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Development and implementation of microsimulation models
of neurological conditions
by Philippe Fines, Rochelle Garner, Christina Bancej, Julie Bernier and Douglas G. Manuel

Abstract

Background: As part of a program of the first National Population Health Study of Neurological Conditions launched in 2009, a series of microsimulation
models of neurological conditions (called POHEM-Neurological meta-model) was developed to project health and economic impacts of seven neurological
conditions (NCs)—Alzheimer’s disease and other dementias, cerebral palsy, epilepsy, multiple sclerosis, Parkinson’s disease, traumatic brain injury, and
traumatic spinal cord injury—over a 20-year horizon.

Data and methods: The common framework of the seven models allows for dynamic, continuous-time, discrete-event simulation of synthetic large populations
in which persons are subject to the risk of developing the NC under study and are assigned a value of functional health and a probability of receiving a
caregiver and of entering long-term care. Calculations for transitions are done every year over the life course, and costs are accumulated throughout the life
of the synthetic person. The need to reconcile empirical estimates of incidence and mortality with prevalence required implementation of “cure” parameters
for two of the NCs.

Results: The POHEM-Neurological meta-model integrates the latest Canadian microdata on neurological conditions and satisfies most criteria for validation
of microsimulation models, including conceptualization, computer implementation, assessment of output plausibility, and comparison with external data.
Limitations include an absence of risk factors and the lack of uncertainty measures.

Interpretation: The POHEM-Neurological meta-model has been useful for projections of health and economic impacts of NCs on persons affected and their
caregivers, and allows for comparison of specific scenarios to the base case.

Key words: Alzheimer’s disease and other dementias, cerebral palsy, epilepsy, health costs, microsimulation, multiple sclerosis, Parkinson's disease,

traumatic brain injury, traumatic spinal cord injury

Prompted by growing attention to population aging and
the potential health burden of neurological conditions
(diseases, disorders, and injuries to the brain and nervous
system'?), in June 2009, the federal Minister of Health
announced the government’s commitment to a four-year
study of neurological conditions, the National Population
Health Study of Neurological Conditions (NPHSNC).> The
goal of the NPHSNC, co-led by Neurological Health Charities
Canada and the Public Health Agency of Canada (PHAC),
was to build an understanding of neurological conditions and
their impact on Canadians.** One of its components is a set of
microsimulation models, POHEM-Neurological, that project
the health and economic impacts of neurological conditions
over a 20-year horizon.

The evolution of neurological conditions is a global health
concern.! For example, when comparing dementia projection
models, Norton et al.® found that all models predicted a sig-
nificant increase in prevalence over the next 50 years. These
authors suggested that microsimulation would be a useful tool in
predicting future prevalence. More generally, the use of micro-
simulation is promoted in health” and longitudinal analyses.?

At Statistics Canada, POHEM (Population Health Model)
and CRMM (Cancer Risk Management Model) comprise the
family of health-specific microsimulation models. These are

dynamic models with continuous-time and discrete events,
dealing with specific conditions such as osteoarthritis,’ cancer,'
and cardiovascular disease.!! For the models that employ a fully
synthetic population, each person in the population is generated
from birth, and their life course to death is simulated based on a
set of rules or transition probabilities. The model outputs, when
aggregated across the synthetic life courses, provide a realistic
portrait of the Canadian population, at a point in time, on vari-
ables of interest.

The POHEM-Neurological models were designed for
seven neurological conditions (NCs): Alzheimer’s discase
and other dementias, cerebral palsy, epilepsy, multiple scler-
osis, Parkinson’s disease, traumatic brain injury, and traumatic
spinal cord injury. (Because comprehensive data were lacking,
eight NCs among the 15 identified by the NPHSNC were not
modelled.) By including current microdata, these models are
grounded in empirical reality, thereby filling gaps on the epi-
demiology and health and economic impacts of these conditions
in Canada. The series of seven models (one for each NC) can be
considered one “meta-model” since they are built on the same
framework.

This paper describes the methods and data used in the
development and implementation of the POHEM-Neurological
meta-model.

Authors: Philippe Fines (philippe.fines@canada.ca), Rochelle Garner, Julie Bernier and Douglas G. Manuel are with the Health Analysis Division at Statistics
Canada. Douglas G. Manuel is also with the Ottawa Hospital Research Institute, the Bruyére Research Institute, and the Institute for Clinical Evaluative
Sciences. Christina Bancej is with the Public Health Agency of Canada.
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Development of
conceptual models

The first step was development of con-
ceptual models depicting the key drivers
of the health and economic outcomes of
NCs, the typical and significant health
states through which persons with the
NCs may progress, and their interrela-
tionships, in order to project the health
and economic impact of NCs over the
next 20 years (2011 to 2031) under
status quo assumptions. That is, people
are aged in an unchanging world with
respect to factors such as economic
growth and policies; costs do not vary
and are expressed as constant Canadian
2010%; and no cohort or period effects
are allowed. The literature was searched
for existing conceptual models, and
expert clinical validation was sought.
Although the microsimulation com-
ponent was informed by the NPHSNC
Working Group on Health and Economic
Modelling of Neurological Conditions—
with representation from Statistics
Canada as well as clinical, neuroscience
and health economics experts—concep-
tual models were developed and validated
iteratively through several focus groups
that included individuals with NCs and
their family caregivers. The goal was
to build a unique framework that could
be run for each of the seven NCs, while
balancing two objectives: 1) creation of
a general framework to simulate all NCs
in a similar way, and 2) allowing for the
inclusion of specificities of each NC.

General framework

Each (synthetic) person in the POHEM-
Neurological models has the following
characteristics:

1. They enter the microsimulation at
birth (in the “no NC” state) with a
given sex; they leave at death.

2. All transitions from one state to
the next are generated by a random
process that converts a random
number into a time-to-event. One
such transition moves a person from
a “no NC” state to being diagnosed
with the NC under study. If the cal-

culated time-to-event does not fall
within the calendar year in which the
calculation is performed, the tran-
sition does not occur, and transition
probability is recalculated the next
year. It the calculated time-to-event
falls within the year, the transition
to being diagnosed with the NC (that
is, an incident NC) occurs at the date
generated.

3. People diagnosed with cerebral
palsy or epilepsy have the possibility
of the NC being no longer present
“cured”).

4. Each person is assigned a set of char-
acteristics that vary during their life
course (in addition to age): functional
health, as measured by the Health
Utilities Index Mark 3 (HUI3);
presence or absence of an informal
caregiver; place of residence, at home
or in a long-term care (LTC) institu-
tion; and health care costs. Some of
these characteristics are modified at
any time throughout the year (age,
HUI3, costs, as well as incidence of
an NC—as mentioned above), while
others are modified only at the end of
the year (institutionalization, assign-
ment of caregiver).

S. The risk of death varies by age,
sex, presence of an NC, or place of
residence.

When a model is run, each person is
simulated one at a time, until a number
sufficient to yield stable results has been
generated (small Monte-Carlo errors).

Text table 1

For POHEM-Neurological, projections
have been run with 32 million persons,
the oldest being born in 1872 and the
final death occurring in 2100.

Parameters are used to define char-
acteristics of the synthetic population.
Their values depend not only on the
diagnosis of an NC, but also on other
characteristics of the person, such as sex
and age (Text table 1). For example, inci-
dence of a specific NC varies by sex and
age group; health care costs vary by sex,
age group, and the presence or absence
of a specific NC. Results are produced
in tables that contain cross-sections
of the synthetic population, according
to pre-determined dimensions. Those
tables can be exported (for example, in
Microsoft Excel worksheets) for manipu-
lation by users.

People with a given NC may have
any number of other neurological and/
or non-neurological  comorbidities.
Attempts to capture this reality are made
by simulating persons with a specific NC
regardless of the presence or absence of
those comorbidities, relative to a popu-
lation similar to that under study, but
with no NC. The analysis compares the
estimates of results (for example, costs,
functional health, mortality, long-term
care entry) of the population with the NC
to those of the population without the
NC. Summing the disease-specific costs
to provide an overall cost of the NCs
under study is precluded, as the condi-
tions and their costs will overlap.

Summary of groups of parameters in POHEM-Neurological meta-model

Determinants of characteristic

Presence Data source
Assigned characteristic Sex Age HUI3 of NC InLTC (see Text table 2)
Incidence of NC \V V Data analysis
“Cure” of NC' v v Literature, calibration
Mortality risk V V v \ Data analysis
Functional health (HUI3) V v v \V Data analysis
Informal caregiver* \V V \ v \ Data analysis
Institutionalization V V v V Data analysis
Health care costs \V V vV Data analysis

... not applicable

*only implemented in POHEM-Neurological models for cerebral palsy and epilepsy

* determinants vary for persons with and without NCs
HUI3 = Health Utility Index Mark 3
NC = neurological condition



Specific aspects of the
model

POHEM-Neurological was based on
microsimulation health models already
developed at Statistics Canada,”!" but it
was necessary to design and model addi-
tional modules in order to account for the

nature of NCs.

No single, comprehensive data source
from which to produce the estimates is
available. A variety of sources was used
to ensure broad coverage of health and
economic burdens. If primary data were
not available, equations (for risk, assign-
ment of a caregiver, functional health,
etc.) were obtained from the published
literature or determined ad hoc. Most of
these equations are not included in this
article but are available from the authors
on request.

NC-specific incidence rates and mor-
tality hazards were entered as input and
contributed to prevalence. Sex-age-NC-
specific incidence and mortality rates
were derived based on administrative
data for British Columbia. Case defin-
itions and algorithms were developed.
Four conditions (Alzheimer’s disease
and other dementias, epilepsy,'? multiple
sclerosis, Parkinson’s disease'’) were
validated against electronic medical
records in Ontario; the other three con-
ditions were determined to be consistent
with expert advice to the Canadian
Chronic Disease Surveillance System
Neurological Conditions Working Group
and/or systematic review of the validation
literature for NCs.'* All-cause mortality
rates were obtained by examining deaths
among the cohorts of individuals previ-
ously determined to have prevalent NCs.
As such, all-cause mortality rates reflect
deaths among individuals with NCs, and
not simply deaths attributed to NCs. To
determine mortality risk ratios (RRs),
sex-age-NC-specific  mortality — rates
(Text table 1) were compared with mor-
tality rates in the general population for
the same sex and age. Mortality rates for
the general population vary by calendar
year, but not RRs.
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When unmodified incidence rates were
entered, the projected prevalence rates
for cerebral palsy and epilepsy became
implausibly high relative to those esti-
mated directly in the source data. For both
conditions, evidence shows that diagnosis
at one point may not be an accurate reflec-
tion of diagnosis later in life, whether due
to misclassification (cerebral palsy)'
or long-term remission (epilepsy).'®"”
Therefore, an evidence-based approach
was used to reconcile projected preva-
lence with observed prevalence rates:
for these two NCs, “cure” was allowed.
The meta-model thus includes a group
of ancillary parameters for “cure” (Text
table 1).

Assignment of functional
health

HUI3 is the measure of functional health'®
used in POHEM-Neurological; it is also
a predictor of other life events, such as
assignment of a caregiver and institution-
alization (Text table 1). Its value depends
on the person’s age, sex and NC status.
For persons without NCs living in private
households, values were obtained from
population health surveys conducted
by Statistics Canada; for a data source,
users can choose between the Canadian
Community Health Survey (CCHS)"
and the National Population Health
Survey (NPHS).? Means and standard
errors of HUI3 were used to randomly
assign (according to sex and age group) a
HUI3 score to individuals without an NC
who were living in a private household.
For the household population aged 15
or older who had an NC, means and stan-
dard errors of HUI3 were calculated by
sex and age group based on data from the
2011 Survey on Living with Neurological
Conditions in Canada (SLNCC).?' For
children younger than 15 with an NC
(epilepsy or cerebral palsy), a population
not covered by the SLNCC, values were
obtained from the 2006 Participation and
Activity Limitations Survey (PALS).
For household residents younger than 65
who had an NC, these HUI3 values were
applied in the models. For household
residents aged 65 or older, to ensure that

HUI3 decreased with advancing age, the
value of functional health assigned in the
models was calculated as:

HUI3 .= (1-weight)*(HUI3

Weight*(RélativeHUB)*(HUB
where:

° HUI3NQ65+ is the mean HUI3 value
obtained from the SLNCC for indi-
viduals aged 65 or older with a

particular NC;

° HUI?»NO]Wages is the mean HUI3 value
obtained from the general population
(CCHS" or NPHS?) without NCs
for individuals in a specific 5-year
age group;

e RelativeHUI3 is the ratio of HUI3
from SLNCC/PALS for individuals
younger than 65 with NCs relative to
HUI3 values for individuals younger
than 65 without NCs; and

e weight is a proportion chosen by
the user to determine how much
of the assigned HUI3 value will be
determined by the underlying data
sources.

NC,65+)+

NoNC,ageS)

Assignment of informal
caregiver

Caregiver assignment reflects the receipt
of unpaid support and does not account
for the actual need for or availability of
caregivers. Informal care data, including
receipt of care, number of hours of care,
and characteristics of the caregiver, came
from the SLNCC?! and the 2012 General
Survey (GSS)—Caregiving and Care
Receiving.”® Persons with and without
NCs are eligible to be assigned a care-
giver. Assignment occurs at the end
of each year for each synthetic person,
depending on their characteristics (Text
table 1):

e If the person resides in a private
household, caregiver assignment
depends either on the potential
recipient’s sex, age group, and HUI3
(if the person does not have an NC)
or on their HUI3 and NC (if the
person has an NC). A random draw
assigns a caregiver to the synthetic
person according to proportions
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observed in surveys. If a caregiver
is assigned, the sex, age, HUI3, out-
of-pocket expenses and level of care
(fewer than 7, 7 to 15, 15 to 71, more
than 71 hours per week) provided by
the caregiver are randomly generated
according to observed data.

e If the person lives in an institution,
a caregiver is assigned to them only
if they had had a caregiver the last
year they lived in a private house-
hold. In this case, the person is
assigned a caregiver until death, but
the care received is set to the lowest
level (fewer than 7 hours per week)
to reflect what was observed in the
surveys.

What is already
known on this
subject?

m The anticipated increase in the
prevalence of neurological conditions
(NCs) is a major concern for future
population health.

m  Microsimulation models are useful to
assess the present and future impact
of diseases.

m A series of microsimulation
models, POHEM-Neurological, was
developed to analyse the prevalence,
effects on population health, and
costs of NCs.

What does this study
add?

m A description of the methods and
data that led to the development of
the microsimulation models of NC is
provided.

m The NC microsimulation models are
deemed valid and useful for their
objectives.

m  Further studies are recommended
to better assess model validity and
the consequences of model-based
decisions.

Institutionalization

Data for residents of long-term care
(LTC) institutions were based on
Ontario records from the Continuing
Care Reporting System. Analyses were
conducted and estimates provided by
researchers from the University of
Waterloo (interRAI).* In POHEM-
Neurological, persons who enter LTC
remain there until death. The probability
of transitioning into an institution is
assessed at the end of the calendar year.
During the development phase, it was
noted that current institutionalization
patterns differed from historical patterns.
Therefore,

e for years before 2004, transitions to
LTC were not modelled;

e in 2004, some persons were transi-
tioned “en masse” into institutions if
a random number attached to them
was lower than the observed per-
centage by sex, age group, and NC in
LTC in Ontario®;

e for 2005 and beyond, persons already
in LTC were subject to the mortality
hazards and functional health status
specific to institutions; those residing
in private households were subject
to the possibility of transitioning
into LTC according to their sex,
age, functional health (HUI3), and
whether they had an NC.

Despite these adjustments, values of
the parameters did not correctly repro-
duce observed rates of transition into
LTC or stays in LTC, resulting in poor
projections. Therefore, a parameter was
added to prevent transition into institu-
tions. However, at any moment during
the life course, the synthetic person
accumulates costs related to all the cat-
egories (health sector and out-of-pocket
categories); thus, costs related to LTC
institutionalization are still available
from the models.

Health care costs

Data on health care costs were used as
input (per capita costs by cost category,
age, sex) and contributed to global meas-
ures of costs (total cost per year, average
cost within subpopulation). Direct health

care costs were estimated from admin-
istrative health data from Ontario® and
the British Columbia Ministry of Health.
The health care sectors examined were:
physician services; hospital costs; phar-
maceutical costs; rehabilitation hospital
costs; home care costs; long-term care
costs; and assistive devices costs (the last
three were obtained from Ontario only).

Means and standard errors of costs by
sex and five-year age group were pro-
vided separately for cohorts with each of
the seven NCs, and for the cohort with
none of the NCs (Text table 1). For those
with NCs, costs were further classified
according to whether they were incurred
in the first 12 months after diagnosis
(incident costs) or more than a year after
diagnosis (prevalent costs).

For the four health care sectors where
cost estimates were available from two
provinces, a weighted average was cal-
culated as: p*(estimate from Ontario) +
(1-p)*(estimate from British Columbia).
Because Ontario’s population is three
times as large as British Columbia’s, p
was set to 0.75. Costs included two cat-
egories of out-of-pocket costs (expenses
paid by an individual but not refunded by
insurance or government): those of the
patient and those for the caregiver.

At any time, the current cost carried
by a synthetic person can be updated
based on their characteristics. The cost
may change for the following reasons:

e The person is diagnosed with an NC.
Incident costs (specific to the sex,
age and NC) are applied for one year.
On the anniversary of NC incidence,
prevalent costs are assigned there-
after until cure or death.

e On the person’s birthday, their
costs are re-assigned based on their
updated age (if needed).

Validation

To wvalidate microsimulation models,
Kopec et al.?® proposed a measure with
17 criteria that consider whether the
mathematical frame, collected data,
code, etc. are correct and have been com-
bined appropriately. Evidence of validity
is derived from three sources:



1. Model development process
2. Model performance

3. Consequences of model-based
decisions.

Kopec et al. did not recommend a
specific number of criteria that should be
satisfied for the model to be considered
valid. However, intuitively, a high per-
centage of satisfied criteria indicates
validity. This grid was applied to the
POHEM-Neurological meta-model con-
sidered as a whole.

In general, the POHEM-Neurological
meta-model meets the criteria for model
development and model performance

Text table 2
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(Text table 2). The criteria of the third
category will be evaluated through future
applications.

Limitations

The models have several limitations.
Incidence and mortality data were
obtained from only one province, but
were applied nationally. Furthermore,
these were administrative data. If the
true incidence of NCs or the way that
physicians apply the underlying admin-
istrative codes differ by province, this
would not be captured in the models.
Nonetheless, the algorithms used to

Validation grid of POHEM-Neurological meta-model?

identify NCs were validated in several
provinces.

Data for health care costs come from
only two provinces. Although these two
provinces represent a majority of the
population, data from other provinces
would yield a more precise picture of
incidence and costs.

The current version of the meta-model
does not include risk factors (other than
age and sex) for the NCs. However, inclu-
sion of risk factors would primarily serve
as points of intervention to affect future
incidence of the NCs, which can now be
examined in POHEM-Neurological by
varying incidence and mortality rates in
different scenarios.

Source of evidence Concept

Scoref Comments

Conceptual models: Underlying theories 2

Based on committee of experts (several subprojects in NPHSNC
project were devoted to aetiology of neurological conditions).

Conceptual models: Definition of variables 2

Based on committee of experts. Variables adjusted according to

available data; for example, Parkinson’s disease was expanded into
Parkinsonism because prevalence (or case algorithm) and cost data

included both categories and could not be disentangled.

Conceptual models: Content and structure 2

The objectives of building the model were to define the path that

correctly describes each NC, and use a common pathway for all
seven NCs.

Parameters
Model development

Parameter values obtained from experts, the literature, data

analysis, or through calibration (last column of Text table 1).

Computer implementation: Selection of model type 2

No formal process determined the type of model, but the value of

using a microsimulation model was implicit. However, the choice

was supported by the literature.®”

Computer implementation: Simulation software 2

If microsimulation is considered the appropriate model, the

software used (Modgen?®) is justified: several models have been

built with this software.

Computer implementation: Computer program 1

The code has been made available internally and to the clients,
through informal meetings. BioBrowser (a tool within Modgen that

displays individual values) was used extensively for validation of

person-level trajectories. However, scrutiny of verification of the
code was not deemed essential.

Output plausibility

Verification and validation performed to ensure prevalence
(produced by the models) were similar to observed prevalence for

each of the seven NCs. For other outcomes (costs, HUI3, informal

care), continuous monitoring of results with developers and clients
ensured that outcomes were plausible for the years for which data
were available.

Internal consistency
Model performance

Internal consistency throughout a wide range of conditions,
including extreme values, was not analyzed because the goal was
to project assuming status quo conditions, not to use scenarios.

Parameter sensitivity

No uncertainty was provided for the parameters. In some situations,
standard errors were wide for a given parameter for some
combinations of age and sex. It was not always possible to regroup
age groups to lower the standard error. Sensitivity analysis was not
performed.

Between-model comparisons

For each NC, only one microsimulation model was built.

Comparisons with external data

Extensive, related to other NPHSNC projects.

Quality of decisions
Model usefulness

Consequences of model-
based decisions

Results are expected to be useful for decision-makers; quality
of decisions will be evaluated in future work.

T Validation scores: 0 = none, 1 = partial, 2 = complete, NA = not applicable



Health Reports, Vol. 27, no. 3, pp. 3-9, March 2016 ¢ Statistics Canada, Catalogue no. 82-003-X
Development and implementation of microsimulation models of neurological conditions * Methodological Insights

The models do not account for the
potential decreased availability of care-
givers in the future (due to factors such
as changing family structure). Therefore,
the projections of assignment of and out-
of-pocket expenses for caregivers may
be questionable. However, the models
focus on need for caregivers, not their
availability.

In any microsimulation model, two
types of uncertainty must be addressed.
Type I uncertainty (Monte-Carlo errors)
is captured by random generators used
in the models. Large populations reduce
the relative impact of random fluctu-
ations and produce stable results for
POHEM-Neurological. Type 1l uncer-
tainty (parameter uncertainty) refers to
imprecision in the data. For example,
the data are obtained from administrative
databases, surveys and analysis models,
and so are subject to measure errors.
This imprecision is not easily accounted
for in POHEM-Neurological, but users
may run different scenarios and thereby
conduct sensitivity analyses.

Conclusion

The aim of POHEM-Neurological is to
project health and economic impacts of
NCs over the next 20 years. In general,
this meta-model is considered to be
valid. The first objective—that the NCs
should be modelled with the same frame-
work—is met: each model uses the same
interface to the user, the same algorithm,
the same software (Modgen?’), and the
same programming code. The second
objective—to account for the peculiar-
ities of each of the NCs—is captured by
specific sets of values of parameters. The

models have been used for projections
under status quo conditions but can be
run with other scenarios to evaluate the
future impact of factors such as reduc-
tion of costs or modification of incidence
rates. Further studies are recommended to
better assess model validity and the con-
sequences of model-based decisions.
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