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Abstract

Introduction: The 'real-world' effectiveness of osteoporosis prescription medications
for the prevention and treatment of osteoporosis cannot be determined from randomized
clinical trials. Using data from administrative health databases, this thesis presents a

retrospective observational study methodology to specifically measure the risk of
osteoporosis-related fractures in women treated outside the clinical trial arena (i.e. in the

'real-world'). However, several factors related to the receipt of a prescription therapy
prevent the direct comparison of outcomes between treated and untreated individuals.
This dissertation attempts to identiff these factors and ultimately apply this information
to an overall 'drug eflectiveness' model.

Methods: Using population-based administrative health databases, a cohort of women
over 50 years of age was identified. Pharmaceutical claims data from T996 tl'rough2002
were analyzedto identify new users of osteoporosis prescription medications (OSRx).
Three separate Cox proportional hazards regression analyses were conducted to identifu
the factors associated with (a) the likelihood of initiating an OSRx; (b) the likelihood of
receiving a bone mineral density (BMD)assessment; and, (c) the likelihood of
discontinuing treatment. Given the factors identified in each of these analyses, a

propensity score was developed to stratifu women according to their likelihood to initiate
an OSRx, and a final stratified Cox proportiona|hazards model was developed to
estimate the overall effect of OSRx treatment on fracture risk.

Results: A cohort of 112,463 women were identified of whichl25Yo were dispensed
at least one OSRx between April ls, 1998 and March 3l'r,2002. Factors associated with
the likelihood of treatment initiation included: a prior BMD assessment, age, prior
osteoporosis-fracture status, income level, and region of residence. Given the strong
predictive effect of a BMD assessment on the likelihood of treatment initiation, it was
necessary to explore the factors associated with receiving this test. Above all other
variables tested, the BMD-testing rate of a woman's physician most strongly predicted
her likelihood of receiving a BMD test. In women who initiate OSRx therapy, 28%o do
not return to the pharmacy to refill their initial prescription. Amongst women who
receive at least one refill, the likelihood of discontinuing therapy increased with
increasing age. The results demonstrated that the timing of a BMD assessment (either
before OSRX initiation or during the course of therapy), further predict the likelihood of
treatment discontinuation. Finally, given the observed diagnostic, treatment and
persistence rates, OSRx exposure did not result in significant overall fracture risk
reduction. However, in women over 80 years of age, a significant hip fracture risk
reduction (albeit short-lived) was observed.

Conclusions: Despite proven effrcacy in randomized clinical trials, osteoporosis-related
pharmacotherapies, as used in the 'real-world', offer limited fracture risk reduction.
Population drug effectiveness analyses should become apñt of routine post-marketing
surveillance in order to make prudent and timely pharmaceutical policy decisions.

1l
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Chapter I Measuri ng Drug Effectiveness

1.1 Pharmaceutical Use and lntended Outcomes

Spending on prescription pharmaceuticals accounts for nearly 17Yo of Canada's

total health care expenditures.l Not only are pharmaceuticals the second largest

component of total health care spending (second only to hospital expenditures), but the

annual growth rate of pharmaceutical spending, currently at9.7%o, significantly exceeds

the annual growth rate of overall health care expenditures (at 6.7 %). 1 Some may

postulate that the aging of our population, and hence the increasing prevalence of chronic

medical conditions, significantly contributes to the increased utilization of prescription

therapies.2 Others maintain that the introduction of newer, more expensive drugs is the

major cost driver.3 Regardless of the specific reasons for the rising cost of

pharmaceutical therapies, there exists a paucity of evidence demonstrating that the

observed cost and spending increases result in corresponding health improvements

amongst those receiving treatment.

ln Canada, once a drug is approved and released into the marketplace, there are no

policies in place in which drug manufacturers or federal/provincial/territorial regulatory

bodies, examine whether or not the utilization patterns of a specific drug therapy are

improving the overall health (or even specif,rc health outcome) for which the drug was

intended.a;s The current post-marketing surveillance programs are designed to identiff

and examine potential safety concerns (such as adverse events).6 However, these

programs do not compare the intended health benefit forecasts made at the time of



approval (i.e., expected cost-benefits or expected cost-effectiveness) to those actually

achieved. Essentially, once a drug is licensed for use in Canada, the only effects of the

drug which are routinely monitored are its unintended side effects. It must thereby be

assumed that the intended treatment effects are occurring. Or, are they? And if so, how

well?

Factors such as the probability of a physician prescribing the treatment after

diagnosis, access to the drug by the patient (coverage), and the likelihood of the patient to

take the drug according to directions (persistence and adherence),nãy individually (or

jointly) render a drug proven to be 'efficacious' in a clinicaltnal, essentially ineffective

at achieving its intended health benefit in the 'real-world'. Theoretically, once the

effectiveness of a pharmaceutical intervention is measured, health and drug-related

policies should be refined to maximize health benef,rts and minimize costs. In reality,

health and drug-related policies are most often designed based on the results and

outcomes of randomized controlled trials, and only revised after the identification of

adverse events. However, given that this is usually not done and that the impact of

expensive health care technologies such as pharmaceuticals is largely unknown,

allocation of limited health-care resources may be inappropriately decided upon.

If clinical trials (RCTs) inform health policy-makers and drug-approval agencies

as to whether or not a new drug is capable of achieving a reduction in illness, and can do

so safely, what should be the verification that this is actually the case after the drug has

penetrated the market? How can we quantiff the difference between a drug's potential



effrcacy (as demonstrated in clinical trials) and its actual effectiveness (as measured by

analysis of intended health benefits)? What a¡e the research and statistical tools

necessary to do this? Within the framework of system evaluation, the question

concerning effectiveness could be: "To what extent is the care or intervention achieving

the desired outcome(s)?"

1.2 The Unanswered Call for Drug Effectiveness Studies

The Romanow Commission Report of 2004 specifically proposed the creation of

a ne\il National Drug Agency, part of whose responsibility it would be to:

"...systematically evaluate new and existing prescription drugs and share that
information broadly within the health care system. Lessons learned about the use of
particular drugs in reql situations could also be fed back into the development of
guidelines for use of prescription drugs. In the Jìnal analysís, drugs should be
approved for use and coverqge in the health cqre system solely on the basis of their
ffictiveness or efi ciency... " 7 (pg.204).

Yet, a clear definition for 'drug effectiveness' and methods by which to measwe it

continue to be debated by academics, industry, and policy-makers alike.s;8 Several

groups have proposed models for post-licensing drug evaluation,s;e;t0 yet a framework for

undertaking these analyses has yet to be adopted. A key problem in developing and

implementing a drug evaluation program is the lack of comprehensive population-based

data and the inability to adequately adjust for confounding factors.tt These issues will be

discussed shortly, but first, the concepts of 'drug efFectiveness' and 'drug effrcacy' must

be understood.

1.3 Drug Effectiveness vs. Drug Efficacy

The efficacy of a drug therapy is the maximum potential of the drug to achieve a

desired clinical outcome under ideal circumstances. Only within the boundaries of a



randomized controlled trial (RCT)--an ideal circumstance--can efficacy be demonstrated.

That is, patients are chosen to participate in the study according to specific criteria

regarding their clinical 'need' for the drug under study. As well, participants for whom

the study drug is contraindicated or evenpotentially contraindicated are excluded.l2

These inclusion and exclusion criteria result in a patient population with relatively

homogeneous baseline risk sets.

For example, the '4S Trial' was designed to determine the efficacy of simvastatin;

it enrolled 4444 patients with angina pectoris or previous myocardial infarction and

serum cholesterol 5.5-8.0 mmol/L on a lipid-lowering diet.r3 The results of this trial, in

this very specific population, demonstrated that simvastatin can reduce total cholesterol

by 25%. The magnitude of simvastatin's fficacy can be presented as this 25%o percent

reduction in total cholesterol achieved by the study participants randomized to the

simvastatin treatment group relative to the placebo group.

Unlike the restricted cohort of the clinical trial, simvastatin in actual clinical

practice (the 'real-world') might be prescribed to patients with or without a previous

myocardial infarction or with total serum cholesterol below 5.5 mmol/L, creating a

heterogeneous set of baseline risks in the population. It may be that simvastatin

prescribed to a patient with a previous myocardial infarction and a total serum cholesterol

of 6.5 mmol/L, and who continues therapy for five years but forgets to take two doses a

week, only has a maximum potential reduction in total cholesterol of I5o/o (as opposed to

the 25%o reduction demonstrated in the 45 Trial). Thus, the drug's ffictivenes^ç, concerns



the results or outcomes achieved in the actual practice of healthcare with typical patients

and providers in the 'real-world'.la Measuring the effectiveness of this drug would f,rrst

require a description of the 'real-world' situation in which this drug is prescribed.ls It

should also be noted that aparticipant in a clinical trial is closely monitored and

reminded to use their medications, whereas, apatient in an ambulatory setting does not

necessarily receive the same attention and hence may, for various reasons, discontinue

therapy.l6 These and other drug utilization parameters influence the potential

efflectiveness of a drug therapy.

1.4 lndividual vs. Population Drug-Effectiveness

The 'effectiveness' literature describes at least two types of drug effectiveness

measures: individual effectiveness and population effectiveness.tt"8 'Individual

effectiveness' refers to the comparison of disease outcomes between groups of patients

receiving treatment and groups of patients not receiving treatment. Usually,

observational studies that measure individual effectiveness attempt to re-create the study

cohorts of randomized trials from which the treatment was originally studied by

following the same exclusion/inclusion criteria. Dif[erences between the treated and

untreated patient groups are adjusted for via stratification or statistical regression

techniques. 'Population effectiveness' on the other hand, involves comparing specific

outcome rates between treated and untreated groups, including those individuals who

have not yet been identifiedþr treatment (undiagnosed), butþr whom treatment would

be indicated. Essentially, population effectiveness is the "amount by which disease

burden is reduced when only some have been exposed to the therapy of interest."ls At

this level, 'population drug effectiveness' represents the overall health system impoct of



that medicine once it has penetrated the clinical markeþlace (i.e. subsequent to licensing

and approval). It is precisely this type of effectiveness measure that is currently required

and called for by health care legislators and policymakers,lO and which will be the focus

of this thesis.

1.5 Population Drug Effectiveness Analyses in the Literature

A literature search for studies of 'drug effectiveness', in which the main objective

was to quantiff or model the population-level impact of a drug therapy on a specific

outcome, remains a challenging task, as specif,rc search terms do not exist to differentiate

studies of drug effrcacy from studies of drug effectiveness as defined in the preceding

sections. However, three methods of quantiffing 'population-effectiveness' were

identified and are listed in Table 1.1.

Capewell et al.,te quantified drug effectiveness in terms of the 'population

effectiveness' definition previously described, although the term used by the authors was

the more general epidemiological term, 'attributable risk reduction'. In their analysis, the

investigators estimated the contribution of modern cardiovascular treatments to the

decline in coronary heart disease mortality rates between 1975 and 1994. More

specifically, the objective was to determine the relative effect of decreasing the

prevalence of certain risk factors, compared to the effect of drug interventions on the

observed reduction in cardiovascular-related mortality rates. To achieve this, the

expected age-specific mortality rates for 1994 were calculated (assuming no changes in

cardiovascular-related mortality rates since 1975). From this, the actual observed

mortality rate in 1994 was subtracted, giving the number of deaths 'prevented.' Then, the
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various factors (i.e. drug treatments or changes in population risk factors) potentially

responsible for preventing these deaths, and to what magnitude, were analyzed

statistically. To estimate the magnitude of the decline attributable to specific

interventions, such as simvastatin therapy post-myocardial infarction, the authors

multiplied the absolute risk reduction of the specific intervention (obtained from

published RCTs of simvastatin), times the number of individuals in the population

eligible for this intervention (number of individuals who had experienced a myocardial

infarction), times the proportion of patients actually provided with said treatment (also

obtained from published literature on treatment rates; Table 1.1 contains the full

equation).

Data presented by the authors indicates 36, 196 Scottish residents were eligible to

receive simvastatin for secondary prevention following myocardial infarction.te Uptake

of this treatment was reported to be l0o/o of eligible patients and the absolute risk

reduction was 0.006 deaths/year. Multiplying these values together (equation 1.1) results

in the number of deaths prevented attributable to simvastatin use (36,196 x 0.10 x 0.006

: 17 deaths prevented). Therefore, out of a total of 6,205 deaths prevented in 1994

(according to the authors' calculations), simvastatin use accounted for only 0.27Yo of

them.le

Note that the investigators attempted to compare only the relative effectiveness of

different interventions (e.g., drug therapy versus changes in specific cardiovascular risk

factors), and to achieve this end, the methodology described was appropriate. If

however, a more accurate estimation of drug effectiveness is required, the



aforementioned methodology presents some considerable limitations. First, it is

important to note that their model assumes a homogeneous baseline risk in the eligible

population. Thus, the absolute rate reduction would be constant across the entire

population. The absolute mortality rate reduction in specific sub-groups is required to

more accurately calculate the number of deaths prevented, but this information is often

not available in the published literature. Also, the treatment uptake rate was crudely

estimated from observational studies and then applied to populations often very different

than those the authors considered 'eligible.' Factors such as socio-economic status,

insurance coverage, region of residence, and physician specialty play large roles in

determining treatment uptake rates2};2r;these were not accounted for in the authors'

analysis, nor many of the analyses from which these rates were extrapolated. Hence,

assuming that treatment uptake is constant across all patients deemed 'eligible' for

therapy is an over-zealous assumption. Unfortunately,lack of data in specific sub-groups

regarding drug efficacy, tolerability, compliance, and persistence is often lacking from

RCTs and the only values available must be applied to the entire population.

A similar model was proposed by Heller et a1.22, although the model described by

this group is intended to provide an estimate of the number of events prevented if a

specific risk factor were eliminated in the population. Theoretically, this model could be

applied to drug eflectiveness studies if the population attributable risk value were

calculated using the proportion of the population exposed to drug (instead of the

proportion of the population exposed to a risk factor) and the relative risk value is the risk

of an event given exposure (i.e. drug use; See Table 1.1 for formula). Unfortunately, this



method assumes 100% uptake and compliance by physicians and patients and, thus, is not

representative of real-world situations.

Another multiplicative model, with some additional parameters, was proposed by

Tugwell et al. nearly two decades ago as part of a larger 'technology assessment iterative

loop'.23 In Tugwell's model, the effectiveness of a health technology (including drugs) is

the product of the following parameters: (l) the drug's efficacy; (2) the diagnostíc

accuracy of physicians or technologies to identiff individuals in need of the drug; (3) the

compliance of health professionals to prescribe the drug when appropriate; (4) patient

compliance to the prescribed regimen; and (5) patient coverage (the proportion of the

patients requiring the drug and actually having access to the therapy; Table 1.1).

At the time of this manuscript preparation, no examples in the published literature

were found in which Tugwell's model, in its entirety, has been applied to measure

population drug effectiveness. Several studies have reported on the individual parameters

such as prescribing patterns across physician specialties for specific drugs (compliance of

health professionals)2426 , patient compliance 10;27 , andthe impact of insuranc e coverage

on drug utilization and access 
tt. Ho*",ner, the interaction and combined influence of

these parameters on the overall effectiveness of drug therapy remains an anal¡ical

challenge to health services researchers.
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Table 1.1. Population 'Effectiveness' measures in the literature.

Reference

Capewell et
al. te

Terminology to Describe

'Effectivenesst

Number of Disease Events
Prevented Attributable to the Use
of Drug X

Effectiveness Formula

Number of Events Prevented :

[eligible population] x [rate of
treatment uptake] x [absolute rate
reductionl

Heller et al22
.PIN-ER.f'

Population Impact Number of
Eliminating a Risk over the next ¡
years

Easy to calculate æ formula
parameters can be acquired fiom
published literature

Strengths

Note: The authors intended forthis
measure to represent the number of
events prevented ifa risk factor
were eliminated in the population.
In the case of drug use, this
measure would reflect the number
of events prevented given the

[population size] x [Incidence of
outcome in the population over t
yearsl x [population attributable
riskl

Can be used to determine the relative
effectiveness of several different
therapies (e. g.,proportion of disease
events prevented by drug X relative to
drug Y.

Values a¡e acquired fiom published literature and may not be
generalizable to the population ofactual drug users.

* [population attributable risk]
represents the proportion ofthe
total risk that would be removed
the risk factor wæ removed:

Limitations

PAI{=[P,X(RR-1 )]/[1 +P,(RR- I )] ;

where P,=roportion of population

Effectiveness values are extremely crude, particularly when
infonnation regarding specifi c sub-populations is required.

Easy to calculate æ formula
parameters can be acquired from
published literature

It is unclea¡ whether or not the' eligible population' refers to
the number of individuals with the disease/condition or the
number of individuals with the disease/condition for which
treatment should be provided (i.e. not all individuals with
disease/condition are eligible for treatment).

The resulting value is easy to
understand and translate for decision-
makers and stakeholders.

Values are generally acquired from published literature and
may not be generalizable to the population of actual drug users

This value assumes 100% uptake and compliance by physicians
and patients.

Does not represent 'real-world' conditions as drugs are not
consumed by 100% of patients.
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Reference

Tugwell et
al'"

Terminology to Describe
tEffectiveness'

introduction ofa drug into the
population.

Community Effectiveness

Effectiveness Formula

exposed to drug; and RR is the
relative risk ofevent given
exnosure.

[efficacy] x [diagnostic accuracy']
x [health professional compliance]
x [patient compliance] x [coverage]

Strengths

Somewhat eæy to calculate as [most]
formula parameters can be acquired
from published literature

* 
Diagnostic Accuracy: the proportion ofthe population with disease/condition that is accurately diagnosed (Positive Predictive Value).

Incorporates measures of physician
and patient compliance, as well æ the
influence ofthe individual's access to
the therapy (coverage).

Values a¡e generally acquired from published literature and
may not be generalizable to the population of actual drug users

Limitations

Some parameters are not described in the literature
(e.g.,proportion of individuals receiving drug insurance
coverage or appropriate access to medical therapy).
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1.6 A New Drug Effectiveness Model

The effectiveness formulas presented in Table 1 .1, although logical and easy to

translate, are insufficient in their ability to measure drug effectiveness in the 'real-world'.

First, none of the methods provide timely information for policymakers as they must each

wait for the collection and dissemination of randomized tnal data and only then, if the

trials have in fact provided the necessary information, can the formulas be executed to

estimate effectiveness values. Second, because the values of each variable in the models

are extracted from different published articles, pertaining to different populations at

different points in time, the resulting effectiveness value is potentially contaminated with

several time-related biases. To deal with this issue of timeliness, an observational cohort

analysis which studies a single cohort through a specified time period is required.

However, critics argue that the observational cohort study may not be ideally

suited for studying the intended effects of drugs because of the inability to control for

confounding, and more specifically, confounding by indication.rl:12;2e:30 This type of

confounding occurs when a drug treatment serves as a marker for a clinical characteristic

or medical condition that triggers the use of the treatment and that, at the same time,

increases the risk of the outcome under study.3l For example, if one were analyzingthe

effects on antihypertensive therapies on the risk of cardiovascular events in an

observational cohort setting, it might appear that the subjects using the antihypertensives

(i.e. the treatment group) experienced higher incidences of cardiovascular events.

However, it is precisely because of their baseline risk of suffering a cardiovascular event

that physicians initiated antihypertensive therapy.32
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A recent example of an observational study which examined the intended effects

of a drug is provided by Masoudi et at.(2004).33 ln a cohort of patients with heart

failure, hierarchical logistic models were used to first adjust for the differences associated

with initiating angiotensin-converting enzyme inhibitors (AcE-inhibitors). The overall

effectiveness of ACE-inhibitors was then compared between the treated and untreated

patients and a l4%o reduction in l-year mortality rates resulted. Others have made similar

adjustments for differences in the likelihood to be prescribed or to initiate therapy by

using propensity scores to match treated and untreated patients based on their matched

likelihood to receive treatment 34-36 - Atleast one group argues that matching on the basis

of propensity scores or multivariate regression techniques, does not account for enough

of the 'unmeasured differences' between treated and untreated groups tt. However,

depending on the drug being evaluated and the data sources available to measure its

effectiveness, these methods may in fact be sufficient to provide policy-makers with

appropriate drug effectiveness evidence (and will be discussed in greater detail in Chapter

Six). Nonetheless, an observational cohort analysis should be used with caution and only

if the factors which predict drug exposure status can be identified and adjusted for in the

modeling exercise.

Therefore, given the conditions described above, at least 3 important factors must

be incorporated into a drug eflectiveness model: (1) the likelihood of identiffing patients

for drug therapy (or, diagnostic rate); (2) the likelihood of patients to initiate therapy,

and; (3) the persistence and adherence rates to the study drug by study individuals. Each

of these factors is briefly introduced here along with a demonstration of its importance to

the overall analysis of drug therapy effectiveness.
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I. Diagnostic Rate (Identifìcation qf Eligible Patients\: The likelihood of receiving a

diagnostic test will affect not only whether an individual is diagnosed with a specific

illness, but will also affect whether this individual will receive treatment. The population

efflectiveness of any drug intervention greatly depends on the identification rate of those

for whom treatment is indicated. Hence, inclusion of a variable to account for the

identification or diagnostic rates in the population is warranted.T Furthermore, by

identiffing which subjects were diagnosed and by incorporating the factors which predict

receipt of a diagnostic test, the confounding by indication bias can be minimized.

2. Drue Initiation Rate: Any associations between physician or patient

characteristics and the likelihood of initiating a drug therapy must be accounted for in a

drug effectiveness model. This is because 'real-life' drug effectiveness studies are

inherently observational analyses and randomization into treatment categories does not

occur. Again, this contributes to the confounding by indication bias, in which subjects

most likely to suffer the outcome of interest are those who are most likely to be

prescribed therapy.e'3 
I

3. Adherence and Persistence to Prescribed Drug Regimens: 'Adherence' to a drug

regimen refers to the proportion of doses taken by the patient over a specific medication

I The 'diagnostic rate' variable discussed here is notably different than Tugwell's
'diagnostic accuracy'variable discussed earlier (Table 1.1). Tugwell's'diagnostic
accuracy' parameter refers to the sensitivity and specificity of a particular technology
used to confer a diagnosis of 'diseased' or 'not diseased'. An example would be the
positive predictive value (PPV) of a genetic test to identiff ca:riers of a particular gene.

The 'diagnostic rate' described here represents not the accuracy (or PPV) of the genetic
test itself, but the rate at which individuals are sent for genetic test assessments.
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intewal.3T;38 Si.nilarly, 'persistence' to a drug regimen refers to the overall length of time

on a drug therapy.3e Once a patient is diagnosed and initiates treatment, adherence and

long-term persistence to the prescribed regimen remain the major obstacles preventing a

drug from achieving its maximal efficacy. For chronic conditions, non-redemption of

repeat prescriptions is assumed to be equivalent to treatment discontinuation and may

lead to the natural progression of the disease for which the drug was originally prescribed

40. Essentially, poor adherence or persistence to a prescribed drug regimen directly

affects the amount of drug the patient is exposed to, influencing the degree to which the

drug can be effective. In many drug classes, particularly those for which drug must be

used for years to treat or prevent a chronic condition, it is unknown at what minimum

dosage and/or for what minimum length of time a drug must be used to still exert a

beneficial effect in its target population. In other words, what are the observed

population adherence and persistence rates and are they suffrcient to effectively treat or

prevent illness?

1.7 Data Requirements to Develop a Population-Based Drug
Effectiveness Model

There are at least two other criteriathat must be fulfilled in order to conduct an

observational study of intended drug effectiveness. First, researchers require access to a

comprehensive, population-based administrative database and second, the effectiveness

analyses can only be carried out for a well-defined disease end-point. Each of these

criteria are discussed below.
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1.7 .1 Comprehensive Population-based Administrative Health Databases

The ability to measure 'population drug efflectiveness' in a manner by which each

of the aforementioned factors can be accounted for, requires specific data sources and

complex statistical techniques. Essentially, these analyses can only be caried out using

comprehensive population-based data. In order to perform these analyses routinely, the

data need to be timely and collected in a cost-efficient manner. Administrative health

data fulfill many of these criteria. Unforn¡nately, comprehensive data on an entire

population continues to exist in a primitive state in many Canadian provinces. For

instance, to identiff and subsequently adjust for factors contributing to confounding by

indication, administrative databases must contain not only hospital, physician and

pharmaceutical records, but also clinical datainthe form of lab results, x-ray

assessments, and even socio-demographic information.3O Databases that can link

medical, hospital, and pharmaceutical claims at the population-level exist in Manitoba,

British Columbia, Saskatchewan, and only in certain populations of Quebec and Ontario.

Population-based clinical data (i.e., x-ray results) have only recently been added to the

Manitoba data and even then, only for certain diagnostic results.4l By examining the

potential for these high quality comprehensive datasets to adjust for confounding issues

one should be able to expedite their potential for providing timely evidence of

effectiveness to decision-makers. For example, identifuing variables that are needed for

future research would enable the routine collection of data by health system participants.

1.7.2 Well-defined disease endpoints

In order to measure how well a drug works towards its intended target, the disease

endpoint must be clearly defined and accurately measwed. If population-based
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administrative databases are to be used to identifr clinical outcomes, then there should be

confidence that the outcome will be present and accurately coded in the database. Not all

clinical conditions or diseases have endpoints which can be identified through

administrative data. For example, studies which have attempted to examine 'asthma

exacerbations' using administrative health databases frequently discuss the potential

misclassification of cases (subjects who experienced an event) because not all asthma

exacerbations require presentation to a physician or hospital .o''n3 Other studies of drug

effectiveness examine much broader endpoints, such as mortality, in an effort to avoid

these misclassification 6¡^æ.343s;44;4s

***

Given these important criteria necessary to conduct an accurate observational

study of drug effectiveness, the search for a model disease or outcome category, and one

that can be assessed with an accurate, comprehensive, population-based data source,

proves to be a challenging a task. In the following section, a potential candidate disease

is described -- osteoporosis. The factors associated with measuring osteoporosis-related

drug effectiveness are described as they relate to the terms previously discussed, and the

data required to perform such an analysis are introduced.

1.8 Overuiew of Osteoporos¡s

Osteoporosis is defined as a systemic skeletal disorder chaructenzed by low bone

mass and micro-architectural deterioration of bone tissue. Consequently, bone quality

and strength are compromised, predisposing individuals to an increased risk of fracture.a6
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Osteoporosis develops when bone resorption occurs too quickly and/or bone formation is

deficient. In women, the years after menopause are characterized by a disruption in bone

metabolism homeostasis due to declining estrogen levels.aT This is not the only element

in the etiology of osteoporosis. Other studies have demonstrated a multi-factorial

etiology of this disorder, including: advanced age, low body mass index (BMI), family

history of the disorder, smoking, corticosteroid use, and increased bone turnover.474e

The most significant contributor to post-menopausal osteoporosis, however, is the rapid

loss of bone mineral densþ (BMD) within the first few years after menopause, and the

continuing decline, albeit not as rapid, thereafter.aT

Subsequent to the discovery that low BMD is strongly correlated with risk of

fracture, several technologies were developed to accurately measure bone density and

ultimately predict a woman's risk of fracture. s0 Dual-energy x-ray absorptiometry

(DXA) and dual photon absorptiometry (DPA) technologies are capable of measuring

BMD of the entire skeleton with minimal radiation exposure and precision in the range of

| - 30/ .s1-s3 An expert panel of the World Health Orgatnzation (WHO) derived an

operational definition of osteoporosis to categonze women at risk for fracture based on

the results of densitometry assessments.sa According to the WHO criteria, a white, post-

menopausal woman with a BMD value more than 2.5 standard deviations below the

young adult average (i.e., T-score less than -2.5), is considered osteoporotic.sa If a

woman demonstrates a prevalent fracture in conjunction with a T-score less than -2.5, she

is classified as having established osteoporosis. A T-score ranging between -I.0 and -2.5
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indicates 'osteopenia' (low bone mass) while a T-score no less than -1.0 indicates normal

bone mass.s4

Despite the availability of bone densitometry and the strong independent

association between low bone mass and increased fracture risk, the V/HO criteria

described above do not take into account any other clinical risk factors which may also

significantly increase a woman's risk of sustaining an osteoporosis-related fracture. The

Study of Osteoporotic Fractures (SOF) reported that women with bone density in the

lowest tertile, together with 3-4 clinical risk factors (such as maternal history of hip

fracture, long-term corticosteroid use, artd/or long-acting betuodiazepine use) were at a

signifrcantly higher fracture risk than would be expected based solely on their bone

density scores.St The SOF investigators further concluded that the independent eflect of

each risk factor (including bone densþ) is moderate, however, the combined effects of

several prevalent risk factors on risk of fracture is dramatic.

1.8.1 Effects on Morbiditv and Mortalitv

The Osteoporosis Society of Canada estimates that one in four women over the

age of 50 will be aflected by osteoporosis.s6 Fractures are the most common and costly

clinical consequence of osteoporosis, particularly fractures of the hip, vertebrae, and

forearm.sT-te The impact of osteoporotic fractures has far reaching effects into the

physical, psychological and social determinants of health-related quality of life. At least

one large Canadian population-based study involving over 6500 women demonstrated
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that not only do fractures of the hip lower health-related quality of life (FRQL),

subclinical vertebral fractures also exert a modest negative effect on HRQL.60

Risk of mortality is highest in the first year following a hip fracture.6r Deaths

following fracture are not due to the fracture per se, but can be linked to the chronic

illnesses that lead to both the fracture and ultimate demise.6l Risk of mortality

subsequent to vertebral fracture does not decline after the first year as with hip fractures.

This increased risk of death from vertebral fracture may be associated with increased

rates of cardiovascular and pulmonary disease appearing after vertebral fracture.6l

Interestingly, total mortality from all osteoporosis-related fractures exceeds that from

cancers of the breast and ovaries combined.s6

Nearly 33Yo of patients become dependent on others to carry out basic activities

of daily living following a hip fractur..56;61 Nursing home care is required by at least 8%

of women after hip fracture. Although about 20%o of women who sustain a hip fracture

were non-ambulatory prior to fracture, 50% of those who could walk are able to do so

after.6t Vertebral fractures can manifest as back pain, kyphosis,l and height loss.

However, most vertebral fractures escape diagnosis. Occult fractures are still of clinical

relevance since these women are substantially more likely to suffer from chronic back

pain and functional difficulties.60;6r

I Excessive curvature of the upper spine, resulting in humpback, hunchback or rounding
of the shoulders.
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1.8.2 Prevalence

The prevalence of osteoporosis in Canada is not well documented. Part of the

problem in measuring prevalence is the definition of osteoporosis itself. Some studies

report prevalence in terms of BMD, classified according to the aforementioned WHO

$iferra.62 Incident hip fracture rates are sometimes reported as a sulrogate measure for

osteoporosis prevalence, but this does not take into account the actual burden ofdisease

since many women live with osteoporosis and remain undiagnosed and untreated until a

catastrophic fracture occurs.63{6 Furthermore, subclinical fractures of the vertebrae often

remain undiagnosed, further under-estimating the prevalence of osteoporosis.

Population-based research in Canadian women, which categorized women with

osteoporosis using the WHO criteriA estimated prevalence in women aged > 50 years at

l2.l%at the lumbar spine, and7.9%o at the femoral neck.62 The prevalence of

osteoporosis significantly increased with age. For example, approximately 6%o of women

aged 50-59 demonstrated BMD in the osteoporotic range at the spine, whereas I5%o of

women aged 60-69 and20%o aged over 80 were classified as osteoporotic. A similar,

age-related increase in prevalence was observed at the Inp 32Yo of women over 80 years

were osteoporotic compared to less thanl}o/oof women between 60-69 years of age.62

The authors also reported that prevalence rates varied across Canada" and between rural

and urban settings. The importance of determining the true prevalence rate emerges

when attempting to develop interventions for decision-makers, physicians, and patients.

Therapeutic strategies to benefit women at highest risk of osteoporotic fracture are futile

when the target population cannot be accurately identified.
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1.8.3 Therapeutic Goals of Osteoporosis Pharmacotherapv

Many schools of thought exist regarding the methods and/or timing of

osteoporosis treatment and prevention, including those that promote attainment of peak

bone mass in early adulthood as the primary prevention -easure.67'68 Others propose that

primary prevention should begin at menopause when bone mass begins its rapid

decline.6s;óe Finally, others lobby for the treatment of the disease (osteoporotic fractures)

and not the risk factors (menopause)70 or their surrogate markers (bone mineral density).

Prevention of fracture and its consequences should be the primary goal of any

pharmaceutical therapy designed to treat women with osteoporosis. In early trials, the

emphasis on regaining lost bone mineral density seemed to be the primary endpoint in the

clinical trials from which these therapies achieved government approval. More recently,

clinical trial investigators have included vertebral and non-vertebral fractures as

endpoints in clinical trials.1l'11 The following section describes the pharmacotherapies

licensed in Canada at the time of this thesis preparation, as well as their anti-fracture

efficacy as determined through randomized controlled trials.

1.8.4 Pharmaceutical Therapies for Osteoporosis Prevention and
Treatment

At the time of this thesis preparation, several prescription pharmaceuticals in four

drug classes were licensed in Canada for the prevention and treatment of osteoporosis -

hormone replacement therapy, bisphosphonates, selective estrogen receptor modulators,

and calcitonin. These four drug classes represent the osteoporosis-related
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pharmacotherapies underlying every analysis within this dissertation. Each class, and in

specific cases the drugs within the class, will be briefly discussed with specific regard to

the clinical trial reports which demonstrated their potential efficacy for fracture

prevention.

1.8.4.1 Hormone Replacement Therapy (HRT)

The recent publication of the Women's Health Initiative lifted many of the

uncertainties surrounding the safety profile of hormone replacement therapy (HRT). 6;78

This large, double-blind, randomized controlled trial demonstrated that HRT decreases a

woman's risk of hip fracture by 33% after an aveïage of five years therapy but, in doing

so, may significantly elevate her risk of breast cancer and cardiovascular disease. As

listed in Table 1.2, HRT also decreased both non-vertebral and overall fracture risk by

approximately 25%o. Clinical vertebral fracture risk (i.e., those vertebral fractures

diagnosed by a physician and not specifically according to radiographic criteria), was

reduced by approximately 35%;o in HRT users.

The efficacy of HRT on fracture risk did not differ across groups of women

stratified by baseline risk of osteoporosis t8. That is, when women were gtouped

according to their number of clinical risk factors for osteoporosis, the effect of treatment

did not differ between groups - women at highest risk of fracture experienced a similar

level of fracture risk reduction from therapy as women in the lowest fracture risk group.

In contrast, the results of clinical trials with bisphosphonates demonstrated that only

women at highest risk of fracture experienced fracture risk reduction. As a direct result
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of the release of the V/HI results, many women and their physicians are seeking other

forms of preventive osteoporosis therapy, which can be used safely over the longer

term.79-81

Another large, prospective, multi-centered randomized clinical trial of hormone

replacement therapy - the Heart and EstrogenÆrogestin Replacement Study (HERS) -

demonstrated that HRT conferred no beneficial effect on fracture risk, at any site,

regardless of baseline fracture risk.82 However, because fracture events were only

secondary endpoints, and because the population under study were women with coronary

disease, this study was not included in the list of studies in Table 1.2. Nonetheless, the

lack of fracture prevention in women treated with HRT should be noted.

1.8.4.2 Bisphosphonates

At the time of this analysis, there were three (3) bisphosphonates approved for use

inCanadafor the prevention and treatment of post-menopausal osteoporosis - etidronate,

alendronate, and risedronate. The data regarding their relative fracture risk reduction

effrcacy is listed in Table 1.2. Most clinical trials of bisphosphonates examined fracture

risk reduction in \ilomen with established osteoporosis and hence, at highest risk of

subsequent fracture (i.e., women with prevalent vertebral fractures and low BMD (= -2.5

SD below young adult mean;.7l All three bisphosphonates demonstrated similar vertebral

fracture risk reduction of 37-50% after approximately 3 years of treatment. In women

with low BMD but without prevalent vertebral fractures, the second arm of the Fracture
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lntervention Trial (FIT-II) found a significant reduction in fractures amongst women

heated with alendronate (RR 0.50; 95%;o CI:0.31, 0.82).73

Both alendronate and risedronate have demonstrated clinical trial efficacy in

reducing the risk of hip fracture after approximately 3-4 years of treatment in specific

high risk populationsTr'73. Both FIT-I (women with established osteoporosis) and FIT-II

(women with osteoporotic BMD but no prevalent fractures), demonstrated hip fracture

risk reduction between 5l-56%o.7 
t't3 Ho*errer, these risk reductions should be considered

with caution as the confidence intervals around these results are barely signif,rcant (FIT-I

RR 0.49; 95%o CI:0.23,0.99; FIT-II RR 0.44; 95o/o Cl:0.18,0.97). Interestingly, a large

randomized controlled trial of risedronate, designed specifically to investigate hip

fracture risk reduction, determined that the drug was only efficacious for women aged70-

79 wftha prevalent vertebral fracture.76 In age-matched women without prevalent

vertebral fractures, and even in women over 80 with at least one clinical risk factor

indicating high risk of hip fracture, treatment with risedronate for 2.3 years demonstrated

no reduction in hip fracture rate (RR 0.60; 95% CI: 0.3 - I .2 lor women aged 70-79

without prevalent vertebral fractures; RR 0.80; 95%o CI:0.60 - 1.2 for women 80 years

and older with at least one clinical risk factor).7ó

1.8.4.3 Selective Estrogen Receptor Modulators (SEI{M)

Thus far, the only SERM available in Canada for the treatment and prevention of

osteoporosis is raloxifene @vista@). Raloxifene is a tissue-specific estrogen

agorttst/antagonist with estrogen-like effects on bone metabolism, yet without the
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estrogenJike consequences on the breast and endometriums3. Only one study to date

examined the fracture risk reduction potential of raloxifene at both vertebral and non-

vertebral sites. After 3 years of treatment and observation, incidence of new vertebral

fracture in women decreased by 30% in the treated groups. However, there was no

observed non-vertebral fracture risk reduction after treatment (including hip fractures) 83

1.8.4.4 Calcitonin

Only one large double-blinded, randomized, placebo-controlled study examining

the potential fracture risk reduction of calcitonin has been reported to date 84. The results

indicate that women treated with 200 IU salmon calcitonin for 3-5 years, experienced

33%o fewer new vertebral fractures compared to the placebo group. Calcitonin may also

have analgesic properties and has been studied to treat pain due to recent osteoporotic

vertebral crush fractures 8s.

t**

Closer examination of Table I.2, and the randomized controlled trials listed

therein, reveals that with respect to vertebral fractures each of the four drug classes

efficaciously reduce fracture risk by approximately 35-49%. However, the populations

represented by these studies are non-homogeneous. For example, the study which

demonstrated the greatest vertebral fracture risk reduction, the MORE trial of raloxifene,

reduced ûacture by 50% in women with pre-existing clinical fractures and only 40%o in

women without pre-existing fractures.83 The effectiveness of raloxifene in the 'real-
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world' may be vastly different because women do not routinely undergo x-ray diagnosis

for vertebral fractures, so identification of fracture events go unnoticed. If a woman, with

a pre-existing vertebral fracture, but who is unaware of this fracture initiates this

treatment regimen, it is unknown how well she will persist or adhere to therapy,

particularly if knowledge of her condition is unknown. As explained earlier, the

adherence and persistence to therapy will ultimately decide how effective the treatment

will be in potentially reducing her risk of sustaining another fracture. Again, the need to

perform an observational cohort analysis is warranted.

With respect to hip fractures, the fracture which is most expensive to treat and

causes the greatest amount of morbidity and mortalitysT, only the bisphosphonates

risedronate and alendronate have demonstrated efficacy .71;73;76 With respect to

risedronate, fracture risk reduction was only demonstrated in women aged70-79 with

prevalent vertebral fractures.76 The WHI trial of hormone replacement therapy

demonstrated efficacious hip fracture risk reduction regardless of baseline osteoporosis

status.6;78 Since the publication of this trial in 2002,many women and their physicians

are choosing not to initiate treatment with HRT because of the potential for

cardiovascular disease and breast cancer, so it remains to be seen if physicians are

switching to an alternate osteoporosis therapy for these women. 80 Also unknown are

how women will perceive their health risks when offered another form of therapy. That

is, given that for years hormone replacement therapy was considered safe and effective,

will women readily take up another drug regimen which is'reportedly' safe and effective?
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Not all of these questions can be addressed in a single observational cohort

analysis, particularly one which relies solely on administrative health databases, because

the information regarding physician and/or patient preferences, as well as information

regarding their attitudes and beliefs towards disease risk and therapeutic choices, are not

collected for administrative purposes. However, measuring the impact of these drugs on

overall fracture risk, regardless of the fracture site (i.e., vertebrae, hip, wrist, etc.), can be

conducted with a well-designed observational cohort study which specifically controls for

the differences between those who receive treatment and those who do not. Differential

access to therapy and the patterns by which physicians and patients continue on therapy

are not considered in any of the aforementioned clinical trials and hence, the true

effectiveness of osteoporosis-related drugs remains unknown. Fortunately, as the

following sections will discuss, it is feasible to conduct an observational cohort analysis

of osteoporosis-related treatment effectiveness.
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Table 1.2 Randomized clinical trials of the efficacy of osteoporosis pharmacotherapies in preventing fractures

Drug

Hormone
Replacment

Therapy
(0.625 rng CEE

+ 2.5 mg
MPATT

Etidronate

t-ú

Trial Name
and/or

Reference

WHI O;'O

Ø()
cÉ

o
Þ.
Øo
a.û

co

Study Population

Alendronate

Alendronate

Women 50-79 with intact
uterus (regardless of
osteoporosis status)

Meta-
Analysis of
13 RCTs 86

FIT-I71

FIT-II73

Risedronate

Risedronate

Average
Follow-Up

Time

N/A

Women with prevalent
vertebral fractures and

low BMD
Women without

prevalent vertebral
fractures and low BMD

(T-score < -2.5)
Women aged < 85 years
with prevalent vertebral

fracture
Women aged < 85 years
with prevalent vertebral

fracture

$ Clinical fractures: Includes vertebral fractures if a physician diagnosed it at a clinical visit.
** 

Generally includes fractures of the clavicle, humerus, wrist, pelvis, hip or leg)
rr CEE: Congugated Equine Estrogen; MPA: Medroxyprogesterone acetate

VERT-North
AmericaTa

5.2 years

Any
Clinical

Fracture$

VERT-
Europe &

Australia 87

0.76 0.6s
(0.69, 0.83) (0.46, 0.92)

Relative Risk of Fracture
RR(es% cD

2.9 years

4.2 years

Vertebral

0.64
(0.50, 0.82)

Hip

3 years

3 years

0.67 0.7s
(0.47,0.96) (0.68, 0.83)

0.63
(0.44,0.92)

0.s3
(0.41, 0.68)

0.50
(0.31, 0.82)

(Radiographic)

0.59
(0.43, 0.82)

0.51
(0.36,0.73)

Non-
vettebral**

0.49
(0.23,0.99)

0.44
(0.18,0.97)

0.99
(0.69,1.42)

0.60
(0.39, 0.94)

0.67
(0.44,1.04)
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Drug

Risedronate

Trial Name
and/or

Reference

HIP

Raloxifene MORE 83

(120 mg)rt

Study Population

4ú
t¡l(A

Women aged 70-79 with
prevalent vertebral
fractures at baseline
Women aged70-79
without prevalent

vertebral fractures at
baseline

Women 80 and over
with2lclinicalrisk

factor for hip fracture
Women without

prevalent vertebral
fractures and low BMD

(T-score < -2.5)
Women with pre-
existing vertebral

fractures
rWomen with or without
pre-existing vertebral

fractures
Women with 1-5

prevalent vertebral
fractureso

()
(d
O

Average
Follow-Up

Time

Calcitonin PROOF 84

(2oo rtr¡ss

2.3 years

2.3 years

ff 60 mg doses were also included in the MORE trial, but only the 120 mg results are shown here.
$$ 100 IU and 400 IU were also evaluated in the PROOF trial, but only the results of the 200 IU dose is ïeported in this table. It was
only this dose that demonstrated 'statistical significance' according to the authors of the original trial.

Any
Clinical

Fracture$

Relative Risk of Frachre
RR (95% CÐ

2.3 years

36
months
(88%)

36
months
(88%)

36
months
(88%)

36
months

Vertebral Hip

0.40
(0.2,0.8)

0.60
(0.3, 1.2)

(radiographic)
0.6

(0.4,0.9)

(radiographic)

0.5
(0.4,0.6)

Non-
vertebral**

0.80
(0.6-r.2)

(radiographic)

0.64
(0.43, 0.96)

1.1
(0.6, r.9)

0.5
(0.2, 1.6)

0.9
(0.8,1.1)

0.88
(0.59, 1.32)
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1.9 Osteoporosis as an Ideal Candidate for a Population Drug
Effectiveness Study

Canadian clinical practice guidelines recommend bisphosphonates (particularly

alendronate and risedronate), hormone replacement therapy, and/or raloxifene as first-

line preventive therapies in women with low BMD.88 With the exception of hormone

replacement therapy, these drug classes are fi.rther recommended as f,rrst-line

treatments for women with established osteoporosis. Calcitonin is only recommended

as a second-line treatment for women with established osteoporosis. Yet, despite the

availability of clinical practice guidelines, no evidence exists regarding the population

drug effectiveness of osteoporosis-related treatments according to the definition

described earlier in this thesis. That is, given the differential access to diagnostic

technologies, physicians, and drugs, as well as the differential adherence and

persistence rates to prescribed regimens, do women who initiate treatment experience a

reduction in fracture risk?

To demonstrate osteoporosis-related population drug effectiveness , consider

the following example. Clinical trials have demonstrated that alendronate can reduce

vertebral fracture rates by 59Yo after 12 months of therapy and hip fracture rates by

53%o after 18 months of continuous therapy in women with very low bone mineral

density (2.5 SD or more below the young adult peak).8e Upon diffusion of the therapy

in actual practice, if alendronate is as ffictive as it is efficacious, one should expect to

see hip fracture rates (in the population of women diagnosed with osteoporosis) drop

accordingly. Figure 1.1 displays a hypothetical population and the observed hip
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fracture rates over aten-year period. Between 1990 and 1995, hip fracture rates are

steadily increasing at an average of about 7o/o ayear. If incident fractures continue to

increase at about the same rate, one would expect a trendline similar to the solid line in

Figure 1 . 1 . However, in 1995 alendronate was licensed for use in Canada to treat

women with established osteoporosis and to prevent subsequent fractures. If this

therapy is effective in preventing hip fractures, one would expect fracture rates to

proceed at arate significantly less than that observed prior to the availability of this

therapy, and possibly at arate similar to that depicted by the dashed line in Figure 1.1.

The difference between the solid line (expected fracture rates without therapy) and the

dashed line (observed fracture rates subsequent to the availability oftherapy) represents

the overall impact of interventions aimed at reducing fracture rates.

Another example is illustrated in Figure l.2,inwhich the efficacy of a drug is

compared to the effectiveness of the drug in the 'real-world', in which data from

published studies of osteoporosis therapies are applied. From the pathway labeled

'Clinical Trial', it can be assumed that if a population of 1000 women were enrolled in

a randomized controlled clinical trial of an osteoporosis drug therapy, they would all be

assessed for osteoporosis and only those at risk of an osteoporosis-related event would

be included in the trial. Hence,l00%ó of women would receive either a BMD or

clinical examination to assess their risk. In the 'real world' however, if another sample

1000 women were selected, only a small fraction would receive a BMD or clinical

osteoporosis assessment. Subsequent to receiving this diagnosis, only a fraction initiate

therapy, and subsequently again, only a fraction persist on therapy for a significant

duration. The overall effectiveness, in the 'real-world' is drastically different than that
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seen in the clinical trials. It may even be that the current diagnostic, initiation, and

persistence rates lead to no observable fracture risk reduction af all.
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Figure 1.1. A potential measure of 'Drug Effectiveness'.

Hip fracture rates (fractures/I0 000py) observed in women 80 years and over without an available
intervention should continue to increase at a rute similar to the solid line. However, since the
introduction of bisphosphonates in 1995, a reduced hip fracture rate should be observed if the drug is
actually ffictive (dashed line)
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Unfortunately, measuring drug-effectiveness at the population-level presents

greater methodological challenges than just comparing all untreated women to treated

women, or simply comparing fracture rates before the availability of efficacious therapies

to fracture rates at a later date. A much more complicated situation results, and an

observational study aimed at measuring the impact of this therapy must include the 3

factors discussed an earlier section. Namely, the diagnostic rate of the disease, the

initiation rate of treatment by \¡r'omen, and the adherence and persistence rates to therapy

must be incorporated into the model of osteoporosis-related drug effectiveness. Each of

these three factors and how they are specifically applied in an analysis of osteoporosis-

related drugs is described below.

l. Diagnostic Rate

Not all women are routinely assessed for osteoporosis or its risk factors.

However, when such an assessment takes place by a physician, the diagnosis of

osteoporosis, or even a designation of 'high-risk of osteoporosis' (which may also

warrant preventive drug therapy), can be made during clinical examination of the patient

through assessment of maternal osteoporotic history, smoking status, height loss, and

simple low-tech diagnostic assessments such as wall-occiput distance, rib-pelvis distance,

and/or hand grip strength e0. The availability of bone densitometers in recent years, has

enhanced the physician's ability to diagnose osteoporosis and many women are routinely

sent for a BMD assessment when suffrcient clinical risk factors (like the ones mentioned

above) warrant further examination. ln fact, the provincial drug formulary in Manitoba

(from 1996 through 2004) specified that only those women with low bone mineral
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density (as measured by bone densitometry) or those with a prevalent osteoporosis

fracture, were eligible for insurance coverage of their osteoporosis-related medications

(specifically, the bisphosphonates, calcitonin, and raloxifene).el Since the receipt of a

BMD assessment is positively associated with the likelihood to be reimbursed for

prescription expenses and hence, the likelihood to initiate an osteoporosis

pharmacotherapye', it is only fitting that the factors predicting which \¡/omen receive

BMD assessment be accounted for in an overall drug effectiveness model (Figure 2,Box

A).

Unfortunately, datawhich would allow investigators to quantifu the parameters of

diagnostic assessment rates do not always exist. Specif,rcally, most administrative

databases do not include records of diagnostic tests, and those that do are limited to a

record that simply indicates that the test \ilas performed. Rarely are the results of these

tests electronically recorded. In order to accurately identiff the rate at which study

subjects are receiving diagnostic assessments, the investigator requires a population-

based clinical dataset that contains, at the least, an indicator that the diagnostic test was

performed. Fortunately, Manitoba has a population-based database of all BMD

assessments performed in the province since 1990.0t'e3 
'With 

the information contained

within this database, the diagnostic rate can be much more accurately measured and a

potential confounding factor is minimized.

2. Drug lnitiation Rate

Not all women who are at risk of osteoporosis will initiate a prescription therapy.

As in the example illustrated in Figure 1.2 (Box B), if only 52Yo of women who receive
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an osteoporosis diagnosis ever initiate therapy, then the potential for the drug to exert any

beneficial effect inthe population is further reduced. However, if the initiation rates

and/or predictors of initiation can be incorporated into the effectiveness model, then the

effectiveness of the drug in women who are equally likely to initiate therapy can be

appropriately compared. By including avanable which 'scores' each subject according

to their specific clinical and demographic characteristics, subjects can be matched

according to their propensity to initiate therapy.M;e4-ee Indoing so, the confounding by

indication bias can be further minimized.

C. Adherence and Persistence

The impact of poor adherence to osteoporosis medications in the real-world has

recently been evaluated using administrative health databases r00. Patients who were

highly adherent to their prescribed regimen (i.e., the patient's pharmacy records indicated

the patient had medication available during 80/o or more of the study time interval)

demonstrated a 76%o reduction in the risk of fractures, even after adjusting for other

important factors related to fracture risk. But adherence and persistence rates can also be

used as a indicator of 'duration of drug exposure'. Continuing with the illustrated

example (Figure 1.2, Box C), if fewer than 45Yo of women who initiated therapy are

adherent and persistent with their prescribed regimen after one year, then the overall

'exposure' of drug in the population is significantly reduced. If the persistence rate to

osteoporosis therapies is modeled in a time-dependent manner, the true effectiveness of

these drugs on fracture risk can be modeled to accurately reflect the effect of persistence

to overall drug effectiveness. V/ith the availability of complete pharmaceutical
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administrative databases, such as that available in Manitoba,the adherence and

persistence of osteoporosis-related drug regimens can be accurately measured and

incorporated into the drug effectiveness model.

l.l0Data Requirements for a Population Drug Effectiveness
Analysis of Osteoporosis-related Therapies

1.10.1 Gomprehensive. Population-based Administrative Health Database

Each of the preceding factors of drug effectiveness can only be measured and/or

assessed using a comprehensive, population-based administrative health database.

Fortunately, the Manitoba Centre for Health Policy maintains the Manitoba Health

administrative databases which include dataon physician, hospital, and pharmaceutical

use for all residents of Manitoba. Also included in this data repository is a database of

bone mineral density assessments performed in Manitoba since 1990, not available in any

other province. The specifics of these databases will be described in Chapter Two.

However, the most important feature of these data is that they are population-based since

Manitobans enjoy a universal health care system. As such, all residents can be tracked

and their use of health care services longitudinally assessed. At least one other published

study of osteoporosis and osteoporosis-related pharmaceuticals have already used the

Manitoba Health administrative further supporting its usefulness as an invaluable data

source.tot

1.10,zWell-defined and Accuratelv Coded Endpoint: Fractures

Osteoporosis as a disease/condition leads to morbidity and/or mortality through its

clinical consequence - fracture. In order to determine the effectiveness of osteoporosis-
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related therapies, the key is to identifr not the incidence of osteoporosis per se, but of

osteoporosis-related fractures. Fortunately for researchers, individuals who sustain a

fracture will usually present to a hospital or physician for treatment, thereby resulting in a

record of the fracture incident. Previous studies in Manitoba, using the Manitoba Health

administrative databases, have validated the accuracy of database records for

osteoporosis-related fractures, and especially for hip fractures. Thus, a well-defined and

accurately coded endpoint exists, minimizing the potential for misclassification of cases

in the effectiveness models. Unfortunately however, there exists one significant

exception: vertebral fractures can often be asymptomatic, or manifest as non-specific

'back pain', and does not receive appropriate diagnosis as a vertebral fracture caused by

osteoporos¡r.6s;66;102;103 This potential for misclassification bias can be addressed by

conducting separate analyses of OSRx effectiveness on overall fracture risk, which would

include vertebral fractures but be limited by the potential for misclassification bias, and a

separate analysis of hip fracture risk, which does not suffer the same potential for

misclassification 6¡ur. 
1 oa; I os

l.ll Concerns Regarding Observational Studies and OSFtx
Effectiveness

One may question why an observational study of OSRx effectiveness on

osteoporosis-related fractures is warranted considering that the recent publication of the

WHI study provided the 'gold-standard' evidence of one of the most commonly used

drugs (of the four drug classes listed in previous sections) - hormone replacement

therapy. In response to these concerns, it should be noted that with regards to fracture
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rÌsk,the results of the WHI trial were very similar to results demonstrated in prevrous

observational analyses.l06 For example, the V/HI study found that women who used

estrogen and progestin (in combination) experienced a34Yo reduction in risk of hip

fracture whereas a meta-analysis of observational studies of estrogen use and its

association with hip fracture risk demonstrated a25o/o reduction in hip fracture risk.l07

This is unlike the disparity of results between the WHI study and previous observational

analyses regarding cardiovascular outcomes and HRT use, in which the WHI study

demonstrated a29o/o increased risk of coronary heart disease (in the treated group) while

the previous observational studies demonstrated a 39Yo decreased nsk in those women

receiving treatment.106 Girr"n that the results for hip fracture between the randomized

controlled trial (WHI) and the observational analyses were not drastically different, and

both at the very least demonstrated treatment effects in the same direction (i.e., both

demonstrated HRT as conferring protection), it seems as though conducting an

observational study is in fact warranted, especially if information regarding how and why

treatment decisions are made (i.e., who receives treatment, under what conditions, and for

how long) can be incorporated into the effectiveness model.

l.l2Summary

As discussed in the first part of this chapter ('Measuring Drug Effectiveness'),

the data and statistical methods necessary to estimate the 'real-world' effectiveness of

medications did not exist until recently. Accurate drug effectiveness calculations

must make use of individual-level datato first identiff the eligible population based
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on recorded diagnoses or risk factors, determine which of these eligible individuals

actually received therapy (from pharmaceutical administrative databases), and for

how long each patient continued with therapy (also from pharmaceutical databases).

By stratiffing the population according to these factors or through the application of

complex statistical techniques to adjust for these differences, the event rates can be

appropriately compared to determine overall effectiveness.

The remainder of this thesis involves the development of a population drug

effectiveness model to calculate the population drug effectiveness of osteoporosis-

related medications. The biases and confounding factors that have plagued

pharmaco-epidemiological researchers attempting to measure treatment effects in

observational studies, will be addressed through several independent analyses, and

will be incorporated into the final drug effectiveness model.
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Chapter 2 Development and Description of the Study
Cohort

2.1 Overview

The primary goal of this dissertation is to utilize an observational cohort

methodology to measure osteoporosis-related population drug effectiveness. However,

observational studies by definition do not give the investigator control over treatment

assignment. This can lead to several biases including 'confounding by indication', in

which the various clinical or demographic characteristics of an individual predict not only

their likelihood of experiencing the outcome under study, but also predicts which

treatment category she will be in. Without addressing this potential bias, large

diflerences between treated and untreated women can lead to erroneous interpretations of

treatment effects. Therefore, before evaluating overall the effectiveness of osteoporosis

medication (OSRx) in the population, several preliminary analyses were conducted to

understand the nature of differences between women who initiate or do not initiate an

osteoporosis-related treatment as well as to identi$ factors which may influence

treatment duration.

Three separate analyses were undertaken prior to developing a final population

drug effectiveness model. First, the likelihood of initiating an OSRx given specific

clinical and demographic characteristics were modeled (Chapter 3). Second, the factors

which influence the likelihood of receiving a BMD assessment were similarly modeled

(Chapter 4), andthird, the factors associated with persistence to an OSRx therapy were

evaluated (Chapter 5). Upon completing these three analyses, a final model of population
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drug effectiveness, which incorporated information from each of these independent

analyses, was carried out. All four of these analyses (i.e., the three preliminary analyses

and the final drug effectiveness analysis) were carried out using a retrospective

observational cohort study design.

In general, the observational cohort included all women who were 50 years of age

and over at April lft,7996, and who were continuously registered in the Manitoba Health

registry from April 1't, 1985 to the end of the study period, March 3ft,2002 or their date

of death (whichever came first). Women who died prior to April 1't, 1998 (the start of

follow-up), were excluded. [A more detailed description of the inclusion/exclusion

criteria is found in section 2.3: Cohort Developmentl. This cohort is used throughout the

thesis, for each of the four analyses, and the study time-window remains the same for

each as well. That is, the start of follow-up begins April 1't, 1998 and the study end date

was always March 3ft,2002,the date of death, or the date of a specific outcome (e.g.,

hip fracture), whichever occurred first).

2.2 Data Sources

The study cohort was assembled using the administrative databases of Manitoba

Health, housed and maintained at the Manitoba Centre for Health Policy. The databases

involved in these analyses are described in the following sections. An extensive

description of the Bone Mineral Density database is included as this database has just

recently been developed and has not been used by many population-based researchers to

date. The remaining administrative databases have been used extensively and their

validity and accuracy thoroughly described elsewherel-3 thus, their descriptions are brief.
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The specific methods and algorithms involved in the cohort assembly are subsequently

described, followed by a comprehensive description of the resulting cohort.

2.2.1 Manitoba Centre for Health Policv Research Reqistrv

Manitoba Health insures residents of Manitoba for physician, hospital, and

personal care home services. A 'snapshot' of the administrative databases of Manitoba

Health is provided to the Manitoba Centre for Health Policy (MCHP) on an annual basis

containing a list of all individuals receiving health care coverage through the provincial

program. Using this data, MCHP has developed a research registry database containing

longitudinal health information for every resident of Manitoba since 1970. The research

registry contains year-specific demographic information for each individual including

age, sex, region of residence (by postal code), and date of death or emigration from

Manitoba (if applicable). Linkage of the registry database with other administrative

health databases housed at the Manitoba Centre for Health Policy is possible because

person-based longitudinal files of health services use are compiled through the use of a

unique encrypted numeric identifier; persons are not identifiable to the researcher or

analyst.

2.2.2 Phvsician Glaims Database

The Physicians claims database contains all claims generated by physicians for

services to Manitoba Health registered patients. From this dataset, information regarding

patient diagnoses (3-digit ICD-9 CM code; one diagnosis code per claim), and dates of
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service were extracted beginning April 1't, 1985 to March 3fr,2002 for each member of

the study cohort.

The MCHP also maintains a'physician master file' containing a list of physicians

eligible for reimbursement of clinical services by Manitoba Health. These records

contain information regarding the physician's therapeutic specialty, number of patients

treated each year, primary region of practice, and year of birth. By linking this dataset

with the study cohort data"the types of physicians who sent \À/omen for BMD assessment

could be characterized (as described in Chapter 4).

2.2.3 Hospital Separations Abstracts

In Manitoba, all inpatient and day surgery admissions to acute and chronic care

hospitals are recorded on the basis of separation date from hospital. Information

regarding hospital separations for each member of the study cohort beginning April 1't,

1985 through to March 31't, 2002 was extracted. The hospital separations data provided

information for the date of admission/separation and up to 16 different diagnoses (5-digit

ICD-9 CM codes).

2.2.4 Pharmaceutical Database (Druq Proqram lnformation Network)

The Drug Program Information Network (DPfÐ is a computenzed network

connecting all community pharmacies in Manitoba for payment adjudication and/or drug

utilization review purposes. Detailed information for each prescription dispensed is

available including: the date the prescription was dispensed, the drug identification

number (DIN), the metric quantþ of drug dispensed, the prescribing physician's number
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(can be linked with physician master file), the total days supplied (the number of days the

prescription is expected to last), and the total amount paid (by a specific public insurance

provider).

2.2.5 Bone Mineral Densitv Database

Bone mineral density (BMD) assessment by dual x-ray absorptiometry (DXA) is

a widely accepted quantitative measurement technique for assessing skeletal status and

has become integral to the diagnosis and management of osteoporosisa. Manitoba began

BMD assessments via DXA technology in 1990. By 1997, the demand for BMD testing

reached crisis proportions as osteoporosis (and its prevention and treatments) received

increased attention in the medical literature and media. In response to the growing

demand for testing services, the Manitoba Bone Mineral Density Program was

established to regulate and ensure efficient and appropriate access to BMD testing

services.

An initial mandate of the Manitoba BMD Program was to develop provincial

standards regarding the requisition and reporting of bone density testing. These standards

were designed to be responsive to the needs of patients and physicians, while at the same

time ensuring govemment that testing would not be conducted indiscriminately s. The

resulting referral system required that physicians evaluate patients according to criteria

set out by the Manitoba BMD Program to determine if their patients were suitable

candidates for BMD assessment (Appendix I, Table 1). 'Screening' of healthy

individuals, including postmenopausal women, with bone density testing was not

advocated. Testing after normal menopause without other clinical risk factors for

fracture was considered screening and not an approved indication for bone density
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testing. The referral form summarizes these testing criteria and further allows physicians

to calculate a 'risk factor score' for otherwise healtþ post-menopausal women, based on

osteoporosis risk factors identified in the Study of Osteoporotic Fractur"r6. Wo-.n with

a risk factor score greater than or equal to three (3) were eligible for fuither testing of

bone density by DXA.

Each of the three DXA scarìners in Manitoba (two in Winnipeg and one in

Brandon) digitally store the results of every scan performed. The data from all three

scanners are collected and the personal health identification number of each patient is

'scrambled' by Manitoba Health. The complete, anonymizeddataset is housed in the

Manitoba Centre for Health Policy. Appendix I (Table 2) lists and describes the data

fields associated with each observation (i.e., individual scan) in the dataset that are

relevant to these analyses. The validity of this dataset has been recently evaluated and

determined to be very accurate (i.e. approximately 97o/o of actual BMD assessment are

accurately represented in the BMD database) 7.

It is important to note that the BMD database, although population-based,

contains a population of women at higher risk of osteoporosis than the general

population. This bias, or 'channeling' effect, is due to the factthat women must first

show significant clinical risk factors for osteoporosis in order to receive the test. Thus,

BMD testing in Manitoba is unlike other 'screening' techniques such as mammography,

in which healthy asymptomatic women are routinely screened. Inferences regarding the

average BMD of women in Manitoba cannot be made using the cohort of women within

this database. However, examination of the types of women who receive the test as well

as the types of physicians ordering the test and their subsequent treatment decisions can
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be evaluated (Chapter 4). Section 2.5.8, describes the average BMD for the women listed

in the BMD database and compares this to the national, population-based avetage.

2.3 Cohort Development

2.3.1 Source Population

The Manitoba Health administrative databases contain information on the entire

population of the province of Manitoba, Carnda. Manitoba has a population of

approximately I .15 million people with approximately 6l%o residing in its largest urban

centres, Winnipeg and Brandon 8.

Hospital, medical, and pharmaceutical data arc recorded in separate but linkable

electronic databases housed by the Manitoba Center for Health Policy (Winnipeg,

Manitoba). Table 2.1 illustrates the available dates for all databases used in these

analyses. Note however, that the Drug Program Information Network (i.e.

pharmaceutical claims data) begins April ft,1996 and continues through March 3l't,

2002 (as approved for this study) unlike the hospital separations database and the medical

claims databases which extend from April 1't, 1985 through March 3fÏ,2002. Also, the

BMD database exists from April ltt, 1990 through March 3I't,2002, however, because

the BMD database is missing several fields of data between 1990 and 1997, only the data

from April 1't, 1998 through March 3fT,2002 were used for this thesis. Fortunately, over

95o/o of the BMD assessments recorded in the BMD database were performed subsequent

to March 3I't,1997 and thus, a significant loss of information did not occur by limiting

the database information to the years 1998 to 2002.
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These data were accessed subsequent to approval by provincial, university, and

hospital ethics committees and in accordance with the rules and regulations of the

Personal Health Information Act (PHIA).

2.3.2 Gohort Definition

All women aged 50 and over from April 1't, 1995 to March 3ft,2002

continuously registered with Manitoba Health since April 1't, 1985, were considered for

this analysis. April 1't, 1995 represents the beginning of the population pharmaceutical

claims database (DPIN: Drug Program Information Networþ and was chosen to ensure

adequate prescription drug histories for study subjects (Table 2.4). Apnl l't, 1985 was

chosen to provide a minimum of 10-years prior medical history for each of the study

subjects to identiff potentially confounding comorbid conditions (e.g. prior osteoporosis

diagnoses or fractures). These broad inclusion criteria resulted in a study cohort of 144,

199 women (Figure 2.1).

The availability of a population-based clinical database containing the results of

bone mineral density assessments (as measured by dual x-ray absorptiometry; DXA),

allowed for the identif,rcation of potential confounding variables such as disease severity.

Because BMD assessment by DXA remains a key osteoporosis diagnostic tool for

physicians, it was decided that any analysis that aimed to analyze factors related to the

initiation or continuation of osteoporosis medications should include a variable indicating

the study subject's receipt (and subsequent results) of a BMD assessment. However, the

receipt of a bone mineral density test in Manitoba was much more likely after
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approximately September 1997. This was due to at least two factors: 1) the Manitoba

Bone Mineral Density Program recognized the increasing demand for BMD testing and

implemented new guidelines for BMD test referral by physicians, and 2) additional DXA

scanners (and qualified technicians) were added to the provincial supply. Thus, in the

twelve years of available BMD data (1990/91 to 2001102), at least 94 Yo of the scans were

performed after 1996197 suggesting that prior to this date, it was extremely unlikely for a

woman in Manitoba to undergo BMD assessment relative to her chances of receiving this

test in 1997 198 onwards. Furthermore, beginning in fiscal year 1998199, a data freld

capturing the billing number of the physician requesting the BMD assessment was added

to the routine data collection and deemed invaluable for the purpose of these analyses.

Also, it would be impossible to correlate the BMD assessment with subsequent drug use

if the BMD test and/or the pharmacotherapy began before April 1$, 1995 (the start of the

pharmaceutical claims database). Therefore, it was decided that because of these factors,

these analyses would not include BMD assessment data prior to 1998/99 and the study

start date for all subsequent analyses would be April I't, 1998.

2.3.3 Exclusion Criteria
The exclusion criteria applied in the assembly of the study cohort are defined as

follows:

(1) Prevalent use of study drugs. Because at least one of these analyses aims to

identifu factors influencing the initìatìon of an osteoporosis medication (OSRx; Appendix

II), prevalent users of osteoporosis drugs were excluded. Therefore, any woman with at

least one prescription claim for an OSRx between April 1't, 1997 andMarch 31't, 1998
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was excluded from further analysis. A detailed list of the prescription drugs considered

'osteoporosis medications' can be found in Appendix II.

Note also that the intent was not to exclude women specifically because they were

'prior' users but rather, the intent was to exclude women who were 'prevalent' users.

This was simply because it would be impossible to track the total exposure time on an

OSRX if prevalent users were included. A limitation of this definition is that women who

were exposed to OSRx drugs (especially hormone replacement therapy or HRT) between

April 1, 1995 and March 31,1997, but not from April 1,1997 to March 31, 1998, were

included in the cohort of incident' users. However, pharmaco-epidemiological studies

of drug utilization, particularly of incident drug use, have suggested that a one-year wash-

out period is suff,rcient to identif incident' users. e-tt

(2) Death. Women who died prior to April I't, 1998 were excluded. Data for

\¡/omen who died between April l't, 1998 and the end of the study were included and

analyses were censored at the date of death.

(3) Pagets Disease. Women were excluded if any of the following conditions

were true:

i) arecord for Paget's disease (ICD-9 CM code: 73I.0) in the hospital

separations database between April 1't, 1985 and March 31tr,2002 (or

the date of death when appropriate).

ii) 200 mg etidronate (Didronel@) daily for 3 months or more.

iii) 30 mg risedronate daily for 2 months or more.

iv) 40 mg alendronate daily for 5 months or more.

6I



(Note: Conditions ii through iv were identified by longitudinal

analysis of the DPIN database).

Application of the inclusion and exclusion criteria resulted in a final cohort of

112,463 \¡/omen aged 50 years and over at April ls, 1998. By the end of the study

period (March 3ft,2002),14,862 women died (13.2% of the cohort).
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Hospital
Separations
Abstracts

Medical Claims

Pharmaceutical
Claims
IDPIN)

1985

Bone Mineral
Density Database

1986 1987 1988 1989 1990 1991

Fiscal Year
(April 1't- March 31'1
1992 t993 1994 1995

)
t996 1997 1998 1999 2000 2001

: Population-based, complete data available

: Database exists, not all variables available

2002
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April ls, 1995

March 31st,2002

All women 50 years of age and over at April 1 
s, 1995 and

continuously registered in Manitoba from April 1st, 1985
toApril 1st, 1998

Excluded: Women with Paget's Disease

Osteoporosis-Ðrug Free Period: Women with any
pharmaceutical claims for an osteoporosis medication

were excluded from further analysis
Women who died between 1995 and 1998

144,199

.145

-23,453

_B;190

* Women who were included in the study at April 1st, 1998 were included
in all analyses until their date of death or the study end date, whichever
came first.

Fisure 2.1 Study timeline and number of women fulfilling inclusion and exclusion
criteria.
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2.4'Gonstruct' Definitions

Before describing the variables that were used for these analyses, it is

necessary to introduce two important constructs which have been defined in a specific

manner for this thesis: (l) osteoporosis-related prescription drugs and; (2)

osteoporosis-related fractures. These two constructs, although self-explanatory in

their names, were defined in a very specific manner in order to be applied in an

administrative database analysis.

2.4.1 Osteoporosis-Related Prescription Drugs

Prescription medications specifically used for the prevention andlor treatment

of osteoporosis were selected by literature review of common treatment regimens,

expert opinion (Dr. W.D. Leslie), and pharmacist consultation (Mr. W.D. Caetano).

Appendix II lists the osteoporosis prescription drugs (OSRX) included in these

analyses, and their associated anatomic therapeutic classification (ATC) codes.

Drug information for each of the cohort subjects was extracted from the drug

program information network (DPIN) database beginning April I't, 1997 through

March 3l't,2002. Osteoporosis medications were grouped into 4 categories:

hormone replacement therapies (HRT), bisphosphonates (BP), selective estrogen

receptor modulators (SERM), and calcitonin (CALC) therapies. All OSRx drug

claims by cohort members were identified and grouped into one of the four drug

classes. Appendix III lists and describes several drug-taking scenarios and the

method by which they were handled for specific analyses.
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Of the 112,464 women in the original cohort, 14,031 women (I2.5Yo) werc

dispensed at least one OSRx after April 1't, 1998. OSRX 'users' were younger than

non-users 167.8 t10.2 years vs. 70.5 + 10.7, respectively; p<0.001 (Cochran t-test)l .

Figure 2.2 illustrates the classes of OSRx used in each of the four age goups. From

this figure it is clear that HRT use is highest amongst women dispensed OSRx in their

50's (51.4o/o of all HRT's are dispensed to these women). Similarly, \¡/omen in their

50's receive HRT more than any other OSRx category. The proportion of women

using HRT declines rapidly with increasing age, from74.l%o of 50-59 year old

women to only 9.60/o of women over 80 years of age. Bisphosphonate (BP) use

demonstrates the opposite trend in that the proportion of BP users increases with age

(I7.8% of women 50-59 years, 49.5% of women 60-69 years, 72.0% of women 70-

79 yearc, and82.60/o of women over 80 years of age).

OnIy a small proportion of women used SERM and calcitorun (5.9%o and

2.60/0, respectively). Women in the youngest two age categories (50-59 and 60-69

years old) represented 72.0% of the total users of SERMs whereas women in the

oldest two age categories (70-79 and over 80 years of age) represented 77.9o/o of all

calcitonin users.
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Fieure 2.2 Proportion of Total OSRx Users (12.5o/o of total cohort) categorized
according to age group and OSRx drug class. A: In each age group, the proportion
of total OSRX claims according to OSRx drug class. B: In each OSRx drug class, the
proportion of users according to their age group.
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2.4.2 Osteoporosis-Related Fractures

Non-traumatic hip, spine, and wrist fractures in women over 50 are likely due to

osteoporosisl2'I3. Few osteoporotic fractures however, are coded as pathological or

spontaneous fractures due to osteoporosis (i.e. ICD-9 Code 733.10-733.ß)14.

Therefore, all hip, spine, rib, and wrist fractures occurring after the age of 50

(described in detail in Table Z.2),which do not co-exist with a specific E-code

(indicating the fracture was the result of trauma such as a motor vehicle accident),

were considered osteoporotic-related fractures.

Identification of these osteoporosis-related fractures was achieved through

analysis of the hospital separations and medical claims databases from April 1't, 1985

through March 3Itt,2002. If a woman in the cohort had arecord of an osteoporosis-

related fracture after the age of 50 but before a specific index date***, every fracture

she sustained was considered a'prior' (or'prevalent') fracture. Thus, because there

were several different index dates used, a fracture which may be considered a'prior'

fracture in one analysis may be considered an 'incident' fracture in another analysis.

The prevalence and incidence of osteoporosis-related fractures are described in

section 2.4.6 and 2.4.7, respectively.

*** 
Index date: For analyses in which the outcome variable was the time of BMD

assessment, the index date was the date on which the BMD assessment was
performed. For analyses in which osteoporosis-prescription initiation was the
outcome variable, the date the first osteoporosis-related drug was dispensed was the
index date. Finally, for analyses in which incident fracture was the outcome variable,
the index date was the date of the first fracture after April 1't, 1998.
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T able 2.2. Osteoporosis-related fracture sites and corresponding ICD-9-CM
codes.

Osteoporosis-
reløted Fracture ICD-9-CM Code Comments
Site

IIip Fracture 820.xx: Neck of
Femur

Rib Fractures 807.xx: Rib,
Sternum,
Larynx, and
Trachea

Vertebral 805.xx: Vertebral Note the omission of ICD-9 806 (Fracture
Fractures column of the Vertebral Column with spinal cord

without injury). Fractures of this type are most often
mention of due to traumatic injury and probably not due to
spinalcord afragilitylcompressionfracture. Fracturesof
injury this type are also excluded from similar

analyses.

Wrist Fractures 8l3.xx: Radius and "Colle's Fractures" (ICD-9 813.41) are the
Ulna most common type of osteoporotic-related

upper limb fracture. However, identification of
this specific type of fracture requires S-digit
ICD coding which is unavailable in the medical
claims database. Therefore, the 3-digit ICD-9
code without a corresponding E-code will serve
as a surrogate.

Other Non- 808.xx: Pelvis Although these fractures are sometimes
Traumatic 8l0.xx: Clavicle not associated with osteoporosis, they will be
Fractures 8l2.xx: Humerus considered for general comparisons and to
other than 814.xx & 815.xx: examine overall fracture rates in this
Hip, Carpal &. populationr3.
Vertebrae, Metacarpals
Rib, or Wrist 82l.xx: Femur

822.xx-829.xx:
Patella, Tibia,
and Bones of
the Foot

69



2.5 Variable Definitions and Descriptions

Table 2.3 is provided as a quick reference for each of the variables used in this

dissertation analysis. Each variable, the method by which its value was determined, as

well as the frequency of values are described, tabled, and illustrated in the sections that

follow.
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Table 2.3. Variable names, descriptions, and possible values.

Vøriøble Nøme &
Abbrevìutìon
Age atYn/Y
Iage_at_YYYY]

Age Group
Iagegrp]

Region of
Residence

Iregion]

Comorbidity
Icomorbid]

Other Drugs Used

Iother_drgs]

Income Level
Iincome]

Prior Fracture
Iprior_fx]

BMD Assessment
Indicator

Ibmd]

DeJinition & Descriptíon

The woman's age at April I't, YYYY.
Several analyses require that age be determined for a specific year. YYYY is replaced by the
year ofinterest.

A categorical variable to group women into age specific deciles.

The region of Manitoba in which the individual is registered and is assumed to reside in.

The comorbidity level of the individual specific to the year of analysis. Grouped according to
the number of major aggregated diagnostic groups (ADG): Low:0 to I major ADGs;
Mediurn = 2 to 3 major ADGs; High = 4 or more major ADGs.

The number of prescription drugs, chemical sub-groups, other than osteoporosis-drugs, used
by the individual in the specific year of analysis.

The relative income level (proxy for socioeconomic status) of the individual specific to the
year of analysis. Low = Quintile 1; High : Quintile 2 to Quintile 5; No Income = No Income
Level Available

Indicates a positive record ofan osteoporosis-related fracture prior to the event under
investigation.

Indicates whether or not the individual received a BMD assessment. Note: This variable can
be an independent or dependent variable, depending on the analysis.

Possíble Vølues and/or
Categoríes
53-l 09 (numeric, integer
value)

[50-s9], [60-69], l7 0-791,
and [80+]; categorical

[Winnipeg],lBrandonl,
and fRural MB];
categorical

[Low], [Med], fHigh];
categorical

[0], [1-3], [4-7], [8 or
more]; categorical

[Low], [High], [No
Income]; categorical

[Yes],[No] ; categorical

lYesl,[No] ; categorical
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2.5.1 Aqe and Age Group

The risk of sustaining an osteoporotic fracttne increases exponentially with age.

ln fact, a 1.4-fold increase in the risk of hip fracture occurs with every 5-year age

increment beyond age 50. " This increased risk is due in large part to the age-related

decline in bone density at the proximal femur, as well as the age-related increase in falls.

Therefore, any analysis of fracture incidence must be age adjusted.

Age was calculated at several time points depending on the analysis for which it

was required. From the Manitoba Health registry databases, a subject's birth date

IBIRTH_DT] value was used. A frequency distribution of age at April 1't, 1998 is

presented in Figure 2.3. The average age of the study cohort was 70.2 * 10.2 years. The

range extended from a minimum of 53 to a maximum of 109.
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Fieure 2.3. Frequency distribution of age at April 1't, 1998 (start of analysis) for
ll2, 464 cohort members.

For the purpose of these analyses, women were categorized into one of four age

categories: [50-59], 160-691,170-791, and [80+] years. The number of women comprising

each of the age groups at the start of the study (April 1't, 1998) are listed in Table 2.4 and

the proportion of the cohort in each age group at the start of the study compared to the

end of the study (March 3ft,2002) is illustrated in Figure 2.4.

Table2.4 Number of women in each âge group and proportion of overall cohort at
study start (April lst, 1998)

Age Group Number of Proportion of
(Years) Women Overall Cohort

50 to 59 22,359 19.9%

60 to 69 32,642 29.0%

70 to 79 33,765 30.0%

Over 80 23,698 21.1%

Total 112,464 l00o/"
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Figure 2.4. Proportion of study cohort in each age category at study start (April lst,
1998; n=112,464) and study end (March 31st, 2002; n=97,610).
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2.5.2 Resion of Residence

An individual's region of residence affects their ability to access specifrc health

care providers, diagnostic technologies, and even their exposure to health promotion

campaigns.16 Therefore, because physician supply and diagnostic technologies are

unevenly distributed throughout Manitoba, a variable was included in some of the

analyses to adjust for these differences.

The province of Manitoba is divided into eleven regional health authorities (RHA;

Figure 2.5), each with the responsibility of providing, delivering, and administering

health services to its residents. There are two main urban centres in Manitoba: Winnipeg

and Brandon. To minimize the number of levels for this regional variable, these eleven

RHAs were collapsed into the following three regions: Winnipeg, Brandon, and Rural

Manitoba. Although'Winnipeg and Brandon could be collapsed together to form one

'urban' level, discussions with members of the Manitoba Bone Mineral Density Program

(Dr. W.D. Leslie, Dr. E.A. Salamon, and Dr. C.J. Metge) resulted in a decision to keep

them separate levels because Brandon and V/innipeg were not comparable urban centres

with respect to their access to BMD testing equipment. Thus, two separate region levels

for each of these centres was maintained. The proportion of the cohort population

residing in each of the three regions is listed in Table 2.5.
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Table 2.5. Cohort region of residence.

Age Group

Region

Brøndon Rural Mønítobø

50-59

60-69

70-79

80+

Total

12,241

18,158

19,418

12,967

62,784 (55.8%)

8, 11

1,318

r,399

940

4,468 (4.0%)

9,307

13,166

12,948

9,791

45,2r2 (40.2%)
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f isure 2.5. Manitoba Regional Health Authorities (RHA). These eleven RHA's
were collapsed into three regions: Winnipeg, Brandon, and Rural Manitoba
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2.5.3 Income Quintile

As a proxy measure of socio-economic status, a variable representing the

subject's income quintile (which has been associated with various medical outcomes and

use of prescription drugsli;tt; has been used for these analyses. To calculate the 'income

quintile' variable, each woman's postal code was linked to a 1996 census enumeration or

dissemination a¡ea. The average household income value from each of these areas was

then ranked from lowest income to highest income, such that 20%o of the population

comprises each group. Women residing in personal care homes or in geographic

enumeration areas below a specified size do not have any income dataavailable and are

thus separately categorized. Hence, six income categories result: Quintile 1 (lowest) to

Quintile 5 (highest) as well as the 'No Income' category (Table 2.6). To ensure adequate

group sizes for multivariate and stratified analyses, these 6 categories were collapsed into

three (3) groups: [Low Income] representing Quintile 1, [High Income] representing

Quintiles 2 through 5, and [No Income] representing all others (Table2.7). As this study

only sought to adjust for potential health-related difÊerences between low income and

high income populations (and does not attempt to explain these differences), it was

decided that this collapsing strategy would be sufficient.

It is also apparent from the data listed in Table 23 that women aged 80 years and

over comprise the majority of women who are categorized as 'No Income' (64%). Thrs

may be explained by the fact that women who reside in personal care homes (which do

not report a'household' income) are generally the very elderly. This notion is fuither

supported by the observation that the proportion of women in the 'High Income' category
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decreased with increasing age while the proportion of women in the 'No Income'

category steadily increases with increasing age.

Table2.6. Proportion of cohort in each of 5Income Quintiles and a No Income
category.

Ouintile- uumtiler-)
(lowest)

Income Category

Quintile Quintile
34

-NoUutntile J --.. . . Income(Ittghest) 
Recorded

N-umber of 24-2r5
Women

Percent of
total 

2r.53
cohort
(%l

24,502 23,816 18,155 14,808 6,968

2r.79 21.18 16.14 6.20t3.t7

Table 2.7. Proportion of cohort in each of three income levels according to age
group.

Age Group

Income Level

High No Income

s0-59

60-69

70-79

80+

Total

3esr (3.sr%)

6307 (s.6r%)

7737 (6.88%)

6220 (s.s3%)

242ts (zt.s%)

18122 (t6.rt%)

2s674 (22.83%)

244s8 (2t.7s%)

13027 (t1.s8%)

81281 (72.3%)

286 (0.2s%)

661 (o.se%)

rs70 (t.40%)

44st (3.e6%)

6e68 (6.2%)
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2.5.4 Comorbiditv

An individual's health status, as measured by the number of comorbid

conditions or disease history, is generally recognized as a potential confounder in

epidemiological analyses of health outcomes.te;20 As such, several methods have

been developed which attempt to describe the burden of illness in a population by

assigning individuals into discrete comorbidity groups in order to control for

confounding when using claims-bas ed datale;2r. For these analyses, comorbidity was

assessed using the Johns Hopkins Adjusted Clinical Group (ACG) Case-Mix

Adjustment System22. This program assigns up to thirty-two (32) diflerent

Aggregated Diagnosis Groups (ADG) to each individual by clustering diagnoses

coded on hospital separation abstracts and physician visits over a defined time

interval. These grouped diagnoses codes represent clinically meaningful categories

based on their expected clinical outcomes and resource use. Previous work at the

Manitoba Centre for Health Policy (MCHP) has validated the Johns Hopkins ACG

system for use on the population of Manitoba23.

On an annual basis, MCHP carries out a population-based analysis of

morbidity and hence, a dataset is routinely developed listing up to 32 ADGs for each

resident in Manitoba registered with Manitoba Health. The ADGs associated with

each member of the study cohort, for every year of the study, were identified and

saved in a separate dataset for this analysis. In order to compress these 32 ADGs

into a manageable,yet clinically significant indicator of comorbidity, amethod used

by Reid et al.,was adopted2a.
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Briefly, the thirty-two (32) ADGs represent groupings of diagnosis codes that

result in similar resoruce use and clinical outcomes. An individual can be assigned to

as many ADGs as their diagnoses dictate. For example, an individual with a

diagnosis of otitis media, chronic hypothyroidism and essential hypertension would

be assigned ADG 8 (likely-to-recur infection) and ADG 10 (chronic, stable medical

condition)24. Reid et al.,fllther subdivided these 32 ADGs into major and minor

conditions. Their results demonstrate that high users of physician services had

significantly more major comorbidities compared with low users. By fuither

grouping the number of major comorbidities per individual (Table 2.8; 0-l Major

ADGs:Low comorbidity;2-3 Major ADGs:Medium comorbidity; and 4 or more

Major ADGs:High comorbidity), and stratiffing the analysis by these groups (Low,

Medium, and High), these investigators frither demonstrated that individuals with

high comorbidity (4 or more major ADGs) were over 20 times more likely to be

hospitalized and over 32 times more likely to die than those with low comorbidity

levels (zero to one major ADG).

Table 2.8. The Eight Major Aggregated Diagnosis Groups2a

ADG Number Name

Time-Limited Major
Time-Limited Maj or (infections)
Maj or Inj uries/Adverse Events

Likely to Recur þrogressive)
Chronic Medical (unstable)
Chronic Specialty-orthopedic (unstable)

Acute

ADG 3

ADG 4
ADG 22

Chronic

ADG 9
ADG 11

ADG 16
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ADG 25

ADG 32
Psychosocial-persistenlrecurrent (unstable)
Malignancies

The grouping strategy employed by Reid et a1.24, was also applied in the

present analyses. Thus, for each of the four years of study follow-up (i-e.199811999,

199912000,200012001, and200ll2002) the number of major ADGs per individual

were recorded. The total number of major ADGs þer year) were grotrped into the

following categories: 0-1 major ADG: Low comorbidity; 2-3 major ADGs:

Medium comorbidity; and, 4 or more major ADGs: High Comorbidity. In the

survival analyses described in the following chapters, the year-specific comorbidity

level was used to ensure greater accuracy of the individual's most recent health

state.Tll The proportion of cohort women in each of these categories is illustrated in

Figure 2.6A. Overall, 83.3% of women were categorized in the low comorbidity

level, 13.9% in the medium category, and2.8%o in the highest level.

From Figure 2.6A, it appears that the proportion of women in each of the three

comorbidity levels was stable from 1998 to 2001. Chi-square analyses indicates a

slight but significant increase in the proportion of women reporting high comorbid

levels (p<0.001). Figure 2.68 demonstrates the proportion of women in each

comorbidity category according to their age atthe start of the study (1998). From this

figwe, a trend towards increasing comorbidity with increasing age is observed. That

is,5.6%o of women in their 80's are categorized as having a high comorbid level,

lTt y¿o-"tt with no hospital claims or physician visits in a given year are not assigned

to any ADG groups. Therefore, these women were assigned to the 'low' comorbidity
level (0 to 1 Major ADGs).
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compared to only 3.Io/o of women in their 70's, 1.8% of women in their 60's, and

only I.l%o of women in their 50's. Similarly, women in their 50's reported the

highest proportion in the low comorbidity category (9I.6Yo), compared to 87.7o/o in

their 60's, 80.6% in their 70's, and 72.9% in the 80's.
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2.5.5 Other Druqs Used

Another indicator of health status is the number of other drugs used by an

individual, either concurrently or over a specified time interval. Not only does this

variable act as an indicator of the level of comorbidity, but it also indicates the level of

access an individual has to prescription therapies.lT

For these analyses, a variable was created which summarizes the number of other

chemical groups (by 4úlevel ATC) not including osteoporosis-related drugs used by

each woman in the corresponding year of analysis. Thus, for each of the four years of

study follow-up (i.e. 1998/1999,199912000,2000/2001, and200ll2002) the number of

other drug groups dispensed per individual were recorded. The total number of

[Other_Drugs] þer year) were grouped into the following categories: [0], [1-3], f4-7f, or

[8+]. The composition of the 4 categories of [Other_Drugs] was based on the overall

frequency distribution of the number of other drugs used by the cohort and grouped in an

attempt to equalize the proportion of women in each category: 19% used no other drugs,

32Yo llsed I to 3 other drugs, 29%o used 4 to 7 other drugs, and20Yo used 8 or more other

drugs. In the survival analyses described in the following chapters, the year-specific

value for [Other_Drugs] was used to ensure greater accuracy of the individual's most

recent health state. The distribution across these categories by age gfoup is illustrated in

Figwe2.7.

Further examination of the number of other (non-osteoporosis) drugs used by

cohort women demonstrates a shift towards more drugs dispensed per year across time.

That is, by 2001 21.4% of the cohort was using 8 or more other drugs per year compared

to only T8.3% in 1998. This trend parallels that observed with comorbidity across time,

85



as the proportion of women in the higher comorbidity levels slightly but significantly

increased with time.
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2.5.6 Prior Osteoporosis-related Fracture

A history of any type of fracture after age 50 is independently associated with an

increased risk of hip fracture.6 Therefore, inclusion of a variable to represent each

individual's fracture history prior to the study start date is necessary.

Medical and hospital separations databases from April 1't, 1985 to March 31't,

1998 were analyzed,to identi$ women with a priorlÏÍ history of an osteoporosis-related

fracture. Of the 112,464 women included in the study, 16,744 (T4.9 %) had experienced

at least one osteoporosis-related fracture by April Itt, 1998. From Figure 2.84, it is

apparent that women over the age of 80 had sustained approximately 67 o/o of the total hip

fractures prior to 1998. Moreover, women in their 80's sustained the highest proportion

of fractures at all osteoporosis-related fracture sites with the exception of the wrist, at

which site women in their 70's sustained the highest proportion of total wrist fractures.

Women aged 50 to 59 years sustained the fewest fractures at every site.

Figure 2.88 demonstrates the fracture sites most prevalent in each age category.

Wrist fractures were most common in all age categories except for women aged 80 and

over, for which hip fractures appear to be most coÍrmon.

lll 1¡. term 'prior' is dependent on varying dates in each of the analyses which include this variable (as

described in section AI.l.2.). This section will simply consider any fracture prior to April I't, 1998 as a

'prevalent' fracture.

88



A
70

F
;60g

,E s0

Ë40
eu
Þ30

to
*20
4

10

a70-79

tr'ieure 2.8. (A) At each osteoporosis-related fracture site, the proportion of women in each age group. (B) The proportion of
women in each age group with a prevalent fracture at a specific osteoporosis-related fracture site.

B60
s
e
Ë50
o
@

310

;
.g
g30
Ø

e

ËroÉ

à10q
eÀ

0

Wdst

SltE ot Fncture

70.79

Age Grcup [YeaÉ)

89



2.5.7 lncident Fractures

Incident fractures occurring after April 1't, 1998 and before March 3lf1,2002

represented the outcome (dependent) variable in the f,rnal analysis of drug effectiveness.

Incident fracture rates are illustrated in Figures 2.I0 &,2.11. At every fracture site,

women over 80 years demonstrate the highest incident fracture rate, particularly at the

hip. At this site, women over 80 years of age fracture at arate nearly three times that of

women in their 70's and nearly 14 times that of women in their 60's.

During the four-year follow-up period (1998-2002),7,734 (6.9%) of the study

cohort sustained an incident fracture of the hip, vertebrae, wrist or rib. If the definition of

osteoporosis-related fracture is expanded to include all non-traumatic fractures (i.e.

fractures of the femoral trunk, humerus, etc.), the number of women with an incident

fracture increases to 12,063 (10.7%). These fracture rates are similar to those listed in a

recent report by CaMOS (a Canadian prospective population-based cohort study) in

which 6.I%o of participants sustained an incident vertebral, hip, rib, wrist, or humeral

fracture during a 3 -year follow-up)25.
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Fieure 2.10. Incident osteoporosis-related fracture rates amongst cohort women between April Lst, 1998 and March 31st,
2002. E: oOther' non-traumatic fractures; and, F: Any osteoporotic-related fracture (only the first incident fracture per individual).
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2.5.8 Bone Mineral Densitv Assessment lndicator

Using the BMD database, cohort members who received at least one bone mineral

density assessment between April 1't, 1998 and March 3l't,2002 were identified (n: 8,

443 (7.5%)). If a woman received more than one BMD assessment over the four-year

study period, only the first assessment results were included in these analyses. Tab(e2.ll

lists the number of women who received BMD assessments in each year of the study,

their average age average BMD measurement (in g/" t),and the aveîage T- and Z-score

for both the spine and hip regions.

Figure 2.12 graphs the relative proportion of women in each category whose

BMD results are categorized as normal, osteopenic, or osteoporotic according to the

WHO criteria. As described in section2.I.5., the women represented in the BMD

database are pre-screened for osteoporosis risk factors and only sent for fuither diagnostic

imaging if there are sufficient risk factors indicating an elevated risk of osteoporosis.

Thus, this database should demonstrate a higher prevalence of osteopenia and/or

osteoporosis than that which actually exists in the population. Table 2.12 supports this

assumption with a side-by-side comparison of the proportion of BMD-diagnosed

osteoporosis in a random sample of Canadian women (from the CaMOS studf6), to the

proportion of women categorized as osteoporotic observed in this study cohort. Clearly,

women in the study cohort demonstrate much higher proportions of osteoporosis cases (at

both the spine and hip) across all age groups.
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Table 2.9. Average Age, Bone Mineral Density Values, T- and Z-score results for women who received a BMD assessment in
each year of study (1998-2002).

Number of \Momen (from
the Study Cohort)

Average Age (+$l¡¡

Number of 'Women

Receiving Scan at Specific
g¡1*$$$

Average BMD (g/cm3) (fSD)

Average T-score (tSD)

Average Z-score (tSD)

1998199

1470

6s.e (r8.4)

Spine

T4T7

t999/2000

Hip

0.984
(r0.180)

-1.67
(È1.48)

-0.06
(r1.40)

1736

68.2 (!8.2)

$$$ y¿ottr.n may have received a scan at both the spine and hip region or at one specific site only. Women with kyphosis or significant
vertebral deformity are unable to be properly positioned for a spinal BMD assessment. Hence, the number of women receiving a hip
scan is generally higher.

94

t456 1674

Spine

0.839
(r0.140)

-1.24

(r1.16)

-0.03

(r1.0s)

2000/01

Hip

0.984
(r0.188)

-1.68
(!1.s2)

-0.07
(r1.0s)

2553

68.e (r8.0)

1708 2453

Spine

0.836
(r0.14e)

- 1.33

(xt.23)

-0.08
(r1.14)

200u02

Hip

0.958
(r0.180)

-1.83

(r1.48)

,0.29

(r1.4s)

2684

6e.6 (r8.0)

25t9 247r

Spine

0.829
(r0.14s)

-1.37

(r1.21)

-0.09
(r1.13)

Hip

0.943
(r0.173)

-1.91

(!1.44)

-0.34
(r1.41)

2654

0.831
(i0.144)

-1.36
(r1.20)

-0.01

(11.13)
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Tabte 2.10. Comparison o-tBMD-diagnosed osteoporosis prevalence at the spine and

htp b"t*.* the baMOS 26 population and the study cohort (from the Manitoba
BMD Database).

Age Group CaMOS

Spine

caMos *Él;:"j"
IIip

Manitoba
Cohort

50-59

60-69

70-79

80+

Overall

< lo/o

8%

13%

6%

73%

23%

6%

t4%

r8%

20%

12%

r8%

33%

43%

51%

4sYo

30% 42%

18%8%

CaMOS: Canadian Multicentre Osteoporosis Study
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Ghapter 3 Factors lnfluencing the Initiation of an
Osteoporosis-related Med ication

3.1 Introduction

Since the mid-1990's, physicians have had several pharmaco-therapeutic options

to prevent and treat osteoporosis including calcium and vitamin D, hormone replacement

therapy (HRT), bisphosphonates, selective estrogen receptor modulators (SERM), and

calcitonin. Yet, despite the availability of these therapies, reports suggest prescribing

practices in this regard are sub-optimal.la Understanding the patient and./or physician

based factors which lead to the initiation of osteoporosis-related prescriptions (OSRx)

will aid the development of interventions to improving prescribing practices.

Several studies have examined the association between patient clinical and

demographic factors and the initiation of OSRx using information from administrative

health databases. The majority of these studies investigated the factors associated with

osteoporosis treatment initiation post-fracture (i.e., secondary prevention).1's-8 These

studies generally agree that \¡/omen over 80 years of age are less likely to initiate OSRx

than women younger than 80 and, especially, when compared to women less than 65

years. Also, only l4-t6% of women who were not previously on an OSRx initiated

therapy post-fracture.l'8 The site of fracture may also influence a woman's decision to

initiate therapy. Andrade et al., reported that women were approximately 2.8 times more

likely to initiate therapy subsequent to a vertebral fracture as compared to women who

sustained hip fractures. Women who sustained wrist fractures were actually 0.7 times

less likely than hip fracture patients to initiate therapy 8.
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A limitation of many of these administrative database analyses is the lack of

information regarding women's bone mineral density (BMD). It has been demonstrated

that the receipt of a bone mineral density assessment significantly influences a woman's

decision to initiate preventive or therapeutic pharmacotherapy e. Ho*errer, few studies

have had the ability to link BMD measurements with medical, hospital, and

pharmaceutical claims dataat the individual level. Two studies with the ability to

perform this linkage failed to compare the rate of OSRx initiation between women with

and without a BMD assessment 10 or, the BMD data available did not include the results

of the BMD assessment 7 preventing further investigation into the rate of treatment

following diagnosis.

The objective of this analysis was to examine the clinical and demographic factors

related to OSRx initiation amongst post-menopausal women in the province of Manitoba,

Canada. Unlike many of the preceding studies in this area, this analysis also considered

factors related to the initiation of an OSRx for primary osteoporosis prevention (i.e.,

treatment prior to any fracture). The availability of a population-based bone mineral

density database also provided information regarding the influence of this assessment on

the decision to initiate therapy in women with and without a BMD assessment.

Treatment initiation rates according to the results of BMD assessment were also

compared.
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3.2 Methods

3.2.1 Studv Desiqn

This was a retrospective, observational cohort analysis. The cohort development

procedures were detailed in Chapter 2, including all inclusion and exclusion criteria.

3.2.2 Statistical Analvses

A Cox proportional hazards modelll was fitted to study the effects of covariates

on the likelihood of initiating the use of an osteoporosis medication (OSRx) . Time to

drug initiation (in months) was the dependent variable. Explanatory variables tested in

the model included: age group (categorical), prior osteoporosis-related fracture (time-

dependent, dichotomous), BMD assessment (time-dependent, dichotomous), long-term

corticosteroid use (dichotomous), comorbidity level (categorical), number of other drugs

used (categorical), income level (categorical), and region of residence (categorical).

3.2.2.1 Time-dependent Variables

The Cox proportional hazards model included several time-dependent variables

(Table 3.1). The techniques used to model these time-dependent variables are also listed

in Table 3.1. However, two of the variables required more complex modeling techniques

that are further described here.

For example, women are able to initiate an OSRx without the receipt of a BMD

assessment and, in many c¿Nes, women initiated an OSRx prior to receiving a BMD test.

This possibility needs to be accounted for in any assessment of BMD influence on OSRx

initiation. One method of doing so is to create a time-dependent variable regarding BMD
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assessment. One of the advantages of using the Cox proportionalhazards regression

modeling technique, is its ability to establish risk sets at each event time throughout the

study (in this case, at each month of follow-up). This allows for the use of the BMD-

assessment value [0/l] in accordance with the risk set definition. If a woman received

this test prior to the initiation of an OSRx, or before being censored, the value of

[BMD]:l was recorded ([BMD]:0 indicates no test was conducted prior to the

evenlcensor date). However, to avoid any immortal time bias, if a woman received a

BMD test after the study start date (i.e. April I't, 1998) but before the evenlcensor date,

the value of [BMD] was programmed accordingly for the Cox proportionalhazards

analysis. That is, from April 1't, 1998 to the date of the BMD assessment, this

individual's value for [BMD] was equal to 0. From the date on which the BMD

assessment was conducted and for all subsequent study time intervals (months), this

value would be equal to 1. Thus, if a woman only received a BMD assessment at time

(t3), she would be categorized into the risk set of [BMD]:0 at times ts, t1, ârd þ. Only at

time t3 would her survival time contribute to the [BMD]:l risk set. Unfortunately, this

method prevents the calculation of survivor curves for each level of the time-dependent

covariate, however, the hazards ratio can still be estimated. 12

The advantage to using this method is that it avoids a potential immortal time

bias. Recall that 'immortal time bias' is defined as the failure to account for the time

dependency of an exposure variable in a cohort study.l3;l4 Generally this occurs when an

individual in an observational cohort study is 'exposed' to the drug, test, or intervention

under study, at some time AFTER the start of the follow-up. The problem occurs when

the time in which the individual is un-exposed (usually from the beginning of the follow-
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up to the exposure date) is mistakenly added to the 'exposed' person-time measure, and

not the 'un-exposed' person-time contribution. By using the aforementioned time-

dependent method for the variable [BMD_assessment], the time from the beginning of

the study period, to the date of the BMD assessment, is appropriately accounted for in the

[BMD_assessment]:0 risk sets, thereby eliminating any potential for immortal time bias.
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Table 3.1. Time-dependent variables and associated modeling techniques.

Time-Dependent
Variable(s)

Coding & Modeling Methods

[PriorJx]:0/l

[BMD_Assessment] : 0/l

[Other_Drugs]
categorical :

[0, l-3, 4-7,8+)

[Steroid_Use]:0/l

[Comorbidity_Level]
categorical: [Low, Med,
Highl

Women with an osteoporosis-related fracture which occurred before the
evenlcensor date were coded [Prior_Fx]:l from the date of the fracture
and for the duration ofthe study. If the fracture occurred before the

study start date (April 1", 1998), then she was coded [Prior-Fx]:l for the
entire follow-up period. Otherwise, the individuals were coded

[Prior_Fx]:O.

If a woman received a BMD assessment before the evenlcensor date,

then she was coded [BMD_assessment]:l from the date of her first
BMD assessment and for the duration of the study. Otherwise, she was
coded [BMD_assessment]:0 for each event time under analysis until the
date of the BMD_assessment, the date of OSRx initiation or censor
(whichever comes first).

For each year of the study (i.e. 1998199,1999/2000,2000/2001, and
2001/2002) the number of other non-osteoporosis prescription
medication groups were counted. In the Cox proporrional hazards
calculation, for each event time under analysis, the value for
[Other_Drugs] in the corresponding year of analysis was used. For
example, if the event time being modeled was Fl2, this corresponds to
the 12ú month of follow-up, which falls in the 1998/1999 study year.
The number of other drug groups used by the individual for that speciftc
year would be used in the analysis. The value of [Other_Drugs] may be
different for each year of the study follow-up allowing for one individual
to have up to 4 separate values for [Other_Drugs] throughout the follow-
up period.

If a woman has a positive record of long-term steroid use, and the f¡rst
date of the steroid drug-taking interval occurred before the evenlcensor
date, then she was coded [steroid]:l from the date of the first steroid
prescription dispensing date and forthe duration ofthe study. Iflong-
term steroid use occurred before the study start date (April I't, 1998),
then she was coded [steroid]:l for the entire follow-up period.
Otherwise, the individuals were coded [steroid]:0.

For each year of the study (i.e. 1998199,1999/2000,2000/2001, and
2001/2002) the [Comorbidity_Level] of the individual was determined.
ln the Cox proportional hazards calculation, for each event time under
analysis, the value for [Comorbidity_Level] in the corresponding year of
analysis was used. For example, if the event time being modeled was

Fl2, this corresponds to the 12ù month of follow-up, which falls in the
1998/1999 study year. The [Comorbidity_Level] calculated for each
individual for that specific year would be used in the analysis. The value
of [Comorbidity_Level] may be different for each year of the study
follow-up allowing for one individual to have up to 4 separate values for
[Comorbidity Level] throughout the follow-up period.

105



3.2,3 OSRx lnitiation Accordinq to BMD Assessment Results

A second Cox proportional hazards model was fitted to evaluate initiation rates

according to BMD measurements in women who received a BMD assessment. The result

of the BMD assessment (normal, osteopeni4 or osteoporosis) was the main independent

covariates (dummy coded; dichotomized). The model was adjusted for age group,

number of other drugs used, comorbidity level, and prior fracture status. For all survival

models, the Schoenfeld residuals of the time-independent covariates were assessed to

identifu potential violations of the proportional hazards assumption.ll Covariates for the

final model were selected using stepwise selection with p<0.05 as level of significance.

3.3 Results

The demographic and clinical characteristics of the entire cohort have been presented

in detail in Chapter 2. The characteristics of women who were dispensed at least one

OSRx (hereafter, termed 'OSRx users') are compared to non-OSRx users in Table 3.1. A

total of 14, 030 women (12.5%) were dispensed at least one OSRx during the study

period. The total number of person-years for this analysis was 402 906, with a mean

follow-up time of 3.6 (10.91) years.

The final Cox proportionalhazards model which included all potential covariates,

converged on a final solution. Hosmer and Lemshow's goodness-oÊfit statisticll was

used to examine the f,rnal model fit, and was determined to be adequate (p:0.423).

Hazardratios associated with each of the covariates are listed inTable3.2.
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Table 3.1 demonstrates that the proportion of women initiating an OSRx decreased

with age. For instance, women in the highest age category (80 years and over) were 44%ó

less likely to initiate any OSRx compared to women aged 50-59 [unadjusted RR: 0.56;

(95%CI:0.54-0.60)]. However, because hormone replacement therapy is indicated for

the relief of 'menopausal symptoms', an analysis that excluded HRT drugs was

performed to determine if this age-related trend was solely due to the large proportion of

yonnger HRT-users. This age-relatedtrend of decreased initiation rates with increasing

age was still evident even after HRT drug use was excluded (RR 0.62; (95% CI:0.53-

0.6e).

Women categorized with medium comorbidity (2-3 major ADGs) were 660/omore

likely to initiate an OSRx than women with low comorbidity levels (1 or fewer major

ADG; unadjusted RR 1.66, 95%o CI 1.59 to 1.73). Similarly, women with a high level of

comorbidity (4 or more major ADGs) were also more likely to initiate therapy than

women with low level comorbidity (unadjusted RR 1.34, 95%o CI: l.2l to 1.48).

However, after multivariate adjustment of these factors, \ryomen categonzed with medium

comorbidity were most likely to initiate therapy (RR 2.76; 95o/o CI:2.05 to 3.70) and

women with high comorbidity levels were no more or less likely to initiate therapy (RR

1.42;95% CI: 0.62 to 3.28).

The number of other drugs þer year) dispensed to cohort members in the year

prior to their index date was a significant and independent predictor of OSRx initiation.

For example, women who used no other drugs were nearly 40o/oless likely to initiate an
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OSRx than women who used 8 or more other drugs (RR 0.61; 95%o CI 0.57 to 0.65).

Even women who used 4-7 other drug chemicals were about 15% less likely to initiate

OSRx compared to women who used 8 or more other drugs (RR 0.85; 95%o CI:0.82 to

0.90). These relative risks remained independently associated with OSRx initiation even

aft er multiv ariate adj ustment.

Long-term use of corticosteroids significantly increased the likelihood of

initiating an OSRx, even after multivariate adjustment (RR 2.06; 95% CI: 1.90 to 2.23).

The likelihood of initiating an OSRx was also influenced by the subjects' region of

residence. Women who reside in rural regions of Manitoba were somewhat less likely

than women who reside in V/innipeg to initiate an OSRx (rural: RR 0.93, 95%o Cl:0.90 to

0.96). Upon multivariate adjustment, this difference \ryas not significant. On the other

hand, female residents of Brandon were more likely to initiate an OSRx compared to

Winnipeg residents (RR 1.30, 95o/oCl: l.2I to 1.40), even after multivariate adjustment

(RR 1.19; 95%o CI 1.10 to 1.28).

Higher income level was associated with a slightly higher likelihood of initiating

an OSRx, even after multivariate adjustment (RR l.lT;95% CI: 1.07 to 1.16). This

proxy measure for socio-economic status also demonstrated that women who reside at

postal codes not associated with an income level (listed as 'No Income' in Table 3.1),

were 57o/o less likely to initiate any OSRx (unadjusted RR 0.43, 95%o CI:0.37 to 0.52).

In the multivariate-adjusted model, the likelihood of initiating therapy based on income

level remained unchanged.
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BMD assessments were performed for 8,443 (7.5%) women in the study cohort.

Only 3.7% of women who did not receive a BMD test initiated an OSRx therapy,

compared to 23.2Yo of women who dìd receive a BMD assessment. The unadjusted Cox

proportional hazards model, which accounts for the time-dependency of the BMD

assessment variable, indicates that women who receive this assessment arc at least 18

times more likely to initiate therapy IRR 18.3 (95% CI 17.5-19.1).

A signifrcant interaction was identified between BMD assessment and age group.

The hazard ratios that incorporate the main effect of BMD assessment as well as the

efflect of the interaction term are listed in Table 3.3. It is apparent that the influence of a

BMD assessment steadily increases with age, and is greatest for women in the oldest age

category (80+;. Figure 3.1 illustrates the survivor function curves of OSRx initiation,

stratified by BMD assessment and age group. From this figure, it is apparent that

amongst women who do not rcceive a BMD assessment, women aged 50-59 demonstrate

the highest OSRx initiation rate. Without a BMD assessment, the proportion of women

over age 60 initiating an OSRx never exceeds l0%o, evenafter 4 years of follow-up.

Amongst women who do receive a BMD assessment, the highest rate of initiation is

observed in women aged 80 and over.

A separate Cox proportional hazards model was fit to the data representing

women who received a BMD assessment, with the resulting BMD-based diagnosis as the

main explanatory variable. After adjustment for age group (no significant interactions

with other covariates), comorbidity, number of other drugs used, and prior fracture

109



history, women diagnosed with osteoporosis (at either the spine or the hip) were four

times more likely than women with normal BMD, to initiate an OSRx (RR 4.12, 95Yo CI

3.83 to 4.43). Likewise, women diagnosed with osteopenia (low bone mass), were

significantly more likely to initiate OSRx relative to women with normal BMD (RR 1.65;

95%o Cl: 1.52to 1.79). A plot of the survivor functions for each BMD diagnostic group is

found in Figure 3.3. Note also that women diagnosed with 'normal' BMD from Figure

3.3, demonstrate a similar rate of treatment initiation as women with no BMD assessment

from Figure 3.1.

Another significant interaction is found between age and prior osteoporotic

fracture history (Table 3.4). From Table 3.4 andFigure 3.2,itis apparent that women

aged 50-59 who suffered a prior osteoporosis-related fracture are no more or less likely to

initiate an OSRx. However, after the age of 60, a prior fracture substantially increases

the likelihood of initiating therapy. This likelihood is augmented with increasing age,

with women over the age of 80 more than twice as likely to initiate an OSRx if they

suffered a prior fracture compared to their peers without a prior fracture (RR2.25;95%

CI:2.06,2.46). Examination of the survivor function curves in Figure 3.2 also indicates

that less than l,5o/o of the cohort is expected to initiate therapy, even among women who

sustained a prior-fracture (in any age group).

110



Table 3.2. Cohort characteristics according to OSRx use.

OSRx Users

Nn (%)

OSRx Non-Users

Nq (%)

n

Age Group
s0_59
60-69
70-79
80+
Mean Age:

Prior Fracture
No
Yes

Comorbidify Level
Low
Medium
Hish

Number of Other Drugs
Dispensed

0
I_3
4_7

8+

Long-Term Steroid Use
No
yes

Region of Residence
Winnipeg
Brandon
Rural

Income Quintile
Low
High
No Income

BMD Assessment
No
Yes

14 030 (r2.s)

3 835 (27.3)
4 0e1 (2e.2)
4 042 (28.8)
2 063 (14J)
67.6 (t 10.2)

8 26s (s8.e)
s 76s (41.1)

II 002 (78.4)
2 646 (18.9)
382 (2.7)

2133 (rs.2)
4 4s8 (31.8)
4 378 (3t.2)
3 061 (21.8)

13 401(e5.5)
62e (4.s)

I 106 (s7.8)
7s0 (s.4)
s t74 (2t.3)

27t7 (te.4)
tt 162 (79.6)
lsl (1.1)

e 272 (66.1)
4 7s8 (33.9)

98 433 (87.5)

18 s24 (18.8)
28 ssr (2e.0)
29 723 (30.2)
21 63s (22.0)
70.s (x r0.7)

66 66t (67.7)
31772 (32.3)

82 648 (83.4)
t2e78 (r3.2)
2807 Q.e)

19 400 (t9.7)
32 434 (33.0)
28 403 (28.9)
18 196 (18.s)

96 8t7 (e8.4)
1 616 (1.6)

s6 100 (s7.0)
3 887 (4.0)
38 446 (22.3)

21e08 (22.3)
72724 (73.9)
3 801 (3.8)

e4 748 (e6.3)
3 68s (3.7)
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Table 3.3. Relative risk of initiating an OSRx by age group, prior osteoporotic
fracture history, comorbidity, number of other drugs used, Iong-term corúicosteroid
use, and BMD assessment [unadjusted (univariate) and multi-variate adjustedl.

Unadjusted [univariatel
RR (9s% Cr)

Multi-variate Adjusted
RR (95% CI)

Age Group
50-59
60-69
70-79
80+

Prior Fracture

Comorbidity Level
Low
Medium
High

Number of Other Drugs
Dispensed

0
t-3
4-7
8+

Long-Term Steroid Use

Region of Residence
Winnipeg
Brandon
Rural

fncome Quintile
Low
High
No Income

BMD Assessment

Reference
0.7T (0.68,0.74)
0.70 (0.67,0.73)
0.56 (0.54, 0.60)

1.53 (1.48, 1.58)

Reference
1.66 (1.59,1.73)
I .34 (1 .21 , r.48)

0.62 (0.59,0.65)
0.75 (0.71,0.78)
0.86 (0.82,0.90)
Reference

2.8t (2.59,3.04)

Reference
1.30 (1 .2t,1.40)
0.93 (0.90,0.96)

Reference
1.20 (1.15,1.25)
0.43 (0.37,o.st)

18.29 (17.53, 19.08)

Reference
0.52 (0.49,0.55)
0.46 (0.43,0.48)
0.37 (0.34,0.40)

Age Interaction *

Reference
2.76 (2.05,3.70)
1.42 (0.62,3.28)

0.61 (0.57, 0.65)
0.72 (0.69,0.76)
0.85 (0.82,0.90)
Reference

2.06 (t.90,2.23)

Reference
1.19 (1.10, 1.28)
1.04 (1.00, 1.07)

Reference
1.11 (1 .07,1.16)
0.43 (0.37,0.s2)

Age Interaction *

* Due to a statistically significant interaction with age,the relative risk of this variable
must be calculated separately for each age group. These values are reported in
subsequent tables.
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Table 3.4. Relative risk of initiating an OSRx adjusting for interactions between age
and BMD assessment.

Age Group RR (9s% Cr)

50-59

60-69

70-79

80+

8.0 (7.3, 8.7)

T8.8 (t7.5,20.2)

23.5 (21.8,25.3)

30.6 (26.4,35.3)
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Table 3.5. Relative risk of initiating an OSRx adjusting for interactions between age
and prior osteoporotic fracture history.

Age Group RR (es% cr)

50-59

60-69

70-79

g0+

1.05 (0.96, 1.14)

1.44 (1.35, 1.53)

t.82 (1.71, t.94)

2.25 (2.06,2.46)
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3.4 Discussion

A significant limitation of observational studies that study the effect of drug therapy

is the lack of random assignment to treatment or non-treatment.15;16 ln observational

studies, subjects who receive treatment are more likely to experience the outcome for

which the treatment is prescribed to prevent. Thus, a direct analysis of outcomes would

be biased against the treatment having a positive effect (i.e., preventing the outcome).

Statistical adjustment of the differences between the treated and untreated populations

should eliminate some of the bias inherent in observational analyses. In the case of

osteoporosis, women who are at highest risk of osteoporosis and sustaining a related

fracture may also be the same women most likely to receive therapy. Thus, the first step

towards adjusting for these factors involves identiffing them.

This analysis has identified several important factors associated with the initiation of

an osteoporosis prescription medication. The single most significant factor identif,red is

the receipt of a BMD assessment. At every age group studied, women who received a

BMD assessment were much more likely to initiate drug therapy compared to those who

did not receive such an assessment. The independent and significant effect of BMD

assessment on the initiation rates of osteoporosis therapies have been identified in at least

two other studies, one of which used administrative health dataa and the other, a

telephone survey of patients referred for BMD assessment.e Neither of these studies,

however, investigated the potential interaction of age and BMD assessment. The present

study found that as age increased, a BMD assessment influenced treatment initiation rates

to an even greater degree.
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The interaction of age with BMD may be due to the higher prevalence of low BMD

(osteopenia and/or osteoporosis) in older women, thereby indicating to a clinician a

greater need for treatment. Previous studies capable of linking administrative health data

regarding BMD assessment status have not had the capacity to measure drug initiation

rates according to the diagnosis as def,rned by the BMD assessment.a A significant

advantage to the present study is the availability of a population-based BMD database

that contains information not only regarding which women received a BMD assessment,

but the results of that assessment as well.

Analysis of this information demonstrates that women, who receive a BMD

assessment and are diagnosed with osteoporosis according to their BMD measurement,

are atleast 4 times more likely to initiate therapy than women diagnosed with normal

BMD, regardless of age. Similarly, women diagnosed with osteopenia also initiate

therapy at a greater rate -- over 1.6 times that of women with normal BMD.

Another significant finding in this analysis is the influence of a prior fracture on

treatment initiation. Because the risk of fracture is elevated in women who have already

sustained at least one fracturs,lT;l8 ffeatment interventions often target women shortly

after an osteoporotic fracture event. In Manitoba, only 15.4% of women with a prior

osteoporotic fracture initiated an OSRx therapy within the study time window. The

relative risk of initiating therapy in women with a prior fracture strongly interacted with

age as well. That is, all women over the age of 60 with a prior fracture were more likely

to initiate an OSRx compared to women without a past fracture event. In comparison, a

study by Perreault et al. (2004) found no independent efÊect of prior fracture status on the

rate of treatment initiation in women over age 70 residing in Quebec, Canada.a
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Interestingly, the multivariate model covariates presented in Table 3.2 also indicated a

non-significant independent effect of prior fracture status. However, a significant

interaction between fracture status and age group was identified and indicated an

increasing likelihood of treatment initiation with increasing age (Table 3.4).

A significant relationship between long-term corticosteroid use and treatment

initiation was identified in this analysis. After multivariate adjustment, long-term

corticosteroid use remained a significant predictor of treatment initiation. An

administrative health database study by Feldstein et al. (2003) further supports these

resultsle Amongst 3,812 women over 50 years of age with an incident fracture (at sites

associated with osteoporosis), women who initiated drug therapy post-fracture were more

likely to be chronic steroid users and more likely to have sustained a vertebral fracture as

opposed to a hip or wrist fracture. Although the present study did not consider the site of

prior fracture in the multivariate model, the model did include a similar definition of

long-term steroid use and the results demonstrate a significant association between long-

term steroid use and OSRx initiation.

Finally, the significant association between income level and treatment initiation

further reflects the diflerential access to osteoporosis-therapies between these two socio-

economic groups. The 'income level' variable used in these analyses represents the

relative income level of each cohort member. This analysis demonstrated that women in

the lowest one-fifth of the income strata were less likely to initiate treatment than women

in the top four-fifths of the income strata. This is an interesting finding given that most

individuals in the province in the lowest socioeconomic group generally receive full

prescription coverage (hence, do not have to pay out-of-pocket). Thus, this result may
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reflect other barriers to treatment (other than cost). At least one study has also

demonstrated that specialist services are underused by individuals of the lowest

socioeconomic group.20 If the women in the lowest income level in this study, also

experience lower rates of specialist care, it may be another explanation as to why they are

less likely to initiate treatment.

Women in the 'No Income' category are generally those women who reside in long-

term care facilities or nursing homes. Unfortunately, these women are much less likely to

initiate an osteoporosis therapy, even after adjusting for age, comorbidities, etc. If these

women ate akeady on a large number of other pharmacotherapies, there may be concems

regarding drug-drug interactions from their health care providers or, more simply, the

prevention or treatment of osteoporosis was not a priority given other potential illnesses

or comorbidities which they may be experiencing. However, hip fracture incidence has

been demonstrated to be significantly higher in nursing home residents compared to an

age-matched ambulatory population and hence, the reasons in which these individuals are

less likely to initiate an OSRx treatment should be evaluated.2r

3.5 Analysis Strengths and Limitations

This study exhibits several strengths. The availability of population-based

adminishative health datq which includes information on BMD assessment and

diagnoses, is unmatched in this regard. Also, unlike other population-based

administrative databases in Canada, the Manitoba Health database contains records for

the entire population across all age groups and not just those \¡/omen over 65 years of age.

This feature permitted the evaluation of OSRx drug use in women who are recently post-

menopausal as well as for the very elderly.
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However, this study is not without its limitations. First, only the women who are

dispensed medication in out-patient pharmacies are represented. Women who receive a

prescription from their physician but do not subsequently fill the prescription at the

pharmacy, remain unaccounted for. This misrepresentation would result in an under-

reporting of the numbers of women who are prescribed an OSRx, but not necessarily the

number of women who initiate an OSRx. Second, the number of osteoporosis fractures

may be under-reported, particularly the number of vertebral fractures. Studies indicate

that only about a third of all vertebral deformities detected on radiographs receive

medical attention and fewer than I}Yo require hospital admission 22. Finally, the fact that

women who receive a BMD assessment need be referred for the test may contribute to

the magnitude of this effect on initiation rates. Unless the reasons for BMD referral are

adjusted for in the analysis, the true magnitude of its influence on drug initiation cannot

be determined.

It is important to note that this analysis may have under-reported treatment initiation

post-fracture. This is because the data on fracture histories was available from 1985 to

2002, yet drug claims data were available from 1996 to 2002. Since the fractwe history

extended beyond 10 years and drug histories between 2-6 yearc, this analysis may have

under-reported the number of women who initiated therapy shortly after their fracture

event but before the start of the drug claims database. Furthermore, in order to evaluate

'new' drug users, the selection criteria in the cohort development phase excluded women

who were dispensed at least one OSRx in the year prior to the study period (1997-1998).

Thus, if a woman sustained an osteoporosis-type fracture prior to 1997 but initiated an

OSRX during the 1997/1998 fiscal year, she would have been excluded. This bias would
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result is a smaller proportion of women identified as 'treated post-fracture', but would

strenglhen the association (and influence) of a prior fracture on risk or likelihood of

treatment initiation. In other words, the relative risk of treatment initiation determined in

this analysis is actually attenuated by this selection bias.

It should also be noted that studies utilizing pharmaceutical drug claims data often

assume that women who are dispensed drugs actually consume (i.e., ingest) the

medication. In this analysis, the same assumption is made albeit with fewer

consequences should this assumption prove false. The analysis only seeks to identiff

those women who present at the pharmacy to fill a prescription and, thus, have the

'intention' to initiate. Adherence and persistence rates for the purpose of examining

population-based drug effectiveness are explored in Chapter Five.

3.6 Gonclusion

Several factors influence the likelihood a post-menopausal woman will initiate an

OSRx. This analysis has demonstrated that the receipt of a BMD assessment is the

largest independent influence on treatment initiation, even after adjusting for age and

prior fracture history. Women with a prior fracture are more likety to initiate therapy, but

continue to be under-treated given their elevated risk of a second fracture. Further

studies are required to determine which factors are associated with the receipt of a bone

mineral density assessment, as well as an understanding of the physician characteristics

which are associated with specific OSRx prescribing practices.
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Chapter 4 Factors Associated with the Receipt of a
Bone Mineral Density Assessment

4.1 lntroduction

The overall goal of this thesis is to develop a model which estimates the effect of

osteoporosis treatrnent on fracture rates. However, if observational, retrospective data are

used to achieve this goal, several statistical adjustments are required to enswe that the

treatment groups are appropriately compared.

The previous chapter analyzed factors associated with osteoporosis-related

treatment initiation and demonstrated that the biggest predictor of initiation was the

receipt of a BMD assessment. However, since the province of Manitoba does not support

mass screening of all post-menopausal women, only women deemed to be at highest risk

of fracture are referred for testing. Thus, the true effect of a BMD assessment on

treatment initiation may be overestimated. In order to better understand current

osteoporosis prescribing practices, one requires further information about the factors that

are associated with BMD testing.

Previous studies regarding BMD assessments have focused on rates of testing

across regionsl, or the influence of the test (and its results) on treatment decision, 2;3;3-5.

A recent article by Morris et al6, systematically reviewed studies that described rates of

BMD testing in diflerent populations to identiSr patient or physician factors predicting

densitometry assessment. Of twenty-two studies that provided data on BMD testing

rates, the majority sought to quantifu osteoporosis-screening rates in pre-specified

populations particularly, post-fracture patients and oral glucocorticoid steroid users. Of
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the studies which examined potential predictors of bone densitometry, none were

population-based.

This analysis addresses this issue by linking information from the Manitoba BMD

database with information from Manitoba's other population-based administrative health

databases, to evaluate the relationship(s) between specific patient and physician

characteristics and the likelihood of receiving a BMD test in Manitoba from 1998-2002.

This linkage is possible because person-based longitudinal files of health services use can

be compiled through the use of a unique encrypted numeric identifier; persons are not

identifiable to the researcher or analyst.
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4.2 Methods

4.2.1 Studv Desiqn

This was a retrospective, observational cohort analysis. The cohort development

procedures were detailed in Chapter 2, including all inclusion and exclusion criteria.

4.2.2 BMD Assessment Rates bv Phvsicians

In Manitoba, BMD tests can only be performed upon referralby aphysician.

Thus, an analysis of factors influencing the likelihood of receiving a BMD assessment

must evaluate physician-related factors in addition to patient-related characteristics. The

administrative health databases housed at the Manitoba Centre for Health Policy include

a physician master file which contains personal and professional-related information for

all physicians licensed to practice in Manitoba. A physician-specific 'BMD testing rate,'

was calculated in a manner similar to that described by Solomon et al (2000).? Briefly,

the number of BMD tests utilized per physician were divided by the number of women

over age 45 in that physician's practice (as determined from the physician master file

database). A frequency distribution of the 'BMD testing rate' was evaluated in order to

create cut-off values for low, medium, and high rates. Frequency tertiles were used as the

cut-off values. Physicians were then coded as low, medium, or high rate BMD testers (by

the variable [MD_Type] for each physician). Every physician visited by a single patient

was linked to that patient. If a study subject visited 3 different physicians over three

years, and one of the physicians was ranked 'high' with respect to their BMD test rate,

the [MD_Type] value for that subject would be 'high'. Subjects that did not have any
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physician visits or whose medical claims records indicated a visit to a physician that did

not send any patients for BMD assessment were given azero (0) value for [MD_Type].

There werc222 subjects who reported an [MD_Type]:O together with a record of

BMD assessment. This may be due to the fact that the physician data for the physician

requesting the BMD assessment (from the BMD database) was improperly coded (andlor

missing) and could not be linked to the Physician Master Files, which contained the

information necessary to calculate the BMD test rate. These 222 subjects account for

2.60/o of the women with a BMD assessment, and 0.20%o of the total number of women

(with or without a BMD assessment).

4.2.3 Statistical Analvses

A Cox proportional hazards model was fitted to study the effects of covariates on

the likelihood of receiving a BMD assessment.s Ti*e to BMD test (in months) was the

dependent variable. Explanatory variables tested in the model included: age group

(categorical), prior osteoporosis-related fracture (time-dependent, dichotomous), long-

term corticosteroid use (dichotomous), comorbidity level (categorical), number of other

drugs used (categorical), income level (categorical), region of residence (categorical), and

the type of physician (categorical). The Schoenfeld residuals of the time-independent

covariates were assessed to identiff potential violations of the proportional hazards

assumption.s Covariates for the f,rnal model were selected using stepwise selection with

p<0.05 as level of significance.
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4.3 Results

The study cohort included 1I2,463 women over the age of 50 years at April 1't,

1998 of whom 8, 443 (7.5%) received at least one BMD assessment by March 3l't,2002.

Table 4.1 lists the cohort characteristics according to their BMD assessment status at the

end of the study period (March 3ft,2002). From this table, it is apparent that women

over 80 years of age are the least likely to receive a BMD assessment. In univariate

analyses (Table 4.1), women aged 60-69 were most likely to receive a BMD test.

However, after multivariate adjustment, women aged 50-59 demonstrated the greatest

likelihood of receiving the test (Table 4.2).

The likelihood of receiving a BMD assessment was also influenced by the year of

testing, particularly for women aged 50-59. As illustrated in Figure 4.l,it is apparent

that in 1998199, women aged 50-59 were significantly more likely to receive a BMD than

any other age group. By 2002, the difference in likelihood of receiving a test between

women aged 50-59 and all other women was not as dramatic, although women in this age

group remained most likely to have the test. The Kaplan-Meier survival curves

illustrated in Figure 4.2 fwther demonstrate that women in this age group (50-59) were

most likely to receive the test throughout the study period, whereas women aged 80 and

over were least likely. By the end of the study period, only 2.3%o of women over 80

received a BMD assessment, compared to 8.1%o in women aged70-79,10.2yo in women

60-69, and 11.7o/o in women aged 50-59 years.

Subsequent to multiva¡iate adjustment, aprior osteoporotic-type fracture, long-

term oral corticosteroid use, medium-level comorbidity status, and the receipt of at least

one other prescrþtion drug, were all independently associated with the receipt of a bone
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density test (Table 4.2). Women in the 'high' income level were 360/omorc likely to

receive a BMD assessment than women in the low income level ('High' income

category). Women with no reported income were 66%o less likely than women in the

lowest income quintile to receive the test (Table 4.2).

The largest predictor of whether or not a woman would receive a BMD

assessment was the BMD testing rate of her physician. Regardless of individual patient

characteristics, women with a record of a physician visit to a high rate BMD tester, were

nearly 30 times more likely to receive the test than women who saw physicians who were

not 'BMD testers'. The likelihood of receiving a BMD assessment approximately tripled

at each 'BMD Tester' level (i.e., low-rate tester RR 3.1, mid-rate tester RR 9.1, high-rate

tester RR 28.4; compared to non-testers)(Table 4.2).

The interactions amongst the covariates are as presented in Figures 4.3-4.7. Each

of these figures represents the Kaplan-Meier survival curves for a specific age category,

stratified by [MD_Type], region of residence, and prior fracture history. From these

graphs, it is clear which women were most likely to receive a BMD assessment in each

year of the study. For instance, in women aged 50-59 (Figure 4.3),the BMD test rate

was highest for women with a visit to a'High' BMD tester, who resided in Winnipeg,

and with a prior fracture. A similarly high test rate was observed for women with a visit

to a'High' Tester, with a prior fracture, and who resided in Rural Manitoba.
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Table 4.1. Cohort characteristics according to BMD assessment status.

BMD Assessment No BMD Assessment unadjusted RR
(es% cr)

N (%)
Age Group

50-59
60-69
70-79

80+

Prior Fracture
No

Yes

Comorbidity
Low

Medium
HiCh

Number of Other
Drugs Used

0
l_3
4-7
8+

Long-term Steroid Use
No

yes

Income Level
Low
High

No Income

Region of Residence
Winnipeg
Brandon

Rural

Type of Physician
Non-Tester

Low-rate Tester
Mid-rate Tester

Hi-rate Tester

8 443 (7.s%)

2 tt2 (2s.0%)
3 349 (39.7%)
2 sûs (29.7%)

477 (s.6%)

s t3e (609%)
3 304 (39.1%)

s e97 (71.0%)
2277 (27.0%)

169 (2.0%)

1 388 (16.3%)
3 018 (3s.8%)
2 60s (30.9%)
t 432 (17.0%)

8 027 (gs.t%)
416 (4.e%)

| 319 (1s.6%)
7 086 (83.9%)

38 (0.5%)

s 371 (63.6%)
73r (8.7%)

2 341 Q7.7%)

222 (2.6%)
9s6 (fi.4%)

2 482 Qe.4%)
4 783 (s6.6%)

104 020 (92.s%)

20 246 (1e.4%)
29293 Q8.2%)
31260 (30.1%)
23 221 Q2.3%)

69 787 (67.t%)
34233 (32.9%)

88224 (84.8%)
t2 889 (12.4%)
2e07 (2.8%)

2014s (19.4%)
33 874 (32.s%)
30 176 Q9.0%)
t9 82s (19.1%)

1021t3 (98.2%)
1e07 (r.8%)

23 306 Q2.4%)
76 800 (73.8%)

3 914 Q.8%)

58 83s (s6.6%)
3 906 (3.8%)

41279 (39.6%)

20 142 (19.4%)
2s 186 (24.2%)
3s 772 (34.4%)
22920 Q2.0%)

3.9 (3.5,4.3)
4.3 (3.9,4.7)
3.2 Q.9,3.5)
-Reference-

-Reference-
1.4 (1.3,1.4)

rReference-

2.1(1.8,2.4)
0.9 (0.2,2.1)

-Reference-
1.2 (1.1, 1.3)
1 .2 (t .1, I .3)
1.1 (1.0, 1.2)

-Reference-
2.9 (1.4, 1.6)

-Reference-
1.6 (1.5, t7)
0.3 (0.2,0.3)

-Reference-
2.0 (1.8,2.1)
0.64 (0.59,0.66)

-Reference-
2.8 (1.9, 5.8)
6.5 (4.2,14.4)
18.6 (15.3, 38.2)
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Table 4.2. Relative risk of receiving a BMD assessment according to by age group,
prior osteoporotic fracture history, comorbidity, number of other drugs used, long-
term corticosteroid use, and Type of Physician*"**

RR (95% CÐfffT

Age Group
50-59
60-69
70-79

80+

Prior Fracture

Comorbidity
Low

Medium
High

Number of Other
Drugs Used

0
t_3
4-7
8+

Long-term Steroid Use
Yes
No

Income Level
Low
High

No Income

Region of Residence
Winnipeg
Brandon

Rwal

Type of Physician
Non-Tester

Low-rate Tester
Mid-rate Tester

Hi-rate Tester

2.7 (1.6,4.6)
2.3 (1.4,3.9)
2.2 (1.3,3.8)
-Reference-

1.6 (1.3,2.0)
-Reference-

-Reference-
1.7 (1.4,2.1)
0.8 (0.3, 2.0)

-Reference-
l.l (1.0, 1.2)
1.2 (1.1, 1.3)
l.i (1.0, 1.2)

4.3 (3.2,5.7)
-Reference-

-Reference-
1.36 (1.28,1.44)
0.34 (0.25,0.47)

-Reference-
l.s (0.73,3.18)

0.97 (0.70, 1.33)

Reference
3.1 (1.9,5.1)
9.t (5.7,14.5)

28.4 (17.8,45.3)

Yes
No

**** 
This refers not to the specialty of the physician, but to their relative rate of BMD

testing. Please see text for details.
Trll ¡4rr11¡ua¡iate adjusted relative risk
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Fieure 4.1. Relative risk of receiving a BMD assessment in each age category
(relative to women over 80 years) in each of the four years of study.
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Fieure 4.3. Kaplan-Meier survival curves for women aged 50-59 stratifTed by MD fype, region of residence and prior fracture
history. The legend on the right-hand side of the chart is listed in descending order of BMD assessment rates (i.e., the group at
the top of the list demonstrated the highest probability of receiving a BMD assessment whereas the group listed at the bottom
experienced the lowest probability).
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Fieure 4.4. Kaplan-Meier survival curves for women aged 60-69 stratified by MD type, region of residence and prior fracture
history. The legend on the right-hand side of the chart is listed in descending order of BMD assessment rates (i.e., the group at
the top of the list demonstrated the highest probability of receiving a BMD assessment whereas the group listed at the bottom
experienced the lowest probability.
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Fieure 4.5. Kaplan-Meier survival curves for women aged 70-79 stratifïed by MD type, region of residence and prior fracture
history. The legend on the right-hand side of the chart is listed in descending order of BMD assessment rates 1i.e., the group at
the top of the list demonstrated the highest probabilify of receiving a BMD assessment whereas the group listed at the bottom
experienced the lowest probability.
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4.4 Discussion

The most current Canadian bone densitometry guidelines suggest that BMD

testing be targeted at individuals who have clinical risk factors for osteoporosis and to

those with conditions or disorders associated with bone loss.e However, few studies

have evaluated the appropriateness of actual BMD testing practices or whether or not

the observed pattems are consistent with published recommendations. This analysis

provides new information regarding the characteristics of women who have received

this assessment in Manitoba from 1998 to 2002.

This analysis has demonstrated that the likelihood of receiving a bone mineral

density assessment in Manitoba is highest for women aged 50-59 and lowest for

women over the age of 80, even after adjustments for comorbidity, fracture history,

and corticosteroid use. The likelihood of receiving bone densitometry remained

highest for this age group throughout the study time period. The indications for bone

mass measurement according to the Osteoporosis Society of Canada in 1996 support

testing in women to aid in HRT-decision making.l0;l1 And, as demonstrated in the

previous chapter on osteoporosis initiation rates, women in the 50-59 year old age

group were most likely to initiate an HRT, supporting the notion that physicians were

sending these younger 'well' women for tests to aid in treatment decisions. These are

however, only speculations, as this study was not designed to evaluate the

appropriateness of testing, but rather only to identi$ predictors of testing.

The age trend demonstrated in the current study was also found in a study by

Jagtal et al.r in which patterns of BMD testing in Ontario, Canada from l992to 1998

were investigated. In each year of the study, women between 55-69 years of age
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demonstrated the highest rate of BMD testing. By 1998, approximately 1 in 7 women

in this age group had received a BMD assessment.

Unlike Ontario which, in 1998 registered 212 densitometers, Manitoba in2002

possessed only four such scanners.i livhile testing rates in Manitoba never reached

those observed in Ontario, the rates of testing in Manitoba were correlated with access

to the technology, just as in the Ontario analysis. In Ontario, areas with high rates of

use had alarge number of densitometers. A similar trend was experienced in

Manitoba after the introduction of a new bone densitometer in an urban area that was

previously without a densitometerr2. Thus, although the region of residence variable

in the multivariate adjusted model (Table 4.2) does not predict the likelihood of BMD

assessment, close examination of the survival curves in Figures 4.3-4.6 demonstrates a

regional effect over time. Months 0 through 12 represent the 1998/1999 study time

period and at that time, the urban region of 'Brandon' was without a DXA scanner. At

that time, the likelihood of receiving a BMD assessment for residents of this city was

extremely low (i.e., less than lYo). However in 1999, a scanner was introduced to the

region, and the likelihood of BMD assessment for women residing in this region

dramatically increased, exceeding the BMD test rates of most other provincial regions.

Thus, these results further support the notion that BMD testing is largely driven by

access to the technology . t;6;r2;13

The strongest predictor of bone density testing was the rate of testing by the

individuals' physician. A woman who visited a physician whose BMD testing rate

was in the top third of overall physician testing rates, was nearly 30 times more likely

to receive a BMD assessment compared to women who only saw physicians that did
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not refer women for testing. Even when the analysis was limited to only those women

who had at least one visit to a BMD-testing physician, a woman's probability of

receiving ¿ut assessment dramatically increased according to the BMD-test rate of her

physician. Note also that this increased likelihood for testing was independent of

patient-characteristics, further demonstrating that the physician's BMD testing

preferences significantly influence a woman's access to the test.

The association between specif,rc physician characteristics (such as physician

age, specialty, and/or years since medical school,) and bone density testing rates were

not investigated in this analysis. However, a study of internal medicine pnmary care

physicians, reported that physicians who demonstrated high rates of testing were more

likely to be female with a greater proportion of female patients over the age of 50 in

their practice.T This analysis also found, after multivariate adjustment, no association

between BMD testing rates and physician age or years in practice. A Canadian study

of bone densitometry use in Ontario also found that physician age and years in practice

were not associated with likelihood to send patients for bone density assessment.13

Women with a previous osteoporosis-type fracture and/or long-term

corticosteroid users, were also more likely to receive a BMD assessment. Each of

these factors are positive indications for BMD testing, and would be expected to be

positively associated with bone density assessment. However, the rate at which these

women are sent for testing, as observed in this cohort, is relatively low (8.8% of

women with a prior osteoporotic fracture arñ 17.9%o of women using long-term oral

corticosteroids) especially considering these are important predictors of subsequent

osteoporotic fractures. I 4; I 5
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When comparing the factors associated with initiating an osteoporosis

pharmacotherapy (Chapter 3) with the factors associated with the receipt of a bone

density test, the same factors appear to be predictors. Thus, despite the fact that

receipt of a bone mineral density test strongly predicts treatment initiation, the

covariance between factors related to BMD testing and factors related to treatment

initiation is presumably large. Hence, a more accwate me¿ìsure of the true,

independent influence of a BMD assessment on treatment initiation would possibly be

achieved through structural equation modeling techniques.16;17 However, a more

accwate measure of the eflect of BMD assessment on treatment initiation is beyond

the scope of this analysis, and is assumed not to jeopardize subsequent analyses.

This analysis did not explore other physician characteristics such as years of

experience, place of medical training, and./or specialty which could each influence the

rate at which they refer patients for BMD assessments. In order to adjust for these

cha¡acteristics, a hierarchical modeling technique would be required. That is, in order

to identifu and measure which physician characteristics are associated with their

likelihood to send a patient for densitometry analysis, the data at the patient level must

be considered as potentially non-independent (between patients) and the physician

characteristics modeled as independent factors. Essentially, for the purpose of this

analysis and to simplifr the statistical modeling, physicians were only grouped

according to their BMD test rate.

With respect to the long term goals of this thesis, this analysis contributed

important information pertaining to the differences between women who use

osteoporosis medication and those who do not. Recall that the ultimate goal of this
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thesis is to measure the effect of osteoporosis treatment on fracture rates in post-

menopausal women. In order to do this using observational study methods, several

statistical adjustments must be made to ensure the treatment and non-treatment groups

are comparable. By understanding the factors related to the initiation of treatment,

some of these adjustments can be made. The current analysis demonstrates that the

factors which predict treatment initiation are also predictors of BMD testing. Thus, in

order to balance the treatment categories when analyzrngthe effect of drugs, one must

adjust the groups according to each ofthese factors.
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Ghapter 5 Persistence

5.1 lntroduction

Persistence and adherence to long-term drug therapies is poor, especially for

chronic medical conditions that require several years of therapy before achieving their

desired health effects.l;2 Randomized controlled trials of osteoporosis pharmacotherapies

indicate that these drugs must be used for at least 18 months before significant fracture

risk reductions are observed.3 Unfortunately, population-based studies of persistence to

osteoporosis therapies in post-menopausal women outside the clinical-trial aren4 do not

exist.

Persistence is defined as the length of time over which a patient continues to fill a

prescription.a Adherence on the other hand, refers to the extent to which the patient's

medicine-taking behaviour coincides with medical or health advice.s Studies of

osteoporosis-related treatment patterns have focused on the effects of adherence on

outcomes such as fractures,6;7 and have measured long-term persistence in only a specific

sub-group of women.s;e This analysis uses the population-based administrative health

databases in Manitoba" Canadq to describe persistence on osteoporosis therapies and to

fuither identiff factors which predict discontinuation of treatment.

Also, previous analyses in this thesis have demonstrated that the receipt of a bone

density assessment dramatically increases the rate at which women initiate an

osteoporosis prescription therapy, independent of any other patient characteristics. This

chapter fuither explores the influence of a BMD assessment while also examining other

factors associated with the persistence to a prescribed regimen.
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5.2 Methods

5.2.1 Studv Desiqn

This was a retrospective, observational cohort analysis. The cohort development

procedures were detailed in Chapter 2, including all inclusion and exclusion criteria.

5.2.2 Measures of Persistence

The primary outcome of this analysis was treatment discontinuation or, presumed

non-persistence. The study period began April 1 
s, 

I 998 and continued to March 3 1't,

2002. Persistence analyses only included cohort members with at least two consecutive

prescription claims for an ggp"rtrr. Prescription ref,rll patterns were assessed to

determine the length of time subjects continued to use osteoporosis medication after the

first dispensing date. Thus, 'persistence' represents the duration of time over which a

patient continues to frll prescriptions. Subjects were considered to have 'discontinued' if

they had an OSRx medication available for fewer than 50o/o of the days in any time

period after their first refill until the end of the study period. This measure of persistence

*IfÍ 1¡" operational definition of 'at least 2 consecutive prescriptions' was as follows:
Taking into consideration the number of days supplied for the initial OSRx drug, if the
cohort member refilled a prescription within the number of days equal to half of the
original days supplied, she would be considered part of the 'persistence cohort.' For
example, if a woman's first OSRx prescription carried a 30 day supply, and if she
returned to the pharmacy for a refill within 45 days of her initial dispensing, she would be
included in the analysis. The rationale for requiring 2 consecutive prescriptions is based
on the assumption that if the patient has returned to the pharmacy for a refill, she has
finished (and hence, consumed) the previously dispensed supply. If she does not return
to the pharmacy for a rehll, the assumption that she ingested the previous supply is
inadequate. For the same reason, the days supply of the last refill are not included in the
persistence calculation. Thus, because of these criteria, it does in fact imply that by
definition, each subject included in the persistence analysis is 'persistent' for at least the
number of days supplied in their initial prescription (which is not necessarily 30 days).

148



has been evaluated by Steiner and Prochazka (1997)s and recently employed by Wilson

et at. (2005)10.

Because concomitant therapy and drug 'switching' is common in the treatment of

osteoporosis, several medication-taking scenarios and combinations were possible. The

methods and algorithms developed to identiff these potential scenarios are listed in

Appendix III. Briefly, the persistence analyses, described herein, considered all

osteoporosis-related prescription therapies (OSRx) as one category. If a woman switched

therapies (e.g., from HRT to bisphosphonate), and this switch occurred within 60 days of

discontinuing the first drug class, then the overall drug taking interval would include the

time on the first drug class (HRT) and the second drug class (bisphosphonate). Figure

5.1 illustrates a hypothetical example of such an event, as well as the calculation of

persistence.

5.2.3 Statistical Analvses

The Kaplan-Meier failure method was used to estimate cumulative persistence

rates.ll Women who were still persistent at the end of the study period were censored.

Log-rank tests were used to assess between-group differences in persistence rates. A Cox

proportional hazards model was fitted to study the effects of covariates on the likelihood

of discontinuing therapy.ll Time to drug discontinuation (in months) was the dependent

variable and the censor date was the first of either death or the end of the study period

(March 31,2002). Explanatory variables tested in the model included: age group

(categorical), prior osteoporosis-related fracture (time-dependent, dichotomous), BMD

assessment (time-dependent, dichotomous), comorbidity level (categorical), income level
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(categorical), and region of residence (categorical). The Schoenfeld residuals of the time-

independent covariates were assessed to identifr potential violations of the proportional

hazards assumption.tt All analyses were performed using SAS version 8 (SAS Institute,

Inc., Cary, NC).

5.2.4 Time-dependent Variables

The Cox proportional hazards model included several time-dependent variables

and the techniques used to model these variables are listed and described in Table 5.1.

Further details can be found in Appendix IV.

150



Table 5.1 Time-dependent variables and associated modeling techniques.

Dependent Variable Time-Dependent
Variablels)

Coding & Modeling Methods

Time (months) to event or
censor
Event:

[OSRx_Discontinuation]: I
Censor:

[O SRx_Discontinuation]:0
(continued use of OSRx)

[Prior Fx]:0/l 'Women with an osteoporosis-related
fracture which occurred before the
event/censor date were coded [Prior_Fx]:l
from the date of the fracture and for the
du¡ation ofthe study. Ifthe fracture
occurred before the study start date (April
I't, 1998), then she was coded

[Prior_Fx]:l for the entire follow-up
period. Otherwise, the individuals were
coded [Prior_Fx]:0.

IComorbidity_Level]
categorical: [Low, Med,
Highl

For each year of the study (i.e. 1998/99,
1999 12000, 2000 12001, and 2001 12002) the
[Comorbidity_Level] of the individual was
determined. In the Cox proportional
hazards calculation, for each event time
under analysis, the value for
[Comorbidity_Level] in the corresponding
year of analysis was used. For example, if
the event time being modeled was t:12,
this corresponds to the 12ú month of
follow-up, which falls in the 1998/1999
study year. The [Comorbidity_Level]
calculated for each individual forthat
specific year would be used in the analysis.
The value of [Comorbidity_Level] may be
different for each year of the study follow-
up allowing for one individual to have up
to 4 separate values for
[Comorbidity_Level] throughout the
follow-up period.
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Fieure 5.1 Persistence Calculation (a hypotheticat OSRX user).

This figure illustrates hypothetical data observed for a 'persistent' cohort member. To measure
overall persistence, the first date of the initial prescription is recorded. In this case, the initial
prescription was for an HRT regimen. The 'days supplied', as recorded from the prescription
claim, indicates she will be out of medication in 30 days. Shortly before these 30 days are over,
she receives her 1" refill, again with a 30 day supply. At this point, she has 60 days supply on
hand. However, when those 60 days are over, she does not refill her HRT prescription but is
dispensed a bisphosphonate. For the purpose of this analysis, a switch between drug classes was
allowable and the total days on therapy [Drug I (HRT) and Drug 2 (Bisphosphonate)] was
calculated. However, if at any time the individual did without therapy for a period greater than
60 days, or if her medication possession ratio fell below 50Yo for any given drug interval, then the
persistence count.was terminated at the first day of the last eligible claim. In this example, the
study subject's 4ù refill occurred > 60 days after the 3'd refill would run out. Therefore, her
persistence tally stopped at the dispensation date ofthe 3'd refill.
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5.3 Results

5.3.1 Persistence Gohort Characteristics

The original study cohort was comprised of ll2 463 women 50 years and over at

April 1, 1995. Of these women, 14 030 (12.5%) were dispensed at least one OSRx

between April 1't, 1998 and March 3Itr,2002. However, only women who received at

least 1 refill after their initial prescription were included in this analysis (n:10 075; (72%

of women who were dispensed at least one OSRx or,9.IYo of the original cohort).

Hence, 28Yo of women who initiated an OSRx did not continue with therapy after their

first prescription claim.

The characteristics that distinguish the women who used only one prescription

and did not return for a refill are listed in Table 5.2. From this table, it is evident that

women who did not return to the pharmacy were slightly older, and were more likely not

to have received a BMD assessment (either before or after the date of the first OSRx

prescription). Also, a higher proportion of women who did not refill their initial

prescription resided in the lowest fifth of overall neighborhood income categories.
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Table 5.2 Baseline characteristics of women who did not return for a refill of their
initial OSRX versus those who returned for at least one refill.

No Refills At least I Refilt p

Total 3 9ss (28%) l0 075 (%)

Age Group
50-s9 723 (r8.3) 2 406 (23.9) < 0.001
60-6e t 092 (27.6) 2 e00 (28.9)
70-79 t 227 (31.0) 2 984 (29.6)
80+ 913 (23.r) t 78s (r7.7)
Mean Age: 70.9 (x 10.4) 69.1 (t 10.3)

Prior Fracture
No 2338 (59.1) s 927 (s8.8) 0.76
Yes t 617 (40.9) 4 t48 (41.2)

Comorbidify Level
Low 2927 (74.t) 7 756 (77.0) 0.23
Medium 831 (21.0) 1 966 (19.s)
High te4 (4.9) 353 (3.5)

Region of Residence
V/innipeg 2278 (57.6) 5 828 (s7.9) 0.23
Brandon 193 (4.9) 557 (5.5)
Rural I 484 (37.s) 3 690 (36.6)

Income Quintile
Low 8s2 (2t.5) I 865 (18.s) 0.002
High 3 06s (77.s) 8 0e7 (80.4)
No Income 38 (1.0) 113 (1.1)

BMD Assessment
No 2 86s (72.4) 6 407 (63.6) <0.001
Yes 1 090 (27.6) 3 668 (36.4)
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Women included in the 'persistence cohort' (i.e. those women who received at least

two consecutive prescriptions) were 69.1 years of age (+10.3). The baseline

characteristics of the 'persistence cohort' are listed in Table 5.3. Women aged 80 years

and over were least represented in this cohort (17.7%), especially when compared to the

proportion of women in this age group from the original cohort (21.1%; Table 2.6). The

average length of therapy was also the lowest amongst women in this age group.

Signifrcant differences were observed with respect to the aveÍage length of therapy

across the variables studied. Women with a prior fracture or high level of comorbidity

were persistent with therapy for shorter duration than women without a prior fracture or

in lower comorbidity levels. Demographic characteristics also demonstrated different

persistence durations with women in the higher income quintiles persisting on therapy for

longer durations than women in either the low or 'no income' categories. Finally, women

with a BMD assessment demonstrated a significantly shorter avetage duration of therapy.

The average duration of therapy observed and listed in Table 5.3 does not

accurately portray the effect of the covariates on time to treatment discontinuation. Many

of the observations were censored and hence, the true treatment duration lengths may

actually be underestimated. The Cox proportionalhazards regression technique was used

to account for the effects of censoring, while also adjusting for the baseline differences of

the cohort. The relative risks of discontinuing therapy associated with each of the

covariates are listed in Table 5.2.
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Table 5.3 Persistence cohort characteristics.

Frequency (7o)
Months on
Therapy

(Mean+SE)
psss$

Overøll 'Persistence
Cohort'

Age Group
50-59
60-69
70-79
80+
Mean Age:

Prior Fracture*****
No
Yes

Comorbidity Level
Low
Medium
High

Region of Residence
Winnipeg
Brandon
Rural

Income Quintile
Low
High
No Income

BMD Assessment
No
Yes

t0 07s (100%)

2 406 (23.e)
2 900 (28.9)
2e84 (29.6)
r 78s (17.7)

6e.1 (r r0.3)

s e27 (s8.8)
4 t48 (4r.2)

7 7s6 (77.0)
r 966 (te.s)
353 (3.5)

s 828 (57.9)
s57 (5.5)

3 6e0 (36.6)

l 865 (18.s)
I097 (80.4)

113 (1.1)

6 407 (63.6)
3 668 (36.4)

25.3 t0.25
22.5 !0.24
20.3 + 0.23
17.8 t 0.29

22.3 + 0.T6
20.9 + 0.20

21.5 + 0.15
22.3 + 0.t4
20.1 r 0.85

22.3 + 0.17
20.8 r 0.50
20.8 + 0.21

20.6 + 0.29
22.0 + 0.t4
18.6 ! r.22

21.9 + 0.t6
2t.3 !0.20

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.014

$$$$ pot dichotomous variables, the p-value was computed using the Student's t-test.
Mrrlti-categorical variable p-values were calculated through the ANOVA procedure.

An osteoporosis-related fracture was considered 'prior' if it occurred before the
initiation of therapy.
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5.3.2 Survival Analvsis Results

The survival analysis demonstrated that women in the oldest age group were in fact

the most likely to discontinue therapy. Similarly, women with high comorbidity levels

were more likely to discontinue than women with low level comorbidity. Women with

mid-level comorbidity were no more or less likely than women in the low comorbidity

group to discontinue. Women with a prior fracture were no more or less likely to

discontinue treatment. Also, interactions between these covariates and age were tested

and found to be insignificant.

Women who resided outside of Winnipeg, the largest urban centre in Manitoba,

were less likely to discontinue treatment than women in Brandon or Rural Manitoba.

Women with low income were no more or less likely to discontinue relative to women

with high income. However, women listed with'no income' (usually women residing in

personal care homes) were nearly 25o/o more likely to discontinue than women in the low

income group.

Examination of the survival curves depicted in Figure 5.2 demonstrates the age-

related probability of treatment discontinuation over time. The probability of

discontinuing treatment within one year of initiating therapy was360/o for women aged

80 and over, and 3 lyo, 26yo, and lSYo for women aged 7 0-7 9, 60 -69 and 50-59,

respectively. Fifty percent of women aged 80 and over had discontinued therapy by the

17ú month whereas this was not achieved until the 20ú, 24ú, and28ú month of therapy in

women 70-79,60-69, and 50-59, respectively.

The receipt of a BMD assessment was associated with a slight, yet significant

increase in the likelihood of discontinuing treatment (RR I .09;95% CI: 1.04, 1.14). The
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survival curves depicted in Figure 5.3(A) further illustrates the similar discontinuation

rates between women with and without a BMD assessment. However, given the dramatic

effect of a BMD assessment on the likelihood of treatment initiation, this variable and its

effect on persistence was further investigated. By stratiffing the cohort according to the

timing of their BMD assessment (no BMD assessment, BMD assessment before

treatment initiation, and BMD assessment after treatment initiation) the results listed in

Table 5.4 were observed. Women receiving a BMD assessment before initiating their

prescription therapy persisted for a significantly shorter duration than women who did not

receive an assessment. Treatment persistence was longest for women who received a

BMD assessment after already initiating drug therapy þ<0.001). These differences were

confirmed through Cox proportionalhazards modeling, which also adjusted the effect by

age, comorbidity, income and region of residence. The final model indicates that women

who received a BMD assessment before initiating therapy were nearly 50o/o more likely

to discontinue therapy than women who did not receive an assessment. 'Women who

initiated therapy before receiving a BMD assessment \À/ere approximately 25Yoless likely

to discontinue (Table 5.5). The survival curves in Figure 5.3 (B) further illustrate the

differences in discontinuation rates.

These results were further examined to determine if the results of the test (i.e., the

BMD diagnosis of normal, osteopenia, or osteoporosis) influenced the risk of

discontinuing treatment. After adjusting for age, comorbidity, income and region of

residence, women with BMD-diagnosed osteoporosis were most likely to discontinue

(RR 1 .12;95% CI: 1.06, 1.19). Figure 5.4 illustrates the survivor function distributions

of women stratified according to their BMD diagnoses. From this figure, it is apparent
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that women with osteoporosis discontinued therapy at a faster rate. However, for

approximately one year, the probability of discontinuing therapy appears to be equivalent

regardless of the BMD diagnosis.
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Table 5.4 Multi-variate adjusted
prescription therapy determined

relative risk of discontinuing osteoporosis
by Cox proportional hazards analysis.

RR (es% cr)

Age Group
s0-s9
60-69
70-79
80+

Prior Fracturettttt
No
Yes

Comorbidity Level
Low
Medium
High

Region of Residence
Winnipeg
Brandon
Rural

Income Quintile
Low
High
No Income

BMD Assessment
No
Yes

-Reference-
1.18 (1.1r, t.25)
1.40 (1 .32,1.49)
t.57 (1.46,1.69)

-Reference-
0.96 (0.92, 1.01)

-Reference-
0.94 (0.91, 1.01)
1.34 (1.12,1.76)

-Reference-
t.t6 (t.06,1.27)
1.14 (0.09, 1.19)

-Reference-
0.96 (0.92, 1.01)
0.76 (0.60,0.97)

-Reference-
1.09 (1.04, 1.14)

rfiTT 5 osteoporosis-related fracture was considered 'prior' if it occurred before the
initiation of therapy.
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Fieure 5.2. Kaplan-Meier survival curves of time to drug treatment discontinuation
by age groups.
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Table 5.5 Multi-variate adjusted relative risk of osteoporosis prescription therapy discontinuation according to BMD
assessment status and timing of BMD assessment.

Timing of BMD Assessment
Relative to OSRx Initiation

Independent Variables

Results of BMD Assessment

No BMD
BMD Before Rx Initiation
BMD After Rx Initiation

Normal BMD
Osteopenia

Osteoporosis

Number of
Women (7o )

6 407 (63.6%)
2342 (23.2%)

r 326 (r3.2%)

25t
1 356

I 998

Months on
Therapy

(Mean+SE)

2r.94 r 0.16
17.86 x0.23
27.36 !0.34

23.5 !0.78
23.8 !0.37
21.8 t0.29

RR (9s% Cr)

-Reference-

1.49 (t.4t, t.57)
0.75 (0.71, 0.80)

-Reference-
1.01 (0.96, 1.06)

r.r2 (r.06, 1.19)
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5.4 Discussion

Poor persistence to o steoporosis-related pharmacotherapies limits their potential

therapeutic effectiveness.6 This analysis has demonstrated that28%o of women who

initiate an osteoporosis therapy do not return to the pharmacy to obtain subsequent refills

of their prescription. Also, the likelihood of discontinuing therapy increases with

increasing age, despite the fact that the likelihood of sustaining an osteoporotic fracture

also escalates as women age.

Previous analyses in this thesis (Chapter 3), have demonstrated that women with a

prior fracture were more likely to initiate therapy, while the current analysis demonstrates

that a prior fracture was not associated with the duration of therapy or the likelihood of

discontinuing therapy. This is important to note because women with a prior fracture are

more likely to sustain a subsequent fracture and, therefore, should be most persistent with

therapy. Also, the bisphosphonates, in randomized controlled trials, have demonstrated

significant efficacy amongst women with prevalent fractures, further supporting the

notion that these are the women who should be most persistent.3 In comparison, an

observational study of patients seen in tertiary care centres across Canada found that

patients with an incident non-vertebral fracture were more adherent to therapy.s These

investigators speculated that the occurrence of the fracture while the patient was on

therapy increased the patients' awareness of osteoporosis and thereby increased

adherence. Unfortunately, the present analysis did not consider incident fractures during

the course of therapy.

A woman's region of residence was also a significant predictor of treatment

discontinuation. Women outside of Manitoba's largest urban centre were more likely to
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discontinue therapy. Interestingly, previous analyses in this thesis have demonstrated

that women who reside in Brandon (the second largest urban centre in the province),

were more likely to initiate therapy than women in other regions of the province,

particularly after the introduction of a bone densitometer to the region.l2 Thus, these

women are more likely to initiate therapy but less likely to continue. Unfortunately, the

reasons for this difference were not within the scope of the current analyses.

The influence of a bone mineral density assessment on treatment persistence was

not clearly apparent until the timing of the BMD test was frrther evaluated. That is,

when persistence rates were compared using a dichotomous measure of BMD assessment

st¿tus (i.e., Yes/lrtro), it appeared that women who received a BMD test were more likely

to discontinue therapy. An interesting finding given that previous analyses have

demonstrated the enonnous influence of a bone density assessment on the likelihood of

treatment initiation (Chapter 3). Further investigation revealed that the receipt of a BMD

scan decreased the likelihood of discontinuation, if they received the test after they

initiated therapy. Women who received a BMD test before initiating therapy actually

demonstrated persistence rates shorter than women who did not receive the test at all.

However, it may not have been the BMD test, or the results of the test (as will be

discussed shortly) per se,that influenced persistence on therapy. It may have simply

been the additional contact with a health care professional, specif,rcally regarding

osteoporosis, that encouraged their drug therapy. At least one randomized controlled trial

has been conducted, with results that support this notion. ln a study by Clowes et al

(2004), women with osteopenia were randomized to normal care (no additional

monitoring), or to nurse-monitored care.' The monitored group demonstrated
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persistence 25Yolonger than the unmonitored group and remained nearly 60Yo morc

adherent to the prescribed regimen after one year. Interventions aimed at improving

persistence to prescribed drug regimens nearly always involve increased patient-health

care provider interactions, regardless of the class of drugs or disease studied. 2;13;14

In women who receive a BMD assessment, persistence on an OSRx is also

associated with the results of the test. Women with BMD-diagnosed osteopeni4 as well

as those women diagnosed with normal bone density, persisted on therapy at similar

rates. Women with BMD-diagnosed osteoporosis however, discontinued therapy at a

much faster rate. Unfortunately, it is precisely these women who should persist with

therapy the longest, as they are at highest risk of fracture. It may be that these women

sustained a fracture while on therapy and, thereby, considered their treatment ineffective.

Although, as previously discussed, the study by Papaionnou et al. (2003), found that

women who sustained a non-vertebral fracture while on therapy demonstrated higher

levels of adherence.s Nonetheless, interventions aimed at improving persistence and

adherence to osteoporosis therapies need to focus on these individuals first to maximize

the potential benefit of therapy.

A limitation of this study is the assumption that the medications dispensed to the

patient were actually consumed by the patient. In order to minimize this assumption,

only the time between drug dispensations were included in the persistence calculations.

That is, only the prescriptions (and their corresponding 'days supplied'), up to the second

last refill contributed to the overall persistence value. Similarly, only women who

claimed at least two consecutive OSRx prescriptions were included in this analysis.

Therefore, this analysis did not investigate any of the factors associated with the
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discontinuation of therapy after only one prescription. Despite these measures, however,

the assumption remained that all patients consumed all drugs dispensed.

Persistence to therapy may have also been associated with the drug class used. The

study by Papaioannou et al. (2003) included this variable in their analysis and found that

persistence rates did not difler amongst users of HRT or bisphosphonates.s However,

unlike the present analysis, the study only included women with osteoporosis and

osteopenia receiving care by a specialist. Thus, these women are not entirely comparable

to the population-based cohort arnlyzed in the current study. The side-effects associated

with the different drug classes may have also contributed to the observed persistence

rates. Unfortunately, administrative health databases do not incorporate information

regarding side-effects of drug therapy (particularly the types associated with OSRx

regimens) and the eflect of these factors remain unaccounted for in this analysis.

This analysis demonstrates several strengths as well. First, the prescription claims

data in Manitoba provides detailed information at the individual level allowing for

longitudinal analysis of prescription drug usage. Second, no other studies have been

identified which have considered not only the influence of a BMD assessment but also

the timing of that assessment on persistence rates. And finally, this was a population-

based analysis. Thus, real-world persistence rates were analyzed and not just within

specific sub-groups of the population.
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5.5 Conclusions
Persistence to osteoporosis pharmacotherapies is lowest in the women who would

benefit the most from therapy - those with established osteoporosis over 80 years of age.

Furthermore, the receipt of a bone mineral density assessment does not necessarily seem

to improve persistence rates. Interventions which incorporate BMD assessments or

monitoring, ffiãy or may not be sufficient to encourage long-term persistence to OSRx

therapy.
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Chapter 6 Osteoporosis Pharmacotherapy and its
Effects on Fracture Risk

6.1 lntroduction

Evidence from randomized controlled clinical trials demonstrate that significant

fracture risk reductions can be achieved in specific groups of post-menopausal women

treated with hormone replacement therapy (HRT),1 bisphosphonates2-s, selective estrogen

receptor modulators (SERM),6 and calcitoninT. However, given the information

presented in the previous chapters regarding access to diagnostic imaging (for improved

identification of 'high-risk of fracture' women), the rates of treatment initiation, and the

limited persistence to prescribed regimens, it is reasonable to assume that the fracture risk

reductions demonstrated in clinical trials, is not actually being achieved in the 'real-

world'.

The objective of this final analysis is to estimate the 'real-world' effect of

osteoporosis prescription medications (OSRx) using a retrospective observational study

design with data obtained from administrative health databases. However, using this

method to estimate the intended treatment effect of drugs has been criticized because of

uncontrolled confounding, thus potentially providing altemate explanations for any

observed treatment effects.s

One method to minimizethe effect of confounding is to use the propensity score.e

This 'score' is defined simply as "...the conditional probability of being treated given the

individual's covariates."e To calculate the propensity for treatment amongst treated and

untreated women, a logistic regression analysis was carried out incorporating information
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gained from previous analyses (such as the factors associated with treatment initiation).

Once this score was computed for each individual in the cohort, it was used to stratifu the

f,rnal analysis estimating OSRx treatment effect. Combined with other multivariate

techniques, the 'real-world' effectiveness of osteoporosis treatments in the population of

women over 50 years of age will be estimated. A sub-group analysis of women at

highest risk of fracture (i.e., those women who already have a prevalent fracture), was

also analyzed.
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6.2 Methods

6.2.1 GohortDevelopment

This was a retrospective, observational cohort analysis. The cohort development

procedures were detailed in Chapter 2, including all inclusion and exclusion criteria.

Incident users of an OSRx were those women who started on an OSRx after April 1tt,

1998. In order to restrict the population of drug-users to 'new' users, any woman who

was dispensed an OSRx atany time between April ft,1997 and March 31't, 1998 was

excluded from funher analysis.

6.2.2 Statistical Analvsis

6.2.2.1 Propensity Sco re Calculation

The lack of randomization in observational study designs presents a challenge

when trying to measure the effect of treatment on the risks of specific outco*"r.e In the

case of osteoporosis, it is probable that women at highest risk of sustaining an

osteoporosis-related fracture are the ones most likely to receive therapy. This results in a

diflerential risk profile and covariate imbalances attributed to non-randomized treatment

assignment. This covariate imbalance may confound the effect of the treatment and

result in biased treatment effect estimates. To minimizebias, the likelihood of receiving

an OSRx (i.e., 'propensity' for treatment) was modeledlll¡Ï. By grouping cohort

IIIII For the propensþ score development phase of this analysis, women who filled at least one

OSRx prescription were classified as 'OSRx users'. Subsequent analyses which compare OSRx users (i.e.,,
the treated group) and 'OSRx non-users' (i.e., the untreated group) only consider women who filled at least

two consecutive prescriptions as 'OSRx users.' This difference in the definition of user is simply to ensure

that although an individual may not persist on an OSRx, they were at one time identified as an individual
who may have required treatment, and thus should be accounted for as such in the 'propensþ for
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members with similar propensity scores, the effect of treatment can be measured amongst

a group of individuals with similar risk profiles.e-12

Logistic regression was used to calculate a propensity score for each member of

the study cohort. The likelihood of receiving an OSRx was modeled separately for each

year (1998 to 2002), as a function of the following clinical factors: BMD assessment

status, comorbidity level, prior fracture history, long-term oral corticosteroid use, and

number of other non-osteoporosis drugs used; as well as the following demographic

factors: age (continuous), region of residence, and income level. The following

interaction terms were also included as they were found to significantly affect the model

fit: [age]x[BMD assessment], [age]x[steroid use], and fage]xþrior fracture statusl.

In the calculation of the propensity score, it does not matter when a patient

initiated an OSRx or not - the logistic regression equation modeled only the probability

of receiving an OSRx for every year. For example, if a patient started an OSRx in the

200012001fiscal year, her OSRx indicator variable, [OSRX], would be equal to one (1)

only in the 200012001 propensity score calculation. For the years 1 998 11999 and

199912000, the two years in which she did not use an OSRx, her value for [OSRx] would

be zero (0). Thus, because the propensity score was calculated for each individual for

each year, the covariate values specific to the year of analysis were used in the propensity

score model.

Finally, the cohort was stratified by quintiles of the distribution of their propensity

score for each year of the analysis. Thus, an individual's propensity for treatment in

1998 may be different from their propensity in 1999. The goodness of fit of each model,

treatment' analysis. If only those women who persist on therapy are classified as 'users' in the propensity
analysis, an inaccurate estimate of likelihood to be prescribed therapy would result.
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for each year, was assessed by its ability to balance the covariates between treated and

untreated women in each stratum (12 test) and by the logistic regression model's c-

statistic.

6.2.2.2 Modeling Treatment Effect

The effect of treatment was analyzed using the Cox proportionalhazards

technique.l3 The dependent variable (outcome) was time from study start (April 1't,

1998) to fracture (in months). Separate analyses were performed for each of two fracture

endpoints. The f,rrst analysis measured time from the study start to the first occurrence of

fracture at arry osteoporosis-related site (described in Chapter 2). The second analysis

measured time from the study start to the occurrence of a fracture at the hip. Women

were censored if they did not sustain a fracture (event) prior to March 3fÏ,2002, or their

date of death (whichever came first).

The main explanatory variable considered was OSRx use [dichotomous], but this

was measured in a time-dependent manner to avoid immortal time biases la-16¡see Figure

6.1]. Also, only women who filled at least two consecutive prescriptions for osteoporosis

drugs were classified as '¡"u1"6'.$$$$$

$$$$$ 1¡" operational definition of 'at least 2 consecutive prescriptions' was as follows:
Taking into consideration the number of days supplied for the initial OSRx drug, if the
cohort member refilled a prescription within the number of days equal to half of the
original days supplied, she would be considered part of the 'persistence cohort.' For
example, if a woman's first OSRX prescription carried a 30 day supply, and if she
returned to the pharmacy for a refill within 45 days of her initial dispensing, she would be
included in the analysis. The rationale for requiring 2 consecutive prescriptions is based
on the assumption that if the patient has returned to the pharmacy for a refill, she has
finished (and hence, consumed) the previously dispensed supply. If she does not return
to the pharmacy for a refill, the assumption that she ingested the previous supply is

176



If treatment was discontinued before the end of the study, before fracture, or

before death, the survival time and any events which occurred subsequent to treatment

discontinuation were counted in the 'untreated' risk set.

A separate Cox proportionalhazards model was developed for each of the four

age groups. Each of the models were stratified by propensity score. Because a

propensity score for each year of the study was modeled, the propensity score

corresponding to the event date (either fracture or censorship) for each patient was used.

For example, if a woman sustained her first fracture (the event) on May 3'd, 1999, her

199912000 propensity score would be used in the analysis. If she never sustained a

fracture, and was censored at March 3fÏ,2002,her 200112002 propensity score would be

used. Thus, the effect of treatment within each propensity stratum was measured and

averaged across strata to estimate the total effect of drug for each corresponding age

group. If sample size permitted, the analyses were further stratified by prior fracture

status and/or BMD assessment status. If sample size did not permit stratif,rcation on these

variables, they were included in the model as adjustment factors. The models were also

adjusted for long-term corticosteroid use and the interaction between steroid use and

OSRx use. Oral corticosteroid use was also considered a time-dependent variable (Table

6.1)

Finally, clinical trials of bisphosphonates have demonstrated that significant

fracture risk reduction can be observed after 6 months,l7 to one year,ts of continuous

inadequate. For the sÍìme reason, the days supply of the last refill are not included in the
persistence calculation. Thus, because of these criteria, it does in fact imply that by
definition, each subject included in the persistence analysis is 'persistent' for at least the
number of days supplied in their initial prescription (which is not necessarily 30 days).
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therapy. Thus, fractures which occur in women before the drug has had suff,rcient time to

exert its effect, may inappropriately reduce the measured treatment effect. To account for

this, three time periods were separately analyzed:0 Months, 6 Months, and 12 Months

'lag time'. That is, in the analyses with 0 months lag time, any fracture that occurred

immediately after the initiation of OSRx therapy was classified as an event in the

treatment group. tn the 6 month lag time analysis, if a fracture occurred within the first 6

months of treatment, the fracture would be classified as an event in the gqtreated group.

Similarly, in the 12 month lag time analysis, fractures occurring within the first year of

therapy are counted as events in the ggtreated group.

Finally, a Cox proportional hazards model to measure treatment effect in only

those women with a prior fracture was developed. This sub-group analysis acts to restrict

the analysis to those women with the most similar baseline risks (albeit, the analysis was

still stratified by propensity score). This model, and its results, also act to provide a

better comparison to other published studies which have generally limited their analyses

to women with prior fractures.

6.2.2.3 Time-dependent Variables

The Cox proportional hazards model included several time-dependent variables

and the techniques used to model these variables are listed and described in Table 6.1.
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Table 6.1. Time-dependent variables and associated modeling techniques.

Dependent Variable Time-Dependent
Variahlelsì

Coding & Modeling Methods

1tme (months) to event
or censor
Event:

IIncident_Fracture] = 1

Censor:

IIncident-Fracture] =0

lDrugl= 671 Women who initiated an OSRx before the evenflcensor date were
coded [Prior_Fx]=l from the date ofthe fracture and ONLY FOR

THE DURATION OF THEIR DRUG USE. That is, if the OSRx use
began in month 4 of the study and the persistence calculations
(described in Chapter 5) determined overall persistence of 7 months,
then this individual would be coded [Drug]=1 (i.e.,'exposed) from
t=4 to t=11. She would be coded [Drug]=O (i.e.,'un-exposed) from
t=0 to t=3 and AGAIN at t=12 to the evenVcensor date. If her
evenflcensor date occuned during the drug exposure time-window
(i.e.,between months 4-11) then there would be no further analysis
required and her last value for [Drug] would be equal to one (1).

[Prior_rx1 = 971 Women with an osteoporosis-related ftacture which occurred before
the event/censor date were coded [Prior_Fx]=l from the date ofthe
fracture and for the duration ofthe sfudy. Ifthe fracture occurred
before the study start date (April 11 1998), then she was coded

[Prior_Fx]=l for the entire follow-up period. Otherwise, the
individuals were coded IPrior_Fx]=0.

[Steroid-Use] = 0/1 If a woman has a positive record of long-term steroid use, and the
first date of the steroid drug-taking interval occurred before the
event/censor date, then she was coded [steroid]=1 from the date of
the first steroid prescription dispensing date and for the duration of
the study. If long-term steroid use occuned before the study start
date (April 11 1998), then she was coded lsteroid]=l for the entire
follow-up period. Otherwise, the individuals were coded lsteroid]=0.

IPropensity_Score]
categorical:

10,t,2,3,41

For each year of the study (i.e.,1998199, t99912000,20001200L,
and 2OOI | 2002) the [Propensity_Score] of the individual was
determined. In the Cox proportional hazards calculation, for each
event time under analysis, the value for [Propensity_Score] in the
corresponding year of analysis was used. For example, if the event
time being modeled was t=12, this conesponds to the 12Ü month of
follow-up, which falls in the 1998/1999 study year. The

IPropensity*Score] calculated for each individual for that specif¡c
year would be used in the analysis. The value of fPropensity_Score]
may be different for each year of the study follow-up allowing for
one individual to have up to 4 separate values for [Propensity_Score]
throughout the follow-up period.
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March 3lst,2002April lst, 1998

OSRx Treatrnent Period

@ = NON-Treatnent

@ = NoN-freatnent

@ = O MONthS LAg: TREATMENT

@ = S Months Lag: NON-Treatnent

@ ='lz Months Lag: NON-Treatment

Fieure 6.1. Classiffing treatment status, immortal time, and treatment effectlag
periods.

The study start date is April 1", 1998 for all eligible cohort women. Given that women will
initiate therapy at different times throughout the study period, and given that these women can sustain a

fracture a any time throughout the study period, it was important to properly classify women according to
their treatment status at every time point. The cross-hatched box labeled 'OSRx Treatment Period'
indicates that this hypothetical cohort member initiated an OSRx within approximately 6 months of the
study start date. Thus, the period of time labeled 'A', represents her immortal time and her data for each of
the time points within this interval contributes to the 'Non-Treatment' risk set. The time interval 'B' also
represents a time period in which this subject is not being exposed to drug. This is because the
pharmaceutical claims data allow for quite accurate data regarding treatment persistence. If a woman
discontinues therapy prior to a fracture event or prior to the censor date, this survival time ('B') also
contributes to the 'Non-Treatment' risk sets.

Time intervals C, D, and E represent the three different effect-lag times considered in the analyses.
Time interval C represents the '0 Months Lag' - the OSRx treatment is assumed to be effective
immediately after initiated by the study subject (i.e., zero time is added from the treatment initiation date to
the time in which it may be considered therapeutically effective). Survival data from this subject during
this interval contributes to the 'Treatrnent' group risk sets. On the other hand, in the analyses which
incorporate a 6 Month lag (D), the first 6 months of OSRx treatment do not actually contribute to the
'Treatment' risk sets. All data within this time interval is analyzed in the NoN-treatment risk sets. Data
from this subject after the first 6 months of treatment are however, analyzed in the 'Treatment' risk sets,

continuing to the discontinuation of therapy. Likewise for the 12 month lag interval (E).
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6.3 Results

6.3.1 Gohort Gharacteristics

The baseline characteristics ofthe entire cohort have been previously presented

(Chapter Two). Table 6.2 lists the distribution of covariates between those cohort

members who initiated therapy (Treated: l3%) and those who remained untreated

throughout the study time period (87%). From this table and the analysis presented in

Chapter 3 (Factors influencing the initiation of an OSRx), it is apparent that women in the

youngest age group were most likely to initiate therapy, as well as those women with

mediumlevel comorbidity, long-term oral corticosteroid users, women with a prior

osteoporotic fracture, and women who have had a BMD assessment. Several of these

factors are also risk factors for osteoporosis-related fracture and examination of this table

indicates that those women who initiated therapy have a higher prevalence of these risk

factors (particularly prior fracture status and long-steroid use).

The proportion of women with specific types of fractures are also significantly

different between the treatment groups. A higher proportion of women in the 'Untreated'

group sustained a fracture at any osteoporosis-related site, compared to women in the

'Treated.' group (X', p <0.001). Vertebral fractures were also significantly more

prevalent in the 'Untreated' group þ < 0.001). Hip fractures, rib fractures and wrist

fractures were only slightly more prevalent in the 'Untreated' groups (p<0.05).
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Table 6.2. Baseline cohort characteristics according to OSRX use (at study entry
¿"t"r ap.il1't, 1998).

Treated

(%)

Untreated

(%)

Age Group
50-59
60-69
70-79
80+

Prior Fracture

Comorbidity Level
Low
Medium
High

Number of Other Drugs
Dispensed

Long-Term Steroid Use
No
yes

BMD Assessment
No
yes

Incident
Fractures

Hip
Vertebral
Rib
Wrist
Any Fracture

n 14 030
o/o oftotal cohort 13

27
29
29
15

15

32
31

22

98 433
87

59
4t

78

t9
3

No
Yes

19
29
30
22

83

13

J

68
32

20
JJ
29
19

98
2

96
4

0

l-3
4-7
8+

4
4
2
4
T2

95
5

66
34

J

I
1

2
6
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6,3.2 Adiustment for Confoundinq

Logistic regression was used to model the likelihood of treatment initiation and

included each of the covariates determined to be signifrcant predictors of OSRx initiation

(as identified in Chapter 3). A separate model was developed for each year of the study:

199811999,199912000,200012001, and200112002. The covariates included in each

model were: age group, prior fracture status (specific to year of analysis; dichotomous),

comorbidity level, number of other non-osteoporosis drugs used (specific to year of

analysis;), long-term corticosteroid use (specific to year of analysis; dichotomous); BMD

assessment status (specific to year of analysis; dichotomous); income level and region of

residence. Unless otherwise stated, all covariates were categorical. The fit of the models,

according to the c statistic, were 0.70, 0.7 I, 0.7 3, and 0.7 4 for 1998 I 1999, 1999 /2000,

200012001, and200112002, respectively. The estimated likelihood for treatment was then

ranked in ascending order, and then grouped into quintiles which were each assigned a

'Propensity Score' [1 through 5].

An example of the covariate distribution for the 200112002 analysis year across

the propensity strata is presented in Table 6.3. The covariates were generally balanced

between treated and untreated women in each strata. For example, in Stratum 1 (women

least likely to receive treatment), to/o of the treated women were aged 60-69 as well as

lYo of theuntreated women. A significantly larger proportion of the women in the 5th

stratum (those most likely to receive therapy) were aged 60-69 (30o/oteated and29o/o

untreated). Only one stratum exhibited unbalanced covariates between treated and

untreated women, the 5ft stratum, especially with respect to the prior fracture, BMD
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assessment, and long-term steroid use variables. Considering that these variables are also

associated with the risk of fracture, they were adjusted for separately in subsequent

models of treatment effect through fruther stratification by prior fracture status and BMD

assessment status.

To further validate that women who are most likely to receive treatment are also

most likely to fracture, a Cox proportional hazards model estimating the relative risk of

fracture with propensity score as the main explanatory variable was estimated and the

results listed in Table 6.4. From this table, it is apparent that relative to women in the

highest propensity group (most likely to receive treatment), women in the lower

propensity strata were all less likely to fracture. Furthermore, their relative risk of

fracture decreased in what may be described as a 'dose-dependent' method.
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Table 6.3. Covariate Balance by Treatment Status Within Propensity Stratum (for the 200112002 fiscal year).

n

Age Group 50-59
60-69
70-79
80+

Prior Fracture

Comorbidity Level

Stratum 1

Untreated Treated

Number of Other
Drugs Dispensed

19 160 1 08s

ot*+**+ o
11
34 30
65 68

Low
Medium
High

0
l-3
4-7
8+

Long-Term Steroid
Use

BMD Assessment

Incident Fractures

Stratum 2 Stratum 3 Stratum 4

Untreated Treated Untreated Treated Untreated Treated

18 890 l 331

86
13

1

0
30
53

t6

)1
36
26
11

0

85

13
)

22
32
32
t4

0

0
27
52
21

2

87
t2
I

20
3l
32
t7

t8 583 7 664

Hip
Vertebral
Rib
Wrist
Any
Fracture

****** 
Data are given as percentage of treatment group in each strata.

15 l7 26 35

47 45 42 35

31 31 17 t4
771415

I

86
13

I

0

0
0
0
0
1

ll

88
11

1

l7 679 2 525

t9
25

31

25

0

0

0
0
0
0
1

l0

87
12

1

30
29
22
l9

Stratum 5

Untreated Treated

1

0
0
0
2

25

35
28
19

20

13 285 6966

87
t2
2

2
1

1

I
4

23
29
25
23

31

66
30
4

4
10

3¿
53

22

88
11

1

J

43
39
l5

0

0

2
0
1

2
5

t9
30
35
l9

J

47
37
l1

0

0

4
J

I
3

9

22

75
22
3

9

2l
34
37

10

4

I
2
4
10

4
4
2
4
14

2',1

8

2

6
18

67

5

5

2
5

l5
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Table 6.4. Relative Risk of hip fracture across propensity ranks.

Propensity ScorelRank RR (9s% CD

-Reference-

0.80 (0.73, 0.86)

0.50 (0.45,0.55)

0.17 (0.15,0.19)

0.03 (0.02,0.03)
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6.3.3 Treatment Effects

The results of the Cox proportional hazards regression analysis of treatment

efÊect, stratified by propensity, arc presented in Table 6.5 (relative risk of fracture at arry

site), and Table 6.6 (relative risk of fracture at the hip). A comparison of relative risks in

each of the 3 'treatment lag' times (0, 6, or 12 months) reveals that the fracture risk in

treated women remains relatively stable regardless of how much time is given for the

treatment to work. And, in those instances where the treatment effect appears

significantly different from one column to the next, note that the con-fidence interval

generally increases as well.

The relative risk of sustaining any osteoporosis-related fracture (Table 6.5) is

significantly reduced in women receiving treatment aged 50-59. Women aged 80 and

over receiving an OSRx, however, may be more likely to sustain a fracture than their age-

matched peers who are not receiving therapy. On the other hand, Table 6.6 demonstrates

that only women aged 80 and over experience significant hip fracture risk reduction if

they receive an OSRx.

When the analysis is restricted to women with a prior þrevalent) fracture, women

over 80 years of age receiving an OSRx remain more likely to fracture compared to

women who do not receive treatment (Table 6.7). Also, there were no significant effects

of treatment on risk of fracture at the hip amongst women with a prevalent fracture

(Table 6.8).

187



Table 6.5. Effectiveness of osteoporosis-related medication on fracture rates u1 ¡¡ylTtTTl site.

Age Group

Treatment Lag (months)

50-59 n: 22 358.... 0.79 (0.64,0.99) 0.80 (0.56, 0.99)
fracturðsssçss:
I 616

60-69 n: 32 642 0.85 (0.67, 1.03) 0.75 (0.57, 0.98)
fractures: 2 536

70-79 n: 33 765 0.90 (0.73, 1.09) 0.84 (0.67, 1.06)
fractures: 3 846

80+ n: 23 6e8 1.15 (0.96, 1.57) 1.16 (0.99,1.73)
fractures: 4 065

TTTTIT 1¡¡r includes all fractures of the hip, vertebrae, wïist, or rib.
ÍÍflÍl çu1".tlated using Cox proportíonalhazards regression stratified by propensity scores, prior fracture status, and BMD assessment

status. The model was further adjusted for long-term oral corticosteroid use indicators.
$$$$$$ 1¡t¡r represents the number of women with fractures. Some rilomen may have sustained more than one fracture but only the first
incident fracture was included.
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RR (95% CÐf##f

0.81 (0.53, 1.02)

0.74 (0.54,1.06)

0.77 (0.59, t.04)

1.23 (1.06, 1.85)
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Table 6.6. Effectiveness of osteoporosis-related medication on fracture rates at the HIP.

Age Group

Treatment Lag (months)

50-59 n: 22 358

fracturesftfttfÌ: 82

60-69 n: 32 642

fractures:308

70-79 n: 33 765

fractures: l02l

80+ n: 23 698

fractures: I 889

*'r'*'F'f*:t 
Calculated using Cox proportionalhazards regression stratified by propensity scores, and prior fracture status. The model was

further adjusted for long-term oral corticosteroid use indicators and BMD assessment status.
TT1TTTT This represents the number of women with fractures. Some women may have sustained more than one fracture but only the
first incident fracture was included.
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t.33 (0.44,2.89) r.s6 (0.s9,4.14)

RR (95% CI)*******

0.94 (0.50, 1.78) 0.68 (0.27,r.73)

0.70 (0.49, 1.00) 0.65 (0.39, r.00)

0.64 (0.48, 0.86) 0.60 (0.41, 0.88)

r.45 (0.45,4.69)

0.6r (0.2r, r.97)

0.61 (0.32, r.17)

0.62 (0.40, 1.03)
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Table 6.7. Effectiveness of osteoporosis-related medication on fracture rates at 4¡yfffÍ*fÎ site in women wíth a prior
oste op o ro s ß-re late d fracture.

Age Group

Treatment Løg (months)

50-59 
îrrl,lf!r".r.",*": r0B 

1.38 (0'63,3'00) 1'18 (0'45,3'09)

60-69

70-79

80+

n: 3 806

fractures:339

n: 5 341

fractures: 663

n: 6 531

fractures: I 044

IÍtÍrfr This includes all fractures of the hip, vertebrae, wrist, or rib.
$$$$$$$ Calculated using Cox proportionalhazards regression stratified by propensity scores, prior fracture status, and BMD assessment

status. The model was further adjusted for long-term oral corticosteroid use indicators.
¡**'t***** 

This represents the number of women with fractures. Some women may have sustained more than one fracture but only the
first incident fracture was included.
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RR (95% CD$$$$$$$

0.81 (0.48, 1.37) 0.61 (0.31, 1.18)

0.85 (0.58, 1.23) 0.75 (0.48, 1.18)

1.35 (0.99, 1.85) 1.46(t.02,2.09)

0.99 (0.29,3.34)

0.79 (0.39, 1.60)

0.66 (0.38, 1.17)

r.85 (1 .25,2.73)



Table 6.8 Effectiveness of osteoporosis-related medication on fracture rates at the H.IP ín women with a prìor osteoporosß-

related fracture.

Age Group

Treatment Lag (months)

50-59 n: I 081

fracturs5ItlÌÍ#Í ; 27

60-69

70-79

80+

n: 3 908

fractures: I 50

n: 5 645

fractures: 663

n: 7 030

fractures: 929

rrTTïttt Calculated using Cox proportionalhazards regression stratified by propensity scores, and prior fracture status.. The model was

further adjusted for long-term oral corticosteroid use indicators and BMD assessment status.
rrÏÍÍrrÍ This represents the number of women with hip fractures. Some women may have sustained more than one hip fracture but
only the first incident fracture was included.
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t.43 (0.19,11.05) 1.97 (0.2s, 15.33)

RR (95% CI)TrTrTfit

t.03 (0.42,2.53)

1.31(0.91, 1.90)

0.97 (0.70,1.34)

0.77 (0.2s,2.44)

r.39 (0.93,2.09)

1.05 (0.73, 1.51)

0.33 (0.05, 2.38)

r.50 (0.96,2.36)

t.t3 (0.75,1.71)



From a methodological perspective, the usefulness of the propensity score as a

method to adjust for confounding, was further analyzed and the results presented in Table

6.9. In order to assess the usefulness of this method, a Cox proportionalhazards analysis

in which the adjusted estimates of the rate ratios were calculated with and without

inclusion of the propensity score variable.

Table 6.9 The comparison of Cox proportional hazards regression models with and
without the inclusion of the propensity score.

Crude Analysis I* Crude Analysis II Propensity Adjusted
(via stratification)
Model

Str at iJic øt ion Var ia b Ie (s)

Adjastment Variøbles

[Prior_Fracture] [Prior_Fracture]

[steroid_use], lsteroid*use],
[BMD_assessment] [BMD_assessment],

[propensity_score_1 ],
[propensity_score 2],

[propensity_score 3],

[propen sity_score_4],

[propensity_score_5]

IPrior_Fracture]
IPropensity_Score]

Isteroid_use],
[BMD assessment]

Unstable

0.94 (0.50, 1.78)

0.70 (0.49, 1.00)

0.64 (0.48, 0.86)

Relative Risk of Hip Fractu¡e
(by øge group)

50-59 Unstable** Unstable

60-69 1.26 (0.69,2.32) 0.92 (0.49,1.13)

70-79 1.04 (0.73, t.4t) 0.69 (0.48, 0.98)

g0+ 0.85 (0.64, l.14) 0.59 (0.M,0,79)

* No propensíty score adjustment or stratification
** There were too few subjects and/or events in the [Prior_Fracture]:l shatq thereby creating an unstable
risk ratio, therefore this table is limited to women aged 60 years and over.

The results listed in Table 6.5 demonstrate that without any shatif,rcation or

adjustment of the model vvith the propensity score> the calculated relative risk is biased

towards the null. In the model labeled 'Crude Analysis II', the propensity scores were

included in the model as categorical [dummy] variables rather than as a continuous

variable because of the nonJinearity of the risk of fracture in each of the propensity

r92



levels demonstrated in Table 6.3 (pg. 167). The f,rnal model was stratified by the

propensity scores due to non-proportionality of the baseline risks across propensity score

levels. It is evident through comparison of the results of the Crude Analysis II and the

Propensity Adjusted model, that the results are quite similar and both of these methods

demonstrate significantly lower risk ratios (with 'tighter' confidence intervals) than the

model which did not account for propensity for treatment.

The 'traditional approach' to statistical adjustment (i.e., simply to adjust the model

directly with the variables which were used to develop the propensity score) was not

performed for at least three reasons. First, the variables which were included in the

propensity score calculations were not directly related to the outcome variable of the final

efflectiveness models. For example, the region of residence variable, demonstrated to be

significantly associated with the propensity to initiate treatment, is not directly related to

the risk of fracture but only to the likelihood that an individual would initiate treatment.

Hence, it was decided that this variable could be represented indirectly through the

propensity score. Other variables which were considered to be indirectly associated with

risk of fracture, but directly associated with the likelihood of receiving treatment included

income level, type of physician, and number of other non-osteoporosis-related

medications prescribed. Quite simply, the use of the propensity score as the sole

adjustment factor for these variables provided for anal¡ical efficiency and parsimony in

the final model. Second, the propensity score was determined to be an excellent proxy

for disease severity. In the survival analysis of time to fracture, across the 5 levels of

propensity score, there was a clear increase in the likelihood of fracture with increasing

propensity for treatment (as listed in Table 6.4). Finally, several of the variables used in
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the propensity score calculation did not satisff the proportionalhazards assumptron.

Thus, these variables would have had to have been included as stratification variables in

the final model, thereby, reducing the number of events per strata and creating an

unstable model.

6.4 Discussion

This analysis has presented a novel approach to measuring 'population drug

effectiveness'. Recall (from Chapter One), that this measure refers to the ability of a

drug to achieve its intended outcome in the 'real-world.' In the 'real-world', women with

osteoporosis or at high risk of osteoporosis, are not always identified or correctly

diagnosed. As the previous chapters and the analyses therein have demonstrated, women

who are identifred with osteoporosis or at 'high risk,' do not necessarily initiate a

prescription therapy. If drug therapy is in fact initiated, persistence on therapy for

durations sufficient to reduce risk of fracture was sub-optimal. The general question

then, was: "Do the observed diagnostic, treatment, and persistence rates, prevent

clinically-proven osteoporosis pharmacotherapies from achieving their intended

outcome?"

The first obstacle to overcome in measuring drug-effectiveness in the 'real-world',

however, was the impact of 'confounding by indication' which frequently plagues

pharmaco-epidemiological research.le;zo Recall (from previous chapters) that the

characteristics which predispose women to fracture are also the same characteristics

which make them more likely to be diagnosed, and subsequently more likely to receive

an OSRx. Given these likelihoods, a direct comparison of treatment groups would suffer
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'confounding by indication' and the relative risk of fracture would be over-estimated.

The present analysis was able to demonstrate the usefulness of the propensity score by

comparing the effectiveness results between a model which incorporated the propensity

score to one which did not (Table 6.5). This comparison demonstrated that the risk of

fracture determined without the propensity score adjustment was much higher than the

propensity-adjusted relative risk (RR 0.85 versus RR 0.64, respectively). Furthermore,

although the use of propensity scores is not a novel approach in itselqe;2t'22 its use has not

been reported in the osteoporosis literature.

Examination of the results of the effectiveness model reveals what may appear

appear to be conflicting results. On the one hand, drug use appears to reduce the overall

risk of fracture (at any site) only in women younger than 60 years of age. On the other

hand, analyses restricted to fractures of the hip as an end point, demonstrate a risk

reduction of approximately 40Yo but only in women over the age of 80 years and the

confidence intervals surrounding this estimate approach non-significance as the

treatment-effect lag increases. When the analyses were restricted to those women with a

prevalent fracture (i.e., a fracture which occurred prior to initiating drug therapy), there

was no fracture risk reduction in treated women at any fracture site. In fact, the risk of

'any' fracture appears to increase in women over 80 years of age receiving treatment.

To understand these apparently conflicting results, the results of previous analyses

in this dissertation combined with facts from published randomizedtrials, appear to

substantiate the observed results (Table 6.10). Consider first the effectiveness of OSRx

on fracture risk at'any' site. Recall (from Chapter Two) that 70%o of the women aged
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50-59 were HRT users. Also recall that it is precisely this age group which demonstrated

the longest persistence to OSRx regimens (Chapter Five) and probably most closely

resembles the treatment duration of women in randomized controlled trials. Thus, it can

be infened that the protective effect of OSRx on fractures at 'any' site was primarily

observed amongst HRT users with relatively long treatment durations. By comparison,

the WHI study demonstrated a very similar risk reduction in fracture incidence at'arry'

site (RR 0.76;95% CI: 0.69-0.83). By this same method of inference, it is not surprising

to observe a lack of treatment effectiveness in fracture risk at 'any' site in women aged

70 years and older given that they demonstrated the shortest average treatment durations.

Recall also (from Chapter Five) that women with diagnosed osteoporosis (by BMD

assessment) were the least likely to persist on therapy, fiuther limiting their exposure to

the potential benefits of drug therapy and thereby reducing the drug's effectiveness.

Similar inferences can be made regarding the observed OSRX effectiveness on hip

fracture risk reduction. The present study demonstrated risk fracture protection only in

those women aged 70 and over (RR r¿mge: 0.69-0.59; Table 6.7). Again, from earlier

descriptions of the study cohort (Chapter Two), it was observed thatTío/o of OSRx users

over the age of 70 years were using a bisphosphonate. Thus, it can be inferred that the

protective efÊect of OSRx on the risk of hip fractures was primarily observed amongst

bisphosphonate users. By comparison, the main clinical trials of alendronate (the most

widely used bisphosphonate in Manitoba at the time of this study), demonstrated hip

fracture risk reduction of between 5l-560/o in women with or without prevalent vertebral

fractures but with very low bone density (T-score less than -2.5 SD).(references to the

RCTs are needed here) The hip fracture risk reduction observed in the present study
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amongst women in this age group extended from 31-41%o. The difference in the relative

risk reduction between the RCT data and the present study, can possibly be explained by

the reduced persistence to therapy observed amongst women in this age group (Chapter

Five), and by the reduced diagnostic and treatment initiation patterns also observed

amongst these women.

The lack of treatment effect on the risk of hip fracture observed in women younger

than70 years of age in the present study, may be the result of limited statistical power

necessary to detect a difference. For instance, less than 1olo of women in this cohort

between the ages 50-69 years sustained a hip fracture, compare d to 5o/o of women over 70

years ofage.

Table 6.10 A comparison of results from randomized controlled trials of OSRx
therapies to the results from the present study.

WHI .;,, FIT-I, FIT-II Present Study
RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) [Age Group]
[Age Group] [Age Group] [Age Group]

0.76 (0.69, 0.83) - 0.64 (0.s0, 0.82) 0.77 (0.62,0.9s) [s0-591
[s0-79ì [s4-811 0.83(0.67,1.02)160-691

RR Any 0'89 (0'74' t'07) 170-791

Clinical 1.23 (1.00, 1.50) [80+]
Fracture

RRHip
Fractu¡e

0.67 (0.47,0.96) 0.49 (0.23, 0.99) 0.44 (0.18, 0.97) 1.33 (0.44,2.89) [50-59]
[s0-791 [ss-8u [s4-8ll 0.92 (0.49,1.73) [60-69]

0.69 (0.48, 0.98) [70-79]
0.s9 (0.44, 0.79) [80+ì

6.4.1 Analvsis Strenqths and Limitations
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This analysis included three important methodological features to strengthen the

validity of the results. First, because previous analyses in this dissertation have

demonstrated that several factors are associated with the likelihood to initiate an OSRx, a

propensity score which was a function of these covariates, was developed. By modeling

the propensity for treatment, the baseline risk differences between treated and untreated

women were balanced within strata, and the effect of treatment more appropriately

estimated. However, although the propensity score adjusted for many variables known

to influence treatment decisions (e.g., income level, region of residence, age, etc.), this

analysis could not determine if all unmeasured differences were accounted for by using

this method.

Second, because this study examined incident users of osteoporosis prescription

medications, the use of a time-dependent drug exposure variable in the survival analysis

model accurately accounted for the time at which women switched from being

'untreated' to 'treated.' By employing a time-dependent covariate, the duration of

treatment (persistence) was also inherently included in the analysis, thereby adjusting for

the differential persistence rates observed in the cohort.

Finally, a comparison of three 'treatrnent-lag' periods was made to frrther ensure

that a potential treatment effect was not missed. A comparison of the treatment effect in

each of the three 'treatment-lag' times evaluated, demonstrates that even if the therapy is

allowed 12 months to exert an effect, women did not experience any fracture risk

reduction. However, women over 80 years of age experienced hip fracture risk reduction

regardless of the'treatment-lag' time.
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Despite these methodological strengths, this analysis is not without its limitations.

First, the pharmaceutical claims data in Manitoba do not include data on the use of non-

prescription medications (i.e., those provided 'over-the-counter'). Calcium and vitamin

D, both available 'over-the-counter', have been demonstrated in several randomized

clinical trial to be efficacious at reducing risk of hip fracture.2a-26 Health promotion

campaigns on television and in the popular literature encourage increased calcium and

vitamin D consumption for healthy teeth and bones. Also, physicians who diagnosis

women as 'high risk of osteoporosis' may suggest calcium and vitamin D supplements as

firstJine preventive therapy before prescribing a more potent anti-resorptive

pharmaceutical agent.27 Thus, an unknown proportion of women in this cohort are using

an effrcacious, albeit non-prescription, osteoporosis therapy. Furthermore, because this

therapy is not captured in the pharmaceutical claims databases, these women were

classified as 'untreated.' The result of this potential misclassification of treatment status

would bias the estimate of treatment effect towards unity (i.e.,no signif,rcant difference in

fracture risk between treated and untreated women).

Another limitation may exist regarding the number of women who sustained

vertebral fractures. Studies have reported that most vertebral fractures do not present to

physicians or get correctly diagnosed as such.28 By using administrative health databases

as the sole source of fracture 'cases', it can be assumed thatalarge number of unreported

fractures in the cohort are not properly classif,red in the analyses. Furthermore, it may

also be that, amongst women who receive osteoporosis treatrnent, physicians may be

more attentive to symptoms of vertebral fracture, or they may even become more diligent

in radiographically testing these women, thereby identifring more fractures in these

r99



women, than in untreated women. Therefore, what may appear as an increased fracture

rate in treated \Ã/omen, might only be an artifact due to increased fracture identification.

Again, this misclassification would bias the estimated treatment effect towards unity.

It may also be argued that women at high risk of fracture, as a result of clinical

conditions other than osteoporosis, should have been excluded from these analyses.2e For

example, women with metastatic cancers, hyperthyroidism or primary

hyperparathyroidism may be at increased risk of fracture or, an OSRx therapy may be

contra-indicated. Including these women in the analysis may have biased the estimate of

treatment effect (towards unity). However, use of the propensity score (which was in part

a function of comorbidity) likely served to protect against this potential bias.

Finally, many of the RCTs of osteoporosis therapies limited their cohorts to

women with an existing vertebral fracture, or a record of an osteoporosis-type fracture.3-

6;30;3r [n an attempt to simulate these cohorts, a separate analysis was carried out which

included only those women who had a positive fracture history. Unforhrnately, the

length of time between a woman's first fracture and the 'incident' fracture (dwing the

study time window) was not modeled. The fact that the time between fracture events was

most likely very heterogeneous and not adjusted for is a limitation to the method used in

this thesis. This may have been addressed by redefining time-zero to be the date of the

f,rrst fracture. In consideration of this limitation and potential bias, the treatment effect in

women with a prior fracture may be underestimated.
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6.5 Conclusions

By carefully controlling for potential confounding by indication with the use of a

'propensity score', this analysis demonstrates 'prooÊin-principle' that the effectiveness

of osteoporosis-related therapies in the 'real-world' may be significantly less than that

demonstrated in randomized controlled trials. Several barriers to maximum population

drug effectiveness of osteoporosis-related treatments may include sub-optimal disease

identification rates, limited treatment initiation, and/or insufficient treatment durations.
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Ghapter 7 Summary

7.1 Population Drug Effectiveness

From the discussion in Chapter One relating to the types of drug effectiveness

measures found in the literature, one may recall that 'individual effectiveness', is the

relative rate of an outcome between specific groups of treated and untreated patients, all

of whom have been identified as at risk for a specific, undesired outcome. In an

osteoporosis model, 'individual ef[ectiveness' would compare fracture rates amongst

groups of women with similar baseline risks of sustaining fracture (e.g., women with

prevalent vertebral fracture(s) and/or bone mineral density scores, more than 2.5 SD

below young adult mean). This measure of efÊectiveness would most closely

approximate the efficacy mezrured in clinical trials, because of its closer match with

carefully defined randomized control trial (RCT) populations. However, what is not

accounted for in individual effectiveness calculations are the factors that determine which

women become OSRX users or non-users in the 'real-world'. These factors may be the

same clinical factors that determine the woman's risk of fracture (such as low bone

mineral density) or it may be a socio-demographic factor (such as the ability to pay for a

prescription therapy). Either of these factors could individually or jointly, influence

whether or not a woman initiates a therapy. An analysis of individual effectiveness

would not incorporate persons who have not been identified for treatment.

On the other hand, 'population effectiveness' involves the comparison of specific

outcome rates between treated and untreated groups, including those individuals who

have not yet been identifred for treatment (undiagnosed) and/or includins those
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individuals who have been identified for treatment but who do not receive treatment. The

'untreated' group would, by definition, contain women for whom treatment is not

indicated (the majority of women) as well as those women for whom therapy is

specifically indicated but not prescribed based on decisions by the doctor, patient, or

both. By the same principles, the treated group would include those individuals who

have been inaccurately identified for treatment (i.e., a false positive diagnosis for

osteoporosis or fracture risk) and actually have very low (or no) risk of the measured

outcome. The heterogeneity of clinical and demographic factors within the comparison

groups (i.e., treated and untreated individuals) demonstrates 'real-world' conditions and a

measurement of population effectiveness calculates the "amount by which disease burden

is reduced" when the treatment is unevenly and/or unequally distributed across a

population, and not necessarily according to individual need.

The final analysis presented in this thesis is actually a combination of the two

definitions. First, based on the principles of 'population effectiveness', the final model

was population-based and accounted for many of the factors which influenced the

distribution and uptake of osteoporosis-related pharmacotherapy. Second, based on what

is known from clinical trial data, the principles of individual efflectiveness' are

incorporated by adjusting for clinical factors which influenced the baseline risk of

specific sub-groups in the population. For example, in the final analysis (Chapter Six), a

separate analysis was performed in women with a pre-existing osteoporotic fracture in an

effort to emulate the populations used in several of the RCTs from which osteoporosis-

therapies gained licensing approval. 1'2
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Modeling the population osteoporosis-related drug effectiveness in this manner has

provided insight not only into the relative effectiveness of these drugs in the 'real-world,'

but also the determinants of effectiveness are brought to the forefront. For example,

before carrying out the final effectiveness analysis, the factors which were associated

with initiating an osteoporosis-related drug therapy were examined. From this analysis

(Chapter 3), the relative importance of receiving a BMD assessment was identifred. The

fact that women who received a BMD assessment were at least 8 times more likely to

initiate an OSRx than women who did not receive such an assessment higtrlights a

potential need for health care providers and decision-makers to take a closer look at how

bone densitometry is incorporated into routine osteoporosis assessments. Unfortunately,

the analyses presented here do not provide insight into the appropriateness of this

assessment tool, just the signihcance of the association between BMD assessment and

subsequent treatment decisions.

Further examination of the factors which are associated with the receipt of a BMD

assessment, demonstrates that access to this technology is strongly associated with the

type of physician a woman sees (Chapter Four). That is, if a woman visits a physician

who frequently refers patients for this type of assessment, she is much more likely to be

referred for the test. However, what remains unknown is why some physicians exhibit

higher referral rates than others. Also unknown is the rate at which women specifically

request referral for this test during the physician-patient encounter. Regardless,

unresolved issues such as these do not change the demonstrated population effectiveness
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of osteoporosis drugs, but rather may provide decision-makers with information

necessary to design interventions aimed at improving the appropriate use of such

technologies.

7.2 'Population Drug Effectiveness' versus 'Overall Health-
System lmpact'

Given that this collection of analyses identified some of the determinants of drug

effectiveness and measured an observed population drug effectiveness; an important

question may yet be unresolved: "Was it really population drug efFectiveness that was

measured, or was it the general, overall health-system impact of osteoporosis care and

treatment that was measured?" In other words, was the effectiveness of OSRx which was

demonstrated in these analyses due to the inability of the drug (i.e., the chemical entity)

to perform its intended outcome, or was it due to the health-system structure and

processes which limited effectiveness? Again, the individual responsibility of either the

drug or the health-system is irrelevant because the desired end-result, a reduction in the

risk of fractures in the population, is a combined effort between these two entities.

Simply put, a drug cannot exert its potential efflrcacy without a health-system which

promotes appropriate diagnosis, access, and persistence to available therapies.

Furthermore, the definition of 'effectiveness' as described in the early parts of this thesis,

incorporates the effects of health system structures and processes. Nonetheless, by

parsing out the amount by which each determinant in the overall drug effectiveness

model contributes to the end-result, policymakers and health care decision-makers can

begin to reform these structures and processes to improve population effectiveness.
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7.3 Osteoporosis Prevention and Treatment Post-WHl

The end of the study period for these analyses was March 3T't,2002,prior to the

release of the much anticipated results of the Women's Health Initiative (WHD study on

July 17ú, 2002.3 Thus, the impact of this study on the use of osteoporosis-related

therapies, and in particular hormone replacement therapy (HRT), could not be assessed.

The potential risk of cardiovascular disease and breast cancer with relatively long-term

use of HRT demonstrated by the WHI study appears to have resulted in decreased use of

this widely popular therapy in post-menopausal *omerl.o What remains to be seen,

however, is whether or not physicians and their post-menopausal patients are choosing to

initiate or switch to other non-hormonal preparations for the treatment and/or prevention

of osteoporosis, and how these new prescribing and drug utilization pattems will

ultimately affect fracture rates.

From the analyses presented in this thesis, it was demonstrated that HRT use

accounted for nearly 30% of the OSRx claims within this specif,rc cohort (Chapter Two).

If these women stopped therapy subsequent to the release of the WHI results, the impact

on future fracture rates may be tremendous, especially if those \¡/omen at highest risk of

osteoporotic fracture were not switched to another preventive therapy. Also, given that

users of HRT were more likely to be younger post-menopausal women (aged 50-69), it is

unknown if these are the women who would be more likely to initiate another bone-

sparing drug in their later years. For instance, the present study was limited to only 5

years of pharmaceutical claims data. If awoman in the study cohort was 70 years of age

at the time of the study entry (1998) and she initiated a bisphosphonate therapy during the

follow-up period, it was not possible to determine if she had previously used an HRT
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several years before the study period, which may have provided her with increased bone

mass and some fracture protection.s If those women who previously used an HRT are

also those women who are more likely to initiate treatment on newer osteoporosis

treatments at alater age, the characteristics of these women need to be identified. These

women may exhibit characteristics that are associated with a more health-conscious

lifestyle which would also influence their risk of an osteoporosis-related fracture.6 Quite

simply, drugutilization studies of osteoporosis-related therapies, including HRT, must

continue and must incorporate information regarding OSRX use for longer periods of time

to evaluate the effectiveness of these therapies, overall, in the long-run and especially in

the face of an ever-changing access to pharmaceuticals.

7.4 Future Directions

Several steps are now required to validate the results of these analyses and

determine which of the determinants are most responsible and, thereby, most likely to

influence the overall population effectiveness of osteoporosis therapies. Validation of the

results can be achieved through repetition of the analyses in a separate, albeit similar,

population. For example, by repeating this set of analyses in another province in Canada

which maintains population-based administrative data of the same quality, the reliability

and stability of the models could be evaluated. For example, are the same factors

significantly associated with OSRx initiation andlor persistence from one population to

the next? This would of course prove quite complex as inter-provincial variations in

health-care policies exist and hence, direct comparisons of population drug effectiveness
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would be statistically intensive. However, the contribution of each of the determinants of

drug effectiveness could be compared. For example, if the health policies and clinical

practice guidelines in British Columbia result in a very different population of women

who receive BMD assessments, this difference could provide further information

regarding the differential impact of access to bone densitometry as a driving force

underlying OSRx treatment initiation. This policy-oriented research directive could

provide policymakers across Canadawith information regarding who should be assessed,

when, and what the potential impact would be on drug utilization and fracture outcomes.
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7,5 Conclusions

Observational cohort studies can provide the evidence to inform health care

practitioners and policymakers of therapeutic effectiveness. The data from which these

studies are conducted, however, must be population-based and must contain specific and

detailed information of drug, medical, and hospital utilization. Without complete

information, the ability to control for confounding and/or selection biases can not be

achieved. This analysis has applied a specific observational cohort methodology which

relied on administrative health databases as the sole data source. Although there are

several limitations to this method, particularly the lack of information regarding patient-

physician decision-making processes and the absence of information regarding the use of

non-prescription therapies (and lifestyles), it is currently the most cost- and time-effrcient

method to analyze drug effectiveness in the 'real-world.'
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Appendix l. Manitoba Bone Mineral Density Guidelines
and Database

Table I.1 Bone densify testing guidelines used by the Manitoba Bone Mineral
Density Program.

If no previous bone densily testing:

f Spontaneous or minimal trauma (fragility) fracture proven by x-ray

f Osteopenia or osteoporosis identifred by x-ray

f Systemic corticosteroid therapy (17.5 mg per day prednisone equivalent) for
more than 3 months per year

f Prolonged amenorrhea prior to age 45 (includes surgical menopause or
premature menopause) if results needed to decide on use of hormone
replacement therapy

f' Normal menopause with clinical Risk Factor Score > 3

If bone density testing previously perþrmed:
f Patient is on systemic corticosteroid therapy (initial recommended interval 1

year)

f Not on systemic corticosteroid therapy (initial recommended interval 3 years)

Clinical Rßk Fscto¡ Sco¡e Cølculation

+l Age 65-74

+2 Age>75

+l Fall in last 12 months

+1 Current Smoker

+l On feet < 4 hours/day

+l Fair or Poor health status

+l Height atage25 > 168 cm

+1 Family history of osteoporosis

+2 Height loss since age 25 > 3 cm

+l Previoushyperthyroidism

+l Unable to rise from chair without using arms

+l Current weight < 58 kg
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Table I.2 BMD database variable names and descriptions.

Variable Name Description

Personal Health 'scrambled' PHIN; linkable with other adm¡n¡strative
InformationNumber health databaSeS.
lPHrNl

Date of Birth Date of Birth

scanDate Scan Date: The actual date the BMD scan was performed.

Requesting MD Requesting Physician: The identification number of the physician requesting

the exam (primary care physician).
This variable is only available from 1997 onwards.

SpineBMD The actual BMD value measured at the specified spine location.
Measurement site is specified in the variable SITE.

ScanSpineTscore The t-score value of the spine BMD. This represents the number of standard
deviations from the average BMD in young healthy women.

ScanSpineZscore The z-score value of the spine BMD. This represents the number of standard
deviations from the average BMD in age-matched women.

SpineWHO Indicates the WHO classification of osteoporosis according to the patient's
z-score [0 to -1 normal (no risk), -l to -2.5 osteopenia (slight risk of
fracture), <-2.5 osteoporosis (high risk of fracture).

HipBMD The actual BMD value measured at the specified spine location.
Measu¡ement site is specified in the variable SITE.

ScanHipTscore The t-score value of the spine BMD. This represents the number of standard
deviations from the average BMD in young healthy women.

ScanHipZscore The z-score value of the spine BMD. This represents the number of standard
deviations from the average BMD in age-matched women.

HipWHO Indicates the WHO classification of osteoporosis according to the patient's
z-score [0 to -1 normal (no risk), -l to -2.5 osteopenia (slight risk of
fracture), <-2.5 osteoporosis (high risk of fracture).
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Appendix ll. Osteoporosis-related Prescription Drugs
(oSRx)

Table II.1 Osteoporosis-related prescription drugs, and associated Anatomic
Therapeutic Classification codes.

Osteoporosß Drug
Cløss

Hormone Replacement
Therapy

Drug Name & Dosage ATC CODE

APO-CONEST TAB O.3MG
APO-CONEST TAB O.625MG
APO-CONEST TAB O.9MG
APO-CONEST TAB 1.25MG
APO-CONEST TAB 2.5MG
C.E.S. TABLETS O.3MG
C.E.S. TABLETS O.gMG
CES TAB O.625MG
CES TAB 1.25MG
CONGEST TAB O.3MG
CONGEST TAB O.625MG
CONGEST TAB O.9MG
CONGEST TAB 1.25MG
CONGEST TAB 2.5MG
ESTINYL TAB O.OsMG
ESTINYL TAB O.5MG
ESTRACE TABLETS 0.5 MG
ESTRACE TABLETS 1 MG
ESTRACE TABLETS z}/4G
ESTRACOMB 1OMG
ESTRADERM-1OO
ESTRADERM-25
ESTRADERM-s0
OGEN TAB O.75MG
OGEN TAB 1.5MG
OGEN TAB 3MG
PMS-CONruGATED ESTROGENS C.S.D.
O.3MG GO3CA57
PMS-CONJUGATED ESTROGENS C.S.D.
O.9MG GO3CA57
PMS-CONruGATED ESTROGENS C. S.D.

GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CAOl
GO3CAOl
GO3CAO3
GO3CAO3
GO3CAO3
GO3FBO5
GO3CAO3
GO3CAO3
GO3CAO3
GO3CAOT
GO3CAOT
GO3CAOT

1.25MG
PMS-CONruGATED ESTROGENS
c.s.D.0.625MG
PREMARIN TAB O.3MG

GO3CA57

GO3CA57
GO3CA57
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Osteoporosß Drug
Cløss

Selective Estrogen
Receptor Modulators

Bisphosphonates

Drug Name & Dosøge

PREMARIN TAB O.625MG
PREMARIN TAB O.9MG
PREMARIN TAB 1.25MG
PREMARIN TAB 2.5MG
CLIMARA 1OO TRANSDERMAL SYSTEM
CLIMARA 50 TRANSDERMAL SYSTEM
ESTRACE TABLETS 0.5 MG
ESTRACE TABLETS 1 MG
ESTRACE TABLETS 2 MG
ESTRADERM-25
ESTRADERM-1OO
ESTRADERM-s0
ESTRING - SDE VAG 2MGIRING
ESTROGEL 0.06%
ESTALIS T4OI5O

ESTALIS 25OI50
VIVELLE 1OOMCG

VIVELLE 37.5MCG
VIVELLE 5OMCG
VIVELLE 75MCG
FEMHRT 1/5

ATC CODE

GO3CA57
GO3CA57
GO3CA57
GO3CA57
GO3CAO3

GO3CAO3
GO3CAO3
GO3CAO3

GO3CAO3
GO3CAO3
GO3CAO3

GO3CAO3
GO3CAO3
GO3CAO3

GO3FAOl
GO3FAOl
GO3CAO3

GO3CAO3
GO3CAO3
GO3CAO3
GO3FAOl

EVISTA (raloxifene) 55.71 mg

FOSAMAX 5MG
FOSAMAX IOMG
FOSAMAX 4OMG
FOSAMAX TOMG
ACTONEL 5MG
ACTONEL 3OMG
DIDRONEL
DIDROCAL 4OMG
OSTAC 4OOMG
BONEFOS 4OOMG
AREDIA INJ 3OMG
AREDIA INJ 6OMG
AREDIA INJ 9OMG

CALTINE
CALCIMAR
MIACALCIN

GO3XCOl

MO5BAO4
MO5BAO4
MO5BAO4
MO5BAO4
MO5BAOT
MO5BAOT
MO5BAOI
MOsBBOl
MO5BAO2
MO5BAO2
MO5BAO3
MO5BAO3
MO5BAO3

HOsBAOl
HOsBAOl
HOsBAOl

Calcitonin
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Appendix lll. Medication-taking Scenarios
Table III.I Medication-taking scenarios encountered during prescription drug claim analyses and associated analysis

decisions and rationale.

Medicøtíon-tøking
Scenørio

Only one prescription was
claimed (i.e. no rertUÐ

Analysß Decßion

For analyses in which
simply the initiation of
an OSRx is the outcome,
these claimswere
included.
For analyses in which
persistence and
adherence were
analyzed, these claims
were excluded.

Ratíonsle/Comments

If an individual does not claim any refills subsequent to an

initial prescription claim, it cannot be assumed the
individual actually consumed the drug. However, for
analyses which aimed to identiff factors which influenced
initiation of an OSRx regimen, actual consumption of the

drug is not relevant. Instead, it was felt that the act of
filling the initial prescription was significant enough to

warrant inclusion in the analysis.

On the other hand, analyses regarding persistence and

adherence rely heavily on the assumption that women
who filI a prescription consume the drug and hence, if
only one prescription claim was made, persistence and

adherence could not be measured.
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Medicøtion-taking
Scenario
Individual initiated a second
oste oporosis drug class
concurrent with the initial
therapy.

Example: HRT regimen
initiated in May, 1999 and

continues to August 2001 .

BP therapy is added in
March 2000 and continues
to September 2001 .

Anølysß Decßion

For analyses regarding the
initiation of an OSRx, the first
drug class (in the example,
HRT), was recorded as the
index drug class used.

Individuals were categ oúzed
according to the initial drug
class they were dispensed.

For analyses regarding
persistence and adherence, the
date of the index drug claim
(HRT) to the date of the last
refill for the last drug class
dispensed (assuming no drug
holidays).

A 'switch' within a drug class
(assuming continuous
availability) is not considered
an event.

Individual switched drugs
but not drug class.

Example: Premarin 0.625
mglday initiated in June

1999 and continued to
December 1999. Vivelle
37.5 mc{day is initiated in
January 2000 and continued
indefrnitely.

Røtionale/Comments

It would be impossible to determine the effectiveness of
each brand, dose and route of administration for these
analyses, thus longitudinal analyses remained at the level
of drug class.
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Medícation-tøkíng
Scenørío
Individual dis continue d the
initial drug class and
initiated a second drug
class after a three month
drug-free period.

Anølysís Decßíon

Only the initial drug class was
considered for analyses
regarding heatment initiation.

The second drug class was not
considered in analyses of
factors related to persistence

and adherence.

Rationale/Comments

If drug use was discontinued for three months or longer,
the individual was considered to have discontinued the
drug regimen at the time of the last refill date.

In analyses of the effect of drug treatment on fracture
incidence, a time-dependent variable which identified the

drug class used at the time of fracture would include the
second drug class if the fracture occurred during this drug-
taking interval. Thus, the individual would be categorized
as using the second drug class at the time of the event
(fracture).
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Appendix lV. Time-Dependent Govariates

Several of the Cox proportional hazards models within this thesis used time-

dependent variables. This appendix provides an example of the method used to model

time-dependent covariates, as well as some of the rationale for using this method-

An important advantage of using the Cox proportional hazards technique, is the

ability to assess the value of each variable included in the model, at every time interval.

Given the following proportional hazards equation which contains one fixed covariate

and one time-dependent covariate:

logh,(t) = a(t)* þ{¡ + þrx,r(t),

it is clear that the hazard at time r depends on the value of xr, and on the value of x2 at

time f. I For every analysis of this thesis, time (r) is measured as the number of months

since the study start date, April I't, 1998, until the evenlcensor date. For the purposes of
this example, let.x7 represent the variable [Region_of Residence], and x2 represont the

variable [BMD_assessment]. The proc phreg procedwe in SAS will calculate a the

partial likelihood function at each unique event time by applying the if statement to all
the cases in the risk set at that time. Thus, if an individual does not receive a BMD
assessment until month 14 of the follow-up period, her value for[BMD_assessment] will
be zerc (0) and she will be placed into the [BMD_assessment]:0 risk set. At month 14,

and until the evenlcensor date, her [BMD assessment] value will be one (1).

proc phreg data:OSRx;

model surv*OSRx_use (0) :

/
j.f (wait:. or surv

,/* Note:

start date to
BMD assessment

e-j.:;e BMD assessment:1;

region_of_residence BMD_assessment

ties:ef ron risklimits ;

( wait )then BMD_assessment:O;

wait=the number of months from the study

the date of the BMD assessment date. If no

was performed, then wait:. */

The advantage to using this method is that it avoids a potential immortal time bias.

Recall that 'immortal time bias' is defined as the failure to account for the time

dependency of an exposure variable in a cohort study.2;3 Generally this occurs when an

individual in an observational cohort study is 'exposed' to the drug, test, or intervention

under study, at some time AFTER the start of the follow-up. The problem occurs when

the time in which the individual is un-exposed (usually from the begirning of the follow-

222



up to the exposure date) is mistakenly added to the 'exposed' person-time measure, and

not the 'un-exposed' person-time contribution. By using the aforementioned time-

dependent method for the variable [BMD-assessment], the time from the beginning of

the study period, to the date of the BMD assessment, is appropriately accounted for in the

[BMD_assessment]:0 risk sets, thereby eliminating any potential for immortal time bias.
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