcium. The outcomes evaluated in this study were 

changes in BMD at a number of femoral sites, and the spine. Significant increases in 



lumbar and femoral BMD were observed. The study also demonstrated a significantly 

lower rate of vertebral fracture in the active group (75/1000 patient years), than the 

control group (277/1000). 

Considerable controversy exists with the use of both calcium and vitamin D, since 

the studies conducted to-date have used different salts and analogues of calcium and 

different metabolites of vitamin D. The outcornes typically have been changes in BMD 

from baseline for a one to two year period. The efficacy of these two "nutritional" 

approaches to osteoporosis management require further evaluation of the literature to 

demonstrate a reduction in hip fracture risk. 

The studies suggest a benefit of combined calcium and vitarnin D administration. 

In order to validate this finding a meta-analysis was conducted in the thesis to evaluate 

the impact of calcium and vitamin D on BMD in postmenopausal women. The rneta- 

analysis was conducted using the Cochrane Collaborative approach and is described in 

detaii in Chapter 6 of the thesis. 

It is clear that calcium absorption and 1,25 0H2D3 production decreases with age, 

consequently the use of these agents has the potential to have a positive impact on the 

clinical management of osteoporosis. 

2.7.2.3 Current Vitamin D Intakes In The Population 

Dietary intakes of vitamin D are variable between individuals consequently there 

is Iess confidence on the estimates of vitarnin D consumption than for calcium 

(McKenna, 1992). Estimating the population's current level of intake through diet is 

difficult due to the Iack of surveys that collect this type of information for vitamin D 



(Fm, 1997). Similarly the level of fortification in foods, and specifically in milk was 

recently evaluated by Chen et al (1993). Milk, irrespective of its fat content, in Canada 

and the United States is fortified with 10pg of vitamin D per quart. A recent survey of 

Canadian and United States rnilk revealed that up to 70% of milk sampIed did not 

contain vitamin D in the range of 8-12 pg (Chen et al, 1993). Consequently, it is 

anticipated that highly variable intakes of vitamin D will be observed, since dietary 

sources of this vitamin is derived predominantly from milk, hence vitamin D intakes will 

Vary in parallel to milk consumption. Hence there are two sources of variation; whether 

people consume milk and degee of fortification of the milk consumed. UnfortunateIy, 

most databases used for surveys will be based on assumption that vitamin D level in milk 

is at recornrnended fortification levels, probably overestimating intakes. 

The basis for vitamin D intake estimation is the use of food consumption data. 

Analysis of the National Health and Nutrition Examination Survey (NI-IANES) II, 

revealed that median intake by younger women was 2 . 9 ~ 3  (1 14 IU) per day. A number of 

chical studies in which vitarnin D intakes were estimated in older women suggest that 

these women have comparable intakes. Krall et al (1989) in their study of 

postmenopausal women in the eastern United States found a sirnilarly low intake of 

2.3pg (90 IU) in these subjects. Murphy et al (1986) evaluated vitarnin D intake from the 

NHANES II study. They found a range of vitamin D intake from the subjects survey to 

be 0-49pg (0-1960 TCT)/day. 

As highlighted in the introduction section of the thesis, decreased sunlight 

exposure in the winter months (especially in institutionalized women), compounded by 

the low levels of vitamin D intake, and potentially poor metabolism of rhis vitamin by 



older women to its active form, can Iead to deficiency- The recently published FNB 

report recornrnends AIS for women 51 throuzh 70 years to be IOpg (400 IU) of vitamin D 

per day, and 15pg (600 IU) in women over the age of 70 (1997). Justification for these 

adequate intake recommendations were based on a few RCTs which demonstrated the 

benefits of vitamin D supplementation on BMD and highlighted the low intakes in the 

general population. The recommendations in escalating vitarnin D requirements in 

women over the age of 70 were due to the reduced exposure of these women to sunlight, 

and to decreased ability to hydroxylate the vitamin by the Iiver and kidney @NB, 1997). 

In the mode1 we assume that a 400 TU tablet of vitamin D is suffkient to cover 

these women. This level is at the recomrnendation for women less than 70 years of age, 

but would result in an estimated shortfall of 100 ITJ in women over the age of 70 years, 

nevertheless some of this shortfall would be met by dietary intake. The choice of vitamin 

D for the economic evaluation and not the 1,25 (OH)2D3 analogue, were two fold: issues 

surrounding the potential safety of the activated analogue, and cost. The clinicaI data 

suggest that the use of the 1 2 5  (Om2D3 analogue is more effective than the 

unhydroxylated form of vitamin D in the elderly due to  their reduced ability to 

hydroxylate this vitamin. The studies also suggest that supplementation of this analogue 

has been associated with hypercalcernia and hypercalciuria in some subjects. In the 

economic evaiuation treatment is initiated with vitamin D at either age 50 or 65 years. At 

these younger ages the use of the activated form of vitamin D may be unsafe since these 

women presumably have reasonable kidney function. Consequently in the evaluation we 

used the unactivated form of vitamin D. The cost of the activated versus the non- 



activated f o m s  of vitamin D was also a consideration since the differences between them 

varïed by a factor of 10 @mg Trading, 1998). 

Currently there are a limiced number of marketed dosages of oral vitamin D; these 

are either in tablets of 400 TU and 1,000 ni, or in a marketed combination 

calcium/vitamin D products which typically contain 125 IU of vitarnin D and 500 mg of 

elemental calcium. Supplements with a combination of calcium and vitamin D (125 IU 

vitarnin D) do not contain sufficient quantities of vitamin D. Multivitamin supplements 

marketed in Canada contain 400 IU of vitamin D. These combination products (with 400 

IU) are generally in the form of a multivitamin and contain other supplements which rnay 

not be necessary, and are expensive in cornparison to generically available calcium and 

vitamin D. Sirnilady these tablets are large and may be diffrcult to swaIlow. 

SuppIementation with 1,000W of vitamin D was not desirable due to the possible toxicity 

in certain individuals if the therapy is applied universdly to postmenopausal wornen. In 

order to simplify the tablet taking process for the patient, and encourage maximal 

compliance, we assumed in our mode1 that a 400 IU vitamin D tablet would be used to 

supplement postmenopausal women of al1 ages. 

2.7.3 Hormone Replacement Therapv 

In the 1940s Fuller and Albright (1941) found that estrogen deficiency was linked 

to postmenopausal osteoporosis and that estrogen replacement reduced urinary calcium 

excretion. Estrogen replacement, they h ypothesized, may be effective for prevention of 

fractures. The use of HRT, however, was not srridied extensively until the 1970s when 

investigators such as Lindsay, Nachtigall, C hnsti ansen, and otherj, demonstrated through 



RCTs that estrogen treatment prevented postmenopausal bone loss, spine fractures, and 

may have an effect on hip fracture incidence. Over the last twenty years extensive studies 

have demonstrated the positive impact of estrogen on BMD of the spine, forearm, hip, 

and other sites- A smaIler number of longitudinal studies have followed patients for 

longer periods of time and have shown a reduction of hip and vertebral fractures in 

patients on HRT. Similarly, the positive effects of estrogen on the cardiovascular system 

have also been observed. In the last ten years, studies have been conducted to evaluate 

the effects of estrogen on the bone remodeling cycle, the influence of the progesterone, 

and the potential association of estrogen therapy with breast cancer. 

Clearly HRT is more effective in preventing postmenopausd reduction in bone 

loss than calcium and calcium/vitarnin D supplementation. Sirnilarly longer-term studies 

have been conducted in which changes in BMD as well as fracture reduction data at the 

femoral neck have been demonstmted. 

In type 1 osteoporosis, the reduction in endogenous estrogen production has been 

associated with suppressed ITCH release. increased unnary calcium excretion. impaired 

calcium absorption in the gut, and increased urine deoxypyridinoline (a marker indicating 

bone resorption). A number of studies have been conducted to evaluate the impact of 

estrogen replacement in Type I osteoporotic women. These studies have shown that 

supplementation resulted in increased PTH production (Prince et al, 199 l), increased 

1,25-dihydroxyvitamin D3 (Prince et al, 199 l), increased intestinal responsiveness to 

1,25 (OW2D3 (Gennari et al, 1990b), and decreased urinary deoxypyridinoiine and 

calcium excretion (Stock et al, 1985). These results would suggest a decreased risk of 

fractures associated with HRT usage. 



2.7.3.1 HRT And Hip Fracture Risk Reduction 

The efficacy of m T  in reducing hip fractures has been documented through a 

nurnber of either retrospec tive or prospective cohort, and case-control s tudies of generall y 

one to ten years duration (Weiss et al, 1980; Kiel et al, 1987; Cauley et al, 1995). RCTs 

in which women at the menopause are treated with HRT and followed until the age when 

hip fractures are prevalent (ie to age 75-85 years) are lacking. ConsequentIy, reliance on 

the efficacy of HRT in reducing the actual nsk of fracture are based on these weaker types 

of study design. In contrat a large number of RCTs have k e n  conducted in women at 

the menopause using HRT over a shorter duration of treatrnent (1-3 years), but the 

endpoint of these studies is a surrogate marker of fracture reduction. The prirnary 

surrogate marker used is BMD change. 

There are a nurnber of case-control studies in which fracture risk reduction for 

HRT users was determined usually via retrospective review. Weiss et al (1980) 

conducted a population-based case-control study in which 327 fracture patients (34% 

estrogen users) admitted to orthopedic clinics in the Seattle, Washington area were 

interviewed about estrogen use, fracture history, and osteoporosis risk factors. They also 

interviewed 576 controls from the community (52% estrogen users). A decreased risk of 

hip fracture was seen only in users with 5 years or more of HRT use. Analysis of the hip 

fracture data yielded that current users of estrogen had a relative risk (RR) of 0.42 (and 

95% confidence interval (CI) of 0.30 to 0.63 versus controls. Long-term estrogen users 

(>10 years) had a hip fracture RR of 0.46 (CI, 0.30 to 0.69) versus controls. 



In another population-based case-control study, Kanis et al (1992) found that in 

southern European women (50 years of age and older) who suffered a hip fracture, that a 

RR of 0.45 (CI, 0.30 to 0.67) existed in HRT ever users versus never users. Controls 

were of the same age as the fracture patients, and were neighbours of the cases or were 

sampled from population registers. Only 1.9% of cases, and 3.5% of controls had ever 

used estrogen, indicating the lower utilization rates of HRT in Europe versus North 

Arnerica. 

Cauley et al (1995) conducted a prospective cohort study with interna1 controls in 

which 9,704 nonblack women, 65 years or older, were followed for a penod of up to 6.5 

years collecting information every four months on current HRT use and fracture 

incidence. They found that in current HRT users who initiated therapy within 5 years of 

menopause, and used this intervention for more than 10 years, this cohort had the smallest 

number of hip fractures (relative risk (RR), 0.29; CI, 0.09 to 0.92), when compared to 

women who never used estrogen. The relative risk for hip fracture tended to be lower 

among current users (in any duration of HRT use) than never users (RR, 0.60; CI 0.36 to 

1.02). Cauley et al (1995) concluded that HliT shouId be initiated soon after the 

menopause and continued indefinitely. 

A meta analysis was conducted by Grady et al (1992) in which they pooled eleven 

epidemiological studies (case-control and cohort) on risk reduction of hip fracture arnong 

estrogen users and non-users. The pooled estimate of the RR of hip fracture for ever- 

users of estrogen to never-users was found to be 0.75 (0.68 to 0.84). This estimate of RR 

of hip fracture, however, included ever user data with current user data, consequently the 



RR d u e s  underestimate the impact of KRT on hip fracture in women who use HRT 

Ion,- O term. 

In s u m a r y  the studies suggest that the use of HRT decreases the risk of hip 

fracture in postmenopausal wornen. In order for the therapy to be effective for the 

prevention of hip fracture prolonged use is necessary, with a minimum of 5 yens of 

exposure being suggested as most beneficial although effects have been seen in RCTs of 

shorter duration. 

2.7.3.1.1 HRT and Hip Fracture Risk Reduction used in the Mode1 

In the thesis the RR of hip fracture data from Weiss et al (1980) were used as the 

basis for the efficacy of HRT, since this was the largest study which examined current use 

and incorporated the duration of treatment into its estimate of RR (ie RR 0.46; CI, 0.30 to 

0.69) for hip fracture versus controls. The assurnption is made in the thesis that women 

will be treared with an intervention (Le. HRT) for a period exceeding ten years, 

consequently the data frorn the Weiss et al (1980) study is the rnost appropriate. The base 

case reduction in hip fractures with use of HRT in the thesis was 5096, with sensitivity 

analysis conducted based on the 95% confidence intervals from the Weiss study (1980) at 

a Iow of 3 1% risk reduction (CI 0.69) versus controls, and maxima1 hip fracture reduction 

of 70% (CI 0.30) versus controls. 

Similar RR assumptions have been used in a number of cost-effectiveness 

analyses in which HRT has been used for 10 years or more. The Office of Technology 

Assessrnent (1995) cost-effectiveness analysis used a 59% risk reduction in hip fractures 

in women who were treated with HRT. Goddard (1992) assumed that the RR of hip 



fracture was 0.5 for estrogen users. Sirnilarly Tosteson et al (199 f ) ,  and Roche et al 

(1990) assumed a reduction in hip fractures of 60% (i.e. RR=0.4). Geelhoed et al (1994) 

assumed that life-long use of HRT would offer a Z59% reduction in hip fractures (Le. 

W . 3  1). This is at the optimistic end of the ramge for this therapy in preventing hip 

fractures. 

A number of studies have demonstrated that duration of treatment with HRT for a 

minimum of 5 years or more resulted in significant risk reduction in hip fractures (Weiss 

et al, 1980), consequently in the thesis the impact of HRT on reducing hip fracture 

incidence wilI not take effect until the fifth year oîî treatment (i.e. treatment between 

initiation and 5" year results in no reduction in fracture nsk). This delay assumption is 

sirnilar to that used by others in cost-effectiveness evaluations (Tosteson et al, 1991; 

Roche et al, 1990; Daly et al, 1992; Geelhoed et al, 1994). 

One of the issues that needs to be addressed when evaluating the effectiveness of 

a therapy over a twenty-five to forty year period is i t s  effkacy with age. The question 

involved is: "1s the impact of HRT the same form a bone impact perspective on a 50 

year-old the same as a 70 year-oId woman?" Stucffies on the effects of estrogen in various 

postmenopausal ages have shown that sirnilar effects on bone turnover and mass are seen 

at al1 ages at least up to the eighth decade (Lindsay, 1995). Consequently in the mode1 it 

was assumed that the impact of HRT on BMD w a s  the same independent of age of 

initiation of therapy (i.e. 50 or 65 years of age). 



2.7.3.2 Coronary Meart Disease and HRT 

A nurnber of prospective longitudinal studies have shown that women who were 

exposed to HRT had a lower incidence of cardiovascular events (Gordon et al, 1978; 

Willett et al, 1983). Investigation of the Framingham population by researchers have 

resulted in the identification of a number of risk factors associated with coronary heart 

disease (Cm) (Gordon et al, 1978). These findings have prompted a number of 

randornized clinical studies that evaluated the effect of HRT on a number of these 

surrogate markers of CHD. 

Lind et al (1979) randomized 56 women to a controi group or HRT. They noted 

no change in blood pressure in women placed on oral estrogen. In another study by 

Luotola (1983) 20 hypertensive and 20 normotensive women were placed on estrogen 

therapy in a cross cwer design study. The study showed a significant reduction in blood 

pressure in both groups which rose again with placebo. In a large study by Wren et al 

(1981) 184 women were on oral estrogen therapy, and 144 women served as controls. 

The study showed a decrease in both systoIic and diastolic pressures in the estrogen 

treated women, whereas no change was seen in the placebo group. 

Considerable effort has been expended on studying the impact of estrogen therapy 

on lipoproteins and lipid metabolism. The majority of this work was initiated in studies 

on oraI contraceptive preparations. Oral estrogens have been shown to increase high 

density lipoprotein W L ) ,  and decrease low density lipoprotein (LDL). These effects are 

probably dose related with a 1-2695 increase in HDL, 4-19% decrease in LDL (Bush, 



1989). In studies where the impact of 0.625mg conjugated equine estrogens were used, a 

10% increase in HDL, and a 4% decrease in LDL was seen. 

Wren (1992) reviewed over 100 articles to evaluate the present state of knowledge 

regarding the effect of estrogen on the female cardiovascuIar system (Le. atherosclerosis, 

myocardial infarction, hypertension and thrombosis). The evidence from this Iiterature 

review supported the concept that estrogen reduced the risk of atherosclerosis and 

myocardial infarction. It also confirmed that postmenopausal estrogen is a vasodilating 

agent which will Iead to a faIl in bIood pressure and an improvement in blood flow and 

the pulsatility index. The consensus of the published data was that estrogen conveyed a 

highly protective effect on the cardiovascular system of postmenopausal women. There 

was a reduction of up to 50% in myocardial infarction and stroke, a reduction in the 

incidence of hypertension and an improvement in blood flow. 

Grady et al (1992) performed a meta-analysis on 32 epidemiological studies 

which evaluated the relationship between non-contraceptive use of estrogen and C m .  

The studies in the meta-analysis were pnmady a combination of case-control, and cohort 

studies. Their pooled estimate of the RR for CHD in women who had ever used estrogen 

versus never users was 0.65 (CI, 0.59 to 0.7 1). 

Starnpfer et al (1991) followed 48,470 women, 30 to 63 years old, who were 

participants in the Nurses' Health Study, and who did not have a history of cancer or 

cardiovascular disease at base line. During up to 10 years of follow-up, they documented 

the incidence of strokes, major coronary disease (nonfatal myocardial infarctions or 

deaths from coronary causes), and deaths from ail causes. They aIso adjusted for age and 

other risk factors, and the overall RR of major coronary disease in women currently 



taking estrogen was 0.56 (CI, 0.40 to 0.80). Cument estrogen use was associated with a 

reduction in the incidence of coronary heart disease as well as in mortality from 

cardiovascuIar disease. 

Recently study data were presented in which 15 years of follow-up on a large 

number of HRT users were followed. Grodstein et al (1996) evaluated the impact of 

HRT on cardiovascular disease using up to 16 years of follow-up in 59,337 women from 

the Nurses' Health Study, who were 30 to 55 years of age at base line. Using this 

database they documented cases of myocardial infarction or death from coronary disease 

in this group. The analysis showed a marked decrease in the nsk of major coronary heart 

disease among women who took estrogen with progestin (multivariate adjusted RR, 0.39; 

95 percent confidence interval, 0.19 to 0.78) or estrogen alone (RR, 0.60; CI, 0.43 to 

0.83), as compared with women who did not use hormones. They also found that 

treatment for less than two years with HRT treatment demonstrated the same benefits as 

longer duration of therapy, hence HRTs impact on CHD is considered to have immediate 

impact. There was no sigificant association between stroke and use of cornbined 

hormones (multivariate adjusted RR 1-09 (CI, 0.66 to 1.80) or estrogen alone (RR, 1.27; 

CI, 0.95 to 1.69). They concluded that the addition of progestin does not appear to 

attenuate the cardioprotective effects of postmenopausal estrogen therapy. 

2.7.3.2.1 HRT and Coronarv Heart Disease Risk Reduction Used in the Mode1 

In the thesis the nost recent data from the Nurse's study (Grodstein et al, 1996) 

will be used with RR= 0.60 (CI, 0.43 to 0.83). Thus a 40% reduction (RR = 0.60) in 

CHD events was used in the base case analysis versus controls. Sensitivity analysis was 



conducted to evaluate the impact of varying the eff~cacy of HRT on CHD using the upper 

and lower confidence intervals from the Nurse's study of 17% reduction (CI = 0.83) to a 

57% reduction (CI = 0.43) in CHD events versus controls. The protective effects of HRT 

on CEID were assumed to occur immediately upon initiation of therapy as supported by 

the literature and described in the section above. 

A recent analysis of the impact of HRT on CHD events and life expectancy (Col 

et al, 1997) used the same risk reduction values in their analysis. Sirnilar reductions in 

risk of CEfD have been assumed with HRT usage in a number of cost-effectiveness 

analyses and have been surnmarized in the OTA report on HRT (OTA, 1995b). 

2.7.3.3 Breast Cancer and HRT 

One of the more important risk factors for developing breast cancer is a woman's 

IifeIong exposure to endogenous estrogen. Factors influencing this relationship include 

early menstruation, late menopause, late first pregnancy, or nulliparity increasing this risk 

(Gai1 et al, 1989)- Obese postmenopausal women are aIso at an increased risk due to the 

increased serum concentrations of endogenous estrogen (Cauley et al, 1996). The 

contribution of HRT in postmenopausal women to the risk of breast cancer has created 

debate around the decision to use this therapy. Recently a number of researchers in 

Ottawa created a clinical outcorne-based decision aid with the purpose of allowing 

women to be educated on the benefits and risks of HRT (Robinson, 1997). This 

instrument objectively weighs the wornan's personal risk factors and allows for a more 

infonned decision to be made on the use of HRT. 



HRT regimens are potentially of three types: 1) unopposed estrogen, 2) estrogen 

pius cyclic progestin, and 3) estrogen plus continuous progestin (Grady et ai, 1992). The 

duration of therapy is dependent on the primary reason for treatment initiation. The 

suggested duration can range from a few months to a lifetime based on the purpose of 

treatrnent initiation. Long-term treatment is often necessary for urogenital atrophy, 

osteoporosis and cardiovascuIar disease which is why there is concern about the 

relationship to breast cancer. Some data suggests that the cardioprotective effect may be 

lost within three years of discontinuing treatment, reinforcing the need for long terrn 

therapy (Witt et al, 1997). Unfortunately, a longer duration of estrogen therapy correlates 

with an increased incidence of breast cancer (Zhang et al, 1997). It has been suggested 

that the addition of progestin to the estrogen regimen (in order to rninirnize the incidence 

of endometrial cancer), may cause a decrease in any benefits to coronary heart disease, 

and rnay have no effect or result in a higher risk of breast cancer in cornparison to 

unopposed estrogen (Witt et al, 1997). 

Mills et al (1989) evaluated the incidence of breast cancer in HRT users versus 

non-users over a six year period in white Seventh-Day Adventist women residing in 

California. The data was adjusted for age, ages at menarche, first birth and menopause 

and a RR of 1.39 (CI, 1.00 to 1.94) was seen. 

Grady et al (1992) estimated the RR of breast caficer based on a meta-analysis of 

39 epiderniologicaI studies of primarily case-control and cohort design. The analysis 

found that no increased risk for breast cancer in women who ever took estrogen for 5 5 

years. Nevertheless, in users of estrogen of 8 years or more a RR of 1.25 (CI, 1.04 to 

1 -5 1 ) was found. 



The Nurses' Health Study cohort was broadened from the use of oral 

contraceptives, cigarette smoking and risk of major illnesses in women to include 

estrogen replacement therapy (Colditz et al, 1995). This study found that women 

cumently taking HRT had an increased risk of breast cancer. The greatest risk was in 

women who had been taking estrogen or estrogen plus progestin for five or more years, 

with a 46% increase in breast cancer (RR 1.46 CI, 1-20 to 1.76). The increase was most 

pronounced arnong women over the age of fifty-five. Women aged 65-69 had a sixty- 

nine percent increase in breast cancer risk arnong women who were current HRT users 

consistent with an escalating risk with prolonged use. Former HRT users had no 

significant increase in nsk when compared with women who had never used hormone 

therapy; this was tme even for women who had taken hormones for five or more years in 

the past. Women who stopped taking hormones after five or more years of use, were still 

at increased nsk of breast cancer for up to two years after stopping therapy. After two 

years the risk was comparable to that of women who had never taken HRT. A shorter 

duration (under five years) of use was not consistently related to the nsk of breast cancer 

(Colditz et al, 1995). 

The Frarningham study evaIuated the relationship between bone mass and breast 

cancer incidence. The basis for this relationship is that estrogen status is an important 

determinant of BMD, where the greater the bone mass the higher the level of estrogen 

present. This cohort was divided into four quartiles with quartile number one containing 

those with the lowest bone mass and by association lower estrogen levels, up to quartile 

number four with the highest bone mass and therefore the highest planned estrogen 

levels. The incidence of breast cancer was greater arnong the women in the fourth 



quartile who had the highest bone mass. The incidence of breast cancer for quartile two 

to four ranged from 1.3 to 3.5 when compared to the first quartile, Thus these data are 

consistent with previous studies suggesting an increased risk of breast cancer associated 

with m T  use. 

Progestins have been added to estrogen replacement therapy in the treatrnent of 

menopausal and post menopausal women to reduce the incidence of endometrial cancer- 

The addition of the progestin to estrogen therapy has raised the issue of the potential 

impact on breast cancer incidence. Some of the more recent studies where women took 

estrogen plus progestin have shown an increased risk of breast cancer, while in others no 

increase was seen. The protective effects of progestins against endometrial cancer, have 

not been shown to be present against breast cancer. However, some concern exists 

regarding the combined effect of progestin with conjugated estrogen, since there is 

evidence that progestins rnay act synergïstically with estradiol to enhance ce1luIa.r 

proliferation rates in breast tissue of premenopausal women. 

The Nurses Cohort (Colditz et al, 1995) showed similar RRs for estrogen alone 

and estrogen plus progestin. A population-based case-controlled study by Stanford et al 

(1995) did not find any increase in the risk of breast cancer with the use of estrogen plus 

progestin in either current or Iong terrn users when compared to community controls. 

These conflicting results have resulted in controversy amongst researchers and confusion 

to menopausal women contemplating the use of H-RT. 

In surnrnary, a number of studies have demonstrated a significant increase in 

breast cancer incidence in women who have taken HRT for five or more years (Col et al, 

1997). It is for these women, who were candidates for long-term HRT, that alternative 



treatrnent strategies be made available beyond their first 5 years of treatment with HRT- 

Before women initiate HRT the riskbenefit ratio must be evaluated. Caution needs to be 

exercised in administering HRT to those women with a farnily history of breast cancer or 

benign breast disease (Witt et al, 1997). Regularly scheduled mammography, and routine 

examinations of the breast must be done due to the relationship between prolonged 

estrogen exposure and breast cancer. 

2.7.3.3.1 NRT and Breast Cancer Risk Used in the Mode1 

A 46% increase in breast cancer nsk will be assumed for HRT users in the base 

case assumptions of the thesis evaluation based on the large prospective Nurse's study 

(Colditz et al, 1995). Sensitivity analysis will also be conducted to determine the impact 

of the lower (1.20) and upper (1.76) confidence intervals about the base case (RR of 1.46 

found in the Nurse's study), on the intervention's cost and outcornes results. The impact 

of HRT on breast cancer was assumed to occur only at the tenth consecutive year of HRT 

use in the thesis model, based on a number of publications that support HRT's limited 

impact on breast cancer until after a ten year duration of treatment. 

2.7.3.4 Summarv Of The Base Case, Optimistic, And Pessimistic Scenarios For 

HRT - 
The clinical impact of the HRT strategy that were discussed in the previous 

sections and based on the literature are surnmarized in Table 2.6. The base case scenano 

was defined using the relative risk values of HRT's impact on hip fractures, breast cancer 



and CHD. The impact of the intervention for the optimistic and pessimistic scenarios 

were derived from the lower and upper 95% confidence intervals. 

2.8 Integrating The Impact Of CaIciumNitamin D And HRT On Osteoporosis 

The review of the Iiterature on osteoporosis supports the role of calcium, vitamin 

D and HRT in the management of this disease. Uncertainty about the precise clinical 

impact of each of these clinical strategies rnakes the econornic evaluation of these 

interventions on osteoporosis challenging. Et is evident from the literature that HRT is the 

more effective regimen in the prevention of osteoporosis compared to calcium, vitamin D 

and the do nothing (no intervention) approach. HRT has additional benefits in its 

cardioprotective impact, however this intervention has been implicated in increasing the 

risk of breast cancer development. An economic evaluation of these prevention strategies 

in Canadian postrnenopausal women requires the identification of al1 costs and 

consequences related to this disease and the potentiai events (ie breast cancer, myocardial 

infarcts) resulting from these interventions. The incidence of these events as well as their 

associated costs can be addressed in econornic evaluations through the use of econornic 

models. 

2.8.1 Economic Models 

Clinical decision analysis has been used extensively over the past twenty years to 

analyze and inform clinical decisions under uncertainty. The use of its conceptual 

framework - the "decision tree", allows for the therapeutic management problem to be 

disaggregated into a number of manageable units. Each unit allows for a decision to be 



Table 2.6 The impact of hormone replacement therapy on hip fractures, coronary heart disease and breast cancer based on the 
review of the Iiterature, 

Base case scenario Optiniistic scenario Pessimistic scenario 

HRT-hi~fracture -50%(5yeardelay) - 70% - 31% 

HRT - CHD - 40% (immediate) - 57% - 17% 

HRT - breast + 46% (1 0 year delay) $- 20% + 76% 

- : indicates a reduction in relative risk + : indicates an increase in relative risk 



made, and each choice is generally associated with a probability of an event's occurrence 

(Beck et al, 1983)- 

For chance events that occur over a short period of time (ie the results of a 

surgical procedure), the decision-tree approach works adequately. In the case of more 

cornplex medical processes where the natural history of the disease involves events that 

occur repeatedly (such as hemorrhage with anticoagulation therapy), or over a prolonged 

period of time (ie. myocardial infarction following coronary artery bypass surgery), or 

when the timing of events is important, the resultant decision tree becomes extremely 

complicated and "bushy". Under these circumstances the Markov model of prognosis is 

an excellent alternative (Sonnenberg et al, 1993). The econornic mode1 of this thesis, 

uses the Markov modelling approach. 

2.8.1.1 The Markov Mode1 Approach 

In Markov models, we assume that a patient is always in one of a finite number 

of discrete health states, called Markov states. An exarnple of a simple model in which 

three states exist, is diagrammed below: 

WELL Pwi + ILL 

These three states are referred to as the states of health. At any time "t" the patient can be 

in only one of these three states. Changes in the patients state are allowed and are 



referred to as transitions. Transition from one state to the other is allowed at each cycle- 

Cycle length can vary from a few hours to years, and generally cycle length is defined as a 

single value in a model. Transitions among the states occur instantaneousIy upon switch 

from one cycle to the next (Figure 2.1). In each model there are a number of rules 

governing through which states one is allowed to move to and fro. In this example we 

have three simple states, and we have not pIaced any irnplicit restrictions on the 

rnovement between states. One state however (the DEAD state) is referred to as an 

ubsorbing state, since once a patient moves into this state they can no longer move out of 

it into another state on the subsequent cycle. 

A unique feature about these models is the Markovîun ussumption; the absence 

of memory in the process (Beck et al, 1983). In other words, al1 patients in a given state 

have the sarne prognosis, no matter how they got to the present state. 

2.8.1.2 Markov Processes and Chains 

The are two types of Markov modek, the Murkov chain and the Markovprocess. 

In a Markov chains model, the transition probabilities (P,;, P,,, etc) are constant. This 

feature of constant transition probabilities are realistic only for diseases with a short time 

horizon. In chronic diseases, Markov processes are used in order to adjust for the annual 

mortality and increased Iikelihood of developing diseases (morbidity) as one ages. In 

Markov process type of models with a long time horizon, population mortality needs to 

be incorporated into the model. In Markov processes the probability of entering each 

stage generally changes with age. 



Figure 2.1: A three-state Markov Mode1 



2.8.2 The Construction of a Markov Mode1 

There are a nurnber of key steps that are required for  the development of a 

Markov model: 

Step 1: Listing of al1 of the states of health that the patient could potentially 

encounter, as well as a good definition of each of these states. 

Step 2: Next the definition of the allowable state tramsitions are presented. This 

means that the ground rules are set to clarïfy which are the allowed transitions 

from each of the states. For example one may decide that one can only go frorn 

WELL to ILL and then to the DEAD state, however the transition from WELL to 

DEAD may not be permitted. 

Step 3: Finally transition probabilities are assigned. These probabilities are 

sornetimes expressed as rates. If transition informaeon is provided as a rate, r, 

and the event is occtmïng over a time interval t then the transition probability p(t) 

can be defined as follows: 

In surnmary al1 events are represented as transitions $rom one state to another. In 

order to calculate life expectancy, as it is needed in this thes-is for osteoporotic hip 

fracture patients, there are three methods by which a Markov rnodel may be evaluated: 



i) as a Monte Carlo simulation, ii) as a cohort simulation, or iii) by matrix algebra. 

i) Monte Carlo simulation 

In the Monte Carlo approach patients traverse a Markov process one by 

one, and a random generator determines what happens to the individual patient at 

each process (Beck et al, 1983). As each patient begins at the well stage they 

proceed to be assigned at each subsequent cycle to their nexr state as dictated by 

the transition probabilities, The patient proceeds through each of the random 

States until the defined number of cycles or until they reach the absorbing state 

(DEAD), which ever cornes first- The time until the patient reaches the DEAD 

state is the Iife expectancy for that individual. 

After the first individual has completed the simulation (ie is now DEAD), 

the next patient is simulated through the process, and this continues until a 

sufficient number of patients are run "through". The number of subjects going 

through the process are generally in the order of 1,000 or more. The accuracy of 

the Monte Cu10 simulation approach is dependent on: i) the nurnber of patients 

simulated through the model, ii) the quality of the random generator used and iii) 

knowledge of the initial health state and the associated transition probability 

distributions for the disease state. This modelIing method requires substantial 

computing tirne, however with faster cornputers and more recent software 

developnents in this area, this modelling approach is more efficient than it was 

five years ago. 



ii) Markov Cohort 

In contrast to the "individual subject" approach in a Monte CarIo 

simulation, the cohort method follows a large nundrer of patients at the same 

time (Sonnenberg et  al, 1993). The cohort begins in the well state (at age 50 in 

Our case), and at each of the cycles the cohort is distributed to the different states 

based on the transition probabilities (Table 2.7). 

The model begins at cycle zero (Table 2.7) in which al1 1,000 individuals 

are in the WELL state. Typically the model is allowed to run until the individuals 

in the cohort run through the non-absorbing states (WELL and ILL), or the 

defined number of states, and the model stops when al1 of the patients reach the 

absorbing state (DEAD). As the number of cycles increase with time, it is 

observed that the cohort is moving from the WEIL to the ILL and ultimately 

accumulating at the DEAD state. 

At cycle O, al1 the individuals are in the WELL state. In the exampIe 

presented in Table 2.7 the transition probabilities from WELL to WELL were set 

to 0.30 for cycles O to 2, and this probability decreases to 0.20 for the rest of the 

cycles. The transition probabilities from WELL to ILL, on the other hand remain 

constant at 0.50 for al1 cycles. The number of individuals who are in the DEAD 

state at the end of each cycle is the residual of those subjects in the non-absorbing 

states of WELL and EL (ie DEAD = 1,000 - (WELL + ILL)). 





At the end of the process the total number of patient-cycles at each state is 

divided by the size of the original cohort, which yields the expected time that each 

individual member will spend in each state. The life expectancy can then be 

determined by surnming the expected values from each of the non-absorbing death 

States. In this example the life expectancy of the patients described in this C O ~ O ~  

Markov mode1 is 2.1 2 years. This approach also allows for time-dependent 

probabilities and utilities to be incorporated into the analysis. 

The mode1 in this thesis will be of the Markov cohort type. The approach 

taken and the construction of the mode1 to address the objectives of the thesis are 

descrïbed in detail in chapter 4. 

iii) Fundamental Matrïx Solution 

This approach requires constant transition probabilities and consequently 

is appropriate for Markov chain type of processes. This process has not been 

considered for this thesis. The difference between a cohort simulation and the 

fundamental matrix solution may be thought of as analogous to the difference 

between deterrnining the area under a curve by dividing it into blocks and 

summing their areas versus calculating the area by solving the integral of the 

function describing the curve (Beck et al, 1983). The fundamental matrix solution 

is exact, however conceptually is difficult to apply. 



2.9 Summary 

The assembly of ai1 the required data (probability of event occurrence, and event 

cost), and the efficacy of the interventions used in the prevention of osteoporosis, are 

necessary for the econornic evaluation of these regimens in Canadian postmenopausal 

women. The construction of the hip fracture prevention economic mode1 will allow us to 

complete the evaluation of these interventions from a Canadian health system 

perspective, to discuss potential prevention strategies for this disease, and the avoidance 

of the debilitating hip fracture event. 



3.1 Hypotheses 

The primary hypothesis of this thesis is that supplernentation wiih calcium and 

vi tamin D or treatrnent wi th hormone replacement therapy in Canadian postmenopausal 

wornen will result in fewer medical events and lower overall hedthcare cost than no 

intervention if therapy is initiated shortly after menopause. The secondary hypothesis is 

that delay of supplementation (by 15 years) beyond the initiation of the menopause will 

result in more medical events and additional costs than supplementation initiated shortly 

after menopause. 

3.2 Objectives 

Overall Objective: Conduct of an economic evaluation to compare the cost- 

effectiveness of calcium/vitamin D versus horrnone replacement therapy in reducing 

the risk of hip fiactures, coronary heart disease and breast cancer, associated wifh 

osteoporosis treatrnenf in early postmenopausal Canadian women. 

The specific objectives are: 

3.2.1 Obiective #l 

To create an economic evaluation model, that is reflective of the incidence and 

management of osteoporotic hip fractures, cardiovascular disease and breast cancer in 

Canadian postrnenopausal women. This mode1 will be used to evaluate the costs and 

outcornes of no intervention versus the preventative interventions with calciudvitamin D 

or hormone replacement therapy supplemen tation. 



3.2.2 Obiective #2 

To assemble from the literature and administrative database sources Canada- 

specific probabilities for the rates of hip fractures, coronary heart disease, breast cancer 

and associated costs of rnanaging those events. 

3.2.3 Ob-iective #3 

To evaiuate the costs and outcornes of the two active interventions versus no 

intervention in preventing hip fractures, coronary hem disease, and breast cancer, from a 

Canadian health system perspective, in postmenopausal women who either deiay this 

therapy by 15 years or initiate it shortly after menopause. 



4. HIP FRACTURE MODEL 

4.1 Economic Modelling 

The use of modelling in medical decision making has been growinz over the Iast 

ten years. The application of this technique in health care has allowed chicians to make 

complex decisions like which antibiotic should be used for a patient with a hfe 

threatening infection, or which osteoporosis preventative therapy should be prescnbed for 

this postmenopausai woman. There are four comrnon elements to rnaking a decision, 

these are: choice, consequences, probabilities, and outcomes. 

Decisions involve making a choice between two or more alternatives- The 

compilation of the possible choices needs to be made carefully narrowing down the 

number of alternatives to the srnallest number, since the larger the number of alternatives 

along the modelling process the more compIex the model. This relates to the fact that the 

impact of most therapies are not confined to the disease of interest but aIso c a r y  other 

nsks/benefits and the impact of these must also be included in the decision making. 

Gennane to this thesis is the fact that HRT use for the prevention of hip fractures also 

carries with it other benefits, including cardiovascular benefits (ie. reduced coronary h a r t  

disease events), gotential improvements/maintenance of cognitive function, as well as 

increased risk of breast cancer and thrombosis. Thus, cornparison of the current 'gold 

standard' to the strategy of interest, calcium/vitamin D (CaVD), m u t  include the broader 

impact of HRT despite the fact that there is cunently no evidence that CaVD will impact 

on these other pathologie States. The third element is the certainty or probability of an 

event7s occurrence (either a consequence, or the outcome under study). If the 

administration of CaVD resulted in the prevention of hip fractures in 100% of the 



postmenopausal women treated, without any untoward effects, then one would not need 

to make a decision about its use. Clearly, this is not the case for any current treatrnent 

strategy aimed at reducing hip fracture incidence. Consequently, estimates of risk 

reduction andor enhancements for al1 events including the primary outcome (hip 

fracture) as well as secondary outcornes (eg increased breast cancer risk) must be 

established. Lastly, for al1 decisions, a final outcome measure is identified and tracked to 

judge the impact of the intervention on an event (ie hip fractures averted) or cost. 

4.2 Steps In The Medical Decision Making Process 

Application of the decision analysis process was applied to health care by Ledley 

et al (1959) in the late fifties, and decision analysis reached the rnedical literature in the 

early 1970's (Lusted, 1971). Generally there are six major steps involved in decision 

anal ysis: 

i)  identify, define, and set the tirneframe of the decision 

ii) explicitly structure the decision and the consequences of each decision over 

ti me 

iii) estimate the probabilities of each consequence considered in the decision 

iv) determine the value and units of measure of each outcome 

v) select the option with the optimal expected outcome 

vi) determine the robusmess of the decision by conducting sensitivity analysis 

These six steps will now be described in more detail. 

i) identify, define, and set the tirneframe of the decision 



The objective of this first step is to set the ground rules for the decision. This includes 

defining what options wiIl be considered, the perspective. the population considered, the 

time horizon of the analysis, as well as the outcome of interest and the associated units of 

measurement. 

There are five decision options (choice nodes) that need to be considered in the 

model in order to address the hypotheses of this thesis, these are: no intervention (NT; do 

not treat), CaVD initiated at age 50 (CaVDSO), and 65 (CaVD65) years respectively, and 

HRT initiated at age 50 (HRTSO), and 65 (HTR65) years respectively. 

The conduct of the cost-effectiveness analysis of CaVD and HTQT strategies 

requires the use of a probabilistic model. This thesis used an economic model since the 

analysis involves the evaluation of these prevention stratepies which are run over a 40 

year (age 50-90 years) time frame. Obviously long-term clinical data on the strategies is 

lirnited, consequently one has to resort to these probabilistic models to estimate the 

impact of the therapy over the lm,- = terrn. 

The perspective of the anaiysis taken in this economic evaluation has been coined 

the "Health System" perspective. In this perspective al1 costs and consequences relating 

to the medical events (hip fracture, CHD, and breast cancer) descnbed in section 4.1 

above are included. Using this perspective we will also include the costs of drugs not 

borne by the provincial Mïnistry of Health in those individuals who are under the age of 

65 years, and the cost of calcium and vitamin D which is not currently paid for by any 

provincial h g  plan. In the case of HRT, the acquisition cost and two dispensing fees 

(one for the estrogen, and one for the progestin component of HRT) will be applied to al1 

postmenopausal women who initiate HRT therapy. The dispensing fee will be $8.70 per 



prescription for those women under the age of 65. since this is the most current Canadian 

average dispensing fee (Welds et al. 1996). In postmenopausal women over the age of 

65 the dispensing fee will be $6.11, based on the current fee reimbursed to pharmacists in 

Ontario for prescriptions dispensed to seniors ( a p  65 and older). In the case of calcium 

and vitamin D supplements the cost that will be included in this HeaIth System 

perspective is the retail price (acquisition cost plus 40% mark-up) for al1 postmenopausal 

women. No dispensing fees are required. 

The consequences evaluated in this analysis for each intervention will be the 

incidence of hip fractures, C D  events, and breast cancer and the costs associated with 

their management. The metric of (incremental) Life Years Gained (LYG) will also be 

evaluated for the CaVD or HRT strategies versus the no intervention scenario. The LYG 

metric identifies the average number of additional life years that each subject wilI gain on 

a particular intervention, beyond those under the M strategy. 

ii) explicitly structure the decision and the consequences of each decision over 

time 

The decision to use a mode1 is followed by the need to "map out" the management 

of the clinical problem using decision trees. These trees are useful in focusing the 

decision maker to identify the relationships that exist between the decision options and 

the consequences of selecting each of the options. Similarly this tool can be used to think 

through a decision. It is imperative that both the effectiveness and adverse events be 

included in the analysis (Barr et al, 1996). The first step in this process involves 

identification of the "health states" that are important in the disease of interest. The thesis 



is focused on the prevention of hip fractures, since these fractures are the most costly 

frorn both a patient and health care system perspective. Consequently, al1 of the potential 

health states (chance nodes) of the target population (50 year old community-dwelling 

postmenopausal women) need to be listed. An exhaustive list was compiled on the 

sequelae following a hip fracture event based on the capture of these events frorn the 

literature, presentations at osteoporosis conferences/meetings, and through discussions 

with clinicians who routinely deal with hip fracture patients. The pnrnary health states 

were distilled to eight in order to minimize the compIexity of the model: 

1 )  Cornmuni@: comrnunity dwelling postmenopausal women (PMW) which 

currently are "healthy" (Le. they have not had a hip fracture, CHD or breast 

cancer (BrCA) event during that year). These women may have suffered other 

events during this year however this model does not consider these events. 

Intrinsic to this state is the fact that the average age of menopause is 50 years 

(Carr et ai, 1987). 

2 )  Long Tenn Care: PMW residing in long-term care &TC) 

3 )  Hip Fracture Com: community-dwelling PMW who have suffered a hip 

fracture this year 

4 )  Hi'p Fracture LTC: those PMW who have suffered a hip fracture while 

residing in LTC facilities 

5 )  Long Tenn Care Hip: PMW that suffered a hip fracture whiie residing in the 

comrnunity, however as a result of this fracture they now perrnanently reside in 

LTC- 



In chapter 2 a fui1 discussion was presented on the determinants of optima1 bone 

health as well as the impact of two preventative suategies (CaVD and HRT). Inherent 

in the clinical profile of HRT however was this strategy's impact on BrCA and CHD 

in addition to its impact in preventing hip fractures. The conduct of the evaluation 

without these two elements (BrîA and CHD), would be met with criticism, since 

economic evaluations of interventions are to encompass al1 relevant outcomes 

associated with each strategy. Emerging evidence is suggesting that HRT use rnay 

have other benefits, including decreased risk of congitive dec line (Rozenberg et al, 

1998). Unfortunately these data are in their infancy and no estimates for risk reduction 

are available. Consequently this mode1 is presently confined to health events for 

which estimates of risk are reasonably well defined. 

Dead,- BrCA: This state encompasses both the management of newly 

diagnosed breast cancer patients as well as those who died as a result of the 

disease. The approach taken fcr this estimation is descnbed in detail in chapter 

5 of this thesis. 

Dead= CHD: A large nurnber of possible states within CHD are possible (ie. 

myocardial infarct, angina, silent myocardial infarct, etc), including death from 

these events. If each of these individual states were included, the resulting 

decision tree wouId be very cumbersome to manage over the 40 year time 

horizon. In order to simplify the process, the C H .  states including death from 

CHD were collapsed into the Dead: CHD state. The approach taken for this 

estimation is described in detail in chapter 5 of this thesis. 



8) D e d  This state captured al1 PMW who died during that year from causes 

other than CHD and BrCA. 

The impact of hip fractures, myocardial infarcts and BrCA in Canadian women 

age 2 50 years in fiscal 1993/1994 is presented in Figure 4.1 (Statistics Canada, 1996). 

The data in this figure demonstrate the impact of these age-related diseases to the health 

care system, 

The hip fracture model developed for this thesis is a Markov mode1 that utilizes 

the Markov process, and the cohort approach @eck et al, 1983). Use of the decision tree 

approach would result in a very "bushy" tree with 108 branches emanating from the eight 

initia1 states. Markov models are considered when subjects fiuctuate among a finite 

number of clinical states over time, and when events can recur because patients remain 

exposed to risk (Barr et al, 1996). In order to simplify the process the Markov modelling 

approach has been selected due to its simplification on the number of branches. A 

limitation of the Markov approach is the "lack of memory" associated with each of these 

states- This means that once one Ieaves a specific state and enters into the new state that 

there is no memory of them being in the previous state, and that the probability of going 

back into the previoüs state is the same as if they had never been in it. Nonetheless 

Markov modelling is used extensively in econornic evaluation due to its flexibility in 

dealing with complex iterative processes. The Markov cohort approach was used since 

this method requires onIy point estimates of the age-specific probability of an event (Beck 

et al, 1983). The Monte Carlo type of Markov model on the other hand requires 





distribution curves surrounding the probability of an event for its operation. Use of the 

Monte Carlo type of Markov model is limited if this level of data is lacking. Since access 

to age-specific probability distributions of entering al1 of the states in the thesis hip 

fracture model were not availabIe, the Markov cohort approach was used. 

The resulting Markov cohort model incorporated the eight health states reflective 

of the management of PMW using CaVD, HRT or NI strategïes, and is presented in 

Figure 4.2. One thousand women were run through each strategy in the model, and the 

nurnber of events that resulted from each approach are presented in chapter 8. 

iii) estimate the probabilities of each consequence considered in the decision 

Once the consequences have been identified at each of the chance nodes, the age- 

related probability of an event's occurrence is required. The sum of al1 of the 

probabilities in each of the chance nodes must sum to 1.0. Ideally probability data 

obtained from the conduct of large randornized clinical controlled trials wiIl result in both 

the accurate capture of the appropnate consequences (chance node identification), and 

probabilities of event occurrence. This level of data for inclusion in a model are rarely 

found in the literature. Typically these probabilities are obtained from poorly designed 

studies/surveys. databases, meta-analyses, expert opinion/consensus, and discussions with 

cIinicians. These sources may underestimate frequent occurrences and overestimate rare 

events (Tversky et al, 1974). The age-dependent probabilities for each of the chance 

nodes used in the model, their source, and their limitations, are described in detail in 

chapter 5 of this thesis. 



Figure 4.2 Canadian hip intervention mode1 for prevention of fractures (CHIMP) 
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Figure 4.2 canadian tjp intervention mode1 for prevention of fractures (CHTMP) (cont' d) 
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Figure 4.2 Canadian t jp intervention mode1 for pevention of fractures (CHIMP) (cont'd) 
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Figure 4.2 Canadian l jp Mtervention mode1 for prevention of fractures (CHIMP) 
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Figure 4.2 Canadian l jp  intervention mode1 for prevention of fractures (CHIMP) (cont'd) 
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iv) deteIlnine the value and units of measure of each outcorne 

The fifth step in developing an econornic model is to identify and to quantify the 

econornic costs and other outcomes for each of the treatment options. This process 

requires the valuation of each of the outcomes and adverse events that are identified in the 

model- Costing of events can be obtained h m  a number of sources, and the values 

obtained can Vary based on the perspective taken, the type of institution that provides care 

for an event (i-e. community versus teaching hospital), geographic location, and others. 

Chapter 7 of this thesis addresses the approach taken for estimating the costs required in 

this model. 

v) select the option with the optimal expected outcome 

Once the model is complete and is "populated with the probabilities (step iii) and 

costs associated with each of the events in a chance node (step iv) then the rnodel can be 

"rolled back" to generate the "expected value" for each treatment option (Sonnenberg et 

al, 1993). The process of rol1ing back involves weighing the probability of occurrence of 

each event in a chance node and assigning an expected value. This expected value is 

based on probabilistic estimates that events of different valuations will occur. The 

outcorne values at each chance node is then weighted by its probability of occurring for 

each choice node and is then automatically ranked in cornparison to other choice nodes in 

the model, highlighting the choice node that has the most favourable expected value. 

vi) determine the robustness of the decision by conducting sensitivity analysis 

The last step in the decision analytic process is the implementation of a sensitivity 

analysis. Sensitivity analysis challenges the robusmess of the conclusions reached by the 



model under base case assumptions. This is accomplished by varying the values of the 

probabilities and outcomes over a likely range of values. Ideally confidence intervals 

around a variable provide the optimal upper and lower ranges for sensitivity analysis. In 

ninning the sensitivity anal ysis around one variable (one-way sensitivity anal ysis) the 

mode1 recalculates the expected value for that option. If that option had the highest 

expected value in the base case scenario and it continued to have the highest value 

throughout the sensitivity range tested for that factor, then the decision is said to be robust 

and is not sensitive to that factor. Sensitivity analyses can also be conducted in which 

two or three variables are also varied simultaneously; these simulations allow one to see 

if there is interaction between the factors under evaluation over the range tested. 

Changes in the ranking of options can occur during sensitivity analysis, where for 

example an option that used to have the highest expected cost under base case 

assumptions, now has the second highest cost when the upper range of its value is used. 

The value of the factor at which the shift in ranking in expected cost occurs is referred to 

as the threshold value. The existence of a threshold value during sensitivity analysis 

indicates that the factor under analysis has an impact on the robustness of the model and 

may impact results. 

4.3 The Canadian Hip Intervention Mode1 for Prevention of Fractures (CHIMP) 

The structure of a Markov mode1 requires that the problem be separated into 

discrete, manageable units, however the integration of these key states must be clinically 

relevant (Beck et al, 1983). The development of the thesis state-transition mode1 has 

resulted in eight Markov states for which age-related probabilities have been calculated 



based principaIIy on Canadian-specific event rates and costs. The eight States and their 

allowed transitions have been represented graphically in Figure 4.2, and are further 

defined in Table 4.1, Figure 4.3, and section 4.3-1. 

4.3.1 The Canadian Mode1 States And Associated Transitions 

The mode1 transitions in the thesis mode1 are depicted in Figure 4.3 and are 

further defined in this section. 

A) COMlMUNITY BRANCH 

A 1. COMMtTNITY ------- > COMMUNITY 

In this scenario, the patient continues to reside in the cornrnunity; no costs are 

incurred for anything beyond routine MD visits, and the cost of the treatment (ie 

CaVD or HRT). 

A2. COMMUNITY ------ > HIP FEWCTURE COM 

In this situation the patient sustains a hip fracture while residing in the 

community. It is assumed that the fracture occurs at the end of the penod. 

Therefore, the costs incurred in this state is the cost of routine rnedical care, and 

the cost of the treatment (ie CaVD or HRT). 

A3. COMMUNITY ------ > LONG TERM CARE 

In this case it is assumed that at the end of the cycle(year), the patient is admitted 

into a long-term care institution for reasons other than hip fracture. Therefore the 

only costs incurred in this state are the costs of routine medical care, and the cost 

of the treatment (ie CaVD or HRT). 



Table 4.1: Transition States in the Canadian osteoporosis mode1 

States Definition of state 

Community . c i  , , # O  , , , .  

Long Term Care 
( L W  

Hip Fracture Com 

Hip Fracture LTC 

Long Tenn Care Hip 

Dead: Breast Cancer 

Dead: Coronary Heart 
Disease (CHD) 

Refers to patients who have been placed in this type of institution. Once patients enter this state they stay 
here for the rest of their lives. 

Suffered a hip fracture while residing in  the community. Costs captured in this state includes acute care 
hospital stay, and other support for year following fracture event (includes costs associated with rehabilitation 
stay, and home care). 

Suffered a hip fracture while residing in  a LTC facility. Costs captured in this state includes acute care 
hospital stay and incremental LTC support for one year following the fracture event. 

Suffered a hip fracture while in the cornmunity, and has been transferred to LTC. Support includes cost of 
LTC for this new LTC patient 

Patients entering this state incur cost to the health care system for typical care for breast cancer.* 

Patients entering this state incur cost to the health care system for typical care for treating CHD (ICD-9: 4 10- 
4 bl), and the typical sequelae associated with these events.* 

Captured as a death only. No costs are attributed to this event. 

* Each woman ihai enters this absorbing statc, invokes a toll (cost) to ihc analysis, in order to cover those women who have also been diagnosed wiih breast 
cancer or CHD but survive; the survivors also incur costs to the healih care sysiem for their care. 



A4. CO- ---- > DEAD: Breast Cancer 

In this circumstance we assume that the patient dies at the end of the year from 

breast cancer. In addition to the cost of routine medical care, the cost of the 

treatment (ie CaVD or HRT) and the costs associated with breast cancer treatment 

were added. For mode1 simplification, the costs of breast cancer treatment for 

women who survive are also added to the cost of this cycle. 

A5. COMMUNITY --- > DEAD: CHD 

In this circumstance we assume that the patient dies at the end of the year due to a 

CHD event. In addition to the cost of routine medical care, the cost of the 

treatment (ie CaVD or HRT), we also added costs associated with acute care 

treatment of myocardial infarct QCD9:410) and other ischemic coronary 

events(ICD9:411-414). Sirnilar costs for treatment of women who survive CHI3 

have been added to the cost of this cycle. 

In this circumstance the patient dies at the end of the cycle (year) due to causes 

other than BrCA or CHD. Therefore the only costs incurred in this state are the 

costs of routine medical care, and the cost of the treatment (ie CaVD or HRT). 

B) LONG TERM CARE 

In this arm in the tree the patient enters the long term care facility and resides 

there till the end of the year, al1 of the events that fa11 out are assumed to occur at 

the end of the year. The cost of the treatment (ie CaVD or HRT) is included in 

each of the States listed below (ie B 1 to B5). 

B 1. LONG T E R .  CARE ----- > LONG TERM CARE 

In this case it is assumed that foIIowing admission the patient continues to 

habitate in the LTC facility. No additional charges are applied in this state. 



Figure 4.3 The associated transitions in the thesis rnodel 
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B2. LONG TERM CARE ------- > KiP FRACTURE LTC 

In this case we assume that the patient suffers a hip fracture when in the 

institution at the end of the cycle, additional costs related to the fracture will be 

captured at the next cycle. 

B3. LONG TERM CARE -------> DEAD: Breast Cancer 

In this circumstance we assume that the patient dies at the end of the year with 

this condition and consequently is charged for the c m  that they would have 

received for cancer treatment (includes costs for those diagnosed with breast 

cancer who survive). 

B4. LONG TERM CARE ------- > DEAD: CHD 

In this circumstance we assume that the patient dies at the end of the year due to 

CHD and consequently is charged for the care that they would have received for 

CHD treatment (includes CHD costs for CHD suwivors). 

B5. LONG TERM CARE ----> DEAD 

In this case the resident is dead at the end of the year. No additional costs are 

attached to this state. 

C )  HIP FRACTURE COM 

In this case the patient enters the acute care hospital and gets charged the cost of 

surgery, the cost of acute care stay, the cost of regular MD visits (those as a resuh 

of the fracture,) while in the acute care, and the cost of the treatment (ie calcium/ 

vitamin D or HRT) is added to each of the transitions below (ie C l  to C5). 

C 1. HiP FRACTURE COM------ > COMMUNITY 



In this case the patient is discharged from the acute care hospital and either enters 

a rehabilitation facility with the objective of ending up back in the community, or 

is discharged to the comrnunity without support or with home care. 

C2. HIP FRACTURE COM ------ > LONG TERM CARE 

In this case it is assumed that following the index hospitalization for hip fracture 

that the patient enters the long term care institution and will be charged the cost of 

that stay. 

C3. HIP FRACTURE COM --- > DEAD: Breast Cancer 

In this circumstance we assume that the patient dies at the end of the year with 

this condition and consequently is charged for the care that they would have 

received for cancer treatrnent (includes costs for those diagnosed with breast 

cancer who survive). 

It is assumed that women in the HP FRACTURE COM state have the same 

probability of developing and dying of BrCA and CHD as in the other states in the 

model. 

C4. HP FRACTURE COM ------- > DEAD: CHD 

In this circumstance we assume that the patient dies at the end of the year due to 

CHD and consequently is charged for the care that they would have received for 

CHD treatment (includes CHD costs for CHI3 survivors). 

It is assumed that women in the HIP FRACTURE COM state have the same 

probability of developing and dying of CHD and BrCA as in the other states in the 

model. 

C5. HIP FRACTURE COM ------> DEAD 

In this circumstance the patient dies sometime during the acute care setting. In 

this circumstance no additional costs are added in this state. 



D) HIP FRACTURE LTC 

In this case the patient enters the acute care hospital and gets charged the cost of 

surgery, the cost of acute care stay (18 days assumed as base case), and the cost of 

regular MD visits (those as a result of the fracture,) while in the acute care. The 

cost of the treatment (ie CaVD or HRT) is incIuded in each of the states listed 

below (ie D l  to D4). 

D 1 - HIP FRACTURE LTC----- > LONG TERM CARE 

In this case it is assumed that following the index hospitalization for hip fracture 

that the patient enters the long tenn care institution and will not be charged the 

cost of that stay, however a surcharge is included for a penod of one year to cover 

the additional nursing support as a result of this event. 

D3. HIP FRACTURE LTC ------- > DEAD: Breast Cancer 

In this circumstance we assume that the patient dies at the end of the year with 

this condition and consequently is charged for the care that they would have 

received for cancer treatment (includes costs for those diagnosed with breast 

cancer who survive). 

It is assurned that women in the HP FRACTURE LTC state have the same 

probability of developing and dying of BrCA and CHD as in the other states in the 

model. 

D3. HIP FRACTURE LTC ------ > DEAD: C H .  

In this circumstance we assume that the patient dies at the end of the year due to 

CHD and consequently is charged for the care that they would have received for 

CHD treatment (includes CHD costs for CHD scrvivors). 

ft is assumed that women in the HlP FRACTURE LTC state have the same 

probability of developing and dying of BrCA and CHD as in the other states in the 

model. 



D4. HIP FRACTURE LTC ---- > DEAD 

In this circurnstance the patient dies sometime during the acute care setting stay. 

Consequently no charges for LTC stay are incurred for that cycle if they die while 

in the acute care setting. 

E) LONG TERM CARE HIP 

In this state the patient is charged the cost of the treatment (ie caicium/vitamin D 

or HRT) is added to each of the states listed below (ie E l  to E4), and then is 

shunted to one of four states. 

E 1. LONG TERM CARE HP----- > LONG TERNI CARE HIP 

In this case the patient either has a hip fracture (determined using the rate of hip 

fracture in LTC residing individuals), or if they do not fracture they are charged 

the annual charges relating to a LTC stay to the next cycle. 

E3. LONG TERM CARE HIP ------ > DEAD: Breast Cancer 

In this circumstance we assume that the patient dies at the end of the year with 

this condition and consequently is charged for the care that they would have 

received for cancer treatrnent (includes costs for those diagnosed with breast 

cancer who survive), but not charged LTC costs. 

E3. LONG TERM CARE HIP ------- > DEAD: CHD 

In this circumstance we assume that the patient dies at the end of the year due to 

CHD and consequently is charged for the care that they would have received for 

C H .  treatment (includes CHD costs for CHD survivors). 

E4. LONG TERM CARE HE' -------> DEAD 

In this circurnstance the patient dies sometirne dunng the LTC stay. No charges 

for LTC stay are incurred for that cycle. 



F) DEAD: Breast CA No additional costs incurred here. This is a terminal 

absorbing state. 

G )  DEAD: CHD No additional costs incurred here. This is a terminal absorbing 

state. 

H) DEAD No additional costs incurred here. This is a terminal absorbing state. 

The same Markov structure was applied to al1 five interventions. 

4.4 Mode1 Data Requirements 

Having defined the Markov States in the model, there are two primary data 

requirements for the model: Canadian-specific transition probabilities (ie probability of 

moving from one Markov state to another each year and over tirne): and the health care 

costs of treating and managing persons in each state for each cycle over time (Sonnenberg 

et al, 1993). The folIowing three chapters describe the data sources and methodology 

used for these data. 



5. PROBABILITY PARAMETERS 

5.1 Probabilities in the Hip Fracture Mode1 

The model as descnbed in the Iast chapter requires age-specific probabilities for a 

number of sequelae resulting from the treatment and the events of hip fracture, coronary 

heart disease and breast cancer. These events are listed in Table 5.1. Table 5.2 lists a 

number of relationships based on the probabilities derived for the model. Sources for 

probabilities can be broadly divided into those obtained from existing literature and those 

specifically derived within the context of this thesis. 

5.2 Hip Fracture Analysis In Canada 

An analysis of a Canadian hospital discharge database (Canadian Institute for 

Health Information (CIHI)) for the fiscal year 1993/1994 was conducted with the 

primaq objectives of determining the annual number and fracture rate of proximal 

fernoral fractures (PFFs) by sex and age (Papadimitropoulos et al, 1997a). Other data 

obtained included the associated length of stay and death rates in the acute care setting 

for these patients. The current PFF incidence data was then cornbined with Statistics 

Canada (1996~) population projections to estimate the number of hip fractures (PFFs) in 

Canada to the year 2041. The complete study has been peer reviewed, recently 

published, and is attached as Appendix A. The data from the study were used directly 

to define a number of the required variables and tables in the model. The following 

subsections will identify the probabilities used in the model and their limitations. 



Table 5.1 Required age-specific probabilities of events for the hip fracture rnodel 

I Description 

and the source of these data. 

I Abbreviariorzs 

VARIAE3LES & TABLES 

I Lirerature Descriprion of 1 ao~roack 

I Probability of Kip Fracture (HF) if in community (no 
intervention) I pWHFNoLstagel 

SOURCE 

I CIHI dataset 
(Fiscal 1993/ 1994) 

THESIS 

Probability of HF if inlong term care (no intervention) 
Probability of HF if in community (initiation of therapy 
at 50 years (CaVDSO)) 

CIHI dataset 
/Cochrane Meta 
Anal ysis 

6. 

p ~ ~ = m [ _ s t a g e ]  
pWHFCVbase[-stage] 

Probability of HF if in long term care (initiation of 
therapy at 50 years (CaVD.50)) 
ProbabiIity of HF if in community (initiation of therapy 
at 65 years (CaVD65)) 
Probability of HF if in long term care (initiation of 
therapy at 65 years (CaVD65)) 
Probability of HF if in community (initiation of therapy 
at 50 vears (HRTSON 
Probability of HF if in long-term care (initiation of 
thera~v at 50 vears (HRTSO)) 

pLHFCVr80[-stage] 

pWHFCV62[-stage] 

pLHFCV63[s tage] 

pWHFHRT[-stage] 

1 therapy at 65 years (HRT65)) 1 1 1 

Probability of HF if in community (initiation of therapy 
at 65 years (HRT65)) 
Probability of HF if in long-term care (initiation of 

pWHFHRT65[-stage] 

pLKFE4RT65 [-stage] 

Probability of requiring home care following HF 
Probability of requiring rehabilitation care following HF 
Probability of ~ermanentlv entering LTC followine HF 

.. 

'. 

Probability of dying from Breast Cancer 
Probability of dying from Breast Cancer if on HRT from 

pHC [-stage] 
pRC[-stage] 
oHFLTCl staoel 

age 50 years 
Probability of dying from Breast Cancer if on HRT from 

&. 

.. 

p WDC A[-stage] 
pWDCAE.iRT[-stage] 

age 65 years 
Adjusmient factor for breast cancer by age to account for 

pWDCP3IRT65[-stage] 

survivors 
ProbabiIity of death by myocardd infarct (MI) ICD- 

Stats Canada 

analysis .. 

ADJBRCA[stage] 

9:4 10 
ProbabiIity of death by MI if on HRT from age 50 

Literature revied 

pWDMI[-stage] 

ProbabiIity of death by MI if on HRT from age 65 
Adjustment factor for MI by age to account for survivors , 

S tatis tics 
Canada 
Statistics 

pWDMIHRT[-stage] 

(CHD) event ICD-9:4 1 1-4 14 
Probability of death by other CHD event if on HRT irom 

L i  

pWDMlHRT65 [-stage] 
ADJMI[-stage] 

age 50 
Probability of death by other CHD event if on HEZT from 

(Continued) 

Canada 

Probability of death by other coronary heart disease 1 pWDOTHR[-stage] 

pWDOTHRT[-stage] 

Adjutment factor for other CHD event by age to account 
for survivors 

Literature reviewl 

Statistics 
Stats Canada 

pWDOTHRT65[-stage] 

analysis 
LL 

LI 

Canada 

reviewlanalysis .- 

ADJOTHR[-stage] 

Literature 

Statistics 
Canada 

L I  



Table S.l(Cont'd) Required age-specific probabilities of events for the hip fracture 
mode1 and the source of this data (Cont'd). 

1 VARIABLES & TABLES 1 LITERATURE 1 THESIS i 

1 Probability of death following HF if from 1 pHFD[-stage] 1 1 .. I 

Description 1 Symboi 
I 

Iong tenn care 
Probability of well to death pWDeath [-stage] Stats Canada i 

SOURCE 
Lirerarrtre 

community 
Probability of death following HF if from 

Description of approach 

pHFDLLstage] 

Probability of entering LTC from 
communi ty 

6. 

Number of calcium tablets 
Number of vitamin D tablets 
Nurnber of estrogen tablets 
Number of progestin tablets 
Number of dispensing fees in one year 
Number of MD assessments 
Number of MD reassessment 
Number of Orthopedic assessments 
Number of Orthopedic reassessments 
Number of Geriatric assessments 
Number of Geriatric reassessments 
Number of extra LOS beyond 17 days 

p WLTC [-s tagej 

nCAL 
nVITD 
nESTROGEN 
nPROGEST 
nDISPFEE 
nMD 
nMDRE 
nMDOP 
nMDOPRE 
nMDGER 
nMDGERRE 
nHOTEL 

Stats Canada 

Literature review/analysis .. 
LI 

6. 

6. 

Discussion with family physician 
I .  

Discussion with orthopedic surgeon 
6 

Discussion with geriatncian 

CIHI dataset 

Literature review/analysis 



Table 5.2 Functions in the mode1 using variables and tables described in Table 5.1 

DEFINITION OF FUNCTION EQUATION 

Description Symbol Description of equation 
Probability of going from well to 
dead rernovingdeaths due to al1 
CHD events and breast cancer 

Probability of going from well to 
dead due to al1 CHD events 
(ICD-9: 4 10-4 14) 

ProbabiIity of gokg from well to 
dead due to al1 CHD events (ICD- 
9: 410-414) if on HRT @ 50 years 

Probability of going from well to 
dead due to al1 CHD events (ICD- 
9: 410-414) if on HRT @ 65 years 

Life years lost if 3% discounting 

Cost discounting, if no discounting 

Cost discounting, if 3%discounting 

LLDISC3 

DISCO 

DISC3 



5.2.1 Rates of Hip Fracture in Canadian Women 

The original published manuscript reports data on al1 individuals expenencing a 

proximal femoral fracture (PFF) in Canada during the fiscal year 1993/1994 

(Papadimitropoulos et al, 1997a). As the mode1 developed, it becarne apparent that 

analysis should be separated by place of residence at the time of fracture. This was 

necessary to separate the incremental health care cost associated with the transfer of an 

individual originally in the cornmunity to LTC, from the continuing LTC charges 

associated with those individuals who fractured while in LTC, accumulated acute care 

costs, and then returned to the LTC faciiity. The data presented here provides the 

probabilities used for each group (cornmunity versus LTC residents). 

Analysis of the discharge data for Canadian women residing in either community 

or LTC resulted in exponential relationships between hip fracture rate and age (Figure 

5.1). This exponential relationship was used to estimate the probability of hip fracture in 

cornrnunity-dwelling Canadian postmenopausal women in whom no preventative 

intervention was used (pWHFN0). The probability for this event was required for the 

mode1 for Canadian women from the age of 50 to 90 years. The analysis of the CIHI 

dataset was initiated at 65 years of age, hence the probability for hip fracture in women 65 

years and older were generated from this analysis. The probability of hip fracture in 

women occurring between the age of 50 to 64 years is small with approximately 10% of 

the annual number of fractures occumng during this age band (Statistics Canada, 1996a). 

The hip fracture rates for this younger age band of women was obtained from Statistics 

Canada data (1996a) and used in the rnodel. 





In Our model we assumed that al1 the hip fractures that occurred in Canada were 

osteoporosis related. The majority of women (75%) captured in the C M  data 

experienced hip fractures when they were 75 years of age or older, hence they potentially 

would not be on estrogen intervention in their fifties, as this would have required 

treatrnent to commence pre-1968. Long-term HRT use for prevention of osteoporosis 

was initiated on a larger scale in the generd postmenopausal population in the 1980s. 

The probabilities generated for the incidence of hip fracture by age for 

comrnunity-dwelling women under the no intervention assumption (pWHFNO) were 

calculated. Sirnilarly the CMI dataset was used to calculate the rate of hip fracture for 

those patients who were residing in long term care facilities at the tirne of fracture 

(pLTCHF). The probabilities of hip fracture occurrence in LTC facilities are listed in 

Supplernent A, as are al1 of the probability tables for the model. 

5.2.2 Length Of Stav In Acute Care Hospitals Following The Hip Fracture Event 

The discharge data for the fiscal year 1993/1994 was also analyzed to determine 

the mean length of stay (LOS) for female hip fracture patients. It was observed that these 

patients were in hospital a mean of 21 days in fiscal 1993/1994 (Figure 5.2) 

(Papadimitropoulos et al, 1997a). Reviews of hospital stays in these patients over the past 

15 years have been demonstrating a trend toward a decrease in LOS, resulting in the shunt 

of these patients to less resource intensive facilities and prograrns (Jaglal et al, 1996). A 

review of the costing database for a teaching hospital in Ontario (Sunnybrook Health 
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Figure 5.2 Mean length of stay by hip fracture patients in acute care hospitals 
by  fi^ year age groups. Error bars represent standard deviation. 



Centre), was used to calculate the cost of a number of interventions in our model, for 

older female hip fracture patients in the fiscal year 1995/1996, showed a mean LOS of 17 

days (ie a reduction of four days). In order to accurately evaluate the model for the fiscal 

year 1993/1994 hip fracture data, we adjusted the LOS to 31 days by adding 4 days of 

hotel costs (nHOTEL) to the 1995/1996 Sunnybrook costing data (rnean LOS 17 days) in 

order for the model to be more reflective of the practice pattern in Canada captured from 

the CIHI dataset. The mean LOS for al1 women was used in the analysis since the 

Sunnybrook costing dataset did not have enough female hip fracture patients within each 

age group for generating mean LOS and cost for the acute care stay in this institution. 

Consequently we used the rnean LOS from the CIHI dataset and the Sunnybrook dataset 

for al1 ages. Similady, because of a small number of women within each age group in the 

Sunnybrook dataset, separate LOS values for hip fracture patients were not generated 

based on residence at fracture (i.e. those admitted from the cornrnunity versus LTC 

facilities). 

5.2.3 Mortalitv In Acute Care Hospitais Following The Hip Fracture Event 

Mortality of hip fracture patients has been calculated from the 1993/1994 fiscal 

year dataset. It was found that a mean 7% of al1 hip fracture patients expired in the acute 

care facility while being treated for their fracture (Papadimitropoulos et al, 1997a). The 

relationship between death rate, age and residence (cornmunity vs LTC facility) at time of 

fracture is presented in Figure 5.3. The exponential relationship denved from the rates of 

death in female hip fracture patients has been used to calculate the probability of death 





while in the acute care setting for both those patients who were originally living in the 

community at the time of the fracture ( p m ) ,  and those who were in a long term care 

facility prior to the fracture (pHFDL). It is realized that excess mortality beyond the acute 

care stay (one year post hip fracture) is likely greater than the mean 7% and has been 

reported (Wiktorowicz et al, 1997), based on a smaller sample size, hence reliable 

estimates of rnortality rate are not available. Therefore for the mode1 a consemative 

estimate for death rate will be used. 

5.2.4 Discharge Destination Following The Acute Care Stay 

The destination of hip fracture patients following their discharge from the acute 

care hospital has an impact on determining the fate of these patients and on health-care 

resource use. Evduation of the dataset for the 1993/1994 fiscal year demonstrated that of 

those patients who were community living at the time of hip fracture, a certain proportion 

(based on their age) were discharged back to the community without any forma1 support, 

some were sent to the community with home care (pHC), others ro rehabilitation care 

(pRC) with the ultimate objective of having them return to the community, and the 

balance were discharged to long-term care (pHFLTC) (Papadimitropoulos et al, 1997; 

Wiktorowicz et al, 1997). The destination data from these two studies has been distilled 

in the form of probability tables identified in this sub-section and the probability data 

(pHC, pRC, and pHFLTC) are presented in Supplement A. Estimates of the percentage 

of patients by "discharge destination", generated from the CIHi discharge dataset for 

fiscal 1993/1994, have been supported by the data from the Hamilton Hip Fracture 



Study (Papadimitropoulos et al, 1997a). Typically patients who fractured in long-term 

care, returned to those facilities following their discharge from acute care hospitals. 

5.23 Probability Of Entering Long-Term Care From The Community 

Currently iimited data are available on the rate of entry of older Canadians into 

long-term care (LTC) facilities. The probability of entry into these facilities has been 

estirnated using the data provided through Statistics Canada on Residential Care Facilities 

(1996b) based on the number of women by age in residential care facilities during fiscal 

year 1993, and using population estimates for that year based on the 199 1 Canada Census 

(Statistics Canada, 1992a). Table 5-3 outlines the number of older Canadian women 

residing in LTC facilities in fiscal year 1993/1994, and the associated probabilities by 

age. Residential care data is not routinely collected and suffers from a number of 

limitations- The number of facilities that currently collect these data is starting to 

increase with more structured databases being developed to collect resource use details of 

the patients within a facility as well as key outcomes such as death rate and primary 

diagnosis for entry. In Our estimation of entry to LTC we used al1 of the data on women 

who resided in these facilities over the fiscal period covered. An evaluation of the data 

revealed that it was alrnost impossible to account for al1 the women that entered, 

remained and stayed in the facility at the end of the year. Hence data used for entry are 

actually based on residence. This limitation may result in overestimating the entry of 

older women into these facilities, and underestimate the entry of younger women. 

Consequently, use of the Statistics Canada data for generation of probability tables to 



Table 5.3 The number of women in residing in long t e n  care facilities in fiscal year 1993/1994, and the 

associated probabilities of residence in these facilities by age. 

Number residing in LTC Probabiliiy of residing in LTC 

(fiscal year 1993/ 1994) 



describe the entry of community residing women into LTC facilities was overestimated 

since it was not possible to separate those women who entered LTC due to hip fracture. 

5.3 Probability of Death - Al1 Causes 

Statistics Canada publishes life-tables periodically for Canadian men and women. 

The probability of death from al1 causes for Canadians is available in tabular format 

(Statistics Canada, 1995). The dzta presented by age includes the probability of death, the 

number of life years Iost if one dies at a particular age. These parameters were used 

directly to define two tables in the model, namely the probability of death by age 

(pWDeath), and the number of life years lost (pLYL) by age. These probability tables 

(pWDeath and pLYL) were prepared and used to populate the Markov model. 

5.3.1 Incidence and Death Rates Due to Breast Cancer in Canadian Women 

It is estimated that thirty percent of new cancer cases in women identified 

annually in Canada will be breast cancer; the second leading cause of death by cancer 

(National Cancer hstitute of Canada, 1997). The etiology of breast cancer is of major 

concern, since the incidence of breast cancer in Canada has been rising over the Iast 

twenty years. The lifetirne probability of breast cancer is 10.17% at birth and peaks at 

10.34% at the age of twenty-five (National Cancer hstitute of Canada, 1997). The 

probability of developing breast cancer increases steadily from the age of thirty (Bryant et 

al, 1994). Using the most recent pubkation on cancer incidence produced by Statistics 

Canada (1997), the incidence of breast cancer by age, as well as the incidence of deaths 

from breast cancer (pWDCA) was calculated. Since the ratio of cancer incidence t o  



deaths varies by age (ie the ratio is greater in the younger ages, and drops to just over one 

by age 80), this ratio was calciilated for ail age groups z 50years (ADJBRCA). The 

ADJBRCA ratio was used in the model to account for the cases of cancer by age which 

occurred, but did not lead to death so that the costs associated with the management of the 

survivors, as well as the total number of breast cancer patients could be captured- 

5.3.2 Assumptions for the Hip Fracture Prevention Mode1 

The review of the published Iiterature to date (provided in chapter 2 of this thesis) 

support the potential for increased breast cancer risk after 10 years of HRT intervention. 

The assumption in the osteoporosis model is that women will continue to take the 

interventions for a period of time that will exceed twenty years unless they are removed 

from the modei (via death). It has been assumed that the nsk of breast cancer after ten 

years of HRT intervention will increase by 50% independent of the age at which HRT use 

cornrnenced. The rates of breast cancer death were then calculated based on whether a 

woman initiated KRT at age 50 (pWDCAHRT), or at 65 years (pWDCAHRT65). 

5.4 Probability of Coronary H a r t  Disease 

Coronary heart disease (CHD), is the major cause of death in postmenopausal 

women (Statistics Canada, 1997). CEID is characterized by a number of well defined 

events leading to death and disability. In this thesis the C H .  category has been divided 

into two by use of ICD-9 codes 410 (myocardial infarcts - MIS) and 41 1-414 (other CHD 

events). lnterest in capturing CHD events in the model is a result of the documented 

beneficial effects of HRT on this disease in postrnenopausal women. 



5.4.1 Mvocardial Infarcts 

Myocardial infarcts (MIS) are the most debilitating and costiy CHD events to 

manage. Using Statistics Canada morbidity data for the fiscal year 1993/1994 (Statistics 

Canada, 1996a), the incidence of MIS in women by age was calculated . Similarly using 

Death by Cause tables (Statistics Canada, 1995) publication the death rates of this group 

of women by MIS was calculated (pWDMI). In an effort to simplify the rnodel, yet 

capture the number of survivors and their associated management costs at the acute care 

level, a ratio of MIS reported over deaths due to MT for fiscal 1993/1994 was calculated 

( A D M ) .  The benefits of WRT intervention on reducinp the risk of CHD events has been 

estimated in a number of publications as occurring immediately upon HRT initiation, and 

being in the order of a 50% reduction in risk (Col et al, 1997). Using these published 

assumptions we modified the risk of death by MI to HRT users who initiated therapy at 

50 years (pWDMLKRT) and 65 years (pWDMIHRT65), once again assurning that the risk 

reduction is independent of age at which HRT use is commenced. 

5.4.2 Other CHD events 

CHD events other than MIS are more difficult to define, and are characterized as 

less threatening events. Nonetheless the implications to the  patient and the financial 

management of these events are costly. Statistics Canada morbidity data on the 

incidence of these other CHDs in women by age were provided (1996). Similarly using 

the Death by Cause tables (Statistics Canada, 1995) publication, the death rates of this 

group of women were calculated (pWDOTHR). In an effort to simplify the model, yet 



capture the number of survivors and their associated management costs at the acute care 

level, a ratio of other CHDs reported over deaths due to CHD for fiscal year 199311994 

was calculated (ADJOTHR). The benefits of HRT intervention on reducing the risk of 

these CHD events has been estimated in a number of publications as occunng 

imrnediatefy upon HRT initiation, and being on the order of a 40% reduction in risk (Col 

et al, 1997). The study by Col et al (1997) calculated these risk reductions using results 

from the Framingham study, Nurses study, reviews of HRT efficacy, and a Markov sîate 

transition model. Their results confirm previous estimates of risk reduction of hip, CHD 

and breast cancer incidence (Grady et al, 1993). Using these published assumptions we 

modified the risk of death by other CHD for HRT users who initiated therapy at 50 years 

(pWDMIOTHRT) and 65 years (pWDOTHRT65). 

5.5 Interventions Used In The Mode1 

There are three intervention arms in this model. The no intervention ann assumes 

the "do-nothing" approach where events relating to hip fractures, breast cancer and 

coronary heart disease will continue as are reported in the general population. 

In the calcium/vitarnin D intervention two treatment approaches are implemented; 

in the first scenario the subjects take the intervention from age 50 onwards, and in the 

second case they are in the do-nothing phase tilI they reach age 65 at which tirne they 

initiate active therapy. In the HRT arrn the sarne choices are provided as in the 

calcium/vitamin D am,  where subjects can initiate lifetime therapy at either 50 years of 

age or 65 years of age. 



An important assumption is that the subjects are cornpliant, and take therapy as 

directed daily (ie ~ 9 5 %  cornpliance). If this is the case then patients will consume daily 

one each of calcium carbonate (one 500mg and one 250mg elemental calcium) (nCAL), 

and vitamin D (400 (nVITD) tablets. In the HRT arms the subjects will take daily 

one estrogen tablet (0.625mg conjugated estrogen) (nESTROGEN), and one progesterone 

tablet (medroxyprogesterone 2.5mg) (nPROGEST). This HRT combined regimen is used 

frequently in postrnenopausal women for the benefits associated with this treatrnent. 

5.5.1 Dispensing. Fees 

Pharmacist dispensing fees are typically applied to prescription products, hence 

these apply to the HRT intervention only, HRT is considered a maintenance medication, 

hence typically a three month supply will be dispensed at one time. A number of 

provincial plans will not reimburse more than a three month supply, hence in the base 

case analysis four dispensing fees (nDISPFEE) for the estrogen, four dispensing fees 

for the progestin were used to cover one year's supply of medication. 

5.6 Physician Services 

Physician services surrounding a hip fracture event are accentuated during the year 

that the fracture occurred. In order to ensure that these additional fees were captured 

conservatively in the model, a genatrician (nMDGER, nMDGERRE) and an orthopedic 

surgeon (nMDOP, nMDOPRE) were consulted for typical fees requested from the 

Ontario Hospital Insurance Plan (Ministry of Health, 1992), for the additional care 

resulting from the fracture event. In the case of a hip fracture patient who returned to the 



community a number of family physician visits were assumed (nMD, nMDRE) over and 

above maintenance visits and would continue till the patient's death. In the case of a 

newly-admitted hip fracture patient to LTC (who was formerIy community-dwelling), or a 

LTC dwelling resident who fractured a hip, a geriatrician was approached o r .  Alexandra 

Papaioannou) for her opinion on the nurnber and type of additional physician visits that 

these patients require. The geriatrician suggested that one general assessment and two 

reassessments would cover the additional fees submitted for a hip fracture patient who 

returned tofentered a long-term care facility. Discussions with the orthopedic surgeon 

(Dr. Robert Luba, Centennary Hospital) suggested that besides the routine follow-up in 

the acute care setting, that the orthopedic surgeon would perform one general assessment 

with the patient, and two reassessments over the course of the patient's hospital stay. 



6. EFFICACY OF CALCrUM AND VITAMIN D IN OSTEOPOROSIS 

PREVENTION 

6.1 Eff~cacy Of Treatment Regirnens In Preventing Hip Fractures 

The impact of interventions on the prevention of postrnenopausal bone loss and 

ultimately the prevention of hip fractures has been studied more effectively over the last 

fifieen years, due to the introduction of a number of evduative bone mass techniques. 

Nonetheless, long-term studies are lacking in which the clinically relevant outcome 

(fracture prevention) have been studied, especially with the intervention of calcium and 

vitamin D. Generally, the primary outcome of these studies is a change in BMD or other 

markers of bone turnover over a short period of time (1-2 years). In order to estimate the 

impact of an intervention on fracture prevention, when faced with a lirnited number of 

randomized controlled trials (RCTs) of short duration, one must conduct a meta-analysis 

of the exisüng studies. The meta-analysis is conducted to establish an argument on the 

impact that these changes in surrogate markers (bone mineral density, urinary markers of 

resorption, etc), will have on fracture prevention at the site of interest. In order to 

establish the impact of calcium and vitamin D on fracture risk at the hip (femoral neck), a 

meta-analysis was conducted to determine if a significant change in BMD existed at this 

site. Significant changes in BMD due to an intervention have recently k e n  used to 

estimate, based on the magnitude of this change, the reduction of risk of fracture at the 

hip (Marshall et al, 1996; deLaet et al, 1997). 



6.2 Meta-Analysis Of The Effect Of Calcium With Vitamin D Supplementation 
On Bone Loss In Postmenopausal Women. 

6.2.1 Introduction 

Consensus conferences have been held in a number of countries to establish 

practice guidelines for the management of osteoporosis. Exarnples being those 

established by the American Association of Clinical Endocrinologists (AACE, 1996), by 

the European Foundation for Osteoporosis (Kanis et al, 1997). and by the Scientific 

Advisory Board of the Osteoporosis Society of Canada (OSC, 1996). Generally, the 

clinical guidelines for a woman at nsk suggest a step-wise approach of diet, exercise, 

cdcium/vitamin D supplementation, and HRT. 

Despite these guidelines, the effectiveness of these recommendations, particularly 

those relating to calcium andor vitarnin D supplementation, have not been well addressed 

and their overall efficacy not well documented. Most importantly, only limited data are 

available fiom RCTs, which evaluate the impact of calcium alone, or cdcium/vitamin D 

( C a m )  versus placebo on hip fracture risk reduction perse. Rather most published 

studies evaluate changes in BMD (not fracture risk reduction) and are of variable clinical 

research design quality. Furthemore, attempts to coIIectively evaluate the outcornes of 

these triais, using meta-analysis, to address efficacy have not been conducted. The focus 

of our study was to detennine the effectiveness of CaVD, using a meta-analysis, to 

evaluate the impact of CaVD on BMD loss. These data were then used to estimate the 

potential fracture reduction at the hip. 

A meta-analysis to address the efficacy of calcium versus placebo in preventing 

postrnenopausal bone Ioss at the hip (femoral neck) (Shea et al, 1998) was already in 

progress at the Musculoskeletal subgroup of the Cochrane Collaborative in Ottawa when 

the meta-analysis on CaVD was k i n g  planned for the thesis. Their calcium analysis was 

well on its way and the summary data were to be shared imminently. The interest for the 



thesis was to extend the original analysis by the Ottawa group on calcium by looking at 

the combined effects of calcium plus vitamin D. Thus, the intention was to establish the 

effectiveness of the combined treatrnent, CaVD, as well as to determine the incremental 

benefit of supplementing with vitamin D dong with calcium. Working in collaboration 

with the Cochrane Collaborative Musculoskeletal group, a meta-analysis was conducted 

(Chalmers et al, 1995) to address the efficacy of CaVD versus calcium in preventing 

postmenopausal bone Ioss at the hip. The analysis was conducted versus calcium for two 

reasons: to identify the incremental effect of vitamin D on calcium supplementation, and 

to increase the number of RCTs evaluating CaVD which fit the Cochrane criteria since 

these C a m  studies were predorninantly versus calcium. 

Conduct of the CaVD versus calcium meta-analysis was critical since it would 

address the fundamental issue of the need to add vitamin D to calcium supplementation in 

guidelines being developed globally by a number of national osteoporosis societies. 

These societies have been adding vitamin D to their recommendations over the last two 

years (OSC, 1996) despite the lack of clear documentation of the benefits of the 

combined approach. Nevertheless, the addition of vitamin D to their guidelines has been 

supported by the growing evidence that if vitamin D levels are insuffient then calcium 

absorption by the gut is suboptimal resulting in a smaller impact on increasing BMD. 

A prehminary MEDLINE search of the more recent clinical trials (last ten years) 

- in which CaVD interventions werc evaluated for their efficacy in bone loss prevention 

revealed that the control arm in these trials was usually calcium (not placebo). These 

trials typically were of one to three years in duration, and since growing evidence 

supports a positive impact of calcium on bone health, researchers consider a long-term 

osteoporosis triai in which the control group is on placebo unethical- Consequently, the 

meta-analysis on the efficacy of calcium and vitamin D in preventing postmenopausal 

bone Ioss was compared to calcium alone. 



6.2.2 Ob iectives 

The objective for the meta-analysis was to obtain a pooled estimate of the benefits 

of calcium and vitamin D versus calcium (control) on femoral neck (FN) BMD from 

published RCTs. Once this analysis was completed, the second objective was to estimate 

the impact of calcium and vitamin D versus no intervention (placebo) on bone loss using 

the recently published Cochrane meta-analysis on calcium versus placebo (Shea et al, 

1998). and to then estimate the impact in risk reduction of hip fracture based on these 

BMD changes. 

6.2.3 Methods 

In order to address the first objective, a meta-analysis was conducted. A meta 

analysis is defined as a systematic review of the literature, in order to reduce random 

errors, and to yield a summary statistic (Der Sirnonian and Laird, 1986). These analyses 

used the Cochrane Collaborative process for systematic review as recently described by 

Chalmers et al (1995). For the conduct of a Cochrane Collaborative review there are five 

elernents that need to be defined in this process. These are: 

a )  definition of eligibili~y criteria for the studies used in the analysis 

For the analysis RCTs were sought, in which changes in BMD were reported for 

postmenopausal women. The intervention evaluated was calcium and vitamin D 

versus calcium, with a duration of treatment of one or more years. 

b) identrjîcation of the outcorne rneasures 

The pnmary outcome evaluated was the % BMD change from baseline, at the FN, 

at one year of treatment. Studies in which any calcium sait and Ievel of 

supplementation were used to evaluate the primary outcome, since there were only 

a lirnited number of published trials upon which to base the analysis. Sirnilarly, 

for the same reason, al1 of the metaboIites and analogues of cholecalciferol were 

pooled. 



c) developntent of the literatttre search srrategy 

The search strategy was prepared using the structured Cochrane Collaborative 

approach for identifying RCTs as described by Dickersin et al (1994) and 

modified for the Cochrane Musculoskeletal Group (CMSG). Osteoporosis, 

calcium, vitamin D, bone mineral density, postmenopausal, fractures, were used 

as text words. There were no limits on language in the search strategy. The 

search strategy was applied to the MEDLZNE database covering citations from I 

January, 1966, to 28 February, 1997. In some cases the principal authors were 

contacted for clarification, or additional information. 

d) performance of a qualis, assessmenr 

A quality assessment, as defined by Jadad et al (1994), was also performed on the 

eligible studies, with the following questions being asked: 

1. Was the randornization bIinded? 

2. Was placebo treatment assigned as part of the randornization? 

3. What was the comparability of the two groups pre-treatment? 

4. Were the assessors of the outcome blinded? 

5. Was there an intention-to-treat-analysis conducted and reported in the 

paper? 

e )  the use of appropriale statistical me fhods 

The Cochrane CoIlaborative process uses the weighted mean difference (WMD), 

as the approach in studies having outcomes with continuous variables, to evaluate 

differences between the treated group versus the control group across a number of 

RCTs (Deeks J, 1995). Tests for significance are also employed by calculation of 

95% confidence intervals about the WMD. Lastly a test for heterogeneity 

between trials is also conducted using either a fixed-effects or random-effects 

model. Both of these models were tested in this meta-analysis. These statistical 

tests are described in more detail in the section which follows. 



6.2.3.1 Mean Difference Observed In An RCT 

In the analysis of an RCT with an outcome variabIe that is continuous, the effect 

of treatment versus control is ca1culated as the mean difference (MD). For each trial the 

mean difference is calculated as: 

- - 
M D  = x c - x o  

- - 
SEMD = standard error of x,  - xo using the formula: 

where nt = the number of patients treated 
- 
XI  = mean value of outcome rneasure in active group (in thesis: BMD 

cha~ge from baseline) 

SD, = standard deviation of Fr 
no = the number of patients in cont~-01 goup 
- 
xo = mean value of outcome measure in control group (in this thesis, 

BMD change from baseline) 

SDo = standard deviation of xo 

6.2.3.2 The 95% Confidence Interval Of MD 

The 95% confidence interval of MD: 

= MD +/- 1.96 SEMD (3) 

These confidence intervais indicate that in 95 out of 100 replications of the tria1 it 

would be expectec! that the rnean difference would fa11 within this interval. If the 95% 

confidence interval values do not cross zero, then the treatrnent effect is significant at the 

0.05 level. Alternatively, if the confidence interval includes zero, then the mean 

difference does not meet the nominal p-value of 0.05. 



The Weighted Mean Difference 

The weighted mean difference (WMD) is a measure of how well the treatment 

prevented the Ioss of bone in c o r n p ~ s o n  to the control or placebo group in a number of 

trials. The WMD is calculated by evaluating the MJ3s of a number of RCTs and is 

defined as: 

where for each triai: 

w, = 
1 

2 

SE 

6.2.3.4 The 95% Confidence Interval About A WMD 

The standard error about the WMD is defined as: 
I 

SE,,, = - 9 W. 
i=l  

hence the 95% confidence interval about the WMD is: 

WMD f 1.96 SE,, (7) 

In the calcium/vitamin D meta-analysis the WMD was calculated to evaluate the 

mean difference of BMD, as a percent change frorn baseline, for calcium + vitamin D vs 

calcium. 

6.2.3.5 Tests For Hetero~eneitv 

Tests of heterogeneity were also conducted since the RCTs used in the meta- 

analyses can have small sarnple size, may corne from different populations (ie early 

postmenopausal, or elderly in nursing homes), use different treatment protocols (different 



analogues of vitamin D), or length of study period. In order to estimate the heterogeneity 

of trials included in the meta-analysis, tests were conducted to evaluate the degree of 

heterogeneity between studies. Even when such tests are conducted they do not provide 

high reassurance that heterogeneity is not present, even when a hypothesis for 

heterogeneity is rejected (Greenland, 1987). 

The statistical analysis was perforrned using the MetaView software developed by 

the Cochrane collaboration (Cochrane Collaboration 1996, version 3.0). This software 

tests for heterogeneity by using random-effects and fixed-effects models. 

Having defined the 5 elements of the meta-analysis (described in section 6.2.3), 

and developing the meta-andysis protocol, the analysis was conducted. 

Results Of Meta-Analvsis 

There were 6 studies that met the selection criteria in the calciumtvitarnin D 

analysis (Table 6.1), of which 2 studies focused on the FN (Papadimitropoulos et al, 

1997b). The other four studies met the criteria for inclusion in the evaluation of 

calcium/vitarnin D however they evaluated the impact on BMD changes at the spine and 

forearm, The overaIl WMD on the FN was cdculated as 1.41, with 95% confidence 

intervals of 0.32, and 2-51 (Table 6.2). These data suggested that calciurn/vitamin D had 

a significant impact on BMD. 

6.2.5 Discussion On Meta-Analvsis Results 

The overall WMD for calcium/vitamin D of 1.41, with confidence intervals of 

0.32, and 2.5 1 demonstrated the significant impact of this management strategy in 

modifying BMD at the femoral neck. This statistically significant impact on BMD 

change at the femoral neck however needs to be put into the perspective of the CaVD 





Table 6.2: Weighted mean difference (WMD) at the femoral neck for calcium t vitamin D versus 
calcium intervention indicating an overall statistically significant impact at this site when the data 
from the two studies were pooled. 

Study WMD 

Ooms ( 1995) 1.40 [0.30, 2.501 

Orimo ( 1994) 2.46 [-7.62, 12.541 

- -- - 

Overal l 1.41 [0.32,2.5 11 



meta-analysis which evaluated the incremental impact of vitamin D over calcium 

suppiementation. The full benefit of this treatment strategy versus placebo can only be 

ascertained by taking into consideration the results of the meta-analysis of calcium versus 

placebo conducted by S hea et al (1998). 

In Figure 6-1, the overail WMDs at the FN for interventions of calcium vs 

placebo, and CaVD vs calcium, are represented graphically. The WMD is plotted on the 

x axis, where a positive WMD favours the active treatment. The WMD estimated via the 

CaVD meta-analysis is the incremental benefit associated with the addition of vitamin D 

to the calcium alone intervention. The non-significant results of the calcium aIone meta- 

analysis suggest that this regimen is not effective at increasing BMD at the hip. 

Consequently the observed WMD from the CaVD versus calcium meta-analysis c m  be 

used directly to estimate the impact of CaVD on fracture nsk, without requiring the 

addition of the calcium benefits to this combined intervention. 

At the 1 s t  annual Cochrane Colloquim conference (1997), the results of another 

meta analysis using the Cochrane Collaborative approach, conducted by the Cochrane 

Musculoskeletal Group in Ottawa, was presented (Tugwell et al, 1997). The statistically 

significant overall WMD for HRT versus placebo at one year was presented as 2.86, with 

a CI of 1.9 1, and 3.8 1. This analysis indicates that combination therapy of 

calcium+vitarnin D vs calcium has about half the impact on BMû at the femoral neck as 

does combination estrogenlprogestin therapy at one year- 

The overall WMD at the spine and forearm for the calcium and CaVD 

interventions was also evaluated, and the data are summarïzed in Table 6.3. The analyses 

indicate that a small statistically significant impact of calcium and vitamin D vs calcium, 

on BPUD) was observed also at the spine. 



Calcium Vs Placebo 

CaVD Vs Calcium 

HRT Vs Placebo * 

-1 -0.5 O 0.5 1 1.5 2 2.5 3 3.5 4 
Favours Control Favours Treatment 

Weighted M e a n  Difference & 95% C.I. * ILAR 1997 

Figure 6.1 The comparative weighted mean difference (WMD) and 95% confidence intervals at the femoral neck of three Cochrane 
Collaborative meta-analyses conducted on three interventions: calcium versus placebo, calcium and vitamin (CaVD) versus calcium, 
and hormone replacement therapy (HRT) versus placebo. The analyses indicate a significant WMD after one year of primary 
preventative therapy in the CaVD versus calcium and HRT versus placebo analyses. 



Table 6.3: The weighted mean difference (WMD) at three skeletal sites based on two interventions: calcium (Ca) versus placebo and 
calciumlvitaminD (CaVD) versus Ca. The meta-analyses indicate that a statistically significani benefit is observed in ihe CaVD versus 
Ca intervention at the hip and spine. 

Calcium vs Placebo Calcium + Vitamin D vs Calcirrm 

Site Number of Overall WMD Number of Overali WMD 
studies (95%CI) studies (95%CI) 

Fernoral Neck 5 1.22 (-0.16,2.6 1 ) 2 1.4 1 (0.32, 2.5 1 ) 

Spine 7 0.22 (-0.65, 1 . 1  O) 3 0.74 (O. 1 1 ,  1.38) 

Forearm 3 0.42 (-0.80, 1.64) 3 0.34 (-2.13, 1.46) 



6.2.6 Imriact Of BMD On Fracture Risk Reduction At The Hip 

The data from this meta-analysis (WMD 1.41 CI: 0.32, 2.51) were used to 

estimate the reduction in hip fracture risk using the approach described by Black in the 

Office of Technology Assessment's (OTA's) HRT cost-effectiveness analysis (OTA, 

1995b)- In their analysis, the data from the Study of Osteoporotic Fractures (SOF) was 

used to establish a relative risk of hip fracture per standard deviation below the peak adult 

mean BMD in women (Black, 1992). Their analysis found a relative risk of 1.65 per SD 

below the mean BMD in women. Analysis of the SOF dataset suggest that the 

relationship of bone mass to hip fracture risk follows a linear pattern, since a statistical 

test for the goodness of fit of the data to a logistic mode1 did not reject the nul1 hypothesis 

(that the relationship is logistic) (Cumminps et al, 1990a). The logistic relationship 

between BMD and hip fracture risk used by Black (1992) is given as: 

where: P= probability of hip fracture at a given age 
a = is a constant tem that varies with age 
p = is a terrn that varies with BMD, but not with age 
x = is the individual's BMD at the age in question 

Calculation of the standardized relative risk (RR) of fracture based on bone mass 

PM) is defined as the ratio of: 
person whose BM is at 1 SD below mean 

person whose BM is at the mean (9) 

The prediction mode1 makes a cntical assumption which has been used in 

virtually al1 published models: that the relative risk of fracture is constant across al1 age 

groups (i.e. if the RR of fracture of a 75 year-old woman whose BMD is 1 SD below the 

mean BMD of a 70 year-ofd woman is 3.0, then the RR of a 50 year-old woman with a 



BMD of 1 SD below mean BMD of a 50 year-old woman is aiso 3.0J This assumption 

implies that there is no interaction between bone mass and age in predicting hip fractures 

(Black et al, 1992; Gardsell et al, 1989). 

The logistic regression (equation 8) has been modified to incorporate the WMD 

data of the meta-analysis by the Cochrane Musculoskeletel Group in Ottawa as: 

where: relative risk per SD below the mean BMD 

the % weighted mean difference observed 

age-specific average BMD for women 

age-specific standard deviation of bone mass 

The results of the meta-analysis that was conducted on calcium/vitamin D using 

the Cochrane approach indicates that supplementation with calciurn/vitamin D resulted in 

a WMD of 1.41 (0.319,2.5 1). The data from the meta-analysis along with the age- 

specific data from the OTA report (1995b) were inserted in the equation 10, assuming 

that therapy would be initiated at age 50 or 65 in postmenopausal women (Az1.65, 

BMD =0.650, and SD =O. 102). The hip fracture risk reduction calculated corresponding 

to the WMD data from the meta-analysis of CaVD intervention was 4.5% after one year 

of treatment (1.0% RR, 7.7% RR; lower and upper 95% confidence intervals). The WMD 

data on the femord neck at one year was 2.86 (1.9 1, 3.8 1) (Figure 6.1, Wells et al, 1997). 

These data were used in equation 10 and the % RR based on one year treatment data was 

cakulated as 9.1% (6.196, 12.1). 

Long-term studies (5 years or more) evaluating changes in BMD of CaVD 

intervention meeting the Cochrane Collaboration requirements were lacking. 



Consequently the impact of long-term CaVD supplementation on hip fracture risk had to 

be estirnated using the one year data from the Cochrane HRT meta-analysis. the 

associated fracture risk reduction at one year using equation 10, and hip fracture 

reductions observed from the Weiss et al (1980) study in long-term HRT users (50% 

(3 1%, 70%): section 2.7.3.1.1). The ratio of the base case estimated risk reduction of 

long-tenn HRT use from the Weiss study (50%) to the Cochrane one year HRT base case 

analysis (9.1%). was calculated as 5.5. Using this adjustment factor on the results of the 

Cochrane meta analysis one year of HRT treamient then a base case reduction of 50% is 

calculated with the lower and upper risk reductions of hip fracture of 33% and 67% 

(based on the confidence intervals of the analysis). These confidence interval-associated 

risk reductions correspond cIosely with the lower and upper ranges of the Weiss et al 

(1980) study of 3 1% and 70% respectively. 

The projected impact of long-term CaVD supplementation was estimated using 

the factor described above ( 5 3 ,  to calculate base case, pessimistic and optimistic risk 

reductions for CaVD based on the one-year data from our meta-analysis. The base case 

RR of hip fracture for CaVD supplementation based on this approach was estimated as 

24.7%, with the lower and upper confidence intervals corresponding to 6% and 42% risk 

reductions respectively. Conservative estimates in reduction of hip fracture with long- 

terrn CaVD therapy were set 10: 5%, 20%, and 35% reduction of hip fracture for the 

pessimistic, base case, and optirnistic scenarios, and were used in the mode]. 

The literature was reviewed that dealt with fractures in individuals on CaVD, to 

assess whether the calculated 20% reduction in hip fracture risk with CaVD was a IikeIy 

estimate. A number of studies evaluated fracture reduction, however these were not used 

in the C a m  meta-analysis since they did not include measures of BMD, or if included 

were only conducted on a smdl sub-set of individuals. A large study reported by Chapuy 

et al (1992), in which over 3,200 women were randornized to supplementation with 1,200 

mg calcium and 800 TCT of vitamin D or a double placebo, demonstrated a 43% reduction 



in hip fractures over an 18 month period. A 29% risk reduction was observed in this 

cohort after three years of therapy (Chapuy et al, 1994). The study by Chapuy et al was in 

institutionalized women with a mean age of 84 years. It was anticipated that the Chapuy 

study would show greater benefits since their population was nursing home residents. 

Intuitively, it is speculated that this population would be more frai1 than the general 

population, at greater risk for fracture and more likely to benefit from intervention. 

Indeed, analysis of the hip fracture incidence data in Canadian women by age and 

residence type upon admission to the acute care setting, demonstrated a statistically 

significant and higher hip fracture rate in women who were residing in a long-term care 

institution than those who were community-dwelling (Figure 5.1). The higher rate of 

fracture in older long-term care residing women would suggest that studies in this group 

may demonstrate a greater hip fracture preventative effect than in a younger cornrnunity- 

dwelling population. Hence a form of selection bias, while intentional, was present in the 

Chapuy study (1992) and these results would likely overestimate the anticipated benefits 

to the general population, 

Recently, Dawson-Hughes et al (1997), found that three year supplementation 

with calcium 500mg and vitarnin D 700IU resulted in a 60% reduction in non-vertebrai 

fractures. The study by Dawson-Hughes et al was in 176 men and 213 women over the 

age of 65 years who were cornmunity-dwelling. If these data are correct, then they 

suggest that C a m  would compare favourably with HRT, and indeed may be more 

effective. This goes against the prevailing d o p a  in the field since these women were 

only using CaVD for the prevention of osteoporotic fractures in this study. 

On the surface, the Dawson-Hughes (1997) data suggest that the CaVD analysis 

may have underestimated the fracture risk reduction, however upon closer evaluation the 

majority of the non-vertebral fractures were in a number of sites in the ann, and ankle or 

foot. OnIy one fracture was observed in the hip and this was in the placebo group. Thus 



there were insufficient fractures occurring at the hip in order to specifically determine risk 

reduction at this site. 

The data from this meta analysis wiI1 be used in the economic model, and the 

statistically significant changes in BMD at the femoral neck during use of calcium and 

vitamin D, at one year of treatment, will be used as the basis to support a base case 

reduction risk of hip fracture by 20%. This is a conservative, yet defensible reduction in 

hip fracture risk. Nevertheless, it is clear from the previous discussion that the estimated 

nsk  reduction of hip fractures with CaVD intervention based on the meta-analysis may 

either underestimate or overestimate this event. Consequently, for the economic 

evaluation, both a pessimistic (5%) and an optimistic (35%) risk reduction was selected 

by the author based on reviews of the literature, estimated using the approach described 

above, and impressions (although not a rigorous approach) on what constitutes 

anticipated extremes of effectiveness of these interventions as seen in the literature. This 

approach deviates from that used for other estirnates of sensitivity in the conduct of the 

economic evaluation. That is, upper and lower confidence limits were used when 

sufficient data were available to provide reasonable estimates of these ranges. If this 

approach were taken in the case of CaVD, then the upper and lower confidence intervals 

(6%, 42%) based on an extremely lirnited number of studies, may not truly represent the 

range encompassing likely risk reductions. 

The other important assumption in determining risk reduction for the combined 

therapy was that calcium supplementation alone has no effect. As stated, this assumption 

was based on the outcome of the Cochrane Musculoskeletai Group's meta-analysis. 

Nevertheless, Cumming and Nevitt (1997), conducted a meta-analysis of calcium using 

studies of various study designs (randomized and non-randornized). They concluded that 

supplementation wi th 1,000mg of calcium daily for a period of 10 years had a 22% 

reduction in fracture risk at the femur. Once again, these data could indicate that the 

approach taken in this thesis underestimates the efficacy of the combined treatment. 



6.2.7 Conclusions 

The meta analysis of RCTs have dernonstrated an incremental benefit of CaVD 

strategy in the order of a potential 20% reduction in hip fracture risk under base case 

assumptions. Since the rneta-analysis on calcium alone versus placebo (Shea et al, 1998) 

failed to observe a statistically sigificant benefit of calcium alone, these data strongly 

support the recommendations by a number of osteoporosis societies for a combined 

CaVD supplementation regimen. 



7. COSTING 

7.1 Costing and the Hip Fracture Mode1 

Costing rnethodology for events in health care has been evolving over the last two 

decades. The allocation of costs and the biases that can influence costing have recently 

been addressed by Jacobs et al (1996). The perspective of the analysis has an obvious 

impact on the approach used in the collection of costs. In Our model we evaluated costs 

from the HeaIth System perspective, hence costs arising from the use of publicly funded 

programs, and out of pocket costs relating to acquisition of the intervention therapies 

(phannacist dispensing fees for wornen aged <65 years, and the cost of calcium/vitamin 

D) were considered (defined in section 4.1.1 of this thesis). Al1 costs entered into the 

econornic model are in 1996 Canadian dollars. 

It is acknowledged that costs for each of these resources and support services Vary 

across Canada and by type of institution (teaching versus non-teaching, and urban versus 

mral). In order to confirm the generalizability of the results, extensive sensitivity 

analyses (in chapter 8 of the thesis) were conducted on al1 cost variables. 

The cost variables associated with each of the events in the hip fracture model are 

listed in Table 7.1, with a bief  description on the source of these data. In the model 

discountint, was also used, with a base case rate of 3%- 



Table 7.1 The cost variables used in the hip fiacture mode1 and the source of this data 

VARL4BLES SOURCE OF DATA 
LITERATTAWTHESIS 

Descriprion Syzbol Descriprion of approaclz 

Cost of home care 

Cost of Hospital Stay based on 17 day LOS 
for hip fracture 

Cost of per diem hotel costs 

Cost of treating an MI (ICD-9: 410) 

Cost of treating other ischernic hem disease 
events (ICD-9:4 1 1-414) 

Cost of treating B reas t cancer 

Cost of MD visit assessment 

Cost of MD reassessrnent 

Cost of Orthopedic assessment 

Cost of Orthopedic reassessment 

Cost of Geriatric assessment 

Cost of Geriaû-ic reassessment 

Cost of surgery of hip fracture 

Daily cost of acute care 

Daily cost of LTC 

DaiIy cost of rehab care 

Cost of daily calcium 

Cost of estrogen tabiet 

Cost of progestin tablet 

Cost of vitamin D tablet 

Cost of dispensing fees 

lCES review 

Acute care hospital costing database 

Analysis conducted based on multiple databases 

Ministry of Health (Ontario) Fee ScheduIe 

OCCP teaching hospital 

Ministry of Heaith (Ontario) - LTC division 

Riverdale Hospi ta1 

Phmacy WhoIesaler/Retail 

Pharrnacy WhoIesaler/Retail 

Pharrnacy WhoIesaler/Retail 

Pharmacy WhoIesaledRetail 

Community pharmacy publication 



7.2 Acute Care Facility Cûsts 

Costs for procedures conducted in an acute care facility were obtained from an 

Ontario teaching hospital's costing database (Sunnybrook Health Science Centre, 

Toronto, Ontario). This teaching hospital is a participant in the Ontario Case Costing 

Project (OCCP) and therefore uses the fully-allocated costing methodology where costs 

from overhead and support departments are allocated to patient sewice and care areas. 

This approach is used in estimating the total cost for each service hospital stay 

(encounter). Each encounter is Iinked to a primary diagnosis and the components of that 

stay are cleady identified at the level of unit costs and quantities of resource use. 

Event cost data related to an acute care stay were collected from the hospita1 

database using the Most Responsible Diagnosis (MRD) code (sarne as the ICD-9 code). 

Sumrnary costs were made available in a disagreggated fashion for the fiscal year 

199Y1996. Each of the events costed were also assigned a Case Mix Group (CMG) 

designation. CMGs are used to categorize hospital patients into groups (Pink and Bolley, 

1994). Al1 hospital patients in Canada are assigned an ICD-9 or ICD-9-CM code after 

discharge. The use of this coding however is awkward to use in costing a hospital stay 

due to the large number (there are more than 10,000) of these codes. CMGs were 

employed to surnrnarize hospitalizations using a more reasonable number of patient 

groups that could be used for manageriai purposes, although they would not be as 

clinically accurate. The development of CMGs by the Health Medical Research Institute 

(HMRI; now the Canadian Institute for Health Information (CIHI)), is analogous to DRGs 

used in the United States cailed the diagnosis-related groups (DRGs). There were four 

critena that were used to categorize patients into CMGs, these were: the patient groups 



had to make good clinicd sense; they had to be based on routinely collected data; there 

had to be a manageable nurnber of groups; and they had to be statisticdly homogeneous 

with respect to length of stay in hospital (Pink et al, 1994a). Currently there are more 

than 567 CMGs in 25 major clinical categories in use. The other ratio used in evaluation 

of hospital efficiency is the Resource Intensity Weights (RlTVs). RIWs show the relative 

use of hospital resources for a typical case (successful course of treatment in an acute care 

hospital and discharge when the patient no longer requires the hospital's services) and 

atypicai cases (death, transfer, sign-out and substantially longer than average stay) in each 

CMG. Consequently CMGs and RIWs (if they are Canaiiian and are not borrowed from 

U.S. studies) are valuable in defining the relation between the medical and financial 

dimensions of hospital cases, and are used in the planning, management, and financing 

decisions by hospital boards and government funding agencies (Pink et al, 1994b). 

In 1992 the Ontario Case Cost Project (OCCP) was Iaunched with the objective of 

developing: 1) a more Canadian specific case weight system than the New York system 

(that was currently in use), 2) more valid standards for cornparisons across hospitals and 

3) better information to manage hospitals (Ontario Case Cost Project, 1993). The project 

initially had thirteen participating hospitals, however the number of participating 

hospitals has grown since that time. 

The costs required for the mode1 were obtained as described above and the 

methodology employed to obtain these costs as well as their value are listed in the 

sections which follow. 



7.2.1 Cost of Hip Fracture (cHF) Repair and Per Diem Hotel Costs (CHOTEL) at an 
Acute Care Hospital 

The data collected from the Sunnybrook costing database for al1 hip fracture 

patients 820.0 to 820.9) admitted in fiscal year 199511996 to the hospital were 

obtained. There were 151 women, age -0 years of age, that were treated dunng this 

time penod, with a mean len-oth of stay of 16.69 days, (SD 12.05). The mean cost for al1 

women 2 50 years of age was $10,745 (Table 7.2) for the rnean stay of almost 17 days. 

Estimates of hip fracture repair costs have been reported in the literature for Canadian 

patients at $10,000 (Goeree et al, 1996) and are in reasonable agreement with the values 

obtained from the OCCP data. In the analysis of the CTHI database (in the previous 

chapter), we found that in fiscal 1993/1994 the mean length of stay in acute care hospitals 

was 31 days. It was decided to assume, for the base case analysis, that the LOS in an 

acute care facility would be 21 days for Canadian hip fracture patients. The LOS at 

Sunnybrook Health Science Centre was almost 17 days hence in order to compensate for 

this ciifference an additional four days of the per diem cost in the same acute care facility 

was included. The daily hotel cost was calculated by the decision support analyst of the 

acute care facility (Tom Marincic) based on nursing and nutritional support assuming that 

. no additional testing was performed. The total per diem cosr was calculated as $423.29 

($241.63 direct costs, $1 8 1.66 indirect costs). Thus the total costs for the acute care stay 

used in our analysis was $12,438. 



Table 7.2 Acute care hospital cosis (Sunnybrook Health Science Centre - Toronto) of all hip fracture repair 

in wornen 2 50 yeiirs of age admitted during fiscal 1995/1996. 

Age Number of women Mean cost ($, 1995) Total cost ($, 1996) 

50-59 2 5,676.23 1 1,352.46 

60-64 2 5,450.99 1 0,90 1.98 

65-69 10 8,75 1.64 87,5 16.40 

70-74 15 8,779.1 O 13 1,686,50 

75-79 23 12,588.0 1 289,524.20 

80-84 44 10,223.2 1 449,82 1.20 

85-89 29 12,078.79 350,284.90 

>90 - 26 1 1,207.94 29 1,406.44 

Totals 15 1 1,622,494,OO 

Mean costkase 10,745 



7.2.2 Cost of Home Care (CHCI 

Upon discharge from an acute care facility, following the repair for the hip 

fracture, the destination of the patient can be variable. Ultimately the patient's discharge 

back to the community at a level of functioning which does not require any support from 

the health care system is the preferred scenarïo. Typically, a proportion of the community 

residing patients prior to the fracture event will be discharged back to the community with 

home care support. The home care function provides a number of services including 

physiotherapy, nursing, homernaking, meds on wheels and other associated supports. 

Recently a review of patients discharged from musculoskeletal type of surgical 

interventions in selected parts of the province of Ontario found that the average total cost 

per patient for this service was $941.00 (Coyte et al, 1997). The average length of 

providing these services was 42 days (Coyte et al, 1997). 

Using the average cost of home care has its limitations. The summary data provided 

to the author did not identify and disaggregate the unit costs and quantity of services 

provided to these patients. The cost of $941.00 used in our economic mode1 for home 

care (cHC) is based on a mean of unweighted resource use in a variety of Ontario 

communities. The level of auxiliary support in these communities may Vary greatly 

which may skew the mean cost of home care. Similady, the home care concept is not 

universally available in Canada with the provinces of Ontario and Nova Scotia currently 

being the only two that are using this support system. The other provinces care for 

patients who would qualify to go back to the community, by placing them in 

rehabilitation/long term care facilities until they are ready to be introduced back to the 

community with minimal support systems. The evaluation of the management 



approaches (home care versus rehabilitation/nursin,o homes) for those patients who are 

good candidates for returning to the community continues. 

7.2.3 Cost Of Treating Mvocardial Infarcts (cMI) In Women 250 Years Of Age 

Myocardial infarcts are serious medical events impacting on the mortality of 

patients. The management of this event in the acute care setting was evaluated using the 

costing database (MRD 410), for 83 women (250 years of age) who were treated in the 

fiscal year 1995/1996 at Sunnybrook. It was found that patients were in the hospital for a 

mean length of stay of 8.59 days (SD 8.24). Resource use during this stay, especially in 

the first four days, was intense. The mean cost for this event was $7,390.93 (Table 7.3). 

Treatment of myocardial infarcts (MI) in Canada have been estimated in a number of 

publications. Zowall et al (1993) estimated MI to cost $7,948 in 1992. Recently, Coyle 

et al (1997) estimated the cost of MI at the acute care level in Canada in 1995 dollars at 

$7,505. A base case cost of $7,300 for the treatment of MIS was used in the model. 

7.2.4 Cost Of Treatinp Other Ischemic Heart Disease Events (cOTHR) In Women 

250 Years Of Age 

Costing of other ischernic heart disease events beyond MIS (ICD-9 4 1 1-1 14 

events), were difficult to obtain frorn the hospital dataset, consequently the cost for 

treating these events was estimated. The estimate was based on the reported average 

length of stays (LOS) for ICD-9: 41 1-414 events by Statistics Canada (1996). Average 



Table 7.3. Acute care hospital costs (Sunnybrook Health Science Centre) for the management of myocardial infarcts (MIS) in 
women 2 50 years of age during fiscal l99Yl996, and estimated cost of treating non-Mls at the same institution. 

Age Number of women Mean MI cost Total MI cost Age Other CHD Mean cost/ day Total cosV 

with MIS ($, 1996) ($, 1996) Avg (da~s)  ($, 1996) episode ($, 1996) 

75-79 18 6,647.7 1 1 19,658.80 

80-84 17 6,793.68 1 15,492.60 

85-89 13 6,2 12.78 80,766.14 

>90 - 9 5,760.14 5 1,84 1 .26 

Totals 83 605,147.10 

Mean costlcase 7,290.93 



LOS data for these events was then used to caIculate the cost of the hospital stay for 

women by rnultiplying the per diem hospital cost for the institution by the length of stay 

of different age groups since the average LOS varies significantly with age (Table 7.3). 

The costs that have been caiculated are underestirnates since the cost of medications, 

rnedical procedures and tests have not been included. We will evaluate the impact of Our 

assumed cost for the treatment of these events via sensitivity analysis in the economic 

model, Coyle (1997) has estimated the mean cost for the treatment of these types of 

coronary events to be $4,087 for women 2 50 years of age, which lies between Our 

estimate for women c74 years and >75 years of age. 

7.2.5 Cost of Treating! Breast Cancer (cBREAST) in Women >50 Years of Aee 

An in-depth cost of illness srudy on breast cancer was conducted in Ottawa by 

Earle et al (1997), in which the author of this thesis was a CO-author. The data pertaining 

to women greater than 50 years of age by stage of breast cancer diagnosis was conducted. 

A surnmary of the first year costs for treating Canadian women using breast cancer 

staging is presented in Table 7.4. Across a11 stages, initial first-year mean treatment costs 

were estimated at $9,560. The comprehensive cost of illness report is referenced @ale et 

al, 1997). 

7.3 Cost of Physician Services 

Reimbursement for physician services is a provincial responsibili ty. In the model 

a number of assumptions were made regarding the role of physicians in the management 

of the Canadian postrnenopausai woman. The assumptions on the frequency and nature 



Table 7.4 Estimated first year treatment costs for breast cancer events in women t 50 years of age based on Statistics 

Canada data, and the SEER (Surveillance, Epidemiology, and End Result) database of the United States (Earle et al, 1997). 

Stage of breast cancer Initial treatment ($, 1996)- 

Mean treatment cost 9,560 



of the visits of "typical" postmenopausal women were derived based on discussions wirh 

a geriatrician, an orthopedic surgeon and a farnily physician. Costs (base case) applied to 

the model for these visits was obtained from the Schedule of Benefits produced by the 

Wnistry of Health - Ontario (1992), and u e  presented in Table 7.5. Although the fee 

schedule and al1 the associated physician and facility costs are from Ontario, it has been 

assumed that these rates will not Vary between the provinces. The Canadian Medical 

Association currently does not have a standard fee schedule for Canada. We will test via 

sensitivity analysis the impact of varying these fees on the model outcorne of costs for the 

interventions in chapter 8 of the thesis. 

7.3.1 Costs Of Surgeon And Anesthetist (cSURGERY) Related To Hip Fracture 

Repair 

Surgery costs (cSURGERY) were estimated based on the cost of hip fracture 

repair by the orthopedic surgeon and the anesthetist. Typicdly orthopedic surgeons have 

two billing codes for the repair of a hip based on the type of fracture. For the analysis it 

was assumed that an average between the two rates be used and that a standard 

anesthetist's fee be applied to the total of the cSURGERY variable. The result is listed 

in Table 7.5 

7.3.2 Costs Of Lonp-Term Care Stav (cLTC) 

The Long-Term Care division of the Ministry of HeaIth (Ontario) has 

responsibility for administering and reporting the costs associated with the operation of 



Table 7.5 The physician variables used in the osteoporosis mode1 and the fees reimbursed by the Ministry of Health in Ontario 

VARIABLES LITERATURE SOURCE THESIS 

Descriptiort arid fee code Syni bol Source Cost ($, 1996) 

Cost of MD assessment 

Cost of MD reassessment 
Cost of orthopedic assessment 
Cost of orthopedic reassessment 
Cost of geriairic assessment 
Cost of geriairic reassessment 
Cost of surgery of hip fracture; 
surgeon and anesthetist fees 

cMD Ministry of Health (Ontario 1992) 48.20 
Fee Schedule 

cMDRE < <  28.10 
cMDOP < b 52.70 
cMDOPRE < b 

< <  
36.50 

cMDGER 
< <  

53.60 
cMDGERRE 

& b  

38.65 
cSURGERY 554.15 



these facilities in Ontario. The costs for providing this care range frorn $59.1 1 to $128.23 

per day, based on the level of care provided (Levels A to G). The average provincial per 

diem cost for care is $77.00 (Thiele, 1996). This value has been used as the Iong-terrn 

care cost in our mode1 since a typical hip fracture patient entering these facility will not 

require the maximal level of care. 

7.33 Costs Of Rehabilitation Care (cRC1 

Rehabilitation care can be provided either through a stand-alone rehabilitation 

facility, or via a specialized unit within an acute care hospital. The per diem costs of 

operating these facilities is variable, however in general a lower level of care is required 

in cornparison to acute care faciMies. Papadimitropoulos et al (1997b) estimated the per 

diem cost for this type of care at $275 (cRC). Recently a survey was conducted in a 

rehabilitation facility in Hamilton-Wentworth area, in which an average per diem cost 

was caiculated for hip fracture patients entering rehabilitation to be $268.00 

(Wiktorowicz et al, 1998). The per diem estimate for rehabilitation care of $275 will be 

used in the evaluation since this value is a reasonable approximation of the data generated 

by Wiktorowicz et al (1998). 

7.4 Costs Of Treatment 

The administration of a daily intervention to postrnenopausal women who are at 

nsk of osteoporosis has been limited to the treatment options of: calcium 750 mg/ vitamin 

D 400 iU daily, or HRT (conjugated estrogen 0.625 mg/medroxyprogesterone 2.5 mg 

daily) for this evaluation. The calciudvitamin D intervention does not require a 



physician's prescription, and consequently is not covered by most provincial and private 

dnig plans. HRT on the other hand is covered by almost a11 Canadian drug plans for 

women over the age of 65 years, and requires the prescription of a physician- In the 

model it was assumed that the cost of al1 interventions would be included in the analysis. 

The costs associated with treatnient are listed in Table 7-6. 

7.4.1 Cost of CalciumNitamin D 

Supplementation of postmenopausal women with combination calcium-vitarnin D 

therapy, is accessible without a prescription. In our model we assumed that 750 mg of 

calcium via supplements would be an appropriate intervention to ensure that Canadian 

postmenopausal women have a rninimal intake of 1,200 mg daily. Similarly 

supplementation with 400 LU of vitamin D was assumed in the rnodel. 

Calcium via the calcium carbonate salt (Novopharrn) are generically available at a 

retail cost of $3.60 for 100 tablets, containing 250mg calcium per tablet. The 500mg 

calcium tablets (Novo) retail for $5.06/100 tablets. These costs were obtained from a 

retail pharmacy in Ontario based on a 40% mark-up on the cost from the wholesaler. The 

daiIy cost of one 250rng and one 500mg calcium tablet (cCALCIUM) were estimated to 

be $0.0866. 

Vitamin D3 (cholecalciferol) 400IU (Swiss) is available at a retail cost of $2.70/90 

tablets based on a 40% mark-up from the wholesaler. The daily cost of vitamin D used in 

the model (cVITD) was $0.03. 



Table 7.6 Costs associated with providing the evaluated interventions to Canadian postmenopausal women 

VAWABLES SOURCE THESlS 

Description Sym bol Description of approach Cost (8, 1996) 

Cost of daily calcium cCAL Phannacy WholesalertRetail 0.0866 

Cost of daily vitamin D cVITD Pharmacy Wholesaler/Retail 0,03 

Cost of estrogen tablet cESTROGEN Pharmacy Wholesaler/Retail 0,0927 

Cost of progestin tablet cPROGEST Pharmacy Wholesaler/Retail 0.09009 

Cost of dispensing fees cDISPFEE5O Community pharmacy publication $8.70 < 65 years 
cDISPFEE65 Ontario Ministry of Health $6,11 2 65 years 



7.4.2 Cost of Estrogen (cESTROGEN) and Progestin (cPROGEST) Therapv 

KRT is available by prescription of a physician. Currently a number of oral HRT 

regimens are used. In the mode1 the continuous combined administartion of conjugated 

estrogen 0.625 mg and rnedroxyprogesterone 3Smg have been used. The cost of 

administering these two dnigs is based on the Ontario Drug Benefit (ODB) Formulary 

schedule which allows a mark-up of 10% above the best available pnce (BAP) of an 

allowed prescription product. This mark up excludes appropriate dispensing fees. 

The acquisition cost plus the 10% mark-up of genericdly avaiIable 0.625mg 

conjugated estrogen tablets (CES - Pharmascience) is $9.27/100 tablets. In the mode1 the 

daily cost of estrogen (cESTROGEN) of $0.0927 is used. Medroxyprogesterone 2.5 mg 

(Kenral) is also generically availabfe at $ 9.09!100 tablets. The daily cost of progestin in 

the model (cPROGEST) is set at $0.09009. 

7.5 Cost of Dispensing Fees (cDISPFEES0 and cDISPFEE65) 

Prescription dispensing fees (pharmacis fees) Vary across Canada. A recent cross- 

Canada survey was conducted with average provincial dispensing fees ranging from 

$6.70 to $9.80 (Welds et al, 1996). These average dispensing fees however are a 

composite of the fees paid by cash, third party and government coverages. In the model 

we have used the maximal Ontario Dmg Benefit Program (OBD) fee that pharmacies are 

reimbursed for the indigent and rnajority of seniors (2 65 years of age) of $6.1 1. The 

dispensing fee used in this evaluation for women <65 years of age is $9.80. This fee is 

based on the average fee that pharrnacists are reimbursed for prescriptions filled in the 

province of Ontario. Typically for maintenance medications a three month quantity is 



dispensed, consequently the two drugs (estrogen and progestin) wilI be dispensed four 

tirnes in one year. A dispensing fee will appIy to each of the two components of HRT 

(conjugated estrogen and medroxyprogesterone) every three months. 

7.6 Discounting 

Considerable support for the application of discounting to costs and benefits in an 

economic evaluation exists (Drummond et al, 1987). The objective of discounting is to 

bnng al1 of the costs and consequences of an evaluation to their present value. 

Discounting is used because individuals exhibit a positive rate of time preference; that is 

their preference is to receive benefits early and to incur the costs later. 

The discounting process of future costs to present values is calculated by use of 

the following formula: 

where P = present value; F, = future cost at year n; R = annual discount rate (e-g. 0.03 

indicates 3%); and t = number of years of the intervention. This formula was used to 

discount all costs. 

Discounting of effects is also necessary. The principal effectiveness outcome in 

the osteoporosis mode1 is the number of Life Years Lost (LYL) due to premature death as 

a result of hip fractures, coronary heart disease, and breast cancer. The present value of 

Iife years Iost at the premature death was calculated also using this approach. 



7.7 Base Case Assumptions for Economic Mode1 

Table 7.7 lists the base case assumptions for the hip fracture modeI. The 

base case assumptions used in the mode1 are supported by curent literature and were 

discussed in chapter 2, and supported by the contents of chapters 5,6 and 7. 



Table 7-7. Base case assumptions used in the hip fracture mode1 

1 Discount rates benefits 1 3% I 

1 case assurnption. I 

Cornpliance rates costs 

Compliance rates benefits 

Cost attributed to those patients obtaining prescribed product, assumed 
cornpliance in base case were similar to clinical trials. 
Compliance rate benefits also assumed to be 100% of literature values in base 

1 who initiate therapy at age 65. I 

Long tenn care costs 
Duration of therapy 

1 Skeletal s ta tu  of 1 Assumption that we are dealing with preventative treatment in normal and 1 

Based on a per diem rate of $77. 
40 years for women beginning therapy at age 50, and 25 years for those women 

b) Bone 
S keletal effect (hip) 

population 

Skeletd onset 

osteopenic women with BMDs of < 1 SD from the mean (for women). 

~ a l c i u m ~ i t a m i n  D 1 20% reduction based on thesis (Cochrane meta-analysis - 1 

Age at intervention 50 years of age for irnmediate therapy, and 65 years of age for delayed therapy. 

1 Chapter 6 ) )  1 
m T  
No Intervention 

CalciumNitamin D 
HRT 
No Intervention 

-- -- - 

1 No Intervention 1 N/A 

50% reduction (Weiss et al, 1980) 
Assume rates of fracture are as those reported in the 
CMAJ paper (Papadimitropoulos et al, 1997) 
5 years based on literature 
5 years based on literature (Weiss et al, 1980) 
N/A 

CHD effect 

CHD onset 

3) Breast cancer 
Breast Cancer 

Onset Breast Cancer 
effects 

CalciumNitarnin D 
HRT 
No Intervention 
CalciumIVitamin D 
HRT 

No reduction in effect 
40% reduction (Grodstein et al, 1996) 
No effect 
N/A 
Immediate (Col et al, 1997) 

d 

No Intervention 1 No effect 

CalciumNitamin D 
HRT 
No Intervention 
CalciumNitamin D 
HRT 

No effect 
46% increase after lOyrs therapy (Colditz et al, 1995) 
No effect 
No effect 
1 Ovrs 



8. RESULTS 

8.1 OVERVIEW 

Once the costs and probabilities of events relating to hip fracture prevention 

strategies were collected, and the Markov model was validated, the analysis comparing 

the expected cost and outcome of each strategy was conducted. The model was loaded 

with al1 of the data collected and dcscnbed in chapters 2,5,6 and 7, and set to the base 

case assumptions (Table 7.7). 

8.2 EXPECTED COSTS FOR EACH MANAGEMENT STRATEGY 

The expected cost and the outcome of life years lost ( L n )  for each strategy was 

calculated for a forty year penod and the results are summaxized in Table 8.1 under base 

case assumptions, and two additional discounting scenarios (5%, and 0% respectively). 

The analysis showed that calcium/vitamin D therapy initiated at a p  65 (CaVD65), and 

the no intervention arm were the second and third lowest expected cost strategies 

($5,937.57 and $5,942.50 respectively). Calcium/vitamin D therapy initiated at age 50 

(CaVDSO) was the second highest in cost, and the HRT arm initiated at 50 yens (HRTSO) 

in general had the highest expected cost. Expected costs were the lowest at al1 discount 

rates for the HRT strategy initiated at age 65 (HRT65), with values of $5,763.59, 

$4,087.77 and $10,577.87 using 3%, 5% and 0% discounting rates respectively. 

Expected cost data for each management strategy presented in Table 8.1, demonstrate that 

the model is sensitive to the discounting rate, that is the no intervention scenario was 

lower than the CaVD65 scenario at 5% discounting rate. The CaVD65 and no 



Table 8.1 Expected costs under base case assumptions for each management strategy under 3%, 5% and 0% discounting rates per 
woman followed over a forty year period (age 50-90 years). 

Expected cost by intervention per wornan foltowed over aforty year period 

Sirategy Base-cuse ($, 3% discuitnt raie) 5% discoitnting ($) No discounting ($1 Life Years Los1 
(3 % discount in^) 

A. No iiitervention 5,942SO 4,130.85 1 1,333.2 1 3.7799 

B. CalciumNitarnin D initiated a i  age 50 years 6,359.8 1 
(CaVD50) 

C. CalciumNitamin D initiated at 65 years 5,937.57 
(CaVD65) 

D. HRT initiated at age 50 years (HRTSO) 7,330.14 5,493.95 12,434.46 3.6534 

E. HRT initiated at age 65 years (HRT65) 5,763.59 4,087.77 10,577.87 3,650 1 



intervention scenarios have a very close expected cost in the base case, however the 

relative rankings of these two scenarios are sensitive to discounting rates above 3%. The 

relative ranking of CaVD5O and HRTSO alternatives did not change across discount rates. 

The model was also run to evaluate the impact on expected costs when the clinicaI 

eff~cacy parameters were varied under two additionai scenarios: the optimistic scenario, 

and the pessirnistic scenario for each treatrnent strategy descnbed in detail in Table 2.6. 

The optimistic scenario assumes more clinical benefit for calcium and vitamin D and 

HRT and therefore minirnizes the expected LYL for these strategies. The pessimisiic 

scenario assumes less clinical benefit, therefore the expected LYL are maximized. 

The rank order of expected costs did not change when the optimistic assumptions 

were applied to the mode1 (Table 82), with the CaVD65 strategy having the second 

lowest expected cost ($5,684.15), and the HRT65 strategy being the lowest once again 

($5,241.84). When the model was run under the pessirnistic scenario however, the no 

intervention strategy had the lowest expected cost ($5.942.50) followed by CaVD65, 

HRT65, CaVDSO, and HRT5O strategies, with expected costs of $6,184-53, $6,283.73, 

$6,676.78, and $8,039.55 respectively. 

8.3 DISTRIBUTION OF EXPECTED COSTS BY MAJOR COMPONENTS 

The expected cost data (under a 3% discount rate, base case assumptions) were 

disaggregated into their individual cornponents, and are presented in Figure 8.1, and 

Table 8.3. The resource components captured in the model are the costs of: physician 

fees (surgeon and anesthetist fees excluded), long term care, hip fractures, breast cancer, 

coronary heart disease, HRT, and calcium/vitamin D supplements. 



Table 8.2 Expected costs under base case, optimistic, and pessimistic assumptions for 
eacli management strategy per woman followed over a forty year period. 

Expected cost by intervention and assuntpfion scertario, per rvornan 
followed over a forry-yearperiod under a 3% discount rate 

Siraregy Base -case scenario Op timistic scenario Pessimistic scenario 
($1 ($) f 8 

A. No intervention 5,942.50 5,942.50 5,942.50 



Costs associated with routine monitoring over a calendar year in a11 

postmenopausal women, was the lmgest cost component in the CaVD, no intervention 

and HRT65 management strategies. In the HRTSO arrn, the cost of HRT was the largest 

component. In the non-HRT strategies, the cost of CHD was the next largest foIlowïng 

physician costs. Physician costs were approximately the same in al1 management 

strategies since these costs refiect routine care. 

Long term care costs were ascribed to al1 hip fracture patients who were 

community-residing at the tirne of the fracture event and who were subsequently adrnitted 

permanently to a LTC facility. Incrementai costs associated with a temporary heavier 

level of care for the previously LTC-residing women, as well as the LTC costs for 

previously cornmunity-living women, were captured in the overall LTC cost presented in 

Table 8.3, and Figure 8.1. LSC costs associated with active preventative strategies were 

the highest for CaVD65 ($821.64) and CaVD5O ($781.75) followed by HRT6S 

($617.73); the HRTSO management strategy was the lowest at $5 14-13. The costliest 

management approach from a LTC perspective was the no intervention strategy with an 

expected cost of $97 1.00. LTC costs Vary by treatment strategies since it is those 

strategies which resuIt in more hip fractures that have higher expected costs associated 

with this resource. 

Hip fracture costs for the repair of the hip in an acute care hospital, follow-up 

rehabiIitation, and support system care were captured for a11 patients who fractured. The 

cost of hip fractures followed the same ranking pattern as LTC costs for the same reasons. 

The CaVD65 management strategy had the highest hip fracture cost of d l  active 

intervention followed by CaVD50, HRT65, and HRTSO strategies. The no intervention 





Table 8.3 Distribution of expected costs by cost component (under a 3% discount rate) per woman followed over a forty-year period 
under a number of management strategies. 

Expected cost of follow-icp by intervention over a forry-year period 

Cost Elenient No Irirervention Ca VD50 Ca VD65 HRTSO HRT6.5 

A. CalciumNitarnin D 

B.  HRT 

C. Hip Fractures 

D. Long-tcrm care 

E. Breast cancer 

F. CHD 

O. Physician Fees 



arm was the most costly in terms of hip fracture related costs. 

Costs related to breast cancer treatment or death from breast cancer were also 

captured in the analysis. The no intervention, CaVD50, and CaVD65 interventions had 

almost identical breast cancer costs ($59 1-87, $592.05. and $592.01 respectively) since 

the model assumed that CaVD did not impact on breast cancer. The slight differences 

observed would be secondary to different overall mortality rates in these three groups. 

HRT65 management strategy had the next highest cost associated with breast cancer 

($655.09), and the HRTSO strategy had the highest cost of al1 interventions ($815.60). 

These higher expected costs were linked to the increased risk of developing breast cancer 

in those women who were HRT users. 

Coronary Heart Disease (CHD) costs were also captured in the model. The three 

strategies of no intervention, CaVD50 and CaVD65, had higher but sirnilar costs 

associated with CHD ($1.2 19.83, $1,720.6 1, and $1,220.49 respectively) than HRT 

strategies due to the same assumptions as with breast cancer (ie. these interventions were 

assumed not to impact C m ) .  HRTSO strategy had the lowest CHD cost ($746.36), 

followed by the HRT65 arrn at $851.58. These lower costs were a result of HRTs 

protective effects from CHD. 

Costs associated with the acquisition of calcium/vitamin D, and HRT were the last 

two cost components captured- The cost of CaVD for the CaVD5O and CaVD65 

strategies was lower than that for the HRT interventions. HRT costs, composed of the 

cost of the estrogen, progestogen, and the associated pharmacy mark-up and dispensing 

fees was high ($2,654.88, and $919.49 for the HRTSO, and HRT65 management 



strategies respectively). Obviously these costs were applied to the appropriate 

management strategy, with costs v q i n g  based on the duration of active treatment. 

8.4 EXPECTED OUTCOMES BY MANAGEMENT STRATEGY 

The primary outcome in this evaluation is the number of life years lost (LYL) in 

each of the treatment strategies. Table 8.1 lists the LYL value for each strategy under 

base case assumptions. The no intervention strategy has the largest LYL of 3.7799 years, 

followed by the CaVD65, CaVDSO, and HRTSO strategies, while the HRT65 strategy has 

the lowest LYL of 3.6501. In other words, someone treated with HRT at age 65 would be 

expected to live 0.1298 years longer than someone not treated. The m T 5 0  strategy on 

the other hand has a higher LYL than the HRT65 strategy, suggesting that the HRTSO 

strategy is not as effective in preventing over-al1 death as the H m 6 5  therapy. 

Summary data on hip fractures, deaths, and permanent admission to LTC per 

1000 Canadian postmenopausal women under base case, optirnistic and pessirnistic 

scenarïos are presented in Table 8.4. These findings indicate that under base case 

assumptions the srnallest number of hip fractures from both community and LTC 

dwelling women using the CaVD strategy were those that initiared preventative therapy at 

50 years of age. The CaVD5O intervention had 165 hip fractures, while the CaVD65 

group had 171. The lowest number of hip fractures were observed with HRTSO strategy, 

with a total of 11 1, foIlowed by 124 fractures in the H m 6 5  group. The no intervention 

arm had the largest number of hip fractures (205 fractures). The rank ordering for 

number of hip 
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fractures remained the same under the optirnistic and pessirnistic scenarios, with the 

HRTSO strategy continuing to have the lowest and the no intervention strategy having the 

highest, 

Deaths resulting from breast cancer are also presented in Table 84,  The no 

intervention, CaVD50, and CaVD65 strategies each had 3 1 deaths under base case, 

pessirnistic and optimistic scenarios (since breast cancer (BrCA) did not v q  under these 

scenarios). In contrast, the HRTSO and mT65 interventions had higher deaths due to 

BrCA of 45 and 38 respectively. There were 7 more deaths due to BrCA in the HRTSO 

than the HRT65 scenario. The ranking in breast cancer deaths were the same with the 

optimistic and pessirnistic scenarios with HRTSO and HRT65 having the highest number 

of these events (38 and 35 respectively under the optimistic scenario; 5 1 and 41 

respectively in the pessimistic scenario). 

Coronary heart disease (CHD) deaths over the forty-year penod were the greatest 

in the no intervention, CaVDSO, and C a m 6 5  management strategies (152 deaths11000 

women) since it was assumed that CaVD had no effect on CHD, whereas the HRTSO and 

HRT65 approaches had onIy 94 and 98 deaths from CHD respectively under base case 

assumptions (Table 8.4). Under base case assurnptions in the HRT interventions there 

were a similar number of deaths due to CHD (94 and 98) for HIITSO and HRT65 

respectively. This number should be contrasted with the no intervention scenario in 

which there were 152 CHD deaths. The number of deaths due to CHD continued to be 

low under both the optimistic (69 and 74), and pessimistic scenarios (127 and 129) for 

HRTSO and HRT6S interventions respectively. Therefore an internai trade-off exists 

between deaths, fractures and cost. 



8.5 INCREMENTAL COSTS, EF'FECTS, AND COST-EFFECTIVENESS 

Table 8.5 summarizes the expected costs of the five management strategies using 

the base case assumptions defined in Table 7.7, under a 3% discounting rate. CaVD65 

had the lowest cost ($5,937.57), of the CaVD strategies however a small LYG value 

(0.0036) resulted from this intervention. The CaVD65 strategy was considered to have 

weak dominance since it had the smallest incremental LYG and about the same expected 

cost, as the no intervention (NI) arm. The CaVD5O intervention had a higher incrernental 

LYG than CaVD65 (0.0044 years), however at higher expected cost ($6,359.8 1). A 

trade-off also exists for the CaVDSO strategy between increased cost and a small increase 

in LYG ($94,843/LYG). HRT therapy initiated at age 65 (HRT65) was dominant over 

al1 strategies, having the lowest total cost ($5,763.59; $178.91 lower than the no 

intervention strategy), and the largest LYG over al1 strategies (0,1298 years over no 

intervention). HRT initiated at 50 years (HRTSO) had the highest expected cost 

($7,330.14), however 0.1265 years of life were gained over no intervention. 

Consequenùy, a trade-off exists with this management strategy, in which it costs more 

than M, however it is also more effective ($10,969/LYG). 

The data in Table 8.5 is presented graphically in Figure 8.2. In this type of plot, 

the x CO-ordinate captures the efficacy of the intervention in incremental units of Iife- 

years gained (LYG) compared to no intervention; the y CO-ordinate captures the 

incremental cost of the intervention compared to the no intervention scenario. Each of 

the four quadrants of this figure graphically describes the costs and consequences of each 

strategy in cornparison to the no intervention scenario. Since each intervention is 



Table 8.5 Incremental costs and Life Years Gained of each strategy relative to no intervention under base case assurnptions. 

Costs, Lge-Years Gained (L YG) and incremental cost-eflectiveness offoztr hipfiactirre prevention interventions 

Strategy Base-case lncremental costs Life Years Lost lncrentental lncremental 
(3% discount rate) (versus no intervention) (3% discounring) L YG cost-eflectiveness ratio 

to NI {$IL YG) 
A. No intervention (NI) 5,942.50 - 3.7799 

C. CaVD65 5,937.57 (4.93) 3.7763 0.0036 WEAK DOMMANCE 

E. HRT65 5,763.59 (1 78.9 1) 3.650 1 O. 1298 DOMINANT 





compared to the RO intervention scenario, the no intervention scenario has the co- 

ordinates of (0,O). Scenarios whose co-ordinates lie in the north-east quadrant of Figure 

8.2 (or upper nght quadrant), are interventions that are more costly (increased $), but 

more effective (increased LYG) than the NI scenario. Those interventions which have 

data lying in the south-east quadrant (bottom nght), indicate that they are Iess costly and 

more effective than the NI scenario. Typically these interventions provide a compelling 

econornic argument for adoption compared to the origin. Alternatively, data found in the 

north-west (upper Ieft) quadrant describe interventions that are more costly and less 

effective than the no intervention scenario. Clearly interventions lying in the north-west 

quadrant are inefficient and should not be considered for support in health care. Lastly, 

interventions whose data lie in the south-west corner (bottom left) are less costly, but are 

also less effective than the NI scenario. 

The data from the four interventions al1 lie in the north-east and south-east 

quadrant of the graph, indicating that al1 of the interventions under the base case 

assumptions are at least as efficacious as the NI scenario. 

In the north-east quadrant the CaVDSO scenario and the HRTSO scenario are 

presented, indicating that both of these strategies cost more than NI, however they are 

d s o  more effective. In the case of the CaVDSO scenario there is a relatively larse 

incremental cost ($417.3 1) associated with a very small increment in LYG (0.0044 years) 

in comparison to the NI approach. On the other hand the HRTSO intervention provides a 

more favourable incremental efficacy (O. 1265 LYG) in comparison to NI, however at an 

incremental cost of $1,387.64 per patient treated over the forty years that the mode1 runs. 

The slopes of the lines relative to the no intervention scenario describe the cost- 



effectiveness of the strategies (Figure 8.2). The lower the slope, the less the indervention 

costs per unit of effect (LYG in this case), 

Data presented in the south-east quadrant are more favourable (from a e o s t  

perspective) than any scenarios in the north-east quadrants. Under base case assumptions 

the CaVD65 intervention was only slightly less costly per patient treated ($4.93) than the 

NI approach, however it was moderatel y effective in incremental LYG (0.0036) years. 

Clearly the HRT65 strategy dominates dl interventions evaluated in the mode1 (i-e- 

lowest expected cost and highest expected LYG). The HRT65 scenario was l e s  costly 

($178.9 1) and considerably more effective (0.1298) than the CaVD65 intervenrtion when 

compared incrementally to the NI approach. This finding clearly supports that the 

HRT65 strategy is "dominrint" since it is not only least costly (cost-saving), b u t  it 

provides the greatest efficacy (incremental LYGs) than al1 the other interventimns, 

including the do-nothing approach (NI scenario). It should be noted that the C a m 6 5  

intervention is also Iess costly and more effective than the NI approach, howevber both the 

incremental savings and incremental efficacy are small in cornparison to the HRT65 

strategy, consequently the CaVD65 strategy is considered as "dorninated" by t h e  Hm65 

scenario. 

The H m 6 5  strategy is dominant because al1 other interventions lie to the north- 

West of it (that is, they cost more and are less effective). HRT65 and the C a m 6 5  

strategies are considered to be dominant and weakly dominant respectively, d u e  to the 

lower cost of these management strategies as well as the incrementai LYG in cmmparison 

to the NI am. 



The incremental cost and primary outcorne of LYG were then used to calculate 

cost-effectiveness ratios. Using no intervention as a reference, cost-effectiveness ratios 

were calculated for the strategies in the north-east quadrant (HRT5O and CaVDSO) (Table 

8.5). This ratio shows the additionai cost required to gain one year of life. The cost- 

effectiveness ratio for HRTSO is $10,969/LYG and the ratio for CaYDSO is 

$94,843/LYG. 

8.6 SENSITMTY ANALYSIS OF COSTS USED IN THE MODEL 

A number of key model cost and probability of occurrence variables were 

evaluated for their impact on the expected cost of each intervention, since there are a 

number of assumptions and pararneters about which there is some uncertainty. The 

uncertainty in these cost parameters were evaluated using sensitivity analyses. In 

sensitivity analysis a range of values for each variable is established, and then the model 

is re-evaluated to assess the impact of this range on expected costs or outcornes. The 

source of the base case values for each parmeter and the justification for these values has 

been documented in chapters 5 and 7. The Iower and upper ranges for each parameter 

were either based on cost/probability values available in the Iiterature, or a range was 

estimated bîsed on plausible and defensible ranges. The following cost pararneters were 

evaluated: 

8.6.1 Cost of Hip Fracture Repair 

Based on the average cost to treat ail hip fractures from the Sunnybrook costing data base 

a cost of $10,745 was set as the base case for treating a hip fracture at the acute care 



hospital setting (Table 7.2). This base case was varied -48% to 50% ($5,182 to $16,100) 

to reflect potential differences in costs and practice patterns for treating a hip fracture 

patient in a teaching versus non-teaching acute care hospital, or in facilities that typically 

may discharge patients more quickiy. The lower range ($5,183) was selected based on 

reported cost for treating a hip fracture in the Alberta standard cost list (Jacobs et al, 

1998). The upper range is 50% higher than the cost of treating a hip fracture at 

Sunnybrook Hospital. The results of the sensitivity analysis are presented in Figure 8.3. 

This figure shows that the ranking of expected costs across strategies is sensitive to the 

cost of hip fracture at the acute care hospitai. The expected cost of each strategy 

increased with higher cost estimates for hip fracture treatment in al1 arms, however a 

cross-over occurred at the Iower end of the range at a cost of hip fracture repair of 

$533 1-80 and an expected value of $5,449.76 between the no intervention and HRT65 

strategy. The no intervention a m  has a Iower expected cost than HRT65 strategy, 

below this threshold, and a higher expected value above the threshold. Similarly a 

crossover occurred between no intervention and CaVD6S at an expected cost of $5,920 

and a cost of hip fracture below $10,600. 

The difference in expected costs between the no intervention and the HRT65 strategy is 

small. The expected cost of the other two strategies increased across the sensitivity range 

(without crossing) with the CaVDSO being the lowest of the two, followed by the HRTSO 

strategy . 



No Intervention 

CaVDSO 

CaVDG5 

HRTSO 

'I HRT65 

----- base case cost for hip fracture repair $10,745 

A threshold exists for the CaVD65 strategy 
' ai a cost of hip fracture of $lO,6OO, and one exists 

at a cost of hip fracture of 5,330 for the HRT65 strategy. 

5182.0 791'1.5 10641.0 13370.5 161&,0 

Cost of hip fracture at acute care ($, 1996) 

Figure 8.3 The 4 management strategies include calcium and vitamin D initiated at 5 O (CaVDSO), or 65 (CaVD65) years of age, or 
HRT initiated nt 50 (HRTSO) or 65 (HRT65) years of age versus no intervention. The expected cost for the 4 treatments examined 
waç tested, varying the cost of hip fracture repair (base case cost of $10,745) from -48% to +50%. A threshold for the HRT65 and the 
no intervention strategy occurs at an Expected Value (EV) of $5,449.76 and a cost of hip fracture repair of $ 5 3 3  1.80, similarly a 
cross-over occurs between no intervention and CaVD65 strategy ai an expected value of $5,920 and a cost of hip fracture of $10,600. - 
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8.6.2 Hotel Costs at Acute Care Hospitals 

The base case acute care hospitai hotel cost was set to $400 per diem. This hotel 

cost was incremental to the cost of hip fracture repair to compensate for the additional 

four days needed to capture the total costs of a 21 day Iength of stay (LOS) (since the 

Sunnybrook cost data captured an average 17 day LOS). This cost was varied between 

$200 and $600 to reflect the potential differences between teaching and non-teaching 

institutions, practice pattern variation as well as resource intensity in different wards 

within a hospital. The results of this sensitivity analysis are presented in Figure 8.4. The 

expected cost increased slightly over al1 interventions (Figure 8.4). The -65 had the 

lowest expected cost followed by the CaVD65, no intervention, CaVD5O and HRTSO 

strategies throughout the per diem range tested. The changes in expected costs for each 

strategy remained very small throughout the range of hotel costs tested in the sensitivity 

analysis. 

8.6.3 Cost of Home Care 

The cost of home care for the base case was set to $941 per cornmunity residing hip 

fracture patient (ICES, 1998). This cost was varied between $500 and $2,000 to capture 

potential differences in the cost for provision of this care across the country, and the 

resuIts are presented in Figure 8.5. Small increases in expected cost were observed for al1 

the intervention arms, however the rank ordering in cost across al1 strategies was not 

affected by the cost of home care. The HRT65 had the lowest expected cost followed by 

the CaVD65, no intervention, CaVD5O and HRTSO strategies. The changes in expected 
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Figure 8.4 The 4 management strategies include calcium and vitamin D initiated at 50 (CaVDSO), or 65 (CaVD65) years of age, or 
HRT initiated at 50 (HRTSO) or 65 (HRT65) years of age versus no intervention. The expected cost for the 4 treatments examined 
was tested, vnrying the cost of daily hotel costs (base case cost of $400) from -50% to +50%. 
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$7,500.00 a T - - a  No Intervention 

------- base case cos! for home care is $941 

Cost of ho- c a i  ($, 19%) 
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Figure 8.5 The 4 management strategies include calcium and vitamin D initiated ai 50 (CaVDSO), or 65 (CaVD65) years of age, or 
HRT initiated ai 50 (HRTSO) or 65 (HRT65) years of age versus no intervention. The expected cost for the 4 treatments examined 
was tested, varying the cost of home care (base case cost of $94 1 ) from -53% to +2 13%. 



costs for each strategy remained very small throughout the range of home care costs 

tested. 

8.6.4 Cost of Acute Care Treatment of Mvocardial Infarct 

Varying the cost of the acute myocardial infarct (AMI) event from its base case 

cost of $7300 by a range of - 30% and +50% ($5,218 to $10,950) resulted in almost 

paralle1 changes in expected cost of al1 management strategies (Figure 8.6). The lower 

range value ($5,218) was set based on the cost for the management of an AMI with no 

carciiovascuIar complications, from the Alberta costing list published by Jacobs et al 

(1997). The upper range was set to +50% over base case to capture the eventuality of a 

complicated AMI. The HRT65 had the lowest expected cost followed by the CaVD65, 

no intervention, CaVD5O and HRTSO strategies generally throughout the AMI cost range 

tested. The changes in expected costs for each strategy remained very small throughout 

the range of myocardial infarct costs at the acute care setting. 

8.6.5 Cost of Breast Cancer Treatment 

The cost of breast cancer treatrnent used i n  the base case analysis was $9,560. 

This cost was varied -46% to +50% frorn the base case value ($4,144 to $14,340) (Figure 

8.7). The lower cost value in the range was obtained from the Alberta Case costing 

initiative (Jacobs et al, 1997). This lower cost value ($4,144) may be an under-estimate 

since the publication by JacoDs et al (1997) did not provide the elements used to anive at 

the total cost for breast cancer treatment in a disaggregated manner. The upper range 

was set to 50% higher ($14,340) than the base case cost since It was anticipated to 





$8,000.00 1 No Intervention 

+ CaVDSO 

A HRTSO 

w 
b CaVD65 

V HRT65 

0 $6,500.00 - ------- breast cancer base case cost is $9,560 

4 144.0 6693.0 9242.0 1 179 1 .O 14340.0 

Cost of breast cancer treatment ($, 1996) 

Figure 8.7 The 4 management strategies include calcium and vitamin D initiated at 50 (CaVDSO), or 65 (CaVD65) years of age, or 
HRT initiated at 50 (HRTSO) or 65 (HRT65) years of age versus no intervention. The expected cost for the 4 treatrnents exarnined 
was tested, varying the cost of breast cancer ireatment from the base case cost of $9,560 from -46% to 50%. 



represent a generous over-estirnate of actual costs. Varying the cost through this range 

had an impact on the expected cost of each intervention, however the rank ordenng of the 

interventions did not change through the range. Throughout. the range of values for 

breast cancer costs did not have a large impact on the expected costs of the no 

intervention, CaVDSO, and CaVD65 strategies. 

8.6.6 Surgerv Fees for Hip Fracture Re~air  

Surgery fees related to hip fracture repair were set to $554.15 for the base case 

analysis with a range of +/- 50% ($277 to $83 1) to account for variability in 

surgeon/anesthetist's tirne to complete the surgery and to account for prerniums in the 

fees as a result of performing surgery at "off-hours". The results of the sensitivity analysis 

are presented in Figure 8.8. Varying the surgery fees over this range resulted in slight and 

almost parallel expected cost changes for al1 treatrnent arms (Figure 8.8). 

8.6.7 Daih Rate of LTC Stav 

The base case per diem rate for LTC care was $77. This rate was varied over the 

range of $59.1 1 (-23%) to $128.23 (+66%) reflecting the range in per diem rates using 

the LTC facilities classification (Le. levels A-G) (Ontario Ministry of Health, 1998). 

Almost paralle1 changes in expected costs were seen with al1 interventions, with a 

divergence seen in costs for the no intervention and calcium/vitamin D initiated at 65 

years arms (Figure 8.9). Once again, the HRT65 had the lowest expected cost followed 

by the CaVD65, no intervention, CaVDSO and HRTSO strategies throughout the LTC per 



0 No intervention 

* CaVDSO 

------- base case cos~  $554 

Cost of surgeon for hip repair (S, 1996) 

Figure 8.8 The 4 management strategies include calcium and vitamin D initiated at 50 (CaVD50), or 65 (CaVD65) years of age. or 
HRT initiated at 50 (HRTSO) or 65 (HRT65) years of age versus no intervention. The expected cost for the 4 treatrnents examined 
was tested. varying the cost of surgeon and anesthetist fees (base case cost of $554) frorn -50% to +50%. 



No Intervention 

0 CaVD5O 

A CaVD65 

$6,400.00 - -------- base case daily cos[ $77 

$6,200.00 A threshold exists for the CaVD65 strategy 

$6,000.00 at an LTC cos1 of $7 I per diem. 

$5,800.00 

Daily cost of stay in LTC facility ($, 1996) 

Figure 8.9 The 4 management strategies include calcium and vitamin D initiated ai 50 (CaVDSO), or 65 (CaVD65) years of age. or 
HRT initiated at 50 (HRT5O) or 65 (HRT65) years of age versus no intervention. The expected cost for the 4 treatments examined 
was tested. varying the cost of daily stay in a long-term care (LTC) facility (base case cost of $77) from -23% to +66%. A cross-over 
was observed at a daily cost of $7 1 per diem or lower resulted in the no intervention strategy expected cost becoming lower thnn the 
CaVD65 strategy . 



diem range tested, with the exception of a cross-over which occurred at a LTC cost of $7 1. 

At an expected cost of $71 or lower, the no intervention strategy had the second lowest 

expected cost next to the HRT65 strategy. CaVD65 was no longer dominant over NI at LTC 

per diem costs of < $71. The changes in expected costs for each strategy remained very small 

throughout the range of daily cost of LTC tested in the sensitivity analysis. 

8.6.8 The Extra Cost for Care of Hip Fracture Patients Who Were Residing in LTC 

Additional costs for taking care of hip fracture patients (who returned to LTC) for the 

first year following their hip fracture was set to an incremental$23 a day for the base case 

analysis. The addition of $23 per day was assigned temporarily to LTC costs, since it was 

assumed that once a resident retumed to this facility following the hip fracture event they 

would need additional support until they adapted to the new functional level. The base case 

cost was varied with a range of $10 (-57%) to $50 (+215%), to test the impact that this range 

would have on expected cost. This variability resulted in paraIlel changes in d l  arrns 

Figure 8.10). It was observed once again that throughout this range the expected costs 

increased with extra LTC service costs, however the rank ordering of the interventions 

remained the same generally with a cross-over occumrig at an LTC extra cost of $20 or less, 

where the no intervention strategy had a modestly Iower expected cost than CaVD65 strategy. 

At this cost the CaVD65 strategy lost its dorninance over the NI strategy. The HRT65 had 

the Iowest expected cost over the whole range of the sensitivity analysis. 



8.6.9 Rehabilitation Care Costs 

Daily rehabilitation care costs were varied by 4- 50% ($137.50 to $412.50) from the base 

case cost of $275 (Figure 8.11). The lower and upper cost range were estimated based on 

discussions with administrative staff at Riverdale hospiral; a rehabilitation hospital in 

Toronto. Although the average daily rate is $275, the daily rate rnay Vary based on the level 

of nursing care, the facilities required, equipment use and input from other health care 

providers during the rehabilitation stay. The resultant changes in expected cost were almost 

flat in al1 arms with no cross-over being observed. The ordering of the four strategies and the 

no intervention arrn were unchanged- 

8.6.10 Cost of CalciumNitamin D Intervention 

A base case cost of $0.1 166 was used to account for the retail cost of one day's 

therapy of 750mg calcium and 400IU of vitamin D. This cost was varied in the sensitivity 

anaIysis by -/+50% ($0.0583 to $0.1749), and the results are presented in Figure 8.12. These 

upper and lower ranges were assigned in this sensitivity analysis assurning that a -/+ 50% 

range was appropriate for a product that would be retailed in a phannacy. Figure 8.12 

shows that the ranking of expected costs across strategies is sensitive to the cost of 

calcium/vitarnin D. Initiating calciudvitamin D at 65 years of age (CaVD65) resulted in a 

slightly lower expected cost as no intervention at the base case cost of $0.1166, and a higher 

expected cost than no intervention above a cost of $0.1 183. The ranking of expected cost for 

the CaVDSO strategy is also sensitive to the cost of calcium/vitamin D, however a threshold 

occurs a the lower limit of the sensitivity analysis ($0.0584). The CaVDSO strategy has a 

higher expected value than CaVD65 throughout the range of calcium/vitarnin D tested 
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Figure 8.10 The 4 management strategies include calcium and vitamin D initiated ai 50 (CaVDSO), or 65 (CaVD65) years of age, or 
HRT initiated at 50 (HRTSO) or 65 (HRT65) years of age versus no intervention. The expected cost for the 4 treatments examined 
was tested, varying the cost of extra LTC cost (base case cost of $23) from -57% to -1-2 15%. 







in this senstivity analysis. The  HRTSO strategy had the highest expected value 

throughout the range tested. 

8.6.11 Cost of HRT 

The base case cost of HRT was set to $0.1838 to reflect the acquisition cost and 

mark-up by the pharmacist. HRT therapy is composed of generically available 

conjugated estrogen 0.625m~rnedroxyprogesterone 5mg daily. This cost was varïed in 

the sensitivity analysis by -il096 to +50% ($0.1645 to $02747). A 10% reduction in the 

base case cost was used as the lower range in the sensitivity analysis, since costs of 

generic HRT is unlikely to b e  much lower than costs used in the base case. The upper 

range value was set to 50% above the base case cost to reflect an overly generous rise in 

market price, and the results are shown in Figure 8.13. This figure shows that the ranking 

of expected costs across strategies is sensitive to the cost of HRT. HRTSO stratepy had 

the highest expected cost of ail1 strategies throughout the range tested for sensitivity and a 

increase in expected cost frorm $7,200 to $8,100 was obsewed through the range tested. 

HRT65 strategy on the other 3and had the lowest expected cost of al1 strategies until it 

reached a threshold HRT cosit of $0.2427. Above this threshold cost the CaVD65 

followed by the no interventicon strategy have the lowest expected cost (value). The 

CaVD5O strategy obviously did not vary and had the fourth highest expected cost 

throughout the range of HRT cost tested. 
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Figure 8.13 The 4 management strategies include calcium and vitamin D initiated at 50 (CaVDSO), or 65 (CaVD65) years of age, or 
HRT initiated ai 50 (HRTSO) or 65 (HRT65) years of age versus no intervention. The expected cost for the 4 treatments examined 
was tested, varying the cost of HRT treatment from the base case cost of $0.1828 from -10% to 50%. A threshold for the HRT65 and 
the no intervention strategy occurs at an Expected Value (EV) of $5,937.57 and a cost of HRT of $0.2427. 



8.6.12 Cost of Pharmacist's Dispensine Fee 

In this mode1 the dispensing fee used in the base case analysis was $9.80 for those 

prescriptions filled to wornen under the age of 65, and $6.1 1 to women aged 65 and over 

(Welds et al. 1997). These fees apply to each component of HRT (estrogen and 

progestogen) . 

The base case dispensing fee for women under the age of 65 (cDISPFEES0) was 

varied from $6.70 (the Iowest average provincial prescription rate - Saskatchewan) to 

$12.00 (25% higher than the base case fee). Figure 8.14 demonstrates that the ranking 

of expected costs across strategies is sensitive to the cost of the pharmacist's dispensing 

fee for the HRTSO strategy since the dispensing fee for the women in the HRT65 suategy 

was held constant at $6.11. Clearly the HRTSO strategy continues to have the highest 

expected value of al1 the interventions studied throughout the dispensing fee range tested. 

The dispensing fee applied to women over the age of 65 years (cDISPFEE65) is based on 

the maximal fee ($6.11) that is currently reimbursed by the Ontario Drug Benefit (ODB) 

prograrn for prescription products provided to recipients of their plan (Figure 8-15). The 

ODB program reimburses a macimum of $4.11 and the patient may pay up to a $2.00 co- 

pay. These dispensing costs were varied in the sensitivity analysis from $2.00 to $8.00 

reflecting the typical pharmacy dispensing fee range across Canada, and the age of the 

postrnenopausal wornan to whom the medication was prescribed (Welds et al, 1996). 

The expected cost for the HRT65 strategy is also sensitive to the dispensing fee (Figure 

8.15). At a dispensing fee below $8.00, HRT65 has lower expected cost than al1 other 

strategies. H3RT6S is the dominant strategy below a dispensing fee of $8.00, above the 

range tested it appears that HRT6S may reach a threshold and have a higher expected cost 
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Figure 8.14 The 4 management strategies include calcium and vitamin D initiated ai 50 (CaVDSO), or 65 (CaVD65) years of age, or 
HRT initiated at 50 (HRT5O) or 65 (HRT65) years of age versus no intervention. The expected cost for the 4 treatments examined 
was tested, varying the dispensing fee in women under age 65 (the base case fee of $9.80) frorn $6.70 to $12.00. 





than the no intervention strategy- An analysis was run to determine the value of the 

dispensing fee threshold ($8.92), however this threshold was not presented in Figure 8.14. 

HRTSO strategy is also sensitive to the dispensing fee for women aged of 65 or over since 

the women in this strategy have the new (lower) fee assigned to them when they reach 65 

years of age. The HRTSO strategy expectedly has the highest expected cost of al1 

strategies. The ranking in expected cost for the three strategies between the lowest 

(HRT65) and the highest expected cost mT50) strategies, are the CaVD65, no 

intervention, and CaVDSO interventions respectively (the expected cost of these strategies 

do not change with dispensing fees). 

Table 8.6 summarizes the impact of varying the cost data for al1 of the mode1 

elements tested. 

8.7 SENSITIVITY ANALYSIS ON RESOURCE UTILIZATION ASSUMPTIONS 

USED IN THE MODEL 

A number of probabilities relating to resource use in the mode1 were varied in 

sensitivity analyses to determine the impact they would have on the results. The range 

that was ascribed to each of these probabilities in the sensitivity analysis were ger~erally 

reflective of the level of confidence for the value of the resource. The probabilities varied 

in this analysis were: the probability of entering a nursing home from the community, the 

probability of receiving home care post discharge from the acute care hospital and the 

probability of rehabilitation care post discharge from the acute care hospitd. 



Table 8.6 One-way sensitivity analysis of costs to evaluate changes in the ranking of strategies from the base case state of: (HRT65, 
CaVD65, NI, HRTSO, CaVDSO). 

Variable Evaluated Cost range wiih unaltered Costs under which strategy ranking is altered from base case 
strategy ranking ($, 1996) state ($, lowest to highest expected cost straiegy ranking) 

Hip fracture cost 10,600 - 16,100 5,182 - 10,599 (HRT65, M. CaVD65, HRTSO, CaVD5O) 

Daily acute care hotel cost 200 - 400 

Home care 500 - 2,000 

Myocardial infarct treatment 5,2 18 - 10,950 

Breast cancer treatment 4,144 - 14,340 

Surgery fees for hip fracture 277 - 831 

Daily long term care (LTC) costs 71 - 128 

Extra LTC costs 20 - 50 

Rehabili tation care 137.50 - 412.50 

Calcium/vitamin D cost 0.0583 - O. 1 183 0.1 183 - 0.1749 (HRT65, NI, CaVD65, HRTSO, CaVDSO) 

Hormone replacement therapy O. 1645 - 0.2427 0.2427 - 0.2742 (HRT65, NI, CaVD65, HRTSO, CaVDSO) 

Dispensing fee for 455 year-olds 6.70 - 12.00 

Dispensing fee for 265 year-olds 2.00 - 8.00 



8.7.1 Probabilitv of Enterine Long Term Care from the Communitv 

The probability of entenng LTC from the community (from t!!e well state) was 

derived from data available through Statistics Canada for these faciIities (described in 

section 5.3.5)- The data available from this publication made it diff~cult to define precise 

rates of new entries into LTC from the community since that data was not residential and 

not entry. In order to evduate the impact on the uncertainty of entry into LTC, the 

probability was varied from 50% and 75% to 125% of the  base case probability for entry 

from the cornmunity to a LTC facility, due to the Iimited detail in the data on admission 

to, and discharges from, LTC. The reason for using the 50% lower bound is that the 

probabilities used in Our base case may have overestimated the rate of entry of women in 

the well state into LTC. The results of this sensitivity andysis is presented in Table 8.7. 

Varying the probability of entry into LTC from the well state had a slight impact on 

expected costs but did not alter the rank ordering of results. 

8.7.2 Probability of Receiving Home Care Post Discharge from the Acute Care 
Hospital 

The probability of being discharged from am acute care faciIity back to the 

community with home care or to rehabilitation care was obtained from the CMI: database 

(section 5.2.4). The reliability of data on the probability o f  receiving home care or 

rehabilitation from the CIHI database post discharge may be limited, due to the stmctured 

approach in which discharge data is collected. In order to account for this uncertainty, the 

probabiIity of receiving home care was vaxied by -50% to +25% from the base case 

probability (Table 8.7). The rank order of the expected cost was not altered with these 



Table 8.7 Expected costs under varying resource use probabilities, by management strategy (under 3% discount rate) per 
postmenopausal woman followed over a forty-year period. 

Expected cost by interventiori over a 40-year period ($, 1996) 

OirtconldEverit No Intervention Ca VD50 Ca VD65 HRT HRT 65 

Base case 5,942.50 6,359.8 1 5,937.54 7,330.14 5,763.59 

Entry to LTC from the community 
state: 

50% of base case 6,025.62 6,462,63 6,023.09 7,462.47 ' 5,746.28 

75% of base case 5,979.77 6,406.66 5,970.77 7,390.34 5,746.28 

125% of base case 5,9 12.14 6,320.3 1 5 ,90 1.60 7,277.27 5,686.39 

Probability of receiving home care: 

50% of base case 5,939.92 6,357,69 5,935.23 7,328.69 5,634.4 1 

125% of base case 5,943.80 6,360.88 5,938.69 7,330,87 5,637.28 

Probability of receiving rehabilitation 
care: 

50% of base case 5,914.71 6,337.22 5,9 7,3 15.04 5,618.09 

125% of base case 5,956.40 6,371.1 1 5,949.44 7,337.7 1 5,645.44 

Strategies include calcium and vitamin D initiated at 50 (CaVDSO), or 65 (CaVD65) years of age, or HRT initiated at 50 (iiRT5O) or 65 (HRT65) years of age. 



altemate probabilities with only srnall changes in the absolute results. Varying this 

probability does not have a significant impact on the model results. 

8.7.3 Probabilitv Of Rehabilitation Care Post Discharge From The Acute Care 
Hospital 

The probability of being discharged from an acute care facility back to the cornrnunity 

with rehabilitation care was varied to evaluate its impact on the expected cost of each 

intervention. In order to test the sensitivity of this assumption the probability of 

receiving rehabilitation care was varied by -50% to +25% from the base case probability 

(Table 8.7). The lower probability range was set to 50% below the base case probability 

to test the impact that this would have on expected cost if rehabilitation was offered to 

half of the current hip fracture patients. The focus on strearnlining resource use within 

the health care system has resulted in a more careful allocation of resources. The 

objective of this increased pressure on resource has resulted in fewer cases being 

allocated to more labour intense programs (Le. rehabilitation care) if the medical staff 

feels that an individual will not benefit from the intervention. Consequently a 

conservative increase of 25% above the base case was estimated as the upper range for 

. sensitivity testing. The rank order of the expected cost was not altered even though the 

range of probabilities was varied substantially. Similady, the relative magnitude of 

change in the expected cost was minor over the probabiIity range tested. This andysis 

demonstrated that varying the probability of the rehabilitation resource use did not have a 

significant impact on the model results. 



8.8 SENSITMTY ANALYSIS ON INTERVENTION E F F E C m N E S S  

The efficacy of HRT strategies in preventing hip fractures as well as their 

associated impact on breast cancer and CHD sequelae for the base case have been 

surnmarized in Table 2.6. Uncertainty exists surrounding the efficacy of each strategy on 

outcornes and sequel ae. Consequen tl y, sensitivi ty analyses were conducted on the 

efficacy of CaVD intervention on preventing hip fractures, and the associated impact of 

HRT intervention on preventing hip fractures and CHD events, while increasing the risk 

of breast cancer developrnent and death. 

8.8.1 Im~act of Varving the Efficacv of Calcium/Vitamin D and HRT Strateeies on 
Cost and Outcomes Under the Pessimistic Scenario 

Calcium/vitarnin D (CaVD) therapy in the base case analysis was assigned a 20% risk 

reduction (RR) on hip fractures versus the rate in the no intervention arm. The eficacy of 

CaVD in preventing hip fractures under pessirnistic conditions was set to 5% RR 

reduction (Section 6.2.6). Since CaVD was assumed not to have an impact on CHD and 

BrCA, the nsks of these events remained the same as in the base case scenario. In the 

pessimistic scenario HRT was assumed to have a RR reduction of 31% on hip fractures as 

supported by the literature. HRT's impact on CHD risk reduction in the pessimistic 

scenario was set to 17% (base case 40% reduction in risk). The risk of breast cancer was 

also increased to 76% (base case 46%). The results of the pessimistic scenario for both 

the CaVD and HRT interventions are surnrnarized in Table 8.8. The data from the 

pessirnistic scenario are also presented via the quadrant diagram (introduced in section 

8.5) in Figure 8.16. 



Table 8.8 Incremental costs and life years gained of each strategy relative to no intervention under pessimistic assumptions. 

Costs, Life- Years Gained (LYG) arid incrernental cost-effectiveness of four preventative interveritioris 

Straregy 

A, No intervention (NI) 

B.  CaVDSO 

C. CaVD65 

D, HRTSO 

E, HRT65 

Pessiniistic 
(3% discait ri t rate) 

w 

5,942.50 

6,676.78 

6,184,53 

8,039.55 

6,283.72 

Incrernen ta1 costs 
(versus no interventiori) 

(8 

Life Years Lust I~icrenierital lncrenierital 
(3% discourt titig) LYG cost-efectiveness ratio 

to NI (YLYG) 

* It should be noted that a small efficacy produces large cost-effectiveness (CE) ratios. The calculation of CE ratios when incremental 
cost or effectiveness values are very small, should be interpreted with caution. Strategies include calcium and vitamin D initiiited at 50 
(CaVDSO), or 65 (CaVD65) years of age, or HRT initiated at 50 (HRTSO) or 65 (HRT65) years of age. 



i CaVDSO 
A CaVD65 

HRTSO 
4 HRT65 
* No Intervention 

Efficacy (LYG) 

Figure 8.16 Cost versus efficacy plot under pessirnistic assumptions for four treatment scenarios versus the no intervention strategy. 

(Sirategies include calcium and vitomin D initioted ai 50 (CsVD50). or 65 (CaVD65) years of age, or HRT initiated al 5 0  (HRTSO) or 65 (HRT65) years of age.) 



In the pessimistic scenario al1 four interventions were in the northeast quadrant. 

The CaVDSO, CaVD65, HRTSO, and HRT65 intervention were more costly and more 

effective than the no intervention (NI) strategy. As discussed in section 8.5, 

interventions that lie in the northeast quadrant provide more effective treatment at higher 

cost compared to NI. The CaVDSO intervention provides a marginally more effective 

(0.001 1 LYG) strategy at higher cost ($734.28). Similarly, the HRTSO strategy and 

CaVD65 strategies provide marginally better efficacy (0.0043 and 0.0009 LYG 

respectively), at increased cost ($2,097.05 and $242.03 respectively) compared to the NI 

strategy. The HRT65 intervention on the other hand is more effective (0.0442 LYG) and 

costs more ($341.22) than NT, but has a favourable incremental cost-effectiveness ratio of 

$7,72O/LYG. 

8.8.2 Impact of Varving the Efficacy of Calcium/Vitamin D and HRT StratePies on 
Cost and Outcornes Under the Optirnistic Scenario 

The optimistic impact of CaVD on hip fracture prevention have k e n  set to 35% 

(section 6.2.6). The impact of CaVD on CHD and BrCA was assumed not to change 

from the base case for CaVD due to the lack of evidence to support CaVDs role in 

modifying the risk of these events. HRT's optimistic impact on hip fracture risk 

reduction was assumed to be 70% based on the Iiterature review. HRT's impact on CHD 

risk reduction in the optimistic scenario was set to 57% (base case 40% reduction in risk). 

The risk of breast cancer was also set to 20% (base case 46% increase in risk). 

The resdts of the optimistic scenario for both the CaVD and HRT interventions are 

summarized in Table 8.9. The data from the optimistic scenario are also presented via 

the quadrant diagram (introduced in section 8.5) in Figure 8.17. 



Table 8.9 Incremental costs and life years gained (LYG) of each strategy relative to no intervention for a postmenopausal woman 
followed over forty years under optimistic assumptions. 

Costs ($), Life-Years Gained (LYG) and incremental cost-eflectiveness of four osteoporosis interventions 

Optimistic Incremental costs Life Years Lost Incremental Incremental 
(3% discount raie) (versus no intervention) (3% discounting) L YG cost-effectiveness ratio 

to NI ($/L YG) 

A. No intervention (NI) 5,942.50 

B. CaVDSO 6,04 1.53 

C. CaVD65 5,684.15 

D. HRTSO 6,597.8 1 

E. HRT65 5,24 1.84 

3.7799 

3.7722 0,0077 12,861 

3,7736 0.0063 DOMMANT 

3.5467 0.2332 2,8 1 O 

3.5827 O. 1972 DOMINANT 

Strategies include calcium and vitamin D initiated at 50 (CaVDSO), or 65 (CaVD65) years of age, or HRT initiated at 50 (HRTSO) 
or 65 (HRT65) years of age. 
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Figure 8.17 Cost versus efficacy plot under optimistic assumptions for four treatment scenarios versus the no intervention 
strategy. 

(Strategies include calcium and vitamin D iniiiated ai 5 0  (CaVDSO), or 65 (CaVD65)  years o f  age, or HRT initiated ai  5 0  (HRTSO) or 65 (HRT65)  
yexs of age,) 



In the optimistic scenarïo two interventions were in the north-east quadrant and two 

were in the south-east quadrant. The CaVD5O intervention was more costIy and more 

effective than the no intervention (NI) strategy. The HRTSO strategy was the most 

effective of ail four strategies, however it was also the costliest. As discussed in section 

8.5, interventions that lie in the north-east quadrant generally provide more effective 

treatment however a trade-off exists with higher cost. The CaV.50 intervention provides 

a marginally more effective (0.0077 LYG) strategy at higher cost ($99.03). On the other 

hand the HRTSO srrategy provides superior efficacy (0.2332 LYG), at increased cost 

($655.3 1). Calculation of incremental cost-effectiveness ratios for these rwo 

interventions, (compared to the NI strategy) in the north-ezst quadrant, are $12,861/LYG 

and $2,8 10LYG for the CaVDSO and HRTSO interventions respectively. These low cost- 

effectiveness ratios are considered as compelling evidence for adoption. 

Evaluation of the two intervention in the south-east quadrant indicate that both the 

CaVD65 and HRT65 are dominant over NI since they are both less costly and more 

effective than the M strategy. The CaVD65 intervention is cost saving ($258.35 less than 

the NI strategy) and marginally more effective (-0063LYG). On the other hand the 

HRT65 intervention is the most cost-saving of dl interventions ($700.66) and more 

effective (0.1972 LYG). The HRT65 strategy dominates the Cam65  intervention. 



9. DISCUSSION 

9.1 Overview 

A forty year Markov mode1 was developed to evaluate the cost effectiveness of 

supplementation with calcium/vitamin D or HRT in Canadian postmenopausal women. 

The economic value of five potential interventions for the prevention of osteoporostic hip 

fracture in Canadian postrnenopausal women were estimated in this analysis. Afl 

interventions were continued until death or until these women were 90 years of age, and 

assumed 100% compliance to the assigned regimen, The events monitored were hip 

fracture, breast cancer, and CHD. The mode1 assumes that al1 hip fracture events are 

osteoporosis-related and hence sensitive to the treatrnent strategies. 

The primary hypothesis of this thesis is that supplementation with calcium and 

vitamin D or treatment with hormone replacement therapy in Canadian postmenopausal 

women will result in fewer medical events and lower overall healthcare cost than no 

intervention if therapy is initiated shortly after menopause. The results of the economic 

evaluation of calcium and vitamin D intervention initiated at menopause (CaVDSO) did 

result in fewer medical events (hip fractures), however at higher health care costs than no 

intervention with a prohibitive cost-effectiveness ratio of $94,843/LYG. Initiation of 

hormone replacement therapy at the menopause (HRT50) also resulted in fewer hip 

fractures and deaths due to coronary hem disease (CHD) than no intervention, however 

this intervention resulted in more breast cancer deaths, and cost more than the no 

intervention strategy. The cost-effectiveness ratio of the HRTSO strategy was calculated 

as $10,969/LYG, and is considered favourable for adoption by health care systems 

(Laupacis et al, 1992). Thus particularly for CaVD, the data did not support the primary 



hypothesis since the high costs for this intervention could not offset the small benefits in 

hip fracture prevention from a purely economic viewpoint. Weaker support of the 

hypothesis is provided for the HRTSO strategy in that it cos& more than the NI approach, 

but the cost-effectiveness ratio would be considered favounble. 

The secondary hypothesis is that delay of supplementation (by 15 years) beyond 

the initiation of the menopause will result in more medical events and additional costs 

than supplementation initiated shortly after menopause. Initiation of calcium and 

vitamin D at age 65 years (CaVD65) did result in six more hip fractures per 1000 

postmenopausal women than therapy initiated at age 50 years (CaVD5O) (Table 8.4). 

However the CaVD65 strategy cost less ($5,937.56) per postmenopausal woman than 

both the CaVD5O strategy ($6,359.79) and no intervention ($5,942.50) approaches (Table 

8.3). The HRT65 strategy resulted in more hip fractures and deaths due to CHD than the 

HRTSO strategy, however this intervention resulted in fewer breast cancer deaths and cost 

less than both the HRT5O and the NI approaches (Table 8.3 and Table 8.4). Thus once 

again the hypothesis was not supported in this evaluation. Clearly the annual cost savings 

for both CaVD65 and HRT65 strategies outweighed the cost of the treament for the 

addi tional medical events captured. Hence the analyses presented strongly support the 

delay of initiation of therapy to age 65, from a pureIy economic viewpoint. 

The economic analysis found that weak dominance was observed with the 

calciudvitamin D strategy initiated at age 65 (CaVD65), over the no intervention (NI) 

approach, since CaVD65 had about the sarne cost but slightly lower mortality (lower 

number of life years Iost (LYL)) than NI. HRT initiated at age 65 (HRT65) was dominant 

over the other management strategies under the base case assumptions. Trade-offs 



existed when considering initiation of therapy at age 50 (CaVD initiated at 50 years 

(CaVDSO), and HRT initiated at age 50 (HRT50) over the NI arm, since both of these 

strategies cost more, however they resulted in fewer LYLs. The incremental cost- 

effectiveness of the two management strategies initiated at age 50 over the NI arrn were 

calculated. The cost-effectiveness ratios were $94,843/LYG and $10,969/LYG for the 

CaVD5O and HRTSO strategies relative to NI respectively. 

9.2 Expected Event Occurrence 

Hip fracture occurrence, as well as deaths due to breast cancer and CHD were 

quantified using the osteoporosis mode1 under base case assumptions (Table 7.7), and 

presented in Table 8.4. Review of the distinct profile of events for each treatment 

strategy demonstrates the trade-offs between these intervention arms. The CaVD 

strategy has a modest effect in preventing hip fractures and was assurned to not impact on 

either CHD or breast cancer events. HRT has a favourabie hip fracture and CKD 

prevention profile, while its potential for increased incidence of breast cancer means that 

women will have to trade off these events when deciding which treatment alternative is 

best for them. The base case assumptions as weII as those used for the pessimistic and 

optimistic scenaxios are summarized in Table 9.1. The event data generated by the mode1 

will be discussed in detail in the sections that follow. 



Table 9.1 The impact of CaVD supplernentation and hormone replacement therapy on hip fractures, 
coronary heart disease and breast cancer in Canadian postmenopausal women under hase case, optirnistic and pessimistic 
scenarios. 

Base case scenario Optirnistic scenario Pessimistic scenario 

Hip fracture 

CaVD - 20% - 35% - 5% 

HRT - 50% - 70% - 31% 

CHD 

CaVD 0% 0% 0% 

HRT -40% -57% -17% 

Breast 

CaVD 0% 0% 0% 

HRT +46% +20% +76% 

. . . - -. - .. . . - 

- : indicates a reduction in relative nsk + : indicates an increase in relative risk 



9.2.1 Hip Fracture Events 

Each of the management strategies had a Zower incidence of hip fracture events 

than the no intervention arm (Table 8.4). Of the four active treatrnent strategïes exarnined 

CaVD65 provided the least protection in terms of hip fracture events. Initiation at age 50 

years decreased the number of hip fractures, but CaVD was never as efficacious as E3RT 

no matter the age of initiation of therapy. The CaVD management strategy had the third 

lowest number of hip fractures (165) per 1000 women who initiated therapy at age 50. 

The CaVD65 management strategy had the highest nurnber of hip fractures of the four 

active treatment arms (171 fractures), but still resulted in fewer fractures that were 

observed in the N I  arrn (205 hip fractures). Clearly the HRT management strategy 

initiated at 50 years under the base case assumptions had the smallest number of hip 

fractures in both cornmunity and LTC residing women, in which a rate of 11 1 fractures 

per 1000 women was observed when treatment was initiated at age 50. The base case 

assumption was that the HRT treatrnent arm would offer a 50% reduction in hip fracture 

initiating after 5 years of treatment (a five year onset of effect) (Table 7.7). Cornmencing 

HRT at age 65 had a srnaller impact on hip fracture prevention, however this strategy had 

the next lowest number of hip fractures (Le. 124). In cornparison, there were 205 hip 

fractures from both cornmunity and LTC residing women who did not take any form of 

preventative therapy (the NI arm). 

Initiation of therapy earlier (i.e. at age 50 years) in both the CaVD and HRT 

strategies resulted in fewer fractures. Evaluating the prevention of hip fractures in 

isolation (without the consideration of cost or other events relating to the therapy) would 

result in a compeliing argument for initiation of preventative strategies at 50 years. 



9.2.2 Breast Cancer Events 

The model evaluated the impact of therapy on the development and death due to 

breast cancer. CaVD management strategies were assurned not to have an impact, 

however KRT use has been associated with an increased risk of breast cancer incidence 

(Colditz et al, 1995; Zhang et ai, 1997). The impact of the HRT management strategy is 

influenced by the duration of treatrnent. In the thesis model, a 46% increase in breast 

cancer risk was assumed following ten years of HRT therapy (Col et al, 1997). The 

breast cancer deaths captured under the base case analysis in the thesis model are 

presented in Table 8.4, with an incremental 14 deaths, and 7 deaths (versus the NI 

strategy) per 1000 postmenopausal women treated in the HRTSO and HRT65 

management strategies respective1 y. 

The analysis recognized that not al1 women who develop breast cancer die. 

Indeed, the costing approach used exacted a "toll" (cost) for each BrCA death which 

reflected the cost of treating those wornen who develop BrCA but survive. This approach 

was utilized to confine the number of States in the model. Hence values for total number 

of women developing BrCA cannot be derived from the model, but cleariy exceed those 

associated with death. 

9.2.3 Coronarv Heart Disease Events 

The impact of the interventions on C H .  deaths was also captured in the model. 

The NI, CaVDSO and CaVD65 strategies were considered not to have an impact on CHD 

consequentiy only the HRT strategies were affected by efficacy assurnptions. Under the 

base case assumptions the HRT strategies were the most effective in preventing deaths 



with 58 and 54 fewer CHD deaths under the HRT5O and -65 management strategies 

respectively compared to NI. C H '  is a costlier and more frequent event in Canada from 

both a resource use and mortality impact than osteoporosis or breast cancer (Zowall et al, 

1992; Statistics Canada 1992). Indeed when the rnodel was run eliminating C m  and 

BrCA events, HRT was no longer a dominant strategy (data not shown) demonstrating 

that the benefits of HRT use lie more in the CHD rather than the osteoporosis domain. 

9.3 Sensitivity Analysis 

Extensive sensitivity analysis on costs, event occurrence, and efficacy of therapy 

resulted in switches from strategy dominance to rade-offs between higher cost and bener 

outcornes. Sensitivity analyses were conducted on the base case assumptions in the 

model to evaluate the potential impact on the results of uncertainty surrounding the costs 

and probabilities used in the model. The results of the sensitivity analyses sumounding 

the costs in the model demonstrated that the results were sensitive to the cost of the 

CaVD supplement, HRT, long-term care, and hip fracture repair. Extensive sensitivity 

testing over reasonable ranges on the costs of physician visits, pharrnacist's fee, 

orthopedic surgery on the hip, home care, rehabilitative care, breast cancer treatment, and 

CHD treatment had minor impact on the absolute cost results but did not alter the relative 

ranking of costs across management strategies. In the base case analysis, the CaVD65 

strategy exhibited weak dominance, and the HRT65 strategy was dominant with a lower 

cost and greater efficacy than the no intervention a m  (Table 8.5). 

The probability of event occurrence was also evaluated via sensitivity analyses. 

Events tested included probability of entering long t e m  care facilities from the 



comrnunity (independent of having a hip fracture), receiving home care fol!owing a 

fracture, and receiving rehabilitation care (Table 8.7). The results frorn these analyses 

indicate that the uncertainty surrounding these events did not have an impact on the 

original rank-ordenng of the five strategy arms evduated. 

Lastly, sensitivity analyses on the effectiveness of the strategies and their impact 

on hip fracture prevention, and deaths resulting from breast cancer and CHD were 

conducted, These sensitivity analyses resuked in shifts of rank order from the base case 

analyses. In generd, lowerïng the effectiveness of CaVD management strategies 

(pessimistic assumptions) resulted in less compelling economic arguments for 

impIementation of the CaVD interventions at both 50 and 65 years of age (Table 8.8). 

Increasing the effectiveness of CaVD in preventing hip fractures (optirnistic 

assumptions), from the base case value, resulted in a more compelling justification for  

implementation of these management strategies (Table 8.9). Minimizing the CHD and 

hip fracture benefits from the HRT interventions and increasing the breast cancer nsk 

(pessimistic assumptions), resulted in the loss of dorninance of the HRT65 strategy, a d  

made the HRTSO dominated by NI (Table 8.8). Lowering the probability of hip fracture, 

CHD and breast cancer in the HRT strategies (optirnistic assumptions) provided more 

favourable arguments for the use of HRT at both ages (Table 8.9). The discussion will 

focus on each of these results in the subsequent sections. 

9.3.1 Calcium/vitamin D Cost 

Varying the range of costs in the model demonstrated that the model results were 

sensitive to CaVD acquisition cost (Figure 8.4) with cross-over occumng at $0.054 and 



$0.1 183. Daiiy cost of CaVD below $0.054 per day, will result in lower expected cost of 

the CaVD65 strategy than the no intervention and HRT65 strategies. At the lower range 

of the CaVD sensitivity andysis ($0-0583/day) the CaVDSO strategy has the sarne 

expected cost as the no intervention strategy. In order for the current costs of calcium 

and vitamin D to drop below the lower threshold value ($0.054) from the current cost of 

$0.1 166, manufacturers will need to reduce the cost by 50% below current values. This is 

an unlikely event since these products have been generically available for a number of 

years, and their unit cost is low (on the order of 3-5 cents a tablet). Daily cost of CaVD 

above $0.1 183 per day, will result in a higher expected cost of the CaVD65 strategy than 

no intervention strategy. Currently calcium and vitamin D are readily available at a cost 

of $0.1 166/day. In the current environment increases in costs on these types of products 

have been on the order of 3% per annum @mg Trading, 1997). If CaVD acquisition 

cost increases at this rate it is highly likely that this threshold will be reached and that the 

CaVD65 strategy will have a higher expected cost than the NI arm (Figure 8.4), resulting 

in the strategy switching in position frorn weak dominance to a trade-off over NI; that is 

that the CaVD65 strategy will have a higher expected cost than NII however it will result 

in fewer hip fractures and LYG versus the NI strategy. It should be noted that the 

difference between îhe CaVD65 and NI. expected cost at the upper range of the sensitivity 

analysis ($0.1749) is very small$160.05. If the cost of CaVD was set to $0.1458 (25% 

above the current base case value) then the incremental cost-effectiveness ratio of the 

C a m 6 5  strategy will be $21,655/LYG (a cost-effectiveness ratio that is considered to be 

favourable). The ranking of the CaVD5O strategy does not change over the sensitivity 

range tested. 



9.3.2 HRT Cost 

HRT acquisition cost has also been identified as being a sensitive variable in the 

mode1 (Figure 8.5). Increasing HRT cost resuited in increased expected costs for both the 

HRTSO and HEZT65 strategies. Cumently the daily base case cost of generically-available 

HRT is $0.1828. The sensitivity analysis demonstrated that when the daily cost of HRT 

was increased above $0.2427, that the HRT65 strategy had a higher expected cost than 

the no intervention and CaVD65 arrns, resulting in a loss in the dorninance of the HRT65 

strategy. The increase in HRT cost frorn the base case to $0.2427 would represent a 33% 

increase in cost- This increase is unlikely to occur in the current environment of dnig 

price regulation in Canada, however the results of this sensitivity analysis has 

implications for other ovarian hormonal therapy available in Canada. A number of OHT 

products are currently available in Canada, however their acquisition costs range from 

that quoted as the base case of the thesis analysis to those exceeding the threshold value 

($0.2444) of the sensitivity analysis. Clearly improved healtfi benefits relative to HRT 

would have to be demonstrated in these more costly preparations in order to justify their 

use. 

9.3.3 Pharmacist Dispensing Fees 

Phamacist dispensing costs also demonstrated an impact on the expected cost of 

the HRT strategies. The base case dispensing fees used in the analysis was $9.80 for 

women under the age of 65 years based on the average dispensing fee charged to cash- 

paying customers (Welds et al, 1997), and $6.1 1 based on the amount reimbursed to 

pharrnacists in Ontario by the Ontario Drug Benefits plan, for each prescription filled by 



women aged 65 years and over. Varying the dispensing fee from $6.70 to $12.00 in 

wornen under 65 years of age did not have an impact on altering the order ranking of the 

strategies (Figure 8.6). In those women 65 years of age and over, when the dispensing fee 

ranged from $2.00 to $8.00, no thresholds were reached (Figure 8.7). A threshold in the 

dispensing cost appeared to be imminent between the HRT65, CaVD65 and No 

Intervention strategies above $8.00, however it is not typical for women in this age 

category to pay more than an $8.00 dispensing fee. Above this threshold the expected 

value of HRT65 would not be the lowest, but would becorne higher than that of the NI 

and CaVD65 management strategies- If the dispensing fee was at $12.00, then the 

HRT65 strategy would cost more than M. however it would have a Iower LYL than the 

NI and C a m 6 5  intervention, and a cost-effectiveness ratio of approximately 

$2,40O/LYG. Dispensing fees in cornrnunitjl practice have in recent years been either 

stable or increasing only rnodestly. The provincial h g  plans over the last three years 

have either maîntained their dispensing fee level, or have effectively reduced it by 

introducing patient CO-pays. Third-party payer insurance plans have also lirnited their 

ceiling on dispensing fees. however these are typically higher than the fees reimbursed by 

provincial plans. Although dispensing fees may generally rise in the future, it is 

anticipated that these increases will be modest- 

9.3.4 Cost of Hip Fracture Repair 

The base case cost of hip fracture repair was set at $10,745. This cost was varied 

in the sensitivity analysis from $5,182 to $16.100. This analysis demonstrated that as the 

cost of hip fracture repair increased from the lowest range that the expected costs of al1 



strategies increased with a cross-over occurring at $5,450 (50% below the base case cost). 

At a cost for hip fracture repair below this threshold the no intervention strategy was the 

lowest followed by the HRT65, CaVD65, CaVDSO and HRTSO strategies. At a cost 

above the threshold value the HRT65 strategy had the lowest expected cost followed by 

the no intervention, CaVD65, CaVDSO, HRT50- Similarly a crossover occurred between 

no intervention and CaVD65 at an expected cost of $5,920 and a cost of hip fracture 

below $10,600. It is anticipated that the cost of repairing a hip at the acute care setting 

will decrease in future years from its current level since the length of stay (LOS) in these 

institutions has been decreasing steadily over the last fifieen years (JagIal et al, 1996). It 

is however difficult to estimate what the mean cost will be for hip fracture patients based 

on costs at the acute care setting, since reduced LOSs may result in higher expenditure at 

the other levels of care beyond the acute event. Consequently, it is anticipated that this 

Ievel of care will be higher than the lower threshold cost of $5,450, and possibly over the 

second threshold of $10,600, if one considers the other services that a hip fracture patient 

uses beyond the  acute care stay. In conclusion it is cautioned that sensitivity analysis of 

isolated events in the mmagement of a hip fracture patient may result in erroneous 

conclusions concerning the cost-effectiveness of an intervention. 

9.3.5 Entry into LTC facilities from the communitv 

Additional sensitivity testing on events including varying the admission rates to 

LTC facilities from community dwelling post menopausal women did not have an impact 

on the rank order of the stmtegies under base case assumptions (Table 8.7). This variable 

had a greater level of uncertainty surrounding its collection since information on LTC and 



residential care facilities in Canada is currently poor. It is anticipated that more precise 

data will be available over the next five years, since these facilities are now mandated to 

initiate collection of more detailed statistics, other than sex and age on its residents- 

The model was also run in a separate analysis to evaluate the impact of LTC costs 

if al1 admissions to LTC (those who entered these facilities from the cornmunity who did 

not fracture their hip) were included. The expected values in the model jumped from 

$6,000 to approximately $40,000 for the forty year model highlighting the burden of this 

resource to the social services/health-care system budget. Indeed, the costs of LTC to the 

general population were of such a large magnitude that they masked any potential benefit 

of any of the treatment strategies evaluated. Consequently in the version of the model 

used in the thesis only LTC admissions as a result of the fracture event were costed and 

included in the anaiysis. 

9.4 Comparison With Other Cost-Effectiveness Studies 

The cost-effectiveness of osteoporosis therapies have been conducted under a 

number of clinical scenarios and perspectives. The following section highlights some of 

the key analyses in this field, in order to place the thesis analysis into perspective. 

9.4.1 Cost-effectiveness of HRT Management Strategies 

Published cost-effectiveness studies have different assumptions about the benefits, 

and risks of therapy than the thesis model, since the costs and probabilities are generally 

reflective of practice patterns of the United States. Sirnilady some of these studies used 



bone minerd density (BMD) screening pnor to therapy assigment. Hence cornparison 

of the thesis results to published studies are generally not directly comparable. 

Total costs for the management of these diseases using the osteoporosis modei 

over a forty year period ranged from $5,763.59 to $7,330-14, per 1,000 postmenopausd 

women, depending on the intervention (Table 8.1). HRS initiated at 65 years was the 

intervention option (under base-case assumptions) that was the Ieast costIy from the 

health care system perspective at $5,763.59 using a 3% discount rate. Since the M 

approsch was evaluated at $5,942.50, HRT therapy initiated at age 65 is cost-saving. In 

contrast, initiating HRT at 50 years of age was more costly ($7,330.14); nevertheless it 

resulted in a decreased Ievei of LYL and would be considered cost-effective with a ratio 

of $10,969/LYG. These findings are supported by a number of other published studies. 

Tosteson and Weinstein (1990), concluded that screening women by use of BMD 

testing to establish their risk for osteoporosis followed by treatment with HRT was a cost- 

effective intervention, if therapy was initiated ai age 50, in a higher risk population. In 

their andysis however they did not include the CHD benefits associated with HRT, nor 

the associated potential risk of breast cancer with this therapy. Under their base 

assumptions, they calculated ratios of $1 lJûû/LYG and $22,lOO/LYG (1987 $US) in 

higher risk patients if therapy was initiated at age 50, for a duration of 15 years. 

Universal treatment of women at age 50 for 15 years resulted in a cost-effectiveness ratio 

of $68,90O/LYG (1987 $US). Thus, the overall conclusions from their study would 

indicate that initiating HRT therapy at age 50 wouId only be cost effective when 

combined with screening. Indeed, as discussed later, when the CHD benefits of HRT was 

removed from the thesis model, a poor cost-effectiveness ratio was also observed. 



Cheung and Wren (1992) evaiuated the cost-effectiveness of treating 50 year-old 

wornen using a cost-effectiveness economic model. In their model the impact of HRT on 

CHD was included, under a variety of treatment conditions. Their analysis supported use 

of HRT if treatrnent was initiated at age 50 for their lifetime, with cost-effectiveness in 

~ h e  range of $ lO,OOO/LYG. 

The Office of Technology Assessrnent (1995) in the United States recently 

completed a cost-effectiveness analysis on HRT. They concluded that without screening 

women at the menopause and placing them on long-term therapy resulted an incremental 

cost-effectiveness of $23,00O/LYG ($US, 1993). This cost-effectiveness ratio is higher 

than the value calculated by the thesis rnodel since a number of base case assumptions 

differed and unit costs were greater (a combination of factors reflective of the differences 

in the healthcare systems between the two countries). 

Recently, a review of 21 published econornic evaluations of treatrnents for the 

prevention of osteoporosis was conducted (Torgerson and Reid. 1997). The general 

finding was ihat treatrnent initiated at age 50 was cost-effective, however the authors 

conclude that interventions started closer to the fracture event will be the mast cost- 

effective, They concluded that initiation of therapy in women at age 65 uncier a nurnber 

of treatment conditions is likely to be a cost-saving alternative- 

A nurnber of other studies came to similar concIusions when HRT was initiated at 

age 65 and treatment duration was of 10 years or longer. Daly et al (1992), concluded 

that long-terrn prophylactic treatment of women is a cost-effective trzatrnent strategy. 

They found that the majonty of the benefit to a favourable cost-effectiveness ratio they 

found was due to HRT's impact on reducing CHD events. Their conclusions were 



reflective of the findings presented in this thesis through the sensitivity analysis of the 

model, in which the cost-effectiveness of HRT under both HRT5O and HRT65 strategies 

became unfavourable when its cardioprotective effects were removed (Table 8.1 1). 

In summary, the data from the thesis model are consistent with the heaith 

econornic data in the literature. The initiation of the strategies at age 50 are more costly, 

but they resulted in decreased Ln. A delay in initiation of the intervention becomes a 

more cost-effective therapy option and may also result in the intervention being cost- 

saving. Cornparison of the results from this Canadian model with models evaluating the 

impact of these interventions in other industrialized countries have shown that we have 

generated similar results. These favourable cornparisons have k e n  used to validate our 

model as an acceptable method by which other therapeutic interventions for osteoporosis 

c m  be examined. 

9.4.2 Cost-effectiveness of CaIciurn/Vitarnin D Manaeement Stratedes 

In general the application of economic evaluations to assess the effectiveness of 

nutritional interventions is lacking. This thesis is unique in that a nutritional approach for 

the prevention of osteoporosis has been evaluated using health economics pnnciples. 

Clinicd trials in which calcium and vitamin D intervention have been studied in the 

prevention of osteoporosis are limited in number in cornparison to those using HRT 

(Torgerson et al, 1997); evaluation of this intervention using health economics pnnciples 

are even fewer. Torgerson and Kanis (1995), using the hip fracture outcome data from 

two calcium and vitamin D trials (Chapuy et al, 1992; Heikinhimo et al, 1992 - discussed 

in secfion 2.7.2.2), and the epiderniological survey from the Trent region of England, 



evduated the cost-effectiveness of calcium/vitamin D intervention. The targets for the 

intervention were women residing in nursing homes or those with a body mass index 

(BMQ d0kg/rn2 in whom a risk of hip fracture was 1.77 times that of the general 

population was assumed In their analysis they evduated the ccrst per hip fracture 

avoided, and did not evaluate a cost per Iife year saved. The ratio of cost per hip fracture 

avoided ranged from 117,349 in the general population to cost-saving in those women 

who were institutionalized and had a low BMI. That is, on the surface, their data would 

be more supportive of screening and implementation of treatrnent in high risk individuals 

rather than supplementation of al1 post menopausal women. 

It is important to place the outcome of this analysis into the context of the results 

obtained here. That is, the thesis model supports population supplementation of al1 

women at age 65, but not at age 50. The better performance of CaVD interventions in the 

thesis mode1 are most probably reflective of the costing procedures used. That is, 

Torgerson and Kanis (1995) limited their evaluation to those costs associated with the 

acute care setting while our model includes more extended costs associated with fracture 

including home care, rehabilitation care and entry into LTC. Not surprisingly, the 

broader the costing analyses (which is more reflective of the true burden of cost), the 

better the cost-effectiveness ratio of the intervention. Torgerson and Kanis Iimited their 

scope to a cost per fracture avoided, and did not calculate the more cornprehensive cost- 

effectiveness ratio of cost per Iife-year gained. 

The thesis model is the first attempt that we are aware of that has evaluated the 

value of calcium/vitamin D intervention in postrnenopausal women to the Health System. 



The uniqueness of this approach is attributed to five original research elements which 

have been applied to a nutritionai intervention for the first time. The five elements are: 

i) the estimation of the incidence of hip fractures by age and sex in Canadians 

(Papadimitropoulos et al, 1997), 

ii) the costing of hip fracture, myocardial infarcts, and other ischemic events at the 

acute care setting, 

iii) involvement in a burden of illness study in breast cancer (Earle et al, 1997), 

iv) the conduct of a meta-analysis on calcium and vitamin D intervention using 

the Cochrane Collaborative process (Papadimitropoulos et al, 1997b), and 

v) the establishment of a Markov decision model which is reflective of the impact 

of osteoporosis preventative interventions on Canadian women 

(Papadimitropoulos et al, 1998). 

The results from the thesis model for HRT interventions are consistent with 

published osteoporosis models conducted in both the United States and Europe. This 

finding supports the validity of Our model for the HRT intervention, and it is highly likely 

that the CaVD intervention evaluations are equally plausible. The results of our CaVD 

interventions are also likely to cross international boundaries (extemai validity), since the 

model's HRT strategy evaluations were producing comparable cost-effectiveness ratios to 

those found in United States and Europe. 



9.5 Cost-Effectiveness Of Strategies Evaluated In The Mode1 

The cost-effectiveness of the five strategies under the base case assumptions were 

surnrnarized in Table 8.5, with the CaVD65 exhibiting weak dominance while the HRT65 

strztegy being dominant. The CaVDSO ($94,843/LYG), and the HRTSO ($10,969/LYG) 

strategies had trade-offs. Varying the base case assumptions on the efficacy of these 

strategies on the prevention of hip fractures altered the ranking of the strategies (Tables 

8.5, 8.7, and 8.8). 

Table 9.2 provides a bottom-line surnmary of the analyses at the cost- 

effectiveness/dominance Ievel under variable effectiveness assumptions. As discussed 

previously the CaVD65 management strategy is considered to have weak dominance 

under the base case assurnptions, and dominance under the optimistic scenario. Under 

the pessimistic scenario the cost-effectiveness ratio is considered to be too high 

($268,922/LYG) to support adoption. The CaVDSO strategy under base case assumptions 

is not considered a cost-effective alternative ($94,843/LYG) for the prevention of hip 

fractures in postmenopausal woinen 

The HRT65 strategy is dominant under the base case assurnptions. Similarly this 

strategy remains dominant when the efficacy parameters are set to their optimistic 

assumptions. The HRT65 strategy is not considered a cost-saving strategy if the efficacy 

pararneters are set to their pessimistic assumptions, however the incremental cost- 

effectiveness ratio is smaIl($7,720/LYG) and provides compelling argument for adoption 

(Laupacis et al, 1992). That is, it has been argued that cost-effectiveness ratios below 

$20,00O/LY G should be considered for adoption. 



Table 9.2 Cost-effectiveness of the four active management strategies versus no intervention using variable efficacy assumptions, for 
the prevention of hip fractures in Canadian postmenopausal women. 

Expected cost-eflectiveness offour interventions relative to no i~ttervention i ~ t  postnienopairasal wonten followed over a forry-yenr period 

No Intervention 

- - - - -- . - 

HRTSO 

Base Case 

Pessimistic 

Optimistic 

Not lowest cost $94,843lLY G WEAK $ 1  0,969LY G DOMINANT 
DOMINANCE 

Lowest cast $667,52?1LYG* $268,922iLYG* $487,686/LY G* $7,72C/LY G 

Not lowest cost $12,86l/LYG DOMINANT $2,8 101LYG DOMINANT 

*It should be noted that a small efficacy impact divides these incremenial cost values, consequently the confidence around the cost-effectiveness ratios is weiik. 



The HRTSO prevention strategy was considered to be a strategy that typicaIiy cost 

more than the M a m ,  however the HRTSO outcome provided additional benefits over the 

HRT65 strategy by avoiding an additional 13 hip fractures and 4 deaths due to C m .  It 

should be noted that this number does not include the survivors of these events, however 

the costs associated with the occurrence of these events in those who survive are captured 

and incorporated into the mode1 results. The only draw back with the HRTSO therapy 

uver the HRT65 therapy is that it resulted in an additional 7 breast cancer deaths. Under 

the base case and optimistic scenarios the cost-effectiveness ratios of the HRTSO strategy 

were $10,969/LYG and $2,8 IOLYG respectively. The magnitude of these incremental 

cost-effectiveness ratios support adoption, 

9.6 Caveats of Mode1 Results 

The economic mode1 used in this thesis was based on a number of base case 

assumptions. A number of these assumptions were based on data that have been studied 

and well documente4 while others were based on a limited number of studies or from 

databases that were under development. Sensitivity analyses were used to evaiuate the 

impact that these uncertainties had on the bottom line results, and the implications for 

error were discussed. 

The mode1 assumed that mass implementation of these strategies were adopted. 

This scenario is artificial since a number of factors influence adoption of a strategy by a 

population. Educational background, biases for therapies availabie, affordability of the 

intervention (coverage on the h g  plan), physician training/influence, and a myriad of 

other factors may limit adoption. 



The efficacy of HRT in the prevention of osteoporosis has been studied under case 

control, cohort and the randornized clinical control settings. These studies have 

demonstrated the ability of HRT to maintain bone mass in postmenopausal women and 

prevent fractures at the hip and non-hip sites. Consequently, the assumptions used in the 

osteoporosis mode1 on the efficacy of HRT on osteoporosis are well supported by 

numerous clinical publications, which have been reviewed using a structured process 

(Cochrane Collaboration). Other outcornes evaluated through these HRT trials and 

longitudinal cohort studies is its CHD protective effects, and the associated breast cancer 

risks* 

Calcium/vitamin D efficacy data in osteoporosis prevention are lirnited. The data 

on these nutrients under clinical trial settings have been conducted principally in older 

and typically institutionalized postmenopausal wornen. The calcium/vitarnin D meta- 

analysis was conducted for the thesis to evaluate thz impact on bone mineral density 

changes in these women under clinical trial conditions. The probabilities for hip fracture 

prevention were derived from this anaiysis are frorn a few well conducted clinicaf trials. 

A renewed interest in calcium and vitamin D use in osteoporosis cumently exists. More 

current trials are providing evidence for greater effectiveness of CaVD in preventing 

fractures tban we have estimated in the meta-analysis, however their studies tend to be 

focused on the nursing home population in which a more frai1 population resides. These 

study conditions are iikely to produce selection bias since these studies have been 

conducted on women with low bone BMD at initiation. The use of these agents on a 

frailer population may result in a greater fracture nsk reduction than if the intervention 



was implemented in a younger less frai1 population. Additional long-term studies are 

needed in younger, comrnunity dwelling postmenopausal women. 

Initiation of the interventions evaluated were at either 50 or  65 years of age. The 

rationale for initiating therapy at 50 years was because this is the age at which women 

typically transition into the menopause and this is the time that they may seek 

syrnptomatic relief. As a result of this event wornen may be more willing to initiate 

therapy for menopausal symptom relief, and be persuaded by health care professionals to 

continue therapy long-term for HRS's benefits in preventing CHD events and hip 

fractures. The 65 year old time point was chosen to coincide with two significant events 

in a woman's life: entry to the pensiodseniors category and generally a change in 

coverage for the woman's drug plan (provincially funded primady). The data for both 

CaVD and KRT interventions provided a more compelling econornic argument for 

delaying the initiation of therapy. This finding raises the question at which age does the 

optimal osteoporosis intervention exist (ie most cost-effectivekost-saving). The thesis 

did not address this issue, however it should be noted that a delay in therapy initiation 

may result in a more compelling economic argument (and a much lower cost to the dmg 

plan budget). However, the trade-off is that a larger number of hip fractures and 

cardiovascular events will occur as initiation of therapy is delayed. 



9.7 Implernentation of Strategies 

9.7.1 Implementin~ CalciumNitarnin D Therapy 

Calcium and vitamin D therapy in the form of an oral supplement is widely 

available at reasonable cost. The evaluation of the CaVDSO and CaVD65 strategies 

demonstrated that although the CaVDSO strategy was not as cost-effective as any of the 

HRT strategies, the benefits of this intervention (ie hip fractures prevented) are greater 

than the NI arm. UnIike HRT, the CaVD strategies were assumed not to have CHD 

protective effects, however they lack the increased risk of development and death from 

breast cancer associated with HRT. 

Calcium is required through the diet, the largest proportion of which is needed to 

support skeletal function. As discussed in chapter 2 of the thesis, considerable 

controversy exists surrounding the current level of calcium intake in Canadians by age 

and sex. The task of identifying the requirement or intake distribution for this mineral is 

monumental, with considerable activity in this area being expended in the last twenty 

years (Heaney, 1996; Poliquin et al, 1997). The lack of requirement and intake 

information make it diff~cult to estimate the prevalence of inadequacy in Canadian 

postmenopausd women meaton, 1994). Issues surrounding the calcium requirement in 

this group include the definition of basal requirements versus normative requirements for 

calcium. The basal requirements are defined as those that are adequate to maintain al1 

demonstrable functions of the nutrient; normative requirements are those that are 

sufficient to maintain tissue stores (Beaton, 1996). 

A nurnber of organizations have recently suggested an increase in intake to 

optimal levels which are above the current RWs. The Osteoporosis Society of Canada 



recornmended that the optimal intake in women -0 years should be 1,500 mg of 

elernental calcium (OSC Advisory panel, 1996). Recently a report released by a 

combined United States and Canadian panel recommended dietary reference intakes 

@RI) for calcium of 1,200mg (Institute of Medicine, 1997). Since mean calcium intake 

(571mg+/-286; CSFIZ, 1994) is generally below the RNI in postmenopausal women, the 

issue becornes how does one achieve the DRIs? SimilarIy vitamin D status has been 

discussed to some Iength in chapter 2 of the thesis, with acknowledgement that vitamin D 

deficiency is a greater issue in older postmenopausal women due to a combination of 

reduced sunlight exposure and potentially impaired conversion of vitamin D to its active 

metabolite, 

Implementation of the CaVD strategies suggested in the osteoporosis mode1 

(750mg calcium, and 400IU vitamin D3), would result in higher total intakes in this target 

population. The population approach to supplementation taken in this thesis can result in 

issues related to toxicity. This is a potential concem since it has recently been 

documented that users of any supplement type, tend to have higher intakes of calcium 

than non-users (Slesinski et al, 1996). The three areas of concem are interference with 

absorption of iron, formation of kidney Stones, and hypercaicemia. 

It is currently thought that high calcium intakes via supplements or fortified foods 

may contribute to decreased bioavailability of minerals including iron, magnesium and 

zinc. Reduced absorption is believed to occur by a competitive mechanism in the gu: 

(Whihng and Wood, 1997). Reduced bioavailability of iron may be sufficient especially 

in older institutionalized women to lead to anemia. It is suggested, although not formally 

studied, that an iron supplement be included in calcium supplernented women, to 



minirnize the probability of iron deficiency. In order to minimize the potential for this 

occurrence, a multiple vitamin was sought that provides elemental iron (gmg), and 

calcium (200mg) (Spectrum Select*, Life Brands). This multivitarnin preparation c m  be 

supplemented with a 500 mg calcium tablet. The cost of this combination of products is 

greater ($0.1405) than the base case of $0.1 166. The higher cost of the 

calcium/vitaminD/iron supplement is within the threshoid value establisheà in the 

sensitivity analysis of $0.1183 for the CaVDSO arm, and did not change the expected 

value ranking of this intervention. This threshold however ($0.11 83) is close to the base 

case cost of calciudvitamin D ($0.1 166). and implementation of this new supplement 

regimen at its higher cost ($0.1405) would result in the loss of the weak dominance of the 

CaVD65 management strategy, and impact on the ranking of expected cost in the 

CaVD65 strategy. Although it could be argued that implementation of this strategy may 

shift the sumrnary results, it is also possible that this intervention may reduce the 

prevalence of anemia in this segment of the population, 

Two other issues related to excessive intake of calcium which may lead to high 

blood calcium levels are severe rend damage, and milk-alkali syndrome. Typicall y 

intakes greater than 2,900 mg are required for this type of toxicity (Food Directorate, 

1997)- and is unlikely to occur if the patient is compliant with therapy, is routinely 

monitored by their physician, and is counselled on the need to control their intake of 

calcium. 



9.7-2 Implementine HRT Therapv 

The output from the econornic mode1 strongly suggests that a preventative 

intervention is better than a no intervention approach in order to prevent osteoporosis- 

related hip fractures- The HRT65 intervention has been shown to be dominant in the base 

case as well as the majority of sensitivity analyses evaluated in the thesis. The HRTSO 

strategy was not dominant in any of the scenarios however it was also found to have a 

favourable profile in preventing hip fractures and C H .  related deaths. However, the 

increased number of breast cancer deaths with HRTSO resulted in this strategy Iooking 

Iess favourable. The incremental cost-effectiveness ratios of the HRTSO strategy however 

under the base case and optimistic scenarios, were reasonable ($10,969/LYG, and 

$2,81O/LYG respectively) and justify this intervention if no suitable alternatives were 

available (Table 9.1). Currently HRT (generically available HRT), is listed in al1 

provinciai h g  formularies in Canada. These formularies typically cover older 

Canadians (%5 years of age), and the indigent. Generally these provincial formularies do 

not cover women in the early menopausal period (age 50-65), however private plans. 

which cover approximately 70% of this population (Canadian Health and Life Insurance 

Association, 1996) have some form of coverage and almost al1 of these third party insurer 

plans reimburse the generically available HRT as a minimum. This suggests that 

coverage for HRT is relatively universal and available to the patient at minimal cost. 

Those menopausal women without any form of insurance would have to pay out of 

pocket approximately $120.00 per year up untii age 65 if they obtain the generically 

available HRT. 



Data from surveys conducted on HRT use Vary substantidly, however it is 

believed that about 15% of Canadian postmenopausal women are currently taking HRT 

on a long-term bais  (IMS, 1997). A study conducted in the United States found that only 

1525% of women eligible for hormone replacement make use of the therapy (Ravnikar , 

1987). Other data sources indicate that approxirnately 40% of women between the ages of 

50-64 have taken HRT at some point during the past one year. Compliance issues also 

surround the use of HRT with womeii never filling their first prescription (20-30%), and 

(70%) not continuing to take their long term therapy at one year post initiation (Witt et al, 

1997). 

The survey data and the reimbursement status of HRT imply that although this 

agent is beneficial in preventing hip fractures and CHD there are other valid reasons why 

more women are not initiating this treatment, or taking this agent for the longer tenn. 

The concern over an increased risk of breast cancer rnay be one of the important reasons. 

9.8 Compliance To Management Strategy 

The economic evaluation on the management strategies of CaVD and HRT in the 

prevention of hip fractures has provided an overview of the relative roles of each 

intervention. This evaluation assurned that the cohort of women who initiated therapy 

were compliant with their therapy. It is evident that long-terrn cornpliance with these 

therapies is critical if these women are to realize the benefits of the management 

strategies. In diseases where the patient physically feels il1 if they are not compliant, like 

diabetes or epilepsy, cornpliance is typically very high. In this case, women at age 50 or 

65 are being encouraged to initiate a long-term therapy, with the benefits of hip fracture 



prevention occuning approximately 15 years later. In some regards preventative 

strategies for osteoporosis are similar to cholesterol lowering recommendations, where 

the patient does not feel particularly different when they do not take the medication, 

however in the future, events will occur that could have been avoided if compliance to 

therapy was maintained. Coambs et al (1995) have suggested that four conditions must 

be met before compliance strategies can be employed. These are: "1) an accurate 

diagnosis, 2)  establishment of treatrnent efficacy, 3) patient consent, and 4) establishment 

of intervention strategy efficacy". Consequently, if the objective is to ensure compliance 

in these "siIent" diseases then these four conditions need to be met to ensure the benefits 

of long-term therapy. Unfortunately data are lacking on the impact of partial compliance 

to each of the management strategies evaluated in the osteoporosis model. 

9.9 Education 

A Gallup survey of 45-60 year old women found that only 44% of women were 

satisfied with the information they received from their doctors on menopause (Utian et al, 

1994). The Canadian peri-menopausai woman today is more educated, and highly 

interested in her health than women of her age twenty years ago. The availability of 

treatment options, publicity surrounding the menopause and osteoporosis in print and the 

media, have helped make pen-menopausal women aware of their treatment choices. 

Unfortunately some physicians are not comfonable with counselling women on the 

options available to them. Similarly women consult their physician on therapies for long- 

term bone health, however issues surrounding long-term therapy with HRT is 

intirnidating due to the anxiety sumounding the possible risk of cancer (Coyle et al, 1998). 



A study of 2,500 women revealed that 50% of the non-compliant patients either 

discontinuecl or sporadically took their HRT because of the fear of cancer (Sagraves, 

1995). Educating patients about the relatively small risk of breast cancer, and the benefits 

of HRT's CHD protective effects has had a positive impact in women who were 

contemplating the use of estrogen (Robinson, 1997). 

Cornpliance with a CaVD strategy c m  also be maximized via education of its 

benefits. Currently 6-3596 of women aged of 50 years or older are supplernenting their 

diet with a form of calcium, at any given time (Table 2-4) (NHANES II, 1996). In 

contrast 0-15% are currently taking a vitamin D Supplement ( N H A N E S  II, 1996). This 

suggests that education is necessary, especially to this large proportion of women who are 

already adding a calcium supplement to their diet, on the value of adding vitamin D to 

their regimen since it would enhance the benetits being afforded to them with calcium 

supplementation alone. 

Enhancement of cornpliance can also be achieved by frequent physician follow-up 

and periodic (every two years) BMD testing, for those patients who are currenth on an 

osteoporosis prevention strategy- The results of these scans are likely to demonstrate to 

the patient the impact of the therapy and to confinn that clinically this is the optimal 

strategy for them. Mass BMD screening is not considered as a cost-effective option. 

Affordability of an intervention may also provide a barrier to compliance. The 

evolution of third-party drug plans over the past ten years, in which a co-pay was 

introduced, resulted in a significant &op in utilization of pharmaceuticals, and was linked 

to the magnitude of the co-pay (LeLoner et al, 1998). Calcium and vitamin D 

supplements are currently not reimbursed by the majority of third party and govemment 



plans, consequently the purchase of these agents (although the retail monthly acquisition 

cost from a pharmacy of less than $10 per month) may result in non-cornpliance or poor 

compliance based on personal affordability and motivation for taking these agents over 

the Ion,- = tem-  

Compliance is likely to be enhanced if one considers interventions from a side- 

effect profile since the CaVD strategies do not have the cancer risk eIement associated 

with HRT. 

9.10 Policy implications 

Osteoporosis is another disease of the elderly that has a high burden of illness 

(Goeree et al, 1996). As the Canadian baby boomer population ages, it is estimated that 

the Canadian health care system will have to deai with approximately four times the 

current annual number of hip fractures in the year 2041 (Papadimitropoulos et al, 1997). 

The economic evaluation in this thesis has demonstrated that calcium/vitarnin D 

management strategy initiated at age 65 exhibited weak dominance. HRT therapy 

initiated at age 65 is the dominant strategy compared to the do nothing (NI) strategy under 

the base case assumptions. The NI approach was not the least expensive option under the 

treatment scenarïos evaluated in the thesis and will result in more hip fractures. HRT 

therapy initiated at age 50 was cost-effective ($10,969/LYG), and the most effective in 

reducing the number of hip fractures and CHD deaths than any intervention evaluated, 

however the increased nurnber of deaths due to breast cancer, may result in slower 

adoption of this strategy. Calciurn/vitamin D therapy initiated at age 50 under the base 



case assumptions was not as cost-effective as HRT initiated at 50 years, however this 

strategy resulted in fewer hip fractures than the CaVD strategy initiated at 65 years. 

Barriers to initiation of preventative therapy include poor education on the impact 

of osteoporosis on postmenopausal health, cornpliance to therapy, the fear of breast 

cancer, and lack of funding for effective preventative strategies (calcium/vitarnin D) by 

provincial formularies- Each of these issues were covered in detail in the discussion 

section, however they are re-emphasized here, since successfuI implementation of 

population supplementation progarns will require that each of these issues is addressed. 

Enhancement of the cost-effectiveness of these interventions, may require screening and 

targeting of therapy (shift from population to individud focus) to only those at high nsk 

for osteoporosis, or those at risk of osteoporosis and high risk for breast cancer. This 

analysis did not evaluate screen and treat scenarios. 

9.1 1 Conclusions 

Supplementation of postmenopausal women with calcium/vitamin D or HRT 

from age 50 until age 90 yean resulted in fewer hip fractures with the CaVD arm, and 

fewer hip fractures and CHD deaths, but more breast cancer deaths with the HRT arm, 

compared to the no intervention strategy. 

Delaying supplementation to age 65 with calcium/vitamin D resulted in fewer hip 

fractures than the no intervention strategy, and the intervention exhibited weak 

dominance, however more hip fractures resulted than when this strategy was initiated at 

age 50. 



Initiation of HRT at age 65 resulted in fewer hip fractures and CHD deaths, but 

more breast cancer deaths, than the no intervention a m .  This strategy was considered the 

dominant intervention, however there were more hip fractures and CHD events, but fewer 

breast cancer deaths than HRT therapy initiated at age 50. 

Calcium/vitamin D initiated at age 65 dernonstrated weak dominance under base 

case assumptions. The results of this analysis suggest that the use of CaVD at age 65, is a 

viable alternative to HRT for the prevention of osteoporosis. Despite its CHD protective 

limitations the CaVD management strategy is an ideal alternative for women who would 

not take HRT either because of predisposition to developing breast cancer, or the level of 

anxiety surrounding the potential development of breast cancer. 

Implementation of these preventative strategies will be limited if successful and 

cost-effective awareness and education prograrns are not instituted, Perimenopausal 

women today are more educated, and more interested in their health than their 

counterparts of twenty years ago. The task of implementing these screening and 

irnplementation progams is more likely to succeed today, since these efforts can be 

supported by a number of women's health initiatives at governmental and publicly- 

supported organizations such as the Osteoporosis Society of Canada, and the Heart and 

Stroke Foundation of Canada. 



1. AACE- 1996. AACE clinical practice guidelines for the prevention and treatment 
of postmenopausal osteoporosis. J.Fla.MedAssoc. S3:(8)552-566. 

2. Albright, F., P.H. Smith, and A.M. Richardson. 1941, Postmenopausal 
osteoporosis. JAMA 116:2465-2474. 

3. Alblight, F. and 3.C.k. Reifenstein. 1948. The parathyroid glands and rnetabolic 
bone disease: selected studies. Williams & Wilkins, Baltimore. 162 pp- 

5. Allander, E. and B.1. Lindahl. 1993. The Mediterranean Osteoporosis Study 
(MEDOS): theoretical and practical issues of a major international project on hip 
fracture epidemiology. Bone 14:(Suppl l)s37-s43 

6. Aloia, J.F., A- Vaswani, J.K, Yeh, K. Ellis, S. Yasumura, and S.H. Cohn. 1988. 
Calcitriol in the treatment of postmenopausal osteoporosis. Arn.J.Med, 84:(3 Pt 
l)4O 1-408. 

7. Andon, M-B., T. Lloyd, and V. Matkovic. 1994. Supplementation trials with 
calcium citrate malate: evidence in favor of increasing the calcium RDA during 
childhood and adolescence. LNutr. 124:(8 Supp1)1412S-1417s. 

8- Anonymous. 1992. Choice of dnigs for postmenopausal osteoporosis. 
Med.Lett.Drugs Ther. 34:(882)101-102. 

9. Anonymous. 1994. International classification of diseases, 9th revision. PMIC, 
Los Angeles, 

10. Anonymous- 1994. Optimal calcium intake. NIH Consensus Staremenr l2:(4)l 

11. Anonymous. Canadian Institute for Health Information, editor. 1998. Discharge 
Abstract Database. Ottawa: Canadian Institute for Health Information. (Sep 04, 
1998) 

12. Bagur, A., C. Mautalen, and 2. Rubin. 1994. Epiderniology of hip fractures in an 
urban population of central Argentins- 0steoporos.Znt. 4:(6)332-335. 

13. Baran, D.T. and L.E. Braverman. 1991. Thyroid hormones and bone mass 
[editorial]. J.Clin.Endocnnol.Metab. 72:(6) 1 182- 1 183. 



14. Baran, D.T., C.K- McCarthy, D- Leahey, and R- Lew. 1991. Broadbmd 
ultrasound attenuation of the calcaneus predicts lumbar and femoral neck density 
in Caucasian women: a preliminary s tudy . Osreoporos.Int. 1 : ( 2 )  1 10- 1 13, 

15. Baron, R.E. 1996. Anatomy and ultrastructure of bone- In Primer on the 
metabolic bone diseases and disorders of rnineral metabolism. M.J. Flavus. editor. 
Lippincott-Raven, Philadelphia. 3-10. 

16, Barr JT and Schumacher GE. 1996. Quaiity of Life and Pharmacoeconornics in 
Clinical Trials. Lippincott-Raven Publishers, Philadelphia. 1 197 pp. 

17. Barrett-Connor, E. 1998. Fortnightly review: Hormone replacement therapy. 
BMJ. 3 l7:(7 156)457-6 1. 

18. Barzel, US. 1990. Estrogen therapy for osteoporosiç: i ir effective? 
Hosp.Pract . (OJEd).  25:(7)95-9, 102, 105-8. 

19. Beaton, G.H. 1996a. Statistical approaches to cstablish rnineral element 
recornrnendations. J.Nutr. l26:(9 S upp1)2320S-2338s. 

20. Beaton, G.H. 1996b. Criteria of an adequate diet. In Modem nutrition in health 
and disease. R.E. Shills, J.A. Olson, and M. Shike, editors. Lea & Febiger, 
Philadelphia. 1491-1505. 

21. Beck JR and Pauker SG. 1983. The Markov process in medical prognosis. Med 
Decis Making 3:419-58. 

22. Bertrand, L. 1995. Les quebecoises et les quebecois mangent-ils mieux? Rapport 
de Enquete quebecoise sur la nutrition, 1990- Montreal. Ministere de la sante et 
des services sociaux, Gouvernement de Quebec. 

23. Black, D.M., S.R. Cumrnings. K. Stone, E. Hudes, L. Palermo, and P. Steiger. 
199 1. A new approach to defining normal vertebral dimensions. J.Bone 
MinerXes. 6:(8)883-892. 

24. Black, DM., S.R. Cummings, H.K. Genant, M C  Nevitt, L. Palermo, and W. 
Browner. 1 992a. Axial and appendicular bone densi ty predict fractures in older 
women. J-Bone Miner. Res. 7:(6)633-638. 

25. Black, D. M. Cost-effectiveness of screening for osteoporosis: review of bone 
mineral density and fracture parameters required for model, University of 
California, San Francisco, CA (unpublished OTA contract report). 19921 9-4- 
1998. (GENERIC) 

26. Breslow R.A,, Subar A.F., Patterson B.H., and Block G. 1997. Trends in food 
intake: the 1987 and 1992 National Health Interview Surveys. Nurr-Cancer 
28:(1)86-92. 



27. Bryant, H.E. and P.M. Brasher. 1994. Risks and probabilities of breast cancer: 
short-tenn versus Iifetime probabilities. C'MAI 150:(2)211-216. 

28. Bush, T. 1989. The impact of estrogen on cardiovascular disease. The Lipid 
Research Clinics Progrm. Postgrad-Med. Spec No:45-8; discus:45-8; discussion 
89-90. 

29. Bush, T.L., E. Banett Connor, L.D. Cowan, M.H. Cnqui, RB. Wallace, C.M. 
Suchindran, H.A. Tyroler, and B.M. Rifkind. 1987. Cardiovascular mortdity and 
noncontraceptive use of estrogen in women: results from the Lipid Research 
Clinics Program Follow-up Study. Circula~ion 75:(6) 1 102- 1 109. 

30. Carr B.R. and Wilson J.D. 1987. Harrison's rinciples of interna1 medicine. 
McGraw-Hill, New York. 18 18 pp. 

3 l .  Castelo Branco, C., M.J. Martinez de Osaba, F. Pons, and J. GonzaIez Merlo. 
1992. The effect of hormone replacement therapy on postrnenopausal bone loss. 
Eur. J. Obstet.Gynecol.Reprod.Biol. 44:(2) 13 1 - 136. 

32. Cauley, J.A., D.G. Seeley, K. Ensrud B. Ettinger, D. Black, and S.R. Cummings. 
1995. Estrogen replacement therapy and fractures in older women. Study of 
Osteoporotic Fractures Research Group. Ann.lntern.Med. 122:(1)9- 16. 

33. Cauley, J.A., F.L. Lucas, L.H. Kuller, M.T. Vogt, W.S. Browner, and S.R. 
Cummings. 1996. Bone minerai density and risk of breast cancer in older women: 
the study of osteoporotic fractures. S tudy of Osteoporotic Fractures Researc h 
Group [see cornments]. JAMA 276:(17) 1404-1408. 

34. Chalmers, 1. and G. Altman Douglas. 1995. Systematic reviews. BMI Publishing 
Group, London, England. 

35. Chan, G.M., K. Hoffman, and M. McMurray. 1991. The effect of dietary calcium 
supplementation on pubertal girls growth and bone minera1 status. J.Bone 
Miner. Res. 6:(Suppl)625 

36. Chapuy, MC., M.E. Arlot, F. Duboeuf, J. Brun, B. Crouzet, S. Arnaud, P.D. 
Delmas, and P.J. Meunier. 1992. Vitarnin D3 and calcium to prevent hip fractures 
in the elderly women. N.Engl.J.Med. 327:(23)1637-1642. 

37. Chapuy, MC., M.E. Arlot, PD. Delmas, and P.J. Meunier. 1994. Effect of 
calcium and cholecalciferol treatment for three years on hip fractures in elderly 
women [see comrnents] - BMJ- 308:(6936) 108 1- 1082. 

38. Chen, T C ,  A. Shao, H. Heath, III, and M.F. Holick. 1993. An update on the 
vitamin D content of fortified milk from the United States and Canada [letter]. 
N. EngL. J. Med. 339: (20) 1507- 1507. 



Cheung, A.P. and B.G. Wren. 1992. A cost-effectiveness analysis of hormone 
replacement therapy in the menopause. Med.LArtst. l56:(5)3 12-3 16. 

Chevalley, T., RI Rizzoli, V, Nydegger, D, SIosman, C.H. Rapin, J.P. Michel, H. 
Vasey, and J.P. Bonjour. 1994. Effects of calcium supplements on femoral bone 
mineral density and vertebrd fracture rate in vitamin-D-repIete elderly patients. 
Osteoporos.Int. 4:(5)245-252. 

Chrischilles, E., T. Shireman, and R. Wallace. 1994. Costs and health effects of 
osteoporotic fractures. Bone 15:(4)377-386. 

Christiansen, C., M.S. Christensen, P. McNair, C. Hagen, K.E. Stocklund, and 1. 
Transbol. 1980, Prevention of early postmenopausal bone loss: controlled 2-year 
study in 3 15 normal females. EurJ. Clin.lnvesr, 1 O:(4)273-W9- 

Christiansen, C., B.J. Riis, and P. Rodbro. 1987. Prediction of rapid bone loss in 
postmenopausal women- Lancer lr(8542) 1105-1 108. 

Christiansen, C., B.J. Riis, and P. Rodbro. 1990, Screening procedure for women 
at ris k of developing postmenopausal osteoporosis, 0steoporos.Int. I :(1)3 5-40. 

Christiansen, C. 1992. Prevention and treatment of osteoporosis: a review of 
current rnodalities. Bone 13:(SuppI l)s35-s39 

Civitelli, R., S. Gonnelli, F. Zacchei, S. Bigazzi, A. Vattirno, L.V. Avioli, and C. 
Gennari. 1988- Bone turnover in postrnenopausal osteoporosis. Effect of 
calcitonin treatrnent. J. Clin. Invest. 82: (4) 1268- 1274. 

Clark, A.P. and J.A. Schuttinga. 1992. Targeted estrogen/progesterone 
replacement therapy for osteoporosis: calculation of health care cost savings. 
Osteoporo-:.Znt. 2:(4)195-200. 

Col, N.F., M.H. Eckman, R H .  Karas, S.G. Pauker, R.J. Goldberg, E.M. Ross, 
R.K. Orr, and J.B. Wong. 1997. Patient-specific decisions about hormone 
replacement therapy in postmenopausal women [see comments] . JAMA 
277:(14)1140- 1 147. 

Colditz, G.A., M.J. Starnpfer, W.C. Willett, C.H. Hennekens, B. Rosner, and F.E. 
Speizer. 1990. Prospective study of estrogen replacement therapy and risk of 
breast cancer in postmenopausal women [published erratum appears in JAMA 
199 1 Apr lO;265(14): 18381 [see comments]. JAMA 264:(20)2648-2653. 

Colditz, G.A., S.E. Hankinson, D.J. Hunter, W.C. Willett, J.E. Manson, M.J. 
Stampfer, C. Hennekens, B. Rosner, and F.E. Speizer. 1995. The use of estrogens 
and progestins and the risk of breast cancer in postmenopausal women [see 
comments]. N. Engl.J.Med. 332:(24)1589-1593. 



Consensus development conference. 199 1. Prophylaxis and treatment of 
osteoporosis. Am.J.Med. 90:(1)107-110. 

Cooper, C., G. Carnpion, and L.J. Melton, III. 1992. Hip fractures in the elderl y: a 
worId-wide projection. 0steoporos.lnr. 2:(6)285-289. 

Cooper, C., E.J. Atkinson, S.J. Jacobsen, W.M. O'Fallon, and L.J. Melton, DI. 
1993. Population-based study of survival after osteoporotic fractures. 
Arn.J.Epidernio1. 137:(9)1001-1005. 

Coyle, D. 1998. The cost of coronary heart disease in Canada. uoronto?]. 
Report prepared for Eli Lilly Canada Inc. 

Coyte, P.C. and W. Young. 1997. Reinvestrnent in and use of home care services. 
[Toronto]. Institute for Clinical Evaluative Sciences. 

Curnrning, R-G., S.R. Cumrnings, MC- Nevitt, J. Scott, K.E. Ensrud, T.M. Vogt, 
and K. Fox. 1997a. Calcium intake and fracture rïsk: results from the study of 
osteoporotic fractures. Arn.J.Epidernio1. 145:(10)926-934. 

Curnrning, R.G. and MC. Nevitt. 1997b. Calcium for the prevention of 
osteoporotic fractures in postmenopausal women. J-Bone Miner.Res. l2:(9) 132 1- 
1329. 

Cummings, S.R., J.L. Kelsey, M.C. Nevitt, and K.J, O'Dowd. 1985. 
Epidemiology of osteoporosis and osteoporotic fractures. Epiderniol.Rev. 7: 178- 
208: 178-208. 

Curnmings, S.R., Block G, McHenry K., and Baron R.B. 1987. Evaluation of two 
food frequency methods for measuring dietary calcium intake. Am. J. Epiderniol. 
126:(5)796-803. 

Curnmings, S.R. and M.C- Nevitt. 1989. A hypothesis: the causes of hip 
fractures. J-Gerontol. 44:(4)MlO7- 1 1. 

Cumrnings, S.R., D.M. Black, M.C. Nevitt, W.S. Browner, J.A. Cauley, H.K. 
Genant, S.R. Mascioli, J-C. Scott, D.G. Seeley, and PI Steiger. 1990a. 
Appendicular bone density and age predict hip fracture in women. The Study of 
Osteoporotic Fractures Research Group [see comments]. JAMA 263:(5)665-668. 

Curnmings, SR., W.S. Browner, D. Grady, and B. Ettinger. 1990b. Should 
prescription of postrnenopausal hormone therapy be based on the results of bone 
densitometry? Ann-Zntem-Med. 113:(8)565-567. 

Cummings, S.R., S.M. Rubin, and D. Black. 1990c. The future of hip fractures in 
the United States. Numbers, costs, and potentid effects of postmenopausal 
estrogen. Clin.Orthop. (252) 163-166. 



64. Cummings, S.R. 199 1. Epiderniologic studies of osteoporotic hctures: 
methodoIogic issues. Calcif Tissue Znt. 49:(Suppl)s l5-sX) 

65. Cumniings, S.R., D.M. Black, M.C. Nevitt, W. Browner, J- Cauley, K. Ensrud, 
H.K. Genant, L. Palenno, J. Scott, and T.M. Vogt. 1993. Bone density at various 
sites for prediction of hip fractures. The Study of Osteoporotic Fractures Research 
Group [see comments]. Lance? 34 1 :(8837)72-75. 

66. Cummings, S.R.. M.C. Nevitt, W.S. Browner, K. Stone, K.M. Fox, K.E. Ensrud, 
J. Cauley, D. Black, and T.M. Vogt. 1995. Risk factors for hip fracture in white 
women. Study of Osteoporotic Fractures Research Group [see comments]. 
N.Engl.J.Med. 332:(12)767-773. 

67. Daly, E., M. Roche, D. Barlow, A. Gray, K. McPherson, and M. Vessey. 1992. 
HRT: an analysis of benefits, risks and costs. Br.Med.Bul1. 48:(2)368-400- 

68. Dambacher, M.A., J. Ittner, and P. Ruegsegger. 1986. Long-term fluoride therapy 
of postrnenopausa1 osteoporosis. Bone 7:(3) 199-205. 

69. Dawson Hughes, B., GE. Dallal, E.A. Krall, L. Sadowski, N. Sahyoun, and S. 
Tannenbaum. 1990. A controlled triai of the effect of calcium supplementation on 
bone density in postmenopausal women. N. Engl. J.Med. 3-3:(13)878-883. 

70. Dawson Hughes, B., G-E- Dallal, E.A. Krall, S. Hamis, L.J. SokoIl, and G. 
Falconer. 1991. EfFect of vitamin D supplementation on wintertime and overall 
bone loss in healthy postmenopausal women [see comments]. Ann.lntern.Med- 
115:(7)505-512. 

71. Dawson Hughes, B., Harris S.S. ,  E.A. Krall, and GE. Dailal. 1997. Effect of 
calcium and vitamin D supplementation on bone density in men and women 65 
years of age or older. N.Engl.J.Med. 337:(10)670-676. 

72. Dawson Hughes, B. 1998. Osteoporosis treatment and the calcium requirement. 
Am.J.Clin.Nutr. 67:(1)5-6. 

73. De Laet, C.E., van Hout B.A., Burger H., Hofman A, and Pols H.A. 1997. Bone 
density and nsk of hip fracture in men and women: cross sectional analysis. BMJ. 
3 l5:(7iOZ)22l-Z3S. 

74. Deeks, J. 1995. Meta-analysis algoxïthms for the Revman software (version 1.01). 
Headington, Oxford, England. Centre for Statistics in Medicine. 

75. Delmas, P.D. 1990. Biochemical markers of bone turnover for the clinical 
assessment of metabolic bone disease. Endocnlzol.Metab.Clin.North Am. 
19:(1)1-18. 



Delmas, P.D. 1995. Biochernical markers for the assessment of bone turnover. In 
Osteoporosis: etiology, diagnosis, and management. B.L. Riggs and L.J. Melton, 
III, editors. Lippincott-Raven, Philadelphia. 3 19-333. 

DeLuca, H.F. 1990. Osteoporosis and the metabolites of vitamin D. Metabolism 
39:(4 Suppl 1)3-9. 

Dempster, D.W. and R. Lindsay. 1993. Pathogenesis of osteoporosis. Lance? 
34l:(884Û j797-801. 

Dempster, D.W. 1995. Bone remodeling. In Osteoporosis: etiology, diagnosis, 
and management. B.L. Riggs and L.J. Melton, III, editors. Lippincott-Raven, 
Philadelphia. 67-75. 

Dersirnonian, R. and N. Laird. 1986. Meta-analysis in clinical trials. Conrrolled 
Clin. Trials. 7:(3) 177- 188. 

Diarnond, T., L. Nery, and 1, Hales. 1991. A therapeutic dilemma: suppressive 
doses of thyroxine significantly reduce bone minera1 rneasurements in both 
premenopausal and postrnenopausal women with thyroid carcinoma. 
J. Clin-Endocnnol-Metab. 73:(6)1184-1188. 

Dickersin K., Scherer R., and Lefebvre C. 1994. Identifying relevant studies for 
systernatic reviews. BMJ. 309:(69@) 1286-1 29 1. 

Dmg Trading 1998. Cornmunity phmacy  pharmaceutical products database. 
Toronto. 

Drurnmond M.F., Stoddart G.L-, and Torrance G.W. 1987. Methods for economic 
evaluation of health care programmes. Oxford University Press, New York. 

Earle, C., D. Coyle, G. Wells, and E. Papadimitropoulos. 1997. An estimate of 
breast cancer costs in Canada for a ciecision analysis project. Ottawa. Report 
prepared for Eli Lilly Canada lnc. 

Eastell, R., S.L. Cedel, H.W. Wahner, B .L. Riggs, and L.J. Melton, III. 199 1. 
Classification of vertebral fractures. J.Bone Miner-Res. 6:(3)237-215. 

Ettinger, B., H.K. Genant, and C.E. Cam. 1985. Long-term estrogen replacement 
therapy prevents bone loss and fractures. Ann.In?ern.Med. 102:(3)3 19-324. 

Ettinger, B,, H.K. Genant, and C.E- Cann. 1987. Postmenopausal bone ioss is 
prevented by treatment with low- dosage estrogen with calcium. Ann.Intem.Med. 
106:(1)40-45. 

89. Eyre, D. 1992. New biomarkers of bone resorption [editoriall- 
J. Clin. Endocrinol.Metab. 74: (3)47OA-47OC. 



90- Faugere, M C ,  S. Okamoto, H.F. DeLuca, and H.H. Malluche. 1986. Calcitriol 
corrects bone Ioss induced by oophorectomy in rats. Arn.J.PhysioL 250:(1 Pt 
l)E35-8, 

91. Felson, D.T-, J.J. Anderson, M.T. Hannan, R.C. Milton, P-'W. Wilson, and D.P. 
Kiel. 1989. Impaired vision and hip fracture. The Frarningham Study. 
J.Arn.Geriatr.Soc. 37:(6)495-500. 

92. FNB (Food and Nutrition Board). 1997. Dietary reference intakes for calcium, 
phosphorus, magnesium, vitamin D, and fluoride. National Academy Press, 
Washington D.C. 

93. Fogelman, 1. and P. Ryan. 1991. Osteoporosis: a growing epidemic. 
Br.J.Clin.Praet. 45:(3)189-186. 

94. Fogelman, 1. and P. Ryan. 1992. Measurement of bone mass. Bone 13 Suppl 
1:S23-8:S23-8. 

95. Food Directorate, 1998. Report on calcium risk assessrnent parts 1 and 11: hazard 
identification and hazard characterization. [Ottawa?]. Health Protection Branch, 
Health Canada. 

96. Fuchs Young, R., A.L. Glasebrook, L.L. Short, M.W. Draper, M.K. Rippy, H.W. 
Cole, D-E. Magee, J.D. Termine, and H.U. Bryant. 1995. Raloxifene is a tissue- 
selective agonist/antagonist that functions through the estrogen receptor. 
Ann.N. KAcad. Sei. 76 1 :355-60:355-360. 

97. Fujita, T., T. Matsui, Y. Nakao, S. Shiozawa, and Y. Irnai. 1990. Cytokines and 
osteoporosis, Ann.N- Y.Aead.Sci. 587:37 l-5:37 1-375. 

98. Gail, M.H., L.A. Brinton, D.P. Byar, D.K. Corle, S.B. Green, C. Schairer, and J.J. 
Mulvihill. 1989. Projecting individualized probabilities of developing breast 
cancer for white fernales who are being examined annually [see comments]. 
J.Natl.Caneer Znst. 8 1 :(24)1879-1886. 

99. Gallagher, J-C., L.J. Melton, B.L. Riggs, and E. Bergstrath. 1980. Epiderniology 
of fractures of the proximal femur in Rochester, Minnesota. Clin.Orthop. 
(150) 163- 17 1. 

100. Gallagher, J-C. 1990. The pathogenesis of osteoporosis. Bone Miner. 9:(3)215- 
327. 

101. Gallagher, J-C. and D. Goldgar. 1990. Treatment of postmenopausal osteoporosis 
with high doses of synthetic calcitrioI. A randornized controlled study [see 
comments]. Ann.1nter-n. Med. 1 13:(9)649-655. 



102. Gardsell, P., O. Johnell, and B.E. Nilsson. 1989. Redicting fractures in women 
.by using forearm bone densitometry. CalcijTissue Int. 44:(4)235-242. 

103. Geelhoed, E., A. Harris, and R. Prince. 1994. Cost-effectiveness andysis of 
hormone replacement therapy and Iifestyle intervention for hip fracture. 
Aust. J. Public Health 18:(2) 153 - 160. 

104. Gennarï, C. and D. Agnusdei. 1990a. CaIcitonin, estrogens and the bone. 
JSteroid Biochem. Mol. Biol. 37:(3)45 1-455. 

105. Gennarï, C., D. Agnusdei, P. Nardi, and R. Civitelli. 1990b. Estrogen preserves a 
normal intestinal responsiveness to 1,25- dihydroxyvitamin D3 in 
oophorectomized women. J- Clin. Endocrinol.Metab- 7 1 :(5) 1288- 1293. 

106. Goddard, M.K. 1992. Hormone replacement therapy and breast cancer, 
endometrial cancer and cardiovascular disease: risks and benefits. 
Br. J. Gen. Pracr- 42:(356) 120- 125. 

107. Goeree, R., B. O'Brien, D.B. Pettitt, Cuddy L, Ferraz M, and Adachi J- 1996. An 
assessrnent of the burden of illness due to osteoporosis in Canada. J SOGC 
18:(Suppl)15-24. 

108. Gordon, T., W.B. Kannel, M C  Hjortland, and P.M. McNaniara. 1978. 
Menopause and coronary heart disease. The Framingham Study. Ann.Zntern.Med. 
89:(2)157-161. 

109. Grady, D., S.M. Rubin, D.B. Petitti, C.S. Fox, D. Black, B. Ettinger, V.L. Emster, 
and S.R. Cummings. 1992. Hormone therapy to prevent disease and prolong life 
in postmenopausal women [see comrnents]. Ann. IntmnMed. 1 17:(12) 10 16- 
1037. 

110. Greendale, G.A., K.J. Carlson, and 1. Schiff. 1990. Estrogen and progestin 
therapy to prevent osteoporosis: attitudes and practices of general internists and 
gynecologists. J-Gen. Intern. Med. 5:(6)464-469. 

111. Greenland, S. 1987. Quantitative methods in the review of epidemiologic 
literature. EpidemioLRev. 9:l-30:l-30. 

112. Grisso, J.A., J.L. Kelsey, B.L. Strorn, G.Y. Chiu, G. Maislin, L.A. O'Brien, S. 
Hoffman, and F. Kaplan. 199 1. Risk factors for falls as a cause of hip fracture in 
women. The Northeast Hip Fracture Study Group. N. Engl. J. Med. 3X:(l9) 1326- 
1331. 

113. Grodstein F., M.J. Stampfer, G.A. Colditz, W.C. Willett, B. Rosner, and F.E. 
Speizer. 1996. Postmenopausal estrogen and progestin use and the risk of 
cardiovascular disease. N.Engl.J.Med. 335:(7)WM6I. 



Hannan, M-T-, D-T. Felson, and J.J. Anderson. 1992. Bone minera1 density in 
elderly men and women: resuits from the Framïngham osteoporosis study. J-Bone 
Miner-Res. 7:(5)547-553. 

Hansen, M.A., K. Overgaard, B.J- Ris,  and C. Christiansen. 1991. Role of peak 
bone mass and bone loss in postrnenopausal osteoporosis: 12 year study [see 
comments] . BMJ- 303:(6808)96 1-964- 

Hansson, T. and B. Roos. 1987. The effect of fluoride and calcium on spinal bone 
mineral content: a controlled, prospective (3 years) study. Calc$Tissue Inr. 
4O:(6)3 15-3 17. 

Hassager, C., L.T. Jensen, J.S. Johansen, B.J. mis, J. MeIkko, J. Podenphant, L. 
Risteli, C. Chnstiansen, and J. Risteli. 199 1. The carboxy-terminal propeptide of 
type 1 procollagen in serum as a marker of bone formation: the effect of 
nandrolone decanoate and female sex hormones. Metabolism 40:(2)205-208. 

Hayes, W.C., S.J. Piazza, and P.K. Zysset 199 1. Biomechanics of fracture risk 
prediction of the hip and spine by quantitative computed tomography. 
Radiol. Clin.Nortlz Am. 29:(l) 1-1 8. 

Heaney, R.P., R.R. Recker, and P.D. Saville. 1983. Nutrition cIassics. The 
Journal of Laboratory and Clinical Medicine, Volume 92, 1978: Menopausal 
changes in calcium baIance performance. N u r ~  Rev. 41:(3)86-89, 

Heaney, R.P. and R.R. Recker. 1986. Distribution of calcium absorption in 
middle-aged women. AntJ. Clin.Nrttr. 43:(2)299-305. 

Heaney, R.P. 1991. How do we know what we know? The randomized controlled 
trial revisited [editonal]. J.Bone Miner-Res. 6:(2)103-105. 

Heaney, R.P. 1996. Age considerartions in nutrient needs for bone health: older 
adults. J.Am. ColZ.Nrrtr. 15:(6)575-578. 

Hedlund, R. and U. Lindgren. 1986. Epiderniology of diaphyseal femoral 
fracture. Acta OrthopScund. 57: (5)423-427- 

Hedlund, R., U. Lindgren, and A. Ahlbom. 1987. Age- and sex-specific incidence 
of femoral neck and trochanterïc fractures. An analysis based on 20,538 fractures 
in Stockholm County, Sweden, 1972-198 1. Clin-Orthop. (222) 132- 139. 

Heikinheimo, R.J., J.A. Inkovaara, E.J. Haju, MY. Haavisto, R.H. Kaarela, J.M. 
Kataja, A.M. Kokko, L.A. Kolho, and S.A. Rajala. 1992. Annual injection of 
vitamin D and fractures of aged bones. Calc$Tissue Int. 5 l:(2) 105-1 10. 



Hinton, R.Y., D.W. Lennox, F.R, Ebert, S.J. Jacobsen, and G.S. Smith. 1995. 
Relative rates of fracture of the hip in the United States. Geographic, sex, and age 
variations. J-Bone Joint Surg-Am. 77:(5)695-702. 

Hodgson, S.F. 1990. Corticosteroid-induced osteoporosis. 
Endocrinol.Metab.Clin.North Am. 19:(1)95-111. 

Hodsman, A.B. and D.J. Drost, 1989. The response of vertebral bone minera1 
density during the treatment of osteoporosis with sodium fiuoride- 
J.Clin.Endoc~nol.Metab. 69:(5)932-93 8. 

Holick, M.F., L.Y. Matsuoka, and J, Wortsman, 1989. Age, vitarnin D, and solar 
ultraviolet [letter]. Lancet 2:(867 1) 1 104-1 105. 

Holick, M.F. 1989. Vitamin D: biosynthesis, metabolism, and mode of action. In 
EndocrinoIogy. L.J. DeGroot and et al., editors. Cs.n.1, [S.I.]. 902-926. 

HoIick, M.F., Q. Shao, W.W. Liu, and T.C. Chen. 1992. The vitarnin D content 
of fortified milk and infant formula [see comments]. N. Engl. J. Med. 
326:(18)1178-1181. 

Holick, M.F. 1995. Environmental factors that influence the cutaneous 
production of vitamin D. Am.J.Clin.Nutr. 61:(3 Supp1)638S-645s. 

Holick, M.F. 1996a. Vitamin D and bone health. J-Nutr. 126:(4 Suppl)ll59S- 
64s. 

Holick, M.F. 1996b. Vitamin D: photobiology, metabolism, mechanism of action, 
and clinical applications. In Primer on the metabolic bone diseases and disorders 
of mineral metabolism. M.J. Flavus, editor. Lippincott-Raven, Philadelphia. 74- 
8 1. 

Holick, M.F. 1996c. Vitamin D requirements for the elderly. Clin-Nutr. 5: 12 1- 
129, 

Hughes R.G., Gamick D.W., Luft HS,, McPhee S.J., and Hunt S.S. 1988. 
HospitaI volume and patient outcornes. The case of hip fracture patients. 
Med-Care 26:(11) 1057-1067. 

Hughes, S. 1992. Osteoporosis - stiil untreated. Scnp 8-8. 

Jackson, J.A. and M. Kleerekoper. 1990. Osteoporosis in men: diaposis, 
pathophysiology, and prevention. Medicine (Baltimore) 69:(3) 137- 152. 

139. Jacobs P. and Baladi J.F. 1996, Biases in cost measurement for economic 
evduation studies in health care. Health Econ. 5:(6)525-529. 



140- Jacobs P., Hall E,, and Bachynsky J, 1997. An Alberta standard cost list for 
health care events- Institute of Pharmaco-Economics. 97-5: 

141. Jacobsen, S.J., J. Goldberg, T.P. Miles, J.A. Brody, W. Stiers, and A.A. Rimm. 
1991. Seasonal variation in the incidence of hip fracture among white persons 
aged 65 years and older in the United States, 1984-1987. Arn.J.Epidemio2. 
133:(10)996-1004. 

142. Jacobsen, SJ., J. Goldberg, T.P. m e s ,  J.A. Brody, W. Stiers, and A.A. Rirnm. 
1992. Race and sex differences in mortality following fracture of the hip. 
Arn.J.Public Health 82:(8) 1147-1 150. 

143. Jacobsen, S.J., D.J. Sargent, E.J. Atkinson, W.M. OFaHon, and L.J. Melton, III. 
1995. Population-based study of the contribution of weather to hip fracture 
seasonality. AmJ. Epidemiol. 141 :(1)79-83. 

144. Jacobus, CH-, M.F. Holick, Q. Shao, T.C. Chen, I.A. Holm, J.M. Kolodny, G.E. 
Fuleihan, and E.W. Seely. 1992. Hypervitaminosis D associated with drinking 
milk [see comments]- N.Engl.J.Med. 326:(l8) 1 173-1 177. 

145. Jaglal, S.B., N. Kreiger, and G. Darlington. 1993. Past and recent physicaf 
activity and risk of hip fracture. Am.J.Epidernio2. 138:(2)107-118. 

146. JaglaI, S.B., P.G. Sherry, and J. Schatzker. 1996. The impact and consequences 
of hip fracture in Ontano. Can. J-Surg. 39:(2) 105-1 1 1. 

147. Jilka, R.L- and S.C. Manolagas. 1994. The celIular and biochemical basis of bone 
remodelling. In Osteoporosis. R. Marcus, editor. Blackwell, Boston. 17-48. 

148. Johnell, 0. and B.E. Nilsson. 1984. Life-style and bone minera1 mass in 
perimenopausal women. C a l c z ~  Tissue Int. 36:(4)354-356. 

149. Johnell, O. and D. Marshail. 1997. The relationship between bone density and 
fracture nsk. J.Int.Med. 241 :(Suppl739)32-38. 

150. Johnston, C C ,  Jr., J.Z. Miller, C.W, Slemenda, T.K. Reister, S .  Hui, J-C. 
Christian, and M. Peacock. 1992. Calcium supplementation and increases in bone 
mineral density in children [see comrnents] . N. Engl.3. Med. 327:(2)82-87. 

15 1.  Josse, R.G., J.Z- Miller, C. Slernenda, T.K. Reister, S. Hui, J.C. Christian, and M. 
Peacock. 1989. A modem plague: widespread, expensive and too often deadly. 
Can. Pham-J.  122:460-468. 

152. Kanis, J.A. 1990. Osteoporosis and osteopenia. J-Bone Miner-Res. 5:(3)209- 
211. 



Kanis, J.A., P. Geusens, and C. Christiansen. 199 1. Guidelines for clinical trials 
in osteoporosis. A position paper of the European Foundation for Osteoporosis 
and Bone Disease. Osteoporos.lnr. 1:(3)182-188. 

Kanis, J.A., O. Johnell, B. Gullberg, E. Allander, G. Dilsen, C. Gennari, A-A. 
Lopes Vaz, G.P. Lyritis, G. Mazzuoli, and L. Miravet. 1992. Evidence for 
efficacy of dmgs affecting bone metabolism in preventing hip fracture. BMJ. 
305:(6862)1124-1128. 

Kellie, S.E. and J.A. Brody. 1990. Sex-specific and race-specific hip fracture 
rates. Am. J. Public Health 80:(3)326-328. 

Kelsey, J.L. and S. Hoffman. 1987. Risk factors for hip fracture [editorial]. 
N. Engl. J. Med. 3 16:(7)404-406. 

Kenzora, J.E., R.E. McCarthy, J.D. Lowell, and C.B. Sledge. 1984. Hip fracture 
mortality. Relation to age, treatment, preoperative illness, time of surgery, and 
complications. Clin. Orthop- (1 86)45-56. 

Kessler, D.A. 1989. The regulation of investigational drugs. N.Engl.J.Med. 
32O:(5)28 1-288. 

Khosla, S. and L.J. Melton, III. 1995. Secondary ospteoporosis. In Osteoporosis: 
etiology, diagnosis, and management. B.L. Riggs and L.J. Melton, III, editors- 
Lippincott-Raven, Philadelphia. 183-204. 

Kiel, D.P., D.T. Felson, J.J. Anderson, P.W. Wilson, and M.A. Moskowitz- 1987. 
Hip fracture and the use of estrogens in postmenopausal wornen. The Framingham 
Study. N.Engl.J.Med. 3 17:(19)1169-Il74. 

Kimmel, D.B. and R.R. Recker. 1994. Clinical assessrnent of bone strength. In 
Osteoporosis. R. Marcus, editor. Blackwell, Boston. 49-68. 

Kleerekoper, M-, D.A. Nelson, E.L. Peterson, and B.C. Tilley. 1992. Outcome 
variables in osteoporosis trials. Bone 13:(Suppl l)s29-s34 

Krall, E.A., N. Sahyoun, S. Tannenbaum, G.E. Dalld, and B. Dawson Hughes. 
1989. Effect of vitarnin D intake on seasonal variations in parathyroid hormone 
secretion in postmenopausal wornen, N.Engl.J.Med. 32 l:(36) 1777-1783. 

Krane, SM- and M.F. Holick. 1986. Metabolic bone disease. In Harrison's 
principles of intemal medicine. E. Brauwald, K.J. Isselbacher, and et al., editors. 
McGraw-Hill, New York. 1889-1900. 

Kreiger N., Tenehouse A., Joseph L., MacKenzie T., Poliquin S., F'rior J., and 
Rittmaster R. 1998. The Canadian multicentre osteoporosis study (CaMos): 
Background, rationale, methods. Can. J-Aging In press 



Lamberg-Allardt, C., M. Karkkainen, K. Latinen, J. Pafmgren, and M. Valimaki. 
1995. Exercise, smoking and calcium intake during adolescence and early 
adulthood as determinants of peak bone mass. In Challenges of modem medicine: 
Nutritional Aspects of Osteoporosis, 1994. P. Burckhardt and R.P. Heaney, 
editors. Ares-Serono Symposia Publications, Rome. 163-168. 

Lamke, B., H.E. Sjoberg, and M. Sylven. 1978. Bone mineral content in women 
with Colles' fracture: effect of calcium supplementation. Acta 0rthop.Scand. 
49:(2) 143-146- 

Lau EM, Woo J, Leung PC, Swarninathan Et, and Leung D. 1993. The effects of 
calcium supplementation and exercise on bone density in elderly Chinese women. 
0steoporos.lnr. 2:(4)168-173. 

Laupacis A., Feeny D., Defsky A.S ., and TugwelI P.X. 1992. How attractive does 
a new technology have to be to warrant adoption and utilization? Tentative 
guidelines for using clinical and economic evaluations. CMAJ. 146:(4)473-48 1. 

Lauritzen, J.B., M.M- Petersen, and B. Lund. 1993. Effect of extemal hip 
protectors on hip fractures [see comments]. Lancet 341 :(8836) 1 1- 13. 

Ledley RS and Lusted LB. 1959. Reasoning foundations of medical diagnosis. 
Science 130:9-2 1. 

Lewis, L.M. and L.C. Lasater. 1994. Frequency, distribution, and management of 
injuries due to an ice storm in a large metropolitan area. South-Med-J. 87:(2)174- 
178. 

Liberrnan, U.A., S.R. Weiss, J. Broll, H,W, Minne, H. Quan, N.H. Bell, J. 
Rodrïguez Portales, R.W. Downs, Jr., J. Dequeker, and M. Favus. 1995. Effect of 
oral alendronate on bone mineral density and the incidence of fractures in 
postrnenopausal osteoporosis. The Alendronate Phase IIX Osteoporosis Treatment 
Study Group [see comments]. N.EngE.J.Med. 333:(22)1437-1443. 

Lilenfeld, A.M. and D.E. Lilenfeld. 1980. Foundations of epidemiology. Oxford 
University Press, New York. 76 pp. 

Lind, T., E.C. Cameron, W.M. Hunter, C. Leon, P.F. Moran, A. Oxley, J. Gerrard, 
and U.C. Lind. 1979. A prospective, controlled trial of six forrns of hormone 
replacement therapy given to postmenopausal women. Br. J. Obstet. Gynaecol. 
86:(Suppl3) 1-29. 

Lindsay, R., D.M. Hart, and D.M. Clark. 1984. The minimum effective dose of 
estrogen for prevention of postmenopausal bone loss. Obster-Gynecol. 
63:(6)759-763. 



177. Lindsay, R. and J.F. Tohme. 1990- Estrogen treatrnent of patients with 
established postmenopausaI osteoporosis. Obstet. Gynecol. 76:(2)290-295. 

178. Lissner, L., C. Bengtsson, and T. Hansson. 199 1. Bone minerai content in relation 
to lactation history in pre- and postrnenopausal wornen. Calc$Tisszte Int. 
48:(5)3 19-325. 

179. Lloyd, T., M.B. Andon, N. Rollings, J.K. Martel, J.R. Landis, L.M. Demers, D.F. 
Eggli, K. Kieselhorst, and H.E. K u h .  1993. Calcium supplementation and bone 
mineral density in adolescent girls [see comments]. JAMA 270:(7) 841 -844. 

180. Lukert, B.P., M. Carey, B. McCarty, S. Tiemann, L. Goodnight, M. Helm, R. 
Hassanein, C .  Stevenson, M. Stoskopf, and L. Doolan. 1987. Influence of 
nutritional factors on calcium-regulating hormones and bone loss [published 
erratum appears in Calcif Tissue Int 1987 Jun;40(6):357]. Calc$Tissue Int- 
40:(3)119-125. 

18 1. Lukert, B.P. and L.G. Raisz. 1990. Glucocorticoid-induced osteoporosis: 
pathogenesis and management [see cornments] . Ann-Inrem. Med. 1 12: (5)352- 
364. 

182. Lukert, B .P. 1996. GIucocorticoid and drug-induced osteoporosis. In Primer on 
the metabolic bone diseases and Oisorders of mineral metabolism. M.J- Flavus, 
editor. Lippincott-Raven, Philadelphia. 278-282. 

183. Luotola, H. 1983. Blood pressure and hemodynamics in postrnenopausal women 
during estradiol-17 beta substitution. Ann.Clin.Res. 15:(Suppl38)1-121. 

184. Lusted LB. 197 1. Decision-making studies in patient management. 
N. Engl. J-Med. 2843416-24. 

185. MacLennan, W.J. 1990. Osteoporosis. Br.Med.Bull. 46:(1)94-112. 

186. Maggi, S., JL.  Kelsey, J. Litvak, and S.P. Heyse. 199 1. Incidence of hip fractures 
in the elderly: a cross-national analysis [see cornments]. Osteoporos.Int. 
l:(4)232-241. 

187. Mamelle, N., P.J. Meunier, R. Dusan, M. Guillaume, J.L. Martin, A, Gaucher, A. 
Prost, G. Zeigler, and P. Netter. 1988. Risk-benefit ratio of sodium fluoride 
treatment in primary vertebral osteoporosis. Lancer 2:(8607)36 1-365. 

188. Manning, P.J., MC. Evans, and I.R. Reid. 1992. Normal bone mineral density 
following cure of Cushing's syndrome. Clin. Endocr-inol. (Od. 36:(3)229-234. 

189. Marks, S.C., Jr. 1989. Osteoclast biology: lessons from mammalian mutations. 
Arn.J.Med,Genet. 34:(1)43-54. 



Marshall, D., O. Johnell, and H. Wedel. 1996. Meta-analysis of how well 
measures of bone mineral density predict occurrence of osteoporotic fractures [see 
comments]. BMJ. 3 lS:(704l) 1354-1259. 

Marslew, U,, K. Overgaard, B.J. Riis, and C. Christiansen. 1992. Two new 
combinations of estrogen and progestogen for prevention of postrnenopausal bone 
loss: long-term effects on bone, calcium and lipid metabolism, clirnacteric 
symptoms, and bleeding. Obstet-Gynecol. 79:(2)202-2 10, 

Martin AD, Silverthorn KG, Houston CS, Bernhardson S, Wadja A, and Roos LL. 
1991. The incidence of fracture of the proximal femur in two miIIion Canadians 
from 1972 to 1984. Clin Orthop and Related Res 266: !. 11-8. 

Matkovic, V., K. Kostiai, 1. Simonovic, R. Buzina, A. Brodarec, and B.E. Nordin. 
1979. Bone status and fracture rates in two re,oions of Yugoslavia. 
Am. J. Clin-Nutr. 32:(3)540-549. 

Matkovic, V., D. Fontana, C. Tominac, P. GoeI, and C.H. Chesnut, III. 1990. 
Factors that influence peak bone mass formation: a study of calcium balance and 
the inheritance of bone mass in adolescent femaies. Arn.J.Clin.Nurr. 53:(5)878- 
888. 

Matkovic, V., T. Jelic, G.M. Wardlaw, J.Z. Ilich, P.K. Goel, J.K. Wright, M.B. 
Andon, K.T. Smith, and R.P. Heaney. 1994. Timing of peak bone mass in 
Caucasian females and its implication for the prevention of osteoporosis. 
Inference from a cross-sectional model. J.Clin.lnvest. 93:(2)799-808. 

Matkovic, V., J.Z. Ilich, and M. Skugor. 1995. Calcium intake and skeletal 
formation. In Challenges of modem medicine: Nutritional Aspects of 
Osteoporosis, 1994. P. Burckhardt and R.P. Heaney, editors. Ares-Serono 
S ymposia Publications, Rome. 129- 145. 

MazzuoIi, G.F., M. Passeri, C. Gennari, S. Minisola, R. AntonelIi, C .  Valtorta, E. 
Palummeri, G.F. Cervellin, S. Gonnelli, and G. Francini. 1986. Effects of salmon 
cdcitonin in postmenopausal osteoporosis: a controIled double-blind clinical 
study. CalciJTissuelnt. 38:(1)3-8. 

McKenna J. 1992. Differences in vitamin D status between countries in young 
aduhs and the elderly. Am. J.Med. 93:(1)69-77. 

Melton, L.J.. ILI, H.W. Wahner, L.S. Richelson, W.M. O'Fallon, and B.L. Riggs. 
1986. Osteoporosis and the risk of hip fracture. Anl.J.Epideniio1. 124:(2)254- 
261. 

Melton, L.J., III, S .H. Kan, M.A. Frye, H.W. Wahner, W.M. O1Fal1on, and B .L. 
Riggs. 1989. Epiderniology of vertebral fractures in women. Am. J. Epidemiol. 
129:(5) 1000-10 1 1 .  



20 1. Melton, L.J., III, E.A. Chrischilles, C .  Cooper, A.W. Lane, and B .L. Riggs. 1992. 
Perspective. How many women have osteoporosis? J.Bone Miner-Res. 
7:(9)1005-1010. 

202. Mills P.K., Beeson W.L., Phillips R.L., and Fraser G.E. 1989. Prospective study 
of exogenous hormone use and breast cancer in Seventh-day Adventists. Cancer 
64:(3)59 1-597. 

203. Mitchell, D.R. and K.W. Lyles. 1990. Glucocorticoid-induced osteoporosis: 
mechanisms for bone loss; evaiuation of strategies for prevention. J.Geronto1. 
45:(5)M153-8. 

204. Murray, T.M. 1996. Prevention and management of osteoporosis: consensus 
statements from the Scientific Advisory Board of the Osteoporosis Society of 
Canada. 4. Calcium nutrition and osteoporosis [see comrnents]. CMAJ. 
155:(7)935-939. 

205. Narod, S. and R.A. Spasoff. 1986. Economic and social burden of osteoporosis. 
In Current concepts of bone fragility. Uhtoff, editor. Spnnger, New York. 39 1- 
401. 

206. National Cancer Institute of Canada. 1997. Canadian cancer statistics 1997. 
Toronto. NCI. 

207. Nielsen, H.K., K. Brixen, and L. Mosekilde. 1990. DiumaI rhythm and 24-hour 
integrated concentrations of serum osteocalcin in normals: influence of age, sex, 
season, and smoking habits. Calci'JTissue Zn?. 47:(5)284-290. 

208. Nieves, J.W., A.L. Golden, E. Siris, J.L. Kelsey, and R. Lindsay. 1995. Teenage 
and current calcium intake are related to hip and forearm bone minera1 density. In 
Challenges of modem medicine: Nutritional Aspects of Osteoporosis, 1994. P. 
Burckhardt and R.P. Heaney, editors. Ares-Serono Symposia Publications, 
Rome. 147153. 

209. Nilas, L., C. Chnstiansen, and P. Rodbro. 1984. Calcium supplementation and 
postmenopausal bone loss. Br-Med. J.(Clin.Res-Ed). 289:(6452)1103- 1 106. 

210. Noms, R.J. 1992. Medical costs of osteoporosis. Bone 13:(Suppl 2)s 1 1-s 16 

21 1. Nowson, C.A., R.M. Green, C.S. Guest, R.G. Larkins, A.J. Sherwin, B. 
Kaymakci, M. Srnid, D. Young, J.L. Hopper, and J.D. Wark. 1995. The effect of 
calcium supplementation on bone mass in adolescent female twins. In Challenges 
of modem medicine: Nutritional Aspects of Osteoporosis, 1994. P. Burckhardt 
and R.P. Heaney, editors. Ares-Serono Symposia Publications, Rome. 169-175. 

212. Ongphiphadhanakul, B., S. Alex, L.E. Braverman, and D.T. Baran. 1992. 
Excessive L-thyroxine therapy decreases femoral bone minerai densities in the 



male rat: effect of hypogonadism and calcitonin. J-Bone MinerRes. 7:(l O)lZ7- 
1231. 

213. Ontario Case Cost Project. 1995. Ontario case cost project (OCCP): Ontario 
guide to case costing. Ottawa. Ontario Case Cost Project. Version 1.1: 

214. Ontario Ministry of Health. 1992. Schedule of benefits, physician services under 
the health insurance act, April 1, 199 1. Toronto, Ontario. Queen's Printer. 

215- Ooms, M.E., J-C. Roos, P.D. Bezemer, W.J. van der Vijgh, L.M- Bouter, and P. 
Lips. 1995. Prevention of bone loss by vitamin D supplementation in elderly 
women: a randomized double-blind trial. J. Clin.Endocrinol.Metab. 80:(4) 1052- 
1058. 

216. Orimo, H., M. Shiraki, Y. Hayashi, T- Hoshino, T, Onaya, S. Miyazaki, H- 
Kurosawa, T. Nakamura, and N. Ogawa. 1994. Effects of 1 alpha-hydroxyvitarnin 
D3 on lumbar bone mineral density and vertebral fractures in patients with 
postmenopausal osteoporosis. Calcg Tissue Int. 54: (5)370-376. 

217. OSC, S.A.B. 1996. Clinical practice guidelines for the diagnosis and management 
of osteoporosis- Scientific Advisory Board, Osteoporosis Society of Canada. 
CMAJ. 155:(8)1113-1133- 

218. OTA. 1995a. Effectiveness and costs of osteoporosis screening and hormone 
replacement therapy. Volume 1: Cost-effectiveness analysis. Washington, DC. 
US. Govemment F'rinting Office. OTA-BP-H- 160: 

219. OTA. 1995b. Effectiveness and costs of osteoporosis screening and hormone 
replacement therapy. VoIume 11: Evidence on benefi ts, risks, and costs. 
Washington, DC. U.S. Government Pnnting Offlce. OTA-BP-H-144: 

220. Ott, S-M. and C.H. Chesnut, III. 1989. Calcitriol treatment is not effective in 
postrnenopausal osteoporosis [see comrnents]. Ann.lntem.Med. 1 10:(4)267-274. 

221. Ott, S.M., G.C- Woodson, W.E. Huffer, PD. Miller, and N.B. Watts. 1994. Bone 
histomorphometric changes after cyclic therapy with phosphate and etidronate 
disodium in women with postrnenopausal osteoporosis. J. Clin. Endocrinul. Metab. 
78:(4)968-972. 

222. Ott, S.M. 1994. Calcium and vitamin D in the pathogenesis and treatment of 
osteoporosis. In Osteoporosis. R. Marcus, editor. Blackwell, Boston. 227-292. 

223. Overgaard, K., M.A. Hansen, V.A. Nielsen, B.J. Riis, and C. Christiansen. 1990. 
Discontinuous calcitonin treatment of established osteoporosis-- effects of 
withdrawal of treatrnent. Arn.J.Med. 89:(l) 1-6. 



224. Owen, R.A., L.J. Melton, III, D.M. Xlstrup, K.A. Johnson, and B-L- Riggs. 1982. 
Colles' fracture and subsequent hip fracture risk. Clin-Onhop. (171)37-43. 

225. Pacifici, R., J.L. Vannice, L. Rifas, and RB.  Kimble- 1993. Monocytic secretion 
of interleukin-l receptor antagonist in normal and osteoporotic women: effects of 
menopause and estrogedprogesterone therapy, J. Clin. Endocn.nol.Merab 
77:(5) 1135-1 141. 

226. Paganini Hill, A., A. Chao, R.K. Ross, and B.E. Henderson. 1991. Exercise and 
other factors in the prevention of hip fracture: the Leisure WorId study. 
Epidemiology. 2:(1) 16-35. 

227. Pak, C.Y., K- Sakhaee, J.E. Zerwekh, C, Parcel, R. Peterson, and K. Johnson. 
1989. Safe and effective treatment of osteoporosis with intermittent slow reIease 
sodium fluoride: augmentation of vertebral bone mass and inhibition of fractures. 
J.Clin.Endocnnol.Merab. 68:(1)150-159. 

228- Pak, C-Y., J.E. Zerwekh, P.P. Antich, N.H. Bell, and F.R. Singer. 1996. Slow- 
release sodium fluoride in osteoporosis. 1-Bone Miner-Res. 1 1 :(5)561-564. 

229. Papadimitropoulos, E.A., P.C. Coyte, R.G. Josse, and C.E. Greenwood. 1997a. 
Current and projected rates of hip fracture in Canada. Cm 157:(10)1357- 
1363. 

230. Papadimitropoulos E.A., Shea B.J., Wells G.A., Cranney A.B., TugweIl P., Josse 
R.G., Coyte P.C., and Greenwood C.E. 1997c. Meta-analysis of calcium alone 
and calcium with vitarnin D supplementation on bone loss in postrnenopausal 
women. J Bone Mineral Res 12:(SuppI 1)s 129 

231. Papadimitropoulos, E.A., A. Papaioannou, M. Wiktorowicz, R.A. Goeree, J.D. 
Adachi, P.C. Coyte, R.G. Josse, and C.E. Greenwood. 1997b. Where do 
Canadian hip fracture patients go one year post discharge from acute care 
hospitals, and what is the cost of their foliow-up care. J.Bone Miner-Res. 
12:(Suppl l)s366 

232. Papadimitropoulos, E-A., R. Goeree, P.C. Coyte, R.G. Josse, and C.E. 
Greenwood. 1998. An economic evaiuation of calcium and vitamin D or hormone 
replacement therapy, for the prevention of hip fractures in Canadian 
postmenopausal women (ISTACH Con ference), Int.J.Health Technol- Assess. 
Poster presentation - Ottawa:(Abstr.) 

233. Papapoulos, S.E., J.O. Landman, O.L. Bijvoet, C.W. Lowik, R. Valkema, E.K. 
Pauwels, and P. Vermeij. 1992. The use of bisphosphonates in the treatment of 
osteoporosis. Bone 13:(Suppl l)s41-s49 



234. Parfin, A.M., G-R. Mundy, G.D. Roodrnan, D.E. Hughes, and B.F. Boyce- 1996. 
A new mode1 for the regulation of bone resorption, with particular reference to the 
effects of bisphosphonates. J. Bone Miner-Res. 1 1 :(2) 150-159. 

235. Passamani, E. 1991. Clinical trials--are they ethical? [see comments]. 
N. Engl. J. Med. 324:(22) 1589-1 592. 

236. Phillips, S., N. Fox, J. Jacobs, and W.E. Wright. 1988- The direct medicai costs 
of osteoporosis for Arnerican women aged 45 and older, 1986. Bone 9:(5)271- 
279. 

237. Picard, D., L.G. Ste Marie, D. Coutu, L. Carrier, R. Chartrand, R. Lepage, P. 
Fugere, and P. D'Amour. 1988. Premenopausal bone mineral content relates to 
height, weight and calcium intake during early adulthood. Bone Miner. 4:(3)299- 
309. 

238. Pines, A., E.Z. Fisman, Y. Levo, M. Averbuch, A. Lidor, Y. Drory, A. 
Finkelstein, M. Hetman Peri, M. Moshkowitz, and E. Ben Ari. 1991. The effects 
of hormone replacement therapy in normal postmenopausal women: 
measurements of Doppler-derived parameters of aortic flow. 
Am. J. Obstet.Gyneco1. 164:(3)806-8 12. 

239. Pink G.H. and BoIIey H.B. 1994. Physicians in health care management: 3. Case 
Mix Groups and Resource Intensity Weights: an overview for physicians. C'MM 
150:(6)889-894. 

240. Pink G.H. and Bolley H.B. 1994. Physicians in health care management: 4. Case 
Mix Groups and Resource Intensity Weights: physicians and hospital funding. 
C M M  150:(8)1255-1261. 

241. Pocock, N.A., P.N. Sambrook, T. Nguyen, P. Kelly, J. Freund, and J.A. Eisman. 
1992. Assessment of spinal and femoral bone density by dual X-ray 
absorptiometry: cornparison of lunar and hologic instruments. J-Bone Miner-Res. 
7:(9) 108 1- 1084, 

242. Poirier S., LeLorier J., Page V., and Lacour A. 1997. The effect of a $2 co- 
payment on prescription refill rates of Quebec elderly and its relationship to socio- 
econornic status. Can. P h a m .  J. 130:(10)30-34. 

243. Poliquin S., Tenehouse A., Geiger N., Joseph L., Hanley D., MacKenzie T., 
Brown J, Rittmaster R., Pnor R., and Barr S. 1997. Calcium intake in a randomly 
selected population of male and female Canadians greater than 24 years of age. 
International Congress of Nutrition l6:Aug 97:226-226.(Abstr.) 

244. Prince, R.L., M. Smith, LM. Dick, R.I. Price, P.G. Webb, N.K. Henderson, and 
M.M. Harris. 199 1. Prevention of postrnenopausal osteoporosis. A comparative 



study of exercise, calcium supplementaüon, and hormone-replacement therapy. 
N. Engl, J.Med. 3Z:(l7) 1 189-1 195. 

245. Ralis, Z.A. 198 1. Epidemic of fractures during period of snow and ice. 
Br.Med.J.(CZin.Res.Ed). 282:(6264)603-605. 

246. Ralis, Z.A. 1986, Epidernics of fractures dunng penods of snow and ice. 
Br-Med. J.(Clin.Res.Ed). 293:(6545)484-484. 

247. Raymakers, J.A., C.F. van Dijke, A. Hoekstra, and S.A. Duursma. 1987. 
Monitoring fluoride therapy in osteoporosis by d u d  photon absorptiometry. Bone 
8:(3)143-148. 

248. Recker, R.R., K.M. Davies, S.M. Kinders, R.P. Heaney, M.R. Stegman, and D.B. 
Kimrnel. 1992. Bone gain in young adult women [see comments]. JAMA 
268:(17)2403-2408. 

249. Recker, R.R., J.M. Lappe, K.M. Davies, and D.B. KimmeI. 1992. Change in bone 
mass imrnediatel y before menopause. J. Bone Miner. Res. 7:(8)857-862. 

250. Recker, R.R. 1995. Nutritional influences at the extremities of life. In Challenges 
of modem medicine: Nutritional Aspects of Osteoporosis, 1994. P. Burckhardt 
and Heany, editors, Ares-Serono Symposia Publications, Rome. 203-207. 

251. Reginster, J.Y., D. Denis, A. Albert, R. Deroisy, M.P. Lecart, M.A. Fontaine, P. 
Larnbeiin, and P. Franchimont, 1987. 1-Year controlled randomised trial of 
prevention of early postmenopausal bone loss by intranasal calcitonin. Lancet 
2:(8574)1481-1483. 

353. Reginster, J.Y. 1995. Treatment of bone in elderly subjects: calcium, vitamin D, 
fluor, bisphosphonates, caicitonin. Hom.Res. 43:(1-3)83-88. 

253. Reichel H., Koeffler H.P., and Norman A.W. 1989. The role of vitamin D 
endocrine system in health and disease. N. EngZ. J-Med. 320:(15)980-99 1. 

354. Rico, H. and LX. Villa. 1993. Serum tartrate-resistant acid phosphatase (TRAP) 
as a biochemical marker of bone remodeling. Calcg Tissue Int. 52:(2)149-150. 

255. Riggs, B.L., H.W. Wahner, E. Seernan, K.P. Offord, W.L. Dunn, R.B. Mazess, 
K.A. Johnson, and L.J. Melton, III. 1982. Changes in bone mineral density of the 
proximal femur and spine with aging. Differences between the postmenopausal 
and senile osteoporosis syndromes. J. Clin. Invest. 7O:(4)7 16-723. 

256. Riggs, B.L., E. Seeman, S.F. Hodgson, D.R. Taves, and W.M. O'Fallon. 1982. 
Effect of the fluoride/calcium regimen on vertebral fracture occurrence in 
postmenopausai osteoporosis, Comparison with conventional therapy. 
N. Engl. J M e d  306:(8)446-450. 



Riggs, BL. and K.I. Nelson. 1985. Effect of long term treatment with calcitriol 
on calcium absorption and mineral metabolism in postmenopausal osteoporosis. 
J. Clin. Endocrinol,Metab. 6 1 :(3)457-46 1. 

Riggs, B.L. 1988. Osteoporosis. In Cecil textbook of medicine. J.B. 
Wyngaarden, Jr. and L.H. Smith, editors. WB Saunders, Philadelphia. 15 10 

Riggs, B.L., S.F. Hodgson, W.M. O'Fallon, E.Y. Chao, H.W. Wahner, J.M. Muhs, 
S.L. Cedel, and L.J. Melton, III. 1990. Effect of fluoride treatment on the fracture 
rate in postmenopausal women with osteoporosis [see comments]. N-Engl. J-Med. 
322:(12)802-809- 

Riggs, BL.  and L.J. Melton, m. 1995. The worldwide problem of osteoporosis: 
insights afforded by epidemiology. Bone 17:(5 Supp1)505S-5 1 1s. 

Riis, B., K. Thomsen, and C. Christianser,. 1987. Does calcium supplementation 
prevent postmenopausal bone loss? A double- blind, controlled clinical study. 
N.Engl.J.Med- 316:(4)173-177. 

Robinson, A. 1997. Kit helps physicians, wornen work together to weigh HRT 
risks, benefits. CMAJ. l56:(2)248-250- 

Roche, M. and Vessey M.P. 1990. HRT and osteoporosis. Springer-Verlag, 
London. 363 pp. 

Rockwell, J-C., A.M- Sorensen, S. Baker, D. Leahey, J.L. Stock, J. Michaels, and 
D.T. Baran. 1990. Weight training decreases vertebral bone density in 
premenopausal women: a prospective study. J. Clin.Endocino1. Metab. 
71:(4)988-993. 

Rozenberg S., Vasquez J.B., Vandrornrne J., and Kroll M. 1998. Educating 
patients about the benefits and drawbacks of hormone replacement therapy. 
Drugs Aging l3:(1)33-41. 

Rudy, D.R. 1989. Osteoporosis. Overcorning a costly and debilitating disease. 
Postgrad-Med. 86:(2)151-158. 

Sagraves R. 1995. Esirogen therapy for posûnenopausal symptoms and 
prevention of osteoporosis. J. Clin. Phannacol. 35:(9 Suppl)2S-10s. 

Sarnbrook, P., J. Birmingham, S. Kempler, P. Kelly, S. Eberl, N. Pocock, M. 
Yeates, and J. Eisman. 1990. Corticosteroid effects o n  proximal femur bone Ioss. 
3-Bone Miner.Res. 5:(13)12ll-l2l6. 

Sauer, P., G. Leidig, H.W. Minne, G. Duckeck, W. Schwarz, L. Siromachkostov, 
and R. Ziegler. 1991. Spine defonnity index (SDI) versus other objective 



procedures of vertebral fracture identification in patients with osteoporosis: a 
comparative study. J.Bone Miner-Res. 6:(3)227-238. 

270. Schlemmer, A., C. Hassager, S.B. Jensen, and C. Christiansen. 1992. Marked 
diunial variation in urinary excretion of pyridinium cross-links in premenopausal 
wornen. J. Clin. Endocn-n~ol Metab. 74:(3)476480. 

271. Shea, B., A. Cranney, G. Wells, J. Peterson, 2. Ortiz, J. Adachi, G. Jones, and P. 
Tugwell. 1998. Meta-analysis of caicium treatrnent for the prevention of 
postmenopausal osteoporosis. Lancet (In Press) 

272. Shirnm, D.S. and R.G. Spece, Jr. 1991. Industry reimbursement for entering 
patients into clinical trials: legal and ethical issues. Ann.lntern.Med. 115:(2)148- 
15 1. 

273. Silverberg, S.J., E. Shane, 1.C.L. de, D.W. Dempster, F. Feldman, D. Seldin, T.P. 
Jacobs, E.S. Siris, M. Cafferty, and M.V. Parisien. 1989. Skeletal disease in 
primary h yperparath yroidism [see comrnents] . J-Bone Miner. Res. 4: (3)283-29 1. 

274. Skalrin, P.M. and D.M. Shoback. 1996. History and physical examination. In 
Primer on the metabolic bone diseases and disorders of minera1 metabolism. M. J. 
Fiavus, editor. Lippincott-Raven, Philadelphia. 9 1-93. 

275. Slemenda, C., S.L. Hui, C- Longcope, and C C  Johnston. 1987. Sex steroids and 
bone mas. A study of changes about the time of menopause. J.Clin.Invest. 
8O:(S)l26 1-1269. 

276. Slemenda, C.W., S .L. Hui, C, Longcope, H. Wellman, and C.C. Johnston, Jr. 
1990. Predictors of bone rnass in perimenopausal women. A prospective study of 
clinical data using photon absorptiometry. Ann.lntern.Med. 112:(2)96-101. 

277. Slesinski M.J., Subar A.F., and Kahle L.L. 1996. Dietary intake of fat, fiber and 
other nutrients is related to the use of vitamin and mineral supplements in the 
United States: the 1992 National Health Interview Survey. J.Nutr. 126:(12)3001- 
3008. 

278. Smith Bindman, R., SR. Curnrnings, P. Steiger, and H.K, Genant. 1991. A 
cornparison of morphometrk definitions of vertebral fracture. J. Bone Miner. Res. 
6:  (l)25-34. 

279. Snow-Harter, C., M.L. Bouxsein, B.T. Lewis, D.R. Carter, and R. Marcus. 1992. 
Effects of resistance and endurance exercise on bone mineral status of young 
women: a randomized exercise intervention trial. J.Bone Miner.Res. 7:(7)761- 
769. 

280. Sonnenberg FA and Beck JR. 1993. Markov models in medical decision making: 
A practical guide. Med Decis Making 13:322-38. 



281. Sowers M- 1993. Epidemiology of calcium and vitamin D in bone loss. J.Nutr. 
123:(2 Suppl)413-417. 

282. Stampfer, M.J., G.A. Colditz, W.C. Willett, J.E. Manson, B. Rosner, F.E. Speizer, 
and C.H. Hennekens. 1991. Postmenopausai estrogen therapy and cardiovascuIar 
disease. Ten- year follow-up fiom the nurses' heaIth study [see comrnents]. 
N.Engl.J.Med. 325:(11)756-762. 

283. Stanford, J.L., N.S. Weiss, L.F. Voigt, J.R. Daling, L.A. Habel, and M.A. 
Rossing. 1995. Combined estrogen and progestin hormone replacement therapy 
in relation to risk of breast cancer in rniddle-aged wornen [see cornments]. JAMA 
274:(2) 137-142. 

284. Statistics Canada. 1989. Health reports: hospital morbidity, 1986- 198% Ottawa. 
Supply and Services Canada. Catalogue # 83-216: 

285. Statistics Canada. 1992a. Age, sex and marital status (1991 census of Canada). 
Ottawa. Supply a d  Services Canada. Catalogue # 93-3 10: 

286. Statistics Canada. 1992b. Health reports: hospital morbidity, 1989-90 (volume 4, 
issue 1, Suppl 1). Ottawa. Supply and Services Canada. Catalogue # 82-003s 1: 

287. Statistics Canada. 1994. Population projections for Canada, provinces and 
territories. Ottawa. Supply and Services Canada. Catalogue # 9 1-520: 

288. Statistics Canada. 1995. Deaths, 1993. Ottawa. Supply and Services Canada. 
Catalogue # 82-003-XPB: 

289. Statistics Canada. 1996a. Health reports: hospital morbidity, Fiscal 1993-1994. 
Ottawa. Statistics Canada. Catalogue # 82-216: 

290. Statistics Canada. 1996b. Residentiai care facilities 1993-1994. Ottawa. Supply 
and Services Canada. Catalogue # 83-237: 

29 1. Statistics Canada. 1996c. Population projections for Canada, provinces and 
temtories. Ottawa. Supply and Services Canada. Catalogue # 9 1-520: 

292. Steinberg, K.K., S.B. Thacker, S.J. Smith, D.F. Stroup, M.M. Zack, W.D. 
Flanders, and R.L. Berkelman. 1991. A meta-analysis of the effect of estrogen 
replacement therapy on the risk of breast cancer [published erratum appears in 
JAMA 1991 Sep 1 l;266(lO): 13621 [see comments]. J .  26S:(l5) 1985-1990. 

293. Stock, J.L., Coderre J.A., and Mallette L.E. 1985. Effects of a short course of 
estrogen on mineral metabolism in postmenopausal women. J.Endocrinol.Metab. 
6 1 :(4)595-600. 



Storm, T., G. Thamsborg, T. Steiniche, HK. Genant, and 0.H- Sorensen. 1990. 
Effect of intermittent cyclical etidronate therapy on bone mass and fracture rate in 
women with postmenopausal osteoporosis [see comments]. N.Engl.J.Med. 
322:(18)1265-1271. 

Talbot, J.R., J-E. Wergedal, E.E. Schulz, and D.J. Baylink. 1991. Decreased 
spinal fracture rate in response to fluoride treatment in osteoporosis. CZin.Res. 
39:99A 

Termine, J.D, and f .G. Robey. 1996. Bone rnatrix proteins and the rnineralization 
process. In Primer on the metabolic bone diseases and disorders of mineral 
metabolism. M.3. Flavus, editor. Lippincott-Raven, Philadelphia. 24-38. 

Tilley, B.C., E.L. Peterson, M. Kleerekoper, E. Phillips, D.A. Nelson, and M.A. 
Shorck. 1990- Designing chical trials of treatment for osteoporosis: recniitment 
and follow-up [editorial]. Calcg  Tissue Znt. 47:(6)327-33 1. 

Tilyard, M-W., G J .  Spears, J. Thomson, and S. Dovey. 1993- Treatment of 
postmenopausal osteoporosis with calcitriol or calcium [see comments]. 
N.Engl.J.Med. 326:(6)357-362. 

Tobias, J.H. and T.J. Chambers. 199 1. The effect of sex hormones on bone 
resorption by rat osteoclasts. Acta Endocrinol.(Copenlz) 1 24:(l) 121-127. 

Todd, C.J., C. Palmer, C. Camillen Ferrante, C.J. Freeman, C.E. Laxton, M.J. 
Parker, B.V. Payne, and N. Rushton. 1995. Differences in mortality after fracture 
of hip [Zetter; comment]. BMJ. 3 1 1 :(70 1 1) 1025-1025. 

Torgerson, D.J. and J.A. Kanis. 1995. Cost-effectiveness of preventing hip 
fractures in the elderIy population using vitamin D and calcium. QJM. 
88:(2)135- 139. 

Torgerson, D.J. and D.M. Reid. 1997, The econornics of osteoporosis and its 
prevention. Phamzacoeconomics 1 1 : 126-138. 

Tosteson, A.N., D.I. Rosenthal, L.J. Melton, III, and M.C. Weinstein. 1990. Cost 
effectiveness of screening perimenopausal white women for osteoporosis: bone 
densitometry and hormone replacement therapy. Ann.lntem.Med. 113:(8)594- 
603. 

Tosteson, AN.  and M.C. Weinstein. 199 1. Cost-effectiveness of hormone 
replacement therapy after the menopause. Baillieres. Clin. Obstet. Gynaecol. 
5:(4)943-959. 

Trachtenbarg, D.E. 1990. Treatment of osteoporosis. What is the roIe of calcium? 
Postgrad-Med. 87: (4)263-6,269-70. 



Tripp F, 1997. The use of dietary supplements in the elderly: current issues and 
recommendations. J.AnzDierAssoc- 97:(10 Suppl 2)s 18 1 -S 1 83 

Tugwell P.X., G. Wells, B. Shea, Peterson J., Cmney  A., Henry D., O'Connel1 
D., and Robertson J-Gillespie A, 1997. The effect of honnone replacement 
therapy (HRT) for osteoporosis: A Cochrane systematic review. 5th Annual 
Cochrane Colloqztiun~ Oct 1997:83-83 .(Abstr.) 

Tversky A and Kahneman D. 1974. Jud,ment under uncertainty; heuristics and 
biases- Science 185: 1 124-3 1. 

Utian W.H. 1994. Ovarian function, therapy-oriented definition of menopause 
and climacteric. Exp-Gerontol. 29:(3-4)245-25 1. 

Vanderschueren, D., G. Gevers, G. Raymaekers, P. Devos, and J. Dequeker. 1990. 
Sex- and age-related changes in bone and serum osteocalcin. Calc$Tissue Int. 
46:(3)179-182. 

Villareal, D.T., R.C. Rupich, R. Pacifici, M.G. Griffin, D. Maggio, L.V. Avioli, 
and R. Civitelli, 1992. Effect of estrogen and calcitonin on vertebral bone density 
and vertebral height in osteoporotic women. Osreoporos.Int. 2: (2)70-73. 

Wallace, W.A. 1983. The increasing incidence of fractures of the proximal 
femur: an orthopaedic epidemic. Lancet l:(8339) 1413-1414. 

Wasnich, R.D. 1996. Epidemiology of osteoporosis. In Primer on the metabolic 
bone diseases and disorders of mineral metabolism- M.J. Havus, editor. 
Lippincott-Raven, Philadelphia. 249-252. 

Watts, N.B., S.T. Harris, H.K- Genant, R.D. Wasnich, P.D. Miller, R.D- Jackson, 
A.A. Licata, P. Ross, G.C.I. Woodson, and M.J. Yanover. 1990. Intermittent 
cyclicd etidronate treatrnent of postmenopausal osteoporosis [see cornments]. 
N. Engl. J.Med. 323:(2)73-79. 

Webb, A.R., B.R. DeCosta, and M-F. Holick. 1989. Sunlight regulates the 
cutaneous production of vitamin D3 by causing its photodegradation. 
J.Clin.Endocrinol.Metab. 68:(5)882-887. 

Weinstein, M.C. 1980. Estrogen use in postmenopausal women-costs, risks, and 
benefits. N-Engl. J.Med. 303:(6)308-3 16. 

Weiss, N.S.. C.L. Ure. J.H. Ballardo A.R. Williams, and J.R. Daling. 1980. 
Decreased risk of fractures of the hip and lower foreann with postmenopausal use 
of estrogen. N.Engl.J.Med. 303:(2l)ll95-l198. 

Welds, K. and M.M. Shwery. 1996. The 1996 report on comrnunity pharmacy 
practice. Pham.  Posr (suppl) 1-29. 



Whiting S.J., Wood R, and Kim K. 1997. Calcium supplernentation. 
J.Arn.Acad.Nurse Pracr. 9:(4) 187- 192. 

Wiktorowicz, M., A. Papaioannou, J-D. Adachi. E.A. Papadimitropoulos, and K. 
Brazil. 1997. How cornrnonly do physicians atnibute hip fractures to osteoporosis 
in acute care? J.Bone MinerRes. l':(Suppl 1)s252 

Willett, W., M.J. Starnpfer, C .  Bain, R. Lipnick, F.E. Speizer, B. Rosner, D. 
Cramer, and C.H. Hennekens. 1983. Cigarette smoking, relative weight, and 
menopause. Ani.J.Epidemiol. 1 17:(6)65 1-658. 

Williams, J.I. and W. Young. 1996. A summary of studies on the quality of health 
care administrative databases in Canada. In Patterns of health care in Ontario. 
The ICES practice atlas. V. Goel, J.I. Williams, G.M. Anderson, P. Blackstien- 
Hirsch, C. Fooks, and C.D. Naylor, editors. Canadian Medical Association, 
Ottawa. 339-345. 

Wisneski, L.A., W.P. Croom, O.L. Silva, and K.L. Becker. 1978. Salmon 
calcitonin in hypercalcemia. Clin. Pharmacol. Ther. 24:(2)2 19-222. 

Witt, D.M. and T.R. Lousberg. 1997. Controversies surrounding estrogen use in 
postrnenopausal women. Ann.Phannacother. 3 1 : (6)745-755. 

Wren, B.G. and D.A. Routledge. 1981. Blood pressure changes: oestrogens in 
climacterk women. Med. J.Aust. z:(l O)528-53 1. 

Wren, B.G. 1992. The effect of estrogen on the  female cardiovascular system. 
Med. J-Aust. 157:(3)204-208. 

Zhang, Y., D.P. Kiel, B.E. Kreger, L.A. Cupples, R.C. Ellison, J.F. Dorgan, A. 
Schatzkin, D. Levy, and D.T. Felson. 1997. Bone mass and the risk of breast 
cancer among postmenopausal women [see comments]. N-Engl. J. Med. 
336:(9)611-617. 

Zowall, H., L. Coupal, R.D. Fraser, N. Gilmore, A. Deutsch, and S.A. Grover. 
1992. Economic impact of HIV infection and coronary heart disease in 
immigrants to Canada [see comments]. CMAJ. 147:(8)1163-1172. 



Supplement A: Tables used in the CHIMP mode1 

p WHFNO 
O 0.0007 
10 0.00 18 
15 0.00186 
20 0 . ~ 0  1 
25 0.00844 
30 0.01729 
35 0.0357 

Supplement A: Tables used in the mode1 



8LO'O SE 
9ZT 'O O€  
EE1'O SZ 
EST -0 oz 
89 1'0 ST 
897'0 O 

3 ~ d  

SZO'O SE 
ZET 20'0 O €  
9PL '1 0'0 SZ 
67 70'0 OZ 

SPL 10'0 S 1 
Z 10-0 O1 
800'0 5 
m'O O 
~9.LxHm?d 

POOPO-O SE 
1 PEo-O OE 

E6LZO'O Sz 
Po6 T 0'0 OZ 
SPL 10-0 S T 

n o - O  01 
800'0 s 
m o  O 

~ 9 ~ 3 d H - I d  

95820-0 SE 
€8£10-O O€ 
Si. 900'0 SZ 
1 ZE00'0 OZ 
98100'0 51 
8100-0 01 - 
LoOO'O O 

Z9h3dHMd 

EOSZO-O SE 
Z£T 20'0 O£ 
9PL T 0-0 sz 
61 10'0 OZ 

EL800-0 S T 
900-0 O1 
m - O  s 
POO-O O 

~ l l m H ? d  



Dr. Manny Papadimitropoulos 
Manager, Heaith Ecommics 
EIi LUy Canada Inc. 
3650 Danforth Avenue 
Scarborough, ON MIN 2E8 

Dear Dr. Papadimitropoulos: 

ThanSc you for your currespondeao datcd 7 January 1999 rquesting permission to reproduce an 
article published in the C d m  M e d i d ~ A s s 0 ~ ) i ~ m  J m d  to be used as a supplement to your 
t hesis. 

1 am pleased to confirm that the Canaciibn Medical Association (CMA) grmts you the publishets 
permission to reproduce this material as requested 

Roydty fce for print use: No charge 

Plerse aedit the original pubkation of the matcriai follows: 

"Cummt and projected rates of hip fracture in Canidn" - Rcprinted fmm, by 
permission of the pobüsher, w, 1997; 157 (IO), pp. 1357-63. 

If you require nirtha information or assistance, please do not hegtate to ontact me. 

Marie Claire Bédard 
Head, Administrative Semices 
Professional Devalopment 



I Current and projected rates 
of hip fiacture iG Canada 
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Abstract 

Ohjecfive: To deterrnine the current vaiucs and estimate the projected values (to the 
year 2041) for annual number of proximal femoral fractures (PFFs), age-adjusted 
rates of fracture, rates of death in the acute care secting, associated length of stay 
(LOS) in hospital, and seasonal variation by sex and age in eiderly Canadians. 

Design: Hospital discharge data for fiscal year 7993-94 from the Canadian lnstitute f o ~  
Flealth Information were used to deterrnine PFF incidence, and Statistics Canada 
population projections were used to estimate the rate and number of PFFs to 2041. 

Setting: Canada. 
Canadian patients 65 years of age or older who undenvent hip a~throplast~. 

Outcome measures: PFF rates, death rates and LOS by age, sex and province. 
Resulîs: In 1993-94 the incidence of PFF increased exponentially with increasing 

age. The age-adjusted rates were 479 per 100 000 for women and 187 per 
100 000 for men. The number of PFFs was estimated at 23 375 (1 7 823 in women 
and 5552 in men), with a projected increase to 88 124 in 2041. The rate of death 
during the acute care stay increased exponentially with increasing age. The death 
rates for men were twice those for women. In 1993-94 an estimated 1570 deaths 
occurred in the kmte care setting, and 7000 deaths were projected for 2041. LOS 
in the acute care setting increased with advancing age, as did variability in LOS, 
which suggests a more heterogeneous case mix with advancing age. The LOS for 
1993-94 and 2041 was estimated at 465 000 and 1.8 miilion patientdays respec- 
tively. Seasonal variability in the incidence of PFFs by sex was not significant Sig- 
nificant season-province interactions were seen (p c 0.05); however, the differ- 
ences in incidence were small (on the order of 2% to 3%) and were not 
considered to Rave a large effect on remurce use in the acute care setting. 

Conclusions: On the assumption that current conditions contributing to hip frac- 
tures will remain constant, the number of PFFs will rise exponentially over the 
next 40 years. The results of this study highlight the serious implications for 
Canadians if incidence rates are not reduced by some form of intervention. 

Résumé 

Objectif: Déterminer les valeurs actuelles et évaluer les valeurs prévues (jusqu'en 
l'an 2041) des éléments suivants : nombre annuel de fractures fémorales proxi- 
males (FFP), taux comparatifs de fractures selon I'âge, taux de mortalite en mi- 
lieu de soins de courte durée, durée du séjour (DS) connexe à l'hôpital et écarts 
saisonniers par sexe et par âge chez les personnes âgées au Canada. 

Conception : Les données sur les sorties de I'hôpital pour l'exercice 1993-1 994 de 
I'lnstitut canadien de l'information sur la santé ont servi à déterminer l'incidence 
des FFP, et les projections de la population de Statistique Canada ont permis 
d'évaluer les taux et les nombres de FFP jusqu'en 2041. 

Contexte : Canada. 
Participants : Patients canadiens âgés de 65 ans ou plus ayant subi une arthroplas- 

tie de. la hanche. 
Mesures des résultats : Taux de FFP, taux de mortalité et DS par âge, sexe et province. 
Résultats : II y a eu en 1993-1 994 une croissance exponentielle de l'incidence des 

FFP avec I'âge. Les taux comparatifs selon I'âge sont de 479/100 000 chez les 
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femmes et de 187/100 000 chez les hommes. Le nombre de FFP est évalué à 
23 375 (1 7 823 chez les femmes et 5552 chez les hommes) et il devrait attein- 
dre 88 124 en 2041. Le taux de mortalité au cours du séjour en milieu de soins 
de courte durée a connu une croissance exponentieile avec I'âge. Les taux de 
mortalité chez les hommes sont deux fois plus élevés que chez les femmes. Le 
nombre de décès en 1993-1 994 en milieu de soins de courte durée est évalué 
à 1 570 et devrait atteindre 7000 en 2041 . La D S  en milieu de soins de courte 
durée augmente avec I'âge, ainsi que sa variabilité. Cette constatation laisse en- 
tendre que l'ensemble des cas est plus hétérogène avec I'âge. La DS en 
1993-1 994 et en 2041 est estimée à 465 000 et à 1.8 million de jours-patients 
respectivement. La variabi t ité saisonnière de l'incidence des FFP par sexe n'est 
pas remarquable. On constate par ailleurs des interactions saison-province im- 
portantes (p c 0'05). Les écarts d'incidence sont cependant minimes (de ['ordre 
de 2 O/O à 3 O h )  et ne devraient pas avoir de grandes répercussions sur I'utilisa- 
tion des ressources en milieu de soins de courte durée. 

Conclusion : Dans l'hypothèse où les conditions actuelles occasionnant des frac- 
tures de la hanche restent constantes, le nombre de FFP augmentera exponen- 
tiellement au cours des 40 prochaines années. Les résultats de cette étude ré- 
vèlent les répercussions graves pour les Canadiens si les taux d'incidence ne 
sont pas réduits grâce à une forme ou une autre d'intervention. 

O steoporosis is an impormnt public health prob- 
lem, espeady in postmenopausd women. Frac- 
tures of the wrist, vertebra and hip are attributed 

to this disease. Usteoporosis is also very cosdj: in 1988 the 
cost assocïated with its treatment in Canada was $280 mil- 
Lion.' Recend); Goeree and coiieagues? estGnated the cost 
of ueating this disease in Canada at $1.3 billion for 1993. 
Sirnilar eskates of the annual costs for the ueaanent of 
osteoporosis in the United Smtes range kom USS5.2 bil- 
lion to US7.2 billion (CanS7 billion to CadlO billion), a 
ciifference that reflects to some exTent the larger popula- 
tion base.'-+ Decreasing budgets for publicly funded pro- 
grams have prompted a re-duation of expendinires in ail 
areas of health are ,  parücularly the costiy meaunent of 
p r o d  femoral fi-actures (PFFs, a h  hown as hip h c -  
mes) in "aglng" industnalized counmesS' 

A greater understanding of the pathophysiology of os- 
teoprosis has led to the development of marnent regi- 
mens. The use of hormone replacement therapy has re- 
sdted in an arrest of the osteoporotic process in most 
postmenopausal women receiving this treatment."-'' 
Other ueatment strategies include therapy wirh calcium, 
vitamin D, bisphosphonates, calcitonin or fluoride and 
load-bearing exercise as  w d  as other treamens that are 
s d  investigational, such as therapy with seIective esno- 
gen receptor modulators or parathyroid h~xmone.'~~' 

Published projections of the number of PFFs in 
Canada," we hypothesize, have underestimated their occur- 
rence. The previoudy reported age-adjusted incidence rates 
of PFFs fbr Canada are lower than those fbr other indusai- 
aiized co~nuies;~ however, the reamn for this difference is 
not clear. Since these earlier projections a more compre- 

hensnie hospiml discharge dambase has evoived (Canadan 
Xnstitute for Health Information [CIHI], Ottawa, Ont). 
T h e  development of the CIE-lI's database as well as recent 
population projections by Statisrics CanadaxJ prompted a 
re-evaluation of this issue. The purpose of this smdy was to 
determine current PFF rates and to estirnate the projected 
number of such fiacnires in elderly Canadians (those 65 
years of age or older) to the year 2041. 

Methods 

We obtained dam on al1 hospital discharges for femoral 
fracture h a t  were reponed to the CIHlI for fiscal year 
1993-94. Four provinces and the 2 temtones in Canada 
currently provide full discharge reponing to the CIHI. 
We exuacted these data from the rnaster dambase using 
ICD-Y' codes 820 (hcnire'of ne& of fernur and 
87 1 (hc tu re  of other and unspecified pam of the femur) 
for pauenn aged 65 years or older. A recent analysis of the 
CIHI dambase coverïng acute care discharges for Ontario 
between 1981 and 1992 showed chat there was no change 
in the rate of PFF over this pen~d. '~  

The incidence of PFF M-ZS deterrnined for the 3 largest 
provinces that fully report to the CIHI (Ontario, British 
Columbia and Alberta). Other provinces, induding Que- 
bec, Manitoba, Saskatchewan and some of the Atlantic 
provinces, do not provide fidl reponing; consequently 
their reported PFF data were not used in this analysis. To 
project national PFF rates we estimaced weighted (by 
populaaon) PFF incidence rates for Canada on the basis 
of the rates for Ontario, British Columbia and Mberta. 
We assumed that these provinces are g e n d y  represen- 



Hip fractures in Canada rn 
tative of the country since in the 199 1 census 58% of the 
Canadian populaaon was regionaliy and multiculturally 
distnbuted in them." 
1% used the annual PFF data for each of the 3 

provinces to evaluate the relation berneen age and PFF 
rate and ro describe this relation rnathernatically. These 
data were then coUapçed CO 5-year age groups (Le., 65-69 
years, 7û-74 years, etc.) by s a  and by province for furcher 
analysis and cornparison, since PFF rates are generally 
discusçed this way in the 1iteranu-e. \T/ë caldated the av- 
erage number of PFFs in a& of the 5-year groups at the 
corresponding median age (i.e., 67.5, 12.5, etc.). Equa- 
rions were then generated that described PFF rates, by 
age and sex, on the basis of a weighted PFF rate. We cal- 
culated the weighted rates by adjusting the provinaal PFF 
rate for each 5-year age group by the population of the 
provincel" Variabilin- in che weighted PFF rate was calcu- 
lated on the assumpaon thar the 3 provinces used as a 
base were "randomlf' selected. We also calculated projec- 
tions of all fernord fi-acnires for Canada uMg the same 
weighting procedure ourlined above. 

We obtained demographic information and population 
projections to 2041 kom Statistics Canada and 1991 cen- 
sus dam for Canada.2223 Four demo3mphic projections 
were produced by-Smtistics Canada on the basis of a num- 
ber of assumptions r e l a ~ g  to rates of birth, immigration 
and death. We chose the rnedian projection (Staàstics 
Canada projection 2) as the baseiine projection for our 
analysis since it provided an estimate based on currenr 
uends and since it assumes a consmt fer&? rate of 1.7 
births per woman and a constant immigration rate of 
250 000 combined with a low Lfe-expectancy assumpaon 
of 78.5 years for men ana 84 years for women by 2016.=' 
Other projections (low-growth assurnption [projection 11 
and high-growth assumpüon [projection 41) were Llduded 
in o u -  sensinviy analysis of the projected number of PFFs. 

We calculated the age-adjusted PFF rate for Ontario 
for cornparison uith rates reported for Rochester, h h . j  
Age-adjusted .PFF rates reported in the literanire are 
based on dam for men and women 50 years of age or 
older. Since the CiHI database provided information for 
Canadians 65 years of age or  older, we obtained the 
femoral fracture rate reported by Statistics Canada for 
people aged 45 to 64 y e a . ;  and used this rate in calculat- 
ing che rate for people aged 50 to 64 yem. 

Inpatient death rates and length of sray (LOS) while-in 
the acute care se* as well as seasonaliy of hctures, 
were &O evaluated from the CMI data. We multiplied 
the average LOS for each of the 5-year age groups by the 
estimated number of patients with PFFs in each group to 
calculate the total projected LOS (in patient-days). Sea- 
sonality was dehed  as the nurnber of PFFs that occurred 
during a season (e.g., the number of PFFs that occurred 

. : * 
-.-2 

during the summer was calculated by lidding together 
one-fou& of the fia~tllf-es that occurred ïn June, ali those 
in J d y  and Aubgust, and chree-fo& of those in Septern- 
ber). .Ail the seasons u-ere compared simultaneously to 
e~duate differences in PFF incidence. We dso evaluated 
these variables for each of the 3 provinces and used the 
dam as a basis for the projection to the resr of Canada- 

U'e used regression analysis to defîne best-fit relations, 
based on peatest R2, and conducted one-way and nvo-way 
analysis of variance for each of these variables by province 
and s a  to examine whether si,anificant main effects ex- 
isted. Vire decerrnined differences among rneans using 
Tdey's honesdy significant difference test (a = 0.05). 

The CMI discharge absuact dam were nansferred to a 
persona1 cornputer, and StatisticaI Application Sofm-are 
(SAS-Windows version 6.08, SAS Lnstitute Inc., Cary, 
NC) was used for the analysis. 

We found an exponential increase in PFFs u-ith in- 
creasing age and a significant effect of age for both 
women (F,,, = 1638, p < 0.0001) and men (F,,, = 868, p c 
0.0001). There was no significant interaction with 
province for women (FI,, = 0-84, p = 0.4367); howcver, a 
significant interaction was noted for men (Fz, = 4.14, p c 
0-02), lower PFF rates with increasïng age being noted in 
British Columbia than in Ontario and Alberta. The  
weighted PFF rates for Canada, by age and sex, are shoun 
in Fig. 1. The total nurnber of PFFs in people aged 65 
years or older in 1993-94 was calculated as 17 823 for 
women and 5552 for men. 

Age-adjusted rates 

The age-adjusted PFF rate for Ontario in 1993-94 was 
479 per 100 000 for women and 187 per 100 000 for men 
m b l e  1). These rates are higher than those previously re- 
porced for Ontario'but similar to rhose fiom else~rhere.~~~ 

Projected in ciden ce 

Currendy 12 % and 1 % of Canada's populaüon is aged 
65 years or older and 85 years or older respectively. De- 
rnographic projections by Statistics Canada indimte that 
by 2û41 the corresponding proportions will be 25% and 
4% respectivelys Using weighted curent PFF rates (as- 
described in the methods section), we estimated the total 
number of PFFs in older Canadians in 2041 at 88 124 
(projection 2), with a range of 78 649 (projection 1) to 
103 954 (projection 4). The projected incidence reflects 
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changes in both populaaon size and projected rnean sur- 
cival. Our resdo indicate that previous Canadian projec- 
üonF have underestimated the nurnber of PFFs (Fig- 2). 

The CIHT data for 1993-94 indicated that death rates 
for oider inpatienn increased exponentially uith increas- 
ing age. We used logistic regession to mode1 the proba- 
biliv of inpatient death afier a framire, with effeas for 
se... ase and province. There were no significant interac- 
tions between these explanatory variables. Men were at 
significandy higher risk for death afier PFT than women 
@ c 0.001) (Fig. 3). We estimated that there were 1570 
deaths (999 in women and 571 in men) in the amte a r e  
setting afier PFF in 1993-94, and we project that the 
number of deaths will increase to 7000 (4404 in women 
and 2596 in men) by 2O4l. 

L ength of sta y in a cute care se ffing 

LOS increased with increasing age uncil age 85 to 89 
years for women and 80 to 84 years for men (Fig. 4). Of 
interest was the h d i n g  that variabili~ in LOS &O in- 
creased with indeasing age. An e s b a t e d  465 000 pa- 
tient-days were used in 1993-94 to ueat these PFF pa- 
tients (estimate based on current mean LOS by age and 
sa). The projected LOS for patienn with PFFs in 2041 
was eshated  at 1.8 million patient-days. 

Analysis of the data for Ontario, British Columbia and 
Alberta did not dernommate a significant main effea of 
season on the incidence of PFFs for women (Fu = 3.20, 
p = 0-0947) or men (F,, = 2 3 2 ,  p = 0.1 196). We did h d  
significant season-province interacàons for both women 
(Fr2 = 12.38, p = 0.0125) and men (F12 = 7.28, p = 0.0356); 
however, the ciifferences in incidence were on the order of 
2% to 3 % and were not considered to have had a large ef- 
fect on resource use in the acute care setting- 

- - -.__ --- - ---_ _ I - L _ . C . - _ ~ _ _  

Table 1: Rcported qpsdjiicd @es..of p r o x w  .femoqf h c û m  fo;.-* p~,,fw.a@&&.f. . = .; , . . . . . - ' 
. . - -;i. -. . -- . . Y C  

Reg ion 

Incidence rate per Fernale: 
100 000 mate 

Year Women Men ratio 
- -- - -- - - -  - 

Oslo, Norway18 197G79 766.6 299.3 2.56 
Funen, Denrnarkt' 1973-79 511.1 191.0 2.68 
Rochester, Minn.' 1979 487.4 175.5 2.78 
Picardy,  franc^' 1987 305.3 126.6 2.41 
Ontariob 1981 41 3 133 3.10 
Ontario (current study) 1993-94 478.7 187.1 2.56 

Discussion 

Previous Canadian projec6ons of PFF incidenceh have 
nrggested a lower rate than that for the United States and 
other indusniaiized counuies. However, we found that 
these projections underestirnated the incidence of Pff. A 
cornparison of the provincial incidence of PFF for On- 
tario, British Columbia and Aiberta, as recorded in the 
CIKi dambase, revealrd an exponential increase in frac- 
ture rates with age. Differences beween provincial rates 
of PFF were not significant for women; however, there 
was a significant different in hcture rates between men 
in Ontario and Alberta and those in British Columbia. 
Fracture rates in older British Columbia men were lower 
than for the men in the other 2 provinces. The use of the 
weighted provincial PFF rate as representative of the 

Fig. 1: Weighted rate of proximal femoral fracture (PFF), with 
95% confidence intervals (dotted lines), for Canadian women 
(solid line) and men (dashed line) 65 years of age or oIder by 
age group, based on full reporting from Ontario, British Co- 
lumbia and Alberta for fiscal year 1993-94. 

I Year 

Fig. 2: New and previously projectedb (A) nurnber of PFFs in 
Canadians 65 years of age or older from 1993 to 2041, under 
3 assumptions of population growth (maximum [ml, median 
[ml and minimal [al). 
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Canadian population yielded exponentiai equations that 
were in good agreement uith the interprovincial rates 
(Rz = 0.934.96). Using the exponentid equations, we cal- 
d a t e d  that there were 29 293 fernord f?acnires (23 375 
PFFs and 5918 hctures of other parts of the femur) 
arnong Canadians aged 65 years or older in 1993-94. Wë 
calcuiated the overaii nurnber of fernord hctures beuuse 
Statistics Canada does not report ttiese ftacnires by Npe. 
'M7e estimated approximately 4500 fractures more than 
Statistics Canada reported (24 687) for fiscal year 
1992-03. ' n e  discrepancy is most likely due to the source 
of Statistics Canada's data (the CIHI database) and the 
potential for under-reporting. 

Recendy the hisatute for Clinid EvaIuanve Saences 

Fig. 3: Rate of death in the acute care setting for men (A) and 
women (ml 65 years of age or older with PFFs in Ontario for 
1993-94 by age group. 

Age. yr 

Fig. 4: Mean length of stay for Canadian women (dotted bars) 
and men (shaded bars) 65 years of age or older with PFFs in 
the acute care setting in 1993-94 by age group. Error bars 
represent standard deviation. 

, .--6 

\>* 

surnmarized a number of published and unpublished stud- 
ies on the quality of health a r e  administrative daubases in 
Cax~ada.'~ The conclusion reached for hospital discharge 
sunimaries was that for p r i rnq  procedures the leveis of 
agreement were 90% or greater between the procedures 
recorded on the cham and those entered inro the data- 
base- The C M  database, however, does not have fiill re- 
porthg from several provinces, including Quebec, u.hich 
accouns for 25% of the elderl; Canadian population. Ic is 
Uely that the number of hip hmes is underestünated in 
the data fiom Suastics Canada, since no adjilmnenn for 
misnng data are made to the CIHI dambase, in connast to 
the adjuments that were made in the current study. 

Reanalysis of the CIHT data, selecong for PFFs, al- 
lowed us to dcuiate the age-adjusted PFF rates for On- 
tano- The  rates for botb women and men compared 
favowably to the values reported for Rochester, A ~ ~ . , '  
and for Funen, Derunark.'s In our study approriimately 
70% and 85% of fernord hcnrres were PFFs in women 
65 tu 69 years of age and those 90 years of age or older re- 
spectively. Similar fhdings were observed for men. Elinrii- 
nation of the PFF rate for wornen 90 years of age or  older 
fiom the regression shown in Fig. 1 resuited in an expo- 
nential relation with greater R2, whïch indicates thac in ad- 
vanced age other rnechanisrns may be involved in modu- 
Iating the incidence of PFE 

Po ten tial implications 

Our projections are greater than those of Narod and 
Spasoff6 and of Martin and assoaatd9 because of differ- 
ences in the assurnptions used in the dculations. TTk be- 
lieve that the more cornprehensive database currendy 
maïntained by the CMI and the demographic projections 
£iom SmBsacs Canada provide a more accurate bais for 
our projections. The rise in potential rates of PFFs as w d  
as other diseases in older Canadians is inMnidating and 
provides a strong irnpenis for establishing program that 
wiil reverse the uend in this group. Ail demographic pro- 
jections provided by Statisticu Canada were used to caicu- 
iate best-case and worst-case scenarios. T h e  results indi- 
cate that 40 years fiom nou- the Canadian health care 
syçtern will have to deal with approximately 4 tirnes the 
current n u m k  of hip fractures. This number is consenTa- 
tive, since advances in medicine may increase longevity, 
which would lead tu an increase in the number of hip h c -  
mes if acceptable ueament suategies to maincain bone 
minerai density are not irnplemenced. Increasing longevity 
&O has long-term implications for the use of health care 
resources in the treatrnent of other age-related conditions. 

Fractures of the femur carry an increased risk of deach, 
espeady in men.31-3s Death rates in the acute care setting 
after PFF in Canada do not differ greatiy kom those in 
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other industrialized counnies, and the rîsk of death for 
patients with PFFs by age and s a  in this country has not 
changed since 1 s t  reported for 1 9 8 0 5  1 This 'Ihisding is 
disturbing since clinical advances over the last decade 
jhodd have led to demeases in the death rate for age- and 
sex-matched patients with hip fractures. 

The reported average LOS in the acute care setring for 
patients aith PFFs in Canada in 198 I was about 3 1 daysS6 
Our work suggem that the m e n t  average LOS is about 
2 1 days and presumably will denease M e r  still.'j We 
found an increasingly variable LOS wi& increasing age 
(Fig. 4). It is possible that as people age &te probability of 
concomitant conditions increases, which results in a 
longer and more variable hospital smy. A progressive re- 
duction in LOS wïth age greater than 85 years was ob- 
served for men. Perhaps these patients were aiready living 
in nursing homes and tvere discharged sooner than 
younger patients still living independently, or death 
ptayed a role, or both. For women, LOS increased with 
increasing age and chen pIateaued aher age 89. The re- 
duaïon in LOS by ahosr  IO days over a 10-year period 
may have influenced the reported d a t h  rate, since deaths 
during this IOday period (when patients are no longer in 
hospital) are not captured in the m e n t  dambase. 

The increase* risk of fracture in inclement weather 
(when ice or snow is present) and during the winter 
months has been doc~~xnented.~~'~ We did not fhd any 
sia%ficant main effect of season on PFF rates in Ontario, 
Bntish Columbia and Alberta. Jacobsen and coiiabora- 
torss6 reported that the incidence of hip hctures  gener- 
ally increases by about 15% in the winter months. Factors 
rhat have been-implicated in increased hcture rates dur- 
ing the =inter season in the norhern hemisphere include 
poor vitamin D statu and a number of envîronmental 
hazards (such as increased slippïng due to ice and snow, 
and mpping),3"*' According to the Ontario wather Of- 
fice, the wkter of 1993-94 was typical, both in the nurn- 
ber of millimetres of precipimuon and in temperature. It 
would be prudent to re-evaiuate the seasonal incidence of 
PFFs with the CIHI data from other fiscal penods to con- 
6nn our finding. 

Limitations of analysis 

The projections presenred in this paper are based on the 
fùü reporting of 3 provinces on the assumpaons that they 
are represenmtive of Canada as a whole and that annual 
PFF incidence does nor vary significandy. Seasonal, cul- 
tural, racial and demographic differences can innuence the 
health of a popuIation; consequently, our analysis is limited 
6om this perspecàve. We assumed that the CIHI dambase 
is robust in terms of validity and reliabiliry and that miscod- 
ing of hctures did not occur at the-hospid level. Unlike 

ciambases in the United the CII-II does not col- 
lect racial or ethnïc informaàon, Our projec5ons are there- 
fore based on the açnimption that the raaal miri of Canadi- 
ans uilI not change and hence rhat this fdctor will not alter 
PFF incidence and k a t e d  death rates and LOS in the 
acute a r e  sening. Fi.dly since our projections assume the 
stdtus quo with regard to d i e q  habirs and supplemenrii- 
cion, clinicd treatrnent (e-g., LOS), lifstyle and longevit)., 
we cannot comment on  how changes in these variables 
would influence fiinire projeccïons. 

Given that current condiaons conmbuting to hip h c -  
mes rem& constant, che number of PFFs uill rise expo- 
nentially over the rien 4û years. Our resdts highlight the 
serious implications for Canadians if incidence rates are 
not decreased by some forrn of intervention. 
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