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Abstract
Background: Dementia leads to progressive cognitive and functional decline.
Population aging is a concern, and the healthcare system must refocus its limited
resources to keep up with service demands. Three cholinesterase inhibitors (ChEIs) –
donepezil, galantamine and rivastigmine – have been approved for the treatment of
dementia and are covered under Ontario‟s formulary plan, but there has been little
research regarding their economic impact.

Methods: The purpose of this study was to describe the patterns of use of ChEIs, and to
assess associated health resource utilization and costs to Ontario‟s healthcare system.
Anonymized patient-level data from seven provincial administrative databases were
linked at the Institute for Clinical and Evaluative Sciences at Queen‟s University. Firsttime users of ChEIs aged 66 years and older were identified between April 1st, 2004 and
March 31st, 2009, and were followed until treatment discontinuation or up to one year
following their index date. Health resource use was classified into six care categories:
prescription drugs, physicians, long-term care, home care nursing, emergency
department, and hospitalizations. Chi-square, Kruskal-Wallis ANOVA and linear
regression were employed to compare resource use between users of the three ChEIs.

Results: In the cohort (N=40,057), the majority were prescribed donepezil (n=24,347),
were female (60.5%) and had at least one other co-morbid disease. The odds of
discontinuation were 1.47 (1.36, 1.60) and 1.26 (1.17, 136), higher for rivastigmine users
ii

than galantamine and donepezil users, respectively. Between 2005 and 2008, overall
healthcare costs increased from $95.2 million to $106.1 million. Prescription drugs
comprised 33% of all healthcare costs. ChEIs accounted for half of all prescription drug
costs. Overall mean annual healthcare system cost per patient was $12,679.47
($12,510.86, $12,848.08). Predictors of overall healthcare costs included long-term care,
co-morbidity status, hospitalization and hip fractures.

Conclusions: Prescription drugs account for a substantial proportion of healthcare costs
for patients with dementia, and the amount attributable to ChEIs alone is significant.
Knowing the health service utilization patterns for dementia patients can help healthcare
professionals and decision-makers plan patient care and timely resource allocation. The
results stress the utility of administrative databases and the need for further research for
this disease.
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Chapter 1
Introduction

1.1 Purpose
Comparative effectiveness research is the generation of evidence that compares
the benefits and harms of alternative methods of diagnosis and treatment of clinical
conditions with the purpose of assisting consumers, clinicians, patients and policy makers
to make informed decisions that will improve health care and its delivery (1). There is
increasing recognition of the need for comparative effectiveness and comparativeeconomic studies of new and existing health technologies such as pharmaceutical
interventions. Evidence of the comparative effectiveness of alternative health care
management options remains inadequate for informing policy decision-making (2). This
is especially important because governments must decide which interventions represent
good value and ought to be funded given a finite healthcare budget.
Several countries, including Canada, have incorporated comparative-effectiveness
and comparative-economic findings into their drug approval process; as this trend
proliferates, so too will the need to provide strong evidence to validate this process (3).
One way to compare existing health technologies is to analyze observational data
gathered from administrative databases and electronic health records (2). Studies using
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such data sources can provide clinical effectiveness and cost-effectiveness of
interventions, and compare them to alternative treatments.
Alzheimer‟s disease and related dementias do not have a cure. In Canada,
patients are currently treated with one of four pharmaceutical treatments: three
cholinesterase inhibitors (ChEIs: donepezil, galantamine and rivastigmine) and one NMethyl-D-Aspartic Acid (NMDA) receptor antagonist, which aid in alleviating the
symptoms of dementia, but do not eliminate the underlying cause of disease (4). The
efficacy and cost-effectiveness of these drugs in treating the symptoms of Alzheimer‟s,
thereby maintaining a patient‟s functional and cognitive status, have been documented by
previous randomized control trials (RCTs) and economic evaluations based on the results
of these RCTs. However, these studies share several common limitations, particularly
regarding the long-term effects of these drugs: many of the RCTs were only 3-6 months
in duration (5), and the longest RCTs were only 24-54 weeks long (6,7). Moreover,
while the three ChEIs are covered for reimbursement by all provincial drug plans thus
relieving patients from the full burden of their cost, they are, however, expensive (8). As
such, there is a need to provide evidence of the long-term economic impact of ChEIs on
the healthcare system.
The purpose of this thesis is to describe the patterns of use of ChEIs for the
treatment of Alzheimer‟s dementia and related dementias (henceforth referred to simply
as „dementia‟), to assess associated health resource utilization and costs in order to
understand their policy and economic implications using linked health information
2

databases for a population-based cohort of Ontario adults aged 66 and older. The study
employs a retrospective cohort design using linked Ontario health administrative
databases available through the Institute for Clinical Evaluative Sciences (ICES).
Patients with dementia will be categorized based on their ChEI-user status and measures
of healthcare resource consumption and costs at quarterly intervals up to one year after
ChEI use will be reported, and compared between ChEI groups.

1.2 Objectives
This study has three objectives for investigation in a population-based cohort of
community-dwelling Ontarians aged 66 and older with dementia treated with ChEIs.
Community-dwelling is defined as patients who are not in a long-term care facility prior
to ChEI use.
1a)

To describe baseline patient-level factors and treatment persistence for patients in
each of the ChEI groups (donepezil, galantamine and rivastigmine).

1b)

To compare baseline patient-level factors and treatment persistence between the
ChEI groups.

2a)

To describe health resource utilization and costs for six categories of care: 1)
ChEI and other drugs, 2) physician services, 3) long-term care, 4) home care
nursing services, 5) emergency care, and 6) hospitalization (length of stay) for
users of each of the three ChEIs.

2b)

To examine patient-level predictors of care costs for the six categories of care.
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3)

To compare health resource utilization and associated costs among the three
ChEIs.

The study‟s hypothesis is that there will not be a significant difference in health
care utilization or associated costs among the three individual ChEIs (donepezil,
galantamine, rivastigmine). This finding will provide evidence that all three ChEIs are
sufficiently similar and that not one of them is more costly to the healthcare system to
offer to patients.
1.3 Thesis outline
Chapter 2 presents a summary background about dementia, theories intended to
explain its possible pathophysiology, its prevalence and global economic burden, its
treatments (cholinesterase inhibitors), and an overview of the Canadian drug approval
and funding processes. This chapter will close with the rationale for this study.
Following this, Chapter 3 will provide a literature review summarizing existing relevant
clinical and economic studies comparing ChEI treatment effectiveness between
donepezil, galantamine and rivastigmine to placebo and to each other; this chapter will
highlight economic evaluations of these drugs, and the need for population-based studies
to complement the current understanding of the ChEIs for policy implementation.
Additionally, this chapter will provide a review of multi-level factors that influence
which patients receive these drugs, forming the basis of the analysis of predictors of ChEI
use. Chapter 4 provides a description of the methods employed to fulfill the three
4

objectives and includes a description of the study design, source of data and linkage,
inclusion/exclusion criteria, the timeframe of the study, study variables (exposures,
outcomes and potential confounders), analysis (comprising a description of mean and
total resources consumed by users of each drug group, analysis of potential confounding
variables, multivariate linear regression for predictors of care costs, and sensitivity
analysis), and sample size calculation. Chapter 5 offers a brief overview of policies and
safeguards with which all research conducted using health administrative data at the
Institute for Clinical Evaluative Sciences must comply to ensure that patient privacy and
confidentiality are maintained. Chapter 6 presents the results of this study, which include
a description of baseline descriptive characteristics for ChEI users on their index date; a
description of the patterns of use of ChEIs, specifically treatment persistence; a
description of health resource utilization and costs; the comparison of resource utilization
and costs between the three ChEI groups; the interpretation of predictor variables for
annual overall costs and according to six categories of care as determined by linear
regression analysis; and, an examination of variations in variable inputs (sensitivity
analysis), and the study‟s power. Chapter 7 provides a discussion of the overall results,
conclusions, implications, strengths and limitations of this study and future direction for
research in dementia care and comparative effectiveness/economics of health
interventions.
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Chapter 2
Background and Study Rationale

2.1 Introduction
This chapter presents background information relevant to dementia, including its
types of treatment, the Canadian context for their implementation in Ontario‟s provincial
healthcare system, and reinforces the need for further comparative studies. Section 2.2
provides an explanation of dementia, including its symptoms and prognosis. Section 2.3
details several theories regarding the pathophysiology of dementia, particularly the
cholinergic pathway, which is the primary target for most available pharmaceutical
interventions, including the ChEIs. Section 2.4 highlights the epidemiology of dementia:
its incidence, prevalence and its economic impact for the Canadian healthcare system.
Section 2.5 describes the implementation of various medical treatments for the
management of dementia symptoms, including cognitive and behavioural strategies, and
pharmaceutical interventions, such as the three ChEIs. Section 2.6 provides an overview
of the Canadian drug approval and funding processes, which are important to
understanding why some drugs are available to patients while others are not. Section 2.7
highlights the process through which the three ChEIs were approved for treatment by the
federal and provincial governments and received approval for provincial coverage in
Ontario, and current health system controversies regarding these drugs in terms of
6

efficacy, effectiveness, and costs. Finally, Section 2.8 closes with the rationale for this
study.
2.2 What is Dementia?
Dementia is a syndrome – a set of signs and symptoms – that affects a person‟s
cognitive abilities (9). It affects multiple cognitive domains (including memory,
language, attention), and may have a significant impact on behaviour and functional
abilities as well. Alzheimer‟s disease and related dementias are progressive and affected
individuals experience gradual but persistent loss in their ability to perform everyday
activities, loss of self-care abilities, and the development of urinary incontinence. Even
in its moderate form, symptoms of dementia can create stress for a patient‟s family,
which can influence the decision to seek placement in long-term care facilities (10). At
its most severe stage, a patient becomes completely dependent upon caregivers and loses
basic cognitive and functional abilities. Neuro-degeneration is coupled with muscle mass
and mobility deterioration to the point where the patient is bedridden, leading to
premature death (10).
The causes of dementia remain unknown. Age is a primary risk factor; the risk of
developing dementia doubles every five years after the age of 65 (9). Alzheimer‟s
disease is the most common form of dementia, and is characterized pathologically by the
presence of senile plaques and neurofibrillary tangles in the brain (see sections 2.2.2 and
2.2.3 below). Other types of dementia include vascular dementia, dementia with Lewy
bodies and frontotemporal dementias. It is important to recognize that many patients have
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a mixture of different forms of dementia (e.g. mixed dementia, which usually refers to a
combination of Alzheimer‟s disease with co-morbid cerebrovascular disease) (9).
It may be difficult to clinically diagnose dementia, especially in its early stages, as
symptoms are sometimes misattributed to stress or functional and cognitive changes due
to the normal aging process. Dementia is usually preceded by a period of mild cognitive
impairment, although not all older people with mild cognitive impairment go on to
develop dementia (11). The most noticeable indicator of dementia is usually short-term
memory loss. Further clinical assessment, including objective cognitive testing, can help
establish the diagnosis and gauge its severity. Medical imaging techniques, such as
computed tomography, magnetic resonance imaging, and positron emission tomography
can be used to help confirm the diagnosis and exclude other diseases (12).

2.3 Biological mechanisms
A biological mechanism is a series of processes through which a disease
progresses within the human body (13). For some diseases this can be caused by external
factors or agents modifying normal physiological processes in the body, such as
infectious diseases. In other cases, diseases can arise from natural physiological
pathways not working up to standard levels due to deterioration induced by aging or
genetic predisposition, usually leading to accelerated decline in normal function. Several
hypothesized biological mechanism have been proposed regarding the cause and
progression of dementia. It is important to identify and understand the correct
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mechanism through which a disease modifies the body and causes ill health so that
interventions can be precisely targeted towards their removal and, thereby, reduce the
impact of the pathophysiological process on the patient. The following sub-sections
(2.3.1 to 2.3.4) offer a summary of the current understanding of possible biological
mechanisms of dementia and, in some cases, their influence on each other.
2.3.1 Cholinergic hypothesis
A classical theory regarding the biological mechanism of Alzheimer‟s is based on
the cholinergic hypothesis (14). It is the oldest, most frequently targeted pathway for the
treatment of Alzheimer‟s disease. The brain relays information to other parts of the body
through a system of nerve cells, known as neurons. These neurons are typically
composed of three parts: the dendrite, the axon and the terminal. The dendrite interacts
with the terminal of the preceding neuron at the synapse. When a part of the body needs
to be activated, a signal is sent down the system of nerve cells. The pre-synaptic neuron
relays the signal to the post-synaptic neuron chemically by releasing neuro-transmitters
(molecules that bind to receptor sites on the post-synaptic cell) that tell the post-synaptic
neuron to continue sending the signal. Neuro-transmitters are then broken down by
enzymes to ensure that the neuron is not over-stimulated (which could lead to cell
damage). The signal is transmitted in this fashion until it reaches the part of the body that
requires stimulation. A number of neuro-transmitters have distinct roles in different
regions of the brain. In normal brain signaling, acetylcholine (ACh) is a neuro-transmitter
related to preserving and accessing memory, as well as function. ACh is broken down by
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cholinesterase enzymes (ChE): acetylcholinesterase and butrylcholinesterase, so that
post-synaptic receptors are not over-stimulated and so that ACh does not accumulate in
the synapse.
The cholinergic hypothesis postulates that Alzheimer‟s is caused by a reduction in
an individual‟s ability to synthesize ACh, leading to gradual neuro-degeneration (15).
The observed cognitive deficits in Alzheimer‟s patients with decreased ACh receptor
binding led researchers to hypothesize that increasing the availability of ACh in the brain
could assuage the cognitive decline associated with Alzheimer‟s (14). Administration of
a cholinesterase inhibitor (ChEI) decreases the activity of ChE in the synapse, thus
leaving more ACh available for signal propagation. Inhibition of ChE explains many of
the adverse effects of the ChEIs, as Ach is also an important neuro-transmitter in the
digestive tract, the cardiovascular system, and the neuro-muscular junction. As a result,
ChEIs may cause nausea, diarrhea, bradycardia, and muscle cramps (16).
Aside from the cholinergic hypothesis, investigators have proposed other potential
mechanisms for the development of dementia, including the buildup of amyloid plaques
in the brain due to genetic risk factors (though attempts at removal of these plaques has
not yet led to improved patient outcomes (17)); the presence of tau tangles (the abnormal
aggregation of tau proteins typically used to stabilize cell structure), which decrease the
ability of nerve cells to receive nutrients (14); and, age-related breakdown of myelin
(insulating material that preserves the potency of the electric potential traveling down the
axon of a neuron) in the brain (18). These theories are discussed further below.
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2.3.2 Amyloid hypothesis
Senile plaques are insoluble amyloid protein aggregates that result from the
accumulation of improperly processed proteins in the brain; they have been attributed to
genetic predispositions towards defective protein breakdown and clearing mechanisms
(19). The process starts with a large particle called amyloid precursor protein which, in
healthy individuals, is normally cleaved by the alpha secretase enzyme into beta amyloid
fragments (A) that are soluble (14). Alternatively, the beta secretase enzyme can cleave
the protein and create an insoluble form of beta-amyloid fragments (A42). This form of
beta-amyloid then accumulates and forms plaques. Beta-amyloid has been shown to
accumulate in high amounts in the brains of Alzheimer‟s patients (20). It is not clear if
these amyloid plaques are a cause or a by-product of the disease, but to date efforts at
their removal (e.g. via administration of secretase inhibitors or antibodies directed against
A42) has not been shown to improve patient outcomes (17,21).
2.3.3 Tau hypothesis
Another biological prognostic marker of Alzheimer‟s is the presence of
neurofibrillary tangles in neurons, which hinder the transportation of nutrients within
nerve cells (22). Normal tau maintains the structure of microtubules that transport
nutrients, but in Alzheimer‟s patients, tau can become hyperphosphorylated and form
neurofibrillary tangles, which destabilize nerve cell cytoskeleton and can lead to neuronal
death (14).
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Research has also shown interaction between beta-amyloid plaques and tau
tangles. One study demonstrates that in mice where tau was removed from neurons, the
presence of beta-amyloid did not cause cell degeneration, while in neurons where both
were present, the degeneration occurred (23). Though it is hypothesized that the toxic
presence of beta-amyloid plaques might promote the hyperphosporylation of tau through
oxidative stress, it is not yet clear how the cholinergic dysfunction, the presence of
amyloid plaques and tau tangles work in concert to lead to the development of
Alzheimer‟s disease (14).
2.3.4 Myelin Model
Another area of research that has received attention has been the role of myelin.
Myelin is an insulating material that forms a layer, the myelin sheath, around nerve cell
axons (24). Myelin is a necessary component for propagating signals from one neuron to
the next; its insulating properties increase the speed at which a neural signal travels while
preventing the electrical potential from leaving the cell (25). The production of myelin is
called myelination and, in the brain, this process is performed by oligodendrocytes.
Brain myelination decreases in older age. Bartzokis and colleagues (2007) have
documented the link between later-developed myelin breakdown and human degenerative
disorders, such as Alzheimer‟s (18). The myelin model postulates that myelin breakdown
releases oligodendrocyte- and myelin-associated iron that promotes the production of
beta-amyloid which, as previously described, can be found in higher amounts in the
brains of Alzheimer‟s patients. Moreover, current cholinergic treatments for Alzheimer‟s
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(ChEIs) appear to enhance myelination and myelin repair, thereby further contributing to
preventing Alzheimer‟s symptoms (25).

2.4 Prevalence of Dementia and Economic Ramifications
In September 2009, Alzheimer‟s Disease International released its World
Alzheimer Report, which stated that an estimated 35.6 million people worldwide live
with dementia (9). A recent report issued by the Alzheimer‟s Society of Canada
estimated the Canadian prevalence at half a million individuals (26). In 2004, the
Canadian Study of Health and Aging revealed that 8% of Canadians over the age of 65
have dementia, with the number of patients rapidly increasing with age: 2.4% among
those between 65 and 74, 11.1% between 75 and 84 and 34.5% of those over 85, with
nearly two-thirds of these attributable to Alzheimer‟s (27). These reports acknowledge
that by 2050, due to the coupling of its rising incidence and the increase in human life
expectancy, the prevalence of dementia will increase three- to four-fold if no effective
preventative strategy is identified.
At present, there is no cure for dementia, though treatments are available that aim
to manage the symptoms of the disease. Therefore, the prognosis of the disease includes
chronic loss of ability to perform daily activities that slowly progresses to further
advanced stages over time. Several preventive strategies have been suggested, such as
brain stimulation, exercise and diet (28); however, the effectiveness of these strategies
remains unproven. In addition, once a patient has developed dementia, cognition and
function progressively deteriorate and cannot be reversed. Thus, the management of
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patients with dementia is of paramount importance and a long-term commitment. For
these reasons, dementia care is expensive and is placing an increasing burden on health
systems around the world. The economic impact of the escalating number of dementia
cases is staggering: the total estimated Canadian and worldwide costs of dementia are
$15 billion (2008 Canadian dollars) and $600 billion (2010 US Dollars) (9,26),
respectively, with the Canadian estimate projected to increase tenfold to over $150 billion
by 2040 (26).

2.5 Available Dementia Treatments
There is no medical treatment that can stop or reverse the progression of
dementia; however, a few drug therapies available have attempted to mitigate symptoms
to extend the time a patient can maintain cognitive and functional status – retaining
memory and autonomy – for as long as possible (26). Psychosocial therapies have also
been proposed: behavior-oriented therapies, such as scheduled bathroom usage to reduce
urinary incontinence, have been suggested to target and eliminate problem behaviours;
however, this approach hasn‟t been shown to improve overall functioning of patients
(16). Similarly, emotion-oriented approaches to managing dementia, such as
reminiscence therapy (stimulating memory and mood in the context of the patient‟s life
history) and multisensory stimulation (exposing patients to soothing environments
designed to stimulate various senses), have been employed to improve mood, behaviour
and cognition; however, there is limited evidence to support their effectiveness (16).
Cognition-oriented (skills training) and stimulation-oriented (recreational activities such
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as art therapy and exercise) approaches have been employed, with modest benefits to
mood and reduced behavioural problems (16). Educational interventions also exist,
which aim to inform patients and their families in developing coping skills for their
inevitable cognitive decline.
The most frequently studied mode of treatment has been the use of
pharmaceuticals for the treatment of cognitive and functional issues, as well as associated
syndromes such as psychosis, agitation and depression. Cholinesterase inhibitors (ChEIs)
are considered the front-line therapy for patients with some forms of dementia (e.g.
Alzheimer‟s disease, vascular dementia, dementia with Lewy bodies, mixed dementia);
they are used to improve a patient‟s cognitive and functional status, and will be discussed
in further detail in subsequent paragraphs. Patients with dementia also experience a
variety of other symptoms and co-morbid syndromes. Psychosis (hallucinations,
delusions) and agitation are often treated with antipsychotics: tranquilizing drugs that
calm patients. Both typical (first generation) and atypical (second generation)
antipsychotics are used clinically to quell behavioural symptoms, but their use can be
associated with a variety of potentially serious adverse effects (including sudden cardiac
death, Parkinsonism, and fall-related injuries). Atypical antipsychotics are commonly
used in current clinical practice (29). Dementia can also be associated with depression,
and can contribute to poor outcomes (30). Depression can be treated with antidepressants (16,30), although there is conflicting evidence about the effectiveness of
antidepressants in treating symptoms of dementia (31,32). Patients with dementia often
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experience anxiety and sleep disturbance (33). Benzodiazepines have been used to treat
dementia patients with these symptoms (33,34); however, these drugs have important
adverse effects (35), such as the increased risk of falls (36).
According to the Alzheimer‟s Drug Discovery Foundation‟s panel of experts,
given that dementia is a chronic progressive disease, an „effective‟ response to therapy
occurs when symptoms improve or remain the same for six months, and a „good‟
response to antidementia therapy occurs when the patient‟s symptoms progress more
slowly than expected without therapy (37). Measuring symptom progression is
subjective, but generally, untreated patients with dementia lose 2-4 points per year on the
Mini-Mental State Exam (MMSE) and lose some functional abilities (38).
2.5.1 Cholinesterase Inhibitors
In Canada, four pharmaceutical treatments have been approved for use with
dementia patients: three ChEIs – donepezil (Aricept), galantamine (Reminyl/Razadyne)
and rivastigmine (Exelon) – and one NMDA Receptor blocking agent – memantine
(Exiba/Namenda) (4). Each of the ChEIs have moderately different pharmacological
properties (e.g., donepezil has a longer half-life than the others, and their chemical
formulae differ), but they all affect the cholinergic pathway by a common mechanism.
As described previously, during the progression of Alzheimer‟s, some nerve cells die,
and there is a diminished amount of ACh produced by the body available for neurotransmission. This deficiency leads to loss of cognitive processes and memory
access/formulation. One strategy for increasing the amount of ACh for neuro16

transmission is to reduce the amount of AChE at the synapse. Recall that AChE breaks
down ACh to protect the post-synaptic nerve cell from overstimulation and to stop the
signal from pre-synaptic cell to the post-synaptic cell once it has been transmitted. The
three ChEI drugs target AChE, inhibiting the enzymes from breaking down ACh at the
synapse, thus increasing both the level and duration of the ACh that the body is able to
produce. ChEIs, however, cannot substitute the body‟s natural ability to produce ACh,
and therefore, cannot modify the ultimate progression of dementia. Therefore, the goal of
prescribing ChEIs is to delay the decline of cognition and functions caused by dementia,
and thereby alleviate the need for caregiver burden. The three ChEIs are thought to
possess similar efficacy, and all have shown modest symptomatic benefits in RCTs over
6-12 months (39).
2.5.2 Memantine
Memantine is a NMDA receptor antagonist, which acts on glutamatergic neurotransmission (5). Glutamate is an excitatory neuro-transmitter in the brain. In
Alzheimer‟s patients, there is an overabundance of glutamate that can cause neurons to
fire too often, which can lead to neuro-degeneration. Memantine blocks NMDA
receptors, preventing the glutamate from stimulating them, though this mechanism is not
as well understood as that of ChEIs (40).
2.6 Canadian drug approval and funding processes
In Canada, prescription drugs are authorized for sale by the federal government
and approved for funding by the individual provinces. The drug review process begins
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with the pharmaceutical company submitting a drug application to the Therapeutic
Products Directorate (TPD) of Health Canada to assess the safety, efficacy and quality of
the drug (41). It is noteworthy that Canadian regulations do not strictly require that a
drug demonstrate a unique benefit over other drugs in the same class in order to receive
authorization, i.e., all three ChEIs were approved despite presenting evidence of similar
effects (42). If successful, the TPD will issue a notice of compliance (NOC) and the
associated product labeling. The drug is then approved and may be prescribed by
physicians and dispensed by pharmacists to patients in Canada (43). However, receiving
this approval does not guarantee that provincial drug plans will cover the costs of the
approved drug. The federal Patented Medicines Prices Review Board establishes the
maximum introductory price that can be charged for new patented drugs, as well as
regulating price increases for these drugs over time (44).
The Canadian Agency for Drugs and Technologies in Health (CADTH) –
formerly the Canadian Coordinating Office for Health Technology Assessment
(CCOHTA) – is a federally-funded, independent, not-for-profit agency responsible for
evaluating the safety, effectiveness, and cost-effectiveness of all new drugs (45). This
function is performed by the Common Drug Review (CDR), which reviews data
(typically clinical trials to support drug efficacy and accompanying economic
evaluations) submitted by the manufacturer and provides a summary report to the
Canadian Expert Drug Advisory Committee (CEDAC), which ultimately makes a drug
coverage recommendation (46).
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Provincial governments must then decide if the drug should be added to their
publicly funded formulary – a list of medications that are included in the provincial drug
plan (46). Each province makes the decision to offer drug coverage independently while
considering many factors including cost-effectiveness – whether the cost of providing the
medication are offset by savings in other areas of health resources (14). Provincial
advisory committees will take into account the CDR recommendations, as well as the
potential budget impact of adding new drugs to their formularies. Because each
province ultimately has different inclusion criteria, different health care budgets, and
different funding priorities, the list of drugs covered varies from province to province
(47). For the purpose of the current study, only Ontario‟s drug approval and formulary
inclusion processes will be further explored regarding ChEIs in the following sections.

2.7 ChEIs in the Ontario Context
All Canadian provinces have added the three ChEIs to their drug formularies for
reimbursement. Memantine was issued an NOC in 2004, but the CDR recommended
against having it included on provincial formulary listings because the evidence was
deemed insufficient to establish the clinical importance of the statistically significant but
numerically small group mean improvements in measures of cognition and there was a
lack of economic evidence in its favour (48). Memantine is not covered under Ontario‟s
provincial formulary.
In Ontario, donepezil, rivastigmine and galantamine were added to the Ontario
Drug Benefit (ODB) formulary in 1999, 2001, and 2002, respectively (49). The ODB
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plan offers coverage for over 3,300 medications for all individuals over the age of 65
years (50). Individuals receive subsidized medication through the plan‟s system of copayment: the provincial government paying the majority of the costs. Some medication
coverage is provided through the Limited Use program, which specifies coverage for
certain drugs to patients only if specified clinical criteria are met (51). The three ChEIs
fall under this program and a prescription for any one of these medications requires a
physician to administer a Mini Mental State Exam (MMSE) to the patient (14).
A patient‟s initial trial with any one of the ChEIs lasts for up to three months, and
in order to qualify for this treatment the patient must meet the following clinical criterion:
mild to moderate dementia as indicated by an MMSE score of 10-26 (52). To qualify for
further reimbursement, a physician must submit a claim attesting that the patient‟s
disease has not progressed or deteriorated while on the drug, and the patient must
continue to have an MMSE score of 10-26 (14).
The ODB regulations regarding ChEI prescription are similar to those of other
provinces, each of which also provides ChEIs to patients with special conditions. British
Columbia, Alberta and Saskatchewan restrict reimbursement to those patients whose
MMSE scores are 10-26 (53-55), while the Maritime provinces employ a higher cut-off
of 10-30 (56-58). All provinces require periodic cognitive testing for ongoing coverage.
Memantine can be prescribed but is not covered in any of the Canadian provinces.
Since the introduction of the first ChEI, donepezil, in 1997, most physicians and
patients have considered them to be an important treatment for Alzheimer‟s disease given
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the absence of any other effective treatments (39). While ChEIs target mechanisms
affecting neuro-degeneration, they also seem to be effective for other forms of dementia:
galantamine has been shown to be helpful for vascular dementia (59), and rivastigmine
has shown improvements for patients with Lewy body dementia (60)and dementiaassociated Parkinson‟s disease (61). Randomized controlled trials (RCTs) have
demonstrated that ChEIs are efficacious for mild to moderately severe cases of dementia
when compared to best supportive care (5,39). However, these improvements in
cognition have been modest.
Moreover, economic studies based on these RCTs have suggested these drugs are
expensive to administer. In 2010, the cost of ChEIs for Ontario‟s MOHLTC was
approximately $5.00 per day ($4.87 for donepezil, $4.98 for galantamine and $5.21 for
rivastigmine), and between $1,600.00 to $1,700.00 per year (62-64). Depending on the
availability of treatment alternatives and generic versions of these drugs, the ODB co-pay
amount fluctuates, which means that patients would be expected to pay the difference
between the price the pharmacist is permitted to charge and the amount covered by the
ODB (65). Consequently, provincial governments have struggled to reconcile their
overall costs with their limited effectiveness. While physicians recognized their clinical
potential, they were reticent with prescribing them to patients unless they were covered
by provincial or third-party insurance plans (66). As a result, individuals with dementia
endured staggered coverage across Canada for the three ChEIs, some waiting up to a
decade after donepezil was approved for use before their physicians prescribed them (67).
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Controversies regarding the cost and effectiveness of ChEIs persist to this day.
There is evidence from RCT-driven economic evaluations and studies using economic
and disease state-transition techniques to model long-term disease prognosis and
treatment costs that suggest ChEI use is cost-effective (5,8). However, these studies have
limitations that make it difficult to translate their results into practice. A CADTH
Technology Overview report documented the limitations of published evidence, including
a lack of consistency in design, duration and outcome measures of RCTs, which makes
comparative analysis difficult, and the evaluations were based on short-term efficacy data
(68). Also, while a systematic review by the National Institute for Health and Clinical
Excellence (NICE) acknowledged that ChEIs confer moderate cognitive benefits for
patients with dementia, it suggested that ChEIs had limited clinical and economic value
(5).
Furthermore, prescription drug expenditures are on the rise. According to the
Canadian Institute for Health Information (CIHI), in 2004, Canadians spent more than
$18 billion on prescription drugs, and in 2006, this amount increased to $21.1 billion
(69,70). Since ChEIs generally cost $5.00 per patient per day and the prevalence of
dementia is rising, gauging the cost of these drugs to the healthcare system in light of
their modest clinical efficacies should be considered a priority.

2.8 Rationale
The growth of the elderly population, together with the rising incidence of
dementia requires immediate attention (9). Decision- and policy-makers need feedback
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on current health care practices in order to modify or adopt new interventions (1). To do
so, they need information on new treatment options, as well as feedback on existing ones.
While RCTs can speak to the efficacy of a treatment within a controlled setting, their
outputs and outcomes may not be generalizable to routine clinical practice (71,72). A
major shortcoming of past economic assessments has been the dependency on clinical
trials for costs associated with these drugs, and the use of modeling to project costs
beyond the length of trials (typically six months) (73,74). In addition, many of the
economic evaluations were sponsored by the drugs‟ manufacturers (75). These
limitations restrict the usefulness of RCT data for comparative purposes to gauge the
real-world impact of the three ChEIs. Because there are limits to using RCT data for
economic evaluations, particularly if their results cannot be generalized to the population
at large, a population-based economic study to assess costs associated with ChEI usage
should be undertaken.
One valuable source of information regarding healthcare system resources and
practices is a health administrative database. A population-based study using linkable
information across various datasets would provide appropriate and generalizable results
regarding clinical and resource utilization outcomes in the general population. Health
care databases store information about routine clinical practices offered to patients,
treatment duration and costs. In Ontario, the administrative health care databases held at
the Institute for Clinical Evaluative Sciences (ICES) are consistently updated. Through
ICES it is possible to link de-identified population-based health information at the
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individual level while ensuring patient privacy and confidentiality (76). Thus it is
possible to associate a patient‟s prescription costs taken from the Ontario Drug Benefit
dataset with their use of other health services, such as physician services available
through the ODB dataset. This permits the evaluation of the patterns of resource
utilization for ChEI use, physician services, acute and home care usage, and medication
costs.
Examining information on the pattern of ChEI use along with resource utilization
and associated costs in a Canadian healthcare setting provides valuable information to
assist clinicians involved with dementia care with decisions regarding patient care, and
other decision-makers with allocating health service resources effectively in Canada‟s
increasingly cost-conscious health care system. In the event that a difference in resource
use and costs between the three ChEIs does exist, it is important for healthcare decisionmakers to be aware of it.
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Chapter 3
Literature Review

3.1 Introduction
This chapter reviews published evidence of efficacy and economic assessments of
ChEIs. Before examining the potential cost implications of treating patients with ChEIs,
it is important to understand their clinical effectiveness. To do so, this review will first
examine research edifying their efficacy and effectiveness at treating the symptoms of
dementia, and then describe previous economic studies built upon the evidence provided
by these efficacy studies.
The majority of studies that have considered ChEI efficacy have been RCTs.
Section 3.2 highlights the evidence from such studies. Firstly, Section 3.2.1 examines
reviews of RCTs that summarize the results of previous RCTs. Two comprehensive
systematic reviews – by the National Institute for Health and Clinical Excellence (NICE)
in the United Kingdom (5) and the Cochrane collaboration (39) – were published in 2006
and were integral to informing healthcare professionals regarding their efficacy and
adverse events, as well as limitations of these studies. This section also includes other
review articles with evidence from studies not included in these two comprehensive
reviews. In order to understand the measurement tools used by RCT researchers in
determining drug efficacy, scales assessing global function, cognition, behaviour and
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function in daily activities are reviewed. Section 3.2.2 offers this brief overview of
patient outcome measures. Section 3.2.2 closes by looking at studies that use these scales
to compare ChEIs to placebo. Section 3.2.3 summarizes the use of these scales for
comparative ChEI-to-ChEI trials. Studies have shown that ChEIs are efficacious with
maintaining or improving patient‟s cognition and functional status, with each of the three
ChEIs having similar levels of efficacy. Finally Section 3.2.4 presents a discussion of the
limitation of these studies.
Section 3.3 reviews population-based clinical studies comparing one ChEI to
another (e.g., donepezil versus rivastigmine). Clinical efficacy and adverse events are
discussed, followed by the limitations of population-based assessments. Section 3.4
examines patient-level factors (age, gender, co-morbidity status, dementia severity and
socio-economic status) and health system factors that influence the uptake of ChEIs.
Having reviewed the clinical evidence that has informed the approval of the three ChEIs
for clinical use, Section 3.5 presents economic studies that investigate the cost of
dementia, the cost of ChEI treatment and economic evaluations considering the
effectiveness and cost of administering one ChEI to placebo or to another ChEI.
Economic evaluations of ChEIs tend to rely on data from RCT and use disease
progression modeling techniques. Limitations of such studies are presented. Section 3.6
of this literature review closes with a reiteration of the need for comparative studies.
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3.2 Randomized Clinical Trials
This section presents evidence from randomized controlled trials investigating the
efficacy of ChEIs, the majority of which have been pharmaceutical industry-sponsored
(77). Section 3.2.1 presents the results of review articles of RCTs. Section 3.2.2 looks
at efficacy outcomes tested by RCTs and the methods used to measure them. This
section also provides examples of individual RCTs that compare one ChEI to placebo
using each method. The majority have used global, cognitive, and functional outcome
measures and have determined that the use of ChEIs leads to modest improvements – less
decline in cognition compared to placebo (78), maintaining functionality compared to
placebo (79), and preserving ability to care for oneself (7) – in a patient‟s health status
(80). Section 3.2.3 looks at individual RCTs that compared one ChEI to another ChEI.
Finally, Section 3.2.4 examines the limitations of previous RCTs of which researchers
must be mindful when interpreting results.
3.2.1 Evidence from reviews
RCTs have demonstrated ChEIs improve patient cognition when assessment is
based on global (overall function and clinical well-being) and cognitive (memory, logic)
outcome measures (80). In 2006, a Health Technology Assessment was published by the
United Kingdom‟s National Institute for Health and Clinical Excellence (NICE) to
provide a review of the best quality evidence for the clinical- and cost-effectiveness of
donepezil, galantamine and rivastigmine for Alzheimer‟s disease (5). In addition, a
Cochrane review was issued by the Cochrane Collaboration to assess the effects of the
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three ChEIs for Alzheimer‟s patients (39). These agencies thoroughly appraise existing
literature and produce systematic reviews of scientific evidence that provides
professionals and researchers with accurate up-to-date information regarding the
effectiveness of clinical interventions and health technologies (81,82).
The NICE assessment reviewed 23 European, American and Canadian RCTs that
compared one of the three ChEIs to placebo and three trials that compared one of the
three ChEIs to another ChEI (e.g., donepezil versus rivastigmine) (5). Among the 13
published RCTs comparing donepezil to placebo, there is evidence to suggest that
donepezil is beneficial for patients with dementia, yielding both positive cognitive and
global outcomes. These benefits vary according to the drug‟s dose, with higher doses
tending to show increased benefits. Donepezil has been shown to limit further
deterioration on activities of daily living (ADLs) over periods ranging from 3 to 12
months. Among the six published RCTs comparing galantamine to placebo, no study
lasted longer than 6 months. The evidence suggests that galantamine is beneficial for
patients with dementia based on global and cognitive outcome measures, with higher
doses associated with improved cognition and function. The four published RCTs
comparing rivastigmine to placebo showed that the drug is beneficial for global and
cognitive measures in dementia patients, particularly at higher doses. No trial lasted
longer than 26 weeks (6.5 months).
The Cochrane review considered 13 RCTs that compared one of the three ChEIs
(overlapping those evaluated in the NICE assessment) and one ChEI-to-ChEI trial (39).
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The author excluded RCTs if they were not double-blind. The studies tested the efficacy
of the drugs using a variety of outcome scales: global assessment, cognitive function,
ADLs, and behavioural disturbance. Among the 13 studies included in the meta-analysis
that examined the cognitive and global effects of ChEIs, the three drugs improved patient
score compared to placebo after approximately 6 months of treatment, with some
heterogeneity between the results of each trial. Five of the studies employed ADL scales,
with each showing improvement compared with placebo after 6 months. Three studies
considered behavioural disturbance, with each showing benefit compared with placebo.
The review also reported withdrawal rates, which varied from 16%-43% for the ChEI
group and 0%-33% for the placebo group after 6 months of treatment. The results of the
meta-analysis demonstrated that these rates were 7%-29% and 7%-18% for the treatment
and placebo groups, respectively. A head-to-head trial compared donepezil to
rivastigmine and determined that there was no significant difference between the ChEIs
for global assessment, cognitive function, ADL and behavioural disturbance; however,
there were significant differences, in favour of donepezil, for several types of adverse
events: vomiting, falls, hypertension and weight loss. Each of these reviews concluded
that the three ChEIs are efficacious for dementia of mild to moderate severity when
compared to placebo, with comparable results between the three ChEIs.
Other reviews acknowledged the potential of ChEIs to improve patient cognition
(71,80,83). Kaduszkiewicz and colleagues (2005) reviewed 22 trials with 12 of 14
studies using cognitive outcome scales showed differences in favour of ChEIs compared
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with placebo, and 12 trials using interviews with clinicians to assess changes in patient
symptomatology also found benefits in favour of ChEIs (71). Jones et al. (2009) conduct
a pooled analysis of patients from 13 donepezil RCTs completed between 1991 and 1999
and determined that patients were showing slower rates of cognitive decline in post-1995
trials compared with pre-1995 trials, while also observing that post-1995 trial patients
had lower baseline MMSE scores, were older, had fewer males, and had more co-morbid
conditions (83). Takeda et al. (2006) presented results from the NICE assessment (2006),
but also commented that, though the data indicates that ChEIs can delay cognitive
impairment in mild-to-moderately-severe Alzheimer‟s for at least 6 months based on
statistically significant differences between treatment and control groups, the ability of
the outcome measures to detect clinically significant changes or to be translated into
clinically meaningful values is less clear (5,80). Small improvements in global tests may
translate into little difference for dementia patients (80). Cappell and colleagues (2010)
have stated that all three drugs target the same biological pathway for dementia treatment
and have similar efficacy when compared to placebo (84).
3.2.2 ChEI versus placebo
RCTs base their assessment of the efficacy of ChEIs on how these drugs affect the
patient, and whether the desired outcomes (improved cognition and functional capability,
and maintenance of ADL while minimizing side effects) are attained. A primary goal of
these trials is to assess a patient‟s response to treatment in the domain of cognitive
function (85). To do this, researchers employ the Alzheimer ‟s Disease Assessment Scale
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– Cognitive Subscale (ADAS-Cog), which assess 11 summative cognitive tests with
scores that range from 0 (not impaired) to 70 (severely impaired) (86,87). Another
common instrument is the Mini-Mental State Exam (MMSE), which evaluates five
cognitive areas with scores ranging from 0 (severely impaired) to 30 (normal) (88).
Studies that have used either the ADAS-Cog and/or MMSE scales to measure
differences in cognition between ChEI-receivers and placebo-receivers have reported
positive results compared with placebo. Winblad and colleagues (2001) demonstrated
that patients receiving donepezil experienced improved MMSE scores (mean +0.5) after
12 weeks (compared with mean 0 for placebo) and a gradual decrease to mean -0.5 after
52 weeks (Placebo = mean -2.25); this results in a difference of 1.75 points in favour of
donepezil (7). Similarly, Feldman et al. (2001) found a difference of 1.5 points in MMSE
in favour of donepezil (78). Rogers et al. (1998) found a difference of 1.21 in the MMSE
score, and a difference of -2.49 in the ADAS-Cog, between donepezil and placebo after
30 weeks (89). Similarly, Wilcock et al. (2000) reported a difference of -2.9 points on
the ADAS-Cog, indicating an improvement for the galantamine group (90), with other
studies showing comparable results (79,91-94).
Another goal of RCTs of ChEIs is to assess clinical changes in functional abilities
of patients (85). To do this, a global assessment tool, such as the Clinician‟s InterviewBased Impression of Change plus caregiver input (CIBIC-plus) is employed (95).
Patients are scored on global severity at baseline and subsequent assessments are scored
on a scale of 1 (better) to 7 (worse) relative to baseline, with 4 representing no change.
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Studies using the CIBIC-Plus have reported that the well-being and overall health
status of a larger percentage of patients receiving ChEIs remained stable or improved
over patients receiving placebo. In a study comparing galantamine to placebo, 70% of
the galantamine group remained stable or improved over the 6 month trial duration,
compared with 55% of those in the placebo group (79). In another galantamine study,
68% of galantamine recipients remained stable or improved compared with 47% of those
assigned to placebo over 5 months (91). In donepezil trials, Feldman et al. (2001) found
a difference of 0.5 points between the ChEI group compared with the placebo, while
Rogers et al. (1998) reported the difference to be 0.36 in favour of the ChEI group
(78,89).
Another measure of improved patient health status when receiving anti-dementia
therapies is Activities of Daily Living. Studies that look at ADL establish a baseline
level for each treatment group and measure change from baseline throughout and at the
conclusion of the study. A consistent finding across three of the aforementioned studies
that considered ADL was that the placebo group experienced further decline in ADL
score from baseline than the ChEI group (7,78,79). The two most commonly used scales
for measuring ADL are the Progressive Deterioration Scale (PDS) and the Disability
Assessment for Dementia (DAD) (39). Both the PDS and the DAD include numerous
items (29 and 40, respectively) that measure basic activities: personal hygiene, selffeeding, functional transfers and walking, with a higher score indicates improvement.
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3.2.3 ChEI versus ChEI

Comparative RCTs that evaluate two or more ChEIs have been conducted
previously, all of which employed MMSE and ADAS-Cog, as well as measures of
adverse events between drug groups (96-98). For two trials comparing donepezil and
rivastigmine, the authors concluded that rivastigmine led to more improvements, though
these results were not statistically significant. Fuschillo et al. (2001) found ADAS-Cog
differences of -3.6 points and -3.8 points from baseline, and differences in MMSE scores
of 1.2 points and 2.6 points from baseline for donepezil and rivastigmine, respectively
(96). Similarly, Wilkinson et al. (2002) found ADAS-Cog differences of -0.90 points and
-1.05 points from baseline, and differences in MMSE scores of 0.71 points and 1.20
points from baseline for donepezil and rivastigmine, respectively (98). In a study
comparing donepezil to galantamine, while both groups demonstrated improvements, the
benefit of donepezil was significantly different from baseline while galantamine was not
(ADAS-Cog: 53.3% of patients experiencing at least a 4-point improvement compared to
29%; MMSE: 1.6 points compared with 0.8 points from baseline; and, DAD: 1.5 points
from baseline compared with -0.4 points)(97). Wilcock et al. (2003) determined that both
patients receiving either donepezil or galantamine were able to maintain constant ADL
scores for up to nine months before functional decline (99). Another study concluded
that neither donepezil nor galantamine were related to increased mortality(100). While
the magnitude of difference between these drugs is unclear, all of these trials concluded
that using any of the ChEIs led to improved cognitive function and ADLs over time.
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3.2.4 RCT limitations

All RCTs examining ChEI efficacy have had several limitations in common, such
as highly selective inclusion criteria leading to problems with generalizability, relatively
limited follow-up, sponsorship bias, and unclear clinical meaningfulness of outcome
measures, which affect their interpretation and applicability to routine clinical practice.
Based on an assessment by Luce et al. (2009), “exclusions of clinically important
subgroups are sometimes due to risk-benefit concerns…the purpose of most RCTs…[is]
to determine an intervention‟s net benefit under ideal circumstances (efficacy), either to
satisfy FDA marketing approval requirements or to provide insights into disease etiology.
These goals lead to tightly controlled study designs that are consequently less likely to
reflect the conditions under which interventions are used in common clinical practice.”
(2). In a review by Gill et al. (2004) that compared patient recruited for RCTs with those
from the general population, RCTs were demonstrated to recruit younger patients
compared to the societal group, which would not accurately depict the real burden of
dementia (72). In this study, at least one half of societal-group patients receiving
donepezil would not have been eligible to enroll in the trials that evaluated this drug.
Loss to follow-up could affect the study‟s power and internal validity. For
example, in the AD2000 trial, 20% of participants withdrew, while a study by Rogers et
al. (1998) experienced an extreme 73% dropout rate (89,94). The Cochrane Review
reports that RCTs experience average dropout rates of 30% in the treatment group and
18% of the placebo group (39). This uneven distribution of patient withdrawal could
decrease the comparability of the groups and bias results. Some RCTs have used the last34

observation-carried-forward (LOCF) method as a means to include discontinued users in
the final analysis (78,89-91,98,101). LOCF accounts for early dropouts by treating the
results of the last evaluation for these patients as their endpoint measure. This method,
however, can bias results because early dropouts may have neither experienced the full
duration of ChEI side effects, nor the full benefit of treatment, thus distorting the clinical
efficacy of ChEIs – making the treatment look better than it would under normal clinical
conditions (71).
Sponsorship bias – the tendency of the outcomes of studies to support the interests
of the study‟s funding agency – may skew results towards pro-industry results (77,102).
Only two previous RCTs were not conducted by pharmaceutical companies (93,94).
These companies have a vested interest in ensuring that the drugs are marketable, and
may emphasize results for outcomes that show a beneficial effect for the treatment over
results for outcomes that indicate no change. Also, industry-sponsored RCTs often only
consider a minimum level of efficacy necessary for marketing the drugs while
overlooking the significance of drug tolerance and adverse events, which may develop
over time (103). Previous comparative RCTs have received industry sponsorship,
making their results suspect and difficult to generalize (77,96-98). Furthermore,
comparative studies funded by pharmaceutical companies seem to favour their sponsored
drug (75).
Moreover, physicians normally base their decision to prescribe ChEIs on the
assessment of an individual patient‟s symptoms and vulnerability to develop adverse drug
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effects. For the purpose of RCTs, treatment allocation is random, which allows for the
possibility that those who may benefit from the treatment may not receive it, and for the
potential difference in response to treatment between patients to bias results (73,103).
While many RCTs have used psychometric tools to measure patient outcomes,
such as the ADAS-Cog and MMSE or composite ADL scales (PDS and DAD), it is often
challenging to interpret how the differences in the observed scores can be useful in a
clinical setting because such scores cannot be equated with any physical test biomarker,
such as MRI (77). Studies report ADAS-Cog and MMSE values as changes from
baseline scores of 0.0 to 2.0 (positively or negatively), and ADL outcomes as a
percentage of the treatment group who improve by >4 points (5). However, these results
may not have any intrinsic clinical meaningfulness (77).
Furthermore, RCTs have had limited time horizons, often for practical or ethical
reasons (exposing more people to potential adverse events from an untested treatment),
ranging from 12 to 24 weeks (39). This duration may not be long enough for patients to
adjust and tolerate the treatment, and for investigators to determine the long-term effects
of ChEIs. In addition, with median survival of 6-8 years from the time of diagnosis there
is concern that these short trials are not clinically meaningful (77). Several systematic
reviews of RCTs have pointed to the need for longer-term assessments of these drugs
(39,85,104).
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3.3 Population-based studies
Population-based studies tend to be observational in design with all patients
affected by a disease or receiving a type of treatment included. Treatment allocation is
not randomized, nor is the physician blinded to the patient‟s identity or medical history.
In the case of ChEIs, factors such as a patient‟s co-morbidity status, disease severity or
the development of side effects determine whether a physician will prescribe a patient
one ChEI over the others. In an effort to measure the generalizability of RCT outcomes
and to determine whether similar results could be obtained in the general population,
several population-based clinical studies have been conducted.
Section 3.3.1 presents evidence of ChEI use in community populations, and
Section 3.3.2 highlights the limitations of past studies.
3.3.1 Evidence of ChEI effectiveness
Gill et al. (2004) evaluated the representativeness of patients used in RCTs with a
cohort of adults aged 65 years and older in Ontario (72). The authors conducted a
systematic review of 10 RCTs comparing donepezil to placebo for demographic and
adverse events. They demonstrated that between 51% and 78% of the Ontario cohort
would have been ineligible for RCT enrolment: patients dispensed donepezil were older
(80.3 years compared with 73.7 years) and more likely to be in long-term care (14.1%
versus 7.1%) than their RCT counterparts.
One Italian study by Fuschillo and colleagues (2004) investigated the clinical
appropriateness of administering ChEIs to an Italian population during a period of two
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years (105). Longitudinal mean MMSE scores from 354 patients treated with any of the
three ChEIs showed improvement in MMSE score (16.3±3.7 points to 17.1±5.5 after 21
months) and stable ADL (4.9±1.5 points to 4.1±2.1 after 21 months) from baseline. With
these results, the authors concluded that the drugs were effective and safe for Alzheimer‟s
patients in the community.
Another Italian study by Santoro and colleagues (2010) examined the comparative
effectiveness of all three drugs (106). The cohort followed of 938 patients for 36 weeks
(9 months) – 57.7% treated with donepezil, 11.2% with galantamine and 31.1% with
rivastigmine – and patients censored at any time if they switched drugs. While donepezil
and rivastigmine users showed improved MMSE scores by the 12th week, the mean
change in MMSE score from baseline (-0.8 to -1.0) was negative for all patients by the
36th week. The mean ADAS-Cog score increased between 2.0-3.0 points between
patients by the 36th week from baseline. All groups experienced a decrease in ADL
score, with the decline observed in the galantamine group significantly different from the
others. The authors concluded that there was no significant difference in the effect of any
of the three drugs on a patient‟s cognitive function, i.e. these drugs yielded similar
improvements overall.
A recent study by Wittmo et al. (2011) examined the long-term effects of the three
ChEIs and reported that while MMSE and ADAS-Cog mean differences (95%CI) from
baseline gradually decreased: -3.2 (-3.7, -2.7) and -7.3 (-8.5, -6.1) respectively, across the
study‟s 3-year time horizon, no differences were detected among the three ChEIs (107).
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While RCTs normally measure adverse events, there are discrepancies between
those reported from RCTs and those observed in the general population (103). For
example, Gill et al. (2009) reported that the clinical presentation of syncope (brief loss of
consciousness) was associated with ChEI use, which could lead to cardiovascular effects
(bradycardia: 6.9 per 1,000 person years among ChEI users compared with 4.4 per 1,000
person-years non-users, and pacemaker insertion: 4.7 per 1,000 person years among ChEI
users versus 3.3 per 1,000 person-years among non-users) and hip fracture (22.4 per
1,000 person years among ChEI users versus 19.8 per 1,000 person-years among nonusers); this finding highlighted the importance of syncope, which was not reported in
most RCTs (108). Despite this finding and others like it, ChEIs are still widely
prescribed by clinicians.
3.3.2 Population-based clinical studies – limitations
Population-based studies face limitations, such as insufficient consideration of the
contribution of patient-level factors (e.g., demographics and patient clinical
characteristics) to dementia prognosis, and short time horizon. Fuschillo et al. did not
differentiate between users of each of the drugs and, consequently, did not control for
demographic characteristics (age, gender, co-morbidity status) (105). Thus, while
providing a realistic application of these drugs in a clinical setting, it is difficult to
determine if the mean changes in cognitive and ADL scores were not confounded. The
time horizon of the study by Santoro et al. was only 36 weeks – though longer than most
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previous RCTs, this short duration makes it difficult to assess the long-term effects of
ChEIs in the general population (106).
Other studies have recommended that follow-up should be one year or longer to
demonstrate the effectiveness of treatment (67,109,110). Additionally, these studies do
not indicate if these findings are clinically significant. Despite these shortcomings, these
studies provide a „real world‟ perspective and demonstrate that the positive results of
RCTs are reproducible in a clinical setting.

3.4 ChEI Utilization – Who prescribes them and who receives them?
It is important to understand what additional factors (patient-, physician- or
system-level) could affect the patterns of use of ChEIs and their influence on health
service use and costs in the Canadian population.
Few studies have focused on determining the predictors of ChEI utilization (14).
Several factors, such as patient health information (age, gender, socio-economic status),
patient co-morbidity status, dementia severity, regional location, healthcare policies and
physician practices, could affect whether a patient receives ChEI treatment, which of the
three drugs they receive, and how much their cost of care would be.
Since the majority of published studies have been RCTs, their results may not
accurately reflect the prescription of ChEIs in clinical practice because RCTs and clinical
practice have several inherent differences. In RCTs, the process by which these drugs are
distributed is random, while in reality physicians prescribe them based on individual
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patient assessments and consultation. RCTs have strict inclusion and exclusion criteria,
while physicians prescribing them in the community would not be so restrictive in their
prescription. As mentioned previously, Gill et al. (2004) evaluated the representation of
patients used in RCT with a cohort of older adults in Ontario and determined that 51% to
78% would have been excluded from RCT enrolment based on their age and comorbidity level (72). Finally, RCTs tend to censor patients if they discontinue treatment
and find ways to account for missing data in the study‟s analysis, while in the
community, physicians might try prescribing a second ChEI if the patient shows
intolerance to the first (111).
Sections 3.4.1 and 3.4.2 explore the effect of patient factors and non-patient
factors, such as healthcare policies and physician practices, on ChEI use.
3.4.1 Patient Factors
Patient-level factors, such as demographic characteristics or disease severity can
influence the patterns of patient use of ChEIs and other health services, which in turn
affect health service use and costs. The following patient-level factors will be explored
in this section: age, gender, co-morbidity status, disease severity, socio-economic status
and ChEI treatment persistence.
3.4.1.1 Patient Age
According to Alzheimer‟s Disease International report (2008), the incidence and
prevalence of dementia has been increasing with age across all WHO regions: in North
America, the prevalence of dementia is 0.8% among those aged 60-64, but 30.1% among
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those over age 85 (112). Dementia incidence increases exponentially with age beginning
at 65 years and doubling every five years (113,114). However, RCTs must specify age
limits, usually under age 60 because the prevalence of dementia is relatively low in this
age group, and above 80 because co-morbidity status and mortality are high, and it may
be unethical to test drugs on such a vulnerable segment of the population (103). While
this may meet the ethical requirements for the administration of an RCT, it does not
adequately reflect the full age spectrum of clinical patients with dementia. With the
eldest subgroup of the population the fastest growing segment for most developed
countries, it will be important to adequately consider the effect of patient‟s age on ChEI
prescription (9,115,116).
3.4.1.2 Patient gender
Based on the Alzheimer‟s Disease International report (2008), the prevalence of
dementia is higher among men until the age of 70 at which point it dramatically increases
among women: 60-64: 0.4% for men and women; 70-74: 2.95 among men and 3.1%
among women; and, 90+: 22.1% among men and 30.8% among women (112). Similarly,
the incidence among women is on par with men until age 75, after which it rises to over
twice that of men: 60-64: 0.2 per 100 for men and women; 75-79: 1.4 per 100 men and
1.8 per 100 women; and, 90+: 4 per 100 men and 8.2 per 100 women. One study
reported the odds ratio for women developing Alzheimer‟s relative to men was 1.56
(1.16-2.10) (114).
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In 2008, almost 500,000 Canadians had dementia, 200,000 of which were male
(26). Many RCTs have consisted of patient samples the majority of which were female
(78,94,97). According to the Public Health Agency of Canada‟s Women‟s Health
Surveillance Report (2003), among women the rates of dementia were 28 per 1,000 of
those aged 65 to 74; 116 per 1,000 of those aged 75-84, and 371 per 1,000 of those aged
85+, with corresponding rates among males at 19, 104 and 287 per 1,000, respectively
(116). This report attributed the higher rates of disease among women to the natural
aging of the Canadian population with the most rapid increasing segment being those
aged 85 and over, and this age group having the highest risk of dementia, and women
having a higher average life-expectancy than men – thus women will live more years as
part of the age group with the highest risk of developing dementia and will constitute a
higher proportion of older age groups. Since clinical trials tend to exclude older
participants, they may leave out a large segment of the population of women with
dementia.
3.4.1.3 Patient co-morbidity status
With dementia primarily affecting the elderly, the presence of co-morbid diseases
is seen frequently (103). Some of these diseases and their treatments can affect the
cognitive function and disposition of a patient with dementia. Increases in the number of
co-morbid conditions have been correlated to declines in MMSE scores, which are used
clinically to determine dementia severity (117). Patients hospitalized with Alzheimer‟s
disease have an average of approximately 8 co-morbid conditions, most commonly
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consisting of femur fracture, cardiovascular disease, diabetes, and musculoskeletal and
genitourinary disorders, while 61% of all Alzheimer‟s patients have 3 or more co-morbid
illnesses (118). The presence of co-morbidities contributes to higher care costs, mostly
due to nursing home use and increased frequency and duration of hospital stays (117).
Patients with co-morbid diseases are more likely to be excluded from RCTs
simply because researchers wish to minimize the presence of any medical conditions that
may put an individual at increased risk for serious adverse events during the course of a
trial (103). However, while the exclusion of patients with high co-morbid disease burden
makes an RCT‟s sample more homogenous, it decreases the representativeness of this
sample to the greater patient population with dementia. One method for controlling for
the effects of co-morbid diseases is to assess the frequency at which symptoms of
specified conditions occur in each of the study‟s groups at baseline, typically those
conditions that may confound the relationship between treatment and dementia, and in
this way any changes to symptoms that emerge over the course of the study are presumed
attributable to the treatment at the study‟s end.
3.4.1.4 Disease severity
As mentioned previously, researchers and clinicians have used global, cognitive
and functional scales to determine a patient‟s health status and characterize their disease
severity. Physicians use the MMSE score to help depict the severity dementia (119).
The MMSE is presented to the patient as a series of questions and tests, each of which
scores points if answered correctly (a higher score represents lower degree of cognitive
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impairment). The highest score possible is 30 (120). A score of 20 to 24 would suggest
mild dementia, 13-20 for moderate dementia, and less than 12 indicates severe dementia.
In the UK these cut-offs are slightly different: 21-26 for mild, 10-20 for moderate and
<10 for severe dementia (5). While the MMSE is the most commonly employed
diagnostic tool for dementia characterization, it alone is not sufficient to determine
whether a patient has dementia or not. The MMSE is a general indicator for grading
cognitive state and was designed by Folstein & Folstein (1975) to be administrable to
elderly patients whose cooperation seem to waiver over lengthy mental examinations
(88). It is administered to patients who physicians feel have experienced declines in
memory and cognitive function, which covers a broad range of diseases (mild cognitive
impairment, Parkinson‟s disease, Creutzfeldt-Jakob disease and different forms of
dementia) or could simply be an artifact of the aging process. In addition to meeting the
patient and conducting a detailed interview and thorough physical examination,
physicians will often rule out other diseases by testing a patient‟s blood, urine and
cerebrospinal fluid, and employ imaging techniques (121). Once these tests have ruled
out other causes for impairment, the patient is referred to a specialist, such as a
geriatrician, neurologist or psychiatrist for accurate diagnosis.
The subject of disease severity in clinical trials has been a source of debate. RCTs
tend to exclude patients with severe dementia for several reasons: 1) the patient‟s health
status may threaten their wellbeing throughout the course of the trial; 2) the drugs may
not yield efficacious results for them – currently donepezil, galantamine and rivastigmine
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are considered optimal treatment for patients with mild or moderate forms of the disease
(MMSE between 10-20); and 3) typical psychometric tests may not be well calibrated to
detect changes (improvements) in their cognition (103). Most studies categorize disease
severity with the MMSE score, while others have considered functional scales, such as
ADL. One recent study by Gustavsson and colleagues (2011) used the Disability
Assessment for Dementia tool and determined that a patient‟s ability to perform ADLs
was the most important predictor of societal costs of care, with a two-fold difference in
the cost of care between the lowest and highest ADL level groups (122). Another recent
study performed as part of the Canadian Outcomes Study in Dementia used cognitive,
global and daily function tools, and determined that the mean total cost for treating
patients with mild dementia was $367 per month compared with $4,063 per month for
patients with severe disease (123).
While the clinical applicability of psychometric and functional test results remains
unclear, disease severity can be revealed by the presence of proxy indicators. Other
studies have associated dementia with episodes of incontinence, falls, delirium and
aspiration pneumonia (124-127). Though the presence of such conditions does not
provide an accurate measure of severity, they are all associated with more developed
forms of the disease.
3.4.1.5 Patient socio-economic status
The price of a drug can affect its availability and its pattern of use. Canada has
regulatory bodies in place to control the price of new drugs as they enter the Canadian
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market, though these may not guarantee the least expensive price. Prices for ChEIs differ
internationally: in 2009, the cost of a single dose of donepezil in India and Mexico was
approximately US$0.30, while the same dose cost US$6.60 in America and $7.20 in
Brazil (128). These price gaps call into question the affordability of these drugs,
particularly in light of the rise in global incidence of dementia (9).
Socio-economic status has been a strong indicator of the overall health of an
individual. The presence of universal healthcare ensures equitable access to medical
services for all Canadian citizens, yet several studies have shown that individuals of low
income status are less likely to receive some services than those of higher income status
(129-132). This could be due in part to disparities in education level between low and
high income classes. Those with higher education could perhaps be more informed or
have greater access to information than others. While the literature suggests that
disparities exist between lower and higher income individuals despite the presence of
universal healthcare systems, this is not the case for all diseases. Alter et al. (1999)
demonstrated that individuals belonging to the highest income quintile were associated
with a 23% increase in rates of use and 45% decrease in wait time for coronary
angiography (131). In contrast, Alegria et al. (2000) present that while income status was
positively related to access to mental health services, the analysis of data from the
Canadian study sample did not yield the same result (132).
The association between socio-economic status and dementia has been
documented, though the evidence regarding income status is unclear. (133,134). While a
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highly-cited study by Brayne & Calloway (1990) indicates that lower socio-economic
status and education were associated with lower MMSE scores (134), more recent studies
have determined that a patient‟s education level, not their income status, is associated
with the disease (135). A recent study by Al Hazzouri et al. (2011) explored the
association between life-course socioeconomic position and the incidence of dementia or
cognitive decline (133). The authors found that participants at continuously high levels
of socioeconomic position had lower risk of dementia or cognitive decline compared to
those with continuously low levels – after adjusting for age, participants experienced a
16% increase in risk of dementia with every one unit decrease in socioeconomic position.
Because there is evidence that socio-economic status could affect the patterns of use of
health services, researchers should look into how it affects the use of treatments for
dementia.
3.4.1.6 Drug persistence and switching
The successful management of dementia requires an accurate prescription by the
physician, and persistence with the prescribed drug regimen by the patient. Both drug
compliance and persistence can impact clinical outcomes and health resource use
(136,137). It is important to distinguish between drug compliance and drug persistence.
Compliance, synonymous with “adherence”, refers to the degree or extent of conformity
to the recommendations made by the physician with respect to timing, dosage, and
frequency of medication taking (138). Thus, compliance is defined as the extent to which
a patient acts in accordance with the prescribed interval and dose as stated by their
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prescribing physician. On the other hand, drug persistence is defined as the duration of
time from initiation to discontinuation of drug therapy (138). Thus, continuing to take
the medication during the prescribed amount of time is considered persistence with the
drug‟s prescription.
Often interventions aimed at maintaining cognitive wellness involve long-term
commitments on the part of the patient, which includes intellectual stimulation, behaviour
modification and persistence with prescribed medication regimens. The result of nonpersistence could lead to long-term increases in costs due to disease progression (139).
This might explain why Herrmann and colleagues (2010) noted while the largest
component of total cost was indirect costs for patients with more severe dementia,
medication costs contributed most to the total cost for treating mild dementia (123) –
while treatments may seem expensive when first administered, they could lead to
substantial savings in the long run (140).
Factors that affect prescription compliance and persistence are patient‟s
behaviour, drug effectiveness, and drug intolerance. Patient behaviour can be affected by
disease severity, nursing home placement – typically, patients in long-term care facilities
have higher drug compliance and persistence because they are constantly monitored by
staff – the length of the regimen and the presence of caregivers . Older people may have
difficulties with drug persistence due to forgetfulness, multiple daily dosing, having to
take many drugs (usually indicating the presence of co-morbidities), and low health
literacy (140,141). Furthermore, a common misconception with dementia treatment is
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the belief that ChEIs will lead to improvements in cognition, not just stabilization. This
may discourage some patients and their caregivers, thus increasing the number of nonpersistence among users.
Due to constant monitoring of participating patients, RCTs tend to have higher
rates of drug compliance and persistence than clinical practice. However, RCTs typically
experience a decline in patient participation before the end of the trial; for trials lasting up
to six months in duration, compliance varies from as low as 60% up to 98% (5). The
dropout rate among longer studies has also been variable. One RCT with a duration of
one year boasted a 94.6% compliance rate among donepezil users (7). However, a
community-based study lost 66% to70% of its participants after two years (94). Several
other community-based studies have also been done: Roe et al. (2002) determined that
the proportion of new users of donepezil persisting beyond 90 days was 79.7% and
62.7% at 180 days, with 13.9% of those who continued to 180 days showing gaps in the
treatment (142). A Canadian study used data from a population-based cohort to model
drug compliance using Kaplan-Meier analysis (143). This study found that after 40
months, 84% of the sample had discontinued therapy; the 1-year compliance rate was
66.4%; discontinuation was more likely to occur among women and those with lower
MMSE scores; and, compliance was associated with frequency of physician visits. Two
further studies (one looking at 3-month persistence and the other at 12-month persistence)
of newly treated Alzheimer‟s patients with donepezil and rivastigmine found comparable
persistence rates between the two drugs within each study (69% persisted after 3 months,
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and 53% persisted after 1 year) (144,145). One possible explanation for the extensive
research on drug compliance and persistence in the community setting is the absence of
control that physicians have to ensure that their patients adhere to their prescribed
regimens; in an RCT, the research team controls drug distribution to its participants,
while in practice physicians only prescribe the regimen and cannot enforce it.
One method to promote patient use of the drugs is to simplify the regimen.
Donepezil is the oldest of the three ChEIs and, in 2002 when all three had been included
in the Ontario formulary, it was the simplest drug to administer. Donepezil has a oncedaily regimen, regardless of the dose amount while, when initially marketed; galantamine
and rivastigmine had twice-daily regimens (146,147). Since then, the pharmaceutical
companies responsible for galantamine and rivastigmine have taken different approaches
to simplify the dose of their drugs: in 2005, galantamine was marketed in the new
Razadyne ER form, a once-daily dose (148); and, in 2006, rivastigmine was offered as
the Exelon transdermal patch (140,149,150)– only the former of these new doses was
included in the Ontario formulary (64). Another method for simplifying drug regimens is
to deliver them to the patient‟s home and in weekly reusable pill boxes; this ensures that
patients are receiving timely prescription refills and ease of administration (151).
Drug ineffectiveness could influence persistence rates. A lack of benefit as
perceived by the patient, their caregivers or their physician could influence the observed
effectiveness of the drug (111). If the drug is judged to have insufficient benefit to the
patient‟s condition, it is up to their physician to either recommend that they discontinue
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its use (152) (perhaps the drug was ineffective because the patient‟s dementia is so severe
that improvement is indistinguishable), or that the patient switches to another ChEI(85).
Drug intolerance is the primary reason for switching between available treatment
options (144). Since poor tolerability to one ChEI does not predict poor tolerability in
another, physicians can prescribe any number ChEI to patients regardless of previous us,
though only one ChEI will be covered under provincial formulary plans at a time (55).
RCTs do not permit switching and exclude patients who are currently on ChEI treatment
or censor patients who have discontinued ChEI treatment because treating a patient with
two ChEI for a makes it difficult to attribute the changes in outcome observed (39).
Clinical studies looking at drug persistency patterns have considered switching because it
is part of clinical practice. Two Canadian studies have reported low switch rates (less
than 10%) with more initial rivastigmine users switching to another ChEI than initial
users of either donepezil or galantamine (49,143).
While switching is widely accepted in clinical practice, there is controversy
around when the user should start using the new drug after discontinuing the old one. If
the recommendation for discontinuing ChEI use is made because of occurrence of
adverse effects, then a washout period might be necessary to ensure that the toxic effects
of one drug do not overlap the treatment of the new drug. This is of particular concern
for donepezil, which has a long half-life (153). According to Cummings (2004),
cessation of therapy for the period of five half-lives minimizes the opportunity for
adverse reactions: patients should be off donepezil for 15 days and off galantamine or
52

rivastigmine for 2 days before initiating therapy with another ChEI (153). Further,
Mauskopf et al. (2005) have differentiated early treatment reasons and late treatment
reasons for switching: a patient who wishes to switch ChEIs within six months of their
index treatment is most likely seeking to do so because they are experiencing side effects,
while someone choosing to do so later is likely experiencing lack of drug efficacy (144).
Massound et al. (2011) observed a similar partition in patient switching reasons and
proposed the following recommendations: 1) in the case of intolerance, switching to a
second ChEI should not be tried before complete resolution of side-effects after
discontinuation of the initial agent; 2) when switching is recommended because the initial
ChEI is considered ineffective after 6-12 months of treatment, termed „lack of benefit‟,
switching can be done overnight; and, 3) if the ChEI is deemed ineffective more than 12
months after the index date, known as „loss of benefit‟, switching to another ChEI is not
recommended and discontinuation should be considered (111). This latter
recommendation was made in recognition that after one year of treatment, any loss of
benefit is most likely a result of natural disease progression than the ineffectiveness of the
drug. Any (further) switching after one year may yield disappointing results.
3.4.2 Health system factors and physician practices

Many non-patient factors can affect whether a specific drug administered or made
available to patients in Canada. In contrast to the eagerness of health care practitioners
to prescribe ChEIs, acceptance of their coverage was staggered across the provinces.
Despite the approval of Health Canada for their distribution and the Common Drug
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Review (CDR), some provinces were less enthusiastic to embrace them with formulary
inclusion, while others readily consented to funding them (42,62,65,65,154). Also,
external forces, such lobby groups or third-party agencies, can influence political
decisions for or against health interventions. Recall that despite having received approval
for sale by Health Canada, memantine was not approved for coverage by the CDR (the
drug effectiveness review branch of CADTH, an independent, not-for-profit agency,
whose position on a particular drug is strongly considered by formulary provincial
decision-makers), and this in turn affects its recommendation by physicians (48).
The beliefs of the prescribing physicians will also affect which patients receive
ChEIs. The European Facing Dementia Survey of physicians reported that 87% of
physicians had knowledge of available dementia treatments, though less than half
believed they were effective (155). The same study also found that between 58% and
82% of physicians in Europe saw their country‟s government as a hindrance to treating
dementia: a further 60% of physicians in Poland, 46% in the UK, 44% in Spain, 35% in
Germany and 34% in Italy strongly agreed that their governments are barriers to those
seeking dementia medication, while there wasn‟t a single country surveyed where the
majority of its physicians believed the government provided adequate dementia care
resources. Physicians are also more likely to prescribe medications with which they are
comfortable – this may include such factors as a physician‟s specialization or experience
with the drugs (66). For this reason, some provinces only considered funding the use of
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ChEIs for their citizens if physicians who wished to prescribe them received
supplementary training to increase their familiarity with the drugs (65,67).

3.5 Economic evaluations
There is a dearth of economic evaluation research of ChEIs using population-level
data. Previous economic evaluations have consisted of cost-effectiveness, cost-utility and
cost-benefit analyses (considered full economic evaluations), and descriptive cost
analyses of providing ChEI treatment and of dementia. A cost-effectiveness analysis
compares alternatives for which the measure of outcome is cost per health unit measure
(e.g., life years saved, cognitive function as measured on a mental health scale) (73). A
cost-utility analysis is a broader form of analysis than the cost-effectiveness analysis that
includes quality of life as the health main outcome measure (e.g., cost per qualityadjusted life years (QALYs) gained. A cost-benefit analysis attributes a monetary value
to the outcome of an intervention and compares the value of resources used by it to the
value of resources it might save. Descriptive cost studies estimate the direct cost
(healthcare provider) and/or the indirect (patient and informal caregiver due to loss of
productivity, or caregiver ill health) attributable to the treatment or disease of interest – in
this case, ChEIs and dementia.
The health economics literature is dominated by cost-effectiveness and cost-utility
studies, both of which have been based on past RCTs and modeling studies. Up until
now, economic evaluations that have compared the three ChEIs have reported mixed
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results regarding cost-effectiveness, and have relied on modeling for gauging long-term
outcomes (59,156). A 2006 NICE Health Technology Assessment and recent economic
evaluations from around the world, including Canada, have demonstrated decreases in
health service expenditures for patients treated with ChEIs when compared to placebopatients (5,157-163). Cappell and colleagues (2010) conducted a systematic review of
economic studies and suggest that the three ChEIs have similar overall treatment costs
(84). Previous economic studies can be classified into four categories: 1) costeffectiveness analyses of patients prescribed ChEIs, and 2) cost utility analyses of
patients prescribed ChEIs, 3) cost analyses of patients prescribed ChEIs, and 4) cost
analyses of dementia.
Sections 3.5.1 to 3.5.3 provide a description of evidence previous economic
studies, followed by a discussion of their limitations in Section 3.5.4.
3.5.1 Full economic evaluations of ChEI treatment
As previously mentioned, cost-effectiveness, cost-utility and cost-benefit analyses
are types of full economic evaluations of healthcare interventions. A robust economic
evaluation requires validated sources of health outcome measures and comprehensive
sources of health care utilization. After establishing the effectiveness of a health
intervention, the next step in establishing the framework for a population-based
comparison between the three ChEIs is the identification of a comprehensive, appropriate
source of resource utilization and costs. Of all the studies reviewed for this project, none
have used Canadian health administrative databases to explore resource utilization for
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dementia patients receiving ChEI – a gap in the literature this current study intends to fill.
The completion of this study will facilitate future cost-effectiveness research.
Previous cost-utility studies have reported their results in terms of QALYs,
reduced time in long-term care and change in cognitive scale score (80). The majority of
such studies have employed state-transition modeling techniques to simulate disease
progression (the probability of a patient moving from one disease stage to another based
on their clinical profile) to test the long-term effects of the drugs (156,157,159,164-166).
Outcome measures in past economic evaluations have included QALYs, reduced hospital
days, delayed long-term or nursing home placement, and improved patient health status
based on psychometric assessment scores. For each of these types of outcomes, both
RCT-based and population-based economic studies will be presented (if they exist).
Several cost-utility studies have used RCT data for patient health status and
disease progression. Neumann et al. (1999) used data from an American consortium of
Alzheimer‟s patients in developing their Markov model (159) and considered a 2-year
time horizon. The authors reported that the incremental cost-effectiveness ratios (ICER)
for donepezil were $9,300/QALY and $76,000/QALY for mild and moderate cases,
respectively, after 18 months (these amounts were drastically higher at shorter time
horizons). Lopez-Bastida et al. (2009) found similar results using data from a Spanish
RCT (157). At 24 months, the cost-utility analysis determined that the use of donepezil
yielded €20,353/QALY for mild cases of dementia and €71,037/QALY for moderate
cases, and threshold cost-effectiveness analysis demonstrated that donepezil could be
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cost-saving for 18, 24 and 30 month periods for mild cases but never for moderate cases.
This finding lends credence to programs aimed at dementia prevention and early
detection. Green and colleagues (2005) conducted a systematic review for cost and
outcomes and compared the results of their study – users had cost-effectiveness ratios of
£74,735/QALY (donepezil), £53,780/QALY (rivastigmine) and £63,103/QALY
(galantamine) over a 5-year time horizon– with the NICE guideline of £30,000/QALY
and determined that none of the ChEIs were cost-effective uses of the health system‟s
resources (156).
Rarely cost-utility studies have based their patient data on population-based
initiatives or dementia-specific care databases. Ikeda et al. (2002) compared donepezil
users to non-ChEI users with information inputted from a Japanese clinical setting into a
Markov transition state model (a model that simulates disease progression from mild
stages to severe stages or death) (164). The results of the cost-utility analysis show that
costs per QALY estimate of the donepezil group exceeded that of the conventional
therapy group over time horizons of 6 and 12 months, but dominated the conventional
therapy group over longer periods (up to 2 years). The users with mild and moderate
dementia had 2-year gains of 0.08 and 0.11 QALYs, respectively, over non-users.
While ChEIs may have an economic benefit, it is important to remember that their
clinical goal is effectiveness: as measured by their ability to stabilize patients and slow
disease progression. Two further RCT-efficacy-based studies highlight this point: Teipel
and colleagues (2007) determined that the benefit of treatment with donepezil resulted in
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fewer inpatient days for users; however these savings only partially offset the cost of the
medication (the drug was still considered cost effective (€4,264/QALY gained); and,
according to an assessment based on RCT data by Jonsson et al. (1999) donepezil is costsaving over the course of 5 years. The evidence from these studies indicates that using
ChEIs will yield small improvements in patient cognition but incur greater costs at shortterm intervals, yet may lead to savings in the long run.
Delayed nursing home placement has been used as another indication of drug
effectiveness. This follows the rationale that if ChEIs prevent a patient‟s functional
status from decreasing, they will maintain their autonomy and not be reliant on long-term
care, thus resulting in savings to the healthcare system (163,167,168). Two studies have
used RCT data and employed the AHEAD technique to model time to long-term care
placement for galantamine users: one determined that for every 100 patients started on
galantamine, 18 person-years of long-term care would be avoided with a net saving of
US$1,676 per patient, while the other study reported that 5.6 patients with mild dementia
(3.9 with moderate) must be placed on treatment with galantamine to avoid one year of
long-term care with net savings of CAN$788-$3718 (167,168). Furthermore, a
population-based study by Rosenblatt et al. (2008) determined that among elderly in an
assisted living program, fewer ChEI users were referred to nursing homes compared to
non-users (1/25 vs. 5/54) (163).
Though rare, some studies have assigned cost per unit of decline as measured by
cognitive scale scores between users and non-users. For example, an RCT-based cost59

effectiveness analysis by Wong et al. (2009) compared the cost-effectiveness of the three
ChEIs and memantine using ICERs representing the cost per one unit decline in the
ADAS-Cog subscale (59). The authors reported incremental costs ranging from $830.87$922.24, with donepezil dominating with an ICER of $400.64/ADAS-Cog unit decline.
While this method is simple, avoiding the complex conversion of a change in health
outcome to QALYs, the results of such studies are more difficult to interpret; the use of
such units does not lend well for comparisons since there is scale heterogeneity across
different studies.
Moreover, while many RCTs have used psychometric tools to measure outcomes,
these measures may not indicate clinically meaningful differences (77). Another, perhaps
more applicable, way of presenting this information is to arrange economic outcomes
based on categories of scale scores. For example, Fagnani et al. (2004) and O‟Brien et al.
(1999) reported the expected costs and outcomes per patient by category of MMSE score;
according to O‟Brien, these values are <10: $16,342 (Severe dementia); 10-14: $10,765
(Moderate); 15-20: $6,754 (Mild-to-Moderate); and, 21-26: $3,719 (Mild) (169,170).
3.5.2 Descriptive cost analyses of ChEIs
Much of the economic literature consists of cost analyses of ChEIs, usually
conducted retrospectively using data from previous RCTs. One such evaluation was a
Canadian study by Feldman et al. (2004), who demonstrated that treating with donepezil
over placebo led to a savings of $332 per person over the course of a 24-week trial (161).
Another Canadian study comparing donepezil to placebo used trial data and modeling
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techniques to project and compare long-term associated costs, and concluded that
donepezil reduced health care costs by $882 per patient over five years (170). A third
Canadian study, by Hauber and colleagues (2000) attempted to contextualize the costsaving potential of rivastigmine from a healthcare perspective (171). The study used
evidence from two RCTs and concluded that rivastigmine could delay the transition to
more severe stages of disease by up to 188 days for patients with mild Alzheimer‟s after
two years of treatment. Moreover, for mild cases, the average daily cost savings
(excluding the cost of the ChEI) range from $0.45 per patient day at 6 months to $6.44
per patient day after 2 years – effectively paying off the daily cost of the drug (valued at
$4.40 in 1997).
International studies have reported similar findings. The following three studies
were all population-based cost analyses. Truter (2010) found the average cost of
Alzheimer‟s medication in a South African population was US$336.56 (162). In an
American study by Lu et al. (2005) patients receiving donepezil had lower medical costs
than their control counterparts (net savings of $2500 annually): donepezil users incurred
lower costs for hospitalizations, and higher costs for prescription drugs, physician visits
and outpatient care (158). Moreover, Fillit et al. (1999) found that when patients were
treated with donepezil, post-treatment medical costs were reduced with median per diem
savings of US$0.77 in outpatient care and US$0.65 in physician office visits, with
donepezil associated with a decrease in medical costs (172). While these studies
demonstrate that fewer healthcare resources were used among ChEI users than their non61

ChEI recipient counterparts, these differences in costs between treatment groups are
considered modest by researchers and healthcare decision-making bodies (5).
To date, no studies have considered the cost implications of ChEI use, or
conducted cost-minimization analyses using data from a population-based cohort. A
cost-minimization analysis compares alternative programs for which health outcomes are
assumed to be equal (i.e., equal life years gained) (73). According to a review by Cappell
et al. (2010), donepezil, galantamine and rivastigmine target the same biological pathway
for dementia and have similar efficacies when compared to placebo (84). Other studies
have also reported that the three ChEIs have similar efficacy (59,99,106,173). The
current study seeks to fill this gap in the literature by comparing healthcare resource
utilization and costs for users of the three treatments.
3.5.3 Cost analyses of dementia
Examining analyses of the costs of caring for dementia patients aids in
determining other key factors that can influence healthcare costs. Identifying factors,
such as age, gender, disease severity, co-morbidity and socio-economic status, that can
influence a patient‟s access to care and use of health services can inform researchers
regarding covariates that may confound the relationship between ChEI use and care costs.
Studies gauging the cost of dementia investigate the relationship between factors
affecting a patient‟s disease progression and the cost of caring for them. For example,
Hux and colleagues (1998) used data from the Canadian Study of Health and Aging to
examine the relation between severity of Alzheimer‟s disease (MMSE score) and the cost
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to society (174). Components of care measured by the study included nursing home care,
use of medications, use of community support services by caregivers and unpaid
caregiver time. The authors reported that total annual costs of care per patient increased
significantly with disease severity (mild: $9,451, mild-to-moderate: $16,054, moderate =
$25,724, and severe: $36,794) and that a single point decline in MMSE score would
cause an increase of $1,343. A similar study in the UK by Wolstenholme et al. (2002)
found similar results: £9,312; £11,643; £15,681; and, £22,267 for mild, mild-tomoderate, moderate and severe dementia (175).
3.5.4 Economic evaluations - limitations
While the evidence presented by several reviews regarding the economic potential
of donepezil, galantamine and rivastigmine remains inconclusive, with some
recommending further studies with cost-effectiveness outcomes as a priority, all of these
reviews highlight the limitations of the current literature and the difficulties of conducting
economic studies using RCT data (5,8,74,104,176-180). One recent review concentrated
on describing the quality of studies looking at the cost of care for Alzheimer‟s disease in
the United States (74). The findings from the 19 studies it reviewed indicated that the
cost of care for Alzheimer‟s increased with disease severity. However, the review
emphasized several limitations with the data: 1) the published cost data were more than
10 years old; 2) the studies were variable in the types of costs included; 3) the studies are
variable in the types of Alzheimer‟s populations they included; 4) the studies are variable
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in their measurements of disease severity, employing different scales as indicators; and,
5) the studies are variable in the analytical methods used.
The use of pharmaceuticals has increased in recent years, changing the patterns of
use of ChEIs since their inception, and thus antiquating older cost estimate studies (69).
Furthermore, the limited information available regarding costs across different categories
of care and different patient populations underestimate the true burden of the disease to
society. The review also mentioned variability in measures of disease severity and the
lack of consensus regarding the best of such measures as a limitation (74). Some studies
report MMSE scores or ADL while others use disease-specific scales like the Clinical
Dementia Rating, or specialized scales such as the Dependence Scale, Physical SelfMaintenance scale, or Revised Memory and Behaviour Problems Checklist. The
variability of these measures limits the usefulness of this data as inputs in economic
models for dementia treatments.
There are other limitations associated with relying on RCTs to provide data for
economic evaluations: loss to follow-up, sponsorship bias, presence of protocol-driven
costs, level of efficacy, and study power (73). Due to loss to follow-up, costs accrued
subsequent to the diagnosis and first administration of ChEIs may not be fully captured,
resulting in incomplete ascertainment of resource utilization.
The external validity of the data used for these economic evaluations (from
several ChEI RCTs) may also be questioned due to sponsorship bias (181) and the
presence of protocol-driven costs associated with RCTs that may not reflect the cost of
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administering ChEIs in routine clinical practice, such as the cost of blinding patients and
providers. As stated in the NICE Health Technology Assessment: “the literature is
dominated by industry-sponsored cost-effectiveness studies” (5), with many economic
evaluations receiving funding support from pharmaceutical companies thus challenging
their meaningfulness (158,160,161,170-172). One study by Wilcock et al. (2003)
sponsored by the Janssen Pharmaceuticals Ltd., the manufacturer of galantamine reported
that galantamine was more efficacious with cognitive outcomes than donepezil (MMSE
scale -0.52 point- from baseline for galantamine compared to -1.58 points for donepezil,
p<0.0005) , despite the primary outcome of ADL yielding no significant difference
between the two ChEIs (ADL: change of 2.46 points for galantamine and 2.67 points for
donepezil, p>0.5) (99). These types of studies have considered only minimum levels of
efficacy. This may overlook the significance of adverse events. One of the reasons for
ChEI switching or discontinuation has been intolerance to the side effects of the drugs
(nausea, vomiting, diarrhoea, dizziness, agitation, etc.) (111).
Finally, RCTs are rarely sufficiently powered to detect differences in economic
outcomes. These require large samples, which are not possible with RCTs because it is
considered unethical to increase the sample of trial subjects beyond a number needed to
detect clinical, not economic, differences (182,183). For example, the community-based
AD2000 trial attempted to recruit 3,000 individuals over a time horizon of 3 years to
support a cost-effectiveness analysis, but managed only 566, due to delays in obtaining
donepezil and the placebo from the manufacturer, and patient withdrawal following the
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publishing of the 2001 NICE guidelines (94). The NICE guideline to which the AD2000
trial refers, entitled Donepezil, galantamine, rivastigmine for the treatment of Alzheimer’s
disease (2001), has since been updated to include memantine (2011) and recommends all
four drugs for the treatment of Alzheimer‟s disease and related dementia (184).
Studies that have considered relatively long time horizons – 18 months to 5 years
– have implemented decision analysis techniques using RCT data to populate models to
simulate disease transition and drug cost-effectiveness
(5,157,159,164,167,168,170,171,185,186). These studies employ various modeling
techniques and, consequently, methods are often drug-specific – only galantamine has
been assessed with the AHEAD method (168), while studies for donepezil and
rivastigmine have primarily used Markov modeling (156,159).
Only one modeling study was found that used population-based, not RCT, data
(164). However, this study had the following limitations: it relied on short-term RCT
evidence for disease transition probabilities and acknowledges that its results must be reevaluated when trials with longer-term effects are completed, and the study also
incorporated American epidemiologic data because no Japanese prognosis data were
available. Moreover, modeling studies have several common limitations: 1) there is a
lack of a cohesive, standardized method for determining and estimating long-term costs
associated with these drugs (180); and, 2) the vast majority of disease transition modeling
has thus far depended on RCT results for the derivation of transition probabilities, as well
as for sources of efficacy and cost inputs (156,159). However, in the absence of reliable
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follow-up results longer than 24 weeks, the link between clinical effectiveness and
associated costs, and modeling of long-term costs is unclear.
Finally, to date, there has not been a study based on the real world clinical use of
ChEIs and their actual associated costs in the Canadian healthcare setting. As previously
mentioned, a cost-effectiveness study by Getsios et al (2001) using Canadian data has
demonstrated that ChEIs can increase the time before a patient requires long-term care,
and may lead to overall savings in care costs (168). Two aforementioned Canadian
studies based on RCT evidence have documented similar cost-saving outcomes
(161,170). A Canadian population-based cost study could aid in viewing the impact of
the three ChEIs on the Canadian healthcare system and provide a firm base for further
enquiries, such as cost-effectiveness between the three ChEIs and comparisons with
future interventions for dementia.

3.6 Comparative Studies
Comparative effectiveness and comparative economic research compare the
benefits and harms of alternative treatment methods, and their associated costs.
Implications of these results includes enhancing information that can be used to help
policy makers make informed decisions with the goal to improve healthcare system
delivery, patient safety and resource allocation efficiency (1). As previously mentioned,
evidence of the comparative effectiveness of alternative forms of treatment is sparse (2),
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which makes informed medical care and decision-making difficult; this could result in
inefficient care and providing treatments with unsustainable costs.
Comparative studies have demonstrated that ChEIs are effective in the treatment
of mild to moderate dementia for periods up to one year (96-98,173). Comparative RCTs
have been conducted, though the majority were excluded from systematic reviews on
grounds of limitations in their methodologies (5,39). Furthermore, though these RCTs
have commented on the efficacy of some ChEIs over others – rivastigmine over
donepezil (96,98), donepezil over galantamine (97) – they are restricted by limitations
common to all RCTs (demographic difference between participants and actual patient
population, loss to follow-up, sponsorship agenda and short time horizons). However,
governing bodies, such as Health Canada and the American Food and Drug
Administration often approve new medications on the basis of such RCTs with low-tomedium sample sizes of patients whose co-morbidity and demographic statuses reflect
conditions that are optimal for their test, but not the make-up of entire population (187).
Furthermore, these studies only consider a minimum level of efficacy – a demonstration
that the new drug is a better treatment than a placebo in improving a surrogate outcome
indicator for illness without indicating what clinical benefit this represents.
Despite these shortcomings, reviews of RCTs have concluded that regardless of
the level of efficacy demonstrated between the three ChEIs and placebo, the level of
efficacy of the three drugs is sufficiently similar (not statistically different) to warrant a
direct cost comparison between them (173). Therefore, conducting a population-level
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study to determine individual ChEI effectiveness would be redundant, time consuming
and an unnecessary use of resources, given the level of evidence that has already been
published (99,173), and that all three drugs were approved by the Canadian federal
government based on their levels of efficacy. What is not known is the cost impact that
the three ChEIs have on the healthcare system, which warrants investigation.
Efficacy comparisons between the three ChEIs have been undertaken in nonindustry-sponsored RCTs and in the community, though these studies have experienced
loss to follow-up due to discontinuation (94,105). Furthermore, none of these previous
studies were conducted with economic outcomes as their primary objective. As such, no
study has had both sufficient treatment duration and preservation of study sample to
ensure sufficient power to detect economic differences (73,182,183). Economic
modeling studies are also limited by the heterogeneity of the methods they employ, which
lessens their comparability with each other, and they are most often reliant on RCTs for
their patient-level data and cost inputs, thus the link between clinical effectiveness and
associated costs, and modeling of long-term costs is still unclear.
In light of an aging population amidst limited healthcare resources, there is a need
for comparative-effectiveness and comparative-economic studies. Evidence of the
comparative effectiveness of alternative forms of treatment is sparse and comparative
economic studies are rarer, which makes informed medical care and decision-making
difficult; this could result in inefficient care and providing treatments with unsustainable

69

costs (2). The use of comparative studies provides information to improve efficiency in
care resource distribution and utilization, and the quality of care delivered (3).
Comparative analyses undertaken by non-industry parties tend to offer unbiased
assessments of the clinical effectiveness of new and existing treatments and whether
these treatments are efficient uses of current resources. Decision-makers have employed
comparative effectiveness research for the purposes of promoting health technologies that
lead to real improvements (3). This also helps prevent drugs that have harmful adverse
effects from gaining healthcare coverage, and provides a disincentive for the
development of health technologies that have similar effects as those currently on the
market. This in turn leads to only those technologies that have greater benefits than
current ones receiving acceptance into the system (3). Similarly, the inclusion of
comparative economic research in health technology assessment will ensure that new
treatments are both more effective and cheaper than existing ones.
For healthcare decision-makers, deciding what information to use and which
studies to trust can be challenging. While RCTs often present debatable results, there is
remarkable consensus among them that treating patients with dementia with ChEIs will
have modest benefits for patients with mild to moderate forms of the disease (5,39).
Though comparative RCTs seem to favour the drug of the industry sponsor (181), their
results also indicate that the treatment with any of the three ChEIs yields similar
outcomes (75,99). Additional comparative studies have edified this fact, and have
determined that there is no significant difference between the drugs, i.e.: donepezil,
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galantamine and rivastigmine yield similar patient benefits in patient cognition (105107). To date, no such population-based comparative study has been done using
Canadian data. Furthermore, no comparative economic study has used Canadian
population-level data to determine the long-term costs of ChEIs on the Canadian
healthcare system.
Administrative health databases are available in Ontario and can provide a wealth
of information for epidemiologic and comparative economic purposes. Since the three
ChEIs are currently funded by the provincial formulary plans, electronic hospital records,
physician service billings and pharmacy records can offer insight if linked together. The
patterns of use of ChEIs as well as the use of other health services by users of these drugs
could be compared to each other. Such comparisons could be made for numerous health
and economic outcomes, thus providing awareness and understand of long-term effects of
these drugs on the healthcare system.
The current study provides the unique opportunity to examine the patterns of use
and cost impact of ChEIs – a class of treatment for dementia whose medications are
sufficiently similar to enable a direct comparison of their costs (a cost-minimization
analysis) – in the Canadian healthcare system using a unique source of relevant Canadian
data.

71

Chapter 4
Methods

4.1 Introduction
This project is a retrospective population-based cohort study and costminimization analysis that examines the association between available ChEI treatments
and the use of healthcare resources in Ontario. This study used healthcare data routinely
collected in provincial-level health administrative databases and housed at the Institute
for Clinical Evaluative Sciences (ICES). This study describes the patterns of use of these
drugs along several types of care provided by the provincial government and offers a
comparison between donepezil, galantamine and rivastigmine with respect to costs and
resource use. Study results will inform health professionals, caregivers, patients and
decision-makers regarding patterns of prescription drug use, resource utilization and costs
associated with these drugs in the healthcare system, and provide a basis for further
population-based comparative studies of their cost-effectiveness.
This chapter presents the study‟s objectives (Section 4.1); provides a description
of the study design (Section 4.2); describes ICES and its datasets (Section 4.3); details the
process of data linkage, the study population (cohort selection, inclusion/exclusion
criteria) (Section 4.4); outlines the study‟s timeframe (Section 4.5); and details the
study‟s variables (treatment groups, descriptive patient characteristics, resource
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utilization and costs associated with dementia, and covariates) (Section 4.6), analysis
strategies (Section 4.7), and power calculation (Section 4.8).
4.1.1 Study objectives

This study had three objectives for investigation in a population-based cohort of
community-dwelling Ontarians aged 66 and older with dementia treated with ChEIs.
1a)

To describe baseline patient-level factors and treatment persistence for patients in
each of the ChEI groups (donepezil, galantamine and rivastigmine).

1b)

To compare baseline patient-level factors and treatment persistence between the
ChEI groups.

2a)

To describe health resource utilization and costs for six categories of care: 1)
ChEI and other drugs, 2) physician services, 3) long-term care, 4) home care, 5)
emergency care, and 6) hospitalization (length of stay) for users of each of the
three ChEIs.

2b)

To examine patient-level predictors of care costs for the six categories of care.

3)

To compare health resource utilization and associated costs among the three ChEI
groups.
4.1.2 Hypothesis

The study‟s hypothesis was that there will not be a significant difference in health
care utilization or associated costs among the three individual ChEIs. Based on previous
literature, it is hypothesize that there will not be a substantial difference in health system
costs among users of the three ChEIs (99,106,173). Any differences observed would
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likely be due to a systematic difference in patient characteristics, i.e.; if those receiving
rivastigmine had greater co-morbidity disease burden than either donepezil or
galantamine users. These drugs have similar levels of efficacy (106); therefore, their
associated costs should also be similar.

4.2 Study design
The study was structured as a cost-minimization analysis comparing measures of
resource utilization (duration of care received) and costs between users of the three
ChEIs. This study was conducted from the healthcare system perspective; only costs
directly charged or covered by Ontario‟s MOHLTC are considered. All costs are
reported in 2010 Canadian dollars. The time horizon of the study is 12 months.
Resource utilization and costs are measured at 3-, 6-, 9- and 12-month periods following
a new ChEI user‟s first recorded prescription. The timeframe for patient recruitment is
2004 to 2009, with patient data accrued from 2004 to 2010.
Industry-funded comparative drug trials of the different ChEIs have suggested
differential efficacy and/or safety with these drugs. For example, head-to-head trials of
donepezil and rivastigmine found higher rate of adverse events with rivastigmine (96,98).
The current study addressed whether these alleged differences translate into meaningful
differences in health service utilization and related costs in a large, population-based
cohort representing routine clinical practice. Moreover, in the event that a difference in
resource use and costs of ChEI treatment did exist, it would be important for healthcare
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decision-makers to be aware of it. A cost-minimization analysis would inform such
governing bodies as well as offer explanations as to why such a difference exists (e.g.:
patients on one ChEI have other illness compared to the others, or generic substitution in
one ChEI makes it less expensive to the healthcare system than the others).

4.3 ICES data linkage
In Ontario, ICES provides access to provincial administrative databases for the
retrieval of health-related information for research purposes, while ensuring individual
privacy and confidentiality through multiple internal safeguards.
To ensure the confidentiality of administrative data held at ICES, while
facilitating linkage across databases, identifying information is replaced with a unique
encrypted number – the ICES Key Number (IKN) – that is consistent across different
datasets. The following ICES holdings were accessed for patient-level data for linkage.
4.3.1 Ontario Health Insurance Plan (OHIP) database

The Ontario Health Insurance Plan (OHIP) database is updated bi-monthly and
contains claims for health services covered under OHIP submitted by Ontario physicians,
care groups, laboratories, and out-of-province providers to the MOHLTC (76).
Information from this dataset was used to identify diagnosed cases of dementia, and
patient visits and fees paid to the following classes of physicians: all specialties, dementia
specialists (neurologists, psychiatrists and geriatricians) and primary care physicians (i.e.
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family physicians). Variables extracted include IKN, fees paid, and associated diagnosis
for visit.
4.3.2 Ontario Drug Benefit (ODB) database

The Ontario Drug Benefit (ODB) plan is a collection of plans offering drug
coverage to disadvantaged groups such as the elderly (over 65 years of age), those living
in long-term care, and those receiving social assistance (50). The ODB dataset is updated
bi-monthly at ICES and contains claims for prescription drugs covered under the plan for
those aged 65 years and older (76). The three ChEIs are covered under the ODB plan.
This dataset will be used to identify ChEI-users based on each drug‟s unique
identification number (DIN). Variables extracted were: IKN, costs paid for ChEIs and
other associated medications: typical and atypical antipsychotics, and psychotropic drugs
(e.g. benzodiazepines, anti-depressants), date of first ChEI dispensation, date of ChEI
cessation, and long-term care indicator to identify residence in long-term care.
4.3.3 CIHI: Discharge Abstract Database (DAD) & Same-Day Surgery (SDS)

The Discharge Abstract Database & Same-Day Surgery databases, henceforth
referenced as CIHI-DAD, are updated annually (April 1st to March 31st) and contain
patient-level data for people admitted to facilities providing acute care, rehabilitation,
chronic care and same day surgery in Ontario (76). Variables extracted for this project
include IKN, baseline descriptive characteristics (visits for CT scans of the head,
hospitalizations within the past five years), clinical data (e.g. diagnosis of dementia, visits
for hip and wrist fractures, delirium and aspiration pneumonia), administrative data
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(LHIN location and length of stay), and patient demographics (full list of patient-level
characteristics in Section 4.6.2, Table 1). Additionally, a patient‟s Charlson co-morbidity
score (removing the point given for dementia) will be used as a measure of overall comorbid disease burden (188).
4.3.4 CIHI: National Ambulatory Care Reporting System (NACRS)

The CIHI National Ambulatory Care Reporting System (NACRS) is updated
annually (April 1st to March 31st) and provides data regarding outpatient visits to
outpatient clinics and emergency departments (76). NACRS will be this project‟s source
of information about emergency care utilization. Variables extracted were: IKN,
emergency care visits within the past six months, clinical data (diagnosis of dementia,
and specific reasons for visits to emergency department: e.g. hip or wrist fracture,
delirium episode, and aspiration pneumonia), and administrative data (e.g. length of stay).
4.3.5 Home Care Database (HDC; formerly Ontario Home Care Administrative System)

In Ontario, patients receive home care through one of the province‟s 14
Community Care Access Centres (CCACs), which receiving funding from the MOHLTC
(189). These organizations connect patients with home care and long-term care services.
Prior to 2006, data regarding participants CCAC service usage was maintained by the
Ontario Home Care Administrative System (OHCAS). In 2006, as the need for CCAC
services grew, Ontario initiated an information management strategy with the goal of
improving data quality, which resulted in the OHCAS being replaced by the Home Care
Database (HCD). The HCD is updated annually (April 1st to March 31st) and is a clinical
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client centric database that captures all services extended to CCACs, including: clients,
intake, assessment, admission and discharge, diagnosis and surgical procedures and care
delivery (190). Variables extracted from the HCD and OHCAS were: IKN, baseline
characteristics (home care indication) and resource utilization (home care visits and home
care nursing hours spent).
4.3.6 Corporate Provider Database (CPDB)

The Corporate Provider Database (CPDB) is updated quarterly and is maintained
by the MOHLTC. It contains information about all physicians funded by the Ministry
either through OHIP or other funding arrangements (76). This information includes the
care provider‟s demographic information, eligibility to practice, clinical specialty, and
location. Physicians can be linked from their OHIP records to their CPDB profile using
their unique billing numbers. Of particular interest to this project is the specialty variable
that enabled us to determine if a physician associated with a patient‟s visit documented in
OHIP is a dementia specialist (neurologist, psychiatrist or geriatrician) or a primary care
physician (i.e. family physician).
4.3.7 Registered Persons Database (RPDB)

The Registered Person‟s Database (RPDB) is updated bi-monthly and provides
basic demographic information about anyone who has ever received an Ontario health
card number (76). The RPDB was this study‟s primary source of patient demographic
information and will complement data from the aforementioned databases. Variables
extracted were: IKN, age, gender, rural indication and FSA – first three characters in a
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Canadian postal code – for determination of area-level income status as an indicator of
patient socio-economic status.

4.4 Study population
The target population was community-dwelling dementia patients aged 66 years
or more who become new users of donepezil, galantamine or rivastigmine. The age limit
was set to permit a full year look-back at drug utilization in the ODB (i.e. the first year of
ODB eligibility between 65 and 66 years of age) (see Section 4.5 for further details). The
CIHI-DAD and OHIP databases at ICES were used to identify patients with dementia
using a validated algorithm based on diagnostic codes (see Inclusion/Exclusion criteria
for details). Corresponding IKNs for patients with dementia were then used to link
patient health records across the ICES databases. Section 4.4.1 details the cohort
selection process and section 4.4.2 describes the inclusion and exclusion criteria.
4.4.1 Cohort Selection

A study cohort was formed from a pool of all new cases of dementia among
community-dwelling Ontarians aged 66 or older between April 1st, 2004 and March 31st,
2009. Eligibility was then assessed by linking these patients with new use of any of the
three ChEIs during this period. A patient‟s cohort entry date corresponded to their ChEI
index date (date of first ChEI dispensation). Users were selected using ODB; group
classification was determined by each of the ChEIs unique Drug Identification Numbers
(DINs). New users were designated as donepezil users if their first ODB claim was for
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donepezil with no ODB dispensation record for any of the three ChEIs in the past one
year. Patients were then followed for a period of up to one year (e.g., patients chosen on
the last selection date of March 31st, 2009, could then potentially be followed until March
31st, 2010).
4.4.2 Inclusion/Exclusion criteria

Inclusion criteria consisted of all Ontarians aged 66 years to 105 years as of April
1st, 2004. Patients were excluded if they were aged over 105 years because beyond this
age (date of birth) information would be difficult to determine due to the quality of health
records. The number of patients over the age of 105 does not constitute a substantial
proportion of the elderly population; therefore, this study will still be representative of the
elderly population. Patients also had to be new cases of dementia, defined using the
following dementia algorithm applied to the OHIP and CIHI-DAD databases: all subjects
must have had at least one marker of dementia in the previous 5 years (OHIP 290, 331 or
797; or CIHI DAD ICD-9 290.x, 331.0, 331.2, 331.7, or 797; or a complementary CIHI
DAD ICD-10 code (F00, F01, F02.3, F03, F05.1, F09, G30, G31.1, or R54). A 5-year
retrospective diagnosis period was also applied to consider patients with dementia who
would have received their first ChEI dispensation at the time of dementia diagnosis; some
patients‟ index dates may coincide with their date of dementia diagnosis. This algorithm
to identify dementia has been validated by comparison with a gold standard of a dementia
diagnosis in the Canadian Study of Health and Aging (CSHA) Ontario sub-cohort (27).
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All of these cases were then linked with ODB to determine their ChEI status; if
their index date occurred within the cohort selection period, they were considered
eligible. The study was restricted to community-dwelling ChEI users at baseline (i.e., on
a patient‟s index date, they could not have a long-term care flag on the ODB record or
within one year prior) because those residing in long-term care facilities or hospitalized at
index would incur higher costs and, if not controlled for, could bias the results if they
were not equally distributed among the ChEI treatment groups. Moreover, patients
already dwelling in long-term care facility may have higher ChEI treatment persistence
due to consistent staff monitoring, which would not give an accurate portrayal of ChEI
uptake in the general population. The minimum duration of ChEI use to qualify for
entry into the cohort was 90 days (3 months) of continuous use of one of these drugs.
This was to ensure sufficient time for the patients to experience some benefit (in
cognition and/or daily function), as well as sufficient time for adverse events to develop
that would cause patients to seek other health services (visit to physician or emergency
visits). Additionally, the shortest RCTs have been 3 months in duration, thus
standardizing patients to a full 3 months of continuous ChEI treatment would permit the
comparison with to these RCTs.
Patients were excluded if they met any of the following criteria: 1) death on or
prior to index date; 2) invalid IKN in RPDB, invalid age (≤66 years or > 105 years as of
index date); 3) no evidence of dementia diagnosis; 4) residence in a long-term care
facility at baseline; or, 5) if the patient had previously used ChEIs within the year prior to
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index date. This study did not consider aboriginal individuals because their healthcare
costs are covered by federal, not provincial, health programs.
Only one entry was considered per IKN, that is, ChEI users could only enter the
cohort once. If a ChEI user discontinued the use of one drug, he/she was not eligible to
re-enter the cohort as a user of the same or a different ChEI drug.

4.5 Study horizon and time frame
Time horizon is defined as the period of time over which costs and outcomes are
measured for individual patients in an economic evaluation (191); it should be long
enough to capture all meaningful differences in costs and outcomes (both intended and
unintended side effects) between comparator groups (73). Several factors contributed to
the selection of a 12-month time horizon. The first was that the longest RCTs of ChEI
efficacy were 12 months (6,7,94) in duration and previous long-term population-based
studies also considered at least one year of follow-up (105). Moreover, economic
modeling studies have simulated RCT data to determine the annual cost and costeffectiveness associated with ChEIs (59,159,160,164). Limiting the study to a 12-month
time horizon permitted the calculation of annual resource utilization and cost associated
with ChEI use without employing complex modeling. To facilitate comparison with
previous economic evaluations that have used data from RCTs with shorter duration, the
outcomes were divided into 3-, 6-, 9- and 12-month intervals following the index date.
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Timeframe refers to the time period of data collection for all important costs
between treatment options. Several factors contributed to the study‟s chosen timeframe –
April 1st, 2004 to March 31st, 2010. These included the chronology of ChEI funding in
Ontario, the nature of the dataset, and the study‟s time horizon.
Of the three drugs, galantamine was the last to be approved for funding by
provincial governments in 2002 (49). Between 2001 and 2003, there was a healthcare
system-wide transition in disease coding to accommodate the switch from the
International Classification of Disease, Version 9 (ICD-9) to ICD-10. In light of these
events, 2004 was selected as the starting point to ensure all three ChEIs sufficient time
for uptake into clinical practice by Ontario physicians and the general population, and to
permit time for stability in coding of dementia. Moreover, as previously mentioned,
March 31st marks the annual end date for all ICES databases that operate with annual
updates – health administrative databases updated annually have entered all data and
costs from the previous year into their records. All costs accumulated from April 1st,
2004 to March 31st, 2010, were considered for the purpose of this study. As such, a
cohort selection period of April 1st, 2004 to March 31st, 2009, was selected such that
patients whose first use occurred on the last date of cohort entry (March 31st, 2009) could
still potentially contribute a full year‟s worth of economic data to the study (up to March
31st, 2010).
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Individuals become eligible for ODB coverage at age 65 years; therefore,
enrolment consisted of patients aged 66 years and older to permit a one-year period to
identify use of various prescription medications (e.g., ChEIs, antipsychotic drugs).

4.6 Study variables
A comprehensive list of variables was generated for this study to facilitate
analysis of economic data. Section 4.6.1 explains the process of ICES variable selection
for classifying the exposure variables: three ChEI treatment groups. Section 4.6.2 details
baseline descriptive characteristics used to verify the comparability of patients across
treatment groups. Section 4.6.3 describes the first set of outcome measures of interest:
patterns of ChEI persistence and rates of switching. Section 4.6.4 lists the second set of
outcomes of interest: resource utilization and costs, and details how each ICES dataset
contributed to measuring these outcomes cost across six categories of care 1) ChEIs and
associated prescription drugs, 2) physician services, 3) long-term care, 4) home care
nursing services, 5) emergency department services, and 6) hospitalizations. Section
4.6.5 details potential covariates and the process of identifying them in the ICES datasets.
Figure 1 represents a summary of the exposure-outcome relationship that guided the
selection of variables; of interest was determining the effects of the three ChEI treatments
on several economic outcomes, and investigating the effect of six covariates on this
relationship.
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Figure 1: Exposure-outcome relationship

4.6.1 Exposure: Treatment groups

A new ChEI user was defined as a patient who did not receive any ChEIs within
one year prior to the index date. Recall that a patient‟s index date is the date recorded of
their first prescription containing a ChEI. The ODB database provided the basic data to
divide patients into the three treatment groups: Cohort 1 was new users of donepezil,
Cohort 2 was new users of galantamine and Cohort 3 was new users of rivastigmine.
The three drugs and their various doses were coded with a series of unique DINs.
Factors affecting the number of DINs available for each drug include variation in dose
and the availability of generic equivalents. For example, donepezil is the generic name
for the brand name Aricept. In 2010, only the brand name version was available in two
different doses (5mg or 10mg tablet); therefore, only two DINs were assigned (64). At
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the same time, however, galantamine, the generic name for Reminyl, had three different
doses (8mg, 16mg and 24mg capsules) manufactured by three different companies
(Reminyl by Janssen Inc. and two generic versions) for a total of nine unique DINs (64).
4.6.2 Baseline descriptive characteristics

The three study cohorts were mutually exclusive (patients were classified as being
in only one of the three cohorts). Patients who switched ChEIs were included in the
treatment group corresponding to their first ChEI only, not the second. As such, both
descriptive and statistical analysis of baseline descriptive characteristics were undertaken
to check whether the groups of patients were similar. Descriptive characteristics included
demographic information (age, gender, income quintile, rural status), treatment prior to
cohort entry (physician visits and type, acute care indication, medication use), indicators
of co-morbidity (presence of diseases comprising the Charlson co-morbidity index), and
disease severity (falls, urinary incontinence, home care indication). Table 1 lists and
defines all of the descriptive characteristics by category and provides their ICES source.
Table 1: Baseline descriptive characteristics
Variable
Demographic
Gender
Income Quintile

Type

Source

Definition

Categorical
Categorical

RPDB
RPDB

Male/Female
Based on patient FSA and community-specific from
census data. Income Quintile=5 in urban community
may not equal Income Quintile=5 in a rural community

Low Income
Rural Indication

Categorical
Categorical

ODB
RPDB

Based on "Low Income" designation on ODB claims
Rural versus urban residence designation

LHIN location
Cohort entry year
Age

Categorical
Categorical
Continuous

RPDB
ODB
RPDB

Patient residence within one of the 14 Ontario LHINs
Year in which patient had their first ChEI use
Age of patient in years
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Table 1 (cont’d): Baseline descriptive characteristics
Variable
Type
Treatment prior to cohort entry
Rehabilitation visits within 1 year prior
Categorical
Acute Hospital within 6 months
Categorical
CT Scan of the head
Categorical
Antidepressants 1 year prior
Categorical
Antiparkinsons 1 year prior
Categorical
Atypical Antipsychotics 1 year prior
Categorical
Benzodiazepine 1 year prior
Categorical
Typical Antipsychotics 1 year prior
Categorical
Physician visit within one year prior
Continuous
Geriatrician Visits
Continuous
Neurologist Visits
Continuous
Psychiatrist Visits
Continuous
ER visits within one year prior
Continuous
Number of DINS
Continuous
Co-Morbidities (based on patient history)
Myocardial Infarction
Categorical
Congestive Heart Failure
Categorical
Peripheral Vascular Disease
Categorical
Cerebrovascular Disease
Categorical
Chronic Obstructive Pulmonary Disease
Categorical
Rheumatic-like Disease
Categorical
Ulcers of the Digestive System
Categorical
Liver Disease (Mild)
Categorical
Diabetes (No chronic complications)
Categorical
Diabetes (chronic complications)
Categorical
Hemi/Paraplegia
Categorical

Source

Definition

CIHI-DAD
NACRS
OHIP
ODB
ODB
ODB
ODB
ODB
OHIP/CPDB
OHIP/CPDB
OHIP/CPDB
OHIP/CPDB
NACRS
ODB

Indication of service provided within the last year
Indication of service provided within the last year
Indication of service provided within the last year
Indication of service provided within the last year
Indication of service provided within the last year
Indication of service provided within the last year
Indication of service provided within the last year
Indication of service provided within the last year
Number of physician visits within the last year
Number of physician visits within the last year
Number of physician visits within the last year
Number of physician visits within the last year
Number of emergency visit within the last year
Number of drugs used under ODB within the last year

CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD

Renal or Kidney Disease
Cancer (No Secondary)
Liver Disease (Severe)
Cancer (Metastatic)
HIV/AIDS
Charlson Score
Hearing Impairment
Malnutrition
Visual Impairment
Disease Severity Indicators
Aspiration Pneumonia

Categorical
Categorical
Categorical
Categorical
Categorical
Continuous
Categorical
Categorical
Categorical

CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD
CIHI-DAD

Heart attack
Insufficient blood flow from the heart
Obstruction of large arteries to limbs
Disease of blood vessels to the brain
Presence of diseases that narrowing lung airways
Disease of joins/connective tissue
Ulcers along the gastrointestinal tract
Some fatty liver diseases and some forms of hepatitis
Normal diabetes
Diabetes causing vascular problems
Hemiplegia: paralysis of one side of body; Paraplegia:
paralysis of lower limbs
Diseases affecting either organ
Occurrence of cancer without progression
Chronic hepatitis and Cirrhosis
Malignant cancer spreading from one organ to another
HIV or AIDS
Composite measure of above 16 diseases
Impaired auditory system
Insufficient nutritional intake
Impaired vision

Categorical

OHIP

Delirium
Falls
Hip Fractures
Urinary Incontinence
Fecal Incontinence
Pressure Ulcers
Home Care Nursing Services
Home Care Indication
Home Care Visits
Hospital visit within 5 years

Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Continuous
Continuous

OHIP
OHIP
OHIP
OHIP
OHIP
OHIP
HCD/OHCAS
HCD/OHCAS
HCD/OHCAS
CIHI-DAD
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Pneumonia due to the entrance of foreign material into
the bronchial tree, such as saliva or food due to impaired
swallowing mechanism
Syndrome of mental confusion and temporal awareness
Injuries sustained while falling
Fracture of the head of the femur
Involuntary excretion of urine
Inability to control bowels
Lesions due to unrelieved pressure to any part of body
Home care nursing services use within last year
Home care use within last year
Number of home care visits within last year
Number of hospitalizations within last 5 years

Important baseline characteristics included age, gender, income, cohort entry year,
and frequency of medical contact in the year prior to cohort entry, Charlson co-morbidity
index, and dementia disease severity characteristics (e.g. urinary or fecal incontinence,
falls and delirium). Age and gender were verified the patient‟s demographic information
from the RPDB.
Income level was assessed using a community-level median household data from
the Canadian census, assigned based on a patient‟s postal code and presented in income
quintiles using a socio-economic quintile macro – a program that enables us to associate a
person‟s place of residence with their community‟s area income level. For this macro,
populations within a given geographic area were sorted and divided into five groups
(quintiles) (76). Consequently, patients with the highest median income level (Quintile
5) in urban regions, such Toronto, may have a different median income than those in
Quintile 5 in smaller urban or rural centres, such as North Bay.
Entry year corresponded to the year of the patient‟s index date. Frequency of
medical contact in the year prior to cohort entry consisted of several variables that
measured the patient‟s previous visits to physicians: OHIP and CPDB provided the
number of visits per physician type (all, dementia specialist or primary care).
The Charlson score measures co-morbidity level based on the presence of 17
diseases in a patient‟s medical history (see Table 1) (192). Dementia is one of the 17
diseases included in the score; however, it was removed because it seemed superfluous
since all patients were required to have a dementia diagnosis to be included in the study.
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The Charlson score at cohort entry was provided by CIHI using a macro, which scanned
patient health records for any of the 16 Charlson diseases using ICD-10 medical codes
with a 5-year look-back period from the index date applied and calculated a summary
score (minus dementia). This score was presented along with dichotomized dummy
variables for each of the 16 remaining Charlson conditions. Disease severity indicators,
such as delirium, falls, urinary incontinence or home care visits were determined with a
1-year look-back period applied unless otherwise specified (e.g., hospitalizations within
5-years of index).
4.6.3 Outcomes 1: ChEI discontinuation and switching

The minimum duration of ChEI use to qualify for cohort entry was 90 days of
continuous use of one of the three ChEIs. The objectives included following patients for
up to one year after cohort entry; however, previous studies (many with shorter time
horizons) have noted a decrease in drug persistence and increases in patient drop out over
time (5,94,94,142), or a gap in ChEI use in patients persisting to one year (142).
Population-based clinical effectiveness studies have determined that less than 65% of
patients continue with ChEI treatment up to one year (94,143).
For consideration of patient drug persistence, continuous use was examined at 90
days (expected to be 100%), 180 days (6 months), 270 days (9 months), and 365 days (12
months). According to Cramer et al. (2008), analysis of drug persistence must include a
pre-specified limit on the number of days allowed between refills, considered as
permissible gaps (the maximum allowable period until when patients could go without a
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dose that would not diminish the intended clinical outcome of treatment) (138).
Continuous use was defined as receipt of a subsequent prescription following the index
date within 120% + 7 days of the initial script‟s duration. Typically, patients are given a
3-month ChEI supply. For example, if a patient receives a 90-day prescription, they have
until Day 115 (90 x 120% + 7) following the initial drug dispensation to fill their second
prescription. Otherwise, they were considered to have had their treatment discontinued
and were censored. If discontinuation occurred between Day 1 and Day 90, then the
patient was excluded. If discontinuation occurred after 90 days, the patient was censored
and their resource utilization was included.
Likewise, if a patient switched ChEIs (e.g., initial donepezil user switches to
galantamine) within the first 90 days, they were excluded. However, if a patient switched
ChEIs after Day 90, they were treated as users of their initial ChEI. The rationale for
this decision was that if a patient switched from one drug to another, it was most likely
due to intolerance of the side effects caused by the first drug. Any adverse events and
subsequent use of the healthcare system (emergency department visits due to drug side
effects) due to drug intolerance should therefore be attributed to the initial ChEI. For
example, a donepezil user at index who persisted past Day 90 and then switched to
galantamine was still considered a donepezil user for their duration in the study. As
mentioned previously, two Canadian studies have reported switching rates of 10% or less
(49,143).
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4.6.4 Outcomes 2: Resource utilization and costs

This study had several economic outcomes of interest. The first was total overall
health resource use direct costs to the healthcare system per year of cohort entry by drug
group. This represents the total direct health system costs of treating dementia patients
who use ChEIs. Stratifying by patient cohort entry year permitted a year by year
comparison to describe any chronological trends.
The second outcome of interest was total health resource use and cost by cohort
entry year by drug group across six categories of care: 1) ChEI and associated
medications; 2) physician services; 3) long-term care costs; 4) home care nursing
services; 5) emergency care visits; and, 6) hospitalizations. This assessment provided
indications of services that were major drivers of overall cost to the healthcare system.
The third outcome was mean resource use and costs per patient by drug group at
3-, 6-, 9- and 12-month intervals over the same six categories of care. This indicated the
per-patient burden of care to the healthcare system. It is expected that some patients will
discontinue ChEI usage within several months of their treatment initiation (much like
subjects withdrawing from past RCTs) (142-144). As such, assigning costs to these
patients for an entire year will not accurately represent costs attributable to their ChEI
usage. Consequently, multiple time cut-offs throughout the first year of ChEI usage were
employed to better attribute the costs accrued by non-compliant users.
Resource utilization was determined by linking the ODB, OHIP, CIHI-DAD,
NACRS and HCD/OHCAS databases. For assigning costs, the ODB and OHIP
databases provided dollar amounts for fees paid, such as services rendered by physicians
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and total cost paid for prescription drugs. Other dollar amounts were found in the
literature (193-196).
4.6.4.1 ChEI treatment duration and costs for prescription drugs in ODB
The ODB database provided costs paid by the MOHLTC for prescription drugs.
All patients in the cohort had to use one of the three ChEIs. The outcomes variables of
interest included the number of days of ChEI use and total costs to the ODB plan for all
prescription drugs used by this cohort of patients by entry year stratified by drug group,
six categories of total costs by entry year stratified by drug group (ChEIs only, typical
antipsychotics, atypical antipsychotics, benzodiazepine, antidepressants and all
prescription costs minus ChEIs).
Mean costs per patient were considered for all prescription drugs, as well as the
six categories of total costs by drug group for 3-, 6-, 9- and 12-month intervals following
the index date. As previously described, antipsychotic drugs are used to quell symptoms
of psychosis (hallucinations, delusions) as well as agitation (29). Antidepressants are
used to treat depression, while benzodiazepines are used to treat anxiety and sleep
disturbance (30,35). Symptoms of psychosis, depression, behavioural and sleep
disturbance are frequently observed in patients with dementia (35). Therefore,
consideration was given to the costs associated with providing these medications to
dementia patients to alleviate these symptoms as well as their contribution to overall
costs to the healthcare system. Lists of DINs used to identify prescription drugs of each
class were obtained from the ODB online E-Formulary (64).
92

4.6.4.2 Outpatient and inpatient physician services and costs (OHIP)
The OHIP database provided the frequency of patient visits and fees paid by the
MOHLTC for outpatient and inpatient physician services. The outcome variables of
interest were the number of visits and fees paid to all physicians, dementia specialists
(neurologists, psychiatrists and geriatricians) and primary care physicians (i.e. family
physicians). Neurologists, psychiatrists and geriatricians are generally knowledgeable
about dementia care and the effectiveness of ChEIs. Primary care physicians were
considered as a contrasting variable to dementia specialists: if a patient presents with
symptoms of dementia, they will see their primary care physician first who will then refer
them to a dementia specialist if their symptoms cause suspicion. Patients must see a
primary care physician first to be referred to specialists. The OHIP database enabled us
to observe the patterns of use of primary care and dementia specialist services.

4.6.4.3 Length of stay and costs of long-term care
The time spent in long-term care was estimated using the LTC flag in the ODB.
This method of long-term care approximation has been used previously in a similar
Canadian administrative database study (193). At the time of prescription dispensation,
the pharmacist indicates whether a patient is in long-term care. A patient was excluded if
they had a baseline indicator of long-term care placement (only community-dwelling
dementia patients were considered for this cohort), though they could subsequently enter
long-term care during the course of the study. This enabled the observation of the
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proportion of dementia patients that were transferred to a long-term care facility while
being treated with ChEIs. It was assumed at the outset that once patients entered longterm care, they were not discharged from the facility. Analysis of the data confirmed this
assumption. Therefore, length of stay in long-term care was calculated as the admission
date (in this case, the date of the first prescription with a long-term care indication)
subtracted from 365 or from the patient‟s death date. Likewise, time until long-term care
placement was determined by subtracting the ChEI index date from the admission date.
The outcomes of interest were total annual long-term care length of stay and costs
by year stratified by ChEI group, and mean length of stay and costs at 3-, 6-, 9- and 12month intervals following the index date (e.g., if a Donepezil user had a long-term care
indication in ODB within 3 months, what was the average number of days they spent in
long-term care 3 months after they started using the ChEI). According to a recent
Canadian study, the MOHLTC covers the costs associated with nursing, food and
programs for long-term care residents up to $131.19 per day ($117 inflated from 2003 to
2010 CAN$) (193). Long-term care costs were calculated by multiplying a patient‟s
length of stay by $131.19.
4.6.4.4 Number of hours and costs of Home Care nursing services
The goal with considering home care usage as a source of direct cost to the
provincial healthcare system was to provide an estimate of nurses time consumed while
caring for dementia patients. The other databases did not provide the means to estimate
nursing time. Neither the HCD nor the OHCAS databases offered reliable cost data for
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all home care visits provided by Ontario‟s CCACs. For each home care visit, the HCD
and OHCAS document the type of service delivered to the patient (including case
management and assessment) and the time in hours spent for delivering the service. If
the type of service was coded as either „nursing visit‟ or „nursing shift‟ then the patient
was considered to have received home care nursing services.
Unit time spent with patients by nurses was multiplied by the mean provincial
hourly wage for nurses. Nurses providing services to Ontario‟s CCACs are represented
by the Ontario Nurses Association (ONA) with their wages determined by collective
bargaining agreements between and the 14 individual CCACs (197). According to the
most recent collective bargaining agreement between ONA and Ontario hospitals, in
2010, nurses received between $29.36 and $42.44 per hour according to their seniority
level (the former corresponding to start pay and the latter with 25 years of experience) –
the seniority hierarchy had ten levels (196). The average wage of the ten levels was
$34.98. The corresponding unit time of each nurse‟s visit was the multiplied by $34.98
(equivalent to the mean hourly wage based on nurses seniority).
4.6.4.5 Emergency department visits and costs
For the purpose of this study, only dementia-associated emergency department
visits were considered for the resource utilization assessment – patients had to have
dementia listed as an indication in the diagnosis field of their visit‟s record in NACRS.
The NACRS database provided the number of visits per patient to the emergency room
for each of the four time intervals. In addition to all emergency visits, this study
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examined patient use of emergency services for the following conditions separately (as
indicated by their ICD diagnostic codes): hip fracture, wrist fracture, episodes of delirium
and aspiration pneumonia. Dementia patients have a high risk of falling, resulting in hip
and wrist fractures which are common in the elderly population (198). Hip fractures are
associated with substantial morbidity (e.g. risk of postoperative adverse events, residual
disability requiring long-term care admission) and also significantly increase overall
mortality. The incidence of hip fracture among patients with Alzheimer‟ disease is high,
particularly among patients with the advanced stages of the disease. Delirium is a
condition characterized by the acute onset of disturbances in level of consciousness and
cognition, disorganized thinking, and fluctuating deficits. It may be accompanied by
psychosis (hallucination or delusions) (199). Delirium superimposed on dementia is a
common problem that can worsen prognosis by accelerating cognitive decline, as well as
increasing the risk of other complications, such as falls leading to hip fractures (200).
Aspiration pneumonia is a type of pneumonia (inflammation of the walls of the
bronchioles in the lungs) caused by the presence of a foreign object (201). Aspiration
pneumonia is generally associated with a dysfunctional swallowing mechanism, which is
often present in patients with dementia (127).
Each emergency department visit was valued at $195.98 ($173 per visit according
to another Canadian study using the same database inflated from 2004 to 2010 Canadian
dollars) (193). This amount is assigned indiscriminately, regardless of the reason for the
visit. Patients with an emergency visit with an indicator for any of the four conditions
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(hip fracture, wrist fracture, delirium and/or aspiration pneumonia) will be assigned a cost
of $195.98 per visit and a corresponding indication in the all emergency visits category.
4.6.4.6 Hospitalizations
For the purpose of this study, only dementia-associated hospitalizations were
included for the resource utilization assessment (i.e., all hospitalizations had to have a
dementia diagnosis coded in the diagnosis field of the CIHI admission record) The CIHIDAD provided measures of length of stay (duration = date of discharge - date of
admission) for all hospitalizations, and for admissions due to any of the four following
conditions: hip fracture, wrist fracture, delirium or aspiration pneumonia.
Hospitalization costs were assigned to patients using the following sources. The
2008 CIHI report The Cost of Hospital Stay: Why Costs Vary provided a guide for annual
mean costs for all conditions or diseases requiring hospitalization (194). This CIHI
source represented costs for conditions using case mix groups and major clinical
categories methodology designed to base resource utilization on either a diagnosis or
condition described as being most responsible for the patient‟s stay in hospital
(methodology was considered CIHI-proprietary and was not reported). This report did
not provide costs per day (only per year). The 2006 Health Costing in Alberta annual
report presented its estimates in both mean costs per day and per year. Annual cost
figures from the Alberta report were compared with the CIHI values and were deemed
sufficiently similar to employ both sources for this project. For example, according to the
CIHI report, the annual cost for a hip fracture was $6,098 (2008 CAN$) (194), while in
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Alberta this amount, adjusted for inflation, was $6,387.31 ($5,947 in 2005 CAN$) (195).
Similarly, the annual costs for wrist fractures were $1,855 and $1,713.09 (inflation
adjusted) for the CIHI and Alberta reports, respectively.
The all dementia-associated hospitalization variable was valued at $672.50 per
hospital day (inflation adjusted). This was equivalent to the per-day cost of treating a
patient with dementia in a hospital setting (195). Adjusted for inflation, hip and wrist
fractures were valued at $1,618.11 and $1,366.75 per day, respectively (195).
The Alberta report did not provide per-day estimates for delirium or aspiration
pneumonia. Consequently, annual values were used from the CIHI source. Therefore,
the annual hospitalization cost (adjusted for inflation) of an episode of delirium was
$5,163.28, and a case of aspiration pneumonia was $11,246.38 (194).
Hospitalizations for hip fracture, wrist fracture, delirium and aspiration
pneumonia were counted concurrently with each other and with “all hospitalization”. For
example, a patient who spent 19 days in a hospital after suffering a hip fracture and a
wrist fracture experienced while falling due to an episode of delirium would have the
following CIHI-DAD length of stay profile: hip fracture = 19 days, wrist fracture = 19
days, delirium = 19 days, aspiration pneumonia = 0 days, and “all hospitalization” = 19
days. Therefore all patients admitted for any of the four conditions of interest will also
be counted in the “all hospitalization” variable. However, as mentioned previously, the
“all hospitalization” variable corresponded to the per-day cost of treating a patient with
dementia in a hospital setting. It does not represent the sum of the per diem costs of
98

treating dementia, hip fracture, wrist fracture, delirium and aspiration pneumonia. For
example, the cost of a patient‟s hip fracture ($1,618.11 x hip fracture length of stay in
days) will only be considered for the hip fracture-specific assessment of cost (i.e., total
cost of hip fracture per year and mean cost per patient for hip fractures at 3-, 6-, 9- and
12-months after index date). The hip fracture length of stay also contributes to the “all
hospitalization” length of stay, which will then be assigned a value of $672.50 per day.
The “all hospitalization” length of stay variable was kept separate (not cumulative) from
the condition-specific length of stay variables because the dataset did not permit the
condition-specific length of stay to be separated from other dementia-related length of
stay. “All hospitalizations” were costed as all “dementia-associated hospitalizations” and
the other variables as dementia-associated hospitalizations for hip or wrist fracture,
delirium or aspiration pneumonia. Thus, the “all hospitalization” variables represent the
burden of hospital length of stay and cost attributable to the patient‟s dementia.
4.6.5 Covariates

Key factors that could influence resource utilization and costs among patients
with dementia are a patient‟s age, gender, co-morbidity disease burden, dementia
severity, and socio-economic status.
Dementia severity increases exponentially with age (113,114). The „oldest old‟
(aged 90 years and older) is the fastest growing segment of the population in developed
countries (112); therefore, the incidence of dementia is expected to rise and progression
to more severe forms of the disease in the future. Rates of dementia are also higher
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among women (26). This is partly due to differences in life expectancy among the
genders, but hormonal and genetic factors may also be important. In 2007, the remaining
life expectancy of Canadians at the age of 65 was 18.1 years for men and 21.3 years for
women (i.e., 83.1 and 86.3 years, respectively) (202). Both age and gender will be
extracted from the RPDB.
Co-morbid conditions, such as diabetes and hypertension, have been linked to
higher rates of dementia (203), and poorer prognostic outcomes (more rapid cognitive
decline) (118). The Charlson co-morbidity index, extracted from CIHI-DAD records,
will be used to derive a summary measure, the Charlson score, to give an indication of a
patient‟s co-morbid disease burden. The index consists of 17 diseases (see Table 1) each
of which has been weighted (values of 1, 2, 3 or 6 with 0 indicating absence of all 17
conditions) according to its 1-year mortality rate and its seriousness (as determined by its
relative risk of death within one year compared to no co-morbid diseases) (192). When
applying the Charlson index to diseases with low mortality, its results can dichotomize
co-morbidity severity into 0-1 and >2 groupings (192). Dementia is one of the 17
diseases listed in the index. Since all patients in this study have dementia, it has been
removed from the index‟s total score.
The ICES datasets did not code for severity of dementia (mild, moderate or
severe); therefore proxy indicators – conditions or symptoms that might signal more
severe forms of the disease were identified. The major proxy indicators of interest were
episodes of urinary incontinence and home care indication. Urinary incontinence at
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baseline was determined by CIHI records, while home care usage was extracted from the
HCD/OHCAS dataset. Long-term care was considered as another source of potential
confounding. This study controlled for long-term care indication by restricting the cohort
at baseline to patients who were community-dwelling (not in long-term care) at time of
index date.
Socio-economic status affects access to care and usage of the healthcare system
resources (9,129,130), with poorer Canadians suffering from lower life expectancy,
higher mortality rates, and higher hospitalization rates but lower rates of physician visits
and surgery (204). For this study, in the absence of personal income data in the
administrative databases, a macro, as mentioned previously, was used to match a
patient‟s postal code to the median income for each neighbourhood area corresponding to
the FSA, and converted to geographic area-specific income quintiles. This method has
been used previously to assign indicators of socio-economic level to aggregate data for
studies investigating the association between income level and patient survival and access
to healthcare for myocardial infarction (131) and cancers (205,206) – all of which have
been conducted in Ontario. For confidentiality reasons in accordance with ICES
protocol, only the quintile number, not the household income level, was reported per
patient (76).
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4.7 Analysis
Section 4.7.1 outlines the descriptive statistical analysis employed for this project.
This consisted of examining baseline patient-level characteristics across the drug groups,
drug persistence and rates of switching, and determining total and mean costs per patient
for each of the six categories of care and for overall costs to the healthcare system.
Section 4.7.2 describes the examination the effects of potential covariates associated with
annual costs for each of the six categories of care and for overall annual costs. Section
4.7.3 describes the traditional multivariate linear regression model used to identify
significant predictors of annual costs for each of the six categories of care and for overall
annual cost. Linear regression has been used previously to evaluate the effects of clinical
and demographic covariates on direct medical costs using administrative data (193).
Though economic data are rarely normally distributed (73), transforming the data to
fulfilled the assumptions for linear regression. This part of the analysis was omitted for
datasets not meeting the requirements for linear regression. The inclusion of potential
predictors into the linear regression model was limited by the list of variables available in
the ICES datasets. Section 4.7.4 describes how sensitivity analysis was performed to
account for uncertainty around using cost values from the literature.
All analyses for this project were accomplished using SAS, Version 9.2, at the
ICES@Queen‟s satellite site located in Abramsky Hall at Queen‟s University.
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4.7.1 Descriptive analysis

Baseline characteristics were compared between the three treatment groups along
four major categories: 1) patient demographics; 2) health system contact one year prior to
cohort entry; 3) co-morbidities; and 4) indicators of disease severity. For a
comprehensive list of these characteristics, see Table 1. Categorical variables were
compared using chi-squared tests while continuous variables were compared using oneway ANOVA.
For the chi-squared test, a p-value of <0.01 indicates that the members of the
ChEIs have significantly different proportions among the different values of the variable
tested. For example, if gender (dichotomous) was tested between Donepezil and
Galantamine and p<0.01, then the difference in proportions of males to females between
the groups would be significantly different. This method was used to identify if there
was a significant difference for each categorical covariate in Table 1 between the three
ChEI groups. If so, a second set of chi-square analyses was done between the three
possible combinations of 2 of the ChEIs (donepezil-galantamine, donepezil-rivastigmine,
galantamine-rivastigmine) to determine which treatment groups were different.
For the ANOVA test, a p-value of <0.01 indicates that the variance observed is
between two of the ChEI groups is higher than the variance of the total sample, and
therefore their means are different. ANOVA was coupled with a multiple comparison
test (PROC ANOVA for normally distributed continuous data and PROC GLM for nonparametric data) to determine if the significant difference was between just two groups or
all groups.
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The sample size was expected to be large (see Section 4.8). Consequently,
percentages (for frequency data) and standard deviations (for continuous data) were
reported in Table 2 (see Chapter 6) in addition to the p-values. Also, a p-value of 0.01
was selected to determine if differences between the drug groups along any of the
characteristics were significant. As sample size increases, it captures more of the
variation for all characteristics of the population, thus decreasing the standard error of the
mean (207,208). Lowering the standard error enables more precise detection (smaller pvalues) of differences between the treatment groups for a myriad of patient-level
characteristics if they exist. However, small differences of no consequence can also be
found to be statistically significant with large sample sizes, though these may not
translate into clinical significance (209).
Drug persistence was compared between the three treatment groups using the
PROC LIFETEST procedure in SAS to produce Kaplan-Meier curves, plotting patient
use of ChEIs and censoring at date of discontinuation or 365 days after their index date.
Drug persistence and rates of switching were compared between the three treatment
groups using chi-squared tests. Kaplan-Meier curves were also produced for 12-month
drug persistence according to several other covariates: age (categorical), cohort entry year
and LHIN location. Age was classified into six categories (66-69, 70-74, 75-79, 80-84,
85-89 and 90-105 years)(210,211) to determine if drug persistence varied according to
age (possibly due to further memory decline or greater disease severity for older age
groups). Cohort entry was considered to determine if drug persistence varied over time
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(possibly due to further understand of the drugs or availability of new drugs to alleviate
adverse events). Patient LHIN location was considered to test if patient persistence
varied by geographic area.
Mean resource utilization per patient was determined for each of the six categories
of care at 3-, 6-, 9- and 12-month intervals following the index date. This consisted of
analyzing the following variables: the duration of ChEI use from ODB, the number of
physician visits from OHIP, the length of stay in days for long-term care, hours of home
care nursing services from HCD/OHCAS, the number of emergency department visits
from NACRS, and the length of hospital stay from CIHI-DAD. These six quantities were
measured in different units; therefore, it was not possible to add them together and report
overall resource utilization.
Mean resource utilization was compared using both parametric (ANOVA) and
non-parametric (Kruskal-Wallis) tests for comparing multiple groups. The KruskalWallis test is a one-way analysis of variance that replaces the data by their ranks (212).
The Kruskal-Wallis test does not assume a normal distribution for the parameter tested in
the population; however, the test assumes that each group has distribution of similar
shape. Since the anticipated sample size was to be very large (see Section 4.8), the
parametric one-way ANOVA was also applied. According to the Central Limit Theorem,
when the size of a sample is large, the sampling distribution is approximately normal and
the mean of the sampling distribution equals the population mean (212). A sample size is
considered large if it is greater than 100, though if the sample‟s distribution is highly
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skewed (as is the case with economic data) the sample size should be larger (213).
Consequently, parametric tests can be used for non-normal distributions as long as the
sample is large. Moreover, non-parametric statistics – typically considered for smaller
sample sizes (less than 30) – tend to converge on normal distributions as sample size
increases; though these tests may be less robust than their parametric counterparts, the
resulting significance levels of the tests should be similar (214).
Mean costs per patient for the six categories of care at 3-, 6-, 9-, and 12-months
following the index date were compared between the three groups using both parametric
(ANOVA) and non-parametric (Kruskal-Wallis) tests for comparing multiple groups.
4.7.2 Analysis of confounders

The purpose of analyzing covariates was to prepare for the multiple linear
regression analysis; to determine if any of the key covariates were potential confounders
for the outcomes of annual overall health system costs and for the six categories of care.
To ensure that a common unit of measure was used for this analysis as well as across the
linear regression models, analysis was focused exclusively on costs only, not resource
utilization – rather than multiple measures of a single outcome (number of hours, days
and visits) there was only one unit of measure: 2010 Canadian dollars.
The key covariates (age, gender, Charlson score, urinary incontinence, home care,
and income quintile) were compared between the three drug groups for each of the six
categories of care using the Kruskal-Wallis test for comparison of medians. Withingroup comparisons for each of the covariates (e.g., donepezil: males versus females;
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galantamine: males versus females; rivastigmine: males versus females) were performed
using either the Wilcoxon Rank Sum test for dichotomous covariates, or the KruskalWallis test for multiple covariates with multiple categories.
Dichotomized variables were gender (male/female), and urinary incontinence and
home care (no/yes). Age was reclassified into six categories beginning with aged 66-69
and increasing in 5-year increments until 90+ years. The Charlson score was
trichotomized as follows: 0 = no co-morbidities; 1 = one co-morbid condition; 2+ = two
or more co-morbid conditions. These categories were recommended for studying diseases
with low mortality (192).
4.7.3 Multivariate Analysis

Multivariable linear regression was used to compare clinical and demographic
predictors of annual mean costs per patient between the three drug groups for overall
annual cost and for each of the six categories of care. The results were reported in 2010
Canadian dollars.
Six separate regression models were run for the six categories of care. Univariate
analyses were performed to examine the nature of the outcome of interest (total annual
cost for prescription drugs, physician services, long-term care, home care nursing
services, emergency department visits and hospitalizations) and each predictor variable
(for a list of potential predictors, see Appendix Table 1). Two continuous variables were
reclassified into categories: the „Pharm‟ variable represents the number of DINs from the
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patient‟s ODB profile and the „MD Contacts‟ variable indicates the number of visits to
physicians the patient had during the year before their index date.
For all six models, the outcome variables were transformed to normalize their
distributions. The Box-Cox transformation function in PROC TRANSREG was used to
determine the most appropriate transformation co-efficient for each outcome. The
procedure recommended natural log transformations for four models (prescription drugs,
physician services, home care nursing services and hospitalizations), and inverse
transformations for long-term care and emergency department visits.
Bivariate analysis was used to gauge the association between individual predictor
variables and the outcome of interest using PROC REG for categorical variables and
PROC CORR for continuous variables. Predictors were eliminated if they were not
significantly associated with the outcome.
In all of the models, Age was kept as a continuous variable to minimize residual
confounding, which could have resulted if age had been classified into categories that
were too broad. This also provided a normally distributed continuous variable with
which to centre the data should multi-collinearity be an issue.
The models were limited to patients, who had used the particular services, i.e.:
while all patients will use ChEIs and therefore at least one prescription drug, not all
patients were expected to use home care nursing services. Consequently, the sample size
used for the home care nursing regression model was considerably less than the overall
sample size. In addition, a p-value for significance of either 0.05 or 0.01 was employed
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depending on the sample size in each model. For example, in the prescription drug
model, all patients were present because they all used at least one prescription drug (their
ChEI): p = 0.01; however, a smaller number of patients used long-term care, so a less
conservative p-value was selected (0.05).
The models were fit using PROC REG; interaction terms between predictors were
created and tested for significance. Predictors were excluded using the backward
elimination method. The effect of potential confounding variables was controlled for
within each of the linear regression models. Their impact was assessed by comparing the
percent change of the parameter estimates with them and without them in the models.
Age, gender, Charlson score, urinary incontinence, home care usage, and income level, as
explained previously, were identified a priori as the most likely confounders.
Assessment of confounders was only done if the model did not include meaningful
(significant) interaction between the variables included.
Potential confounders were included at the outset and thus had the possibility of
being removed from the model due to non-significance as determined by conventional
backwards elimination. If this was the case, the confounder was then re-tested in the
model if no interaction was present. The model was refit with the seven key covariates
one by one using the change in estimate method with a cut-off level of 10%. At this
stage, regardless of its statistical significance, if the confounder caused a 10% change in
the parameter estimate for any of the three ChEIs in the model, then it was re-added.
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The assumptions of linear regression (Independence, Homoscedasticity,
Normality and Linearity) were tested by analyzing the residuals. At this stage of
analysis, the datasets used to construct the long-term care meant cost and emergency
department mean cost models violated several of these assumptions. Consequently,
linear regression models for these two outcomes were not reported.
Regression diagnostics were performed to identify influential points and extreme
outliers; none of the datasets had significant outliers that required removal.
Assessment of multicollinearity was performed with PROC REG and PROC
CORR. Where multicollinearity was considered an issue, the data was centered by the
age variable and results were interpreted accordingly.
Results were reported for base cases for each of the three drugs per care category.
The same linear regression process was employed for total overall annual costs.
4.7.4 Sensitivity Analysis

With the exception of drug costs and physician service fees, measures of resource
utilization were valued according to external cost sources for all outcomes from
HCD/OHCAS, NACRS and CIHI-DAD. Cost values for length of stay for long-term
care and emergency visits were assigned according to MOHLTC rates from a previous
administrative database study (193); these prices were fixed without ranges reported. For
the other datasets, sensitivity analysis was conducted to account for uncertainty regarding
cost values assigned to the data from external sources.

110

This study used best-/worst-case scenario sensitivity analysis to account for
uncertainty involving costs assigned to home care nursing hours and hospital length of
stay for hip and wrist fractures. Scenario analysis involves varying parameters according
to situations that are likely to occur when treating patients (73). Typically, this analysis
will include the base case scenario from the study to be compared with the most
optimistic (best case) and most pessimistic (worst case) scenarios.
Recall that nursing time in the HCD/OHCAS was valued according to the mean
hourly wage of nurses under the Ontario Nurses Association: $34.98 (2010 CAN$). For
the sensitivity analysis the descriptive analysis of total cost and mean cost per patient for
home care nursing services were redone to accommodate the difference in wage level
between low seniority nurses (no experience = $29.36) and high seniority (8 years
experience = $41.70) (196). The regression model was not rerun because in both
instances the wage attributed to the hours of service is a scalar quantity, which does not
affect the relationship between covariates that are and are not predictors of nursing care
costs.
Some of the cost values applied to hospital resource utilization were also
subjected to sensitivity analysis. The per diem rate from the provincial healthcare system
report applied to all dementia-associated hospitalizations was a fixed rate, as were the
annual rates applied to delirium and aspiration pneumonia (194,195). However, the
provincial report detailing the per diem costs for hip fractures and wrist fractures also
presented per diem rates for each condition according to the seriousness of the injury (no
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complexity versus life threatening condition (195). For the sensitivity analysis the
descriptive analysis of total cost and mean cost per patient for hip and wrist fractures
were redone to accommodate the difference in price according to seriousness of the
fracture. For hip fractures, a per diem rate of $1,593.11 represented the no complexity
category and $1,697.57 represented the life-threatening category (recall that $1,618.11
was used in the study). Similarly, wrist fractures were valued at a per diem rate of
$1,366.76 for „no complexity‟ – also the base case for the study – and $1547.40 for „lifethreatening‟ complexity (195).
4.8 Sample Size
Sample size calculation was done prior to the analysis to determine the necessary
number of patients required to detect a small economic difference. With three treatment
groups to compare, first a comparison of the sample size required to detect the difference
between two groups (the two that had the smallest difference in cost between them) was
done, followed by determining the proportion of the overall patient population these two
groups represented, and then finally correcting the sample size to include the missing
tertile (third treatment group). Data from three studies supplied information for this
analysis. The first was a Canadian economic analysis of the three ChEIs by Wong et al.
(2009) that used RCT effectiveness data from the second study by Kavirajan & Schneider
(2007) (59,173). Mean costs were extracted from these studies for the three ChEI groups
and their standard deviations. The third study was a Canadian population-based study
that published the proportion of ChEI users per treatment group (49). The combination
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of these data sources generated a sample size of 26,752, which was then inflated (by 0.6)
to account for 40% of patients who would likely discontinue ChEI usage, which yielded a
final sample size of 44,587.
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Chapter 5
Ethical Considerations

5.1 ICES policy
The Institute for Clinical Evaluative Sciences (ICES) is an independent, nonprofit organization whose infrastructure funding and data access are provided by the
Ontario Ministry of Health and Long Term Care. ICES is named as a prescribed entity
under Section 45(1) of the Personal Health Information Protection Act. This Section
permits health information custodians to disclose personal health information to a
prescribed entity without individual consent for the purposes of analysis or compiling
statistical information relating to the management, evaluation, monitoring, allocation of
resources to, or planning for the healthcare system.
ICES holds many of the provincial government‟s healthcare administrative
databases. These include, but are not limited to, the Ontario Health Insurance Plan, the
Ontario Drug Benefit program, the Canadian Institute for Health Information‟s Discharge
Abstract Database and Same-Day Surgeries, the Home Care Database, the National
Ambulatory Care Reporting Service, the Corporate Providers Database and the
Registered Persons Database.
Since the aim of this project was to analyze data to describe resource allocation
and aid in planning for the healthcare system, it met the criteria as a Section 45(1) project
at ICES and received approval from the ICES reviewers to proceed.
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This study was accomplished using personal health information. As such,
appropriate safeguards must be put in place to maintain the confidentiality of individuallevel data. All of the data are held in a highly-secured facility. By law, as a prescribed
entity, ICES policies, practices and procedures must be reviewed and approved by
Ontario‟s Information and Privacy Commissioner every three years. Penetration testing,
threat-risk assessment and security reviews by third party reviewers are conducted
regularly, as are internal audits. Access to data, even when anonymized, is strictly
limited.
To ensure the confidentiality of administrative and registry data identifying
information is stripped and replaced with a unique ICES Key Number (IKN). The IKN is
consistent across the different datasets, enabling such databases to be linked together. No
personal health information will be reported at the individual level – only aggregate data
on patients‟ characteristics (e.g.: mean age, etc). To further protect patient privacy, the
dataset provided to the student contains only the patient‟s IKN and values for variables
considered relevant to the objectives of the project. Information on characteristics will be
suppressed when sample sizes are less than or equal to 5 individuals.
Record-linkage and all analyses took place at the secured ICES@Queen‟s site,
while all of the health information records reside at the ICES headquarters in Toronto.
All staff at the ICES@Queen‟s site signed confidentiality agreements and underwent
privacy and security orientations, including the student researcher, prior to performing
their respective roles.
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This study received ethics approval through a separate submissions to the
Research Ethics Board for Health Sciences at Queen‟s University, through an ICES
internal review committee, and the Sunnybrook Health Sciences Services Research
Ethics Board. Since this was a retrospective cohort study using health administrative
databases, the accumulation of data for measurement, the processing of results and the
analysis did not pose any risk to patients‟ health.
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Chapter 6
Results

6.1 Introduction
This chapter presents the results of the study. Section 6.2 details the cohort
selection process with the exclusion criteria applied to the Ontario population, and the
division of patients into treatment groups. Section 6.3 presents findings relevant to
Objective 1, including a description of the cohort regarding patient characteristics
(demographic, clinical, co-morbid status and disease severity) at baseline, ChEI treatment
persistence and drug switching. Section 6.4 considers Objectives 2 and 3, presenting
descriptive statistics of resource utilization and associated costs from the health system‟s
perspective and for each of the six categories of care (prescription drugs, physician visits,
long-term care, home care nursing, emergency visits and hospitalization). Section 6.5
explores the effects of the six key covariates – gender, age, co-morbid disease burden,
urinary incontinence, home care and income quintile – on overall health system costs and
for the six categories of care. Section 6.6 presents the results of the multivariate linear
regression used to compare demographic and clinical predictors of annual overall costs
and for each of the six categories of care. Section 6.7 presents the results from the
best/worst case scenario sensitivity analysis and overall study trends. Section 6.8
presents the retrospective power calculation to detect differences between the groups.
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6.2 Cohort Selection
Between April 1st, 2003 and March 31st, 2010, 2,224,208 individuals in Ontario
aged 66 and over were identified. Figure 2 details results from the cohort selection: of
the 2,224,208 elderly individuals between April 1st, 2003 and March 31st, 2010, 107,051
were considered new users of ChEIs, among which 88,266 were living in the community
(not in long-term care at the time of their index date). Of these remaining patients,
57,477 used their ChEIs continuously for their first 90 days of treatment. To limit these
users to those taking them specifically for dementia, a dementia diagnosis algorithm was
employed. Of the 49,894 remaining, 9837 were further excluded because they fell out of
the timeframe of interest (index date from April 1st, 2004 to March 31st, 2009).
Out of 2,224,208 individuals, 40,057 met all the requirements for this study.
These patients were categorized into three groups according to their prescribed first
ChEI: 24,347 donepezil users, 11,140 galantamine users and 4,570 rivastigmine users.
Figure 2: Cohort selection
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6.3 Objective 1
The first objective was to describe and compare baseline patient-level factors and
treatment persistence among the three drugs (donepezil, galantamine and rivastigmine) in
the Ontario population. Section 6.2.1 presents the patient-level characteristics at the time
of the index date. Section 6.2.2 and 6.2.3 provide details regarding patient ChEI usage
(persistence and switching).
6.3.1 Descriptive characteristics

The characteristics of the patients in this study are summarized in Table 2,
stratified by treatment group. Variables were classified into four broad categories: 1)
demographic; 2) treatment prior to cohort entry; 3) co-morbidity at baseline (prior to
index date); and 4) disease severity.
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Table 2: Descriptive characteristics of patients based on treatment groups
Variable
Cholinesterase Use
Demographics
Gender
Female
Male
Income Quintile**
Missing
1
2
3
4
5
Low Income (ODB low
income marker)
Rural Indication (Yes)
LHIN
1) Erie St. Clair
2) South West
3) Waterloo
Wellington
4) Hamilton Niagara
Haldimand Brant
5) Central West
6) Mississauga
Halton
7) Toronto Central
8) Central
9) Central East
10) South East
11) Champlain
12) North Simcoe
Muskoka
13) North East
14) North West
Cohort Entry Year
2004 (Sept-Dec)
2005
2006
2007
2008
2009 (Jan-Mar)
Age

Type

donepezil
N = 24347

galantamine
N = 11140

rivastigmine
N = 4570

p-value*

Count (%)*

15,006 (61.6)
9,341 (38.4)

6,709 (60.2)
4,431 (39.8)

2,516 (55.0)
2,045 (44.9)

<0.0001

Count (%)

83 (0.3)
4,955 (20.4)
4,951 (20.3)
4,806 (19.7)
4,769 (19.6)
4,783 (19.6)
5,994 (24.6)

42 (0.4)
2,380 (21.4)
2,311 (20.7)
2,102 (18.9)
2,107 (18.9)
2,198 (19.7)
2,615 (23.5)

11 (0.1)
890 (19.5)
930 (20.3)
943 (20.6)
892 (19.5)
904 (19.8)
1,160 (25.4)

0.0807

3,363 (13.8)

1,195 (10.8)

432 (9.5)

<0.0001

1,366 (5.6)
2,120 (8.7)

582 (5.2)
811 (7.3)

334 (7.3)
311 (6.8)

<0.0001

1,129 (4.6)

627 (5.6)

381 (8.3)

3,432 (14.1)
791 (3.2)

1,511 (13.6)
298 (2.7)

417 (9.1)
139 (3.0)

1,619 (6.7)
1,938 (8.0)
2,470 (10.2)
2,247 (9.2)
1,103 (4.5)
3,041 (12.5)

538 (4.8)
898 (8.1)
1,290 (11.6)
1,917 (17.2)
493 (4.4)
996 (9.0)

517 (11.3)
411 (9.0)
676 (14.8)
621 (13.6)
98 (2.2)
383 (8.4)

945 (3.9)
1506 (6.2)
620 (2.6)

539 (4.8)
440 (4.0)
190 (1.7)

161 (3.5)
83 (1.8)
35 (0.8)

3,560 (14.6)
4,856 (19.9)
4,622 (19.0)
4,858 (20.0)
5,108 (21.0)
1,343 (5.5)
80.7 (6.3)

1,461 (13.1)
1,446 (13.0)
2,277 (20.4)
2,448 (22.0)
2,829 (25.4)
679 (6.1)
80.5 (6.3)

794 (17.4)
909 (19.9)
974 (21.3)
979 (21.4)
753 (16.5)
161 (3.5)
80.0 (6.4)

Count (%)

Count (%)

Count (%)

Mean (STD)**
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0.0165

<0.0001

0.0001

Table 2 (cont’d): Descriptive characteristics of patients based on treatment groups
Variable
Type
Treatment prior to cohort entry
Rehab visits within 1
Count (%)
year
Acute Hospital within 6
Count (%)
months
Count (%)
CT Scan of the head
Antidepressant within
Count (%)
past 1 year
Antiparkinsonian drug
Count (%)
within past 1 year
Typical Antipsychotics
Count (%)
within past 1 year
Atypical Antipsychotic
Count (%)
within past 1 year
Benzodiazepine within
Count (%)
past 1 year
Mean (STD)
Total # Physician Visits
Visits to Dementia
Specialists:
a) Geriatrician Visits
b) Neurologist Visits
c) Psychiatrist Visits
ER visits within 1 year
Mean (STD)
prior
Number of DINs
Mean (STD)
Co-Morbidities
Count (%)
Myocardial Infarction
Count (%)
Congestive Heart Failure
Peripheral Vascular
Count (%)
Disease
Count (%)
Cerebrovascular Disease
Chronic Obstructive
Count (%)
Pulmonary Disease
Count (%)
Rheumatic-like Disease
Ulcers of the Digestive
Count (%)
System
Count (%)
Liver Disease (Mild)
Diabetes (No chronic
Count (%)
complications)
Diabetes (chronic
Count (%)
complications)
Count (%)
Hemi/Paraplegia
Count (%)
Renal or Kidney Disease
Count (%)
Cancer (No Secondary)
Count (%)
Liver Disease (Severe)
Count (%)
Cancer (Metastatic)
Count (%)
HIV/AIDS
Mean (STD)
Charlson Score ǂǂ
Count (%)
Hearing Impairment
Count (%)
Malnutrition
Count (%)
Visual Impairment

donepezil

galantamine

rivastigmine

p-value*

<5 (0)

<5 (0)

<5 (0)

4,919 (20.2)

2,103 (18.9)

959 (21.0)

0.1093
0.0024

9,942 (40.8)
8,016 (32.9)

4,941 (44.3)
3,899 (35.0)

2,003 (43.8)
1,692 (37.0)

<0.0001
<0.0001

765 (3.1)

329 (2.9)

584 (12.8)

<0.0001

257 (1.1)

135 (1.2)

68 (1.5)

0.032

3,042 (12.5)

1,433 (12.9)

988 (21.6)

<0.0001

5,635 (23.1)

2,655 (23.8)

1,184 (25.9)

0.0003

33.0 (29.2)
2.2 (5.7)

34.5 (28.2)
2.6 (6.4)

37.7 (32.1)
3.4 (8.4)

<0.0001
<0.0001

0.8 (2.6)
0.6 (2.0)
0.7 (4.4)
1.0 (1.8)

1.1 (2.9)
0.6 (1.9)
0.9 (5.1)
1.0 (1.6)

1.2 (3.6)
1.0 (2.6)
1.1 (6.7)
1.0 (1.7)

<0.0001
<0.0001
<0.0001
0.011

11.0 (6.8)

11.4 (6.8)

12.3 (7.0)

<0.0001

1,333 (5.5)
1,511 (6.2)
653 (2.7)

722 (6.5)
696 (6.2)
320 (2.9)

315 (6.9)
300 (6.6)
138 (3.0)

<0.0001
0.6552
0.335

1,769 (7.3)
1,465 (6.0)

965 (8.7)
671 (6.0)

364 (8.0)
263 (5.7)

<0.0001
0.7779

181 (0.7)
464 (1.9)

83 (0.7)
220 (2.0)

43 (0.9)
87 (1.9)

0.356
0.9024

78 (0.3)
1,615 (6.6)

34 (0.3)
788 (7.1)

22 (0.5)
344 (7.5)

0.1836
0.0513

920 (3.8)

512 (4.6)

194 (4.2)

0.0011

185 (0.8)
668 (2.7)
1,408 (5.8)
36 (0.1)
203 (0.8)
<5 (ǂ)
0.69 (1.3)
584 (2.4)
49 (0.2)
3,671 (15.1)

104 (0.9)
327 (2.9)
623 (5.6)
12 (0.1)
85 (0.8)
<5 (ǂ)
0.73 (1.4)
265 (2.4)
15 (0.1)
1,713 (15.4)

39 (0.8)
170 (3.7)
256 (5.6)
9 (0.2)
35 (0.8)
<5 (ǂ)
0.75 (1.4)
99 (2.2)
8 (0.2)
676 (14.8)

0.2327
0.0015
0.731
0.3771
0.7467
0.2731
0.0008
0.6348
0.3875
0.6104
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Table 2 (cont’d): Descriptive characteristics of patients based on treatment groups
Variable
Type
Dementia Severity Indicator
Count (%)
Aspiration Pneumonia
Count (%)
Delirium
Count (%)
Falls
Count (%)
Hip Fractures
Count (%)
Urinary Incontinence
Count (%)
Fecal Incontinence
Count (%)
Pressure Ulcers
Home Care Nursing
Services
Home Care
Home Care Visits
Hospital visit within 5
years

donepezil

galantamine

rivastigmine

p-value*

21 (0.1)
766 (3.1)
534 (2.2)
399 (1.6)
2,529 (10.4)
12 (0)
176 (0.7)

10 (0.1)
334 (3.0)
237 (2.1)
167 (1.5)
1,222 (11.0)
<5 (0)
74 (0.7)

5 (0.1)
108 (3.7)
75 (1.6)
65 (1.4)
593 (13.0)
<5 (0)
33 (0.7)

0.9357
0.0848
0.0581
0.4189
<0.0001
0.3871
0.8219

Count (%)

3,072 (12.6)

1,470 (13.2)

569 (12.4)

0.2546

Count (%)
Mean (STD)
Mean (STD)

8,958 (36.8)
22.8 (75.8)
1.1 (1.6)

4,261 (38.2)
21.8 (72.1)
1.1 (1.6)

1,814 (39.7)
25.0 (82.6)
1.1 (1.6)

0.0002
0.0537
0.0369

Note: DINs = Drug Identification Numbers (or the number of unique drugs a patient received).
* The p-values in this table are very small (highly significant), but this is likely a result of the large sample size. When interpreting these results, the
differences in proportions or means should be considered as well, some of which do not seem so different despite having p<0.01.
** Income Quintile values were suppressed as per ICES policy and because they varied from region to region.

ǂ Cell size and percentages suppressed to preserve confidentiality in compliance with ICES policy
ǂǂ Charlson score = cumulative Charlson co-morbidity index score, excluding the point for dementia

Table 2 illustrates that the three ChEI groups had comparable baseline
demographic characteristics, although some differences between the groups are worth
noting. While mean age and indices of socioeconomic status (area-level income quintile
and low income status as indicated from ODB records) were similar for the three ChEI
groups, rivastigmine users were more likely to be male compared with the other two
groups (45.0% compared with 38.4% and 39.8% of donepezil and galantamine users,
respectively), and rural residency was significantly higher among donepezil users than
the other two ChEIs (13.8% compared with 10.8% and 9.5% for galantamine and
rivastigmine, respectively). Cohort entry year was examined for trends in ChEI
prescription over time: the number of new donepezil users grew steadily, galantamine use
experienced a surge between 2005 and 2006 (from 13.0% to 20.4% of its use in one year)
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along with consistent growth in the number of new users over time; and rivastigmine use
experienced growth from 2004 to 2006, stabilized and then declined from 2007 onwards.
Regarding previous treatment received, rivastigmine users had more interaction
with health services prior to their index date than users of the other ChEIs; the proportion
of rivastigmine users visiting physicians was slightly higher than for the other groups,
and the most pronounced differences occurred for uses of antiparkinson drugs (12.8% for
rivastigmine compared with 3.0% use for donepezil and galantamine) and atypical
antipsychotic medications (21.6% for rivastigmine compared with 12.5% and 12.9 for
donepezil and galantamine, respectively). Multiple comparison tests determined a
significantly higher proportion of patients in the rivastigmine group made use of
treatments than those in either the donepezil or galantamine groups. Treatment use prior
to cohort entry was only statistically different between donepezil and galantamine users
for all physician visits (including geriatricians, neurologists and psychiatrists), and the
number of DINs.
The Charlson co-morbidity index indicated that the average user of any of the
drugs had approximately one other major co-morbid condition (donepezil = 0.69,
galantamine = 0.73 and rivastigmine = 0.75). When examined individually, only four of
the 16 Charlson conditions were statistically different across the treatment groups:
myocardial infarctions occurred more frequently among rivastigmine users than
donepezil and galantamine users (6.9% compared with 5.5% and 6.5%, respectively);
more galantamine users had cerebrovascular disease than donepezil users (8.7%
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compared with 7.3% - not statistically higher than rivastigmine); diabetes with chronic
complications occurred more frequently among galantamine users than donepezil users
(4.6% compared with 3.8%), but not rivastigmine users; and renal/kidney disease
occurred more frequently among rivastigmine users compared to donepezil (3.7%
compared with 2.8%), but not galantamine users. Co-morbidity burden did not differ
between the treatment groups for conditions not included in the Charlson index (e.g.
hearing and visual impairment, malnutrition).
Of the 11 proxy indicators for dementia severity, only two varied across the
treatment groups. Urinary incontinence was statistically higher among rivastigmine users
compared with donepezil and galantamine users (13.0% compared with 10.4% and
11.0%, respectively); the difference between donepezil and galantamine users was not
significant. While home care usage was significantly lower among donepezil users than
both galantamine and rivastigmine users (36.8% compared with 38.3% and 39.7%,
respectively, p = 0.0002), use of home care nursing services was not statistically different
among any of the groups (p = 0.25).
6.3.2 Treatment persistence

Approximately 40% of patients were anticipated to discontinue their treatment
during the course of their first year (7,94,142-145). Figure 2 shows the Kaplan-Meier
curve of ChEI use up to 12 months: the top line corresponds to galantamine users and the
bottom line represents rivastigmine use. For Kaplan-Meier curves of ChEI persistence
for 6-month and 9-month, see Appendix Figures 1 & 2. The proportion of users among
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the three treatment groups who adhered to treatment declined over time: after six months,
persistence was 80.2% for donepezil, 82.6% for galantamine and 76.3% for rivastigmine
(see Appendix Table 2); after nine months, persistence decreased to 70.2% for donepezil,
73.6% for galantamine and 64.9% for rivastigmine (see Appendix Table 3); and at one
year, persistence was 63.1% for donepezil, 67.0% for galantamine and 57.0% for
rivastigmine (see Appendix Table 4). The odds of discontinuation among the treatment
groups increased over time: at six months, the odds of discontinuation were 1.47 (95% CI
1.36, 1.60) and 1.26 (95% CI 1.17, 1.36) times higher for rivastigmine than galantamine
and donepezil, respectively; at nine months, the odds of discontinuation were 1.51 (1.40,
1.62) and 1.27 (1.19, 1.36) times higher for rivastigmine than galantamine and donepezil,
respectively; and, at one year, the odds were 1.53 (1.43, 1.64) and 1.29 (1.21, 1.36)
higher for rivastigmine than the other two groups. Log rank (chi-squared) tests
determined that these differences were statistically significant (p <0.0001) at 6, 9 and 12
months after index date.
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Figure 3: ChEI use for up to 12 months among treatment groups

The effect of covariates was tested. Though considerable variation in persistence
across LHINs was observed (ranging from 67.1% in LHINs 3 and 11 to 59.2% in LHIN
7) these differences were not statistically significant (see Appendix Table 5 & Figure 3).
Exploring the cohort entry year variable provided evidence that persistence increased
over the years – persistence was 61.3% for those starting treatment in 2004 and this
gradually increased to 66.0% in 2009 (see Appendix Figure 4 & Table 6). Age did not
display any significant effect on treatment persistence (p=0.33) (see Appendix Figure 5 &
Table 7). The overall persistence rate for the cohort, regardless of treatment group was
63.5%.
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6.3.3 Drug switching

The overall rate of switching among all treatment groups was 12.4%, or 4,980
patients out of 40,057; this means that 35,077 (87.6%) were consistent users of their first
ChEI. The rates of switching for each treatment group were 12.7% among donepezil
users, 9.6% for galantamine and 18.0% for rivastigmine. The odds of switching were
2.07 (1.88, 2.28) higher among rivastigmine users than galantamine users, 1.52 (1.39,
1.65) higher for rivastigmine than donepezil, and 1.37 (1.27, 1.47) times higher among
donepezil users compared with galantamine users.
Removing patients who switched from the analysis improved persistence overall.
Figure 3 shows the survival curves of ChEI users stratified by their switching status and
demonstrates that persistence was higher among patients who did not switch ChEIs.
Table 3 provides the rates of persistence according to switching status: patients with
continuous of donepezil, galantamine or rivastigmine had higher rates of persistence than
others who switched. Considering only patients with continuous use (no switching) of
their initial ChEI, drug persistence rates were 67.7% for donepezil, 71.2% for
galantamine and 64.3% for rivastigmine.
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Figure 4: Effect of switching on drug persistence among the three user groups

Table 3: Drug persistence according to switching status
Switching status
GG (continuous)
DD (continuous)
RR (continuous)
DR (switch)
GR (switch)
DG (switch)
RG (switch)
GD (switch)
RD (switch)
Total

Total
10,070
21,261
3,746
927
320
2,159
364
750
460
40,057

Discontinued
2,901
6,871
1,339
596
211
1,511
261
562
364
14,616

Complied
7,169
14,390
2,407
331
109
648
103
188
96
25,441

128

% Complied
71.2
67.7
64.3
35.7
34.1
30.0
28.3
25.1
20.9
63.5

6.4 Objectives 2 and 3
The second objective had two parts. The first was to describe health resource
utilization and costs to the health system overall and for the six categories of care: 1)
ChEI and prescription drugs; 2) physician visits; 3) long-term care; 4) home care nursing
services; 5) emergency care visits; and, 6) hospitalizations). The second part was to
examine patient-level factors associated with costs for the six categories of care.
The third objective was to compare health resource utilization and costs among
the three treatment groups.
Sections 6.4.1 presents the unit costs found in the literature review of relevant
Canadian cost sources, and presents a summary of total and per patient resource
utilization and costs. Sections 6.4.2 to 6.4.8 present the detailed overall pattern of health
resource utilization and costs, as well as for six categories of care. Each section presents
results from the multiple group statistical comparison for the mean costs.
Figure 4 presents the number of patients in each of the six categories of care.
Some categories included all patients in the sample (40,057; donepezil = 24,347;
galantamine = 11,140; rivastigmine = 4,570), while others contained fewer than the total
number of patients in the sample. Analysis for each category was limited to only those
patients who made use of the health services indicated.
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Figure 5: The number of patients per category of care

6.4.1 Summary of resource utilization and cost

Table 4 provides the unit of health service and the associated cost (e.g.: cost per
tablet of donepezil), as well as the values used for the sensitivity analysis. These were
extracted from provincial health service rates and relevant Canadian studies.
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Table 4: Unit costs for health services
Resource Utilization

Unit

Cost
(per unit)

ChEIs
donepezil
galantamine
rivastigmine (2004-2009)
rivastigmine (Nov, 2009-2010)

5 or 10mg Tablet per day
8, 16, or 24mg Capsule per day
1.5, 3, 4.5 or 6mg Capsule x2 per day
1.5, 3, 4.5 or 6mg Capsule x2 per day

Prescription drugs (See Appendix Table 8 full list)*
Typical Antipsychotics (haloperidol)*
0.5-20mg x3 per day
Atypical Antipsychotics (risperidone)*
0.25-4mg x2 per day
Antidepressants (sertraline)*
25-100mg per day
Benzodiazepine (lorazepam)*
0.5-2mg x2 per day
Physicians
Family practice
Dementia specialists
Geriatrician
Neurologist
Psychiatrist

Focused Practice Assessment for care of
the elderly

Source

Sensitivity
Analysis and
Source

$4.87
$4.98
$2.61
$1.30

(64)

N/A

$0.63
$1.21
$0.45
$0.05

(64)

N/A

$34.70

(215)

N/A

Comprehensive geriatric consultation
Consultation
Consultative interview for dementia

$300.70
$176.35
$212.65

Long-Term Care

per day length of stay (includes nursing,
food and program costs)

$131.19

(193)

N/A

Home Care Nursing

per hour wage for care performed by
nurses

$34.98

(196)

No experience:
$29.36;
8 years exp.:
$41.70 (196)

per visit (all hospital services provided

$195.98

(193)

N/A

length of stay per day (all hospital
services provided)
per episode (all hospital services
provided)
per episode (all hospital services
provided)
length of stay per day (all hospital
services provided)

$672.50

(195)

N/A

$5,163.28

(194)

N/A

$11,246.38

(194)

N/A

$1,618.11

(195)

$1,366.75

(195)

No
complexity:
$1,593; Lifethreatening:
$1,697.55(195)
No
complexity:
$1,366.75;
Lifethreatening:
$1,547.40(195)

Emergency Department Visits
Any condition
Delirium
Aspiration Pneumonia
Hip Fracture
Wrist Fracture
Hospitalisations
Any condition
Delirium
Aspiration Pneumonia
Hip Fracture

Wrist Fracture

length of stay per day (all hospital
services provided)

Note: all costs reported in 2010 $CAN. *The most commonly prescribed drug of each prescription drug class is presented for unit cost detail. See
Appendix Table 8 full list
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Table 5 presents the results of the analysis of overall resource utilization. Over
the duration of the study, donepezil users contributed the most number of days of ChEI
treatment up to one year following index; however, galantamine had a statistically higher
number of per-patient days (307.6 compared with 300.6 for donepezil and 288.4 for
rivastigmine, p<0.0001); the multiple comparison test indicated that all three groups were
statistically different from each other. On average, rivastigmine users visited physicians
more frequently than the other two groups; for visits to all physicians, the three ChEI
groups were statistically different from each other, with the highest per-patient visit rate
occurring among rivastigmine users (45.6 visits) and the lowest rate among donepezil
users (40.5 visits). The multiple comparison test indicated that rivastigmine users saw
dementia specialists and primary care specialists statistically more frequently than either
donepezil or galantamine users (these two were not different from each other).
Rivastigmine users also had statistically longer annual length of stay in long-term care
than galantamine users (199.0 days compared with 186.2); though this number was
higher than that of donepezil users (191.6 days), the multiple comparison test determined
that this difference was not statistically significant. There was no difference in the
number of hours patients received home care nursing across the ChEI groups, nor were
there differences in the number of visits to the emergency department or in the number of
days hospitalized.
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Table 5: Summary of resource utilization by care category
Variable

Type

donepezil
Total

ChEI
treatment
duration

N
# of days

Physician visits
All
N
Physicians
# of visits
Dementia
N
Specialists
# of visits
Primary Care
N
Specialists
# of visits
Long-Term
Care

N
(# of days)

Home Care
Nursing

N
(# of
hours)

Emergency Department
Any
N
condition
(# of visits)
Wrist
N
Fracture
(# of visits)
Hip Fracture
N
(# of visits)
Aspiration
N
Pneumonia
(# of visits)
Delirium
N
(# of visits)
Hospitalisations
Any
N
condition
(# of days)
Wrist
N
Fracture
(# of days)
Hip Fracture
N
Aspiration
Pneumonia

N

galantamine
per patient
(SD)

24,347
7,317,916

62,512
23,726
335,000

300.6 (96.4)

40.5 (34.1)

5.3 (7.5)

14.1 (12.7)

307.6 (93.2)

463,756
6,020
32,431
10,863
152,656

191.6
(107.0)

266,322

41.6 (33.8)

12,151

44,334

1,318,190

288.4 (101.5)

<0.0001

<0.0001

208,506
2,670

45.6 (37.0)

<0.0001

<0.0001

5.4 (7.1)

16,177
4,466

6.1 (8.9)

<0.0001

<0.0001

14.1 (12.3)

67,869

15.2 (13.0)

<0.0001

<0.0001

0.035

0.037

25.6 (46.1)

0.79

0.41

2.0 (1.7)

0.41

0.25

659
186.2
(105.6)

1,723
27.1 (56.4)

per patient
(SD)

4,570

1,430

3,753
101,775

3,426,452

Total

Statistical
Significance*
ANOVA
KruskalWallis

4,570

11,140

3,279
628,369

per patient
(SD)

11,140

24,347
987,079
11,827

Total

rivastigmine

131,134

199.0 (103.4)

697
27.1 (54.2)

5,444

17,857

2,352

25,165
142

2.1 (1.7)

11,103
57

2.0 (1.6)

4,789
16

151
403
416
25

1.1 (0.3)

59
175
185
7

1.0 (0.2)

16
100
103
6

1.0 (0)

0.08

0.11

1.0 (0.2)

0.07

0.05

26
152
158

1.0 (0.2)

6
31
32

1.0 (0)

0.41

0.41

1.0 (0.2)

0.92

0.93

1.0 (0.19)

1.0 (0.2)

6,497
127,662
24
502
434
9,359
188

7
66
68

1.1 (0.2)

1.0 (0)
1.0 (0.2)

2,926

1,311

5.2 (16.7)

57,301
7

5.1 (16.8)

25,869
5

(5.7 (16.7)

0.21

0.0032

20.9 (20.9)

102
190
3,847
82

15.0 (9.1)

95
97
2,031
43

19.0 (19.6)

0.46

0.52

20.9 (23.9)

0.41

0.19

903
132
3,323

21.0 (18.2)

0.99

0.4

25.2 (26.3)

0.73

0.24

21.6 (25.9)

20.2 (21.2)

(# of days)
4,874
25.9 (31.3)
2,294
28.0 (32.5)
N
420
223
(# of days)
9,586
22.8 (30.0)
5,867
23.6 (31.1)
*Statistical significance level corresponds to per patient resource utilization estimates
Delirium

Table 6 provides overall and per patient costs by care category. Over the duration
of the study, donepezil users had the lowest per-patient cost for all prescription drugs: the
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average cost for prescription drugs were $3,919.25, $4,052.17 and $4,290.41 for
donepezil, galantamine and rivastigmine, respectively; the multiple comparison test
indicated that these amounts were statistically different from each other. For ChEIs,
donepezil users had statistically lower costs than either galantamine or rivastigmine,
which were not significantly different from each other ($1,947.65, $1,980.26 and
$1,997.49 per patient, respectively). On average, rivastigmine users had higher cost
values for other prescription drugs associated with dementia (typical and atypical
antipsychotics, antidepressants and benzodiazepines), indicating that they used these
drugs more frequently than the other two ChEI groups. ChEIs appear to account for half
of total prescription costs and per-patient prescription costs across all three treatment
groups (e.g.: for donepezil users, total costs was $95.4 million and ChEI cost was $47.4
million; and, total annual per-patient cost was approximately $4,000 and ChEI per-patient
cost was approximately $2,000).
Rivastigmine users visited physicians more frequently than the other two groups
and, therefore, incurred higher costs (donepezil and galantamine users were not
statistically different from each other regarding physician costs. Rivastigmine users also
had statistically higher long-term care costs than the other two ChEIs. There was no
difference in the per-patient cost of providing patients with home care nursing across the
ChEI groups, and costs associated with emergency visits and hospitalizations overall
were not different across the ChEI groups.
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Table 6: Summary of healthcare costs by care category
Variable

donepezil
Total

Prescription drugs
All Prescription
$95,421,988.80
Drugs
ChEI treatment
$47,419,409.13
Typical
Antipsychotics
Atypical
Antipsychotics
Benzodiazepine

$2,178,167.27

Antidepressants

$2,999,492.73

Physician visits
All Physicians

$35,067,528.23

Dementia
Specialists
Primary Care
Specialists

$25,651.61

$297,999.07

$4,041,864.79
$7,714,255.78

galantamine

rivastigmine

Statistical
Significance
ANOVA
KruskalWallis

per patient
(SD)

Total

per patient
(SD)

Total

per patient
(SD)

$3,919.25
($2,089.75)
$1,947.65
($619.00)
$48.86
($79.66)
$425.42
($604.44)
52.94
($88.26)
$311.34
($283.51)

$45,141,164.79

$4,052.17
($2,107.93)
$1,980.26
($645.25)
$56.84
($94.02)
$419.90
($621.97)
$52.02
($78.48)
$312.22
($281.88)

$19,607,166.07

$4,290.41
($2,288.48)
$1,997.49
($748.09)
$70.12
($98.42)
$474.51
($645.62)
$51.99
($74.26)
$347.63
($321.88)

<0.0001

<0.0001

<0.0001

<0.0001

0.046

0.014

0.02

0.0006

0.87

0.57

<0.0001

0.0002

$1,442.10
($1,780.47)
$341.75
($574.70)
$325.14
($350.58)

$16,479,519.87

$1,480.24
($1,593.45)
$334.27
($520.68)
$315.98
($322.03)

$7,731,729.44

$1,693.33
($1,800.56)
$379.07
($580.87)
$356.66
($334.59)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

$22,060,075.16
$13,527.46
$9,804,697.77
$135,812.73
$1,403,410.93

$2,012,309.53
$3,432,470.38

$9,128,535.01
$8,204.05
$627,779.38
$58,596.60
$673,357.71

$1,012,124.88
$1,592,851.30

Long-Term
Care

$82,435,729.11

$25,140
($14,042)

$34,938,783.18

$24,433
($13,859)

$17,203,469.46

$26,105
($13,567)

0.035

0.037

Home Care
Nursing

$3,560,089.50

$991.10
($948.60)

$1,550,803.32

$807.86
($949.08)

$624,637.86

$846.47
($896.18)

0.79

0.41

$405.88
($329.08)
$208.40
($53.30)
$202.30
($37.32)
$203.82
($39.20)
$203.72
($44.44)

$2,176,553.88

$399.87
($314.53)
$202.86
($36.38)
$207.18
($45.62)
$195.98 (0)

$938,548.22

$399.04
($336.23)
$195.98
(0)
$201.86
($33.60)
$195.98
(0)
$202.30
($35.20)

0.41

0.25

0.08

0.11

0.07

0.05

0.41

0.41

0.92

0.93

$13,269.95
($17,752.73)
$25,968.25
($26,765.28)
$26,089.37
($41,671.07)
$11,246.38
(-)
$5,163.28
(-)

0.97

0.28

0.77

0.99

0.82

0.79

-

-

-

-

Emergency Department
Any condition
$4,931,836.70
Wrist Fracture

$29,592.98

Hip Fracture

$81,527.68

Aspiration
Pneumonia
Delirium

Hospitalisations
Any condition
Wrist Fracture
Hip Fracture
Aspiration
Pneumonia
Delirium

$5,095.48
$30,964.84

$85,852,695.00
$686,108.50
$15,143,891.49
$2,114,319.44
$2,168,577.60

$13,214.21
($18,614.73)
$28,587.85
($28,544.03)
$30,933.39
($38,854.13)
$11,246.38
(-)
$5,163.28
(-)

$11,562.82
$36,256.30
$1,371.86
$13,326.64

$38,534,922.50
$143,508.75
$6,224,869.17
$922,203.16
$1,151,411.44

$201.92
($33.85)

$13,169.83
($18,891.67)
$20,501.25
($12,501.59)
$27,856.94
($37,668.00)
$11,246.38
(-)
$5,163.28
(-)

$3,135.68
$20,185.94
$1,175.88
$6,271.36

$17,396,902.50
$129,841.25
$3,286,381.41
$483,594.34
$681,552.96

Note: all costs reported in 2010 $CAN

6.4.2 Overall healthcare system costs

Total annual overall costs to the Ontario public healthcare system for this cohort
stratified by treatment group is presented in Table 7. Between the 2005 and 2008 entry
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cohorts the number of new ChEI users grew from 7,211 to 8,690, which led to increases
in overall costs and other services: prescription drugs covered under the ODB, physician
services, emergency services and home care nursing. Hospitalizations and long-term care
costs slightly declined over time. However, these overall trends were not consistent
across all three treatment groups during the same time period. While the number of new
users of donepezil seemed to increase over time (4,856 for 2005 to 5,108 for 2008),
overall costs fluctuated for the duration of the study (low of $59.4 million in 2006 and a
high of $64 million in 2005). As previously mentioned, the number of galantamine users
surged between the 2005 and 2006 entry cohorts (from 1,446 to 2,277 new users) and
gradually grew thereafter till 2008; this was reflected in its overall cost ($19 million for
2005 to $33.5 million for 2008). Rivastigmine use and overall cost also increased before
declining for the 2008 entry cohort. Expenditure rose to $13.6 million for 979 new
patients in 2007 from $12.2 million in 2005 and then decreased to $10.5 million
corresponding to 753 new patients in 2008 – these differences are being driven by the
lower number of new patients in 2008 vs. 2005. Donepezil had the most users, and this
was reflected in the amount spent for their care across all six categories and overall costs.
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Table 7: Total annual overall costs
All users
Entry
N
Year
year

Drugs in ODB

2004*

5,815

$23,270,427.34

2005

7,211

2006

Hospitalizations

Emergency
Visits

Long-Term
Care

$7,824,931.91

$18,918,097.50

$1,145,895.06

$24,006,589.29

$641,883.00

$29,034,234.79

$10,574,844.34

$25,365,355.00

$1,470,437.94

$27,736,714.56

$976,851.48

$95,158,438.10

7,873

$31,478,002.71

$12,041,033.34

$28,623,617.50

$1,610,955.60

$26,352,004.11

$1,335,536.40

$101,441,149.66

2007

8,285

$32,990,106.42

$12,288,418.43

$31,904,072.50

$1,632,513.40

$25,105,305.54

$1,132,337.58

$105,052,753.87

2008

8,690

$34,515,284.02

$13,190,756.90

$30,497,202.50

$1,738,734.56

$24,823,115.85

$1,303,914.48

$106,069,008.31

2009*

2,183

$8,882,264.38

$3,358,792.62

$6,476,175.00

$448,402.24

$6,554,252.40

$345,007.74

$26,064,894.39

donepezil users
Entry
Year
N

Drugs in ODB

Physicians

Physicians

Hospitalizations

Emergency
Visits

Long-Term
Care

Home Care
Nursing

HC Nursing

Overall Cost
$75,807,824.10

Overall Cost

2004

3,560

$13,802,103.97

$4,607,925.55

$11,272,445.00

$712,387.30

$14,344,839.36

$415,177.62

$45,154,878.80

2005

4,856

$19,047,639.86

$6,777,447.82

$17,433,217.50

$992,050.76

$19,081,979.07

$655,875.00

$63,988,210.01

2006

4,622

$18,184,657.42

$6,851,197.06

$16,932,205.00

$963,633.66

$15,667,890.51

$787,189.92

$59,386,773.57

2007

4,858

$19,188,031.41

$7,192,973.99

$18,706,932.50

$971,472.86

$14,416,600.29

$688,231.50

$61,164,242.54

2008

5,108

$19,809,044.89

$7,639,892.49

$17,890,517.50

$1,016,352.28

$14,800,855.80

$804,994.74

$61,961,657.70

2009

1,343

$5,390,511.26

$1,998,091.32

$3,617,377.50

$275,939.84

$4,123,564.08

$208,620.72

$15,614,104.72

galantamine users
Entry
Year
N
Drugs in ODB

Physicians

Hospitalizations

Emergency
Visits

Long-Term
Care

HC Nursing

Overall Cost

2004

1,461

$5,977,440.62

$1,973,758.51

$4,518,527.50

$272,216.22

$6,195,185.37

$126,557.64

$19,063,685.85

2005

1,446

$6,054,134.11

$2,248,132.69

$5,068,632.50

$303,573.02

$5,143,172.76

$178,328.04

$18,995,973.12

2006

2,277

$9,167,874.48

$3,468,136.37

$7,813,105.00

$439,975.10

$7,367,236.83

$400,276.14

$28,656,603.93

2007

2,448

$9,699,991.59

$3,437,315.83

$9,247,547.50

$457,809.28

$7,048,051.56

$355,606.68

$30,246,322.45

2008

2,829

$11,416,251.34

$4,261,065.69

$9,436,520.00

$559,522.90

$7,480,060.23

$394,364.52

$33,547,784.68

2009

679

$2,825,472.65

$1,091,110.78

$2,450,590.00

$143,457.36

$1,705,076.43

$95,670.30

$8,311,377.52

rivastigmine users
Entry
Year
N
Drugs in ODB

Physicians

Hospitalizations

Emergency
Visits

Long-Term
Care

HC Nursing

Overall Cost

2004

794

$3,490,882.75

$1,243,247.85

$3,127,125.00

$161,291.54

$3,466,564.56

$100,147.74

$11,589,259.45

2005

909

$3,932,460.82

$1,549,263.83

$2,863,505.00

$174,814.16

$3,511,562.73

$142,648.44

$12,174,254.97

2006

974

$4,125,470.81

$1,721,699.91

$3,878,307.50

$207,346.84

$3,316,876.77

$148,070.34

$13,397,772.16

2007

979

$4,102,083.42

$1,658,128.61

$3,949,592.50

$203,231.26

$3,640,653.69

$88,499.40

$13,642,188.88

2008

753

$3,289,987.79

$1,289,798.72

$3,170,165.00

$162,859.38

$2,542,199.82

$104,555.22

$10,559,565.93

2009
161
$666,280.47
$269,590.52
$408,207.50
$29,005.04
$725,611.89
$40,716.72
$2,139,412.15
Note: all costs reported in 2010 $CAN. *2004 data represents nine months (Apr-Dec) of resources use and 2009 represents three months (Jan-Mar). All
other years considered 12 months.

The most significant sources of cost to the healthcare system were prescription
drugs, hospitalizations and long-term care usage. Figure 5 represents the proportion of
costs contributed by each category of care to overall annual costs in 2008: prescription
drugs accounted for the highest proportion of dollars spent (33% or $34.5 million),
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followed by hospitalizations (29% or $30.5 million) and long-term care (23% or $24.8
million) of the total amount spent ($106 million) – home care nursing contributed the
least (1% or $1.3 million). Table 8 presents the proportion of overall health system costs
represented by each care category from 2004 (30.7%) to 2009 (32.8%): the proportion of
overall costs attributable to prescription drugs increases gradually between 2004 and
2009, long-term care costs decreases proportionally over time, while the other four
categories of care remain stable or increased.
Figure 6: Proportion of total healthcare costs by category of care for the 2008 entry
year

Physician
12%

Home Care
Nursing
1%
Emergency Visits
2%

Prescription
Drugs in ODB
33%

Long-Term Care
23%

Hospitalizations
29%
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Table 8: Proportion of total health system cost by year
Entry Yr

N

Drugs in ODB

Physician

Hospitalizations

Emergency
Visits

LongTerm Care

Home Care
Nursing

Overall

2004

5,815

30.7%

10.3%

25.0%

1.5%

31.7%

0.8%

100.0%

2005

7,211

30.5%

11.1%

26.7%

1.5%

29.1%

1.0%

100.0%

2006

7,873

31.0%

11.9%

28.2%

1.6%

26.0%

1.3%

100.0%

2007

8,285

31.4%

11.7%

30.4%

1.6%

23.9%

1.1%

100.0%

2008

8,690

32.5%

12.4%

28.8%

1.6%

23.4%

1.2%

100.0%

2009

2,183

32.8%

12.4%

22.7%

1.7%

29.2%

1.2%

100.0%

Table 9 presents the results from the descriptive analysis of mean overall costs per
patient stratified by quarter and treatment group. Galantamine users had the lowest mean
per patient costs overall at 3, 6, 9 and 12 months; and rivastigmine had the highest costs
across all four time intervals. The mean annual overall costs (95%CI) per patient were:
$12,557.92 ($12,361.24, $12,794.60) for donepezil; $12,421.63 ($12,107.76, $12,735.51)
for galantamine; and $13,848.97 ($13,333.96, $14,363.97) for rivastigmine. Both the
ANOVA and Kruskal-Wallis multiple comparisons tests determined that these
differences were statistically significant (p <0.0001) over all four time intervals with
rivastigmine significantly higher than the other two. By comparison, the annual mean
overall cost (95%CI), regardless of treatment group, was $12,679.47 ($12,510.86,
$12,848.08), with a range from the lowest annual amount spent at $216.78 (a galantamine
user) to the highest amount spent at $264,334.60 (a donepezil user).
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Table 9: Mean overall costs per patient by quarter
Duration
donepezil

galantamine

rivastigmine

ANOVA
KruskalWallis
Overall

Value
N = 24,347
Mean
95% CI
Min
Max
N = 11,140
Mean
95% CI
Min
Max
N = 4,570
Mean
95% CI
Min
Max
p-value

3 Months

6 Months

9 Months

12 Months

$2,619.33
(2,553.19, 2,685.48)
$161.58
$217,329.89

$5,730.37
(5,609.22, 5,851.51)
$372.38
$243,698.32

$9,150.47
(8,980.27, 9,320.68)
$372.38
$260,240.57

$12,577.92
(12,361.24, 12,794.60)
$372.38
$264,334.60

$2,521.39
(2,436.26, 2,606.51)
$171.58
$102,100.72

$5,580.43
(5,412.29, 5,748.56)
$171.58
$227,971.94

$8,993.33
(8,751.42, 9,235.24)
$216.78
240,468.51

$12,421.63
(12,107.76, 12,735.51)
$216.78
$253,291.28

$2,903.49
(2,754.62, 3,052.36)
$163.05
$92,659.79
<0.0001

$6,362.38
(6,093.99, 6,630.77)
$279.47
$116,045.10
<0.0001

$10,157.15
(9,763.35, 10,550.95)
$550.23
$236,620.30
<0.0001

$13,848.97
(13,333.96, 14,363.97)
$604.91
$237,458.07
<0.0001

p-value
N
Mean
95% CI
Min
Max

<0.0001
40057
$2,624.51
(2,574.86, 2,674.17)
$161.58
$21,729.89

<0.0001

<0.0001

<0.0001

$5,760.77
(5,668.31, 5,853.23)
$171.58
$243,698.32

$9,221.62
(9,090.26, 9,352.98)
$216.78
$260,240.57

$12,679.47
(12,510.86, 12,848.08)
$216.78
$264,334.60

Note: all costs reported in 2010 $CAN.

6.4.3 Costs of ChEI and other prescription drugs

Between the 2005 and 2008 entry cohorts, the total annual cost for all ODB drugs
increased consistently from $29 million to $34.5 million (see Appendix Table 9). Trends
appear consistent with findings from the overall healthcare system category (see previous
section): donepezil ODB costs remained stable (between $19 million and $19.8 million)
despite growth in the number of its users; galantamine spiked between the 2005 and 2006
entry cohorts before growing progressively ($6 million to $11 million); and rivastigmine
experienced a drop in ODB costs (from $3.9 million to $3.3 million).

140

The amount spent on cholinesterase inhibitors has also increased across the
study‟s timeframe. The total cost of ChEIs rose from $14.3 million for the 2005 entry
cohort to $16.8 million for 2008. The annual cost of ChEIs appears to account for
approximately half of all ODB costs for the study cohort: $14.2 million of $29 million for
the 2005 entry cohort (49.1%), $15.6 million of $31.5 million for 2006 (49.4%), $16.2
million of $33 million for 2007 (49%) and $16.8 million of $34.5 million for 2008
(48.6%). As a consequence, trends in the all ODB cost category closely follow rises and
declines in ChEI costs.
Co-medication with prescription antipsychotic and psychotropic drugs was also
considered. Atypical antipsychotics were prescribed to more patients than typical
antipsychotics across each year of the study. The amount of money spent on them,
however, declined for atypical antipsychotics ($882,907.60 in 2005 down to $466,014.07
in 2008) while remaining constant for typical antipsychotics ($10,151.44 in 2005 and
$9,856.57 in 2008). Among the psychotropic drugs, use increased with each year –
antidepressants increased from 2,901 users in 2005 to 3,527 users in 2008, and
benzodiazepine increase from 1,777 to 1,963. While the amount spent increased over
time for benzodiazepines ($88,468.38 in 2005 to $103,734.78 in 2008), the amount spent
decreased for antidepressants from $1.1 million in 2005 to $921,856.67 in 2008.
The number of days patients used ChEIs per year also increased over time (2.1
million days in 2005 to 2.6 million days in 2008). This increase in ChEI use was
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consistent for all three ChEIs across the study‟s timeframe with the exception of
rivastigmine in 2008 when it declined.
Annually, overall mean drug costs (95%CI) were slightly higher for rivastigmine
users at $4,290.41 ($4,224.04, $4,356.78) than either donepezil at $3,919.25 ($3,983.00,
$3,945.50) or galantamine at $4,052.17 ($4,013.02, $4,091.32); according to statistical
tests, this difference was significant (p<0.0001). This trend was consistent across all four
study intervals (see Appendix Table 10).
Annual cholinesterase inhibitor costs per patient were also statistically different
between the treatment groups (p<0.0001): the mean cost for donepezil was $1,947.65
($1,939.87, $1,955.42), galantamine was $1,980.26 ($1,968.27, $1,992.24) and
rivastigmine was $1,997.49 ($1,975.80, $2,019.19). ChEI costs were statistically
different with rivastigmine slightly (less than $50) more expensive than the least
expensive drug across all four study intervals.
Regarding antipsychotic medication, the number of typical antipsychotic users
was low so a p-value of < 0.05 was used to determine significance. Typical antipsychotic
costs were highest among rivastigmine users and was statistically different (p<0.05) at 6,
9 and 12 months following index date. Annually (95%CI), $70.12 ($52.10, $88.14) was
spent per rivastigmine user compared to $48.95 ($42.11, $55.79) per donepezil user and
$56.84 ($44.83, 68.84) per galantamine user. For atypical antipsychotics a p-value of
0.01 was used to determine statistical significance. Similar to typical antipsychotics,
costs for atypical antipsychotics were highest among rivastigmine users and these
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amounts were statistically significantly higher at 6, 9, and 12 months. Annually
(95%CI), $474.51 ($439.69, $509.33) was spent per rivastigmine user compared with
$425.42 ($408.86, $441.98) and $419.90 ($394.66, $445.14) among the donepezil and
galantamine groups, respectively.
Psychotropic costs were also highest among rivastigmine users. While the
difference in mean costs per patient were statistically significant for antidepressant use
across all four time intervals (p<0.0001), differences in benzodiazepine mean cost per
patient were not (p>0.05). The annual mean cost (95%CI) for antidepressants among
rivastigmine users was $347.81 ($333.46, $362.15) compared with $311.34 ($305.68,
$317.01) and $312.22 ($303.98, $320.46) among the donepezil and galantamine groups,
respectively. Mean costs (95%CI) per patient for benzodiazepine use were $52.95
($50.64, $55.25) for donepezil, $52.01 ($49.00, $55.03) for galantamine and $51.99
($47.65, $56.33) for rivastigmine.
6.4.4 Resource utilization and costs of physician visits

As previously mentioned, rivastigmine users had higher per-patient rates of
physician visits annually compared with donepezil and galantamine users. This finding
was consistent for all physician visits across all years of the study (see Appendix Table
11). Rivastigmine users had statistically higher mean rates of visits to all physicians,
dementia and primary care specialists at 3, 6, 9 and 12 months post index date (multiple
comparison test indicated that rivastigmine users were significantly different from the
other two ChEIs for each physician category; however, donepezil and galantamine were
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only statistically different for all physician visits at 9 and 12 months) (see Appendix
Table 12).
The annual costs for all physician visits increases from $10.6 million for the 2005
cohort entry year to $13.2 million for 2008 (see Appendix Table 13). By treatment
group, costs for donepezil users grew from $6.8 million for 2005 users to $7.6 million by
the 2008 cohort, while costs for galantamine were $2.2 million for the 2005 entry year
and grew to $4.2 million for 2008. Rivastigmine declined between 2005 and 2008 from
$1.5 million down to $1.3 million. Visits to dementia specialists grew progressively
between the 2005 and 2008 entry cohorts (from $1.2 million to $1.6 million); this trend
of costs was consistent for donepezil and galantamine users, while rivastigmine users
actually declined over the same period. Costs for visits to physicians with a primary care
specialization fell from $2.5 million for the 2005 cohort to $2.4 million for 2008, with an
increase in cost only seen among the galantamine group.
Mean costs for physician visits were consistently higher for the rivastigmine
group compared to donepezil or galantamine across each quarter of the year following a
patient‟s index date (see Appendix Table 14). The annual mean cost (95%CI) for all
physician visits was $1,442.10 ($1,419.72, $1,464.48) for donepezil, $1,480.24
($1,450.64, $1,509.84) for galantamine and $1,693.33 ($1,641.09, $1,745.57) for
rivastigmine. The difference in annual mean costs was statistically different (p<0.0001).
The annual mean cost (95%CI) for dementia specialists was $341.75 ($331.39, $352.11)
for donepezil, $334.27 ($321.11, $347.43) for galantamine and $379.07 ($357.03,
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$401.12) for rivastigmine; the difference between treatment groups was statistically
significant (ANOVA p=0.0002, Kruskal-Wallis p<0.0001). The annual mean costs
(95%CI) for visits to primary care specialists was $325.14 ($320.68, $329.60) for
donepezil, $315.98 ($309.92, $322.03) for galantamine and $356.66 ($346.85, $366.48)
for rivastigmine; costs between treatment groups were statistically different (p<0.0001).
6.4.5 Costs of long-term care

From the study cohort, 5,368 patients had an LTC indication in their ODB profile
within one year after their index date. The number of patients entering long-term care
was consistent across the duration of the study, averaging just over 1,000 new ChEI users
every year (see Appendix Table 15). The numbers, however, have been steadily
declining (1,090 among the 2005 entries down to 1,011for 2008). The number of days
spent in long-term care has decreased over time for donepezil (145,453 days for 2005 to
112,820 days for 2008) and rivastigmine (26,424 days for 2005 to 19,378 days for 2008),
and increasing for galantamine (up from 39,204 to 57,017 days). By contrast, the perpatient length of stay has decreased overall and within each treatment group; the average
long-term care length of stay for 2004 new ChEI users was 197.6 days and for 2009 it
was 193.6 days.
Between the 2005 and 2008 cohorts, costs decreased for the total study cohort
(from $26.6 million to $24.8 million) and for donepezil ($19.1 million to $14.8 million)
and rivastigmine users ($3.5 million to $2.5 million; however, galantamine increased
over the same period ($5.1 million to $7.5 million) (see Appendix Table 16). Per-patient
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costs decreased across the entire study cohort and treatment groups; in the 2004 cohort,
the average long-term care amount was $25,925.04 per patient and for 2009 new ChEI
users, this amount decreased to $25,404.08.
Within one year after initiating ChEI usage, 3,279 donepezil users (13.5%), 1,430
galantamine users (12.8%) and 659 rivastigmine users (14.4%) had entered long-term
care. Within three months of first use, the number of donepezil, galantamine and
rivastigmine users that entered long-term care was 927, 376 and 193, respectively, where
they spent an average of 47.1 (95%CI: 45.50, 48.74), 45.5 (42.97, 48.10) and 45.2 (41.64,
48.81) days, respectively, and at a cost of $6,181.78 (95%CI: $5,969.33, $6,394.23),
$5,974.03 ($5,969.33, $6,394.23) and $5,933.46 ($5,463.46, $6,403.46), respectively (see
Appendix Table 17). After twelve months, the mean number of days (95%CI) spent in
long-term care was 191.6 (187.97, 195.30) days for donepezil, 186.2 (180.76, 191.72)
days for galantamine and 199 (191.08, 206.90) days for rivastigmine. The mean cost
(95%CI) for long-term care was $25,140.51 ($24,359.68, $25,621.34) for donepezil,
$24,432.72 ($23,713.78, $25,151.65) for galantamine and $26,105.42 ($25,067.70,
$27,143.13). The differences in costs were not statistically significant between the
treatment groups.
6.4.6 Costs of home care nursing services

Home care nursing services was measured in hours. During the study timeframe,
6,084 patients made use of home care nursing services. Use of nursing services increased
between the 2005 and 2008 entry cohort (1,074 patients increased to 1,376) (see
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Appendix Table 18). Between the 2005 and 2008 entry cohorts, the total number of
hours increased overall (from 27,926 to 37,276 hours), and for donepezil (from 18,750 to
23,013 hours) and galantamine (from 5,098 to 11,274 hours); the total number of hours
decreased for rivastigmine users for the same period (from 4,078 to 1,376 hours). Perpatient hours remained constant between 2005 and 2008 entries for the whole cohort (26
hours to 27.1 hours) and for each treatment group: 25.7 hours to 27.8 hours for donepezil,
25.4 to 25.3 hours for galantamine, and 28.7 to 28.7 hours for rivastigmine.
Between 2005 and 2008 entries, total cost increased for donepezil from
$655,875.00 to 804,994.74 and galantamine from $178,328.04 to $394,364.52, but
decreased for rivastigmine from $142,648.44 to $104,555.22 (see Appendix Table 19).
Between the same entry cohorts, the per-patient annual cost for donepezil increased from
$897.23 to $973.39, while remaining constant for galantamine and rivastigmine.
Regarding mean cost and length of stay per patient for home care nursing, within
one year after first ChEI usage, 3,753 donepezil users, 1,634 galantamine users and 697
rivastigmine users received home care nursing services from CCACs. Few patients made
use of home care services in the first three months after index. Within six months, the
number of donepezil, galantamine and users that used nursing services offered through
home care was 358, 142 and 94, respectively, for an average of 23.1 (95%CI: 17.9, 28.3),
20.0 (14.2, 26.6) and 16.9 (11.9, 22.0) hours, respectively, and at a cost of $807.86
(95%CI: $626.94, $988.79), $713.89 ($497.44,$930.34) and $756.86 ($627.93, $885.79),
respectively (see Appendix Table 20). After twelve months, the mean number of nursing
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hours (95%CI) was 27.12 (25.31, 29.76) days for donepezil, 27.13 (24.50, 29.76) days for
galantamine and 25.62 (22.19, 29.05) days for rivastigmine. The annual mean cost
(95%CI) per patient was $948.60 ($885.45, $1,011.75) for donepezil, $949.08 ($857.11,
$1.041.06) for galantamine and $896.18 ($776.19, $1,016.17). The differences in costs
were not statistically significant between the treatment groups.
6.4.7 Costs of emergency care visits

From the entire cohort, 19,947 patients had visited the emergency department at
least once over the course of their first year of ChEI usage. The proportion of patients
who had received any emergency care was not statistically different (p=0.01) between the
treatment groups: 49.9% of donepezil users, 48.9% of the galantamine group and 51.5%
of rivastigmine users had visited the emergency department within one year of their index
date (see Appendix Table 21). Likewise, usage of emergency services was not
statistically different between the treatment groups for any of the four dementiaassociated conditions – delirium (p=0.90), hip fracture (p=0.07), aspiration pneumonia
(p=0.37) or wrist fracture (p=0.13) (see Appendix Tables 22 to 25).
The total number of ChEI users visiting the emergency department increased
every year: for the 2005 entries, 3,649 used emergency services compared with 4,325 for
2008 (see Appendix Table 26). This finding is consistent for donepezil – its users
increased from 2,475 for 2005 to 2,513 for 2008 – and galantamine, which doubled from
715 to 1,417. Rivastigmine declined in emergency care usage. Number of visits and
costs followed similar patterns: the 2005 cohort made 7,503 visits and the 2008 cohort
148

made 8,872 visits, and total costs increased from $1.5 million to $1.7 million between the
2005 and 2008 entries.
Delirium, hip fractures, aspiration pneumonia and wrist fractures constituted only
a small fraction of total number of visits and total emergency department costs. In 2008,
emergency visits for hip fractures made up for approximately 3.0% (130/4,325)
emergency and 1.6% ($26,653.28/$1.7 million) of the total cost for emergency services.
Although there were statistical differences between mean costs for all emergency
care at 3, 6 and 9 month following index, there was no statistical difference between the
treatment groups at 12 months (ANOVA p=0.41, Kruskal-Wallis p=0.25) (see Appendix
Table 27). Annual mean emergency cost (95%CI) per patient was $405.88 ($400.03,
$411.73) for donepezil, $399.81 ($391.45, $408.16) for galantamine and $399.04
($385.45, $412.64) for rivastigmine. The difference in mean emergency cost per patient
was not statistically significant for comparisons between the treatment groups for any of
the four dementia-associated conditions.
6.4.8 Costs of hospitalizations

For all hospitalizations with a dementia indication, the annual mean length of stay
was 19.7 days for donepezil, 19.6 days for galantamine and 19.7 days for rivastigmine;
these differences were considered statistically significant (Kruskal-Wallis p=0.003) (see
Appendix Table 28). The differences between the treatment group means for length of
stay for the other four conditions were not statistically significant (see Appendix Tables
29 to 32).
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The number of hospitalizations with a dementia indication increased with each
entry cohort: among 2005 entries, 2,016 new ChEI users had hospital stays compared
with 2,258 new ChEI users among 2008 entries (see Appendix Table 33). Length of stay
also increased over the same period from 37,718 total days for 2005 to 45,349 days for
2008. Total hospitalization costs rose from $25.4 million to $30.5 million between the
2005 and 2008 entry cohorts.
Among the treatment groups, hospital length of stay and costs remained constant
for donepezil users (25,923 and 26,603 days, and approximately $17.4 million and $17.9
million for 2005 and 2008, respectively). The number of galantamine users with
hospitalization grew from 410 in 2005 to 734 in 2008; length of stay and costs doubled
across the same period: from 7,537 to 14,032 days and $5.1 million to $9.4 million.
Rivastigmine also gradually increased: 4,258 days and $2.9 million for 2005 and 4,714
days and $3.2 million for 2008, despite the decline in number of new users from 250 to
214 (see Appendix Table 33). Per patient hospital costs increased for all ChEI groups
between 2005 – $12,856.36 for donepezil, $12,362.52 for galantamine and $11,454.02
for rivastigmine – and 2008 – $13,656.88 for donepezil, $12,856.29 for galantamine and
$14,813.86 for rivastigmine.
Total length of stay and annual costs are also presented for the four dementiaassociated conditions. Each of the four conditions increased in length of stay between
2005 and 2008: among 2005 entries, length of stay for delirium with dementia indication
was 2,392 days compared with 4,440 for 2008; hip fractures length of stay was 2,260
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days for 2005 and 3,099 for 2008, and was the most costly of the four conditions ($4.3
million for 2005 and $5.0 million for 2006).
Mean costs (95%CI) per patient for all dementia-associated hospitalizations was
$13,214.21 ($12,761.49, $13,666.93) for donepezil, $13,169.83 ($12,485.03, $13,854.63)
for galantamine and $13,269.95 ($12,308.09, $14,231.81) for rivastigmine (see Appendix
Table 34). The differences in these costs were not statistically significant, nor were the
results of comparisons for 3, 6 and 9 months.
Patients with wrist or hip fractures had considerably higher annual mean costs
than those without. Mean wrist fracture cost (95%CI) among donepezil users was
$28,587.85 ($16,534.77, $40,690.94), $20,501.25 ($8,939.21, $32,063.29) for
galantamine users and $25,968.25 ($0.00, $59,201.73 for patients receiving rivastigmine.
Mean hip fracture cost (95%CI) among donepezil users was $34,893.76 ($30,933.39,
$38,854.13), $32,762.47 ($26,089.37, $41,671.07) among galantamine users and
$33,880.22 ($26,089.37, $41,671.07) for rivastigmine users. The differences in mean
costs for wrist and hip fractures between the treatment groups were not significantly
different for any of the time intervals. Annual cost estimates were used for aspiration
pneumonia and delirium; therefore determining mean costs per patient for the four time
intervals was not possible. The amounts of $11,246.38 for aspiration pneumonia and
$5,163.28 for delirium are the annual cost assigned to those two conditions irrespective
of their length of stay.
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6.5 Analysis of covariates
This section consists of seven sub-sections (6.5.1 to 6.5.7) that explore the effects
of the six key covariates – gender, age, co-morbidity, urinary incontinence, home care,
and income quintile – on overall health system costs as well as for the six categories of
care. Annual median costs were used for each analysis. Dichotomous comparisons were
tested using the Wilcoxon Rank Sum method for difference in distribution, and multiple
group comparisons were tested using the Kruskal-Wallis one-way ANOVA for
comparisons of medians. The analyses from this section informed the variable selection
process for the multiple linear regression models (see Section 6.6).
6.5.1 Overall healthcare system costs

Table 10 shows the results of the analysis of covariates for overall healthcare
system costs. Median costs were reported and stratified according to categories of each
covariate in each treatment group. These stratified results were tested for within
treatment group and between treatment group comparisons. For donepezil, the median
overall cost per patient was $12,391.50 for males and $12,762.90 for females; this was
not significantly different (p=0.103). For galantamine these figures were $12,198.00 for
males and $12,635.60 for females (p=0.18), and for rivastigmine, $13,865.70 for males
and $13,919.80 for females (p=0.92). While there was not a statistical difference
between males and females within each treatment group, there were statistical differences
between treatment groups for males (p<0.0001) and females (p=0.004). This indicates
that gender is not a significant covariate for overall median costs.
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Table 10: Covariates for overall healthcare system costs
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Gender

Male

N
Median

9,341
$12,391.50

4,431
$12,198.00

2,054
$13,865.70

Female

N
Median

15006
$12,762.90

6,709
$12,635.60

2,516
$13,919.80

0.103

0.1821

0.9185

P-value
(between drugs)

<0.0001

0.0043
p-value (within drugs)
Age

65-69 years

N
Median

1,084
$9,285.80

562
$9,947.10

280
$10,138.00

70-75 years

N
Median

3,687
$10,539.40

1,662
$10,480.50

794
$12,797.00

76-80 years

N
Median

6,471
$11,681.10

2,974
$11,103.00

1,204
$13,385.00

81-85 years

N
Median

7,180
$13,082.80

3,256
$12,911.60

1,275
$14,043.00

86-90 years

N
Median

4,164
$14,912.90

1,923
$14,780.60

684
$16,193.00

>90 years

N
Median

1,357
$16,738.00

561
$17,690.90

227
$17,113.00

<0.0001

<0.0001

<0.0001

0.5661

0.0008

0.0002

0.1344

0.0125

0.5377
p-value (within drugs)
Charlson

0

N
Median

16,644
$11,035.40

7,407
$10,719.40

3,027
$12,058.70

1

N
Median

6,524
$15,359.90

3,175
$15,154.00

1,288
$16,993.80

2

N
Median

1,179
$19,838.00

558
$20,267.00

255
$20,050.00

<0.0001

<0.0001

<0.0001

0.0004

0.0093

0.9311
p-value (within drugs)
Urinary
Incontinency

No

N
Median

21,818
$12,335.60

9,918
$12,267.50

3,977
$13,645.60

Yes

N
Median

2,529
$15,078.10

1,222
$14,036.80

593
$15,571.60

<0.0001

0.0006

0.0139

<0.0001

0.1618
p-value (within drugs)
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Table 10 (cont’d): Covariates for overall healthcare system costs
Covariate

Category

Value

Home Care

No

N
Median

Yes

N
Median

donepezil

galantamine

rivastigmine

15,389
$9,793.10

6,879
$9,208.30

2,756
$10,573.80

8,958
$17,477.60

4,261
$17,713.70

1,814
$18,942.10

<0.0001

<0.0001

<0.0001

P-value
(between drugs)

<0.0001

0.0239
p-value (within drugs)
Income Quintile

Missing

N
Median

83
$11,555.00

42
$12,081.00

11
$16,063.00

1

N
Median

4,955
$13,825.10

2,380
$13,748.50

890
$14,796.60

2

N
Median

4,951
$12,537.60

2,311
$12,501.70

930
$14,613.10

3

N
Median

4,806
$12,593.50

2,102
$11,939.50

943
$14,160.50

4

N
Median

4,769
$12,215.20

2,107
$11,913.70

892
$13,837.40

5

N
Median

4,783
$11,907.80

2,198
$12,057.50

904
$12,024.60

<0.0001

0.0007

0.0072

0.1185

0.3054

0.0029

0.0047

0.0118

0.9312
p-value (within drugs)
Note: all costs reported in 2010 $CAN.

Analysis of the other five covariates yielded statistically significant differences
within the treatment groups with noticeable differences in median costs: for age there
were large disparities in median costs – for donepezil users aged 65-69 the median was
$9,285.80 while it was $16,738.00 for users aged 90 and over. For co-morbidity status,
patients with a Charlson score of 0 had lower median costs than those with scores of 1 or
2 – among donepezil users with a Charlson score of 0, median cost was $11,035.40, but
$15,359.90 if the score was 1 and $19,838.00 if it was 2. Results from the indicators of
disease severity – urinary incontinence and home care – strengthen the general finding
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that patients with a greater burden of co-morbid disease tend to have greater costs.
Income quintile was also statistically different within the treatment groups with greater
median costs for patients at the lowest income level (1st quintile) and lowest median costs
for patients at the highest income level (5th quintile) – for donepezil, the median cost for
the lowest income level was $13,825.10 and $11,907.80 for the highest level.
Across all six covariates, rivastigmine users tended to have higher median overall
costs than their donepezil or galantamine counterparts for the between group
comparisons. These differences, however, with the exception of gender, were not
uniformly statistically significant for all categories of covariates. For example,
rivastigmine was not statistically different from the other treatment groups for all age
categories.
This analysis demonstrated that age, Charlson score, urinary incontinence, home
care indication, and income level could be confounders for the relationship between ChEI
treatment and overall healthcare costs.
6.5.2 Costs of ChEI and other drugs

The results of the analysis of covariates for prescription drugs costs can be found
in Appendix Table 35. The within-treatment group costs were not statistically different
for gender (not a confounder); however, the between-treatment group costs were
statistically significant, indicating that rivastigmine had significantly higher costs than the
other two ChEIs.
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Results of the within-treatment group comparisons for the remaining covariates
yielded statistically significant results, indicating that age, Charlson score, urinary
incontinence, home care usage, and income quintile could be confounders for per-patient
median prescription drug costs in this cohort.
Median costs were also significantly different between treatment groups at most
levels of each covariate, with higher costs tending to be associated with rivastigmine
users. However, these differences tended to be small in magnitude. Despite the small
discrepancy in median cost, the p-value for each of the multiple comparison tests was
<0.0001.
6.5.3 Costs of physician visits

The results of the analysis of covariates for physician costs can be found in
Appendix Table 36. The within-treatment group costs and between-treatment group costs
were statistically different for gender, indicating that gender could be a potential
confounder for the relationship between ChEI therapy and physician costs.
Within-treatment group comparisons yielded statistically significant results for
Charlson score, urinary incontinence, and home care; mixed results for age; and nonsignificant results for income level. Median physician costs decreased with age, and
increased with greater level of co-morbidity and disease severity.
Median physician costs were statistically different (p<0.01) between treatment
groups at most levels of each covariate, with statistically higher costs associated with
rivastigmine users.
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6.5.4 Costs of long-term care

Covariate assessment for long-term care was limited to the 5,368 patients with
LTC indications in the ODB and a p-value of 0.05 was used to test for statistical
significance. The results of the analysis of covariates for long-term care costs can be
found in Appendix Table 37. Both the within-treatment group costs and betweentreatment group costs were not statistically different. Therefore, gender was not a
potential confounder for the relationship between ChEI therapy and long-term care costs.
Analysis of the other covariates determined that median costs for long-term care
were statistically different among the various age categories for donepezil (p=0.0002) and
galantamine (p=0.006) but not for rivastigmine (p=0.16). Charlson score, urinary
incontinence and income level were not statistically different for within-treatment group
comparisons. The difference in long-term care cost stratified by home care use for the
treatment groups was significantly different across the ChEI groups. These results
indicate that both age and home care could be confounders for ChEI treatment and longterm care costs.
Comparisons of between-treatment group costs yielded non-significant results at
most levels of each covariate.
6.5.5 Costs of home care nursing services

Covariate assessment for home care was limited to the 6,084 patients who
received home care nursing services, and a p-value of 0.05 was used to determine
statistical significance. The results of the analysis of covariates for home care nursing
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costs can be found in Appendix Table 38. Both the within-treatment group costs and
between-treatment group costs were not statistically different. Therefore, gender was not
a potential confounder for the relationship between ChEI therapy and home care costs.
The within-treatment group comparisons for the other covariates produced similar
results. Home care nursing costs were not statistically different for age, or urinary
incontinence. However, the Charlson score was statistically significant for both donepezil
and rivastigmine users (p<0.05), with galantamine near significant (p=0.09). The median
home care nursing costs stratified by income quintile were only statistically different for
donepezil (p=0.03).
There was a trend of statistical non-significance for the between-treatment group
comparisons (p<0.05) at all levels of each covariate, with the exception of the first
(lowest) income quintile in which donepezil had a higher median cost ($1,029.00) than
the other two groups ($802.70 for galantamine and $956.50 for rivastigmine) (p=0.04).
6.5.6 Costs of emergency care visits

The results of the analysis of covariates for emergency visit costs can be found in
Appendix Table 39. This analysis was limited to the 19,947 patients who visited the
emergency department within their first year and a p-value of 0.01 was used to determine
statistical significance. Median costs did not differ significantly regarding gender;
therefore, gender was not a potential confounder for the relationship between ChEI
therapy and emergency care costs.
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Median emergency costs did not differ by age category. For measures of comorbidity and disease severity, median emergency costs were statistically different.
Income level, however, was only statistically different for donepezil where the median
cost for the lowest quintile was $431.89 and $389.49 for the highest (p=0.0005). These
results indicate that the Charlson score, urinary incontinence and home care are potential
confounders for per-patient emergency care costs.
The between-treatment group comparisons were not statistically different for
every category of each of the covariates. This indicates that members of all three ChEI
groups had similar emergency care costs.
6.5.7 Costs of hospitalizations

The results of the analysis of covariates for hospitalization costs can be found in
Appendix Table 40. This analysis was limited to the 10,734 patients who were admitted
to a hospital within one year of their index date and a p-value of 0.05 was used to
determine statistical significance. The within-treatment group costs stratified by gender
were only significant for donepezil (p=0.005) and the between-treatment group costs
were statistically different for males only (p=0.05), indicating that gender could be a
potential confounder for the relationship between ChEI therapy and hospitalization costs.
The within-treatment group comparison for age was significant for donepezil
(p<0.0001) and galantamine (p=0.008), but not for rivastigmine (p=0.17). Median costs
tended to be higher for patients with more co-morbid conditions. Hospitalization costs
were higher for patients receiving home care. Median hospitalization costs were not
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statistically different when stratified according to urinary incontinence or income level.
Thus gender, age, Charlson score and home care were treated as potential confounders
for the relationship between ChEI treatment and hospitalization costs.
Results from the between-treatment group set of analyses indicate that median
hospitalization costs were only statistically different males and for those not receiving
home care.

6.6 Multivariate linear regression
This section presents the results of the seven linear regression models (Sections
6.6.1 to 6.6.7). In all of the models, rivastigmine was the referent group by virtue of its
higher costs (as observed in the descriptive analysis) compared with donepezil and
galantamine. The models were limited to patients, who had used the particular service,
i.e.: while all 24,347 patients had made use of physician services, only 6,084 were placed
in long-term care. The p-value for inclusion into the model varied depending on the
sample size (either p<0.05 or p<0.01). For all of the models, age was kept as a
continuous variable to minimize residual confounding (which could have resulted if age
had been classified into categories that were too broad).
Each section provides a base case comparison of mean costs, typically a patient of
mean age without indication for any of the other covariates tested, between users of the
different three ChEIs.
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6.6.1 Overall healthcare system costs

Table 11 summarizes the results of the linear regression for the natural log of total
annual overall mean healthcare system costs (logtotal). Parameter estimates for each of
these variables, and their corresponding standard error and p-values are also presented.
The model‟s fit is high (adjusted R-squared value of 0.7533) and consists of 23 variables
and eight interaction terms. Each parameter represents the natural log increase or
decrease in mean cost attributable to that variable. All variables are statistically
significant (p<0.01), with the exception of galantamine (p=0.54); however this is due to
interaction with the „Dementia Specialist‟ variable.
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Table 11: Factors associated with the natural logarithm of mean overall annual
costs to the Ontario MOHLTC (including age, gender, Charlson score, urinary
incontinence, home care).
Independent Variable
Intercept
Centered Age
Low Income Status
Charlson Score (0, 1, 2)
LHIN (1-14)
donepezil
galantamine
Pharm (0, 1, 2)
Hip Fracture (Yes/No)
Urinary Incontinence (Yes/No)
Home Care Visits (Yes/No)
Homc Care Nursing (Yes/No)
Antidepressant (Previous)
Antiparkinson (Previous)
Benzodiazepine (Previous)
MD Contact (0, 1, 2)
Antipsychotic Use
Psychotropic Use
Dementia Specialist
Primary Care Specialist
Hospitalization (Yes/No)
Emergency Use (Yes/No)
Long-Term Care (Yes/No)
Gender (Male/Female)
donepezil*Hospitalization
galantamine*Dementia Specialist
Charlson*MD Contact
Long Term Care*Hospitalization
Dementia Specialist*Long-Term Care
Charlson* Centered Age
Long-Term Care*Centered Age
Hospitalization*LHIN

Estimate

SE

7.923
-0.002
0.086
0.086
0.003
-0.044
-0.006
0.181
0.290
0.025
0.016
0.062
-0.019
0.075
-0.043
0.043
0.074
0.102
0.128
0.132
0.896
0.128
1.774
-0.037
0.034
-0.037
-0.018
-0.611
-0.117
-0.004
0.008
0.005

T
0.0137
0.0005
0.0056
0.0084
0.0008
0.0082
0.0101
0.0038
0.0186
0.0076
0.0060
0.0081
0.0062
0.0119
0.0062
0.0039
0.0059
0.0062
0.0059
0.0090
0.0138
0.0056
0.0124
0.0050
0.0108
0.0104
0.0054
0.0141
0.0139
0.0006
0.0011
0.0014

p-value
580.63
-5.19
15.4
10.13
3.64
-5.37
-0.61
47.89
15.6
3.34
2.65
7.6
-3.14
6.3
-7.01
11.05
12.54
16.41
21.75
14.64
64.99
22.77
142.53
-7.53
3.19
-3.52
-3.35
-43.3
-8.41
-6.5
6.71
3.81

<0.0001
<0.0001
<0.0001
0.0003
<0.0001
<0.0001
0.5431
<0.0001
<0.0001
0.0008
0.008
<0.0001
0.0017
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0014
0.0004
0.0008
<0.0001
<0.0001
<0.0001
<0.0001
0.0001

To solve the issue of collinearity, the model was centered about the age variable
by subtracting the age of each patient by the mean age of the cohort (80.5 years).
Rivastigmine is the reference group and is included in the Intercept. The
parameter estimates for donepezil and galantamine represent the natural log of the
difference in mean cost associated between each of these drugs and rivastigmine.
Univariate analysis of logtotal demonstrated that it followed a bimodal
distribution (see Figure 6). Upon further investigation, it was discovered that this was
162

due to the effect of LTC indication – the mean for the distribution when Long-Term Care
was 0 matched the mean for the first peak on the histogram (logtotal = 8.55; see Figure
7), and the mean for the distribution when Long-Term Care was 1 matched the mean for
the second peak (logtotal = 10.80; see Figure 8). The data was stratified based on LTC
indication and the two resulting histograms were approximately normal. Due to this
sharp contrast in values for logtotal cause by a single covariate, results were reported
stratified by patients‟ use of long-term care. The univariate analysis also determined that
the age variable was normally distributed.
Results of residual diagnostic tests confirmed that the data fit all of the
requirements for linear regression. Plots of residuals (errors) versus predicted values
showed clustering; however, this was attributed to the effect of long-term care, and the
results were analyzed stratified by LTC indication. Figure 9 demonstrates that the
normality assumption was met with the residuals following a normal distribution with a
mean of zero.
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Figure 7: Univariate plot of the logtotal (natural log of mean annual overall
MOHLTC costs) variable

Figure 8: Univariate plot of the logtotal variable when Long-Term Care = 0
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Figure 9: Univariate plot of the logtotal variable when Long-Term Care = 1

Figure 10: Univariate plot of the residuals of logtotal fitted to the regression model
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Once bivariate analysis ruled out covariates that were not significant predictors of
logtotal, the model was fit with any remaining covariates. Five of the six key covariates
(excluding income level) were included in the model at the outset based on significance.
When it was determined that interaction was present in the model, further confounder
assessment was not undertaken.
Based on the magnitude of the parameter estimates, the Long-Term Care variable
seems to be an important predictor of logtotal and, consequently, mean overall annual
MOHLTC costs: when the exponent is taken of the parameter estimate of 1.774 added to
the intercept, the difference in cost between a patient with long-term care indication and
without is $13,498.61. Similarly, hospitalization is also an important predictor of mean
overall annual MOHLTC costs: exponent of the 0.896 added to the intercept yields a
difference of $3,999.50 between patients who are hospitalized and those who are not).
To better interpret the results of this analysis, a patient profile was created to
characterize the base case and calculated the exponent its corresponding parameter
estimates. It was determined that the base case had the following characteristics: Age 80
or 81 years, male, not low income status (0), Charlson score of 0, less than 8 DINs, no
hip fracture (0), no home care (0) or nursing care (0), no urinary incontinence (0), no
previous use of antidepressants, antiparkinsons or benzodiazepine (0), less than 19
physician visits one year prior to index date, no current use of antipsychotics or
psychotropics (0), no hospitalizations (0), and no emergency visits (0).
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The annual cost for a patient who fits this clinical profile was calculated for each
of the ChEIs and the results are reported in Table 12. Thus the mean overall annual cost
(95%CI) for donepezil is $3,093.35 ($3,051.97, $3,135.28); for galantamine this is
$3,248.70 ($3.187.45, $3,315.63); and for rivastigmine this is $3,250.43 ($3,186.51,
$3,315.63) when Long-Term Care =0. These findings indicate that donepezil users have
statistically lower costs than galantamine and rivastigmine (the confidence intervals do
not overlap). The mean overall annual cost for donepezil is $18,175.45 ($17,670.11,
$18,695.26); for galantamine it is $19,187.02 ($18,661.43, $19,727.43); and for
rivastigmine it is $20,664.83 ($19,939.49, $21,416.55) when Long-Term Care =1. These
findings indicate that both donepezil and galantamine users have statistically lower costs
than rivastigmine users (the confidence intervals do not overlap), but not each other.
Table 12: Logtotal and mean overall annual cost by drug group stratified by LongTerm Care
Strata
LTC = 0

LTC = 1

Drug
donepezil
Predicted logtotal
Cost
galantamine
Predicted logtotal
Cost
rivastigmine
Predicted logtotal
Cost
donepezil
Predicted logtotal
Cost
galantamine
Predicted logtotal
Cost
rivastigmine
Predicted logtotal
Cost

Value

Lower 95%CI

Upper 95%CI

8.04
$3,093.35

8.02
$3,051.97

8.05
$3,135.28

8.09
$3,248.70

8.07
$3,187.45

8.11
$3,311.14

8.09
$3,250.43

8.07
$3,186.51

8.11
$3,315.63

9.81
$18,175.45

9.78
$17,670.11

9.84
$18,695.26

9.86
$19,187.02

9.83
$18,661.43

9.89
$19,727.43

9.94
$20,664.83

9.90
$19,939.49

9.97
$21,416.55
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6.6.2 Costs of ChEI and other drugs

Table 13 summarizes the results of the linear regression for the natural log of total
annual mean costs to the ODB plan for prescription drugs (logodb). Parameter estimates
for each of these variables, and their corresponding standard error and p-values are also
presented. This model‟s fit is lower than the overall model (adjusted R-squared =
0.2749) and consists of 18 variables and two interaction terms. Each parameter
represents the natural log increase or decrease in mean cost attributable to that variable.
All variables are statistically significant (p<0.01), with the exception of galantamine
(p=0.73), Hip Fracture (p=0.06) and Income Quintile. Galantamine was kept in the
model to observe the cost differences between all three ChEI groups. Hip Fracture is not
significant because of its interaction with two other variables, and Income Quintile,
though not significant, is a confounder for galantamine.
Table 13: Factors associated with the natural logarithm of mean annual ODB costs
for prescription drugs (including age, Charlson score, urinary incontinence, longterm care and income level).
Variable
Intercept
Centered Age
Low Income (Yes/No)
Charlson (0, 1, 2)
donepezil
galantamine
Pharm (0, 1, 2)
Hip Fracture (Yes/No)
Delirium Episode (Yes/No)
Aspiration Pneumonia Episode (Yes/No)
Urinary Incontinence (Yes/No)
Antiparkinson use (previous) (Yes/No)
Benzodiazepine (previous) (Yes/No)
Dementia Specialist (Yes/No)
Primary Care Specialist (Yes/No)
Psychotropic Use (Yes/No)
Antipsychotic Use (Yes/No)
Charlson*Hip Fracture
Hip Fracture*Centered Age
Long Term Care (Yes/No)
Income Quintile (1, 2, 3, 4, 5)

Estimate
7.6803
-0.0066
0.1292
0.0608
-0.0249
-0.0027
0.2548
-0.0435
-0.1829
-0.4679
0.0507
0.1055
-0.0422
0.0134
0.1353
0.0861
0.0503
-0.1310
-0.0110
0.1245
-0.0001
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SE
0.0162
0.0004
0.0051
0.0040
0.0070
0.0076
0.0031
0.0228
0.0273
0.0693
0.0070
0.0109
0.0057
0.0044
0.0137
0.0049
0.0054
0.0282
0.0029
0.0067
0.0015

T

p-value
475.6
-18.72
25.24
15.21
-3.56
-0.35
81.92
-1.91
-6.7
-6.75
7.27
9.68
-77.47
3.06
9.85
17.64
9.3
-4.65
-3.8
18.6
-0.03

<0.0001
<0.0001
<0.0001
<0.0001
0.0004
0.7252
<0.0001
0.0561
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0022
<0.0001
<0.0001
<0.0001
<0.0001
0.0001
<0.0001
0.9732

Bivariate analysis ruled out covariates that were not significant predictors of
logohip and the model was fit with any remaining covariates. Three of the six key
covariates (excluding gender, home care and income level) were included in the model at
the outset based on significance. Because neither of the interaction terms involved the
variables of interest (the ChEIs), confounder assessment was performed. Consequently,
Income Quintile was re-added to the model because it caused a 12% difference in the
parameter estimate of galantamine.
Based on the magnitude of the parameter estimates, the Aspiration Pneumonia
Episode (-0.47) variable is the most important predictor of logodb; though the Pharm
variable is also modestly important (0.25). Recall that the Pharm variable represents the
total number of distinct drugs (DINs) dispensed one year prior to cohort entry, and was
categorized as follows, Pharm = 0 (<8 DIN‟s), Pharm = 1 (8 to 13 DINs), Pharm = 2 (>13
DINs). The magnitude of effect for the Aspiration Pneumonia Episode equals a
difference of -$809.13 (e^(intercept – 0.47) – e^(intercept)) between patients with
aspiration pneumonia and those without. For Pharm, the difference between those with
Pharm = 0 and those with Pharm = 1 is $547.65, the difference between those with Pharm
= 0 and those with Pharm = 2 is $1,233.81, and the difference between those with Pharm
= 1 and Pharm = 2 is $810.73. The clinical profile used to interpret the results of the
model was a base case with the following patient characteristics: Age 80 or 81 years, no
low income indication (0), Charlson score of 0, less than 8 DINs, no hip fracture (0), no
delirium or aspiration pneumonia (0), no urinary incontinence (0), no previous use of
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antiparkinsons or benzodiazepine (0), no current use of antipsychotics or psychotropics
(0), no dementia or primary care specialists (0), no long-term care (0), and highest
income level (quintile=5).
The annual cost for a patient who fit this clinical profile was calculated for each of
the ChEIs and the results are reported in Table 14. The mean annual cost (95%CI) for
rivastigmine is 2,151.67 ($1,797.23, $2,576.02), for donepezil is $2,104.99 ($2,046.56,
$2,165.08) and for galantamine is $2,152.27 ($2,090.98, $2,165.08). These findings
indicate that rivastigmine users have higher costs than both donepezil and galantamine
users; however, these were not statistically different from each other.
Table 14: Logodb and mean annual cost by drug group for prescription drugs
Drug
rivastigmine
Predicted logodb
Cost
donepezil
Predicted logodb
Cost
galantamine
Predicted logodb
Cost

Value

Lower 95%CI

Upper 95%CI

7.67
$2,151.67

7.49
$1,797.23

7.85
$2,576.02

7.65
$2,104.99

7.62
$2,046.56

7.68
$2,165.08

7.67
$2,152.27

7.65
$2,090.98

7.70
$2,215.36

6.6.3 Costs of physician visits

Table 15 summarizes the results of the linear regression for the natural log of total
annual mean OHIP costs for services provided by physicians (logohip). Parameter
estimates for each of these variables, and their corresponding standard error and p-values
are also presented. This model‟s fit is lower than the overall model (adjusted R-squared
= 0.2923) and consists of 21 variables and five interaction terms. Each parameter
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represents the natural log increase or decrease in mean cost attributable to that variable.
All variables were statistically significant (p<0.01), with the exception of the Age
(centered) variable (0.20); however this is due to interaction with „MD Contacts‟.
Table 15: Factors associated with the natural logarithm of mean annual costs to
OHIP for physicians (including age, gender, Charlson score, urinary incontinence).
Independent Variable
Intercept
Centered Age
Charlson (0, 1, 2)
donepezil
galantamine
Pharm (0, 1, 2)
Acute Care in past 6 months (Yes/No)
Hip Fracture (Yes/No)
Delirium Episode (Yes/No)
Aspiration Pneumonia Episode (Yes/No)
Urinary Incontinence (Yes/No)
Antidepressant (Previous) (Yes/No)
Atypical Antipsychotic (Previous) (Yes/No)
MD Contact (Yes/No)
Psychotropic Use (Yes/No)
Antipsychotic Use (Yes/No)
Gender (Male/Female)
Dementia Specialist (Yes/No)
Primary Care Specialist (Yes/No)
Rural Status (Yes/No)
Long Term Care (Yes/No)
donepezil*Psychotropic Use
donepezil*Dementia Specialist
Charlson*Gender
MD Contact*Gender
MD Contact*Centered Age

Estimate
5.617
-0.0014
0.12
-0.13
-0.062
0.13
-0.12
1.20
0.49
0.39
0.079
-0.12
-0.16
0.25
0.16
0.14
-0.23
0.47
0.59
-0.15
0.44
0.044
0.070
0.090
0.0032
-0.0038

SE
0.026
0.0011
0.012
0.020
0.016
0.007
0.013
0.035
0.057
0.144
0.015
0.012
0.017
0.0077
0.016
0.014
0.013
0.015
0.018
0.014
0.014
0.018
0.018
0.016
0.0003
0.001

T

p-value
218.25
-1.28
9.70
-6.65
-3.97
18.23
-9.23
34.58
8.66
2.67
5.43
-9.95
-9.76
32.47
9.91
9.85
-17.08
32.52
33.27
-11.17
31.76
2.29
4.97
-4.01
11.95
-4.33

<0.0001
0.2001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0075
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0219
<0.0001
<0.0001
<0.0001
<0.0001

Bivariate analysis ruled out covariates that were not significant predictors of
logohip and the model was fit with any remaining covariates. Four of the six key
covariates (excluding home care and income level) were included in the model at the
outset based on significance. Due to the presence of interaction, further confounder
assessment was not undertaken.
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Based on the magnitude of the parameter estimates, the Hip Fracture (1.20),
Primary Care Specialist (0.59), Delirium Episode (0.49), and Dementia Specialist (0.47)
variables are the most important predictors of logohip and, consequently, mean annual
OHIP costs. The magnitude of effect for the Hip Fracture variable is equal to a
difference of $638.89 (e^(intercept + 1.2) – e^(intercept)) in physician costs between
patients with a hip fracture and without. This difference is $221.82 between patients who
have visited a primary care specialist and those who do not; $174.58 between patient who
have a delirium episode and those who do not; and, $165.77 between patients who have
visited a dementia specialist and those who do not.
The clinical profile used to interpret the results of the model was a base case with
the following patient characteristics: Age 80 or 81 years, male, Charlson score of 0, less
than 8 DINs, no acute care within last six months (0), no hip fracture (0), no delirium or
aspiration pneumonia (0), no urinary incontinence (0), no previous use of antidepressants,
atypical antipsychotics or benzodiazepine (0), less than 19 physician visits one year prior
to index date, no current use of antipsychotics or psychotropics (0), no dementia or
primary care specialists (0), no rural status, and no long-term care (0). The annual cost
for a patient who fit this clinical profile was calculated for each of the ChEIs and the
results are reported in Table 16.
The mean annual cost (95%CI) for rivastigmine user with this clinical profile is
$277.59 ($263.56, $292.37); for donepezil this is $241.57 ($231.74, $251.81); and for
galantamine this is $258.59 ($247.10, $270.61). These findings indicate that donepezil
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users have statistically lower costs than rivastigmine users, but not galantamine users, and
that rivastigmine costs are not statistically higher than galantamine.
Table 16: Logohip and mean annual cost by drug group for prescription drugs
Drug
rivastigmine
Predicted logohip
Cost
donepezil
Predicted logohip
Cost
galantamine
Predicted logohip
Cost

Value

Lower 95%CI

Upper 95%CI

5.63
$277.59

5.57
$263.56

5.68
$292.37

5.49
$241.57

5.45
$231.74

5.53
$251.81

5.56
$258.59

5.51
$247.10

5.60
$270.61

6.6.4 Costs of long-term care

The long-term care data did not meet the requirements for linear regression.
PROC TRANSREG was used to determine an appropriate transformation, which turned
out to be a 0.75 power (rather than natural log); however, the resulting model had poor fit
(adjusted R-squared = <0.05) and the parameter estimates were difficult to interpret.
Moreover, the linear regression requirements for normality and homoscedasticity were
not fulfilled, and the univariate histogram for the residuals was not normal. Therefore, a
linear regression model was not included for annual long-term care costs.
6.6.5 Costs of home care nursing services

Table 17 summarizes the results of the linear regression for the natural log of total
annual mean home care costs for nursing services (lognurse). Parameter estimates for
each of these variables, and their corresponding standard error and p-values are also
presented. This model‟s fit is much lower than the previous three models (adjusted R173

squared = 0.0523) and consists of seven variables and no interaction terms. Each
parameter represents the natural log increase or decrease in mean cost attributable to that
variable. All variables are statistically significant (p<0.05), with the exception of the
ChEIs; however, since these are the variables of interest, they were forced into the model.
Table 17: Factors associated with the natural logarithm of mean annual home care
costs (including Charlson score, home care nursing indication).
Variable
Intercept
Charlson (0,1,2)
LHINs (1-14)
donepezil
galantamine
Home Care (Yes/No)
MD Contact (0, 1, 2)
Long Term Care (Yes/No)

Estimate
5.49
0.083
0.024
0.047
0.048
0.50
0.050
-0.20

SE
0.062
0.026
0.004
0.025
0.057
0.033
0.022
0.041

T
88.99
3.23
5.54
0.9
0.85
14.95
2.3
-4.77

p-value
<0.0001
0.0013
<0.0001
0.3697
0.3971
<0.0001
0.0215
<0.0001

Bivariate analysis ruled out covariates that were not significant predictors of
lognurse and the model was fit with any remaining covariates. Three of the seven key
covariates (excluding age, gender, urinary incontinence and income level) were included
in the model at the outset based on significance. There was no interaction, but further
confounder assessment did not yield any meaningful results.
Based on the magnitude of the parameter estimates, Home Care indication (0.50)
is the most important predictor of home care nursing costs. This association seems
obvious because a patient needs to be enrolled in the home care program in order to
receive home care nursing.
The clinical profile used to interpret the results of the model was a base case with
the following patient characteristics: Charlson score of 0, receiving home care (0), less
than 19 physician visits, and no long-term care (0).
174

The mean overall annual cost (95%CI) for rivastigmine is $246.70 ($217.00,
$280.46); for donepezil this is $260.08 ($239.85, $281.46); and for galantamine this is
$260.34 ($239.85, $284.29) (see Table 18). These findings indicate users of any of the
three ChEIs have statistically similar mean home care nursing costs.
Table 18: Lognurse and mean annual cost by drug group for prescription drugs
Drug
rivastigmine
Predicted lognurse
Cost
donepezil
Predicted lognurse
Cost
galantamine
Predicted lognurse
Cost

Value

Lower 95%CI

Upper 95%CI

5.51
$246.70

5.38
$217.00

5.64
$280.46

5.56
$260.08

5.48
$239.85

5.64
$281.46

5.56
$260.34

5.48
$239.85

5.65
$284.29

6.6.6 Costs of emergency care visits

The emergency care data did not meet the requirements for linear regression.
PROC TRANSREG was used to determine an appropriate transformation, which turned
out to be a -1 (inverse power, rather than natural log); however, the resulting model had
poor fit (adjusted R-squared = 0.07) and the parameter estimates were difficult to
interpret. Moreover, the univariate histogram for the residuals was not normal.
Consequently, a linear regression model for emergency care costs was not included.
6.6.7 Costs of hospitalizations

Table 19 summarizes the results of the linear regression for the natural log of total
annual mean hospitalization costs (logcihi). Parameter estimates for each of these
variables, and their corresponding standard error and p-values are also presented. This
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model‟s fit is lower than the overall model (adjusted R-squared = 0.1279) and consists of
18 variables and no interaction terms. All variables are statistically significant (p<0.05),
with the exception of the ChEIs and Income Quintile. However, they were forced into
the model because the three ChEIs are the variables of interest, and Income Quintile is a
confounder for galantamine.
Table 19: Factors associated with the natural logarithm of mean annual costs for
hospitalizations (including age, gender, Charlson score, urinary incontinence).
Variable
Intercept
Centered Age
Charlson (0, 1, 2)
LHINs (1-14)
donepezil
galantamine
Hospital in past 5 years (Yes/No)
Acute care in past 6 months (Yes/No)
Urinary Incontinence (Yes/No)
Home Care Use (Yes/No)
Antidepressant (Previous) (Yes/No)
Dementia Specialist (Yes/No)
Primary Care Specialist (Yes/No)
Delirium (Yes/No)
Hip Fracture (Yes/No)
Aspiration Pneumonia (Yes/No)
Wrist Fracture (Yes/No)
Long Term Care (Yes/No)
Income Quintile (1, 2, 3, 4, 5)

Estimate
7.9972
0.00468
0.05331
0.01451
0.02572
-0.00584
0.02189
0.06636
-0.07763
0.10818
0.05575
0.21497
0.18797
0.58171
0.58379
0.70284
0.44673
0.60636
-0.0047

SE
0.06774
0.00181
0.02044
0.00296
0.03442
0.03767
0.00698
0.02727
0.03255
0.02362
0.0229
0.02247
0.0483
0.04242
0.04419
0.06504
0.19147
0.02574
0.00773

T
118.06
2.58
2.61
4.9
0.75
-0.15
3.14
2.43
-2.38
4.58
2.43
9.57
3.86
13.71
13.21
10.81
2.33
23.56
-0.61

p-value
<0.0001
0.0099
0.0091
<0.0001
0.455
0.8769
0.0017
0.015
0.0171
<0.0001
0.0149
<0.0001
0.0001
<0.0001
<0.0001
<0.0001
0.0197
<0.0001
0.5433

Bivariate analysis ruled out covariates that were not significant predictors of
logcihi and the model was fit with any remaining covariates. Four of these key covariates
(excluding gender and income level) were included in the model at the outset based on
significance. Since no interaction was present, further confounder assessment determined
that Income Quintile was a confounder for galantamine (the parameter estimate changed
by 24%).
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Based on the magnitude of the parameter estimates, indicators of dementiaassociated conditions – Aspiration Pneumonia (0.70), Delirium (0.58), Hip Fracture
(0.58) and Wrist Fracture (0.44) – and the Long-Term Care (0.61) variables are the most
important predictors of logcihi and, consequently, mean annual hospital costs. The
magnitude of effect for the Aspiration Pneumonia variable equals a difference of
$3,030.53 (e^(intercept + 0.70) – e^(intercept)) in hospital costs between patients with
aspiration pneumonia and without. These differences are $2,356.76 for patients who
either have delirium or a hip fracture compared to those who do not have either, and
$1,674.16 for patients who had a wrist fracture compared to those who do not. Finally,
the difference in hospital costs between those in long-term care and those who are not
was $2,478.41.
The clinical profile used to interpret the results of the model was a base case with
the following patient characteristics: Age 80 or 81 years, male, Charlson score of 0, no
hospitalization within the past five years (0), no acute care within last six months (0), no
hip fracture (0), no delirium or aspiration pneumonia (0), no urinary incontinence (0), no
home care use (0), no previous use of antidepressants (0), no dementia or primary care
specialists (0), no hip or wrist fractures (0), no long-term care (0), and income quintile =
5. Thus the mean overall annual cost (95%CI) for rivastigmine was $2,959.84
($2,617.57, $3,327.58); for donepezil this was $3,036.95 ($2,751.77, $3,361.02); and for
galantamine this was $2,942.60 ($2,643.87, $3,294.47) (see Table 20). These findings
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demonstrate that donepezil and galantamine users have higher hospital costs than
rivastigmine users; however these values were not statistically different from each other.
Table 20: Logcihi and mean annual cost by drug group for prescription drugs
Drug
rivastigmine
Predicted logcihi
Cost
donepezil
Predicted logcihi
Cost
galantamine
Predicted logcihi
Cost

Value

Lower 95%CI

Upper 95%CI

7.99
$3,069.13

7.87
$2,723.53

8.11
$3,458.57

8.02
$3,520.08

7.92
$3,183.21

8.12
$3,892.59

7.99
$3,462.05

7.88
$3,090.95

8.10
$3,877.71

6.7 Sensitivity Analysis
The following sections will present the results of the sensitivity analysis for home
care nursing and hospitalizations for hip and wrist fractures. For each of these categories
of care, the total annual cost and mean cost per patient were re-calculated and compared
with the original values from the study cohort. This section will close with comments on
the trends observed in overall costs for this study.
6.7.1 Home care nursing services

Estimates of total and mean costs based on mean nurse seniority level (as in the
study) were compared with estimates from the “worst-case scenario”: all nurses with the
lowest seniority level, and the “best-case scenario”: all nurses with the highest seniority
level. Based on the 2008 entry cohort (N= 1,376), the difference in total annual cost
between nursing costs with mean seniority and no seniority is $209,491.12, and the
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difference between the highest seniority and mean seniority levels was $250,494.72 (see
Appendix Table 41). The per-patient difference between the mean and lowest seniority
groups is $152.24, and $182.05 between the highest and mean seniority groups.
Rivastigmine users still have the highest per patient home care nursing cost across all
levels of nurse‟s seniority. Thus, cost of services increases with higher levels of nurse‟s
seniority.
The results of mean home care nursing cost per patient for the entire study cohort
stratified by quarter for each of the three levels of seniority can be found in Appendix
Table 42. The difference between annual mean costs is approximately $150.00 between
the mean and low seniority categories and $180.00 between the highest and mean
seniority categories across all three treatment groups.
6.7.2 Hospitalizations for hip and wrist fractures

Sensitivity analysis for hip and wrist fractures was conducted to accommodate for
low severity and high severity fractures. Based on the 2008 entry cohort, the difference
in severity of hip fracture altered the annual costs slightly. According to the study‟s
results, the 2008 cohort‟s costs for hip fractures was $5 million; if all of these fractures
were considered low severity, then the annual costs would be just under $5 million, while
this figure would be close to $5.3 million if all of these fractures were considered highly
severe (see Appendix Table 43). The cohort estimates for wrist fractures were based on
the per diem rate of the lowest severity hip fracture category, so these figures are
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identical. Re-classifying all of these wrist fractures as highly severe increased their total
annual cost from $170,843.75 to $193,425.00 (see Appendix Table 43).
According to the sensitivity analysis for the mean hospitalization cost per patient
for the entire study cohort stratified by quarter for each level of severity, the difference
between annual mean costs was approximately $2,000.00 per patient between the highest
and lowest severity categories for hip fractures, and approximately $3,000.00 for wrist
fractures, across the three treatment groups (see Appendix Table 44).
6.7.3 Trends in health system costs

Figure 11 illustrates the trends in costs for all cost categories. Between 2005 and
2008, the cost of prescription drugs in the ODB, physician visits, home care nursing
services, emergency care visits and hospitalizations increased, while long-term care
consistently decreases. As illustrated previously in section 6.4.3, ChEI costs make up
approximately 50% of total annual ODB costs each year. Table 21 demonstrates the total
annual costs for all drugs covered by the ODB – all ODB costs, ChEI costs and ODB
costs without ChEIs – and the number of days of ChEI use. The percentage of the total
costs that each ChEI group represents as a share of total costs for each of the three
categories is also provided. In 2005, the total cost for all prescription drugs covered by
the ODB plan among donepezil users was $19 million, which constituted 65.6% of the
total amount paid by the ODB for ChEI users for that year. The same cost for
galantamine users was $6 million (20.9%) and $3.9 million (13.5%) for rivastigmine.
ChEI costs and all non-ChEI ODB costs are also represented as a percentage of all total
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ODB costs. The proportion of all ODB costs attributable to ChEIs only was consistently
approximately 50%. The number of days of ChEI use for each treatment group expressed
as a percentage of total ChEI days has been consistent with the cost of ChEIs as a
percentage of total ChEI costs, e.g.: in 2005, donepezil cost $9.5 million (66.9% of total
ChEI costs) and its users contributed 1.4 million days (67.7% of total ChEI days). This
trend was observed for each of the three treatment groups for the duration of the study.
Figure 11: Total health system costs by care category, April, 2004 to March, 2010
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Table 21: Total annual ODB costs and proportion of cost per category, 2004 to 2010
Donepezil

Galantamine

Rivastigmine

Cost

2004

$13,802,103.97

59.3%

$5,977,440.62

25.7%

$3,490,882.75

15.0%

$23,270,427.34

100%

2005

$19,047,639.86

65.6%

$6,054,134.11

20.9%

$3,932,460.82

13.5%

$29,034,234.79

100%

2006

$18,184,657.42

57.8%

$9,167,874.48

29.1%

$4,125,470.81

13.1%

$31,478,002.71

100%

2007

$19,188,031.41

58.2%

$9,699,991.59

29.4%

$4,102,083.42

12.4%

$32,990,106.42

100%

2008

$19,809,044.89

57.4%

$11,416,251.34

33.1%

$3,289,987.79

9.5%

$34,515,284.02

100%

2009

$5,390,511.26

60.7%

$2,825,472.65

31.8%

$666,280.47

7.5%

$8,882,264.38

100%

Entry Year
All ODB
Costs

%
Total

Total

%
Total

Cost

Cost

%
Total

Cost

% of All
ODB Costs

Cholinesterase Inhibitors
2004

$7,112,264.17

61.1%

$2,931,193.68

25.2%

$1,605,139.03

13.8%

$11,648,596.89

50.06%

2005

$9,535,098.48

66.9%

$2,890,543.13

20.3%

$1,829,506.96

12.8%

$14,255,148.57

49.10%

2006

$9,092,885.67

58.5%

$4,520,294.07

29.1%

$1,937,964.41

12.5%

$15,551,144.15

49.40%

2007

$9,421,112.91

58.3%

$4,783,186.73

29.6%

$1,961,229.90

12.1%

$16,165,529.54

49.00%

2008

$9,693,716.66

57.8%

$5,584,571.16

33.3%

$1,491,977.99

8.9%

$16,770,265.80

48.59%

2009

$2,564,331.24

60.8%

$1,350,286.38

32.0%

$302,716.71

7.2%

$4,217,334.33

47.48%

All ODB Costs (excluding ChEIs)
2004

$6,689,839.80

57.6%

$3,046,246.94

26.2%

$1,885,743.72

16.2%

$11,621,830.46

49.94%

2005

$9,512,541.38

64.4%

$3,163,590.97

21.4%

$2,102,953.86

14.2%

$14,779,086.21

50.90%

2006

$9,091,771.75

57.1%

$4,647,580.41

29.2%

$2,187,506.40

13.7%

$15,926,858.56

50.60%

2007

$9,766,918.50

58.0%

$4,916,804.86

29.2%

$2,140,853.51

12.7%

$16,825,576.88

51.00%

2008

$10,115,328.23

57.0%

$5,831,680.19

32.9%

$1,798,009.80

10.1%

$17,745,018.22

51.41%

2009

$2,826,180.02

60.6%

$1,475,186.27

31.6%

$363,563.76

7.8%

$4,664,930.05

52.52%

Duration of ChEI usage
%
Total

Days

%
Total

Days

%
Total

Days

Days

2004

1,055,195

61.1%

439,499

25.5%

231,054

13.4%

1,725,748

2005

1,449,670

67.7%

433,785

20.3%

257,903

12.0%

2,141,358

2006

1,393,696

58.6%

699,964

29.5%

282,902

11.9%

2,376,560

2007

1,463,249

58.4%

759,630

30.3%

283,877

11.3%

2,506,766

2008

1,546,548

58.5%

881,829

33.3%

217,111

8.2%

2,645,488

2009

409,558

61.4%

211,745

31.8%

45,343

6.8%

666,646

Note: all costs reported in 2010 $CAN.
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Figure 12 represents the proportion of total healthcare cost by category of care for
2008. It is similar to Figure 6 in Section 6.4.2; however, the prescription drug category
has been split into the proportion of cost attributable to ChEIs alone and to other
prescription drugs. This demonstrates that the cost of ChEIs alone corresponds to 16% of
total healthcare costs for patients with dementia treated with ChEIs.
Figure 12: Proportion of total healthcare cost by category of care for 2008
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6.8 Study’s power
Since the study cohort of 40,057 was less than initially expected, a retrospective
power calculation was performed to test the study‟s ability to detect significant
differences in the dataset (212). An important outcome was selected – the number of
days of ChEI usage – to determine how much power this study had to detect the
difference observed between the groups. Power was calculated with a significance level
of 0.05, a difference of 6.8 days between donepezil and galantamine (the smallest
observed difference, i.e. a smaller difference than either between donepezil and
rivastigmine or galantamine and rivastigmine), and the standard deviations of the number
of days of ChEI use for each of these treatment groups. The power was determined to be
98%; thus there was a 98% chance of detecting a significant difference (α= 0.05) of 6.8
days in mean treatment duration between any two groups in this study. If the significance
level decreased to a level of α = 0.01, the study still had 95.9% power, and if this was
further decreased to a significance level of α = 0.001, the study still had 83.5% power.
Thus it is certain that the study had sufficient power to detect important
significant differences between the treatment groups for the outcomes of interest.
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Chapter 7
Discussion

7.1 Introduction
This chapter presents a discussion of the results of the study. Section 7.2
summarizes the study‟s key findings. Section 7.3 provides interpretation of the most
significant findings from the study and possible explanations for the observations.
Section 7.4 discusses the study‟s other key findings. Section 7.5 presents a discussion of
the methods that used and the study‟s limitations. Section 7.6 explains the study‟s
strengths. Finally, Section 7.7 presents the study‟s conclusions and its implications to the
healthcare system and directions for future research.
7.2 Summary of results
The following section summarizes the results. Section 7.2.1 highlights significant
findings and Section 7.2.2 presents other important outcomes and trends observed.
7.2.1 Significant findings

The majority of new users were prescribed donepezil (60.8%), while rivastigmine
was prescribed the least (11.4%). Users of any ChEI were predominantly female, had at
least one other co-morbid condition, had visited physicians over 30 times annually, used
over 10 concomitant medications in addition to their ChEI, and had received over 20
home care visits annually. Indication of co-morbidity disease severity and health service
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use were often statistically higher for the rivastigmine group compared to the other ChEI
groups, suggesting that rivastigmine users might be more ill than others.
Rivastigmine use seems inferior to the other two ChEIs on several of the
economic outcomes: users have statistically lower persistence, greater switching rates,
more physician visits per patient, and higher per-patient costs associated with overall
costs, prescription drug costs and physician visit costs.
Galantamine use increased over the course of the study: the number of new
galantamine users doubled from 1,446 in 2005 to 2,829 in 2008. All ODB and ChEI costs
also doubled, as well as the number of visits to dementia specialists.
Rivastigmine use decreased over time, falling from 909 new users in 2005 to 753
in 2008, despite the overall number of new users in the study cohort growing from 7,211
to 8,690 over the same period.
The annual number of physician visits grew from 33.0 visits for donepezil users,
34.5 visits for galantamine users and 37.7 visits for rivastigmine users during the year
prior to their ChEI use to 40.5 visits, 41.6 visits and 45.6 visits, respectively, during the
year after their first ChEI use. The annual number of visits to dementia specialists also
grew from 2.2 visits for donepezil users, 2.6 visits for galantamine users and 3.4 for
rivastigmine users the year prior to ChEI use to 5.3 visits, 5.4 visits and 6.0 visits,
respectively, the year after first ChEI use.
The most important finding is that the results suggest that prescription drugs have
been consistently responsible for over 30% of total annual overall healthcare system costs
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and that ChEIs have consistently accounted for 50% of total annual prescription prices.
Thus, 15-16% of overall annual healthcare system costs for these patients (with dementia
treated with ChEIs in Ontario) can be attributed to the cost ChEIs alone.
7.2.2 Other key findings

Persistence rates differed between ChEIs: 63.1% for donepezil, 67.0% for
galantamine and 57.0% for rivastigmine, within their first year; however these rates
improved to 67.7% for donepezil, 71.2% for galantamine and 64.3% for rivastigmine
when controlled for ChEI switching. The overall switching rate between any of the
ChEIs was 12.4%.
Long-term care has decreased steadily each year, yet is still a strong predictor of
overall annual mean healthcare cost per patient.
Between 2005 and 2008, the number of new ChEI patient using nursing services
increased from 1,074 to 1,376 patients, and the number of hours increased overall from
27,926 to 37,276 hours.
Half of all ChEI users visited emergency care facilities over the course of the year
following their index date.
Long-term care indication is a strong predictor of healthcare costs across all
categories of care. Other predictors of overall healthcare costs include hospitalization,
hip fractures and co-morbid indicators. In addition to long-term care, visits to primary
care physicians and the number of prescription drugs taken were strong predictors of
higher prescription drug costs while aspiration pneumonia was a strong predictor for
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lower prescription drug costs. Strong predictors for physician costs include physician
visits, hip fractures, aspiration pneumonia, delirium and long-term care. For home care
nursing, long-term care was the only significant predictor – it actually lowered home care
nursing cost; the ChEIs were not a significant predictor. For hospitalization, strong
predictors include long-term care, hip fracture, aspiration pneumonia, delirium, and visits
with either dementia specialists or primary care specialists.

7.3 Discussion of significant findings
The following subsections provide possible explanations for the study‟s most
significant findings. Section 7.3.1 discusses trends in prescription rates as they have
changed over the course of the study. Section 7.3.2 looks at the findings regarding
demographic and other baseline patient characteristics. Section 7.3.3 takes a closer
examination at rivastigmine and offers explanations regarding its apparent inferiority
when compared to donepezil or galantamine; the differences observed along
epidemiologic and economic outcomes can be explained by patient-level factors. Section
7.3.4 discusses trends observed in galantamine use. Section 7.3.5 further examines
rivastigmine use. Section 7.3.6 looks at trends observed in visits to physicians before and
after ChEI index date. Section 7.3.7 concludes with a discussion of the finding that ChEI
costs constitute 50% of all prescription drug costs in this patient group.
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7.3.1 Prescription rates

Over the duration of the study, the crude percentage of prescriptions documented
in ODB for new ChEIs was 60.8% for donepezil, 27.8% for galantamine and 11.4% for
rivastigmine. Stratified by cohort entry year, the proportion of new donepezil users
remained consistent (61.2% (3,560/5,815) in 2004 and 61.5% in 2009); galantamine
increased from 25.1% (1,461/5,815) in 2004 to 31.1% in 2009; and rivastigmine
decreased from 13.7% down to 7.4% over the same period. One earlier Canadian study
provided similar data between 2000 and 2002 (during the period when ChEIs were being
approved in Ontario for formulary inclusion (49). According to this study, in 2000, the
proportions of ChEI use were 99.9% donepezil and 0.1% rivastigmine; in 2001, the
uptake of both drugs by the healthcare system was demonstrated and the proportions
were 92.2% donepezil and 7.8% rivastigmine; in 2002, galantamine was approved for
inclusion and all three ChEIs increased in uptake while the proportions of ChEI use were
79.5% donepezil, 11.1% galantamine and 9.4% rivastigmine. The volatility of the
fluctuations in proportion of ChEI use between the three treatment options following the
fresh formulary approval of these drugs was one of the chief reasons why this study
began in 2004. However, as edified by trends observed from the results regarding ChEI
use, there are other factors that can cause prescription preference to change away from
one drug in favour of another.
One factor that could have caused the general increase in proportion of first-time
galantamine users is the recognition that galantamine could be used as a potential
treatment for probable vascular dementia cases. Vascular dementia is a disease described
189

as cognitive impairment caused by neural damage due to impaired blood flow to the
brain, and is the second most common form of dementia with a Canadian prevalence of
1.5% (216). The Compendium of Pharmaceuticals and Specialties (CPS) (217), a
reference book that contains drug monographs written to help healthcare professionals
prescribe and use drugs appropriately, references evidence from an RCT of the efficacy
of galantamine for patients with „mixed‟ dementia. The RCT to which the CPS refers is a
study by Erkinjuntti et al (2002) that demonstrated that galantamine improved ADASCog and CIBIC-plus scores in a sample of patients with either vascular dementia or
Alzheimer‟s dementia with cerebrovascular disease (218). Auchus et al. (2004 & 2007)
published RCT that edify galantamine‟s capacity to improve vascular dementia patient
cognition, though not activities of daily living, over placebo (219,220). In light of this
evidence, physicians may prefer to start patients on galantamine if they have a history of
stroke or cerebrovascular disease. This study‟s descriptive analysis of baseline
characteristics demonstrates that the proportion of the galantamine user group with
cerebrovascular disease (8.7%) was statistically higher than donepezil (7.3%), but not
rivastigmine groups (8.0%) (p<0.0001).
Two other factors that can influence ChEI prescription rates are known adverse
events associated with the ChEI, and the simplicity of its dose. According to the
Cochrane review, the head-to-head trial between donepezil and rivastigmine, which did
not find the drugs significantly different from each other regarding efficacy, favoured
donepezil because it was less likely to provoke adverse effects than rivastigmine (e.g.
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vomiting, falls, weight loss) (39). A comparison of the adverse effects reported in the
CPS monographs also suggests that rivastigmine has a wider variety of conditions
associated with each adverse event category – for example, under the Gastrointestinal
category, donepezil has five unique adverse events while rivastigmine has nine (221,222).
Moreover, the regimen for rivastigmine is two pills daily, while donepezil and
galantamine require only one pill per day. In fact, galantamine was first marketed as a
twice-daily drug (Reminyl), but later changed to a once-a-day extended release capsule
(Reminyl ER). This makes donepezil and galantamine more convenient to administer
than rivastigmine.
7.3.2 Demographic characteristics of ChEI users
The mean age in this study was 80.5 years. This was consistent with a previous
population-based American study looking at ChEI effectiveness where the mean age was
79.6 years) (158), and two previous two Canadian study looking at patients with
dementia in Ontario; the mean ages in these studies were 80.3 and 80.4 years (72,108).
The few previous economic studies, however, had lower mean ages; two recent Canadian
economic studies – one comparing costs of ChEI users to non-users (161) and the other
comparing costs between three groups of ChEI users (59) – used results from RCTs
where the mean age for ChEI users were between 72.3-75.1 years. According to Gill et
al. (2004), patients in the community who receive ChEI treatment tend to be significantly
older than patients who receive them as part of a clinical trial (72). Recruiting patients of
younger age could reduce the generalizability of economic results based on RCT data for
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application the general public. As far as it is known, the current study is the first
Canadian study to stratify overall healthcare system costs by age category and ChEI use
for patients with dementia. The inclusion of older patients into the study‟s cohort could
contribute to the costs reported being higher than those of previous studies involving
younger patients; in this way, the findings may be more generalizable and economically
relevant for the Canadian healthcare system.
ChEI users were predominantly female – ratio of 62:38 for donepezil, 60:40 for
galantamine and 55:45 for rivastigmine. Rivastigmine users were much more likely to
use antiparkinson medications (12.8%) than individuals in the other two ChEI groups
(3.0% each). The lower disparity in gender for rivastigmine could be linked to the higher
prevalence of Parkinson‟s disease in this group. While the prevalence of dementia is
higher among women, partially because it is a disease of senescence and women have
longer life-expectancies than men, Parkinson‟s disease on the other hand seems to affect
more men than women (223). Moreover, according to the CPS and previous studies,
rivastigmine is indicated for the symptomatic treatment of patients with idiopathic
Parkinson‟s disease and mild to moderate dementia (60,222,224). Thus, clinical practice
has reflected some aspects of the RCTs, as rivastigmine has been evaluated for both
Parkinson‟s disease dementia (225) and a related Parkinsonian condition called dementia
with Lewy bodies (61).
Co-morbid conditions were also present in this patient population. As Table 2
indicates, the mean Charlson co-morbidity score (excluding the point for dementia) was
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0.69 for donepezil, 0.73 for galantamine and 0.75 for rivastigmine. This level of comorbidity burden is not surprising since the mean age of each treatment group was 80
years, and the prevalence of co-morbid conditions increases with age, particularly when a
patient already has a chronic disease, such as dementia. The mean co-morbidity score per
group was lower in the current study than previously reported results by Schubert et al.
(2006) for an American dementia population in the community; this study determined
that patients had an average of 2.4 chronic conditions (226). However, the Charlson
score was used to estimate co-morbid disease burden, while Schubert et al. used patient
chart reviews. Recall that the Charlson score is a composite of 17 specific diseases, while
detailed patient chart reviews will be more sensitive to documenting all conditions
associated with the patient‟s health. Therefore, the chart data used by this study likely
captured more co-morbid conditions than this study was capable of doing based on the
limitation of the Charlson score.
Another indication of co-morbidity burden is a patient‟s use of other healthcare
services. As indicated in Table 2, ChEI users had visited physicians over 30 times, used
over 10 concomitant medications and had received over 20 home care visits in the year
prior to their first use of ChEIs. Older individuals generally use more medications,
typically to attenuate the effects of aging and treat co-morbid conditions, which would
also require more physician visits. The elderly are also more likely to require home care
services for tasks they can no longer perform by themselves or simply because aging no
longer permits them to. This usage of three available healthcare services will increase if
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a patient has dementia because it affects a person‟s cognition and memory, and inhibits
their ability to perform activities of daily living on their own.
7.3.3 Rivastigmine

The results suggest that rivastigmine use seems inferior to the other two ChEIs on
several of economic outcomes: users have statistically lower annual persistence (64.3%
compared with 67.7% for donepezil and 71.2% for galantamine), greater switching rates
(18% compared with 12.7% for donepezil and 9.6% for galantamine), more physician
visits per patient annually (45.6 compared with 40.5 for donepezil and 41.6 for
galantamine), and higher annual per-patient costs associated with overall costs
($13,848.97 compared with $12,577.92 for donepezil and $12,421.63 for galantamine),
prescription drug costs ($4,290.41 compared with $3,919.25 for donepezil and $4,052.17
for galantamine) and physician visit costs ($1,693.33 compared with $1,442.10 for
donepezil and $1,480.24 for galantamine).
These findings are likely the result of the combined effect of the drug itself and
the medical profile of the patients treated with it. According to the NICE review (2006),
rivastigmine was associated with more adverse events than donepezil in a head-to-head
comparison RCT (5). Furthermore, as previously mentioned the CPS has listed more
clinically-observed adverse events for rivastigmine than the other two ChEIs (222).
The results of this study suggest that the baseline clinical profile of patients who
are treated with rivastigmine is different from patients treated with either donepezil or
galantamine. Rivastigmine users used more health services in the year prior to their
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index date, as well as higher co-morbidity burden for some diseases. The use of
rivastigmine to treat patients with Lewy body dementia and dementia-associated
Parkinson‟s disease (60,61) would contribute to the co-morbidity burden of this group of
patients. As previously mentioned, a significantly higher proportion of rivastigmine
users were prescribed antiparkinson medication than the other two ChEI groups (12.8%
compared with 3.0% for the other two ChEIs), and atypical antipsychotic medications
(21.6% compared with 13.0% for the other two ChEIs). A greater proportion of
rivastigmine users had a history of myocardial infarction than the other two ChEIs (6.9%
compared with 5.5% for donepezil and 6.5% for galantamine).
A cost-minimization comparison between the three ChEIs was not considered
after discovering that rivastigmine users did not have a similar clinical profile before or
after taking the ChEI when compared to the other two treatment groups. Caution should
be considered when interpreting the results from the comparative analyses between the
three ChEIs, i.e.: although rivastigmine looks inferior to donepezil and galantamine,
some of these differences might be explained by differences in baseline health status
rather than intrinsic inferiority of the drug.
7.3.4 Galantamine

Galantamine use has increased over time with the number of new galantamine
users doubling from 1,446 in 2005 to 2,829 in 2008. All prescription drug costs and
ChEI costs doubled as well (from $6.1 million to $11.4 million and $2.9 million to $5.6
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million, respectively) over the same period. Moreover, the number of visits to dementia
specialists also increased.
The number of galantamine users visiting dementia specialists increased each year
since 2005. Between 2005 and 2006, the number of galantamine users seeking dementia
specialists and the number of visits nearly doubled (from 775 to 1,311 and 4,024 to
7,272, respectively). The number of galantamine users also increased between 2005 and
2006. This increase in visits to dementia specialists can be explained by the number of
patients visiting primary care physicians also increasing over the course of this study
because primary care physicians (typically family physicians) often refer patients with
suspected dementia to specialists before these users receive a prescription for ChEI.
As previously mentioned, the rapid growth in galantamine use between 2005 and
2006 might be due to evidence from RCTs at that time indicating that galantamine could
be beneficial for vascular and mixed dementias, not just Alzheimer‟s dementia (219,220).
The availability of such evidence may have promoted prescription for galantamine by
physicians when the patient‟s diagnosis of dementia was not clearly Alzheimer‟s disease.
7.3.5 Rivastigmine use

Rivastigmine use decreased over time, falling from 909 new users in 2005 to 753
in 2008, despite the overall number of new users in the study cohort growing from 7,211
to 8,690 over the same period. It is noteworthy, however, to examine trends in the
relationship between the number of days of ChEI usage as a percent share of total number
of ChEI treatment days and the cost of ChEI usage as a percent share of total cost of
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ChEIs for rivastigmine. Between 2004 and 2009 the percent share of total number of
ChEI treatment days and the percent share of total ChEI costs among rivastigmine users
have been virtually equal to each other (13.4% and 13.8% in 2004, 12.0% and 12.8% in
2005, 11.9% and 12.5% in 2006, 11.3% and 12.1% in 2007, 8.2% and 8.9% in 2008, and
6.8% and 7.2% in 2009, respectively).
Traditionally, rivastigmine‟s brand name version – Exelon – has been the most
expensive ChEI regimen ($2.61 per capsule twice daily = $5.22 per day compared with
$4.87 and $4.98 per day for donepezil and galantamine, respectively – prices in 2010
$CAN). This explains why the percent share of total ChEI cost attributable to
rivastigmine is slightly higher than its percent share of total number of ChEI treatment
days between 2004 and 2009. However, in November 2009, the first series of generic
rivastigmine drugs were approved for formulary inclusion and the unit price covered by
ODB dropped from $2.61 to $1.30 per dose (227). Thus, the relationship between
percent share of total number of ChEI treatment days and the percent share of total ChEI
costs among rivastigmine users to may be expected to change in future years due to the
presence of generic rivastigmine at half the cost of Exelon.
7.3.6 Physician visits and costs

The annual number of physician visits grew from 33.0 visits for donepezil users,
34.5 visits for galantamine users and 37.7 visits for rivastigmine users during the year
prior to their ChEI use to 40.5 visits, 41.6 visits and 45.6 visits, respectively, during the
year after their first ChEI use. The annual number of visits to dementia specialists also
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grew from 2.2 visits for donepezil users, 2.6 visits for galantamine users and 3.4 for
rivastigmine users the year prior to ChEI use to 5.3 visits, 5.4 visits and 6.0 visits,
respectively, the year after first ChEI user.
Several factors could explain these observations. First, the number of visits to
dementia specialists likely increased after the patient received their first ChEI because
patients needed to see the same physician again for a prescription refill. Typically, for a
patient‟s first ChEI use, physicians write 90-day prescriptions and have the patient return
for reassessment to ensure that they are tolerating the drug without significant adverse
events. Consequently, a patient would need to visit a physician at least three times over
the course of their first year of ChEI use just to have their prescription refilled (assuming
they are 100% compliant with treatment).
Another factor that could explain the difference in the number of visits to
physicians pre-ChEI treatment and post-ChEI treatment is the occurrence of adverse
events associated with these drugs. RCTs have reported adverse events associated with
these drugs – nausea, vomiting, diarrhea, dizziness, abdominal pain and anorexia – all of
which could encourage patients to see a physician (either through family practice, referral
or visiting a hospital).
Total physician costs also increased every year between 2005 and 2008. This can
be attributed to the increase in the incidence of ChEI use since all users are required to
seek a physician for assessment, consultation and to be prescribed the drugs. In addition,
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physician fees for services may have increased over this time if the fee schedule
underwent significant revisions during this time interval.
Physician costs were statistically higher among men, younger patients (aged 6685) among donepezil users only, and patients with greater co-morbidity burden and
disease severity indicators. The difference in costs according to gender was $232.66 for
donepezil, $289.12 for galantamine, and $228.13 for rivastigmine. While this result was
statistically significant between men and women, the difference in cost amounted to the
approximate equivalent of one comprehensive general practice consultation visit or one
psychiatric consultation – valued at $217.15 and $212.65 according to the 2011 Ontario
Schedule of Benefits for Physician Services (215).
7.3.7 Prescription drug costs

The findings suggest that prescription drugs have been consistently responsible
for over 30% of total annual overall healthcare system costs and that ChEIs have
consistently accounted for 50% of total annual prescription costs. Thus, 15-16% of
overall annual healthcare system costs for these patients can be attributed to the cost
ChEIs. This finding was surprising. At the outset of this study, it was understand that
ChEIs were expensive; in a study by Mamdani (2005), ChEIs were described to account
for 25% of mental health-related drug costs while representing less than 6% of mental
health-related prescriptions in 2002 (228). Another study by Caro et al. (2002)
determined that the cost of providing the ChEI studied (galantamine) accounted for 5% of
total care costs for Alzheimer‟s patients (167).
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In 2010 the cost of brand name donepezil, galantamine and rivastigmine cost
approximately $5.00 per day or over $1,800 per year (64). This finding indicates that the
annual mean cost per patient for ChEIs was $1,947.65 for donepezil, $1,980.26 for
galantamine and $1,997.49 for rivastigmine – slightly higher than expected. Considering
that an average patient in any of the treatment groups used at least 10 different
prescription medications, it seems astonishing that a single drug could account for half of
all of a patient‟s prescription drug costs. Given their modest clinical effectiveness
(5,39,229), this finding should be of great concern.

7.4 Discussion of other key findings
The following subsections provide possible explanations for the study‟s other key
findings. Section 7.4.1 compares patient ChEI persistence and switching rates observed
with previous RCT and clinical studies. Section 7.4.2 examines observations regarding
long-term care and the role it could have in driving overall healthcare system costs.
Section 7.4.3 highlights observations of nursing services offered through home care.
Section 7.4.4 discusses emergency care usage among the member of the study cohort.
Section 7.4.5 focuses on predictors of healthcare costs identified for overall health system
costs and for each of the six categories of care.
7.4.1 Persistence and switching

Treatment persistence is consistent with previous studies based on RCT results
(7,94,142-145). After adjusting for switching, persistence rates are 67.7% for donepezil,
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71.2% for galantamine and 64.3% for rivastigmine. The overall switching rate is 12.4%.
Annual drug persistence was worse among patients who switched ChEIs (20.9%-35.7%)
than those who stayed on one only (64.3%-71.2%). After controlling for switching, the
odds of discontinuation within the first year are 1.37 (95% CI 1.08, 1.25) for rivastigmine
as compared to galantamine, and 1.17 (95% CI 1.27, 1.49) for rivastigmine as compared
to donepezil and show that rivastigmine is the ChEI most likely to be discontinued within
first year of use.
Switching rates differ between ChEIs groups: 12.7% for donepezil, 9.6% for
galantamine and 18.0% for rivastigmine, comparable with a previous Canadian study
(145). The odds of switching within the first year is 2.07 (95% CI 1.88, 2.28) times
higher among initial rivastigmine users as compared to galantamine users, 1.52 (1.39,
1.65) times higher among rivastigmine users as compared to donepezil users, and 1.37
(1.27, 1.47) times higher among donepezil users as compared to galantamine users.
Older individuals may have more difficulties with persistence due to factors such
as forgetfulness (related to their dementia), complicated regimens of multiple
medications, and low health literacy (140). Persistence is most likely affected by
switching when a patient experiences adverse effects from the treatment; the presence of
adverse effects might encourage the physician to switch the treatment to another ChEI,
while also discouraging a patient who may not want to take medication due to potential
adverse events (144). This could help to explain why treatment persistence was poor for
patients who switched compared to those who did not in this study. Studies by Mauskopf
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et al. (2005) and Massoud et al. (2011) observed temporal differences in switching
patterns: a patient who sought to switch ChEIs within six months of their index date was
most likely doing so because of adverse effects, while a patient wishing to switch at a
later time was doing so because their current treatment was no longer effective (111,144).
This finding could be applied to this study‟s observations: the rates of discontinuation
were sharpest within the first 180 days and then the trend of discontinuation seems to
level off over time (see Figure 4). The steep decline in persistence following the first
three months was likely due to the presence of “front-loaded” adverse events (e.g. nausea,
diarrhea), as it occurred most drastically among those who switched.
Another possible contributor to the steep decline in persistence at three months is
that this is the period of initial prescription during which physicians would be likely to
reassess the clinical effects of treatment with the patient, and suggest that the patient
discontinue if the patient did not meet clinical targets that would indicate treatment
efficacy (e.g. global impression of health, change in MMSE score).
Annual persistence was not affected by a patient‟s age, their LHIN location or
year of cohort entry. Patient age probably is not associated with persistence because it is
not age, but disease severity that determines how poor a patient‟s memory has
deteriorated; therefore, a patient whose dementia onset is at age 66 and another patient
whose onset is at age 80 would have similar persistence because both would have the
mild stage of the disease. Since these drugs are covered under the provincial formulary,
gaining access to them should not be a problem across the 14 LHINs. Also, since the
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pharmaceutical action (and adverse events) of these drugs have not change since they
were approved (by 2002), it is intuitive that their impact on patient persistence would not
change over time.
7.4.2 Long-term care

Long-term care use and costs have decreased over time. The per-patient length of
stay has also decreased. However, it remains a significant contributor of annual overall
health system cost for these patients, and a strong predictor of annual mean overall cost
per patient. Between 2004 and 2009, per-patient annual long-term care length of stay
was approximate 190 days and the per-patient annual long-term care cost was
approximately $25,000.00. This represents a huge increase in patient care cost, so much
so that the linear regression analysis of mean overall healthcare system costs in this study
was stratified by long-term care use. Controlling for all other covariates, the annual mean
cost to the healthcare system for an 80-year-old patient treated with donepezil is
$3,093.35. If the same patient had a long-term care indication, their mean annual cost
would soar to $18,175.45. This can be attributed to the high per diem cost of providing
long-term care residence with nursing, food and health programs ($131.19 per day) (193).
This does not cover the cost of accommodations in long-term care residences, which fall
to the patient; however, the MOHLTC offers a subsidy for patients who cannot afford the
basic accommodation rate (230). Thus, the estimate of the cost of providing long-term
care to patients with dementia in the study might underestimate the actual financial
burden of long-term care to the healthcare system.
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7.4.3 Home care nursing services

Between 2005 and 2008, the number of new ChEI patient using home care
nursing services increased from 1,074 to 1,376 patients, and the total time spent with
patients increased overall from 27,926 to 37,276 hours. Median costs associated with
providing home care nursing services increased with co-morbidity level; patients with no
co-morbidities had a median cost of $789.89 among donepezil users, $909.01 among
galantamine users and $734.48 among rivastigmine users. These amounts increased to
$1,057.20, $1,044.60 and $915.50, respectively, for patients with one co-morbidity, and
$1,379.60, $1,225.50 and $1,331.60, respectively, for patients with more than one comorbid condition. The presence of a greater number of co-morbid conditions (in addition
to the patient‟s dementia) explains why a patient would require home care services,
particularly if the co-morbid conditions are chronic. ChEI use was not a significant
predictor of home care nursing costs. This might indicate that there are other factors
involved in whether a patient uses home care nursing services, and that dementia is not
associated with home care nursing services.
7.4.4 Emergency care use

Half of the cohort (19,947/40,057 patients) visited the emergency department
during their first year of ChEI treatment. The four dementia-associated conditions
studied combined (wrist fractures, hip fractures, aspiration pneumonia and delirium) only
accounted for 3.0% of the total cost spent on emergency visits for these patients in 2008.
While these four conditions evidently did not compose the bulk of costs for emergency
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visits, they were selected for focus because they were the conditions most likely to occur
as a result of a patient‟s dementia. However, patients in the cohort clearly sought
emergency care for other reasons, likely due to other conditions that could be related to
dementia (e.g., falls or dizziness) or complications due to co-morbidities (e.g.,
myocardial infarction or diabetes) (226).
Emergency costs were higher among patients with greater co-morbidity burden
and the presence of proxy dementia severity indicators. Emergency care costs were
statistically higher for patients with incontinence, or home care use (p<0.01). These
findings are plausible: patients with more co-morbid conditions and/or whose dementia
has progressed to more severe stages of the disease are more likely to have complicated
prognoses (226), which would increase the frequency of care and the likelihood of using
emergency services.
7.4.5 Predictors of healthcare system costs

Long-term care indication is a strong predictor of healthcare costs across all
categories of care. As mentioned previously, it drastically increases the cost of caring for
a patient with dementia because, it requires the constant daily flow of healthcare
resources once a patient has been admitted. However, long-term care is a negative
predictor for home care nursing services because patients in long-term care are not
eligible to receive home care services.
Predictors of overall healthcare costs include long-term care, hospitalization, hip
fractures and co-morbid indicators. The results demonstrate that long-term care and
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hospitalization constitute significant proportions of overall healthcare costs (28.8% and
23.4%, respectively, in 2008). Hip fractures are expensive to treat (at $1,618.11 per day
in hospital with a mean length of stay of 21 days per year). Median overall costs also
increased according to a patient‟s co-morbidity status. There was a difference in median
costs of approximately $4,000 between patients whose Charlson scores were 0 and 1, and
an $8,000 difference between patients whose scores were 0 and 2. Therefore, median
costs were highest for patients with more than one co-morbid condition compared to
those with either just one or none. Previous efficacy studies have compared comorbidities between ChEI users and non-users (5,158) to ensure that patients are
comparable at baseline, while studies looking at health resource utilization and costs of
dementia care of compared these variables based on the presence of individual co-morbid
conditions, such as psychiatric abnormalities and physical pain (231,232). Only one
study compared costs between ChEIs (using RCT data and modeling), but did not report
these costs stratified by co-morbidity burden (59). Consequently, the current study is the
first to compare overall healthcare costs between ChEI treatments stratified by levels of
co-morbidity burden.
Predictors of higher prescription drug costs include long-term care, visits to
primary care physicians and the number of prescription drugs taken, while aspiration
pneumonia was a strong predictor for lower prescription drug costs. Being in long-term
care increases patient treatment persistence due to the presence of long-term care
residence staff that enforce daily treatment regimen. Visiting physicians more frequently
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likely increases the number of drugs prescribed to a patient, which therefore increases
total prescription drug costs. Having aspiration pneumonia is typically indicative of more
severe dementia – at the stage where patients have difficulty swallowing. Since the three
ChEIs and a substantial number of associated medications consist of oral doses, it is not
surprising that patients who cannot swallow would use fewer of them.
Strong predictors for physician costs include long-term care, physician visits, hip
fractures, aspiration pneumonia and delirium, and use of prescription drugs. It is intuitive
that greater number of prescription drugs used is associated with physician visits and,
therefore physician costs. Moreover, delirium, aspiration pneumonia and hip fracture are
all conditions for which physician‟s care is warranted. Previous contact with physicians
is usually indicative of chronic diseases or associated with disease severity (231,233), and
can be predictive of future use of physician services.
The only strong predictor for home care nursing services is long-term care. As
previously detailed, long-term care residents are not eligible for home care services. This
explains why long-term care is a negative predictor for home care nursing costs.
For hospitalization, strong predictors include long-term care, visits with either
dementia specialists or primary care physicians, and episodes of wrist fracture, hip
fracture, aspiration pneumonia or delirium. Experiencing any of the latter four conditions
with an accompanying diagnosis of dementia would likely result in hospital admission.
Each of these conditions had long mean lengths of stay (delirium = 24 days, aspiration
pneumonia = 25 days, hip fracture = 21 days and wrist fracture = 19 days), which would
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contribute to higher hospital costs. Once admitted to hospital and following their hospital
care, patient would likely receive consultations from primary care and dementia care
specialists. Greater number of co-morbid conditions and more advanced stage of
dementia complicate patient prognoses, which could lead to higher care costs. ChEI use
is not a significant predictor for hospitalization costs.
7.5 Discussion of methods and limitations of the study
This study‟s several limitations; however provisions were made to eliminate or
lessen their impact on the data. This study had an observational design and therefore
there was the chance that the effects observed could have been explained by unknown
sources of confounding. However, this was the only study design that would have
enabled the investigation of many economic outcomes for users of the three ChEIs. The
inclusion criteria when forming the study cohort were liberal in order to capture as much
variation in the general population as possible for other covariates to increase the
generalizability of any effects observed. With respect to controlling for unknown
confounders, potential confounders were identified a priori (age, gender, co-morbidity
level, disease severity and socio-economic status) and were tested. Other covariates,
such as measures of the use of various health services at baseline were also identified.
Dataset limitations restricted the type of variables that could be used and analysis.
While some potential confounders were easier to measure in the datasets, such as age and
gender, others were not as straightforward. A composite index (the Charlson score) was
used to measure co-morbidity burden; while this method is somewhat dated (designed in
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1987 and reflects the 18 most lethal chronic diseases at the time), it was supplemented
with other indicators of co-morbidity, such as hearing and visual impairment,
malnutrition and hip fractures (all of which occurred at similar rates across the three
treatment groups at baseline). Dementia severity (mild, mild-to-moderate, moderate and
severe) was not recorded in any of the ICES databases so proxy indicators (urinary
incontinence and home care service use at baseline) were used with a positive indication
for either corresponding to more severe dementia. Socio-economic status was defined as
income level, which was determined using the forward sortation area-income quintile
macro.
With administrative data it was not possible to distinguish between different types
of dementia. Because the etiology of dementia is not yet well understood and its clinical
presentation is comparable across its various forms without further testing, it is easy to
misdiagnose and/or misattribute its type initially. Additionally, the algorithm used to
capture diagnostic codes to identify potential cases was not sensitive to the various
different forms of dementia. Therefore, patients with all forms of dementia (Alzheimer‟s,
vascular, Lewy body, frototemporal, etc.) were considered in order to present
generalizable results to those patients with dementia in the general population.
Another limitation of the ICES databases is that only the ODB and the OHIP
datasets offer reliable costs in dollar amounts. For measures of long-term care, nursing
services, emergency department visits and hospitalizations, costs were assigned
according to provincial Medicare rates (193-196).
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Switching was considered by attributing all costs accrued during the course of
treatment to the first drug. This decision was made because switching was likely caused
by side effects to the first drug. This method, while acceptable, as it prevents the first
drug from looking better as the second drug would absorb some of the occurrences of
adverse events due to the effects of the first drug, does not permit the analysis of
effectiveness or resource utilization for the second drug. Another method that could have
been used was to calculate person-time for each drug that a patient took; however the
nature of the data set did not permit this type of timed analysis.
The ODB database might over-represent patients with higher co-morbidity status
because these are the patients most likely to have higher prescription drug use. However,
this study captured all patients with dementia. Since ChEIs are the frontline therapy for
treatment of dementia, and disease severity was controlled for, it is certain that this study
included all patients of varying degree of illness from the ODB.
The effect of patient mortality on the findings was not considered. While a
patient‟s death would significantly decrease their resource utilization and, therefore,
reduce their contribution to mean total costs for any of the care categories, provisions
were made to control for this occurrence by stratifying mean costs at quarterly intervals
and required patients to have continuous use for the first three months so that, regardless
of when the death occurred, the patient would have contributed disease data for at least
one of these intervals. In the end, these safeguards were not necessary: the annual death
rates among the three ChEI groups were similar and the overall death rate was only 6.7%.
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This study could not investigate the impact of adverse events due to dataset
limitations. This study was retrospective and observational, which made it difficult to
attribute the occurrence of adverse events to either ChEI use or the patient‟s dementia.
This study included some measures of conditions associated with dementia (delirium,
aspiration pneumonia, hip fractures and wrist fractures), but this list was by no means
exhaustive of all potential adverse events.
The adjusted R-Squared (test the appropriateness of the model fit) for each linear
regression model of annual mean cost is 0.7533 for the overall model, 0.2749 for
prescription drugs, 0.2923 for physician services, 0.1279 for hospitalizations, and 0.0523
for home care nursing services. With the exception of the overall mean cost model, these
R-Squared values are relatively low. However, R-squared is a measure of the
completeness of a model not the significance of the variables in the model (212). A low
R-squared value means that there are other factors that are not accounted for in the
current model that could explain the variation observed in the outcome variable. Since
this study used administrative data, the selection of potential predictor variables for
health system costs was limited. Nevertheless, while a low R-squared value indicates
that the models are incomplete (i.e.: there are other variables that this study could not
consider due to dataset limitations that also explain health system costs), the predictor
variables that could be identify were highly significant (most with p<0.0001) and are
therefore good predictors of costs to the health system. Moreover, a variance-stabilizing
transformation – the natural log function – was employed to make the residual variance
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of mean cost similar for each value of predictors (212). In transforming the mean annual
cost, it is possible that much of the variance has already been „explained‟ as a result of
the transforming process (234). Therefore, R-Squared values as low as those observed
could indicate good model fit.
Regression models could not be constructed to analyze potential predictor
variables for mean annual long-term care or emergency care costs. This can be attributed
to having too few possible data point values. For long-term care, while length of stay
was a continuous variable to which a cost was assigned, the maximum number of values
it could have was 365 days. Similarly for emergency visits, the maximum number of
values this variable could have was 37 visits. These values may be insufficient to provide
the variation in data values required to have a normal distribution. In the case of longterm care, the level of error in the model should be independent of when the observation
occurred in the study; however, the length of stay was directly tied to time progression,
i.e., those with greater length of stay always occurred at the end of the study since patient
who entered long-term care never left. Therefore, the independency requirement was not
met. For emergency care visits, the majority of the 19,947 had only one visit to the
emergency department throughout the year; therefore, the distributions of values for
number of visits and cost were highly skewed. Finally, since only one possible cost value
was assigned for these outcomes ($131.19 per day in long-term care and $195.98 per
emergency care visit), the models could have lacked the variation necessary to fit the
assumptions for linear regression.
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One shortcoming of previous studies (59) that the current project could not
alleviate is examining the effects of the presence of caregivers. One French study
demonstrated that dementia patients living alone were most often women (235). An
American study added that half of patients with dementia have caregivers and these
caregivers tended to be women and the spouse of the patient (236). Caregiver burden
also rises significantly with more severe dementia (237). The presence of a caregiver
could either lessen the use of health services because the caregiver can care for the
patient, or it could increase a patient‟s use of health services because they can act as a
motivator to help the patient seek appropriate medical attention. The effect of caregivers
in this cohort could not be measured – the datasets did not indicate marital status or the
presence of children. It is possible that the presence of caregivers could have driven
down the mean costs for health services; this would likely result in non-differential
misclassification of the decreased mean costs since it seems unlikely that caregiver
presence would differ between the three treatment groups.
Another limitation of the dataset was the inability to capture indirect costs. With
administrative data, only direct costs to the provincial healthcare system could be
captured. Indirect costs of care include services provided by informal caregivers (family
or friends) and the loss of productivity by both the patient and the caregiver (123). One
study suggests that the average age of a caregiver is 67.4 years and they were typically
the patient‟s spouse (236). Though this cannot be confirmed, it could be inferred that
since the mean age for the cohort was 80.5 years across the treatment groups, both the
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patient and their caregiver would be older than the standard age of retirement (as early as
60 years in Canada (238,239)), which would lessen any actual loss in productivity. Other
studies have capture indirect cost estimates based on measures of caregiver time and
prospective survey collection (123), which were not possible with the ICES datasets.

7.6 Strengths
The major strengths of this study are its use of population-based data on a large
group of patients with dementia, ability to gather costs on a wide array of health services
in a setting of universal health care delivery, and the generalizability of the results to
routine clinical practice. This study fills a gap in the literature regarding ChEI use and
health resource consumption in other areas of care for patients with dementia. There has
been a lack of comparative economic analyses of these drugs; only one was identified
(59), which was based on the results of a systematic review of RCTs (173). This study is
relevant because it fulfills the need for a comparative study of available treatments for
dementia. This is the first analysis of healthcare resource utilization and associated costs
for a large Canadian population-based cohort of individuals with dementia. It also is the
first population-based cost comparison between dementia treatment groups with a time
horizon of one year. Previous studies have relied on RCT data, or economic modeling.
Another strength of this study is that it was a non-interventional and observational
analysis of a medical intervention already in place, and not a clinical study. These traits,
coupled with the inclusion of all new users of ChEIs for each of the years studied
214

significantly increases the generalizability of the results to the Ontario and, possibly, the
other provincial populations.
This study contributes another perspective (that of the healthcare system) from
which to view the impact of dementia treatments, it complements existing knowledge of
the patterns of use of health resources by patients with dementia, and highlights another
rich source of data for study (ICES). The data for estimating resource utilization was
comprehensive and appropriate for the Canadian population. All data were obtained
from population-level health administrative databases detailing records for all patients
with an OHIP number and users of the provincial healthcare system. The databases at
ICES were a valuable resource for providing a complete picture of direct costs to the
healthcare system for patients with dementia. Patient-level information was used to cost
different categories of healthcare services. Important cost elements, such as total costs
for prescription drugs, physician care, long-term care, home care nursing, emergency care
and hospitalizations, were included, as well as sub-categories of each; these have not
been reported in previous costing studies. The data collection permitted the description
of trends in ChEI and healthcare system utilization across multiple years. Several other
studies have done so, but their time horizons were shorter (105,106).
Another strength of this study over previous studies is that the data enabled the
observation of trends in ChEI use and health service utilization for these patients for a
variety of outcomes over time. Looking at multiple years of data enabled the
identification of differences in the use of particular health services between different time
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points. The results indicate that drug persistence did not vary by year of cohort entry. It
was observed that long-term care costs progressively decreased between 2005 and 2008,
while prescription drug costs grew over the same period. The dataset enabled the
recognition of the surge in galantamine use between 2005 and 2006. Finally, the results
provide evidence that ChEI costs were consistently responsible for 50% of all
prescription drug costs and 15-16% of overall healthcare costs for these patients.
This study is the first to provide estimates of time and cost of nursing service
offered by Community Care Access Centres in Ontario. Previous Canadian studies that
have modeled the cost of providing care for patients treated with ChEIs focused primarily
on costs related to medication, physician visits, hospitalization and emergency care
(59,168,171), but not nursing costs. One Canadian study included estimates of in-home
nursing care, collected based on a survey that asked patients to recall the health services
they had used (161), but this study did not designate the source of the nursing care.
Furthermore, the sample size was considerably large and sufficiently powered to
detect small economic differences between the treatment groups for many of the variables
investigated. Previous economic studies have relied on RCTs (59,161,171), which have
restricted sample sizes for patient safety and are insufficiently powered for economic
analysis (73). This study was retrospective and used only anonymized patient-level
health administrative data, and therefore posed little or no risk to the patient safety.
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7.7 Conclusions and future research directions
The results of this study offer insight into the patterns of use of ChEIs over time,
as well as resource utilization and costs for patients with dementia treated with ChEIs.
Health resource use differs between users of the three ChEIs. This difference, as
edified by the results, is partially explained by a systematic difference in patient-level
characteristics between the three ChEI groups.
The most important implication of this study‟s results is that ChEIs, a single class
of drug, comprise a significant proportion (15-16%) of all healthcare service costs spent
by the Ministry of Health and Long-Term care in Ontario for patients with dementia
treated with these drugs. The mean annual overall drug cost was approximately $4,000
across the treatment groups, $2,000 of which was attributed to ChEI costs. This is a
group of patients who are taking an average of ten other medications. This is important
in light of the questionable efficacy of ChEIs for treating the visible symptoms of
dementia, and requires consideration by policy-makers and healthcare providers.
This study measured health service use per patient for overall care and for six
service categories by quarter. Knowing what health services patients are likely to seek
and when they are most likely to seek them following the start of ChEI use (3-, 6-, 9- or
12-months after) will aid physicians with the development of individual care plans, and
the provincial healthcare administrators to allocate appropriate health resources in a
timely fashion.
This study was the first to consider nursing services as provided by CCACs.
However, further research is needed to determine if the quality and plurality of resources
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offered by CCACs through their home care program are sufficient and comparable to
services provided in long-term care facilities. Institutionalization is reserved for patients
whose dementia is so severe they require access to care 24-hours per day, which is not
possible with home care services.
As edified in the limitations section, no study has sufficiently examined the effect
of caregiver presence on dementia care, which could either lessen or increase the use of
health services (as previously mentioned). Further research is also needed to determine
the impact of dementia on indirect costs to the healthcare system. Patient caregivers also
make use of health services due to the stress of caring for a family member or friend with
dementia. Such research could focus on care burden as experienced by a patient‟s spouse
or their children.
Furthermore, the results of this study underscore the need for further research in
the following areas: 1) the effects of adverse events associated with ChEIs on healthcare
service use; 2) the cost-effectiveness of ChEIs, which would require a source of
longitudinal data on patient cognitive or function improvement whilst taking ChEIs; and,
3) the impact of generic substitution on future ChEI costs. The first two areas of further
research could not be adequately addressed by the current study due to dataset limitation,
but are important to understanding the contribution of ChEI use to health service use and
costs. Data for the third area of further research will be available shortly as generic
versions of the ChEIs are already available. The first generic versions of rivastigmine
were introduced onto the ODB in November 2009 with five generics available by the end
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of that year. In July 2010 the amount reimbursed by the ODB for the cost of the drug fell
again to $0.65 per pill (227). In May 2011, the availability of generic versions of
galantamine reduced its ODB reimbursement amount from $4.73 to $1.25 per daily dose.
In Canada, the patent for donepezil will expire in 2013 (240), which will invariably lead
to reduced pricing for the drug to remain competitive with galantamine and rivastigmine.
By 2013, the per unit price for ChEIs will be less than half of their current prices;
however, with the incidence of dementia continuously rising and no other available
treatment on the horizon, the impact of this shift towards cheaper drug therapy should be
the subject of further inquiry.
*

*

*

In closing, with the imminent pressures of demographic trends leading towards an
aging population and ever-increasing life-expectancy, it is imperative that society
understand the impact of chronic diseases – their etiology and prognosis – and the impact
of their treatments. Demographic trends in dementia demonstrate that its incidence will
increase dramatically in the near future, and the only treatment available and funded in
Canada is the cholinesterase inhibitor class of medication. This project presented the
unique opportunity to analyze a rich source of data (the ICES databases) not yet tapped
for an economic study of dementia, and provided a Canadian context for the effects of
dementia on the Ontario provincial healthcare system.
There is consistent evidence that healthcare costs for patients with dementia are
high and that the cost of caring for these patients increases as they progress to more
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severe forms of the disease (when patients experience substantial loss of cognition and
functional ability). In Canada, there are competing demands for healthcare resources as
there is a growing need by the population for services earmarked for chronic disease
management. Accordingly, there is a need to evaluate the clinical and economic impact
of new health interventions or re-evaluate existing therapies to ensure that resources are
being allocated efficiently and appropriate. By examining the patterns of utilization and
the costs of treatment, researchers can observe which services patients are using and
which ones cost the healthcare system the most to maintain. The application of such
information for dementia care will promote better care for patients and contribute to the
long-term stability and sustainability of the healthcare system.
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Appendices

Chapter 4:

Section 4.7.3: Multivariate Analysis
Appendix Table 1: List of potential predictors for multivariate linear regression
Variable
donepezil
galantamine
rivastigmine
Age
Gender
Income Quintile
Low Income
Rural
LHIN
Acute Care within 1-year prior
Hospitalization within 5-years prior
CT Scan
Physician Visits within 1-year prior

Type
Dummy
Dummy
Dummy
Continuous
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical

Antidepressants within 1-year prior
Antiparkinsons within 1-year prior
Atypical antipsychotics within 1-year prior
Typical antipsychotics within 1-year prior
Benzodiazepine within 1-year prior
Pharm (number of DINS)

Categorical
Categorical
Categorical
Categorical
Categorical
Categorical

Charlson Score
Urinary Incontinence within 1-year prior
Hip Fracture
Wrist Fracture
Delirium
Aspiration Pneumonia
Antipsychotic use
Psychotropic use
Dementia Specialist Visit
Primary Care Specialist Visit
Hospitalization
Emergency Department use
Long-Term Care use
Home Care Visit
Home Care Nursing Service

Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
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Values
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
66 to 105
0=Male, 1=Female
Missing, 1, 2, 3, 4, 5
0=No, 1=Yes
0=No, 1=Yes
1 to 14
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0= (<19), 1= (19 to 36),
2= (>36)
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0= (<8), 1= (8 to 13), 2=
(>13)
0, 1, 2
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes
0=No, 1=Yes

Section 6.3.2 and 6.3.3: Persistence and Drug Switching

Appendix Figure 1: ChEI use for up to 6 months among treatment groups

Appendix Figure 2: ChEI use for up to 9 months among treatment groups
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Appendix Table 2: 6-month ChEI persistence
Drug
donepezil
galantamine
rivastigmine
Total

Total
24,347
11,140
4,570
40,057

Discontinued
4,808
1,941
1,084
7,833

Complied
19,539
9,199
3,486
32,224

% Complied
80.25
82.58
76.28
80.45

Appendix Table 3: 9-month ChEI persistence
Drug
donepezil
galantamine
rivastigmine
Total

Total
24,347
11,140
4,570
40,057

Discontinued
7,262
2,938
1,602
11,802

Complied
17,085
8,202
2,968
28,255

% Complied
70.17
73.63
64.95
70.54

Appendix Table 4: 12-month ChEI persistence
Drug
donepezil
galantamine
rivastigmine
Total

Total
24,347
11,140
4,570
40,057

Discontinued
8,978
3,674
1,964
14,616

Complied
15,369
7,466
2,606
25,441

% Complied
63.12
67.02
57.02
63.51

Appendix Table 5: ChEI persistence by LHIN
LHIN

Total
1
2
3
4
5
6
7
8
9
10
11
12
13
14

LHINs

2,282
3,242
2,137
5,360
1,228
2,674
3,247
4,436
4,785
1,694
4,420
1,645
2,029
845
40,024

Discontinued
897
1,161
702
1,848
454
1,015
1,324
1,767
1,784
598
1,452
547
705
335
14,589

Complied
1,385
2,081
1,435
3,512
774
1,659
1,923
2,669
3,001
1,096
2,968
1,098
1,324
510
25,435

% Complied
60.69
64.19
67.15
65.52
63.03
62.04
59.22
60.17
62.72
64.70
67.15
66.75
65.25
60.36
63.55
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Appendix Figure 3: ChEI persistence rates by LHINs

Appendix Figure 4: ChEI persistence rates by cohort entry year
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Appendix Table 6: ChEI persistence by cohort entry year
Entry Year
1
2
3
4
5
6
Total

Total
5,815
7,211
7,873
8,285
8,690
2,183
40,057

Discontinued
2,250
2,772
2,862
2,944
3,046
742
14,616

Complied
3,565
4,439
5,011
5,341
5,644
1,441
25,441

%
Complied
61.31
61.56
63.65
64.47
64.95
66.01
63.51

Appendix Figure 5: ChEI persistence rates among age categories

Appendix Table 7: ChEI persistence by age category
Age
66-69
70-74
75-79
80-84
85-89
90+
Total

Total
1,926
5,218
9,956
11,987
7,981
2,989
40,057

Discontinued
723
1,944
3,614
4,295
2,916
1,124
14,616

Complied
1,203
3,274
6,342
7,692
5,065
1,865
25,441

% Complied
62.46
62.74
63.70
64.17
63.46
62.40
63.51
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Section 6.4.1 to 6.4.7: Healthcare resource utilisation and costs
Appendix Table 8: List of all prescription drugs by class (excluding ChEIs)
Drug
Unit
Typical Antipsychotics
Fluphenazine
2-5mg per day
0.5-20mg x3 per day
Haloperidol
Prochlorperzine
5-10mg x3-4 per day
Loxapine
5-50mg x2-4 per day
Perphenazine
4-16mg per day
Thiothixene
2-10mg x2 per day
Trifluoperazine
1-10mg x3 per day
Chlorpromazine
25-100mg per day
Pimozide
2-4mg x2 per day

Max dose per day

Cost (per unit)*

10mg
20mg
20mg
60mg
24mg
30mg
20mg
1000mg
10mg

$0.17-$0.23
$0.04-$0.63
$0.11-$0.13
$0.15-$0.52
$0.06-$0.13
$0.32-$0.56
$0.18-$0.28
$0.14-$0.32
$0.23-$0.41

Atypical Antipsychotics
Olanzapine
2.5-10mg per day
0.25-4mg x2 per day
Risperidone
Quetiapine
25-300mg per day
Ziprasidone
20-80mg x2 per day

20mg
4mg
800mg
80mg

$0.45-$2.70
$0.13-$1.21
$0.33-$5.24
$1.65-$1.89

Antidepressants
Citalopram
Excitalopram
Paroxetine
Fluoxetine
Fluvoxamine
Sertraline
Duloxetine
Venlafaxine
Trazodone
Bupropion
Methylphenidate
Amphetamine
Lisdexamfetamine
Amitriptyline
Clomipramine
Desipramine
Doxepin
Imapramine
Nortriptyline
Trimipramine
Maprotiline
Mirtazapine
Moclobemide
Phenelzine
Selegiline
Tranylcypromine

60mg
20mg
40mg
80mg
100mg
200mg
120mg
375mg
600mg
450mg
80mg
30mg
60mg
150mg
250mg
300mg
300mg
100mg
50mg
150mg
75mg
45mg
600mg
60mg
10mg
60mg

$0.33-$1.77
$1.66-$1.77
$0.45-$0.48
$0.46
$0.21-$0.38
$0.20-$0.45
$1.84-$3.68
$0.22-$0.47
$0.06-$0.15
$0.15-$1.09
$0.08-$4.06
$0.63-$3.40
$2.55-$4.55
$0.07-$0.23
$0.13-$0.32
$0.38-$0.89
$0.19-$0.71
$0.14-$0.93
$0.05-$0.10
$0.22-$0.93
$0.55-$1.42
$0.10-$0.31
$0.15-$0.25
$0.38
$0.50
$0.37

20-40mg per day
10-20mg per day
20-30mg per day
20mg per day
50-100mg per day
25-100mg per day
30-60mg per day
37.5-150mg per day
50-150mg per day
100-300mg per day
10-80mg per day
5-30mg per day
20-60mg per day
10-50mg x2 per day
10-50mg x2 per day
25-75mg per day
25-150mg per day
10-100mg per day
10-25mg per day
12.5-100mg per day
25-75mg per day
15-45mg per day
100-300mg per day
15mg per day
5mg per day
10mg per day
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Appendix Table 8 (cont’d): List of all prescription drugs by class (excluding ChEIs)
Drug

Unit

Max dose per day

Benzodiazepine
Alprazolam
Bromazepam
Clonazepam
Clorazepate
Diazepam
Flurazepam
Lorazepam
Nitrazepam
Oxazepam
Temazepam
Triazolam
Clobazam

0.5-2mg x3 per day
5-6mg x3 per day
0.5-2mg per day
3.75-15mg per day
2-5mg per day
15mg-30mg per day
0.5-2mg x2 per day
0.05-10mg per day
10-30mg x3 per day
15-30mg per day
0.125-0.25mg per day
10mg x2 per day

10mg
60mg
20mg
15mg
10mg
30mg
10mg
10mg
120mg
30mg
0.25mg
80mg

Cost (per unit)*

$0.06
$0.05
$0.05-$0.09
$0.15-$0.33
$0.05-$0.07
$0.09
$0.04-$0.07
$0.04-$0.05
$0.04-$0.08
$0.05
$0.12-$0.21
$0.11

Note: Costs in 2010 CAN$. *Amount paid by MOHLTC (excludes dispensing fee)
Sources: ODB 2010 E-Formulary; JIRDC Pharmacy Formulary
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Appendix Table 9: Total annual ODB costs by cohort entry year (2010 $CAN)
donepezil
Entry Year
N
Cost
All ODB Costs
2004
3,560
$13,802,103.97
2005
4,856
$19,047,639.86
2006
4,622
$18,184,657.42
2007
4,858
$19,188,031.41
2008
5,108
$19,809,044.89
2009
1,343
$5,390,511.26
Cholinesterase Inhibitors
2004
3,560
$7,112,264.17
2005
4,856
$9,535,098.48
2006
4,622
$9,092,885.67
2007
4,858
$9,421,112.91
2008
5,108
$9,693,716.66
2009
1,343
$2,564,331.24
Typical Antipsychotics
2004
60
$2,057.60
2005
106
$5,113.66
2006
104
$5,795.25
2007
109
$6,060.40
2008
111
$5,141.75
2009
34
$1,482.95
Atypical Antipsychotics
2004
880
$444,046.64
2005
306
$560,049.17
2006
1,080
$459,387.45
2007
1,005
$397,241.32
2008
870
$266,023.13
2009
162
$51,419.54
Antidepressants
2004
1,350
$481,873.47
2005
1,902
$694,132.14
2006
1,780
$571,074.86
2007
1,946
$539,552.90
2008
2,095
$549,165.19
2009
561
$163,694.18
Benzodiazepine
2004
832
$44,511.73
2005
1,188
$59,659.04
2006
1,095
$57,912.63
2007
1,087
$58,598.77
2008
1,125
$60,768.43
2009
301
$16,548.47
All ODB Costs (excluding
ChEIs)
2004
3,560
$6,689,839.80
2005
4,856
$9,512,541.38
2006
4,622
$9,091,771.75
2007
4,858
$9,766,918.50
2008
5,108
$10,115,328.23
2009
1,343
$2,826,180.03
Duration of ChEI
Days
usage

galantamine
N
Cost

rivastigmine
N
Cost

Total
N

Cost

1,461
1,446
2,277
2,448
2,829
679

$5,977,440.62
$6,054,134.11
$9,167,874.48
$9,699,991.59
$11,416,251.34
$2,825,472.65

794
909
974
979
753
161

$3,490,882.75
$3,932,460.82
$4,125,470.81
$4,102,083.42
$3,289,987.79
$666,280.47

5,815
7,211
7,873
8,285
8,690
2,183

$23,270,427.34
$29,034,234.79
$31,478,002.71
$32,990,106.42
$34,515,284.02
$8,882,264.38

1,461
1,446
2,277
2,448
2,829
679

$2,931,193.68
$2,890,543.13
$4,520,294.07
$4,783,186.73
$5,584,571.16
$1,350,286.39

794
909
974
979
753
161

$1,605,139.03
$1,829,506.96
$1,937,964.41
$1,961,229.90
$1,491,977.99
$302,716.71

5,815
7,211
7,873
8,285
8,690
2,183

$11,648,596.89
$14,255,148.57
$15,551,144.15
$16,165,529.54
$16,770,265.80
$4,217,334.34

38
35
46
55
53
11

$2,665.49
$2,678.16
$2,417.60
$2,714.56
$2,562.83
$488.81

20
26
22
20
27
2

$971.29
$2,359.61
$1,206.67
$1,455.74
$2,151.99
$58.74

118
167
172
184
191
47

$5,694.38
$10,151.44
$9,419.52
$10,230.70
$9,856.57
$2,030.50

424
357
495
534
443
82

$230,767.56
$163,825.31
$219,129.02
$204,178.07
$137,478.67
$25,089.14

259
1,123
283
259
196
20

$149,260.39
$159,033.12
$140,118.68
$111,592.15
$137,478.67
$5,262.77

1,563
1,786
1,858
1,798
1,509
264

$824,074.60
$882,907.60
$818,635.15
$713,011.54
$466,014.07
$81,771.45

580
615
939
985
1,098
278

$231,984.49
$236,240.02
$311,801.32
$272,530.51
$277,552.89
$73,301.71

331
384
398
436
334
53

$138,900.57
$149,713.06
$140,858.73
$134,375.51
$95,138.60
$14,371.23

2,261
2,901
3,117
3,367
3,527
892

$852,758.53
$1,080,085.22
$1,023,734.91
$946,458.93
$921,856.67
$251,367.11

389
373
502
528
655
164

$19.819.76
$19.154.22
$29.335.28
$27.776.28
$31.791.07
$7.936.12

239
216
235
207
183
47

$11,727.63
$9,655.12
$13,247.99
$10,862.53
$11,175.29
$1,928.05

1,460
1,777
1,832
1,822
1,963
512

$76,059.12
$88,468.38
$100,495.91
$97,237.58
$103,734.78
$26,412.64

1,461
1,446
2,277
2,448
2,829
679
Per
patient

$3,046,246.94
$3,163,590.97
$4,647,580.41
$4,916,804.86
$5,831,680.19
$1,475,186.26
Days

794
909
974
979
753
161
Per
patient

$1,885,743.72
$2,102,953.86
$2,187,506.40
$2,140,853.51
$1,798,009.80
$363,563.76
Days

5,815
7,211
7,873
8,285
8,690
2,183
Per
patient

$11,621,830.46
$14,779,086.21
$15,926,858.56
$16,825,576.88
$17,745,018.22
$4,664,930.05
Days

2004

1,055,195

296.4

439,499

300.8

231,054

291.0

1,725,748

2005

1,449,670

298.5

433,785

300.0

257,903

283.7

2,141,358

2006

1,393,696

301.5

699,964

307.4

282,902

290.5

2,376,560

2007

1,463,249

301.2

759,630

310.3

283,877

290.0

2,506,766

2008

1,546,548

302.8

881,829

311.7

217,111

288.3

2,645,488

2009

409,558

305.0

211,745

311.8

45,343

281.6

666,646

Note: all costs reported in 2010 $CAN. *2004 data represents nine months (Apr-Dec) of resources use and 2009 represents three months (Jan-Mar). All
other years considered 12 months.
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Appendix Table 10: Mean costs in ODB per patient by quarter
donepezil
Category
N
Mean
Overall Drug Cost
3 Months

24,347

$1,188.98

6 Months

$2,136.27

9 Months

$3,136.82

12 Months

$3,919.25

95% CI

galantamine
N
Mean

(1,181.41,
1,196.55)
(2,122.49,
2,150.05)
(3,116.11,
3,157.52)
(3,893.00,
3,945.50)

11,140

(672.72,
678.10)
(1,126.10,
1,134.06)
(1,588.28,
1,600.15)
(1,939.87,
1,955.42)

11,140

(22.64,
29.81)
(32.28,
47.91)
(38.24,
52.52)
(42.11,
55.79)

93

$33.87

135

$49.36

196

$51.52

238

$56.84

(155.83,
170.75)
(255.09,
277.71)
(347.24,
376.29)
(408.86,
441.98)

1,468

$160.52

1,800

$263.16

2,099

$358.42

2,335

$419.90

(98.78,
102.78)
(172.90,
179.48)
(247.81.
257.04)
(305.68,
317.01)

3,402

$102.10

3,903

$178.57

4,244

$254.97

4,495

$312.22

(18.01,
19.66)
(30.09,
32.88)
(42.09,
45.98)
(50.64,
55.25)

1,758

$19.34

2,122

$31.84

2,404

$43.38

2,611

$52.01

(506.66,
520.47)
(993.35,
1,019.03)
(1,523.45,
1,561.76)
(1,947.55,
1,995.66)

11,140

$530.00

95% CI

$1,200.11
$2,187.97
$3,232.30
$4,052.17

rivastigmine
N
Mean

(1,189.04,
1,211.18)
(2,167.72,
2,208.22)
(3,201.68,
3,262.90)
(4,013.02,
4,091.32)

4,570

$1,302.89

(666.14,
674.08)
(1,130.48,
1,142.69)0
(1,605.32,
1,623.73)0
(1,968.27,
1,992.24)0

4,570

(24.34,
43.41)
(37.99,
60.72)
(40.17,
62.88)
(44.83,
68.84)

53

$33.09

77

$49.86

107

$60.06

117

$70.12

(149.77,
171.27)
(246.45,
279.86)
(336.29,
380.56)
(394.66,
445.14)

980

$177.33

1,132

$291.58

1,252

$395.62

1,323

$474.51

(99.28,
104.91)
(173.76,
183.38)
(248.22,
261.73)
(303.98,
320.46)

1,471

$115.49

1,700

$198.39

1,839

$283.87

1,936

$347.81

(18.25,
20.43)
(30.03,
33.65)
(40.88,
45.88)
(49.00,
55.03)

763

$18.95

910

$32.22

1,037

$44.00

1,127

$51.99

(519.85,
540.14)
(1,032.59,
1,070.18)
(1,589.51,
1,646.05)
(2,036.02,
2,107.81)

4,570

$610.54

$2,360.04
$1,803.52
$4,290.41

95% CI

Statistics Test
ANOVA
Krkl-W.

(1,283.50,
1,322.29)
(2,324.61,
2,395.47)
(3,389.99,
3,494.59)
(4,224.04,
4,356.78)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

(685.15.
699.56)
(1,161.72,
1,184.05)
(1,627.95,
1,661.60)
(1,975.80,
2,019.19)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

(24.31,
41.87)
(36.93,
62.79)
(44.83,
75.29)
(52.10,
88.14)

0.1181

0.1309

0.3013

0.0104

0.1844

0.042

0.04858

0.0135

(163.09,
191.56)
(269.31,
313.85)
(366.54,
424.70)
(439.69,
509.33)

0.1403

0.0489

0.0866

0.0093

0.0829

0.0089

0.0204

0.0006

(110.60,
120.38)
(190.29,
206.49)
(272.20,
295.54)
(333.46,
362.15)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.0002

(17.37,
20.53)
(29.56,
34.89)
(40.31,
47.69)
(47.65,
56.33)

0.7761

0.8134

0.8898

0.4653

0.9243

0.6169

0.8712

0.5662

(592.81,
628.26)
(1,154.16,
1,220.14)
(1,749.41,
1,845.62)
(2,232.40,
2,353.43)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Cholinesterase Inhibitors Cost
3 Months

24,347

$675.41

6 Months

$1,130.08

9 Months

$1,594.21

12 Months

$1,947.65

$670.11
$1,136.59
$1,614.52
$1,980.26

$692.35
$1,172.88
$1,644.78
$1,997.49

Typical Antipsychotics Cost
3 Months

227

$26.23

6 Months

339

$40.10

9 Months

434

$45.38

12 Months

524

$48.95

Atypical Antipsychotics Cost
3 Months

3,347

$163.29

6 Months

4,050

$266.40

9 Months

4,642

$361.76

12 Months

5,120

$425.42

Antidepressants Cost
3 Months

7,244

$100.78

6 Months

8,292

$176.19

9 Months

9,110

$252.42

12 Months

9,634

$311.34

Benzodiazepines Cost
3 Months

3,833

$18.83

6 Months

4,657

$31.49

9 Months

5,228

$44.04

12 Months

5,628

$52.95

Overall Drug Costs without ChEIs
3 Months

24,347

$513.57

6 Months

$1,006.19

9 Months

$1,542.60

12 Months

$1,971.60

$1,051.38
$1,617.78
$2,071.91

$1,187.15
$1,797.52
$2,292.92

Days
300.6

(299.3,
301.8)

307.6

(305.8,
309.3)

Note: all costs reported in 2010 $CAN.
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288.4

(285.5,
291.4)

Appendix Table 11: Total annual number of physician visits
Entry Year

donepezil
N
Visits

per
patient

galantamine
N
Visits

per
patient

rivastigmine
N
Visits

per
patient

Total
N

Visits

Per
patient

All Physicians
2004
2005
2006
2007
2008
2009

3,560
4,856
4,622
4,858
5,108
1,343

132,699
200,483
192,952
197,007
208,355
55,583

37
41
42
41
41
41

1,461
1,446
2,277
2,448
2,829
679

56,560
64,526
97,137
96,520
118,205
30,808

39
45
43
39
42
45

794
909
974
979
753
161

34,006
42,439
46,509
43,656
34,543
7,353

43
47
48
45
46
46

5,815
7,211
7,873
8,285
8,690
2,183

223,265
307,448
336,598
337,183
361,103
93,744

38
43
43
41
42
43

49,731
77,731
65,764
61,869
63,139
16,766

14
16
15
13
13
13

1,418
1,423
2,216
2,386
2,755
665

21,524
25,266
31,614
30,263
35,278
8,711

15
18
14
13
13
13

774
885
950
967
732
158

12,603
15,214
14,765
13,127
9,985
2,175

16
17
16
14
14
14

5,643
7,049
7,681
8,094
8,465
2,123

83,858
118,211
112,143
105,259
108,402
27,652

15
17
15
13
13
13

4
5
6
5
6
5

786
775
1,311
1,331
1,459
361

3,650
4,024
7,459
7,272
7,953
2,073

5
5
6
5
5
6

418
558
614
546
434
100

1,950
3,456
3,787
3,826
2,423
735

5
6
6
7
6
7

2,955
3,667
4,124
4,205
4,391
1,175

12,875
19,370
23,550
23,764
24,921
6,640

4
5
6
6
6
6

Primary Care Specialist
2004
2005
2006
2007
2008
2009

3,451
4,741
4,515
4,741
4,978
1,300

Dementia Care Specialist
2004
2005
2006
2007
2008
2009

1,754
2,334
2,199
2,328
2,498
714

7,275
11,890
12,304
12,666
14,545
3,832

Appendix Table 12: Mean number of physician visits by quarter
donepezil
Category
N
Mean
All Physicians
3 Months
24,347
11.5
6 Months
21.7
9 Months
32.3
12 Months
40.5
Primary Care
3 Months
23,726
6 Months
9 Months
12 Months

4.8
8.1
11.5
14.1

95% CI

galantamine
N
Mean

(11.3, 11.6)
(21.5, 22.0)
(31.9, 32.7)
(40.1, 41.0)

11,140

11.6
22.3
33.1
41.6

(4.7, 4.9)
(8.0, 8.2)

10,863

4.7
8.0

(11.4, 11.6)
(14.0, 14.3)

Dementia Spec
3 Months
11,827
6 Months

2.7
3.6

(2.6, 2.7)
(3.5, 3.7)

9 Months
12 Months

4.6
5.3

(4.5, 4.7)
(5.1, 5.4)

11.4
14.1
6,020

95% CI

rivastigmine
N
Mean

95% CI

Statistics Test
ANOVA
Krl-Wls

(12.6, 13.3)
(24.2, 25.5)
(35.9, 37.7)
(44.6, 46.7)

<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001

(4.9, 5.2)
(8.5, 9.0)

<0.0001
<0.0001

<0.0001
<0.0001

(12.1, 12.7)
(14.8, 15.6)

<0.0001
<0.0001

<0.0001
<0.0001

2.8
4.1

(2.7, 3.0)
(3.9, 4.3)

<0.0001
<0.0001

<0.0001
<0.0001

5.3
6.0

(5.0, 5.6)
(5.7, 6.4)

<0.0001
<0.0001

<0.0001
<0.0001

(11.4, 11.8)
(21.9, 22.6)
(32.6, 33.6)
(41.0, 42.2)

4,570

13.0
24.9
36.8
45.6

(4.6, 4.8)
(7.9, 8.2)

4.466

5.0
8.7

(11.2, 11.6)
(13.8, 14.3)

2.7
3.7

(2.6, 2.8)
(3.6, 3.8)

4.7
5.4

(4.5, 4.9)
(5.2, 5.6)

244

12.4
15.2
2,352

Appendix Table 13: Total annual physician costs in OHIP by entry year
donepezil
Entry Year
N
Cost
All Physician Visits
2004 3,556 $4,607,925.55
2005 4,850 $6,777,447.82
2006 4,618 $6,851,197.06
2007 4,852 $7,192,973.99
2008 5,100 $7,639,892.49
2009 1,341 $1,998,091.32
Dementia Specialists (Geriatricians,
Psychiatrist, Neurologist) Visits
2004 1,754
$492,627.30
2005 2,334
$747,564.59
2006 2,199
$768,338.32
2007 2,328
$801,898.16
2008 2,498
$967,242.54
2009
714
$254,193.89
Primary Care
Physician Visits
2004 3,451 $1,191,447.43
2005 4,741 $1,652,604.90
2006 4,515 $1,557,350.64
2007 4,741 $1,523,805.67
2008 4,978 $1,429,433.39
2009 1,300
$359,613.75

galantamine
N
Cost

rivastigmine
N
Cost

Total
N

Cost

1,460
1,446
2,276
2,446
2,826
679

$1,973,758.51
$2,248,132.69
$3,468,136.37
$3,437,315.83
$4,261,065.69
$1,091,110.78

794
908
972
979
752
161

$1,243,247.85
$1,549,263.82
$1,721,699.90
$1,658,128.61
$1,289,798.72
$269,590.53

5,810
7,204
7,866
8,277
8,678
2,181

$7,824,931.91
$10,574,844.34
$12,041,033.34
$12,288,418.43
$13,190,759.90
$3,358,792.62

783
775
1,311
1,331
1,459
361

$258,249.41
$263,419.83
$440,270.67
$433,297.72
$494,208.56
$122,863.34

418
558
614
546
434
100

$134,833.32
$219,878.63
$231,693.76
$230,000.20
$152,294.82
$43,424.14

2,955
3,667
4,124
4,205
4,391
1,175

$885,710.04
$1,240,863.04
$1,440,302.75
$1,465,196.08
$1,613,745.92
$420,481.37

1,418
1,423
2,216
2,386
2,755
665

$506,764.92
$543,851.97
$716,892.80
$723,778.34
$761,817.12
$179,365.22

774
885
950
967
732
158

$299,256.49
$326,651.48
$338,326.86
$339,429.86
$238,305.46
$50,881.15

5,643
7,049
7,681
8,094
8,465
2,123

$1,997,468.83
$2,523,108.35
$2,612,570.30
$2,587,013.88
$2,429,555.97
$589,860.13

Note: all costs reported in 2010 $CAN. 2004 data represents nine months (Apr-Dec) of resources use and 2009 represents three months (Jan-Mar).
All other years considered 12 months.

Appendix Table 14: Mean costs in OHIP per patient for physician visits by quarter
Category

donepezil
N
Mean

All Physician Visits
3 Month
23,794

$398.78

6 Month

24,203

$770.07

9 Month

24,292

$1,150.79

12 Month

24,317

$1,442.10

Dementia Specialists (Geriatricians,
Psychiatrists, Neurologists)
3 Month
7,705
$180.78
6 Month

10,027

$241.73

9 Month

11,137

$301.64

12 Month

11,827

$341.75

Primary Care Specialist
3 Month
1,660

$111.02

6 Month

22,041

$186.46

9 Month

23,278

$264.17

12 Month

23,726

$325.14

95% CI

galantamine
N
Mean

95% CI

(391.59,
405.96)
(754.95,
785.18)
(1,131.06,
1,170.51)
(1,419.72,
1,464.48)

10,930

$407.02

11,099

$789.90

11,125

$1,180.05

11,133

$1,480.24

(176.33,
185.23)
(234.17,
249.29)
(291.83,
311.45)
(331.39,
352.11)

4,206

$176.72

5,247

$232.65

5,746

$293.53

6,020

$334.27

(109.42,
112.63)
(183.77,
189.15)
(260.48,
267.87)
(320.68,
329.60)

9,020

$106.71

10,093

$181.64

10,673

$256.43

10,863

$315.98

Note: all costs reported in 2010 $CAN.
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rivastigmine
N
Mean

(396.40,
417.65)
(771.36,
808.43)
(1,154.91,
1,205.19)
(1,450.64,
1,509.84)

4,500

$483.33

4,552

$928.81

4,562

$1,364.29

4,566

$1,693.33

(169.95,
183.49)
(223.27,
242.03)
(281.67,
305.39)
(321.11,
347.43)

1,861

$192.67

2,322

$258.69

4,562

$332.81

4,566

$379.07

(104.36,
109.05)
(177.94,
185.33)
(251.41,
261.44)
(309.92,
322.03)

1,861

$118.27

2,322

$204.33

2,541

$290.07

2,670

$356.66

Statistical Tests
95% CI

ANOVA

Krkl-W.

(464.42,
502.23)
(896.79,
960.83)
(1,321.41,
1,407.18)
(1,641.09,
1,745.57)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

(184.22,
201.12)
(246.48,
270.90)
(332.60,
352.03)
(357.03,
401.12)

0.0199

<0.0001

0.0161

<0.0001

0.0041

<0.0001

0.002

<0.0001

(114.34,
122.21)
(198.07,
210.59)
(281.84,
298.29)
(346.85,
366.48)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Appendix Table 15: Total annual long-term care length of stay by entry year
donepezil
galantamine
rivastigmine
Total
Entry N
Days
Per
N
Days
Per
N
Days
Per
N
Days
Per
Year
patient
patient
patient
patient
2004 555
109,344
197.02 237
47,223
199.25 134
26,424
197.19
926 182,991 197.61
2005 753
145,453
193.16 205
39,204
191.24 132
26,767
202.78 1,090 211,424 193.97
2006 630
119,429
189.57 300
56,157
187.19 125
25,283
202.26 1,055 200,869 190.40
2007 594
109,891
185.00 295
53,724
182.12 139
27,751
199.65 1,028 191,366 186.15
2008 593
112,820
190.25 316
57,017
180.43 102
19,378
189.98 1,011 189,214 187.16
2009 154
31,432
204.10
77
12,997
168.79
27
5,531
204.85
258
49,960 193.64
Note: 2004 data represents nine months (Apr-Dec) of resources use and 2009 represents three months (Jan-Mar). All other years
considered 12 months.

Appendix Table 16: Total annual long-term care costs by entry year
Entry
Year
2004
2005
2006
2007
2008
2009

donepezil
Costs
$14,344,839.36
$19,081,979.07
$15,667,890.51
$14,416,600.29
$14,800,855.80
$4,123,564.08

Per
patient
$25,846.56
$25,341.27
$24,869.67
$24,270.37
$24,959.28
$26,776.39

galantamine
Costs
$6,195,185.37
$5,143,172.76
$7,367,236.83
$7,048,051.56
$7,480,060.23
$1,705,076.43

rivastigmine
Costs

Per
patient
$26,140.02
$25,088.65
$24,557.46
$23,891.70
$23,671.08
$22,143.85

$3,466,564.56
$3,511,562.73
$3,316,876.77
$3,640,653.69
$2,542,199.82
$725,611.89

Per
patient
$25,869.88
$26,602.75
$26,535.01
$26,191.75
$24,923.53
$26,874.51

Total
Costs

Per
patient

$24,006,589.29
$27,736,714.56
$26,352,004.11
$25,105,305.54
$24,823,115.85
$6,554,252.40

$25,925.04
$25,446.53
$24,978.20
$24,421.50
$24,553.03
$25,404.08

Note: all costs reported in 2010 $CAN. 2004 data represents nine months (Apr-Dec) of resources use and 2009 represents three
months (Jan-Mar). All other years considered 12 months.

Appendix Table 17: Mean long-term care cost and length of stay per patient by
quarter
Drug Group
donepezil
donepezil

Value

3 Months

6 Months

9 Months

12 Months*

N
Cost
95%CI
Days
95%CI

927
$6181.78
(5969.33, 6394.23)
47.12
(45.50, 48.74)

1,726
$12,417.52
(12,093.11, 12,741.93)
94.65
(92.18, 97.13)

2,489
$18,681.21
(18,276.71, 19,085.71)
142.4
(139.31, 145.48)

3,279
$25,140.51
(24,659.68, 25,621.34)
191.63
(187.97, 195.30)

N
Cost
95%CI
Days
95%CI

376
$5974.03
(5637.50, 6310.56)
45.54
(42.97, 48.10)

729
$11,889.88
(11,386.43, 12,393.33)
90.63
(86.79, 94.47)

1,072
$18,051.96
(17,440.53, 18,663.40)
137.6
(132.94, 142.26)

1,430
$24,432.72
(23,713.78, 25,151.65)
186.24
(180.76, 191.72)

N
193
Cost
$5933.46
95%CI
(5463.46, 6403.46)
Days
45.23
95%CI
(41.64, 48.81)
ANOVA
p-value 0.4989
p-value 0.4974
Kruskal-Wallis
Note: all costs reported in 2010 $CAN.

375
$12,037.29
(11,349.83, 12,724.76)
91.75
(86.51, 96.99)
0.2722
0.2646

523
$18,769.7
(17,905.02, 19,634.39)
143.07
(136.48, 149.66)
0.981
0.9809

659
$26,105.42
(25,067.70, 27,143.13)
198.99
(191.08, 206.90)
0.7099
0.7108

galantamine

rivastigmine
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Appendix Table 18: Total annual home care nursing hours by entry year
donepezil
Entry
Year

N

Hours

galantamine
Per
patient

N

Hours

rivastigmine
Per
patient

N

Hours

Total
Per
patient

N

Hours

Per
patient

2004

460

11,869

25.80

166

3,618

21.80

110

2,863

26.03

736

18,350

24.93

2005

731

18,750

25.65

201

5,098

25.36

142

4,078

28.72

1,074

27,926

26.00

2006

726

22,504

31.00

340

11,443

33.66

159

4,233

26.62

1,225

38,180

31.17

2007

803

19,675

24.50

365

10,166

27.85

146

2,530

17.33

1,314

32,371

24.64

2008

827

23,013

27.83

445

11,274

25.33

104

2,989

28.74

1,376

37,276

27.09

2009 206
5,964
28.95 206
2,735
13.28
36
1,164
32.33
359
9,863
27.47
Note: 2004 data represents nine months (Apr-Dec) of resources use and 2009 represents three months (Jan-Mar). All other
years considered 12 months.

Appendix Table 19: Total annual home care nursing costs by entry year
donepezil
Entry
Year

Cost

galantamine
Per
patient

Cost

rivastigmine
Per
patient

Cost

Total
Per
patient

Cost

Per
patient

2004

$415,177.62

$902.56

$126,557.64

$762.40

$100,147.74

$910.43

$641,883.00

$872.12

2005

$655,875.00

$897.23

$178,328.04

$887.20

$142,648.44

$1,004.57

$976,851.48

$909.55

2006

$787,189.92

$1,084.28

$400,276.14

$1,177.28

$148,070.34

$931.26

$1,335,536.40

$1,090.23

2007

$688,231.50

$857.08

$355,606.68

$974.26

$88,499.40

$606.16

$1,132,337.58

$861.75

2008

$804,994.74

$973.39

$394,364.52

$886.21

$104,555.22

$1,005.34

$1,303,914.48

$947.61

2009 $208,620.72 $1,012.72
$95,670.30
$464.42
$40,716.72 $1,131.02
$345,007.47
$961.02
Note: all costs reported in 2010 $CAN. 2004 data represents nine months (Apr-Dec) of resources use and 2009 represents three
months (Jan-Mar). All other years considered 12 months.
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Appendix Table 20: Mean home care nursing service cost and hours per patient by
quarter
Drug Group

3 Months

6 Months

9 Months

12 Months

donepezil
N
Cost
95%CI
Time (hours)
95%CI

9

358

1,223

3,753

$991.10

$807.86

$846.47

$948.60

(197.68, 1784.52)

(626.94, 988.79)

(746.57, 946.37)

(885.45, 1011.75)

28.33

23.09

24.2

27.12

(5.65, 51.02)

(17.92, 28.27)

(21.34, 27.05)

(25.31, 28.92)

0

142

499

1,634

galantamine
N
Cost

$0

$713.89

$891.32

$949.08

(497.44, 930.34)

(738.56, 1044.09)

(857.11, 1041.06)

20

25.48

27.13

(14.22, 26.60)

(21.11, 29.85)

(24.50, 29.76)

<5*

94

281

697

$104.94

$591.68

$756.86

$896.18

95%CI

-

(414.78, 768.05)

(627.93, 885.79)

(776.19, 1016.17)

Time (hours)

3

16.91

21.64

25.62

95%CI
Time (hours)

0

95%CI
rivastigmine
N
Cost

95%CI
(11.85, 21.97)
(17.95, 25.32)
(22.19, 29.05)
Note: all costs reported in 2010 $CAN. *Actual number of rivastigmine users has been suppressed to
preserve confidentiality in compliance with ICES policy.

Appendix Table 21: Emergency Visit indication (%)
# of visits
donepezil
galantamine
rivastigmine
Total

Not
Visited
12,196
(50.09)
5,696
(51.13)
2,218
(48.53)
20,110

Visited
12,151
(49.91)
5,444
(48.87)
2,352
(51.47)
19,947

Total
24,347

ChiSq

11,140

DF=2

4,570
40057

p=0.0108
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Appendix Table 22: Emergency visits for delirium (%)
# of visits
donepezil
galantamine
rivastigmine
Total

Not
Visited
24,195
(99.38)
11,074
(99.41)
4,539
(99.32)
39808

Visited
152
(0.62)

Total
24,347

ChiSq

66 (0.59)

11,140

DF=2

31 (0.68)
249

4,570
40057

p=0.9044

Appendix Table 23: Emergency visits for hip fracture (%)
# of visits
donepezil
galantamine
rivastigmine
Total

Not
Visited
23,944
(98.34)
10,965
(98.43)
4,470
(97.81)
39379

Visited
403
(1.66)
175
(1.57)
100
(2.19)
678

Total
24,347

ChiSq

11,140

DF=2

4,570
40057

p=0.067

Appendix Table 24: Emergency visits for wrist fracture (%)
# of visits
donepezil
galantamine
rivastigmine
Total

Not
Visited
24,322
(99.90)
11,133
(99.94)
4,564
(99.87)
40,019

Visited

Total

25 (0.10)

24,347

ChiSq

7 (0.06)

11,140

DF=2

6 (0.13)
38

4,570
40057

p=0.3674

Appendix Table 25: Emergency visits for pneumonia (%)
# of visits
donepezil
galantamine
rivastigmine
Total

Not
Visited
24,205
(99.42)
11,083
(99.49)
4,554
(99.65)
39,842

Visited
142
(0.58)

Total
24,347

ChiSq

57 (0.51)

11,140

DF=2

16 (0.35)
215

4,570
40057

p=0.1288
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Appendix Table 26: Total annual number of visits and cost for emergency visits by
entry year
donepezil
Entry
Year
N
Visits
All Emergency visits
2004
2005
2006
2007
2008
2009

1,752
2,475
2,318
2,412
2,513
681

3,635
5,062
4,917
4,957
5,186
1,408

galantamine
Cost

N

$712,387.30
$992,050.76
$963,633.66
$971,472.86
$1,016,352.28
$275,939.84

687
715
1,103
1,192
1,417
330

$3,135.68
$4,703.52
$6,271.36
$6,859.30
$7,447.24
$2,547.74
$13522.62
$15874.38
$16462.32
$18226.14
$14698.50
$2,743.72

rivastigmine

Visits

Total

Cost

N

Visits

Cost

1,389
1,549
2,245
2,336
2,855
732

$272,216.22
$303,573.03
$439,975.10
$457,809.28
$559,522.90
$143,457.36

418
459
499
506
395
75

823
892
1,058
1,037
831
148

$161,291.54
$174,814.16
$207,346.84
$203,231.26
$162,859.38
$29,005.04

8
<5
7
22
20
<5

8
<5
7
23
21
<5

$1,567.84
$783.92
$1,371.86
$4,507.54
$4,115.58
$979.90

*<5
<5
8
9
7
0

<5
<5
8
9
8
0

17
26
40
43
38
11

18
28
41
46
41
11

$3,527.64
$5,487.44
$8,035.18
$9,015.08
$8,035.18
$2,155.78

22
13
22
21
19
<5

6
7
13
17
12
<5

7
7
13
18
12
<5

$1,371.86
$1,371.86
$2,547.74
$3,527.64
$2,351.76
$391.96

<5
0
<5
<5
<5
<5

<5
0
<5
<5
<5
<5

$195.98
$0.00
$291.96
$195.98
$391.96
$195.98

N

Visits

Cost

2,857
3,649
3,920
4,110
4,325
1,086

5,847
7,503
8,220
8,330
8,872
2,288

$1,145,895.06
$1,470,437.94
$1,610,955.60
$1,632,513.40
$1,738,734.56
$448,402.24

$783.92
$587.94
$1,567.84
$1,763.82
$1,567.84
$0.00

**Sup.
30
46
64
64
Sup.

Sup.
31
47
67
67
Sup.

$5,487.44
$6,075.38
$9,211.06
$13,130.66
$13,130.66
$3,527.64

23
13
23
21
20
<5

$4,507.54
$2,547.74
$4,507.54
$4,115.58
$3,919.60
$587.94

104
117
144
155
130
Sup.

110
122
148
160
136
Sup.

$21,557.80
$23,909.56
$29,005.04
$31,356.80
$26,653.28
$5,487.44

2
6
2
3
3
0

2
6
2
3
3
0

$391.96
$1,175.88
$391.96
$587.94
$587.94
$0.00

29
47
42
38
46
Sup.

32
47
43
40
51
Sup.

$6,271.36
$9,211.06
$8,427.14
$7,839.20
$9,994.98
$2,547.74

<5
0
<5
<5
<5
0

<5
0
<5
<5
<5
0

$195.98
$0.00
$391.96
$195.98
$391.96
$0.00

Sup.
<5
<5
<5
13
<5

Sup.
<5
Sup.
<5
14
<5

$1,763.82
$391.96
$1,567.84
$979.90
$2,743.72
$195.98

Emergency visits for delirium
2004
2005
2006
2007
2008
2009

16
23
31
33
37
13

16
24
32
35
38
13

Emergency visits for hip fracture
2004
2005
2006
2007
2008
2009

65
78
82
91
73
14

69
81
84
93
75
14

Emergency visits for wrist fracture
2004
2005
2006
2007
2008
2009

21
34
27
18
31
11

23
34
28
19
36
11

$4,507.54
$6,663.32
$5,487.44
$3,723.62
$7,055.28
$2,155.78

Emergency visits for aspiration pneumonia
2004
2005
2006
2007
2008
2009

7
<5
<5
<5
<5
0

7
<5
<5
<5
10
0

$1,371.86
$391.96
$783.92
$587.94
$1,959.80
$0.00

Note: 2004 data represents nine months (Apr-Dec) of resources use and 2009 represents three months (Jan-Mar). All other years considered 12
months. All costs are reported in 2010 $CAN. *Cell size has been suppressed in compliance with ICES policy. **Row value has been suppressed to
prevent extrapolation of small cell sizes within it.
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Appendix Table 27: Mean cost for emergency visits per patient by quarter
donepezil
Month
N
Mean
All Emergency Care
3
12,151
$120.24
6

$225.88

9

$229.70

12

$405.88

Wrist
Fracture
3

142

$51.06

6

$99.37

9

$155.95

12

$208.40

Hip
Fracture
3

403

$29.18

6

$89.48

9

$149.78

12

$202.30

Aspiration
Pneumonia
3

25

$47.03

6

$86.23

9

$156.78

12

$203.82

Delirium
3

152

95%CI

galantamine
N
Mean

(117.07,
123.41)
(221.49,
230.28)
(226.60,
232.81)
(400.03,
411.73)

5,444

(36.23,
65.90)
(82.16,
116.58)
(141.71,
170.20)
(199.56,
217.24)

57

(22.34,
58.39)
(79.62,
99.33)
(141.29,
158.27)
(198.65,
205.96)

175

(11.77,
82.30)
(45.25,
127.21)
(123.76,
189.81)
(187.64,
220.00)

7

$45.13

(31.86,
58.39)
6
$117.33
(100.66,
134.00)
9
$159.88
(146.15,
173.61)
12
$203.72
(196.59,
210.84)
Note: all costs are reported in 2010 $CAN

$110.27

rivastigmine
N
Mean

(105.77,
114.75)
(208.18,
221.00)
(214.74,
223.80)
(391.45,
408.16)

2,352

(25.49,
48.43)
(83.23,
113.87)
(147.97,
172.31)
(200.37,
213.98)

16

(25.49,
48.43)
(83.23,
113.87)
(147.97,
172.31)
(193.60,
210.24)

100

$0.00

-

6

$28.00

(-40.51,
96.50)
(51.54,
228.43)
(195.98,
195.98)

$214.59
$219.27
$399.81

$55.01
$106.59
$154.72
$202.86

$36.96
$98.55
$160.14
$207.18

$139.99
$195.98

66

95%CI

$23.75
$89.08
$142.53
$201.92

(7.91,
39.60)
(63.47,
114.69)
(119.32,
165.74)
(193.60,
210.24)

$113.15

Statistical Test
ANOVA
Krkl.W.

(105.75,
121.56)
(212.18,
232.44)
(219.72,
234.07)
(385.45,
412.64)

0.0014

0.0026

0.0195

0.0029

0.0011

<0.0001

0.41

0.2512

(11.25,
111.23)
(70.27,
174.70)
(157.62,
209.84)
(195.98,
195.98)

0.7568

0.7781

0.6277

0.664

0.3624

0.3782

0.3782

0.1063

(20.26,
50.29)
(88.83,
130.66)
(132.69,
169.11)
(195.19,
208.53)

0.2277

0.227

0.0122

0.017

0.1302

0.1656

0.0726

0.0497

$0.00

-

0.1458

0.1458

$97.99

(-14.66,
210.64)
(79.35,
247.28)
(195.98,
195.98)

0.1672

0.1672

0.3658

0.3658

0.4071

0.4143

(13.60,
87.55)
(66.64,
148.30)
(139.96,
201.43)
(189.39,
215.21)

0.1702

0.199

0.3623

0.3518

0.5278

0.5557

0.9236

0.9275

$222.56
$226.80
$399.04

$61.24
$122.49
$183.73
$195.98

$35.28
$109.75
$150.90
$201.86

$163.32
$195.98

31

95%CI

$50.57
$107.47
$470.69
$202.30

Appendix Table 28: All hospitalizations with dementia mean length of stay (days)
Drug
donepezil
galantamine
rivastigmine
ANOVA
Kruskal-Wallis

3
4.15
3.77
4.23
0.114
0.0356

Months
6
10.16
9.7
10.17
0.1558
0.0012

9
15.66
15.33
15.83
0.1371
0.001

12
19.65
19.6
19.73
0.2053
0.0032
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Appendix Table 29: Wrist fracture mean length of stay (days)
Drug
donepezil
galantamine
rivastigmine
ANOVA
Kruskal-Wallis

Months
3
2.96
9.71
0
0.4822
0.5524

6
8.17
13.47
11.8
0.8499
0.9772

9
15.67
13.43
13
0.6445
0.398

12
20.92
15
19
0.4571
0.5199

Appendix Table 30: Hip fractures mean length of stay (days)
Drug
donepezil
galantamine
rivastigmine
ANOVA
Kruskal-Wallis

Months
3
2.96
3.35
2.59
0.969
0.358

6
10.25
10.74
11.17
0.5316
0.0343

9
16.53
16.23
14.47
0.8679
0.5789

12
21.56
20.25
20.94
0.4147
0.1914

Appendix Table 31: Aspiration pneumonia mean length of stay (days)
Drug
donepezil
galantamine
rivastigmine
ANOVA
Kruskal-Wallis

Months
3
2.83
2.73
1.32
0.7924
0.8659

6
11.64
13.33
7.46
0.7644
0.8673

9
19.89
21.46
15.33
0.9676
0.6124

12
25.92
27.96
21.00
0.9869
0.4028

Appendix Table 32: Delirium mean length of stay (days)
Drug
donepezil
galantamine
rivastigmine
ANOVA
Kruskal-Wallis

Months
3
4.22
5.19
7.86
0.0002
0.0007

6
11.07
11.65
13.73
0.0007
0.0007

9
18.29
19.03
19.93
0.0029
<0.0001
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12
22.82
23.62
25.17
0.7272
0.2396

Appendix Table 33: Total annual length of stay and costs for hospitalizations by
entry year
donepezil
Year
N
LOS
Cost
All Hospitalization With Dementia

galantamine
N
LOS

Cost

rivastigmine
N
LOS

Cost

Total
N

LOS

Cost

2004

972

16,762

$11,272,455.00

396

6,719

$4,518,527.50

265

4,650

$3,127,125.00

1,633

28,131

$18,918,097.50

2005

1,356

25,923

$17,433,217.50

410

7,537

$5,068,632.50

250

4,258

$2,863,505.00

2,016

37,718

$25,365,355.00

2006

1,257

25,178

$16,932,205.00

599

11,618

$7,813,105.00

272

4,767

$3,878,307.50

2,128

42,563

$28,623,617.50

2007

1,277

27,817

$18,706,932.50

617

13,751

$9,247,547.50

274

5,873

$3.949,592.50

2,168

47,441

$31,904,072.50

2008

1,310

26,603

$17,890,517..50

734

14,032

$9,436,520.00

214

4,714

$3,170,165.00

2,258

45,349

$30,497,202.50

2009

325

5,379

$3,617,377.50

170

3,644

$2,450,590.00

36

607

$408,207.50

531

9,630

$6,476,175.00

<5

29

$39,635.75

<5

53

$72,437.75

Sup.

215

$86,105.25

Wrist Fracture Hospitalizations
2004

5

133

$181,777.75

2005

5

86

$117,540.50

0

0

$0.00

<5

29

$39,635.75

Sup.

115

$322,553.00

2006

<5

63

$86,105.25

<5

45

$61,503.75

<5

13

$17,767.75

<5

121

$154,442.75

2007

<5

73

$99,772.75

<5

23

$31,435.25

0

0

$0.00

5

96

$112,073.50

2008

5

117

$159,909.75

<5

8

$10,934.00

0

0

$0.00

Sup.

125

$181,775.75

2009

<5

30

$41,002.50

0

0

$0.00

0

0

$0.00

<5

30

$102,506.25

Hip Fracture Hospitalizations
2004

70

1,229

$1,988,657.60

21

543

$878,633.73

22

488

$789,637.68

113

2,260

$3,656,928.60

2005

87

1,867

$3,021,011.37

29

477

$771,838.47

13

301

$487,051.11

121

2,645

$4,279,900.95

2006

80

1,371

$2,218,428.81

44

728

$1,177,984.08

19

323

$522,649.53

143

2,422

$3,919,062.42

2007

102

1,123

$4,414,204.08

48

1,123

$181,737.53

23

348

$563,102.28

173

4,199

$6,794,443.89

2008

78

1,882

$3,045,283.02

37

710

$1,148,858.10

18

507

$820,381.77

133

3,099

$5,014,522.89

2009

17

282

$456,307.02

11

266

$430,417.26

<5

64

$103,559.04

Sup.

612

$990,283.32

Aspiration Pneumonia Hospitalizations*
2004

34

821

$382,376.92

9

161

$101217.42

12

256

$134,956.56

55

1,238

$618,550.90

2005

32

892

$359,884.16

15

290

$168695.70

4

48

$44,985.52

51

1,230

$573,565.38

2006

26

607

$292,405.88

19

814

$213681.22

8

108

$89,971.04

53

1,529

$596,058.14

2007

37

836

$416,116.06

12

284

$134956.56

8

235

$89,971.04

57

1,355

$641,043.66

2008

50

1,529

$562,319.00

22

596

$247420.36

9

223

$101,217.42

81

2,348

$910,956.78

2009

9

189

$101,217.42

5

149

$56231.90

<5

33

$22,492.76

Sup.

371

$179,942.08

Delirium Hospitalizations*
2004

64

1,284

$330,449.92

23

371

$118755.44

15

307

$77,449.20

102

1,962

$526,654.56

2005

81

1,578

$418,225.68

29

495

$149735.12

21

319

$108,428.88

131

2,392

$676,389.68

2006

70

1,942

$361,429.60

43

937

$222021.04

33

937

$170,388.24

146

3,922

$753,838.88

2007

86

1,956

$444,042.08

58

1,763

$299470.24

28

865

$14,451.84

172

4,584

$888,084.16

2008

91

2,324

$469,858.48

56

1,359

$289143.68

31

757

$160,061.68

178

4,440

$919,063.84

2009

28

502

$237,510.88

14

342

$72285.92

<5

32

$20,653.12

Sup.

876

$330,449.92

Note: 2004 data represents nine months (Apr-Dec) of resources use and 2009 represents three months (Jan-Mar). All other years considered 12
months. All costs are reported in 2010 $CAN *Aspiration pneumonia and delirium are based on annual costs; therefore length of stay was not
taken into consideration with determining their total annual hospitalization
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Appendix Table 34: Mean cost of hospitalization per patient by quarter
Month

donepezil
N
Mean

All Dementia Hospitalizations
3
6,497
$2,791.44
6

$6,835.44

9

$10,531.76

12

$13,214.21

Wrist Fracture
3
24

$4,043.30

6

$11,161.79

9

$21,412.42

12

$28,587.85

Hip Fracture
3
434

$4,798.40

6

$16,583.76

9

$26,751.01

12

$34,893.76

95%CI

galantamine
N
Mean

(2,582.03,
3,000.85)
(6,495.66,
7,175.23)
(10,113.66,
10,949.86)
(12,761.49,
13,666.93)

2,926

(0.00,
9,506.45)
(2,742.04,
19,581.54)
(11,663.19,
31,161.65)
(16,534.77,
40,690.94)

7

(3,084.44,
6,512.37)
(13,366.43,
19,801.10)
(23,192.44,
30,309.58)
(30,933.39,
38,854.13)

190

N/A

82

$2,537.16
$6,523.43
$10,309.91
$13,169.83

$13,277.00
$18,353.50
$18,353.50
$20,501.25

$5,424.93
$17,381.91
$26,255.96
$32,762.47

95%CI

rivastigmine
N
Mean

(2,271.71,
2,802.61)
(6,043.90,
7,002.96)
(9,704.04,
10,911.78)
(12,485.03,
13,854.63)

1,311

(-2,250.80,
28,804.80)
(4,567.29,
32,139.71)
(4,567.29,
32,139.71)
(8,939.21,
32,063.29)

5

(2,821.86,
8,028.00)
(13,196.17,
21,567.65)
(21,748.41,
30,763.52)
(26,089.37,
41,671.07)

97

N/A

43

Statistical Test
95%CI

ANOVA

KruskalWallis

(2,419.48,
3,268.30)
(6,193.48,
7,490.43)
(9,795.44,
11,494.75)
(12,308.09,
14,231.81)

0.3257

0.2532

0.566

0.0862

0.7825

0.0788

0.9839

0.2839

$0.00

-

0.172

0.1573

$16,127.65

(0.00,
55,461.02)
0.00
56,054.81)
(0.00,
59,201.73)

0.6909

0.3033

0.9199

0.3723

0.7716

0.9899

(1,664.56,
6,709.57)
(10,962.53,
25,203.06)
(16,172.93,
33,066.86)
(26,089.37,
41,671.07)

0.8417

0.4364

0.9057

0.3277

0.7112

0.6179

0.8233

0.7871

N/A

N/A

N/A

$2,843.89
$6,841.96
$10,645.10
$13,269.95

$17,767.75
$25,968.25

$4,187.07
$18,082.80
$23,420.89
$33,880.22

Aspiration Pneumonia*
188

$11,246.38

$11,246.38

$11,246.38

Delirium*
420
$5,163.28
N/A
223
$5,163.28
N/A
132
$5,163.28
N/A
N/A
N/A
Note: all costs are reported in 2010 $CAN *Aspiration pneumonia and delirium are based on annual costs; therefore length of stay was not taken
into consideration with determining their total annual hospitalization
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Section 6.5.2 to 6.5.7: Analysis of covariates
Appendix Table 35: Covariates for prescription drugs (includes ChEIs, typical and
atypical antipsychotics, antidepressants and benzodiazepines)
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Gender

Male

N
Median

9,341
$3,933.41

4,431
$4,083.99

2,054
$4,317.70

Female

N
Median

15,006
$3,910.44

6,709
$4,031.15

2,516
$4,268.13

0.1314

0.9982

0.4236

P-value
(between drugs)

<0.0001

<0.0001
p-value (within drugs)
Age

65-69 years

N
Median

1,084
$3,977.79

562
$4,151.78

280
$4,325.70

70-75 years

N
Median

3,687
$4,002.53

1,662
$4,048.07

794
$4,535.40

76-80 years

N
Median

6,471
$3,974.45

2,974
$4,114.08

1,204
$4,380.70

81-85 years

N
Median

7,180
$3,924.47

3,256
$4,098.53

1,275
$4,172.80

86-90 years

N
Median

4,164
$3,804.11

1,923
$3,924.66

684
$4,214.30

>90 years

N
Median

1,357
$3,668.09

561
$3,760.85

227
$3,753.60

<0.0001

0.0059

<0.0001

0.0056

<0.0001

<0.0001

<0.0001

<0.0001

0.6144
p-value (within drugs)
Charlson

0

N
Median

16,644
$3,588.68

7,407
$3,719.34

3,027
$3,947.50

1

N
Median

6,524
$4,529.35

3,175
$4,641.51

1,288
$4,872.60

2

N
Median

1,179
$5,209.97

558
$5,116.90

255
$5,420.10

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.6047
p-value (within drugs)
Urinary
Incontinency

No

N
Median

21,818
$3,845.09

9,918
$3,967.12

3,977
$4,211.50

Yes

N
Median

2,529
$4,559.00

1,222
$4,742.48

593
$4,819.60

<0.0001

<0.0001

<0.0001

<0.0001

0.0104
p-value (within drugs)
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Appendix Table 35 (cont’d): Covariates for prescription drugs (includes ChEIs,
typical and atypical antipsychotics, antidepressants and benzodiazepines)
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Home Care

No

N
Median

15,389
$3,695.48

6,879
$3,844.43

2,756
$4,012.63

Yes

N
Median

8,958
$4,303.67

4,261
$4,387.54

1,814
$4,712.44

<0.0001

<0.0001

<0.0001

P-value
(between drugs)

<0.0001

<0.0001
p-value (within drugs)
Income Quintile

Missing

N
Median

83
$3,306.30

42
$3,475.40

11
$4,466.30

1

N
Median

4,955
$4,132.24

2,380
$4,211.62

890
$4,550.21

2

N
Median

4,951
$3,942.55

2,311
$4,080.77

930
$4,326.85

3

N
Median

4,806
$3,886.58

2,102
$4,053.06

943
$4,287.44

4

N
Median

4,769
$3,866.76

2,107
$3,922.89

892
$4,254.36

5

N
Median

4,783
$3,770.28

2,198
$3,983.54

904
$4,033.67

<0.0001

<0.0001

<0.0001

0.2399

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001
p-value (within drugs)
Note: all costs are reported in 2010 $CAN
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Appendix Table 36: Covariates for all physician costs
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Gender

Male

N
Mean

9,332
$1,585.47

4,431
$1,654.29

2,053
$1,818.88

Female

N
Mean

14,985
$1,352.81

6,702
$1,365.17

2,513
$1,590.75

<0.0001

<0.0001

<0.0001

P-value
(between drugs)

<0.0001

<0.0001
p-value (within drugs)
Age

65-69 years

N
Mean

1,082
$1,450.43

562
$1,590.18

280
$1,709.20

70-75 years

N
Mean

3,687
$1,509.81

1,662
$1,523.26

794
$1,782.70

76-80 years

N
Mean

6,462
$1,466.76

2,969
$1,507.22

1,204
$1,718.60

81-85 years

N
Mean

7,169
$1,449.60

3,254
$1,478.79

1,274
$1,667.20

86-90 years

N
Mean

4,158
$1,364.49

1,923
$1,423.48

683
$1,663.90

>90 years

N
Mean

1,355
$1,285.18

561
$1,278.89

225
$1,523.80

0.0003

0.0675

0.1605

0.0005

<0.0001

<0.0001

<0.0001

<0.0001

0.15
p-value (within drugs)
Charlson

0

N
Mean

16,622
$1,291.62

7,402
$1,300.74

3,025
$1,518.59

1

N
Mean

6,518
$1,667.08

3,173
$1,749.07

1,286
$1,880.23

2

N
Mean

1,177
$2,321.30

558
$2,332.70

255
$2,823.60

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.0172
p-value (within drugs)
Urinary
Incontinency

No

N
Mean

21,789
$1,399.57

9,911
$1,438.50

3,973
$1,657.15

Yes

N
Mean

2,528
$1,808.66

1,222
$1,818.75

593
$1,935.69

<0.0001

<0.0001

<0.0001

<0.0001

0.0175
p-value (within drugs)

257

Appendix Table 36 (cont’d): Covariates for all physician costs
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Home Care

No

N
Mean

15,370
$1,341.70

6,873
$1,358.99

2,755
$1,557.04

Yes

N
Mean

8,947
$1,614.58

4,260
$1,675.87

1,811
$1,900.65

<0.0001

<0.0001

<0.0001

P-value
(between drugs)

<0.0001

<0.0001
p-value (within drugs)
Income Quintile

Missing

N
Mean

82
$1,227.00

42
$1,627.20

11
$1,291.70

1

N
Mean

4,950
$1,408.55

2,379
$1,444.31

888
$1,781.60

2

N
Mean

4,941
$1,459.23

2,308
$1,514.12

929
$1,691.05

3

N
Mean

4,803
$1,447.17

2,101
$1,501.16

942
$1,700.80

4

N
Mean

4,764
$1,425.88

2,106
$1,428.45

892
$1,758.42

5

N
Mean

4,777
$1,473.92

2,197
$1,510.39

904
$1,541.83

0.8833

0.1266

0.0252

0.0438

<0.0001

<0.0001

<0.0001

<0.0001

0.0003
p-value (within drugs)
Note: all costs are reported in 2010 $CAN
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Appendix Table 37: Covariates for long-term care costs
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Gender

Male

N
Median

1,012
$25,102.10

451
$24,959.80

257
$23,474.30

Female

N
Median

2,267
$25,157.60

979
$26,837.80

402
$24,874.20

0.9394

0.0699

0.0836

P-value
(between drugs)

0.1084

0.0581
p-value (within drugs)
Age

65-69 years

N
Median

49
$25,559.00

37
$23,756.00

17
$19,313.00

70-75 years

N
Median

295
$24,329.00

121
$23,469.00

85
$24,448.00

76-80 years

N
Median

706
$24,226.00

273
$24,237.00

154
$24,977.00

81-85 years

N
Median

1,044
$24,402.00

433
$26,214.00

198
$24,090.00

86-90 years

N
Median

798
$26,055.00

406
$24,162.00

142
$28,566.00

>90 years

N
Median

359
$27,897.00

142
$28,092.00

52
$24,810.00

0.0002

0.0061

0.1563

0.2501

0.8251

0.833

0.1912

0.0029

0.2549
p-value (within drugs)
Charlson

0

N
Median

2,093
$24,557.40

867
$24,098.00

403
$25,554.10

1

N
Median

985
$26,206.70

471
$25,226.10

216
$27,054.90

2

N
Median

201
$25,987.00

92
$23,526.00

40
$26,533.00

0.0062

0.3006

0.4194

0.2326

0.2286

0.2726
p-value (within drugs)
Urinary
Incontinency

No

N
Median

2,900
$25,095.00

1,274
$24,583.10

562
$26,077.40

Yes

N
Median

379
$25,489.00

156
$23,205.00

97
$26,268.00

0.5885

0.2419

0.9298

0.1122

0.1254
p-value (within drugs)
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Appendix Table 37 (cont’d): Covariates for long-term care costs
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Home Care

No

N
Median

1,307
$22,709.00

508
$20,913.40

225
$24,201.30

Yes

N
Median

1,972
$26,752.00

922
$26,371.80

434
$27,092.50

<0.0001

<0.0001

0.0067

P-value (between
drugs)

0.0048

0.6285
p-value (within drugs)
Income Quintile

Missing

N
Median

10
$26,855.00

6
$22,915.00

<5*
$34,831.00

1

N
Median

774
$25,279.00

364
$24,632.00

146
$24,891.00

2

N
Median

645
$24,284.00

303
$24,384.00

141
$26,740.00

3

N
Median

634
$25,354.00

241
$25,074.00

140
$25,873.00

4

N
Median

648
$25,045.00

251
$23,882.00

123
$25,238.00

5

N
Median

568
$25,765.00

265
$24,186.00

107
$28,065.00

0.4031

0.8928

0.3909

0.6564

0.7493

0.1611

0.8969

0.4687

0.0473
p-value (within drugs)

Note: all costs are reported in 2010 $CAN *Cell size has been suppressed in compliance with
ICES policy
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Appendix Table 38: Covariates for home care nursing service costs
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Gender

Male

N
Median

1,436
$968.80

656
$989.30

342
$933.50

Female

N
Median

2,317
$936.10

978
$922.11

355
$860.21

0.7597

0.485

0.9233

P-value
(between drugs)

0.449

0.7511
p-value (within drugs)
Age

65-69 years

N
Median

125
$991.50

74
$593.20

25
$1,897.30

70-75 years

N
Median

491
$977.50

208
$836.70

115
$750.70

76-80 years

N
Median

973
$911.10

404
$854.10

194
$868.90

81-85 years

N
Median

1,162
$957.10

520
$1,060.30

195
$857.80

86-90 years

N
Median

718
$988.30

308
$938.60

115
$1,017.50

>90 years

N
Median

225
$864.70

91
$996.70

39
$850.30

0.3763

0.1437

0.0596

0.0442

0.0622

0.8733

0.3726

0.8517

0.7015
p-value (within drugs)
Charlson

0

N
Median

1,925
$789.89

814
$909.01

356
$734.48

1

N
Median

1,422
$1,040.40

642
$923.30

268
$992.40

2

N
Median

406
$1,379.60

178
$1,225.50

73
$1,331.60

p-value (within drugs)

<0.0001

0.0861

0.0067

No

N
Median

3,207
$930.11

1,395
$923.72

575
$892.08

Yes

N
Median

546
$1,057.20

239
$1,044.60

122
$915.50

0.2354

0.9389

0.8425

0.2912

0.6026

0.3904
Urinary
Incontinency

0.5331

0.522
p-value (within drugs)
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Appendix Table 38 (cont’d): Covariates for home care nursing service costs
Covariate

Category

Value

Home Care

No

N
Median

Yes

N
Median

donepezil

galantamine

rivastigmine

0
N/A

0
N/A

0
N/A

3,753
$948.60

1,634
$949.08

697
$896.18

N/A

N/A

N/A

P-value (between
drugs)

N/A

0.4068
p-value (within drugs)
Income Quintile

Missing

N
Median

20
$1,010.90

12
$495.60

<5*
$944.50

1

N
Median

911
$1,029.00

389
$802.70

157
$956.50

2

N
Median

762
$914.20

363
$1,147.30

124
$980.00

3

N
Median

708
$989.20

291
$812.00

153
$685.40

4

N
Median

685
$891.80

295
$822.30

141
$907.70

5

N
Median

667
$1,079.50

284
$1,006.00

120
$985.00

0.0279

0.2866

0.3165

0.4942

0.0399

0.5223

0.1437

0.8232

0.2601
p-value (within drugs)

Note: all costs are reported in 2010 $CAN. *Cell size has been suppressed in compliance with
ICES policy
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Appendix Table 39: Covariates for emergency department visit costs
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Gender

Male

N
Median

4,655
$407.28

2,124
$412.72

1,060
$410.63

Female

N
Median

7,496
$405.01

3,320
$391.55

1,292
$389.53

0.9717

0.0414

0.4038

P-value
(between drugs)

0.8791

0.0611
p-value (within drugs)
Age

65-69 years

N
Median

430
$425.69

246
$380.81

117
$402.01

70-75 years

N
Median

1,664
$411.51

713
$427.14

387
$389.43

76-80 years

N
Median

3,056
$410.30

1,362
$396.56

593
$406.83

81-85 years

N
Median

3,690
$401.10

1,659
$399.52

680
$398.01

86-90 years

N
Median

2,344
$405.25

1,041
$387.07

391
$398.48

>90 years

N
Median

779
$399.00

334
$414.84

142
$375.40

0.5916

0.227

0.5071

0.3177

0.3097

0.4515

0.8125

0.0392

0.3073
p-value (within drugs)
Charlson

0

N
Median

7,513
$370.70

3,247
$359.01

1,416
$371.06

1

N
Median

3,824
$455.25

1,820
$447.52

762
$433.63

2

N
Median

814
$498.62

377
$520.88

174
$475.31

p-value (within drugs)

<0.0001

<0.0001

<0.0001

No

N
Median

10,722
$400.83

4,804
$392.90

2,005
$393.92

Yes

N
Median

1,429
$443.80

640
$451.67

347
$428.67

<0.0001

0.0002

0.7339

0.0662

0.3897

0.1397
Urinary
Incontinency

0.2697

0.143
p-value (within drugs)
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Appendix Table 39 (cont’d): Covariates for emergency department visit costs
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Home Care

No

N
Median

6,877
$382.39

2,945
$376.52

1,247
$377.03

Yes

N
Median

5,274
$436.51

2,499
$427.25

1,105
$423.88

p-value (within drugs)

<0.0001

<0.0001

0.0019

Missing

N
Median

37
$328.40

29
$290.60

<5
$261.00

1

N
Median

2,611
$431.89

1,219
$418.17

486
$410.51

2

N
Median

2,517
$413.14

1,204
$408.73

510
$425.39

3

N
Median

2,345
$395.14

1,019
$405.04

479
$391.55

4

N
Median

2,362
$399.01

955
$381.08

454
$395.85

5

N
Median

2,279
$387.49

1,018
$382.72

420
$366.76

0.0005

0.057

0.2086

P-value (between
drugs)

0.3043

0.2289
Income Quintile

0.9423

0.657

0.4974

0.9552

0.3499

0.4724
p-value (within drugs)

Note: all costs are reported in 2010 $CAN. *Cell size has been suppressed in compliance with
ICES policy
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Appendix Table 40: Covariates for hospitalizations
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Gender

Male

N
Median

2,700
$13,156.10

1,277
$12,929.20

651
$13,376.70

Female

N
Median

3,797
$13,255.50

1,649
$13,356.20

660
$13,164.70

0.0053

0.1703

0.2551

P-value
(between drugs)

0.0472

0.5628
p-value (within drugs)
Age

65-69 years

N
Median

192
$14,133.00

100
$15,111.00

49
$12,654.00

70-75 years

N
Median

835
$14,289.00

372
$12,207.00

198
$13,013.00

76-80 years

N
Median

1,610
$13,135.00

715
$12,319.00

347
$13,014.00

81-85 years

N
Median

1,999
$13,654.90

923
$13,259.10

387
$12,487.30

86-90 years

N
Median

1,324
$14,225.00

580
$13,695.00

236
$13,167.00

>90 years

N
Median

448
$12,219.00

189
$15,233.00

79
$13,978.00

<0.0001

0.0083

0.1671

0.5811

0.576

0.0664

0.588

0.8932

0.4374
p-value (within drugs)
Charlson

0

N
Median

3,635
$12,866.30

1,597
$12,162.30

704
$12,604.60

1

N
Median

2,289
$13,437.70

1,066
$13,638.60

490
$13,783.50

2

N
Median

573
$14,529.00

263
$17,388.00

117
$15,123.00

0.0042

<0.0001

0.0544

0.0746

0.9681

0.1654
p-value (within drugs)
Urinary
Incontinency

No

N
Median

5,645
$13,231.90

2,557
$13,124.10

1,115
$13,432.50

Yes

N
Median

852
$13,097.00

369
$13,486.00

196
$12,345.00

0.1987

0.9942

0.9655

0.2951

0.6834
p-value (within drugs)
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Appendix Table 40 (cont’d): Covariates for hospitalizations
Covariate

Category

Value

donepezil

galantamine

rivastigmine

Home Care

No

N
Median

3,331
$12,030.70

1,431
$10,853.50

621
$12,455.90

Yes

N
Median

3,166
$14,459.40

1,495
$15,387.00

690
$14,002.60

<0.0001

<0.0001

0.0003

P-value
(between drugs)

0.0254

0.5393
p-value (within drugs)
Income Quintile

Missing

N
Median

20
$14,156.00

18
$7,846.00

<5*
$20,511.00

1

N
Median

1,437
$13,517.00

655
$14,463.00

276
$12,875.00

2

N
Median

1,328
$13,512.00

652
$11,763.00

286
$13,589.00

3

N
Median

1,287
$13,457.00

549
$12,167.00

255
$14,877.00

4

N
Median

1,232
$12,369.00

503
$14,369.00

272
$13,166.00

5

N
Median

1,193
$13,113.00

549
$13,377.00

220
$11,613.00

0.1656

0.2265

0.321

0.1633

0.9286

0.1286

0.2767

0.0798

0.5594
p-value (within drugs)

Note: all costs are reported in 2010 $CAN. *Cell size has been suppressed in compliance with ICES policy
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Section 6.7.1 and 6.7.2: Sensitivity Analysis
Appendix Table 41: Total annual home care nursing costs (2008 entry cohort)
Seniority

Variable

donepezil N=827
per
Mean
patient
None
Cost
$675,661.68
$817.00
Time
23013
Mean
Cost
$804,994.74
$973.39
Time
23013
8 Years
Cost
$959,642.10
$1,160.39
Time
23013
Note: all costs are reported in 2010 $CAN.

galantamine N=445
per
Mean
patient
$331,004.64
$743.83
11,274
$394,364.52
$886.21
11,274
$470,125.80
$1,056.46
11,274

rivastigmine N=104
per
Mean
patient
$87,757.04
$843.82
2989
$104,555.22
$1,005.34
11274
$124,641.30
$1,198.47
2989

Total N=1376
Mean
$1,094,423.36
37,276
$1,303,914.48
37,276
$1,554,409.20
37,276

Appendix Table 42: Mean home care nursing costs per patient by quarter
Drug Group
Nurse Seniority
donepezil
None

Variable

Mean

Cost
95%CI

8 Years

Cost
95%CI

N
Cost
95%CI

3 Months

6 Months

galantamine
None

N
Cost
95%CI

9
$831.87
(165.92,
1,497.82)
$991.10
(197.68,
1,784.52)
$1,181.50
(235.65,
2,127.35)
28.33
(5.65,
51.02)
0
$0.00
-

Mean

Cost
95%CI

$0.00
-

8 Years

Cost
95%CI

$0.00
-

Time (hours)
95%CI

Time (hours)
95%CI

0
-

rivastigmine
None

N
Cost
95%CI

<5
$88.08
-

Mean

Cost
95%CI

$104.94
-

8 Years

Cost
95%CI

<5
$125.10

Time (hours)
95%CI

3
-

358
$678.07
(526.21,
829.92)
$807.86
(626.94,
988.79)
$963.06
(747.38,
1,178.74)
23.09
(17.92,
28.27)
142
$599.19
(417.52,
780.86)
$713.89
(497.44,
930.34)
$851.03
(593.00,
1,109.06)
20.00
(14.22,
26.60)
94
$496.62
(348.09,
645.15)
$591.68
(414.78,
768.05)
705.35
(494.39,
916.31)
16.91
(11.85,
21.97)

Note: all costs are reported in 2010 $CAN.
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9 Months
1,223
$710.47
(626.63,
794.32)
$846.47
(746.57,
946.37)
$1,009.09
(890.00,
1,128.17)
24.2
(21.34,
27.05)
499
$748.12
(619.90,
876.34)
$891.32
(738.56,
1,044.09)
$1,062.56
(880.44,
1,244.67)
25.48
(21.11,
29.85)
281
$635.26
(527.05,
743.48)
$756.86
(627.93,
885.79)
902.26
(748.56,
1,055.96)
21.64
(17.95,
25.32)

12 Months
3,753
$796.19
(743.19,
849.20)
$948.60
(885.45,
1,011.75)
$1,130.83
(1055.55,
1,,206.12)
27.12
(25.31,
28.92)
1,634
$796.60
(719.40,
873.80)
$949.08
(857.11,
1,041.06)
$1,131.41
(1,021.77,
1,241.06)
27.13
(24.50,
29.76)
697
$751.20
(651.49,
852.91)
$896.18
(776.19,
1,016.17)
1,068.35
(925.31,
1,211.38)
25.62
(22.19,
29.05)

per
patient
$795.37
$947.61
$1,129.66

Appendix Table 43: Total annual hip and wrist fracture costs (2008 entry cohort)
Severity
Hip
Fracture
Low
High
Wrist
Fracture
Low
High

Variable

donepezil
Mean

galantamine
Mean

rivastigmine
Mean

Total
Mean

N
Cost
Cost
Days

78
$2,998,233.02
$3,194,826.74
1882

37
$1,131,108.10
$1,205,274.70
710

18
$807,706.77
$860,667.99
507

133
$4,937,047.89
$5,260,769.43
3099

N
Cost
Cost
Days

5
$159,909.75
$181,045.80
117

<5
$10,934.00
$12,379.20
8

0
$0.00
$0.00
0

7
$170,843.75
$193,425.00
125

Note: all costs are reported in 2010 $CAN.

Appendix Table 44: Mean cost of hospitalization for hip and wrist fractures
Category
Hip Fractures

Severity
Month
N
Low Severity

donepezil
Mean
434
$4,739.10
3
$16,327.54
6
$26,337.71
9
$34,354.65

12
High Severity
$5,022.18
3
$17,357.14
6
$27,998.54
9
$36,607.28
12
Wrist Fractures

N
Low Severity

galantamine
Mean
190

95%CI

(3,046.32,
6,431.87)
(13,159.91,
19,495.17)
(22,834.12,
29,841.30
(30,455.47,
38,253.83)

$5,357.87

(3,228.28,
6,816.07)
(13,989.77,
20,724.52)
(24,274.01,
31,723.06)
(32,452.43,
40,762.13)

$5,677.92

24
$4,043.30
3
$11,161.79
6
$21,412.42
9
$28,544.03

12
High Severity
$4,577.73
3
$12,637.10
6
$24,242.60
9
$32,366.45
12

$17,113.36
$25,850.31
$32,256.29

$18,192.51
$27,480.40
$34,371.33

95%CI

(2,786.98,
7,928.77)
(12,992.29,
21,234.42)
(21,412.39,
30,288.22)
(27,426.55,
37,086.02)

$4,135.32

(2,953.45,
8,402.38)
(13,811.57,
22,573.45)
(22,762.64,
32,198.17)
(29,224.90,
39,517.75)

$4,382.33

7
(-1,419.84,
9,506.45)
(2,742.04,
19,581.54)
(11,663.19,
31,161.65)
(16,534.77,
40,640.94)

$13,277.00

(-1,607.51,
10,762.96)
(3,104.47,
22,169.73)
(13,204.76,
35,280.44)
(18,720.25,
46,012.65)

$15,031.89

Note: all costs are reported in 2010 $CAN
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$18,353.50
$18,353.50
$20,501.25

$20,779.37
$20,779.37
$23,211.00

rivastigmine
Mean
97

$17,803.41
$23,059.04
$33,356.77

$18,926.08
$24,513.12
$35,543.97

95%CI

(1,643.99,
6,626.64)
(10,793.16,
24,813.67)
(15,923.05,
30,195.02)
(25,686.29,
41,027.25)
(1,742.19,
7,022.47)
(11,473.76,
26,378.40)
(16,927.14,
32,099.09)
(27,370.53,
43,717.40)

5
(-2,250.80,
28,804.80)
(4,567.29,
32,139.71)
(4567.29,
32,139.71)
(8939.21,
32,063.29)

$0.00

-

$16,127.65

(-23,205.72,
55,461.02)
(-20,519.31,
56,054.81)
(-7265.23,
59,201.73)

(-2,548.30,
32,612.07)
(5,170.97,
36,387.77)
(5,170.97,
36,387.77)
(10,120.74,
36,301.26)

$0.00

-

$18,259.32

(-26,272.93,
62,791.57)
(-23,231.45,
63,463.85)
(-5,225.51,
67,026.71)

$17,767.75
$25,968.25

$20,116.20
$29,400.60

