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EXECUTIVE SUMMARY

INTRODUCTION AND SCOPE

The Problem

The aging of the Canadian population has led to an epidemiological shift in disease profile, resulting in age related
illnesses such as dementia becoming one of the biggest challenges facing society. Approximately 68,910 British
Columbia residents were estimated to have dementia in 2008, with over 15,150 new cases diagnosed among
seniors aged 65 years and older in 2008. This has placed a significant burden on health care and social service
systems in British Columbia with over $1.1 billion dollars estimated to have been spent on direct health care costs
alone in 2008. The debilitating effects of dementia extend further than the population with the disease to include
patient families, formal and informal caregivers, health care providers, the health care system, as well as society as
a whole. As a result, the current economic burden of dementia on society in British Columbia, including direct
costs, indirect costs and informal caregiver opportunity costs is over $2.1 billion (according to 2008 estimates). The
life and economic consequences of dementia are expected to be further magnified over the next 30 years, when
an estimated 177,684 people in British Columbia will have some form of dementia.

The Objective

The objective of the current analysis is to estimate the health and economic burden of dementia in British
Columbia over the next 30 years and assess the potential impact of dementia management interventions on
reducing this burden. The evaluation of the dementia burden and the impacts of dementia management
interventions will help to demonstrate the urgent need for a dementia strategy, to quantify, plan and mitigate the
effects of this growing illness. Such a strategy would aid in managing the health, economic and social impacts of
this illness through a comprehensive understanding of the epidemiology of the disease and its overall influence on
Canadian society.

A dementia model was built within RiskAnalytica’s Life at Risk® platform to estimate the burden of disease over a
thirty-year time horizon, using historical data inputs. The base model represents a general burden of disease
model assuming that the current trends of dementia remain constant. This model allows for measures of health
(incidence, prevalence and mortality) and economics (direct and indirect health care costs, taxation revenues lost
due to the disease, and caregiver costs) to be compared to “what-if” scenarios staking into account the impacts of
various interventions.

The Interventions

Four intervention scenarios were identified by the Alzheimer Society of Canada and its subject matter experts and
used to simulate the potential impacts of dementia prevention and patient and caregiver support programs. The
following intervention scenarios evaluated included:

1. Primary Prevention #1 – the impact of physical activity programs that aim to increase physical activity by
50% on reducing dementia incidence;

2. Primary Prevention #2 –the impact of hypothetical primary prevention programs to delay disease onset
by two years;
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3. Informal Caregiver Support – the impact of hypothetical caregiver support programs on delaying
admission to long term care (LTC) and reducing the caregiver burden; and

4. System Navigation – the impact of assigning a system navigator to all dementia patients on reducing,
costs, delaying admission into LTC and reducing the caregiver burden

The differences between the outcomes of the base model and intervention scenarios provide an indication of the
value proposition of the proposed interventions.

CURRENT AND FUTURE BURDEN OF DEMENTIA IN BRITISH COLUMBIA

Within the next 30 years, approximately 3.2% of the British Columbia population is expected to have dementia.
This will amount to 177,684 British Columbia residents suffering from dementia in 2038 will place a significant
burden on the health care system, adding major challenges to our already scarce resources.

Current and Future Dementia Prevalence in British Columbia, Males and Females, All Age Groups: 2008-
2038

The demand for long-term care (LTC) beds alone is expected to increase by over 11 times the current demand,
leaving dementia patients requiring critical care, to rely on community-based services and informal caregivers to
meet their complex needs. By 2038, the total number of hours of informal care is expected to increase 3.6 times
the current estimate, to approximately 118.8 million hours per year. An increase in the number of individuals with
dementia will also take an extraordinary toll on their caregivers. According to 2008 estimates, informal caregivers
are expected to provide over 33.1 million hours per year of unpaid care to those with dementia. Given that
advancing age is a leading risk factor for dementia, as the proportions of adults to seniors in the population
changes over time, a decrease in the availability of formal and informal care resources required to tend to the
elderly, will further amplify this problem. Over the next 30 years dementia is expected to burden British Columbia
society with over $130.2 billion dollars in total direct health costs, unpaid caregiver costs and indirect costs.
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FUTURE DIRECTIONS

The Rising Tide project has estimated the burden of dementia in British Columbia over the next 30 years by looking
at the impacts of dementia prevention as well as patient and caregiver support programs on reducing the health,
financial and societal consequences of the illness.

An increase in the incidence, prevalence and mortality can be expected over time. This increase is primarily due to
the aging of the population. The results of the analysis reveal the expected demand for LTC beds for dementia
patients over the next 30 years to be over 11 times the current demand. This presents an enormous challenge for
LTC facilities (currently at capacity), leaving more dementia patients who require LTC to rely on community care
services. This in turn, places an additional burden on the availability of community-care resources and the demand
on informal caregivers. As the population ages, there may be fewer resources available to meet the care
requirements of the dementia population across all care settings, posing an enormous resource capacity issue as
well as an extensive economic burden on society as a whole.

The scenarios evaluated within the Life at Risk® dementia model provide an indication of how dementia
management interventions could potentially reduce the estimated burden. Prevention programs that involve
increasing levels of physical activity or those that could delay disease onset, result in fewer new cases of the illness
consequently reducing the strain on existing health and economic resources. Support programs for patients and
their caregivers are also shown to provide significant benefits in reducing the demand placed on LTC and better
equipping informal caregivers to cope and manage their needs as care providers.
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require that the presence of cognitive impairment and a suspected dementia syndrome be confirmed by

neuropsychological testing for a clinical diagnosis of possible or probable AD; while histopathologic

confirmation (microscopic examination of brain tissue) is required for a definitive diagnosis6. The CCG

recommends an integrative approach to diagnose vascular dementia. This includes a review of patient

history, a physical examination, neurological evaluations, cognitive and neuropsychological tests, brain

scans, lab tests and psychiatric evaluations.

For more information on dementia diagnosis and recommendations, please consult the CCG7.

Etiology and Risk Factors

Dementia can be caused by immutable or potentially modifiable risk factors but is not considered a

normal part of aging. The etiology of dementia appears to be comprised of a complex interaction of

genes, lifestyle factors, and other environmental influences. Researchers have identified various genes

that influence susceptibility to AD including apolipoprotein E, presenilin 1 and 2, sortilin-related receptor

SORL 1. The development of other forms of dementia such as Creutzfeldt-Jakob disease (CJD),

Gerstmann-Straussler-Scheinker (GSS), Huntington's disease, and frontotemporal dementia linked to

chromosome 17 (FTDP-17) .

VaD is caused by cerebrovascular disease or any other condition that prevents normal blood flow to the

brain. Without a regular supply of blood to the brain, brain cells cannot obtain the oxygen required to

function correctly, leading them to become oxygen deprived. Post-traumatic dementia is directly related

to brain cell death after injury. HIV-associated dementia is clearly tied to infection by the HIV virus,

although the exact way in which the virus causes damage is not well understood. There are other forms

of dementia for which underlying causes have not yet been identified.

The following table provides a list of some of the risk factors and protective factors for all forms of

dementia, AD and VaD identified by the CCG and Patterson et al. (2007). Although causes of dementia

are not well understood, they are likely a result of the complex interactions between two or more risk

factors. How this interaction affects dementia onset and disease progression requires further research.

6 McKhann et al. (1984)
7 Canadian Consensus Guidelines (2007)
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Exhibit 1 Dementia Risk Factors and Protective Factors Identified by the CGC and Patterson et
al. (2007)

Risk Factors Association

All Forms of Dementia

Age The occurrence of dementia increases with age particularly in the very elderly, over the
ages of 75 and 808.

Genetics/Family History A number of genes have been implicated in the development of AD. Abnormal genes have
further been implicated as risk factors in Huntington’s disease, FTDP-17, CJD, GSS and
several other kinds of dementias.

Stroke Longitudinal studies9, neuroimaging studies10, as well as prospective studies11 have all
shown that stroke increases the subsequent risk of all forms of dementia12.

Hypertension Considerable evidence from longitudinal cohort studies has revealed a complex
relationship between blood pressure and subsequent development of dementia13.

Cholesterol There is good evidence that elevated serum cholesterol is associated with an increased
risk of all forms of dementia14.

Diabetes Mellitus There is evidence that the presence of diabetes mellitus increases the risk of all forms of
dementia15.

Sex Hormone Levels A large randomized controlled trial of estrogen and progesterone replacement therapy
has revealed that the risk of dementia was actually increased with use of estrogen alone
or in combination with progesterone16.

Psychological Factors
(Depression)

A systematic evidence review concluded that depression is associated with an increased
risk of all forms of dementia17.

Diet Evidence shows that regular fish and shellfish consumption has been associated with
decreased risk of dementia18.

Wine Consumption Epidemiologic evidence has established that moderate consumption of wine (250–500
ml/day), compared with an intake of more or less than this amount, is associated with a
reduced risk of dementia19.

8 Fratiglioni et al. (2000)
9 Ivan et al. (2004)
10 Vermeer et al. (2003)
11Henon et al. (2001)
12 Honig et al. (2003)
13 Patterson et al. (2007)
14 Patterson et al. (2008)
15 Patterson et al. (2007)
16 Shumaker et al. (2004)
17 Patterson et al. (2007)
18 Patterson et al. (2007)
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Risk Factors Association

Physical Activity Increased levels of physical activity have been linked to a reduced risk of subsequent
dementia20,21.

Alzheimer’s Disease

Genetics/Family History A number of genes have been implicated in the development of AD ; for e.g.
apolipoprotein E, presenilin 1 and 2, sortilin- related receptor SORL 122.

Hypertension Elevated systolic blood pressure( > 160 mm/Hg) has been found to be associated with an
increased risk of AD23

Cholesterol Longitudinal studies have established that midlife elevation of the total serum cholesterol
level is associated with an increased risk of subsequent AD24.

Stroke Longitudinal studies25, neuroimaging studies26, as well as prospective studies27 have all
shown that stroke increases the subsequent risk of all forms of dementia and AD28.

Psychological Factors
(Depression)

A systematic evidence review concluded that depression is associated with AD, however
further research is required on the topic29.

Diet Dietary fat intake and reduced levels of omega 3 fatty acids have been linked to an
increased risk of dementia in epidemiologic studies30. A Mediterranean-style diet and high
fish intake are associated with decreased risk of AD 31.

Wine Consumption Epidemiologic evidence has established that moderate consumption of wine (250–500
ml/day), compared with an intake of more or less than this amount, is associated with a
reduced risk of AD32.

Physical Activity Increased levels of physical activity have been linked to a reduced risk of AD33. When
compared with those who reported no regular exercise, those reporting a high level of
exercise had a decreased risk of AD developing in 5 years34.

19 Larrieu et al. (2004)
20 Patterson et al. (2008)
21 Patterson et al. (2007)
22 Patterson et al. (2008)
23 Patterson et al. (2008)
24 Patterson et al. (2007)
25 Ivan et al. (2004)
26 Vermeer et al. (2003)
27Henon et al. (2001)
28 Honig et al. (2003)
29 Jorm (2001)
30 Kalmijn et al. (1997)
31 Scarmeas et al. (2006)
32 Larrieu et al. (2004)
33 Patterson et al. (2007)
34 Laurin et al. (2001)
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Risk Factors Association

Smoking Longitudinal cohort studies have identified a significantly increased risk of dementia and
AD among tobacco smokers35.

Education There is evidence from longitudinal cohort studies that the risk of AD is increased among
people who have received shorter periods (less than 12 years) of education36.

Occupation/Environmental
Exposure

Occupational exposure to environmental toxins such as pesticides, fertilizers, fumigants
and defoliants was associated with an increased risk of AD37.

Vaccinations Prior inoculations against poliomyelitis, diphtheria, or tetanus and influenza have been
found to be significantly associated with a lower risk of AD38. In addition, inoculations of
any kind appear to reduce risk of AD39.

Vascular Dementia

Cholesterol High levels of low-density lipoprotein (LDL) appear to significantly increase a person's risk
of developing vascular dementia40.

Hypertension Elevated systolic blood pressure ( > 160 mm/Hg) has been found to be associated with an
increased risk of VaD in women41.

Stroke The temporal relationship between stroke and onset of dementia is a diagnostic criterion
for VaD42. There is compelling evidence a stroke increases the risk of VaD.

Occupation/Environmental
Exposure

Occupational exposure to pesticides and fertilizers was shown to increase the risk of
VaD43.

Diabetes Mellitus There is evidence that the presence of diabetes mellitus increases the risk of VaD44.

Other risk factors may include hyperthyroidism, high plasma homocysteine levels and head injuries.

However more evidence is required in order to establish whether or not these risk factors are

significantly associated with the onset of dementia

Mortality

35 Almeida et al. (2002)
36 Kukull et al. (2002)
37 Tyas et al. (2001)
38 Verreault et al. (2001)
39 Tyas et al. (2001)
40 Dementia: Hope through Research 2009.
41 Patterson et al. (2007)
42 Patterson et al. (2007)
43 Patterson et al. (2007)
44 Patterson et al. (2007)



Rising Tide: The Impact of Dementia in British Columbia 2008 to 2038

Page | 28

Dementia is a progressive and debilitating disease which becomes more severe over time. With no

treatment to delay or cure it, dementia is invariably fatal. Compared to non-demented elderly, the

elderly with dementia have been shown to have a shorter life expectancy and age of onset has been

shown to be a strong predictor of survival time. The survival period, defined as the time from disease

onset to death, has been shown to decrease as the age of onset increases (Wolfson et al. 2001). This

implies that individuals with dementia onset at older ages have a shorter survival period than those with

dementia onset at a younger age. Wolfson et al. (2001) have estimated that the median survival after

the onset of dementia is approximately 3.3 years. The shorter life expectancy observed among elderly

with dementia may be a result of the risks associated with declining cognitive function and memory,

mortality due to the disease process that interferes with brain function, or mortality due to comorbid

conditions . Furthermore, dementia-related mortality tends to be underreported on death certificates. A

study by Kiely and Mitchell (2008), found that among nursing home residents with end-stage dementia,

dementia was not reported on death certificates in 37% of cases with postmortem dementia. Since

mortality statistics are based on death certificates, mortality due to dementia is likely underestimated.

In the US, the National Center for Health Statistics (NCHS) reported that AD was the fifth leading cause

of death for Americans 65 years of age and older in 2004. These data are based on death certificates.

Kiley and Mitchell (2008) found that AD was not reported on approximately 33% of death certificates in

decedents with postmortem AD.

1.4 WHY IS DEMENTIA A PROBLEM

Aging Population

A key challenge faced by all of Canada is the aging of its population. As the baby boomer generation

ages and life expectancy increases, the proportion of senior citizens relative to all other age-groups will

rise. According to the Public Health Agency of Canada, the senior population throughout Canada is

estimated to grow from 3.92 million in 2001 to 9.2 million by 204145. Between 1945 and 1965 the

national fertility rate was approximately 3 children per woman. It has since dropped and remained

constant at 1.5 children per woman. This low fertility rate, coupled with an estimated life expectancy at

45 Health Canada
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birth of 81 years for men and 86 years for women by the year 2041, will significantly increase the

proportion of seniors in the population.

The complexities that surround the aging population will have a significant impact on the health and

well-being of seniors as well as the health care system and economy. Since age is a marker for many

chronic health conditions and disabilities, the increasing number of seniors afflicted with chronic disease

conditions and disabilities will place a significant burden on the capacity of the health care system. This

will also place a significant health and economic burden on the numerous informal caregivers who

currently provide care to the elderly. In the future, there may be fewer adults to provide formal and

informal care services to the large proportion of senior citizens in need of these services46.

Exhibit 2 Expected Future Total British Columbia Population as a Function of Age (Simulated
Values): 2008 to 2038

As seen in Exhibit 2, the population projections generated within the Life at Risk® model show that the

population of BC is aging. Since age is an indicator for the onset of dementia, as the proportion of senior

46 Cranswick and Dosman (2008)
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B. NMDA glutamate receptor blocker: Memantine Hydrochloride (Ebixa®).

Memantine is a drug used for patients with moderate to severe stages of AD and not recommended for

use in mild stages of AD53. It acts by blocking the glutamate receptors and preventing the re-uptake of

glutamate into the nerve endings54. A current development is the use of cholinesterase inhibitors in

combination with drugs like Memantine Hydrochloride in selected situations55.

For non-pharmacological therapies such as the use of antioxidants, cognitive training and rehabilitation,

the CCG have concluded that there is insufficient evidence with respect to their efficacy in improving or

maintaining cognitive abilities and function in patients with mild to moderate dementia and further

research is required.

Caring for Patients, Families and Caregivers

Dementia not only affects patients but places a significant emotional and physical burden on families

and informal caregivers. The ASC has estimated that AD is the second most feared disease of aging

Canadians with approximately 36% of Canadians who know someone with AD, and 17% of Canadians

who have someone with AD in their immediate family56. Informal caregivers are usually family members,

spouses or children, who provide unpaid care to recipients. Many informal caregivers are senior citizens

themselves or are active participants in the labour force. This places considerable stress on their ability

to effectively manage their own health and well-being while trying to perform their roles and

responsibilities within the workplace creating an enormous psycho-social burden to informal caregivers.

There are many challenges faced by informal caregivers of patients with dementia. Since dementia is a

progressive disease, the burden increases over time and the role of an informal caregiver evolves57.

Informal caregivers often face an emotional, physical and financial burden and the need for support

resources for informal caregivers often goes unrecognized. Support services for caregivers may include

caregiver relief or respite care, education, counseling or psycho-social interventions.

51 Alzheimer’s Society of Canada (2008)
52 Alzheimer’s Society of Canada (2008)
53 Canadian Consensus Guidelines (2007)
54 Alzheimer’s Society of Canada (2008)
55 Alzheimer’s Society of Canada (2008)
56 Alzheimer Society ‘Brain Health’ Public Opinion Poll. Leger Marketing, 2006.
57 Torjman and Makhoul (2008)
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Dementia patients may also rely on community-based care services. These often include a wide range of

programs and support services for seniors, such as home care to assist with household tasks, nursing,

adult day care, personal care, assisted living/support housing, case management, transportation and

other community-based services. Dementia patients with more severe disease are often admitted into

long-term care (LTC) facilities (nursing homes, residential care facilities, special care homes, continuing

care centres or personal care homes) that provide accommodation, support and health care services to

the chronically ill or disabled elderly who are no longer able to function independently within the

community. The provision of LTC is not part of the Canadian Health Act nor is it 100% insured by any

province or territory. The fees include accommodation, medical and personal care and are often out-of-

pocket expenses for the patient58.

Challenges faced for those residing in or requiring LTC include equity, access, wait times, quality of care

and the burden of cost. The capacity of health care resources to meet patient needs is also a challenge.

In Ontario, the need for additional resources to improve this capacity and to support an environment

with a best practice approach to meeting patient needs has been identified59.These challenges are

enhanced with the specialized care required for patients with dementia. In Ontario, it is estimated that

approximately 73% of LTC residents have some form of cognitive impairment or dementia60. Many of

these patients also suffer from comorbid conditions.

As the baby-boomer generation ages the prevalence of chronic health conditions including dementia will

increase. This will place enormous burden on the public health care system, LTC facilitates and

caregivers. The current challenges, such as equity of care, access to care, costs of care and quality of

care will increase. As the proportion of elderly in the population of BC increases, the health care system

will likely face a human resource crisis. In the future, there may be fewer adults to provide formal and

informal care services to meet the needs of Canadian seniors61.

58 National Union of Public General Employees (2007)
59 A Report of the Independent Review of Staffing and Care Standards for Long-Term Care Homes in Ontario (2008)
60 A Report of the Independent Review of Staffing and Care Standards for Long-Term Care Homes in Ontario (2008)
61 Cranswick and Dosman (2008)
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2 APPROACH

2.1 OVERVIEW OF APPROACH TO MODELING DEMENTIA IN BRITISH COLUMBIA

Developing a model capable of evaluating the burden of dementia in BC as well as the value proposition

associated with dementia management interventions involved the following three phases:

Base Model Development

The base simulation model estimates the life and economic impacts of dementia in BC over a 30 year

period, 2008 through 2038, utilizing historical BC population and economic data as inputs. It further

incorporates dementia-specific data including population-based epidemiological data, health care

utilization data, formal and informal caregiver data, and direct and indirect costs associated with

dementia. All data inputs were obtained from literature and additional sources recommended by

dementia subject-matter experts.

To ensure the quality and accuracy of the base model, experts in the field of dementia participated in a

workshop to develop a dementia patient care map, a step-by-step flow map that depicts the significant

steps of a person with dementia through the health care system, from disease onset to death. The

outcomes of this exercise were used to identify relevant data sources and to generate the base model

which simulates this process. The dementia care map developed by experts is provided in Appendix C.

Scenario Development

Working with the ASC and its group of researchers and subject-matter experts, four scenarios which

simulate the life and economic outcomes associated with implementing dementia prevention programs

and patient and caregiver support programs were evaluated within the Life at Risk® modeling

framework. The scenario development process involved the identification and definition of the

proposed interventions by subject-matter experts as well as the identification of relevant data and

literature sources and assumptions.

Business Case Development

The scenarios were implemented into the Life at Risk® framework and compared to the base model to

derive the value proposition or business case conclusions. The business case demonstrates how the



Rising Tide: The Impact of Dementia in British Columbia 2008 to 2038

Page | 34

proposed interventions could affect the life and economic impacts of dementia in BC over the simulated

period.

VALIDATION OF APPROACH AND OUTCOMES

Review and Validation of Base Model

An independent panel of recognized dementia epidemiologists was consulted to provide expert

validation of the epidemiological inputs, modeling approach, assumptions and life term outputs of the

base model. This included a review of the incidence, prevalence and mortality inputs and assumptions.

Feedback on the appropriate population-based data sources and assumptions from the expert panel

was incorporated into the base model to derive incidence, prevalence and mortality simulation results

for dementia and its major sub-types, AD and VaD, over a 30 year time frame. Subsequently, the expert

panel reviewed the reasonableness of the simulation outputs given the approach and assumptions

applied.

Similarly, a recognized panel of health economists in the field of dementia was consulted to provide

expert validation on the economic input data, modeling approach, assumptions and economic outputs

of the base model. This included a review of the methods to decompose prevalence estimates into

dementia care utilization groups. In addition the expert panel reviewed the direct health care costs and

indirect costs associated with dementia patients and their caregivers. The feedback from the economic

panel on the appropriate input data and assumptions was incorporated into the base model to derive

the total direct and indirect costs associated with dementia over a 30 year time frame. Given the input

data and assumptions applied, the economic panel reviewed the simulation outputs to ensure a

reasonable estimate of the current and future economic burden of dementia.
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period of time. When the coupling coefficients are stochastic, then the constraint represents a

distribution or range of values instead. In this case the modeled system is stochastic64 and therefore any

simulation will be represented by an expected value along with a confidence interval. For further details

please refer to the supplementary appendix titled Dementia Model Methodology Life at Risk®:

Mathematical Model.

The number and description of population cells, each with its own unique state vector is identified with

the requirements of a specific problem. The availability and quality of data will often impact the way in

which the population can be split into specific population cells. Each population cell in the model is

identified with a unique coupled ordinary differential equation (CODE)65. This equation describes the

rate of change of the individual’s state vector magnitude associated with that population cell. The

equation states that the rate of change is proportional to the various ways in which individuals can move

into and out of other cells (as defined by the topology and coupling coefficients). The equations are

automatically determined within the Life at Risk® framework once the topology and coupling

coefficients are identified and implemented into the program. The full set of these equations describes

the complicated network of the constrained ways in which individuals are allowed to move from one

population cell to another, mathematically this represents the evolution of the state vector magnitude

of each population cell. The mathematical solution of the CODE set is then simply, the evolution of the

population as individuals move from one population cell into another. In the event that some or all of

the coupling coefficients are stochastic, the CODE becomes a set of stochastic coupled ordinary

differential equations (SCODE) and its solution will instead reflect the stochastic nature of its

parameters. The key components of the Life at Risk® population model and assumptions are

summarized in Exhibit 3.

64 That is, randomly-determined through the incorporation of random variables.
65 Brauer and Castillo-Chavez (2001)
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Exhibit 3 Key Components of the Life at Risk® Model and Assumptions

Key Components Assumption

Population Cell

The population is divided into population cells based on
their population characteristics (such as age, sex, health

state, etc.).

Key Components Assumption

Net Migration

This is driven by the future immigration trends. Since
immigration trends are mainly driven by unknown
future policy, the future immigration is assumed to

follow historical trends.

Net Flow of Individuals

The rate of change of the number of individuals within
each cell can be represented by a set of first order

ordinary differential equations in the continuous limit.
In the discrete limit, the rate of flow can be
approximated using a numerical algorithm.

Individuals within a Cell
The number of individuals within a population cell can

be represented by a non integer quantity.

Fertility

Future fertility rates (average number of children per
woman) follows past trends obtained from Statistics

Canada.

The Life at Risk® simulation platform serves as a decision analytic policy model. In this capacity the

model can be defined as an analytic tool that simulates the changes in population characteristics over

time, using data imported from primary and/or secondary sources. The purpose of this tool is to

estimate the effects of an intervention on valued health consequences and costs66. The Life at Risk®

approach is designed to respond to many research questions that may be proposed by different

perspectives of a health care system and the community it serves. For example, the Life at Risk®

66 Cohen and Neumann (2008)
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approach can be used to: (1) define the magnitude of disease in patient volume, potential years of life

lost in disability, mortality and economic values; (2) justify intervention programs; (3) assist in the

allocation of research dollars on specific diseases; (4) provide a basis for policy and planning relative to

prevention and control initiatives; and (5) provide a life impact and economic framework for program

evaluation67.

Within the Life at Risk® platform, the possible future health states of a population along with the

associated disability and economic burden are simulated. By incorporating the relationships between

different populations, the natural history of the disease, socio-economic risk factors, epidemiology and

economic impacts, the simulation framework generates the possible future states for a series of

important variables. These include the possibility of exposure to future risk factors as well as their

impacts upon the prospective status of a health condition, the performance of screening examinations

(if applicable), the effectiveness of treatment in various stages, the risks of complications, the competing

mortality risks, and the direct and indirect loss of income from disability, death or treatment. The results

of discrete event simulation provide a region of possibilities68 which can be interpreted and managed by

decision-makers. The aim of the Life at Risk® management framework is a reliable, robust, objective and

independent means of evaluating the life and economic burden of disease and the cost-effectiveness of

health interventions proposed by the literature or by researchers.

The study design of the life and economic burden of a disease and the evaluation of different health

care policies in terms of cost-effectiveness and cost-benefit analyses is structured based on the

following steps69 70 71:

A. Identification of the perspective: The Life at Risk® approach to simulating impacts of disease

takes on different perspectives (e.g. society, federal and provincial government) and considers

the financial impacts of disability regardless of who pays the costs and who benefits from the

effects. The relevant direct and indirect financial impacts and disability effects are measured to

67 Rice (2000)
68 The results of the simulations are not just one solution trajectory but rather multiple trajectories or possibilities. The region in
which all trajectories lie is known as the possibility space and represents the region of all possible future outcomes based on
the information provided by peer reviewed empirical models (eg. clinical trials) and empirical data (eg. historical and
surveillance data, health costs).
69 Drummond et al (1997)
70 Gold et al. (1996)
71 Rice (2000)
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the extent provided by the resource utilization (health costs) and data on incidence and

mortality.

B. Identification of the quantities of concern: The relevant quantities of interest for a burden of

disease study and policy decision-making metrics are identified. Such quantities take the form

of life and economic attributes:

i. Life attributes: incidence, mortality and the associated disability take into account

population demographics such as age, sex, geography and disease type;

ii. Economic attributes: direct health care cost components, direct non-health care cost

components and indirect cost components take into account population demographics

and disease impacts such as age, sex, geography, disease type and economic disability

attributed to the disease

C. Identification of the history: Comprehending the future requires an analysis of the past that

incorporates evidence-based empirical models and empirical data such as peer reviewed

journals and historical and surveillance data, respectively;

D. Simulation of the base case: As derived from A and C, the future life and economic burden of

disease (expressed in terms of the quantities in B is simulated without any proposed changes to

the status quo. This is called a base simulation of population health and economic results and

forms the foundation of what literature calls the burden of disease72. These results represent

the expected population health and economics without an intervention, with the results being

derived in the perspective of health, disability, health costs and economic productivity. The base

case results are derived from retrospective clinical and economic data such as historical data of

a specified frequency.

E. Identification of the alternatives: Candidate prevention, screening or treatment policies for

implementation are ‘alternate’ scenarios that are required to be compared with the base case

results that represent a ‘usual care’ scenario 73 74.

72 Rice (2000)
73 Drummond et al. (1997)
74 Gold et al. (1996)
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F. Simulation of different intervention scenarios: As derived from C, D and E, the future life and

economic burden of disease is simulated with the proposed changes to current policies on, for

example, prevention strategies or treatment protocols during hospitalization. These ‘alternate’

scenarios represent the status of population health and economics under the added constraint

of interventions proposed by subject matter experts.

G. Analysis of the value proposition of different intervention scenarios: The differences between

the base analysis in D and the ‘alternate’ scenario simulations in F yield the value proposition of

a health care intervention. In the Life at Risk® framework, the test of cost-effectiveness and

cost-benefit analyses is subject to specific statistical techniques 75 76 77 78 79. The costs and effects

of the base case results and the ‘alternate’ scenario results are analyzed separately.

Subsequently, the two sets of results are compared to determine a measure of the extent to

which the interventions proposed by subject-matter experts are expected to influence the

future health of the population as well as the related economic performance. These results

support policy makers in their evaluations of simulated health care interventions in terms of

cost-effectiveness analysis and cost-benefit analysis80 81.

THE STRUCTURE OF THE MODEL

Conducting burden of disease simulations and the evaluation of different health care policies is a

challenging task. It requires the mapping and modeling of many facets of the community that are

directly related to the response to a disease and those facets that respond to the provision of health

care. Given the complexity associated with the task, Life at Risk® is structured as a set of modules which

allow for proper identification of inputs and outputs that are relevant to the decision-making

75 Barber and Thompson (1998)
76 Thompson and Barber (2000)
77 Coyle et al. (1998)
78 Coyle (1996)
79 Desgagne et al. (1998)
80 Drummond et al. (1997)
81 Korthals-de Bos et al. (2004)
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those who are in LTC with dementia due to their dementia and those who are in LTC with dementia due

to other comorbid conditions.

The proportions of individuals entering LTC as well as those within community care in Ontario are

reported in Tranmer et al. (2003). The historical proportion of those residing in LTC with dementia was

assumed to apply to the future dementia prevalence simulations providing an estimate for the current

and future numbers of people residing in LTC with dementia. A further division of dementia patients into

those with co-morbid conditions as well as those suffering just from dementia was adopted from

Wodchis et al. (2008). The study indicated that in Ontario for the year 2007/08 nearly 18% of residents

admitted to LTC directly following an acute care hospitalization had AD or a related dementia as the

principle diagnosis on their acute care discharge record. In this context, the current model assumed that

18% of all dementia patients residing in LTC were admitted into LTC with dementia as their primary

diagnosis. However, the actual percentage of those admitted into LTC from the community or other

non-acute care facilities due to their dementia is unknown. The Wodchis et al. (2008) study also

indicated that 8% of LTC residents with dementia in Ontario between April 1, 2006 and March 31, 2008

did not have any other major co-morbidities such as cardiac conditions, hip fractures, stroke or

hemipliegia.

As a result, the dementia model assumes that the 8% of those residing in LTC with dementia have no

other major co-morbidities and were admitted into LTC with dementia as their primary diagnosis

(because of their dementia). Wodchis et al. (2008) further estimated that the cost per resident per day

for those with dementia is approximately 1.06 times the average cost of LTC. The simulated prevalence

of dementia is subdivided into those receiving no formal care, those receiving community-based care

and those residing in LTC. Based on the results from Wodchis et al. (2008) it was assumed that a

minimum of 8% of the LTC prevalent cases are in LTC because of their dementia. This represents a lower

boundary to the number of residents in LTC with dementia due to the disease.

Based on the results from Tranmer et al. (2003) it was assumed that a maximum of 46.8% of the LTC

prevalent cases are in LTC because of their dementia. This represents a maximum boundary to the

number of residents in LTC with dementia due to the disease. It can be assumed that the number of

people with dementia in LTC because of their dementia lies between 8% and 46.8%. Rather than using

the midpoint of this range as an approximation to the number of people with dementia in LTC as a result

of their dementia, it was assumed that 18% of residents were in LTC with dementia because of the
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Exhibit 5 Dementia, Health System Direct Costs, Dementia Clients in LTC Facility

Variable Value Source

Health System Direct Costs

Annual Costs of Medication
(1996 dollars) $81.00 Hux et al. (1998)

Annual Long-Term Care Staff Costs

(1991/1992 dollars)
$19,228.60

Hollander, Chappell, Havens, McVilliam, &
Miller (2002)

Annual Support Staff Costs

(1991/1992 dollars)
$9,263.75

Hollander, Chappell, Havens, McVilliam, &
Miller (2002)

Annual Administrative Costs

(1991/1992 dollars)
$15,512.50

Hollander, Chappell, Havens, McVilliam, &
Miller (2002)

Annual Physician & Hospital Costs

(1991/1992 dollars)
$518.01

Hollander, Chappell, Havens, McVilliam, &
Miller (2002)

Personal out-of-pocket costs (caregivers and clients)

Annual Facility User Fees

(1991/1992 dollars)
$11,849.81

Hollander, Chappell, Havens, McVilliam, &
Miller (2002)

Out-of- Pocket Expenses

(1991/1992 dollars)
$1,379.10

Hollander, Chappell, Havens, McVilliam, &
Miller (2002)
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Exhibit 9 Dementia, Informal Caregiver Hours, Dementia Clients in Community due to Dementia

Variable Value Source

Net supervision (hour/month) when
person in community

Direct care (hour/month) when person in
community

54.95hrs

112.3hrs

Weighted for Mild, Moderate, Severe: Hux
et al. (1998)

Exhibit 10 Dementia, Informal Caregiver Hours, Dementia Clients in Community due to a Comorbid Condition

Variable Value Source

Incremental net supervision (hour/month)
when person in community

Incremental direct care (hour/month)
when person in community

22.53hrs

46.05hrs

Adjusted proportionally for difference
between average hours per home care
user for no cognitive impairment and
average hours per home care user for

dementia: Shapiro and Tate (1997).

Exhibit 11 Dementia, Informal Caregiver Hours, Dementia Clients not in Formal Care due to Dementia

Variable Value Source

Net supervision (hour/month) when
person not in formal care

Direct care (hour/month) when person not
in formal care

19.4hrs

68.8hrs

Taken from Hux et al. (1998) for mild
dementia only.

Exhibit 12 Dementia, Informal Caregiver Hours, Dementia Clients not in Formal Care due to a Comorbid Condition

Variable Value Source

Incremental net supervision (hour/month)
when person not in formal care

Incremental direct care (hour/month)
when person not in formal care

7.95hrs

28.21hrs

Hux et al. (1998) for mild dementia
adjusted proportionally for difference
between average hours per home care
user for no cognitive impairment and
average hours per home care user for

dementia: Shapiro and Tate (1997).
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Economic Model

The economic model considers the effects of dementia with respect to one’s ability to be productive in

their workplace. In this context, the simulated dementia population in BC is further divided into

employed and unemployed. In addition, the unpaid informal caregivers (assigned to each dementia

patient within the model) are likewise identified as employed and unemployed. The amount of time lost

due to dementia or unpaid care for those with dementia is assumed to be directly linked with loss of

production in one’s place of employment. The state of the employed population’s health at any

particular time was assumed to be a key parameter of BC’s production capacity and therefore the

economic welfare of the entire province. In this respect a coupled economic model capable of

estimating the costs of dementia in terms of lost productivity in the workplace has been incorporated.

The model simulates the state of production within each province/territory under the constraints of the

provincial employment and productive capacity85 of the available industries (public and private). In this

sense, the future productive output of Canada (as a country) is representative of the combination of

each province’s productive contribution86. This represents a macro-economic model in which the

demand for labour and other relevant economic variables are simulated directly from the underlying

industry data. A change in the health status of an employed individual will have an impact upon

production. Both, the disability due to dementia as well as lost time from the place of employment

sacrificed as a result of unpaid informal care was assumed to be associated with work absenteeism,

resulting in an overall decrease in labour hours and therefore a decrease in production. This loss in

production is directly linked to the loss of income, consumption and investment. The benefits of a

healthier population, from the standpoint of the economy are an increase in the possible choices of

production. The economic model embedded in the current study is a version of a model known as

Klein’s Model87. The frequency of the data is typically annual and applies to either provinces or

territories or Canada as a whole. For more information on the economic model please refer to the

supplementary appendix titled Life at Risk® Economic Framework.

85 The data is available from Statistics Canada (please see the supplementary appendix titled Life at Risk® Economic Framework
for further detail).
86 In this case, we simulate just the future expected state of the economy. As a result, any measure of economic burden in this
study is confined to the effects of the existence of dementia in the population upon the economy.
87 Klein (1950)88 282-0071 Labour force survey estimates (LFS), wages of employees by type of work, North American Industry
Classification System (NAICS), sex and age group, monthly (Dollars), Jan 1997-Sep 2006
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4 THE CURRENT AND FUTURE BUREN OF DEMENTIA IN BRITISH COLUMBIA

4.1 HEALTH BURDEN OF DEMENTIA IN BRITISH COLUMBIA

NUMBER OF NEW CASES OF DEMENTIA IN BRITISH COLUMBIA

In 2008, the simulation results estimated a total of 15,159 new cases of dementia in BC among those

ages 65 and older. Of these approximately 49% (7,482 cases) were estimated to be diagnosed with

Alzheimer’s disease (AD) and 20% (3,086 cases) with vascular dementia (VaD). Exhibit 13 shows the

current and projected dementia incidence in BC for males and females over the next 30 years. The

number of new cases of dementia as well as major subtypes, AD and VaD, are increasing over time. By

2038, new cases of dementia will more than double to reach 35,725. Within the next 30 years, AD and

VaD incidence is estimated to be 2.6 and 2.2 times higher respectively, than current estimates.

Exhibit 13 Current and Future Dementia Incidence in British Columbia, Selected Years, Ages 65+ by Sex:
2008-2038

Year Males Females Total
2008 6,690 8,468 15,159
2018 8,947 10,818 19,765
2028 12,459 14,812 27,271
2038 16,309 19,417 35,725

Incidence of Dementia (Ages 65+)
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Exhibit 14 on the following page illustrates the changes in the annual number of newly diagnosed

dementia cases. The annual number of new cases is higher in women than men, with an average ratio of

approximately 1.2 throughout the simulation period. The average female to male ratio of new AD cases

is approximately 1.4 and approximately 1.1 for VaD cases throughout the simulation period.

Exhibit 14 Current & Future Dementia Incidence in British Columbia, Ages 65+ by Sex: 2008-2038
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Exhibit 15 illustrates the simulated future incidence of dementia in BC by year and age-group. The age-
specific incidence results indicate that age is a major risk factor for dementia and over time the number
of older with new diagnoses of dementia in BC, is expected to increase on an annual basis. In 2008, 37%
of men diagnosed with dementia were over the age of 85. This number is expected to increase to 51%
by 2038. In 2008 approximately 50% of women diagnosed with dementia were over the age of 85.
Similarly, this number is expected to increase to 57% by 2038.

Exhibit 15 Current & Future Dementia Incidence in British Columbia, by Year & Age-Structure for those
65+: 2008-2038

For additional details on the age and sex distribution of dementia incidence and its major subtypes

please refer Appendices F through G.
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NUMBER OF PEOPLE LIVING WITH DEMENTIA IN BRITISH COLUMBIA

Simulation results for the year 2008 estimated a total of 68,910 people in BC living with dementia. Of

these approximately 63.7% (43,898) were estimated to be living with AD and 19.7% (13,577) with VaD.

Exhibit 16 shows the current and projected dementia prevalence in BC for males and females over the

next 30 years. The number of people living with dementia as well as its major subtypes, AD and VaD, is

increasing in BC over time. By 2038, this number is expected to reach 177,684. Within the next 30 years,

AD and VaD prevalence is estimated to be 2.8 and 2.5 times higher, respectively than current estimates.

Exhibit 16 Current & Future Dementia Prevalence in British Columbia, Selected Years, Total Population by
Sex: 2008-2038

Note: The population over the age of 65 was simulated within the current model using data obtained from the Canadian Study of Health and
Aging. The data regarding individuals under the age of 65 could not be obtained from this study (or any other consistent study) and were
therefore interpolated mathematically. As a result, any simulations regarding populations under the age of 65 must be interpreted with
caution.

Year Males
% of Male
Population Females

% of Female
Population Total

% of Total
Population

2008 26,878 1.22% 42,033 1.88% 68,910 1.55%
2018 37,517 1.54% 56,575 2.29% 94,092 1.91%
2028 51,585 1.95% 78,226 2.92% 129,811 2.44%
2038 69,243 2.48% 108,440 3.83% 177,684 3.16%

Prevalence of Dementia (All Ages)
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Exhibit 17 illustrates the projected dementia prevalence by sex. The prevalence of dementia is higher in

women than men, with a ratio of approximately 1.5 throughout the simulation period. The average

female to male ratio for the prevalence of AD and VaD is approximately 2.1 and 0.8, respectively

throughout the simulation period.

Exhibit 17 Current & Future Dementia Prevalence in British Columbia, Total Population by Sex: 2008-2038
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Exhibit 18 illustrates the simulated future prevalence structure of dementia in BC by year and age-

group. Over time, the results show that the number of older people in BC living with dementia is

expected to increase. In 2008, approximately 63% of females and 49% of males living with dementia

were over the age of 80. By 2038, these numbers are expected to increase to approximately 75% of

females and 65% of males. Approximately 73% of males and females living with AD in 2008 were over

the age of 80. Within the next 30 years, approximately 80% of individuals living with AD will be over the

age of 80. For the prevalent VaD population approximately 53% were estimated to be over the age of

80 in 2008. By 2038, this number is expected to increase by an additional 11%.

Exhibit 18 Current & Future Dementia Prevalence in British Columbia, Total Population by Year & Age-
Structure: 2008- 2038

In 2008 approximately 9.2% of BC seniors over the age of 65 were estimated to be living with dementia.

Within the next 30 years this number is expected to increase to 10.3%. As the BC population ages,

dementia prevalence is increasing and is highest among those over the age of 90. In 2008,

approximately 41.5% of BC seniors over the age of 90 were living with dementia. By 2038, this number is
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expected to decrease to 36.3%. For additional details on dementia prevalence by subtype, age-group

and sex please refer Appendices F through G.

MORTALITY

People with dementia have a lower life expectancy than those without the disease. In order to assess

how these numbers compare to the general population without dementia, the mortality of the healthy

population was simulated. The simulations were conducted under the condition that all deaths (death

among those with and without dementia) had to reproduce the total mortality rates obtained from

Statistics Canada. Exhibit 19 shows the mortality rates of the population with dementia as compared to

the population assuming they did not have the disease.

Mortality rates for people with dementia are increasing over time. In 2008, the number of deaths for

those with dementia was estimated to be 3,137. By 2038 this number is expected to more than double

to 6,536. The mortality of this population, under the assumption that they had no dementia is much

lower. Although it still increases over time, as an effect of the changing population demographics, the

mortality counts remain much lower throughout the simulation period. Under the assumption of no

dementia, the numbers of deaths in 2008 were estimated to be 904. Over the 30 year simulation period,

this number increases to 2,404.

Exhibit 19 Mortality of the Population With Dementia against the same Population assuming they do not
have the Disease, Ages 65+, by Sex: 2008-2038

For each sex, Exhibit 20 on the following page illustrates the change in the mortality for the population

with dementia against the changes in mortality for that same population assuming they had no

dementia. The mortality in the populations with and without dementia indicates that rates are higher in

Year
Males with
Dementia

Females with
Dementia

Total with
Dementia

Males without
Dementia

Females
without

Dementia

Total
without

Dementia
2008 1,196 1,940 3,137 328 577 904
2018 1,656 2,216 3,872 563 829 1,392
2028 2,175 2,664 4,838 732 947 1,679
2038 3,072 3,464 6,536 1,091 1,312 2,404

Mortality of the Population with Dementia against the same Population Assuming they do not have the Disease
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females than males throughout the simulation period. However, the female to male ratio is decreasing

over time. This may be an effect of the change in life expectancy over time. For the population with

dementia, the female to male ratio decreases from 1.6 to 1.3 over the 30 year simulation period. Within

that same population, under the assumption that they did not have dementia (removing the excess risk

of death associated with dementia); the female to male ratio is shown to decrease from 1.8 in 2008 to

1.4 in 2038.

Exhibit 20 Mortality of the Population with Dementia against the same Population assuming they do not
have the Disease, 65+, by Sex: 2008-2038

Exhibit 21 provides the simulated future mortality structure of dementia and the mortality structure

removing the higher risk of death associated with dementia for those aged 85+.
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