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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) ï 

donepezil, galantamine and rivastigmine ï have been approved for the treatment of 

dementia and are covered under Ontarioôs 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 Ontarioôs healthcare system.  

Anonymized patient-level data from seven provincial administrative databases were 

linked at the Institute for Clinical and Evaluative Sciences at Queenôs University.  First-

time users of ChEIs aged 66 years and older were identified between April 1
st
, 2004 and 

March 31
st
, 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 
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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 comparative-

economic 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.    

Alzheimerôs 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 N-

Methyl-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 Alzheimerôs, 

thereby maintaining a patientôs 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 Alzheimerôs dementia and related dementias (henceforth referred to simply 

as ódementiaô), to assess associated health resource utilization and costs in order to 

understand their policy and economic implications using linked health information 
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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 studyôs 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 
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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 studyôs 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 Ontarioôs 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 
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efficacy, effectiveness, and costs.  Finally, Section 2.8 closes with the rationale for this 

study. 

2.2 What is Dementia? 

Dementia is a syndrome ï a set of signs and symptoms ï that affects a personôs 

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.  Alzheimerôs 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 patientôs 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).  Alzheimerôs 

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 Alzheimerôs 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 Alzheimerôs is based on 

the cholinergic hypothesis (14).  It is the oldest, most frequently targeted pathway for the 

treatment of Alzheimerôs 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 Alzheimerôs is caused by a reduction in 

an individualôs ability to synthesize ACh, leading to gradual neuro-degeneration (15).  

The observed cognitive deficits in Alzheimerôs 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 Alzheimerôs (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 (Ab) that are soluble (14).  Alternatively, the beta secretase enzyme can cleave 

the protein and create an insoluble form of beta-amyloid fragments (Ab42). This form of 

beta-amyloid then accumulates and forms plaques.  Beta-amyloid has been shown to 

accumulate in high amounts in the brains of Alzheimerôs 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 

Ab42) has not been shown to improve patient outcomes (17,21). 

2.3.3 Tau hypothesis  

Another biological prognostic marker of Alzheimerôs 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 Alzheimerôs 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 

Alzheimerôs 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 Alzheimerôs (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 Alzheimerôs patients.  Moreover, current cholinergic treatments for Alzheimerôs 
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(ChEIs) appear to enhance myelination and myelin repair, thereby further contributing to 

preventing Alzheimerôs symptoms (25). 

 

2.4 Prevalence of Dementia and Economic Ramifications 

In September 2009, Alzheimerôs 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 Alzheimerôs 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 Alzheimerôs (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 ï retaining 

memory and autonomy ï 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 hasnôt 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 patientôs 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. 

Alzheimerôs disease, vascular dementia, dementia with Lewy bodies, mixed dementia); 

they are used to improve a patientôs 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 anti-

depressants (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 Alzheimerôs Drug Discovery Foundationôs panel of experts, 

given that dementia is a chronic progressive disease, an óeffectiveô response to therapy 

occurs when symptoms improve or remain the same for six months, and a ógoodô 

response to antidementia therapy occurs when the patientôs 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 ï donepezil (Aricept), galantamine (Reminyl/Razadyne) 

and rivastigmine (Exelon) ï and one NMDA Receptor blocking agent ï 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 Alzheimerôs, some nerve cells die, 

and there is a diminished amount of ACh produced by the body available for neuro-

transmission.  This deficiency leads to loss of cognitive processes and memory 

access/formulation.  One strategy for increasing the amount of ACh for neuro-
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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 bodyôs 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 neuro-

transmission (5).  Glutamate is an excitatory neuro-transmitter in the brain.  In 

Alzheimerôs 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) ï 

formerly the Canadian Coordinating Office for Health Technology Assessment 

(CCOHTA) ï 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 ï 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 ï 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 Ontarioôs 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 Ontarioôs 

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 planôs system of co-

payment: 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 patientôs 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 patientôs 

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 Alzheimerôs 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 dementia-

associated Parkinsonôs 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 Ontarioôs 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 drugsô 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 patientôs 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 Canadaôs 

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 decision-

makers 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 ï by the National Institute for Health and Clinical Excellence (NICE) 

in the United Kingdom (5) and the Cochrane collaboration (39) ï 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 patientôs 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 ï less 

decline in cognition compared to placebo (78), maintaining functionality compared to 

placebo (79), and preserving ability to care for oneself (7) ï in a patientôs 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 Kingdomôs 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 Alzheimerôs 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 Alzheimerôs 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 drugôs 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).  



 

29 

 

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 Alzheimerôs 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 patientôs response to treatment in the domain of cognitive 

function (85).  To do this, researchers employ the Alzheimer ôs Disease Assessment Scale 
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ï 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 Clinicianôs Interview-

Based 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, self-

feeding, 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), ñexclusions of clinically important 

subgroups are sometimes due to risk-benefit concernséthe purpose of most RCTsé[is] 

to determine an interventionôs 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.ò 

(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 studyôs 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 last-
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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 ï making the treatment look better than it would under normal clinical 

conditions (71). 

Sponsorship bias ï the tendency of the outcomes of studies to support the interests 

of the studyôs funding agency ï 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 patientôs 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 patientôs identity or medical history.  

In the case of ChEIs, factors such as a patientôs 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 Alzheimerôs 

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) ï 57.7% treated with donepezil, 11.2% with galantamine and 31.1% with 

rivastigmine ï and patients censored at any time if they switched drugs.  While donepezil 

and rivastigmine users showed improved MMSE scores by the 12
th
 week, the mean 

change in MMSE score from baseline (-0.8 to -1.0) was negative for all patients by the 

36
th
 week.  The mean ADAS-Cog score increased between 2.0-3.0 points between 

patients by the 36
th
 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 patientôs 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 

studyôs 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 non-

users); 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 ï 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 ï 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 óreal worldô perspective and demonstrate that the positive results of 

RCTs are reproducible in a clinical setting. 

 

3.4 ChEI Utilization ï 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 co-

morbidity level (72).  Finally, RCTs tend to censor patients if they discontinue treatment 

and find ways to account for missing data in the studyôs 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 Alzheimerôs 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 patientôs age on ChEI 

prescription (9,115,116). 

3.4.1.2 Patient gender 

Based on the Alzheimerôs 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 Alzheimerôs 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 Canadaôs Womenôs 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 ï 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 Alzheimerôs 

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 Alzheimerôs 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 RCTôs 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 studyôs 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 studyôs end. 

3.4.1.4 Disease severity 

As mentioned previously, researchers and clinicians have used global, cognitive 

and functional scales to determine a patientôs 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, Parkinsonôs 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 patientôs 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 patientôs health 

status may threaten their wellbeing throughout the course of the trial; 2) the drugs may 

not yield efficacious results for them ï 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 patientôs 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 patientôs 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 ï 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 ñadherenceò, 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 

drugôs 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 non-

persistence 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) ï 

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 patientôs 

behaviour, drug effectiveness, and drug intolerance.  Patient behaviour can be affected by 

disease severity, nursing home placement ï typically, patients in long-term care facilities 

have higher drug compliance and persistence because they are constantly monitored by 

staff ï 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 non-

persistence 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 Alzheimerôs 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 once-

daily 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)ï 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 patientôs 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 

patientôs 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 patientôs 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 
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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 ólack of benefitô, 

switching can be done overnight; and, 3) if the ChEI is deemed ineffective more than 12 

months after the index date, known as óloss of benefitô, 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 countryôs 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 wasnôt 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 ï this may include such factors as a physicianôs 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 quality-

adjusted 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 ï 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 placebo-

patients (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) cost-

effectiveness 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 ï 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 

Alzheimerôs 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 ú20,353/QALY for mild cases of dementia and ú71,037/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 ï users had cost-effectiveness ratios of 

£74,735/QALY (donepezil), £53,780/QALY (rivastigmine) and £63,103/QALY 

(galantamine) over a 5-year time horizonï with the NICE guideline of £30,000/QALY 

and determined that none of the ChEIs were cost-effective uses of the health systemôs 

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 (ú4,264/QALY gained); and, 

according to an assessment based on RCT data by Jonsson et al. (1999) donepezil is cost-

saving 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 short-

term 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 patientôs 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 cost-
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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 OôBrien et al. 

(1999) reported the expected costs and outcomes per patient by category of MMSE score; 

according to OôBrien, 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 cost-

saving 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 Alzheimerôs 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 ï 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 

Alzheimerôs 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 non-
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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 patientôs 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 patientôs 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 Alzheimerôs 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-to-

moderate, 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 Alzheimerôs disease in 

the United States (74).  The findings from the 19 studies it reviewed indicated that the 

cost of care for Alzheimerôs 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 Alzheimerôs 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 Self-

Maintenance 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: ñthe literature is 

dominated by industry-sponsored cost-effectiveness studiesò (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 Alzheimerôs 

disease (2001), has since been updated to include memantine (2011) and recommends all 

four drugs for the treatment of Alzheimerôs disease and related dementia (184). 

Studies that have considered relatively long time horizons ï 18 months to 5 years 

ï 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 ï 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 re-

evaluated 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 ï rivastigmine over 

donepezil (96,98), donepezil over galantamine (97) ï 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-to-

medium 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 ï 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 non-

industry-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 
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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 (105-

107).  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 ï a class of treatment for dementia whose medications are 

sufficiently similar to enable a direct comparison of their costs (a cost-minimization 

analysis) ï in the Canadian healthcare system using a unique source of relevant Canadian 

data. 
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Chapter 4 

Methods 

 

4.1 Introduction 

This project is a retrospective population-based cohort study and cost-

minimization 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 studyôs 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 studyôs timeframe (Section 4.5); and details the 

studyôs 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 studyôs 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 Ontarioôs 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 userôs 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 ï the ICES Key Number (IKN) ï 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 drugôs 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 1
st
 to March 31

st
) 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 patientôs Charlson co-morbidity 

score (removing the point given for dementia) will be used as a measure of overall co-

morbid 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 1
st
 to March 31

st
) and provides data regarding outpatient visits to 

outpatient clinics and emergency departments (76).  NACRS will be this projectôs 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 provinceôs 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 1
st
 to March 31

st
) 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 providerôs 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 patientôs 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 Personôs 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 studyôs primary source of patient demographic 

information and will complement data from the aforementioned databases.  Variables 

extracted were: IKN, age, gender, rural indication and FSA ï first three characters in a 
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Canadian postal code ï 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 1
st
, 2004 and March 31

st
, 

2009.  Eligibility was then assessed by linking these patients with new use of any of the 

three ChEIs during this period.  A patientôs 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 31
st
, 2009, could then potentially be followed until March 

31
st
, 2010). 

4.4.2 Inclusion/Exclusion criteria 

Inclusion criteria consisted of all Ontarians aged 66 years to 105 years as of April 

1
st
, 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 

patientsô 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 patientôs 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 (Ò66 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 cost-

effectiveness 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 studyôs chosen timeframe ï 

April 1
st
, 2004 to March 31

st
, 2010.  These included the chronology of ChEI funding in 

Ontario, the nature of the dataset, and the studyôs 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 31
st
 marks the annual end date for all ICES databases that operate with annual 

updates ï health administrative databases updated annually have entered all data and 

costs from the previous year into their records.  All costs accumulated from April 1
st
, 

2004 to March 31
st
, 2010, were considered for the purpose of this study.  As such, a 

cohort selection period of April 1
st
, 2004 to March 31

st
, 2009, was selected such that 

patients whose first use occurred on the last date of cohort entry (March 31
st
, 2009) could 

still potentially contribute a full yearôs worth of economic data to the study (up to March 

31
st
, 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 patientôs 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 Type Source Definition 

Demographic       

Gender Categorical RPDB Male/Female 

Income Quintile Categorical RPDB 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 Categorical ODB Based on "Low Income" designation on ODB claims 

Rural Indication Categorical RPDB Rural versus urban residence designation 

    

LHIN location Categorical RPDB Patient residence within one of the 14 Ontario LHINs 

Cohort entry year Categorical ODB Year in which patient had their first ChEI use 

Age Continuous RPDB Age of patient in years 

 

 



 

87 

 

Table 1 (contôd): Baseline descriptive characteristics 
Variable Type Source Definition 

Treatment prior to cohort entry    

Rehabilitation visits within 1 year prior Categorical CIHI-DAD Indication of service provided within the last year 

Acute Hospital within 6 months Categorical NACRS Indication of service provided within the last year 

CT Scan of the head Categorical OHIP Indication of service provided within the last year 

Antidepressants 1 year prior Categorical ODB Indication of service provided within the last year 

Antiparkinsons 1 year prior Categorical ODB Indication of service provided within the last year 

Atypical Antipsychotics 1 year prior Categorical ODB Indication of service provided within the last year 

Benzodiazepine 1 year prior Categorical ODB Indication of service provided within the last year 

Typical Antipsychotics 1 year prior Categorical ODB Indication of service provided within the last year 

Physician visit within one year prior Continuous OHIP/CPDB Number of physician visits within the last year 

Geriatrician Visits Continuous OHIP/CPDB Number of physician visits within the last year 

Neurologist Visits Continuous OHIP/CPDB Number of physician visits within the last year 

Psychiatrist Visits Continuous OHIP/CPDB Number of physician visits within the last year 

ER visits within one year prior Continuous NACRS Number of emergency visit within the last year 

Number of DINS Continuous ODB Number of  drugs used under ODB within the last year 

Co-Morbidities (based on patient history)    

Myocardial Infarction Categorical CIHI-DAD Heart attack 

Congestive Heart Failure Categorical CIHI-DAD Insufficient blood flow from the heart 

Peripheral Vascular Disease Categorical CIHI-DAD Obstruction of large arteries to limbs 

Cerebrovascular Disease Categorical CIHI-DAD Disease of blood vessels to the brain 

Chronic Obstructive Pulmonary Disease Categorical CIHI-DAD Presence of diseases that narrowing lung airways 

Rheumatic-like Disease Categorical CIHI-DAD Disease of joins/connective tissue 

Ulcers of the Digestive System Categorical CIHI-DAD Ulcers along the gastrointestinal tract 

Liver Disease (Mild) Categorical CIHI-DAD Some fatty liver diseases and some forms of hepatitis 

Diabetes (No chronic complications) Categorical CIHI-DAD Normal diabetes 

Diabetes (chronic complications) Categorical CIHI-DAD Diabetes causing vascular problems 

Hemi/Paraplegia Categorical CIHI-DAD Hemiplegia: paralysis of one side of body; Paraplegia: 

paralysis of lower limbs 

Renal or Kidney Disease Categorical CIHI-DAD Diseases affecting either organ 

Cancer (No Secondary) Categorical CIHI-DAD Occurrence of cancer without progression 

Liver Disease (Severe) Categorical CIHI-DAD Chronic hepatitis and Cirrhosis 

Cancer (Metastatic) Categorical CIHI-DAD Malignant cancer spreading from one organ to another 

HIV/AIDS Categorical CIHI-DAD HIV or AIDS 

Charlson Score Continuous CIHI-DAD Composite measure of above 16 diseases 

Hearing Impairment Categorical CIHI-DAD Impaired auditory system 

Malnutrition Categorical CIHI-DAD Insufficient nutritional intake 

Visual Impairment Categorical CIHI-DAD Impaired vision 

Disease Severity Indicators       

Aspiration Pneumonia Categorical OHIP Pneumonia due to the entrance of foreign material into 

the bronchial tree, such as saliva or food due to impaired 
swallowing mechanism 

Delirium Categorical OHIP Syndrome of mental confusion and temporal awareness 

Falls Categorical OHIP Injuries sustained while falling 

Hip Fractures Categorical OHIP Fracture of the head of the femur 

Urinary Incontinence Categorical OHIP Involuntary excretion of urine 

Fecal Incontinence Categorical OHIP Inability to control bowels 

Pressure Ulcers Categorical OHIP Lesions due to unrelieved pressure to any part of body 

Home Care Nursing Services Categorical HCD/OHCAS Home care nursing services use within last year 

Home Care Indication Categorical HCD/OHCAS Home care use within last year 

Home Care Visits Continuous HCD/OHCAS Number of home care visits within last year 

Hospital visit within 5 years Continuous CIHI-DAD Number of hospitalizations within last 5 years 
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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 patientôs demographic information 

from the RPDB.   

Income level was assessed using a community-level median household data from 

the Canadian census, assigned based on a patientôs postal code and presented in income 

quintiles using a socio-economic quintile macro ï a program that enables us to associate a 

personôs place of residence with their communityôs 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 patientôs index date.  Frequency of 

medical contact in the year prior to cohort entry consisted of several variables that 

measured the patientôs 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 patientôs 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 scriptôs 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). 
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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 long-

term 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 patientôs 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 12-

month 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 patientôs 

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 Ontarioôs 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 ónursing visitô or ónursing shiftô 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 Ontarioôs 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) ï 

the seniority hierarchy had ten levels (196).  The average wage of the ten levels was 

$34.98. The corresponding unit time of each nurseôs 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 ï patients had to have 

dementia listed as an indication in the diagnosis field of their visitôs 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 Alzheimerô 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 CIHI-

DAD 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 patientôs 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 ñall hospitalizationò.  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 ñall hospitalizationò = 19 

days.  Therefore all patients admitted for any of the four conditions of interest will also 

be counted in the ñall hospitalizationò variable.  However, as mentioned previously, the 

ñall hospitalizationò 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 
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treating dementia, hip fracture, wrist fracture, delirium and aspiration pneumonia.  For 

example, the cost of a patientôs 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 ñall 

hospitalizationò length of stay, which will then be assigned a value of $672.50 per day.  

The ñall hospitalizationò 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. ñAll hospitalizationsò were costed as all ñdementia-associated hospitalizationsò and 

the other variables as dementia-associated hospitalizations for hip or wrist fracture, 

delirium or aspiration pneumonia.  Thus, the ñall hospitalizationò variables represent the 

burden of hospital length of stay and cost attributable to the patientôs dementia. 

4.6.5 Covariates 

Key factors that could influence resource utilization and costs among patients 

with dementia are a patientôs age, gender, co-morbidity disease burden, dementia 

severity, and socio-economic status. 

Dementia severity increases exponentially with age (113,114).  The óoldest oldô 

(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 

patientôs 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 indexôs total score. 

The ICES datasets did not code for severity of dementia (mild, moderate or 

severe); therefore proxy indicators ï 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 

patientôs 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) ï 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 

fulfill ed 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@Queenôs satellite site located in Abramsky Hall at Queenôs 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 one-

way 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 non-

parametric 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 p-

values) 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 Kruskal-

Wallis 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 sampleôs 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 ï typically considered for smaller 

sample sizes (less than 30) ï 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 ï 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.  Within-

group 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 Kruskal-

Wallis 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 óPharmô variable represents the number of DINs from the 
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patientôs ODB profile and the óMD Contactsô 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. 
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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 óno complexityô ï also the base case for the study ï and $1547.40 for ólife-

threateningô 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, non-

profit 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 governmentôs 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 Informationôs 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 individual-

level 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 

Ontarioôs 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 ï only aggregate data 

on patientsô characteristics (e.g.: mean age, etc). To further protect patient privacy, the 

dataset provided to the student contains only the patientôs 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@Queenôs site, 

while all of the health information records reside at the ICES headquarters in Toronto. 

All staff at the ICES@Queenôs 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 Queenôs 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 patientsô 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 systemôs 

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 ï gender, age, co-morbid disease burden, 

urinary incontinence, home care and income quintile ï 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 1
st
, 2003 and March 31

st
, 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 1
st
, 2003 and March 31

st
, 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 1
st
, 2004 to March 31

st
, 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 Type donepezil galantamine rivastigmine p-value* 

Cholinesterase Use   N = 24347 N = 11140 N = 4570   

Demographics           

Gender           

Female Count (%)* 15,006 (61.6) 6,709 (60.2) 2,516 (55.0) <0.0001 

Male  9,341 (38.4) 4,431 (39.8) 2,045 (44.9)   

Income Quintile**       

Missing Count (%) 83 (0.3) 42 (0.4) 11 (0.1) 0.0807 

1  4,955 (20.4) 2,380 (21.4) 890 (19.5)   

2  4,951 (20.3) 2,311 (20.7) 930 (20.3)   

3  4,806 (19.7) 2,102 (18.9) 943 (20.6)   

4  4,769 (19.6) 2,107 (18.9) 892 (19.5)   

5  4,783 (19.6) 2,198 (19.7) 904 (19.8)   

Low Income (ODB low 

income marker) 

Count (%) 5,994 (24.6) 2,615 (23.5) 1,160 (25.4) 0.0165 

Rural Indication (Yes)  3,363 (13.8) 1,195 (10.8) 432 (9.5) <0.0001 

LHIN       

1) Erie St. Clair Count (%) 1,366 (5.6) 582 (5.2) 334 (7.3) <0.0001 

2) South West  2,120 (8.7) 811 (7.3) 311 (6.8)   

3) Waterloo 

Wellington  1,129 (4.6) 627 (5.6) 381 (8.3)   

4) Hamilton Niagara 

Haldimand Brant  3,432 (14.1) 1,511 (13.6) 417 (9.1)   

5) Central West  791 (3.2) 298 (2.7) 139 (3.0)   

6) Mississauga 

Halton  1,619 (6.7) 538 (4.8) 517 (11.3)   

7) Toronto Central  1,938 (8.0) 898 (8.1) 411 (9.0)   

8) Central  2,470 (10.2) 1,290 (11.6) 676 (14.8)   

9) Central East  2,247 (9.2) 1,917 (17.2) 621 (13.6)   

10) South East  1,103 (4.5) 493 (4.4) 98 (2.2)   

11) Champlain  3,041 (12.5) 996 (9.0) 383 (8.4)   

12) North Simcoe 

Muskoka  945 (3.9) 539 (4.8) 161 (3.5)   

13) North East  1506 (6.2) 440 (4.0) 83 (1.8)   

14) North West  620 (2.6) 190 (1.7) 35 (0.8)   

Cohort Entry Year       

2004 (Sept-Dec) Count (%) 3,560 (14.6) 1,461 (13.1) 794 (17.4) <0.0001 

2005  4,856 (19.9) 1,446 (13.0) 909 (19.9)   

2006  4,622 (19.0) 2,277 (20.4) 974 (21.3)   

2007  4,858 (20.0) 2,448 (22.0) 979 (21.4)   

2008  5,108 (21.0) 2,829 (25.4) 753 (16.5)   

2009 (Jan-Mar)   1,343 (5.5) 679 (6.1) 161 (3.5)   

Age Mean (STD)** 80.7 (6.3) 80.5 (6.3) 80.0 (6.4) 0.0001 
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Table 2 (contôd): Descriptive characteristics of patients based on treatment groups 

Variable Type donepezil galantamine rivastigmine p-value* 

Treatment prior to cohort entry          

Rehab visits within 1 

year 

Count (%)  <5 (0)  <5 (0) <5 (0) 

0.1093 

Acute Hospital within 6 

months 

Count (%) 4,919 (20.2) 2,103 (18.9) 959 (21.0) 0.0024 

CT Scan of the head Count (%) 9,942 (40.8) 4,941 (44.3) 2,003 (43.8) <0.0001 

Antidepressant within 

past 1 year  

Count (%) 8,016 (32.9) 3,899 (35.0) 1,692 (37.0) <0.0001 

Antiparkinsonian drug 

within past 1 year  

Count (%) 765 (3.1) 329 (2.9) 584 (12.8) <0.0001 

Typical Antipsychotics 

within past 1 year 

Count (%) 257 (1.1) 135 (1.2) 68 (1.5) 0.032 

Atypical Antipsychotic 

within past 1 year 

Count (%) 3,042 (12.5) 1,433 (12.9) 988 (21.6) <0.0001 

Benzodiazepine within 

past 1 year  

Count (%) 5,635 (23.1) 2,655 (23.8) 1,184 (25.9) 0.0003 

Total # Physician Visits Mean (STD) 33.0 (29.2) 34.5 (28.2) 37.7 (32.1) <0.0001 

Visits to Dementia 

Specialists:  

 2.2 (5.7) 2.6 (6.4) 3.4 (8.4) <0.0001 

a) Geriatrician Visits  0.8 (2.6) 1.1 (2.9) 1.2 (3.6) <0.0001 

b) Neurologist Visits  0.6 (2.0) 0.6 (1.9) 1.0 (2.6) <0.0001 

c) Psychiatrist Visits  0.7 (4.4) 0.9 (5.1) 1.1 (6.7) <0.0001 

ER visits within 1 year 

prior 

Mean (STD) 1.0 (1.8) 1.0 (1.6) 1.0 (1.7) 0.011 

Number of DINs Mean (STD) 11.0 (6.8) 11.4 (6.8) 12.3 (7.0) <0.0001 

Co-Morbidities            

Myocardial Infarction Count (%) 1,333 (5.5) 722 (6.5) 315 (6.9) <0.0001 

Congestive Heart Failure Count (%) 1,511 (6.2) 696 (6.2) 300 (6.6) 0.6552 

Peripheral Vascular 

Disease 

Count (%) 653 (2.7) 320 (2.9) 138 (3.0) 0.335 

Cerebrovascular Disease Count (%) 1,769 (7.3) 965 (8.7) 364 (8.0) <0.0001 

Chronic Obstructive 

Pulmonary Disease 

Count (%) 1,465 (6.0) 671 (6.0) 263 (5.7) 0.7779 

Rheumatic-like Disease Count (%) 181 (0.7) 83 (0.7) 43 (0.9) 0.356 

Ulcers of the Digestive 

System 

Count (%) 464 (1.9) 220 (2.0) 87 (1.9) 0.9024 

Liver Disease (Mild) Count (%) 78 (0.3) 34 (0.3) 22 (0.5) 0.1836 

Diabetes (No chronic 

complications) 

Count (%) 1,615 (6.6) 788 (7.1) 344 (7.5) 0.0513 

Diabetes (chronic 

complications) 

Count (%) 920 (3.8) 512 (4.6) 194 (4.2) 0.0011 

Hemi/Paraplegia Count (%) 185 (0.8) 104 (0.9) 39 (0.8) 0.2327 

Renal or Kidney Disease Count (%) 668 (2.7) 327 (2.9) 170 (3.7) 0.0015 

Cancer (No Secondary) Count (%) 1,408 (5.8) 623 (5.6) 256 (5.6) 0.731 

Liver Disease (Severe) Count (%) 36 (0.1) 12 (0.1) 9 (0.2) 0.3771 

Cancer (Metastatic) Count (%) 203 (0.8) 85 (0.8) 35 (0.8) 0.7467 

HIV/AIDS Count (%) <5 (Ờ) <5 (Ờ)  <5 (Ờ) 0.2731 

Charlson Score ỜỜ Mean (STD) 0.69 (1.3) 0.73 (1.4) 0.75 (1.4) 0.0008 

Hearing Impairment Count (%) 584 (2.4) 265 (2.4) 99 (2.2) 0.6348 

Malnutrition Count (%) 49 (0.2) 15 (0.1) 8 (0.2) 0.3875 

Visual Impairment Count (%) 3,671 (15.1) 1,713 (15.4) 676 (14.8) 0.6104 
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Table 2 (contôd): Descriptive characteristics of patients based on treatment groups 

Variable Type donepezil galantamine rivastigmine p-value* 

Dementia Severity Indicator          

Aspiration Pneumonia Count (%) 21 (0.1) 10 (0.1) 5 (0.1) 0.9357 

Delirium Count (%) 766 (3.1) 334 (3.0) 108 (3.7) 0.0848 

Falls Count (%) 534 (2.2) 237 (2.1) 75 (1.6) 0.0581 

Hip Fractures Count (%) 399 (1.6) 167 (1.5) 65 (1.4) 0.4189 

Urinary Incontinence Count (%) 2,529 (10.4) 1,222 (11.0) 593 (13.0) <0.0001 

Fecal Incontinence Count (%) 12 (0) <5 (0) <5 (0) 0.3871 

Pressure Ulcers Count (%) 176 (0.7) 74 (0.7) 33 (0.7) 0.8219 

      

Home Care Nursing 

Services 

Count (%) 3,072 (12.6) 1,470 (13.2) 569 (12.4) 0.2546 

Home Care Count (%) 8,958 (36.8) 4,261 (38.2) 1,814 (39.7) 0.0002 

Home Care Visits Mean (STD) 22.8 (75.8) 21.8 (72.1) 25.0 (82.6) 0.0537 

Hospital visit within 5 

years 

Mean (STD) 1.1 (1.6) 1.1 (1.6) 1.1 (1.6) 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. 

Ờ Cell size and percentages suppressed to preserve confidentiality in compliance with ICES policy 

ỜỜ 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 ï 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 Total Discontinued Complied % Complied 

GG (continuous) 10,070 2,901 7,169 71.2 

DD (continuous) 21,261 6,871 14,390 67.7 

RR (continuous) 3,746 1,339 2,407 64.3 

DR (switch) 927 596 331 35.7 

GR (switch) 320 211 109 34.1 

DG (switch) 2,159 1,511 648 30.0 

RG (switch) 364 261 103 28.3 

GD (switch) 750 562 188 25.1 

RD (switch) 460 364 96 20.9 

Total 40,057 14,616 25,441 63.5 
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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. 

 






















































































































































































































































































