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Abstract

An Analysis of the Relationship between Healthcare Spending and Health Outcomes: A Data Analytics
Perspective Using the Theory of Production Functions

Masters of Management Science (MMSc)
Management of Technology and Innovation
Ryerson University

© Kwadwo Oppong Adu 2017

This research investigates the relationship between per capita spending on healthcare
and population health outcomes at the provincial level in Canada using data from 1980 to 2010.
The health outcomes examined include life expectancy at birth and at age 65, number of infant
deaths, and potential years of life lost from treatable causes, all of which are separated by
gender. Using analytics methods as an application of the theory of growth accounting, the study
evaluates the performance of the provincial health care systems in terms of their ability to
efficiently produce longevity. The study also specifies the categories of healthcare spending
which are most influential in determining the efficient production of longevity and measures
the contribution of healthcare spending to the determination of infant mortality and deaths
from treatable causes. The methods employed include Data Envelopment Analysis, Decision
Tree Induction, and Multivariate Adaptive Regression Splines. The results of the analysis point
to the fact that Canada’s provinces operate inefficiently in their production of health outcomes

and confirm the importance of healthcare spending to determining health outcomes in Canada.
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1. Introduction

Improving healthcare delivery while containing costs is a major issue in many developed
countries (Chatal, André, Joumard, & Nicq, 2008; Nam, Kongsrud, Joumard, & Price, 2004; Nicq,
Joumard, & André, 2010; Or, 2000, 2001; Worthington, 2004). Since the creation of its universal
healthcare program, Canada has managed the goal of providing universal coverage to citizens
as costs have continued to rise over time. The Canadian Institute for Health Information reports
that, as a percentage of gross domestic product, health spending has grown from 5.4% in 1960
to more than 10% in 2015 (that is $4,569 per person in 2015 dollars) (CIHI, 2015a; Inglehart,
2000). The policy changes which have structured the Canadian health system paint the picture

of the importance of health spending and costs in the country.

The narrative of Canada’s public healthcare system can be segmented into three acts:
the program’s founding, the implementation of the Canada Health Act within the era of
incremental funding cuts, and the modern era of incremental, progressive reform. The
foundation of Canada’s healthcare system occurred in 1957 with the federal legislation of
hospital care and related diagnostic services with medical insurance being added in 1968
(Inglehart, 2000). By 1971 all provinces and territories were participating in the program in
which they received federal cash transfers for agreeing to provide universal coverage (Inglehart,

2000; Naylor, 1999).

In the late 1970s a combination of price inflation, caps on fee increases, and growth in

the supply of physicians in urban markets combined to reduce doctors’ real income. Some



doctors responded to these conditions by charging patients beyond the government negotiated
fee schedule. The Canadian Health Act was implemented in 1984 in major part to prohibit
supplemental fees through a stipulation in which federal transfers would be reduced to
provinces that allowed them, as well as to consolidate previous healthcare policy pieces
(Inglehart, 2000; Naylor, 1999). Within two years all provinces abolished supplemental/non-
negotiated medical fees, creating the economic characteristics which define the healthcare
system to this day; monopsonistic (single-buyer) publicly financed health insurance with private
model fee-for-service care provision (Hutchison, Levesque, Strumpf, & Coyle, 2011; Naylor,

1999).

While the era of financial austerity can be defined separately from that of the
establishment of the Canada Health Act, in policy terms they began concurrently. The change in
federal contributions to healthcare financing began in 1977 with a shift in the 50/50 cost
sharing scheme between the federal and provincial governments. This left the provinces
carrying a larger segment of health costs if those costs grew more rapidly than the size of the

overall economy.

Though the budget cuts and financing rearrangements of the late 70s were an
incremental step meant to regulate medical spending, reductions continued into the 80s that
were intended to reverse the trend of ongoing government budget deficits. The economic
recession of the early 90s also warranted continued reductions in spending at both the federal

and provincial levels.



It is claimed that there were several negative effects of this era (Hutchison et al., 2011;
Inglehart, 2000; Naylor, 1999). These include a reduced number of Canadian medical and
nursing school enrolments, the conversion of many full-time nursing positions to part-time or
on-call between 1993 and 1997, restricted purchasing of medical equipment, and a reduction in
hospital beds due to the amalgamation and closing of facilities. These issues contributed to
reduced public opinion concerning the quality of and satisfaction with the nation’s healthcare

system.

These conditions, combined with the emergence of a significant budget surplus at the
end of the 90s set the correct political climate for progressive policy reform. In 2000 the First
Ministers of Canada established an $800 million Primary Care Transition Fund for healthcare
reform. An additional $16 billion federal investment was earmarked for primary healthcare,

home care, and catastrophic drug coverage in the 2003 First Ministers Health Accord.

Since then, several policy initiatives have occurred in multiple jurisdictions across the country. These

include:

“inter-professional primary healthcare teams, group practices and networks, patient enrollment with a
primary care provider, financial incentives and blended-payment schemes, primary healthcare
governance, expansion of the primary healthcare provider pool, implementation of electronic records,

and quality improvement training and support.”

(Hutchison et al., 2011, p. 264).

Based on this recount it would appear that, as a function of the public, single-payer

model, economic policy has played a pivotal role in the narrative of Canada’s healthcare



system. Hutchison et al. (2011) argue that the recent provincial health reform efforts showing
the most success have required high amounts of financial investment. Therefore the
guantitative analysis of health funding allocation is important to deciding the optimal
distribution of limited resources. In this thesis | offer a method for determining the efficiency of
the healthcare spending in Canada’s provinces and also define the categories of healthcare
spending which are most significant to determining the production of health outcomes in

Canada.

1.1 The Scope of This Research

This research empirically analyzes health outcomes as a function of nine categories of per
capita healthcare spending using thirty years of data from Canada’s ten provinces. All variables
in the analysis are standardized and spending is specifically in 2015 dollars. The categories of
healthcare spending are spending on hospital, institutions, physicians, other professionals,

drugs, capital, public health, administration, and other spending.

The first phase of the analysis is separated into two parts. Part one models longevity
(gender separated life expectancy at birth and life expectancy at age 65) as a function of the
nine categories of health spending. This phase focuses on scale efficiency and resource

allocation using data envelopment analysis and decision tree induction.

Phase two uses identical procedures to model infant mortality (gender separated number
of infant deaths) and death from treatable causes (potential years of life lost due to deaths

from treatable causes). Phase two focuses solely on resource allocation using multivariate
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adaptive regression splines. Overall, the results of the analysis provide evidence on which
categories of healthcare spending are most influential in determining the observed levels of the

separate measures of health outcomes.

1.2 Research Approach

This study is causal research using statistical techniques to examine longitudinal data
and explore the relationships between separate categories of healthcare spending and different
measures of population health. This is inductive research which makes inferences based on an
examination of correlations between the observed values of independent and dependent
variables. This inductive framework is approached by defining a production function in which
each category of healthcare spending operates as a factor of production while the individual
measures of health outcomes function as outputs. Multivariate regression analysis reveals
relationships between spending and health outcomes, while a technical efficiency analysis
provides a framework for comparing the performance of each of the provinces. The specific
methods used in this process are multivariate adaptive regression splines (MARS), decision tree

induction, and data envelopment analysis (DEA).

1.3 Research Goals

The goal of this research is to analyze the patterns of healthcare spending in Canada’s

provinces for two reasons. The first is to provide evidence as to which provinces have been



most efficient in their allocation of funding. The second is to determine which categories of

healthcare spending should be prioritized in improving specific health outcomes.

Based on this, the overarching research questions are

1. “How effectively have Canada’s provinces spent their healthcare funding?” and

2. “How should spending be prioritized in order to improve health outcomes?”

The results yielded from answering the first research question provide a framework that allows

the second question to be interrogated as well.

1.4 Thesis Format

This thesis is formatted into seven chapters. Chapter Two is a literature review
examining evidence-based decision making, data analytics, and the application of analytics
techniques to the healthcare context. Chapter Three outlines the theoretical framework used to
approach the research, the research methods used in the analysis and a description of the data
being analysed. Chapters Five and Six contain the empirical analysis and the discussion of
findings respectively. The thesis is then concluded in Chapter Seven with a discussion of the

limitations and contributions of the research effort.



2. Literature Review

This literature review examines the study of the economic production of health
outcomes through the application of growth accounting theory. These type of studies have a
set of commonly used measures of performance which are applicable to healthcare systems.
According to Worthington (2004), economists have developed three measures efficiency for
use in the analysis of health system performance. Technical efficiency refers to the use of
resources in the most productive manner. With regard to the healthcare context, technical
efficiency is used to describe the relationship between healthcare resources (e.g. finances,
staff, and equipment) and observable health outcomes. Allocative efficiency refers to the
combination of specific proportions of resources that are used to achieve technical efficiency.
At the hospital level, this could be explained as the mix of staff, equipment, and drugs used to
efficiently treat patients. Productive efficiency is a measure of the combination of both
technical and allocative efficiency. Productive efficiency is limited by the extent to which
allocative and technical efficiency are maximized and therefore technical and allocative

efficiency must be maximised to achieve maximum productive efficiency.

In terms of early applications of growth accounting theory to health production,
Grossman (1972) provides a health production function for estimating health outcomes based
on an individual’s investment in their own health. In this model, investment in health is a

function of medical care, time spent investing in health, and education. Grossman's (1972)



claim is that the purpose of an individual investing in their health is to produce time spent in

good health.

The literature examining the production of healthcare outcomes argues that the
estimation of the performance of healthcare systems using technical methods is often
undertaken, but is also not a simple task. Gravelle & Backhouse (1987) offer a macroeconomic
approach to the study of health production. The authors dissect the production function
approach used in studies of mortality rates using international data with the goal of
demonstrating the difficulty of such analyses. Their findings confirm the validity of the
approach but also emphasize that the estimation of the influences on mortality using
production functions is not a simple task. The authors claim that at the international level,
aggregated data may complicate analyses due to differences in data quality and missing data.
This applies to data on health service provision and environmental variables. Regardless of the
difficulty, there are several examples of studies which attempt to define the relationship

between health spending and other inputs and health outcomes using production functions.

| proceed to first explain the relevant concepts within the theory of growth accounting
and productivity. | then discuss examples of studies which apply growth accounting theory to
study the production of health outcomes (internationally and within Canada). After this, |

specify the health production function that will be used in this thesis.



2.1 Growth Accounting and Production Functions

The primary theoretical framework used in the study of health production is the
economic theory of growth accounting as introduced by Robert Solow (1956). Applications of
growth accounting are used to explain the relationship between factors of production (e.g. the
classical inputs land, labor, and capital) and the productivity and growth (i.e. improvements in
the creation of output) of economies. To elaborate, an economy is any system defined by the
consumption of inputs and production of outputs within it. Growth accounting is concerned
with the mathematical explanation of how the factors of production in an economy are used to

modify that economy’s productive abilities.

The basic model of growth accounting takes the form of the neoclassical production
function which is defined mathematically as Y=f(AK,L). Figure 1 depicts a graphical
representation of the neoclassical production function. In this relation, output (Y) is a function
of a combination of the inputs total factor productivity/technology (A), labour (L) and capital
(K). Here, technology is used to broadly capture all processes (i.e. methods and techniques)
and factors (i.e. knowledge, etc.) that influence the transformation of inputs to outputs.
Broadly, capital can be understood as the wealth and physical resources that are consumed in
the production of output, while labour can be understood as the physical work that is

performed by persons during production.

The Cobb-Douglas production function is a form of the neoclassical production function
that allows the equation to be applied to additional situations. (Cobb & Douglas, 1928). The

Cobb-Douglas production function is defined as Y= AL°K®. The terms a and B correspond with



the level of elasticity (i.e. the sensitivity to change) of labour and capital respectively. The
usefulness of the Cobb-Douglas function come from the inclusion of these measures of
elasticity as they facilitate an analysis of returns to scale. In other words, the inclusion of a and
B in the Cobb-Douglas function allows for an examination of how changes to inputs (labour

and/or capital) affect an economy’s output.

Inputs
(AK,L)

J
[

Function f

J L
\’

| Output f(A,K,L) |

Figure 1: Diagram of the neoclassical production function

An economy’s returns to scale may be decreasing, increasing or constant. In an

economy operating at decreasing returns to scale (DRS), a + B <1. This means that an equivalent
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increase in both inputs will correspond with an increase in output that is smaller in magnitude
than the increase in inputs 1 (e.g. a 10% increase in labour and capital generates a 5% increase
in output). Likewise, in an economy operating at increasing returns to scale (IRS) a + > 1, and
an equivalent increase in both inputs will correspond with an increase in output that is greater
in magnitude than the increase inputs. An economy operates at constant returns to scale (CRS)
when a + B = 1 meaning that an increase in both inputs will correspond with a proportionate
increase in output. The next section discusses the application of growth accounting theory to

the study of the economic production of health outcomes.

2.2 The Study of Health Production

There is a significant body of literature which has explored the production of health
outcomes and the factors which determine the efficiency and productivity of health systems.
(Chatal et al., 2008; Hollingsworth, 2003, 2008; Hollingsworth, Dawson, & Manidakis, 1999;
Worthington, 2004). At the macro level, cross-country analyses have been performed to
examine the efficiency of health spending, and the monetary and contextual influencers on
health outcomes (Chatal et al., 2008; Joumard & Hakkinen, 2007; Nicq et al., 2010).
Comparative analyses have taken place in multiple instances examining different jurisdictional
levels (both within and across nations) and utilizing both cross-sectional and longitudinal data
to interrogate the determinants of health (Berger & Messer, 2002; Chatal et al., 2008; Nixon &

Ulmann, 2006; Retzlaff-Roberts, Chang, & Rubin, 2004).
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Elola, Daponte, & Navarro (1995) perform a comparative analysis relating different
health system models (social security versus national health service) to health indicators
(gender separated potential years of life lost, gender separated life expectancy, and infant
mortality) in 17 countries in Western Europe. The results of their regression analysis indicate
that, in both types of health systems, spending was inversely correlated with potential years of
life lost for females and infant mortality rates. They also claim that spending was positively
correlated with life expectancy. The authors conclude that increases in health spending as a
percentage of GDP would decrease infant mortality rates more efficiently in countries with a

national health service than in countries using social security systems.

Or (2000) develops a health production function to examine the differences in the
health outcomes within 21 OECD member nations using data from between the years 1970 and
1992. In the regression analysis, health outcomes (i.e. potential years of life lost due to all
causes except suicides) are modeled as a function of medical variables (total health expenditure
per capita, share of public health spending, gross domestic product) and non-medical variables
(i.e. work force composition, pollution, consumption of alcohol, tobacco, fat and sugar). The
results indicate a positive relationship between health spending and health outcomes, and the
significance of environmental factors in determining health outcomes in the countries

examined.

Using a regression analysis, Berger & Messer (2002) model health outcomes (mortality
rate per 1000 population) as a function of health spending, insurance coverage, health

behaviors (alcohol consumption, consumption of fat, tobacco consumption), and other

12



variables in 20 OECD member nations. Their results indicate that tobacco use, alcohol use, fat
consumption, and female labor force participation are all significantly related to mortality rates.
Interestingly the authors also conclude that higher income inequality leads to lower mortality

rates, and that increases in public health spending also lead to increased mortality rates.

Retzlaff-Roberts et al. (2004) perform a comparative, technical efficiency analysis of the
relationship between spending and the production of life expectancy and infant mortality in
several OECD member nations. Using both input and output oriented models of data
envelopment analysis, the authors attempted to determine which of the 27 countries included
was performing at the highest level of technical efficiency. The analysis revealed that while
some of the countries were outperforming others in the efficiency of healthcare spending and
their ability to generate positive health outcomes, the nations which performed moderately in

the production of health outcomes were still achieving technically efficiency in their spending.

Nixon & Ulmann (2006) use a log-linear production function to study health outcomes in
15 members of the European Union. The authors highlight the micro and macro level
approaches to the production functions that are used in studying the relationship between
health spending and contextual factors (e.g. diet, lifestyle, economic status), and health
outcomes; electing to perform a macro-level analysis of 16 years of aggregated data. Their
results confirm previous findings that since the 1980s increased healthcare spending has had a
reduced impact on improving health outcomes in developed countries. In contrast, they also

note that increased health spending has contributed to lowering infant mortality rates.

13



Joumard & Hakkinen (2007) define a theoretical framework for the evaluation of health
production in OECD member nations. The authors also provide three approaches and to
implementing this framework depending on the analysis being undertaken and the availability
of data. The approaches are the aggregate/system level approach, the disease level approach

and the subsector level approach (i.e. hospital, outpatient care, nursing homes etc.).

The authors argue that while the scope of each approach distinguishes them from one
another, data availability is a primary limiting factor in these types of analyses. This leads to the
claim that while the commonly used indicators of health status are not the best (i.e. life
expectancy), they are used because they are more widely captured than more optimal

indicators. Figure 2 illustrates the theoretical model proposed by Joumard & Hakkinen (2007).

Chatal et al. (2008) develop a health production function to examine the monetary and
contextual determinants of health status in the OECD area using both data envelopment
analysis and panel data regression. The variables examined include contextual variables
(tobacco consumption, alcohol consumption, diet, air pollution, education) and economic
variables (health care resources per capita and gross domestic product per capita). In this work,
it is acknowledged that the contribution of private spending to healthcare outcomes is both
significant and extremely difficult to disentangle from public sector spending in these types of
analyses. The results of the regression analysis reinforce logical assumptions on the correlations
between smoking, alcohol consumption, diet, pollution, education and GDP with health
outcomes. Additionally, the data envelopment analysis results reveal that increases in spending

efficiency are likely to significantly contribute to increased life expectancy among OECD

14



member nations. Nicg et al. (2010) present indicators for use in a cross-country health system
level analysis based on the goals of raising population health status and improving equity in
access. The authors adopt the theoretical model first proposed by Joumard & Hakkinen (2007).
Using data envelopment analysis, the authors measure the efficiency of health care delivery
across several OECD member nations in a production function that relates health inputs in
terms of financial resources to health outcomes. The results of the study indicate that an
increase in the absolute amount of spending would cause negligible changes in life expectancy
without improvements in the efficiency of spending. | now move on to discussing these types of

analysis as performed using data from the Canadian health system.

Outcomes
e Increasein
the quality
and length
of life etc.
e Equityin
access or
health
status

Outcome
efficiency

Inputs
Measured in physical
terms (number of

physicians, hospital beds,
etc.)

e Measured in financial

terms (health care

spending)

Outputs
- 5 Number of patients treated,

hospital discharges and/or
consultations, etc.

Output
efficiency

Figure 2: Framework of health efficiency measurement by Hakkinen & Joumard.
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2.3 Canadian Context

Hanratty (1996) performs an analysis of the impact of national health insurance in
Canada on infant health. The author uses panel data from 1960-1975 in regression models
model outcomes as a function of the timing of the program’s introduction across the country.
The results link the implementation of national health insurance to improvements in the

country’s infant health measures.

At the provincial level, Crémieux, Ouellette, & Pilon, (1999) model gender-separated
infant mortality and life expectancies as functions of spending, demographic, lifestyle, nutrition
and province specific characteristics in a regression that uses pooled time-series cross-section
data from 1978 to 1992. The results indicate that lower healthcare spending is correlated with
increases infant mortality and decreases in life expectancy. The authors argue that their
findings are strengthened by the homogeneity of their data. This claim is made in comparison
to analyses performed using heterogeneous cross-country data which were unable to find

strong correlations between health spending and health outcomes.

Bilodeau, Crémieux, Jaumard, Ouellette, & Vovor (2004) perform data envelopment
analysis to measure the technical efficiency of hospitals in Québec. They specify a function that
includes both discretionary and nondiscretionary inputs; meaning inputs that are within the
control of the hospitals (discretionary) and those that are not (nondiscretionary). This is done to
reduce bias created by missing variables. Their results indicate that there observed
inefficiencies was attributable to differences in management and quality of care between

hospitals.
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Crémieux et al. (2005) use a regression model that focuses on the contributions of non-
drug spending, pharmaceutical spending (public and private), and contextual variables
(population density, poverty, per capita income, alcohol consumption, tobacco consumption,
food and non-alcoholic beverage consumption). This analysis examines data from the years
1981 to 1988 in five regions of Canada (the Atlantic Provinces, Quebec, Ontario, the Prairies
and British Columbia). The results indicate a strong relationship between increased public and

private drug spending and improvements in infant mortality and life expectancy.

Day & Tousignant (2005) contribute a review of the academic literature which uses the
production function method to examine the determinants of health status in Canada. The
authors also discuss some of the problems that apply to performing this type of analysis at the
cross-country level as discussed by Gravelle & Backhouse (1987). Of specific interest to this
research are the problems of deciding on a measure (or measures) of health status, obtaining
data on the inputs used to produce health, and the specification of the health production
function’s form. Day & Tousignant (2005) also argue that there are not many examinations of

the Canadian healthcare system performed using the methods discussed above.

2.4 Summary of Literature Review

In this review of literature | introduced important concepts to the economic study of
health outcomes. | first explain the theory of growth accounting and then identified several
examples of papers that apply this theory to create production functions that explore the

relationship between health spending and other relevant variables, and health outcomes. There
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are several examples of these papers in the international context which confirm that public and
private spending on health care are important determinants of health outcomes. Canadian
studies using more homogenous data have confirmed this relationship as well. Additionally,
international studies have evaluated the effectiveness with which healthcare spending has

contributed to health outcomes in terms of efficiency.

Based on these findings, this thesis will contribute an evaluation of the efficiency of
health spending in Canada. Additionally, a gap in the literature appears to exist in terms of
studies that identify how healthcare spending should be prioritized. That is there is a lack of
research that directly discusses which components of overall healthcare spending are most
important to determining health outcomes. In response, this thesis will examine the question of

how healthcare spending should be prioritized.
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3. Methods and Data

The study of health production relies on statistical techniques which apply growth
accounting theory to examine the relationship between health spending and non-spending
inputs, and the production of health outcomes. In this thesis, | focus on health spending and
apply statistical techniques with two goals: to provide evidence as to which of Canada’s
provinces have been most efficient in their allocation of funding, and to determine which
categories of healthcare spending should be prioritized in improving specific health outcomes.

To achieve these goals | ask two research questions:

1. “How effectively have Canada’s provinces spent their healthcare funding?” and

2. “How should spending be prioritized in order to improve health outcomes?”

These research questions are answered in two steps:

1. Specifying and applying a model for determining the efficiency of the healthcare
spending in Canada’s provinces;
2. Defining the categories of healthcare spending which are most significant to

determining the production of health outcomes in Canada’s provinces;

This chapter describes the techniques and dataset used to complete this analysis. Next |

specify the health production function for use in this thesis.
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3.1 Defining a Health Production Function

I now specify define a production function which relates healthcare spending to
healthcare outcomes (Chatal et al., 2008; Or, 2000). This thesis uses a production function
adapted from work performed by Chatal et al. (2008) to examine OECD member nations.
Additionally, | adopt a modified definition of health outcomes provided by Joumard & Hakkinen
(2007). In the original definition health outcomes are “changes in health status of the
population which can be attributed to public spending on healthcare” (Joumard & Hakkinen,
2007, p. 5). For the purpose of this thesis | have included both private and public healthcare
spending contributions in the analysis. This has been done to account for the non-negligible
contribution of private healthcare expenditure in Canada (Chatal et al., 2008; CIHI, 2015b;

Crémieux et al., 2005).

The health outcomes examined in this analysis are life expectancy at birth, life
expectancy at age 65, Deaths from treatable causes, and infant mortality. Each outcome
measure has been gender separated. This raises the total number of models examined to eight.
All eight models consider nine inputs, each representing a separate category of healthcare

spending. The function is specified as follows:

Yit = Bo + B1 - HOSP + B, - INSTj; + B3 - PHYS;¢ + B4 - OPRO;; + B5 - DRUG;; + B¢ * CAPT;;

+ B, - PUBH;, + Bg - ADMN;, + B - OTHR;, + €

Where Y;; (output) is a measure of population health in province i, year t. In each model

Y corresponds with either:

e Life expectancy at birth (LEB)
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e Life expectancy at age 65 (LE65)
e Potential Years of Life Lost Due to Deaths from Treatable Causes (PYLLTC)

e Infant mortality measured in Number of Infant Deaths per year

The inputs are defined as per capita spending on hospitals (HOSP), other institutions (INST),
physicians (PHYS), other professionals (OPRO), drugs (DRUG), health capital (CAPT), public
health (PUBH), administration (ADMN), and other spending (OTHR). All spending values have
been standardized to their value in 2015 dollars. This model allows for the decomposition of
the relationship between health spending and the health outcomes specified above. This model
does not control for non-spending contextual the variables that are often examined in studies
which evaluate the health. A full description of the sources of data in this thesis will be given in

a later point of this chapter. Moving on, | describe the techniques applied in this research.

3.2 Methods

The methods used in this study have been selected for their usefulness in applying the
established growth accounting framework and their validity as applied data analytics
techniques. These methods facilitate a quantitative, longitudinal examination, allowing for an
explanation of how each category of health spending has influenced population health
outcomes. The methods used in this study include Data Envelopment Analysis, decision trees,

and multivariate adaptive regression splines. The next section discusses the details of DEA.
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3.2.1 Data Envelopment Analysis

Data envelopment analysis (DEA) is a statistical method for evaluating the technical
efficiency of a set of similar economies or production units. A DMU is conceptually equivalent
to an economy or production unit that consumes input(s) to create output(s). When applying
DEA to a set of DMUs, all of the DMUs are evaluated comparatively to reveal which are the
most efficient. The method can be applied in a wide variety of contexts as demonstrated
throughout the efficiency measurement literature, including the study of health systems and
the production of health. This is because applying DEA does not require previous knowledge on
the factors which affect production processes that the DMUs represent (Coelli & Coelli, 2005;

Cooper, Seiford, & Zhu, 2010; Hollingsworth et al., 1999).

While methods of regression focus on creating a function which defines the central
tendency (i.e. average behaviour) of observations, DEA is an extreme point method. This mean
that it focuses on creating a spline (a linear mathematical function) that defines the most

technically efficient production processes observed (Cooper et al., 2010).

It is important to understand that technical efficiency is a context specific interpretation
of efficiency. When a DMU is determined to be technically efficient in a single application of
DEA this is based on its performance relative to the other DMUs included in the analysis. A
DMU that is technically efficient in one analysis will is not necessarily efficient in general. Also,
the DMUs which are selected as technical efficient in an application of DEA are the units who
cannot improve their performance beyond what they have already achieved. This is based on

the criteria that a technically efficient DMU cannot increase its productive ability by modifying
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the consumption of any of its inputs or outputs without modifying the consumption any of its

other inputs or outputs.

The basic mathematical model for DEA is based on an extension of the work of Farrell
(1957) and is named the CCR model after its developers Charnes, Cooper and Rhodes (1978).
Farrell was originally attempting to improve upon previous productivity measurement methods
that were restrictive and ineffective at measuring the combination of multiple inputs into

multiple outputs.

In DEA we assume that DMU; consumes x;; amounts of input i and produces y,; amount
of output r. We also assume x;; 2 0 and that y,; > 0 and also assume that each DMU has at least

one positive input value and at least one positive output value.

The CCR DEA model measures the relative efficiency of DMU;=DMU, by using a ratio of
all its observed inputs and outputs. The CCR model simplifies this by combining the multiple

III

outputs and inputs of a DMU into one “virtual” output and one “virtual” input. This ratio of

output to input provides a measure of efficiency which is a function of the multipliers u,and v;

and is maximized. Mathematically this equation can be stated as follows:

Max h,(u,v) = Z urYro/Z ViXio
(o] (0]

Where

- urcorresponds with observed output,

- vjcorresponds with the observed input,
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- Vo represents the observed amount y of output r produced by DMU, from the input
amount Xio
and x, is the observed amount of input i consumed in order to produce y amount of
output r by the DMU,

- DMU, is the DMU being evaluated

A full development of the CCR model replaces u,v; = 0 with mur , mVr
iz=1ViXio  Xjmq ViXio

=>e>0

where ¢ is a non-Archimedean element smaller than any positive real number. This
transformation guarantees a positive solution in the variables but also gives an infinite number
of solutions. The Charnes and Cooper (1962) transformation, developed by the authors after

which it is named, is used to select a single solution and changes the variables (u, v) to (u, v)

s
maxz = Z Hr Yro
r=1

subject to

S m
maxz = z My Yrj — Zvixij <0
r=1 i=1
m
ZVinj =1
i=1
uevi = 0.

The Farrel model is the corresponding linear programming model and is defined as

follows:
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0* = min 6

Subject to

ZXU }\J < BXiO 1= 1,2, e, N,

j >0 j=1,2,...,1’1.

Where 0" is the efficiency score for a particular DMU. This equation ignores non-zero
slacks (left over inputs), meaning that any DMUs it deems to be efficient (6" = 1) are by
definition weakly efficient. A strongly efficient DMU will have both an efficiency score equal to
one and slacks equal to zero. In order to address the issue of non-zero slacks, the following

linear programming model can be used.
m S
- +
maxz s;i + z Sy
i=1 r=1
Subject to
n

ZXi]‘ )\] + Si_ = e*Xioi= 1,2,..,m;

j=1

n
Zyrj A+ sf=0yor=12,..,s;

=1
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A, si, sy = 0Vij,r

Where s; and s,° are slack variables that do not affect 8*. The next equation
demonstrates the same principles above but using a ratio of input to outputs and is minimised.

This is called an output orientation.

v
M]n 1 Y1*10
ZrurYro

Subject to

2i ViXij

> 1forj=1,..,n,
ZrurYrj

U, v;i=e>0

Applying the Charnes and Cooper transformation gives

Subject to

Up, Vi = € VT,
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Subject to

n

ZXU}\J + Si_ = Xjo 1= 1,2,

i=1

n
Z Yrj7\j —s{ =@y r=12,
=1

=0

i=12, ..

, M

) S;

, .

Here @™ represents the efficiency score of a DMU. Under this orientation, a DMU is only

efficient when @* = 1and s; " = s” =0 for all i and r and is only weakly efficient if @ =

land s;{* # 0 and/or s;f* # 0. The following linear programming problem uses an output

orientation as part of a two-step problem involving the previous equation. In the first step ¢@* is

calculated while ignoring slacks. In the second step using the next equation, slacks are

optimized by fixing @*.
m S
maxz s; + Z sy
i=1 r=1
Subject to

n

Z Xll}\] + Si_ = Xjo i= 1,2,

=1
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n
zyri)\i —sf = @Yo T =12,..,5;
=1

A 20j=12,..,n

Table 1 summarizes the dual linear equations which correspond with the CCR model. By
adding a constraint Z}Ll)\j they become the BCC model which adds the variable p, and allows
for the evaluation of returns to scale. Because of this the CCR model is known as the constant
returns to scale (CRS) model and the BCC model is known as the variable returns to scale model

(VRS).

Different constraints based on assumption of returns to scale can be applied in DEA.
Figure 3 illustrates a set of seven DMUs, each using one input (X) to produce one output (Y).
The set of which DMUs which are considered to be performing efficiently depend on what
constraint is applied. This means that different efficiency scores for a single DMU may be
generated based on which constraint is applied. Under the assumption that all DMUs are
operating at constant returns to scale (the CCR model), U2 would be the only DMU operating
efficiently. Under the constraint of variable returns to scale (BCC model) the efficient DMUs
would include U1, U2, U3, and U4. Under the assumption that all DMUs are operating at
constant returns to scale (the CCR model), U2 would be the only DMU operating efficiently.
Under the constraint of variable returns to scale (BCC model) the efficient DMUs would include

U1, U2, U3, and U4.
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Input-oriented CCR Model

Envelopment model Multiplier Model
m S S
minB—s(Zsf+ Zsﬁ) maXZ:Zuryro
i=1 r=1 r=1
subject to subject to

n S m
Z XjjAj +si =0x;01=12,..,m maxz = Z Mr Yrj — ZViXij <0
j=1 r=1

i=1
n m
Zyrj?\j —st =y, r=12,..,5; zVinj =1

i=1
A =0 j=12,..,n Wvi =e>0

Output-oriented CCR Model

Envelopment model Multiplier model
m S m
maxcp+s<25{+25;“) min q = Zvixio
i=1 r=1 i=1
Subject to Subject to
n

m S
in]?\]— +5si =Xjp1=12,...,m; Evl Xjj — Z HrYrj = 0

ZYrj)\j —sf = OYror =1,2,...,s;

A =0 j=12..,n wm2€>0

Mml
=
]
<
—
o

Table 1: DEA CCR Model

As a technique within the application of DEA, efficiency scores generated by imposing
different returns to scale constraints can be used to examine returns to scale in terms of
efficiency (a concept called scale efficiency). Specifically, by comparing the efficiency scores

generated for a single DMU under multiple constraints, one can determine whether the DMU is
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operating at IRS, DRS or most productive scale size. When a DMU is operating at its most

productive scale size within this framework, it cannot improve its productivity by modifying any

of its inputs of outputs.

This is because the two different models create different envelopment surfaces based
on their constraints. The envelopment surface corresponds with the set of DMUs which are
deemed efficient. In the CCR model this envelopment surface consists of a line from the origin
and through U2 (the red line in Figure 2). In the BCC model the envelopment surface consists of

U1, U2, U3 and U4 (the blue line in Figure 2).

Example DMUs
S
8 r / r -4 4
/ — e v ) |
7 7 {6, 7) U7{10, 7}
6 /
i~
5 213, 5}
) <
7[ & oo 2%
3 / o337
2 7 Y2, 2}
1 U641}
0
0 2 4 6 8 10 12

Figure 3: Graphic example of DMUs and envelopment surfaces

In addition to the constraints applied by the BCC and CCR models, the input and output
orientations of DEA provide more criteria under which DMUs are evaluated. In the input
orientation the goal is to minimize the use of inputs. Graphically this would represents a

horizontal shift of DMUs towards the envelopment surface. Under the output orientation the

30



goal is to augment output. This is graphically represented by the vertical movement of DMUs
towards the envelopment surface. Ultimately, DMUs determined to be efficient in one

orientation will also be efficient under the other orientation.

I will now provide a condensed summary of all of the above. First, DEA generates
efficiency scores by comparing a set of decision making units (economies or production units)
to each other based on their usage of resources. In the input orientation of DEA, efficient DMUs
minimize their use of inputs while maintaining their output. In this orientation efficiency scores

are calculated by calculating a ratio of all of a DMU’s outputs to all of that DMU’s inputs.

In the output orientation, the goal is to maximize output while holding input constant.
In this orientation, efficiency scores are generated by calculating a ratio of a DMU’s inputs to its
outputs. In both orientations, an efficiency score of 1 or 100% indicates that a DMU is
technically efficient. As DEA is a comparative method, it measures efficiency in a context
specific sense. That is, a DMU which is deemed efficient in a DEA analysis is only efficient

relative to the other DMUs included in that analysis.

As well, the type of efficiency that is measured when applying DEA is also determined by
the constraint of returns to scale being imposed on the included DMUs (i.e. the DMUs may be
assumed to be operating at constant returns to scale, variable returns etc.). Finally, in order for
a DMU to be considered strongly efficient in DEA, it must have zero slacks, meaning it has no
left over inputs. Otherwise, that DMU can only be considered weakly efficient. With these

concepts established | now move on to an explanation of decision trees.
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3.2.2 Decision Tree Induction

Decision trees (DT) are a category of predictive induction algorithms which take their
name from their visual resemblance to an inverted tree. In simpler terms, decision trees are
used to describe datasets in terms of a set of rules, visualized to resemble a flow chart.
Additionally, while decision trees are based on a finite amount of observed data, a decision tree
can be used to make predictions outside of these observations based the rules that it

composes.

Decision trees are used in the prediction of both continuous and nominal variables
(Breiman, 1998; Osei-Bryson, 2014a). Figure 4 provides a visual example of a DT. The method is
useful for partitioning datasets based on observed differences in the quantitative or qualitative
characteristics of different parts of the dataset. When used for multiple regression, the method

can also be used to provide information on the importance of its independent variables.

The first node in a decision tree is called the root node and contains all of the
observations within the dataset being analysed. Each node stemming from this root node
corresponds with a partition in the dataset that it analyzes. These are collectively referred to as
decision nodes or leaf nodes. The terminology used to relate the leaf nodes within a decision
tree is akin to that used to describe relationships in a family. A node which other nodes stem
from is called a parent node, while the nodes which stem from a parent node are called child

nodes. Likewise, child nodes which stem from the same parent are referred to as siblings.

Decision trees in which the splitting rules only allow for the creation of two child nodes

are known as binary trees. Binary trees do not necessarily correspond with the best way to
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partition a dataset for visual interpretation, but they also do not necessarily detract from the

strength or accuracy of a DT model.

A classification tree is a DT in which the target variable corresponds with nominal or
categorical variables, while a regression tree is a DT in which the target variable is continuous.
In a RT, each node corresponds with the mean value and standard deviation of the target

variable. For both types of DT each leaf describes the logic of an “if-then” rule.

The conditions of the rule, which correspond with the value of independent variables,
are denoted by the branches connecting the root of the DT to the given leaf. A DT algorithm is
implemented by selecting a single target/dependent variable and multiple related

predictor/independent variables.

The process of DT generation involves a Growth Phase and an optional Pruning Phase
which use separate portions of the overall dataset. With large datasets the generation of a DT
involves splitting the data into either two or three parts (Training and Validation or Training,
Validation, and Test) to avoid over-fitting. For small datasets, cross-validation allows for the
entire dataset to be used for both the Growth and Pruning Phases. These phases are both

described in the next two sections.
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Figure 4: Visualization of a Decision Tree

Growth Phase

The Growth Phase involves generating a DT from the Training data in which each leaf
node is associated with a single class, or where further division of a leaf would result in the

number of observations in one or both child nodes being below a pre-specified threshold.

The Training data is continuously divided into smaller, more homogenous subsets
targeting the dependent variable. The selected induction algorithm automatically decides how
to divide the data by considering what variable to split, what the best split is, and when to stop

splitting.
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The part of the induction algorithm which determines both the independent variables to
select for a given leaf, and the values of variables used to partition leafs into mutually exclusive
subsets is called the splitting method. For classification trees, these include Chi, Gini, and
various entropy-based methods while for regression trees, these include variance reduction

and F-test.

There is no universally optimal splitting method for the best results from a dataset as
datasets vary in sensitivity to different methods. Because of this it is important to explore the

effects of different splitting methods in order to obtain the best DT.

Pruning Phase

The Pruning Phase generalizes the un-pruned DT that was generated in the Growth
Phase to avoid over-fitting the final DT to the training data. In this phase, the un-pruned DT is
evaluated against the Validation data subset. To do this, a sub-tree is created from the un-
pruned DT from the Growth Phase with the lowest error rate in comparison to the Validation
data, a tree that is not independent of the Training data or Validation data. Because of this, the
sample distribution of observations in the Validation data must correspond with the population
distribution of observations. The next section describes the Multivariate Adaptive Regression

Splines technique.
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3.2.3 Multivariate Adaptive Regression Splines

Multivariate Adaptive Regression Splines is a technique of inductive regression analysis
used for examining the causal relationships between quantitative variables. The name of the
technique indicates that it is a technique for multiple regression (regression using multiple
independent variables) which adapts to the data being analysed. The technique allows the
dataset that it analyses to determine the form of the function it generates by creating a
piecewise function over the data’s decision space (the observed values of independent
variables in the dataset). The method is helpful for determining which of the independent
variables in a multiple regression are most useful in explaining the variation in the dependent
variable, for examining interactions between independent variables, and, in larger datasets, can
make these observations in the presence of missing values (Friedman, 1991; Osei-Bryson,

2014b).

Regression Splines Model

The nature of a MARS regression equation is such that it is composed of multiple basis
functions (BFs) smoothly connected at knots. Graphically, this appears as a piecewise
polynomial functions with kinks where each basis function meets another. The behavior of a
MARS function changes at each knot, and each knot is generated based on the data set being
analyzed. Figure 4 provides a graphic example of a MARS model. In MARS, the relationship

between a single dependent variable X; and independent variable Y, takes the form:
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Y = Z aBr(Xp) + &

k=1

Where By(X;) is the kth basis function of X;. Similar to linear regression, the coefficient of

each basis function is estimated by minimizing the sum of square errors.

Knot 1 Knot 2 X

Figure 4: Graph of a MARS model

Basis Functions

A MARS model which does not allow for interactions between independent variables
contains only simple/elementary basis functions while a model which allows for variable

interactions contains complex basis functions.

A simple basis function consists of a single variable x and comes in the form of either (x

—t); or (t — x). where t is the knot, (x — t), = (x — t) if x is greater than t, and is equal to zero
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otherwise; and (t — x), = (t — x) if x is less than t and is equal to zero otherwise (Osei-Bryson,

2014b). BF1 and BF2 in Table 2 are examples of simple basis functions.

Simple Basis Functions Complex Basis Function

BF1 = MAX(0, VAR_1-0.1) BF3 = MAX(0, VAR_2 —0.1) x BF2

BF2 = MAX(0, 0.1 - VAR_1) = MAX(0, VAR_2 —0.1) * MAX(0, 0.2 - VAR_1)

BF1is equal to (VAR_1-0.1) only if VAR_1 is

greater than 0.1 and is otherwise equal to BF3 is equal to the product of MAX(0,VAR_2-0.1) and
zero. BF2

BF2 is equal to (0.1 —VAR_1) only if 0.1is
greater than VAR _1 and is otherwise equal to
zero.

Table 2: Explanation of Simple and Complex Basis Functions

A complex basis function takes the form hy(x) = Mijfij(x;) where xi, ..xq are the
independent variables and fj is a BF for the iy, independent variable x; at jth knot. Complex basis
functions are the product of at least two simple basis functions. A MARS model that includes
complex basis functions demonstrates how independent variables may affect one another. BF3

in Table 2 is an example of a complex basis function.

Model Generation and Final Model Selection

A MARS model is built in two steps, the Forward Stage and the Backward Stage. The
Forward Stage begins with a constant to which BFs are added recursively until the model
reaches a pre-specified limit. Each BF added in this stage corresponds with the variable-knot

combination which most improves model performance given the BFs already within the model.
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The Backward Stage takes the largest model created in the Forward Stage and removes
the basis function in it which contributes the least to model performance. The removed basis
function is selected based on a residual sum of squares criteria. The new model is then refitted
and the process of basis function elimination is repeated again based on the same residual sum
of squares criteria until all BFs have been eliminated. This results in a sequence of models which

function as candidates for the selection of a final model.

In MARS, final model selection may be based on two different criteria. In cases where a
subset of the data is used for training the model, the similarity in the mean squared error (MSE)
of models in the test and training data subsets is used as selection criteria. Otherwise,

generalized cross-validation (GCV) is used.

R-Squared Statistic

In a regression model, the R-Squared statistic, also known as the coefficient of
determination, is a measure of the proportion of variance in the dependent variable that is
predicted by the independent variable(s) used in the regression. The statistic is generated
based on the value of the variables used to construct the regression model it describes. In
simpler terms, the R-Squared is a measure of performance that describes how well a regression

model is able to predict values of the dependent variable.

R-Squared scores range from zero to 1 with a higher score indicating better model
performance. An R-Squared score can also be interpreted as a percentage. For a model with an
R-squared of 0.713 explains 71.3% of the variance in the dependent variable.
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Each of the MARS models generated in this analysis will have corresponding R-Squared
statistics. These R-Squared values will be used to describe the models’ performance and to
discuss how well the spending categories that are included in the models as independent
variables have been able to predict the health outcomes chosen for analysis. The next section

describes the dataset examined in this analysis.

3.3 Description of Data

I will now proceed to describe the dataset used in this analysis. The data is derived from
two sources. The use of funds categories which serve as the independent variables in the health
production function are taken from the Canadian Institute for Health Information (CIHI)
National Health Expenditure (NHEX) database. All of the population health indicators which
serve as dependent variables were taken from the Canadian Socio-economic Information

Management (CANSIM) System hosted by Statistics Canada (Stat Can).

Data availability restrictions limited the possibilities for panel analysis to the year 1979
at the earliest for all output variables. For estimates of life expectancy, the latest data is
available to the year 2007. The latest data for both deaths from treatable causes and the
included infant mortality measures are available up to the year 2011. Input variables were
available from the year 1975 to 2013 with additional estimated values for the years 2014 and

2015.
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Based on these restrictions, this analysis will include the three decades of data between
1980 and 2010 in the examination infant mortality and deaths from treatable causes, and will

examine the years 1980 to 2007 for the measures of life expectancy.

3.3.1 Population Health Outcome Indicators

Below, the definitions of life expectancy, deaths from treatable causes, and infant
mortality have been transcribed as they appear in the footnotes of the relevant tables within
the CANSIM database. Life expectancy data was taken from CANSIM tables 1020025 and
1020512. Data on gender separated potential years of life lost from treatable causes was taken
from CANSIM table 1024312. Data on the number of infant deaths was taken from table

1020030.

Life expectancy

Statistics Canada describes life expectancy as “the number of years a person would be
expected to live, starting at birth (for life expectancy at birth) or at age 65 (for life expectancy at
age 65) if the age- and sex-specific mortality rates for a given observation period (such as a
calendar year) were held constant over the estimated life span.” According to StatsCan, “life
expectancy is calculated using annual mortality rates by Greville’s method for abridged life

tables, with five-year age groupings of population and mortality rates.”
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Deaths from treatable causes

In this analysis, the evaluation of preventable deaths will be completed by using the
number of potential years of life lost from treatable causes. “Potential years of life lost (PYLL) is
the number of years of potential life not lived when a person dies "prematurely", defined for

this indicator as before age 75.”

Additionally, cause of death in this dataset is defined as the “underlying cause of death.”
According to StatsCan “This is defined as (a) the disease or injury which initiated the train of
events leading directly to death, or (b) the circumstances of the accident or violence which
produced the fatal injury. The underlying cause is selected from the conditions listed on the

medical certificate of cause of death.”

Infant mortality

According to StatsCan “Infant mortality corresponds to the death of a child less than one
year of age.” This research utilizes data on the number of infant deaths. According to StatsCan
“death refers to the permanent disappearance of all evidence of life at any time after a live

birth has taken place. Stillbirths are excluded.”

3.3.2 Healthcare Use of Funds Categories

All descriptions for use of funds categories have been transcribed exactly as they appear

in the CIHI’'s NHEX Methodology Notes (CIHI, 2015b).
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Hospitals — Institutions where patients are accommodated on the basis of medical need and
are provided with continuing medical care and supporting diagnostic and therapeutic services.
Hospitals are licensed or approved as hospitals by a provincial/territorial government, or are
operated by the government of Canada, and include those providing acute care, extended and
chronic care, rehabilitation and convalescent care, and psychiatric care, as well as nursing

stations or outpost hospitals.

Other institutions — Include residential care types of facilities (for the chronically ill or disabled,
who reside at the institution more or less permanently) and that are approved, funded or
licensed by provincial or territorial departments of health and/or social services. Residential
care facilities include homes for the aged (including nursing homes); facilities for persons with
physical disabilities, developmental delays, psychiatric disabilities and alcohol and drug
problems; and facilities for emotionally disturbed children. Facilities solely of a custodial or

domiciliary nature and facilities for transients or delinquents are excluded.

Physicians — Expenditures include primarily professional fees paid by provincial/territorial
medical care insurance plans to physicians in private practice. Fees for services rendered in
hospitals are included when paid directly to physicians by the plans. Also included are other

forms of professional income (salaries, sessional, capitation).

The physicians expenditure category does not include the remuneration of physicians on the
payrolls of hospitals or public-sector health agencies; these are included in the appropriate
category, for example, hospitals or other health spending. Physician expenditures generally

represent amounts that flow through provincial/territorial medical care plans.
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Provinces/territories differ in terms of what the medical care plans cover. CIHI has not
attempted to make adjustments to physician expenditures to reflect these differences because

only a few provinces, to date, can net out these differences from their data.

Drugs — At the aggregate level, include expenditures on prescribed drugs and non-prescribed
products purchased in retail stores. Estimates represent the final costs to consumer including

dispensing fees, markups and appropriate taxes.

The drugs category does not include drugs dispensed in hospitals and, generally, in other
institutions. These are included with the category of hospitals or other institutions. The
classification system is consistent with international standards developed by the Organization

for Economic Co-operation and Development (OECD).

Capital — Includes expenditures on construction, machinery, equipment and some software of
hospitals, clinics, first-aid stations and residential care facilities. It is based on full-cost or cash-

basis accounting principles.

Public health — By governments and government agencies, includes expenditures for items
such as food and drug safety, health inspections, health promotion activities, community
mental health programs, public health nursing, measures to prevent the spread of
communicable disease and occupational health to promote and enhance health and safety at

the workplace in public-sector agencies.

Administration — Expenditures related to the cost the cost of providing health insurance

programs by the government and private health insurance companies and all costs for the
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infrastructure to operate health departments. The administrative costs of operating hospitals,
drug programs, long-term care programs and other non-insured health services are not
included under the category of administration, but rather are included under the category of

service, for example hospitals, other institutions and drugs

Other health spending — At the aggregate level includes expenditures on home care, medical
transportation (ambulances), hearing aids, other appliances and prostheses, health research
and miscellaneous healthcare. Some of the subcategories of the aggregate category are defined

as follows:

Health research — Expenditures for research activities designed to further knowledge of the
determinants of health, health status or methods of providing healthcare, or evaluation of
healthcare delivery or of public health programs. The category does not include research
carried out by hospitals or drug companies in the course of product development. These

amounts would be included with either the hospitals or drugs category.

Other — Expenditures for items such as home care, medical transportation (ambulances)

hearing aids, other appliances, training of health workers and voluntary health associations.
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4. Empirical Analysis

4.1 Procedure

The research questions being asked in this thesis are “How effectively have Canada’s
provinces spent their healthcare funding?” and “How should spending be prioritized in order to
improve health outcomes?” | answer these questions using an empirical analysis of healthcare

spending data and health outcomes which:

3. Specifies a model for determining the efficiency of the healthcare spending in Canada’s
provinces;
4. Defines the categories of healthcare spending which are most significant to determining

the production of health outcomes in Canada’s provinces.

In this section | outline the procedure used to answer these research questions, describe
the dataset being examined, and summarize the output of the analysis. In this analysis
effectiveness is measured by analyzing the efficiency with which Canada’s provinces have
consumed healthcare spending to produce longevity. The specific focus is on scale efficiency

analyzed across all 28 years of data, and in a year by year analysis.

In addition to analyzing scale efficiency, | will produce a ranking of categories of health
care spending based on their importance in determining each province’s efficiency level. This
ranking is provided by applying the decision tree induction method to the results of the data

envelopment analysis. In other words, the first two steps of the analysis will evaluate how
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efficiently each province has been to produce longevity and will determine the categories of

healthcare spending that are most significant in determining this efficiency.

In addition to the analysis of efficiency, an additional analysis of the influence of
healthcare spending on deaths from treatable causes and infant mortality will be performed. |
will first focuses on the categories of healthcare spending which determine the level of deaths
from treatable causes in each province. This is done by applying the multivariate adaptive
regression splines technique to model the relationship between healthcare spending and
deaths from treatable causes. This same technique is used to model the relationship between
infant mortality healthcare spending. Next | give a more detailed description of the entire

analysis.

DEA Scale Efficiency Analysis of Longevity

Figure 5 illustrates the logic model of the procedure used in the analysis of longevity. In the
analysis, estimates of life expectancy are used as outputs in a production function where each category
of spending is treated as a separate input. The first step is to examine the efficient production of

longevity over the entire 28 year dataset using the Efficiency Measurement System (EMS) DEA software.

In this step, each province in each year is treated as a separate decision making unit (DMU) or
unit of production. Ten provinces in each of the 28 years of data total 280 DMUs. These DMUs are
evaluated by comparison to one another to determine their relative efficiency in producing the included

estimates of longevity. These estimates of longevity are female life expectancy at age 65 (FLE65), female
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life expectancy at birth (FLEB), male life expectancy at age 65 (MLE65), and male life expectancy at birth

(MLEB).
Full Dataset
DEA of Full DEA of Dataset
Dataset . by Period
Step 1 e Standardized Step 3
Inputsand
Outputs
Scale Efficiency Results
Scale Efficiency Results by Period
from Full Dataset
e [ndicate how input e [ndicate which DMUs
levels affect efficiency are inefficient year to
year
Decision
Tree Step2
Induction

Variable Importance
Results

e Indicate how to
prioritize changes to
the inputs of inefficient
DMUs

Figure 5: Logic Model of DEA Scale Efficiency Analysis

A total of three input-oriented DEA models are used in this analysis. Input orientation DEA
models assume that each DMU is attempting to produce the most output with the least amount of
input. These models are constant returns to scale (CRS), variable returns to scale (VRS), and non-
increasing returns to scale (NIRS). Each of the three DEA models assumes different constraints regarding
the efficiency of production for each DMU and may produce unique efficiency scores for the same DMU.

Efficiency scores range in value from 0 to 100%. These assumptions correspond with the name of each
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model. The constant returns to scale model assumes that A DMU consumes one unit of input for each
unit of output produced. The VRS model assumes that a DMU may produce greater or fewer than one
unit of output for each unit of input consumed. The NIRS model indicates the point at which a DMU has

maximized its consumption of inputs.

By comparing the efficiency scores from each DEA model we can determine the level of scale
efficiency of each DMU. A DMU with a CRS efficiency score of 100% and a VRS efficiency score of 100% is
operating at its most productive scale size. When a DMU has CRS efficiency score that is less than its
VRS score but equal to its NIRS score, that DMU is operating at increasing returns to scale (IRS). When a
DMU has a CRS score that is less than its VRS score and less than its NIRS score, that DMU is operating at
decreasing returns to scale. The three possible levels of scale efficiency are most productive scale size
(MPSS), decreasing returns to scale (DRS) and increasing returns to scale (IRS). A DMU operating at
MPSS is operating efficiently. A DMU operating at increasing returns to scale consumes too few inputs
to produce an efficient level of output. A DMU operating at DRS consumes inputs above the level of its
production of output. This fulfills the goal of determining the performance of the provinces in terms of

efficiency.

In the next step, the results of the scale efficiency analysis are inputted into the Salford
Predictive Modeller (SPM) software to generate decision trees. These decision trees are generated by
including the healthcare spending data as input and the scale efficiency results as output. The decision
trees produced in this analysis are classification trees. These classification trees focus on defining the
level of healthcare spending that corresponds with a province operating at its most productive scale size
and rank the importance of each category of healthcare spending in determining whether or not a

province is operating at its most productive scale size. These rankings fulfill the goal of defining t
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In addition to the scale efficiency analysis in which the provinces were compared over 28 years,
a second scale efficiency analysis was completed. In this analysis, the provinces’ production of longevity
was examined year by year. Each province was one of ten DMUs comparatively analyzed in each of the
28 years of data obtained for the measures of longevity. That is, 28 analyses were performed in which
each of the 10 provinces were compared to each other using the same procedure described above. This
allowed for an evaluation of the scale efficiency of each provinces year over year. As discussed, the next
phase examined the influence of spending on infant mortality and deaths from treatable causes. These

procedures will be discussed in the next section.

MARS Variable Importance Analysis of Longevity, Infant Mortality & Deaths from Treatable

Causes

Identical procedures are used to examine infant mortality & deaths from treatable causes. Each
province in each year was treated as a unique observation in the economic production of infant
mortality and deaths from treatable causes. In these production functions the amount of spending in
each category was used as one of nine independent variables. The SPM MARS software was used to
determine the variable importance rankings for each of these production functions, and to determine

the coefficients and knot points of the variables.

Applying MARS allows for interactions between variables which creates complex basis functions
within a model. Two-way variable interactions were enabled for the MARS analyses in order to examine
how each category of spending interacted with each other. The results of the MARS analysis also report
on the performance of each of the models in terms of R-squared scores. An R-squared score

corresponds with the accuracy of the model. In this case the R-squared scores provide information on
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the ability of per capita spending to predict infant mortality and PYLL. Moving on, the next section

summarizes the descriptive statistics of the data set under analysis.

4.2 Descriptive Statistics

In this section | provide a simplified description of trends in Canada’s provincial healthcare
spending and health outcomes between 1980 and 2010. Given the richness of the dataset that is under
analysis, it is beyond the scope of this thesis to fully explore all of the trends in healthcare spending and
health outcomes. For our purposes | aim to explain the general trends that appear in the dataset. There
are a full set of charts and summary statistics of per capita healthcare spending for each of Canada’s
provinces is included in Appendix A, and Appendix B contains charts and summary statistics for each of
the health outcomes analyzed in this thesis. We proceed by examining common trends in spending
across Canada. Afterwards | provide a description of trends in longevity, infant mortality, and deaths due

to treatable causes.
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Trends in Per Capita Provincial Healthcare Spending

This summary describes trends in per capita provincial healthcare spending. A full set of graphs
and summary statistics describing healthcare spending data in each of Canada’s provinces is available in
Appendix A. Per capita spending has increased across all categories of healthcare spending in Canada’s
all provinces between 1980 and 2010. The size of each province’s per-capita spending appears to
correspond with the size of the province; larger provinces have higher levels of spending in comparison

to smaller provinces.

It appears that the distribution of spending within each category moved in a similar manner
from province to province. Capital spending is the only category that varies greatly in each province over
the 31 years examined. For example in Newfoundland, spending on capital stayed below $50 per person
until 1999 where it more than doubled to over $100 per person and doubled again in the next year,
continuing in a parabolic pattern until 2010. This can be contrasted with spending in Ontario where
there is a relatively gradual upward trend in Capital spending 1980 and 2010, or Manitoba where Capital
spending has fluctuated and there are several peaks and valleys in capital spending patterns. From year
to year, spending on hospitals appears to form the largest segment of total health spending within all
provinces while spending on administration forms the smallest. Average spending on hospitals from

1980 and 2010 is more than double the amount of the next closest category in all provinces.

Spending on Administration likely forms the smallest segment of healthcare spending because it
this category only includes spending on health insurance programs and health department
infrastructure. The administrative costs of operating hospitals, drug programs, long-term care and non-
insured services are not included. These summarize the common and noteworthy trends in health
spending within the provinces. Next | discuss patterns within the health outcome data beginning with

longevity.
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Health Outcomes: Longevity

| will now summarize trends in gender separated measures of longevity. A full set of charts

covering and summary statistics covering all of the health outcomes examined in this thesis is available

in Appendix B. Data on female life expectancy at age 65 is available in Table 3. Table 4 contains data on

female life expectancy at birth. Data on male life expectancy at age 65 is available in Table 5. Table 6

contains the data on male life expectancy at birth.

Year NL PEl NS NB Qc  On  Mn Sk Ab BC | Average
1980 180 | 185 | 180 | 185 | 185 | 188 | 19.1 | 199 | 194 | 20.0 18.9
1981 189 | 20.2 | 186 | 19.2 | 19.0 | 19.0 | 19.2 | 20.1 | 19.3 | 19.9 19.3
1982 184 | 209 | 188 | 19.3 | 188 | 189 | 19.2 | 19.6 | 194 | 19.7 19.3
1983 18.1 | 19.6 | 19.0 | 19.1 | 18.7 | 19.0 | 19.6 | 20.3 | 19.7 | 20.3 19.3
1984 185 | 19.1 | 18.7 | 19.2 | 19.0 | 19.3 | 19.8 | 20.3 | 20.0 | 20.0 19.4
1985 185 | 196 | 188 | 19.8 | 19.1 | 19.1 | 19.7 | 20.1 | 19.8 | 19.9 19.4
1986 183 | 195 | 189 | 193 | 189 | 19.1 | 19.6 | 20.2 | 19.6 | 20.2 19.4
1987 19.0 | 19.7 | 19.1 | 194 | 19.2 | 19.5 | 20.0 | 20.2 | 20.2 | 20.1 19.6
1988 185 | 199 | 19.2 | 19.7 | 193 | 194 | 19.8 | 20.6 | 19.8 | 20.0 19.6
1989 189 | 204 | 19.1 | 19.6 | 19.6 | 19.5 | 19.9 | 20.8 | 20.2 | 20.2 19.8
1990 184 | 193 | 19.2 | 199 | 19.8 | 19.8 | 20.0 | 20.5 | 20.4 | 20.2 19.8
1991 185 | 19.8 | 19.7 | 20.2 | 199 | 19.7 | 199 | 20.7 | 20.3 | 20.4 19.9
1992 189 | 199 | 19.5 | 19.7 | 19.8 | 19.8 | 20.2 | 21.1 | 20.4 | 20.3 20.0
1993 19.1 | 20.1 | 19.6 | 19.7 | 19.7 | 19.7 | 20.1 | 21.0 | 20.2 | 20.4 20.0
1994 19.1 | 198 | 196 | 199 | 19.8 | 19.8 | 20.0 | 20.8 | 20.3 | 204 20.0
1995 189 | 20.2 | 196 | 199 | 198 | 199 | 199 | 20.8 | 20.2 | 20.5 20.0
1996 188 | 199 | 194 | 19.8 | 199 | 199 | 19.9 | 20.7 | 20.4 | 20.5 19.9
1997 18.7 | 204 | 196 | 199 | 199 | 20.0 | 20.0 | 20.7 | 20.4 | 20.6 20.0
1998 18.8 | 199 | 19.7 | 20.0 | 20.2 | 20.1 | 20.2 | 20.6 | 20.6 | 20.8 20.1
1999 19.1 | 205 | 199 | 20.1 | 20.3 | 20.2 | 20.3 | 20.7 | 20.8 | 21.0 20.3
2000 19.2 | 20.1 | 19.8 | 20.2 | 20.5 | 204 | 204 | 20.8 | 209 | 21.1 20.3
2001 194 | 20.2 | 199 | 20.3 | 20.5 | 20.6 | 20.5 | 21.0 | 21.0 | 21.1 20.5
2002 19.4 | 20.0 | 20.1 | 20.3 | 20.7 | 20.8 | 20.5 | 21.0 | 21.0 | 211 20.5
2003 19.4 | 203 | 20.2 | 20.5 | 209 | 209 | 20.6 | 21.1 | 21.2 | 213 20.6
2004 194 | 205 | 204 | 20.7 | 21.1 | 21.2 | 20.7 | 21.2 | 214 | 215 20.8
2005 19.5 | 209 | 20.5 | 209 | 21.3 | 21.3 | 209 | 21.2 | 215 | 21.7 21.0
2006 194 | 21.0 | 20.7 | 209 | 215 | 216 | 21.1 | 21.2 | 21.6 | 21.8 21.1
2007 19.7 | 20.7 | 209 | 211 | 216 | 21.7 | 21.2 | 213 | 216 | 22.0 21.2
Average 18.9 | 20.0 | 19.5 | 199 | 199 | 20.0 | 20.1 | 20.7 | 20.4 | 20.6
Table 3: Female Life Expectancy at Age 65 by Province, Annually — 1980 to 2007
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Between 1980 and 2007, average female life expectancy at 65 has risen in Canada’s provinces by
2.3 years from 18.9 to 21.2 years. Female life expectancy at birth rose by 3.8 years (78.9 years to 82.7
years). For male life expectancy at age 65, there has been an increase of 3.2 years (14.8 years to 18
years) while male life expectancy at birth has risen 6.1 years over the same timeframe (71.8 years to

77.9 years).

Year NL PEI NS NB Qc (o]} Mn Sk Ab BC Average
1980 78.1 | 79.7 | 781 | 786 | 785 | 789 | 78.8 | 79.9 | 789 | 79.9 78.9
1981 79.5 | 80.8 | 78.7 | 79.4 | 79.2 | 793 | 789 | 80.2 | 79.2 | 79.6 79.5
1982 78.9 81.2 78.9 79.5 79.2 79.4 79.1 79.6 79.7 | 79.9 79.5
1983 783 | 79.8 | 79.3 | 79.6 | 79.3 | 79.6 | 79.8 | 80.6 | 80.0 | 80.8 79.7
1984 78.8 | 80.2 | 79.2 | 80.0 | 79.7 | 79.9 | 80.3 | 80.8 | 80.3 | 80.5 80.0
1985 79.1 | 80.6 | 789 | 80.1 | 79.6 | 79.8 | 80.0 | 80.2 | 80.1 | 80.5 79.9
1986 79.1 | 80.1 | 79.6 | 80.0 | 79.6 | 80.0 | 79.8 | 80.6 | 79.9 | 80.8 80.0
1987 79.6 | 80.7 | 79.9 | 80.3 | 79.9 | 80.3 | 80.1 | 80.8 | 80.7 | 81.0 80.3
1988 79.2 | 81.2 | 79.6 | 80.7 | 80.1 | 80.3 | 80.4 | 81.1 | 80.5 | 80.8 80.4
1989 79.5 | 81.2 | 79.8 | 80.3 | 80.4 | 80.5 | 80.6 | 81.6 | 80.9 | 81.0 80.6
1990 79.3 | 8.5 | 79.9 | 80.7 | 80.7 | 80.9 | 80.5 | 81.2 | 81.2 | 81.1 80.6
1991 79.7 | 80.8 | 80.7 | 81.0 | 80.9 | 80.8 | 80.6 | 81.4 | 81.2 | 81.5 80.9
1992 79.8 | 80.8 | 80.4 | 80.7 | 81.0 | 81.0 | 80.9 | 81.8 | 81.1 | 81.5 80.9
1993 80.1 | 80.9 | 80.5 | 80.8 | 80.9 | 81.0 | 80.6 | 81.7 | 81.2 | 81.5 80.9
1994 80.2 | 81.1 | 80.6 | 81.0 | 81.0 | 81.1 | 80.6 | 81.5 | 81.3 | 81.6 81.0
1995 80.2 | 81.5 | 80.6 | 81.2 | 81.0 | 81.3 | 80.5 | 81.4 | 81.3 | 81.8 81.1
1996 80.0 | 81.0 | 80.5 | 81.1 | 81.1 | 81.4 | 80.7 | 81.4 | 81.5 | 81.9 81.1
1997 799 | 81.2 | 80.8 | 81.3 | 813 | 816 | 80.7 | 81.6 | 81.7 | 82.2 81.2
1998 80.1 | 80.8 | 81.1 | 81.5 | 81.6 | 81.7 | 80.8 | 81.5 | 81.8 | 82.4 81.3
1999 80.3 | 81.7 | 81.4 | 81.7 | 81.8 | 819 | 81.1 | 81.7 | 82.0 | 82.7 81.6
2000 80.6 | 81.7 | 81.4 | 819 | 8.0 | 82.1 | 81.2 | 81.8 | 82.1 | 82.8 81.8
2001 80.9 | 81.8 | 81.5 | 8.0 | 8.1 | 823 | 81.3 | 82.0 | 82.2 | 82.9 81.9
2002 81.1 | 815 | 81.6 | 8.1 | 8.3 | 825 | 81.3 | 82.0 | 82.3 | 82.9 82.0
2003 81.0 | 81.8 | 81.7 | 8.2 | 8.5 | 826 | 81.4 | 8.0 | 8.6 | 83.1 82.1
2004 80.9 | 82.1 | 8.0 | 824 | 82.8 | 83.0 | 81.6 | 82.1 | 82.8 | 83.3 82.3
2005 80.8 | 82.7 | 82.2 | 825 | 83.1 | 83.1 | 81.8 | 8.0 | 829 | 83.5 82.5
2006 80.9 | 82.9 | 8.3 | 8.7 | 833 | 834 | 82.0 | 82.1 | 83.0 | 83.6 82.6
2007 81.2 | 8.8 | 824 | 828 | 834 | 836 | 819 | 8.1 | 83.0 | 83.9 82.7

Average 79.9 81.2 80.5 81.0 81.0 | 81.2 80.6 81.3 81.3 | 81.8
Table 4: Female Life Expectancy at Birth by Province, Annually — 1980 to 2007
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For both genders, life expectancy at birth has increased by a larger margin than life expectancy
at 65. To reiterate, the data suggests that in Canada’s provinces longevity for newborns has increased by

a larger margin than longevity for senior citizens.

Year NL ‘ PEI ‘ NS NB ‘ Qc On ‘ Mn Sk Ab BC Average
1980 145|152 | 141 | 144 | 139 | 144 | 149 | 156 | 15.1 | 15.7 14.8
1981 14.8 | 14.8 | 142 | 14.7 | 14.2 | 145 | 14.7 | 16.0 | 15.1 | 15.8 14.9
1982 149 | 148 | 143 | 147 | 142 | 146 | 15.1 | 152 | 15.0 | 154 14.8
1983 149 | 16.1 | 142 | 146 | 142 | 146 | 149 | 15.8 | 15.6 | 15.9 15.1
1984 145 | 153 | 14.7 | 148 | 143 | 149 | 154 | 16.0 | 15.5 | 15.8 15.1
1985 14.5 | 145 | 143 | 14.7 | 14.2 | 148 | 15.2 | 15.7 | 15.5 | 15.9 14.9
1986 14.6 | 15.2 | 144 | 14.7 | 14.2 | 15.0 | 15.1 | 159 | 15.7 | 16.1 15.1
1987 14.5 | 145 | 148 | 15.1 | 144 | 15.2 | 154 | 16.5 | 15.9 | 16.1 15.2
1988 152 | 147 | 146 | 15.0 | 145 | 15.0 | 15.2 | 15.9 | 15.7 | 16.2 15.2
1989 14.7 | 15.2 | 146 | 15.2 | 14.7 | 154 | 15.7 | 16.1 | 15.9 | 16.4 15.4
1990 144 | 155 | 15.1 | 155 | 15.0 | 15.8 | 15.8 | 16.4 | 16.2 | 16.6 15.6
1991 15.0 | 14.3 | 15.3 | 15,5 | 15.1 | 15.8 | 16.0 | 16.4 | 16.2 | 16.6 15.6
1992 149 | 155|149 | 155 | 153 | 159 | 15.9 | 16.7 | 16.4 | 16.8 15.8
1993 14.8 | 15.4 | 15.0 | 15,5 | 153 | 15.9 | 159 | 16.7 | 16.4 | 16.8 15.8
1994 15.0 | 15.2 | 15.2 | 155 | 154 | 16.0 | 16.1 | 16.7 | 16.5 | 16.9 15.9
1995 14.9 | 154 | 154 | 15.7 | 155 | 16.1 | 16.2 | 16.7 | 16.7 | 17.0 16.0
1996 14.8 | 15.5 | 155 | 15.6 | 155 | 16.3 | 16.3 | 16.6 | 16.7 | 17.1 16.0
1997 14.9 | 16.0 | 15.7 | 15.7 | 15.6 | 16.4 | 16.2 | 16.5 | 16.8 | 17.2 16.1
1998 15.0 | 15.7 | 16.0 | 15.7 | 159 | 16.6 | 16.2 | 16.6 | 17.0 | 17.5 16.2
1999 15.2 | 16.0 | 16.3 | 16.1 | 16.3 | 16.9 | 16.4 | 16.8 | 17.2 | 17.6 16.5
2000 154 | 16.0 | 164 | 163 | 165 | 17.2 | 16.7 | 16.9 | 17.4 | 18.0 16.7
2001 15.6 | 16.4 | 16.5 | 16.4 | 16.8 | 17.4 | 16.8 | 17.0 | 17.6 | 18.1 16.9
2002 158 | 164 | 16.7 | 166 | 170 | 176 | 169 | 17.1 | 17.8 | 18.4 17.0
2003 15.8 | 16.9 | 16.8 | 16.8 | 17.3 | 17.8 | 17.0 | 17.4 | 17.9 | 185 17.2
2004 16.0 | 172 | 169 | 173 | 17.7 | 18.1 | 17.4 | 17.6 | 18.2 | 18.7 17.5
2005 16.2 | 17.5 | 17.1 | 17.5 | 18.0 | 183 | 17.5 | 17.8 | 18.3 | 18.9 17.7
2006 16.5 | 17.6 [ 17.4 | 17.7 | 182 | 185 | 17.6 | 17.8 | 18.4 | 19.0 17.9
2007 16.6 | 17.6 | 17.5 | 17.7 | 183 | 18.7 | 17.7 | 17.9 | 185 | 19.2 18.0

Average | 15.1 | 15.7 | 15.5 | 15.7 | 15.6 | 16.2 | 16.1 | 16.6 | 16.6 | 17.1
Table 5: Male Life Expectancy at age 65 by Province, Annually — 1980 to 2007

An interesting geographical trend also persists across the longevity measures examined.

Specifically it appears that Newfoundland trends towards having the shortest life expectancies while
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British Columbia appears to have the longest. Also it appears that moving from the Maritime Provinces
towards the Atlantic Provinces, life expectancy trends upward. Ontario stands out as the only province
that deviates from this pattern as life expectancy in Ontario is similar to life expectancy in British
Columbia. This pattern persists over the 28 years examined. Finally, when comparing genders it appears

that females live longer than males across Canada’s provinces.

Year NL PEl NS NB Qc On Mn Sk Ab BC Average
1980 | 72.0 | 724 | 70.7 | 70.8 | 708 | 72.0 | 72.2 | 72.5 | 717 [ 725 | 718
1981 | 723729709 | 713|713 725 | 717 | 728 | 723 [ 730 | 721
1982 | 721|735 | 715|714 717 [ 728 | 729 | 723 [ 725 [ 730 | 724
1983 | 722|724 713|723 | 718731 | 725 | 735 | 736 | 738 | 727
1984 | 724|729 | 72.6 | 72.3 | 720 | 73.4 | 734 | 73.8 | 736 | 740 | 73.0
1985 | 724|727 721|728 721 (735 | 729 | 736 [ 735 [ 741 | 73.0
1986 | 73.5 | 71.9 | 72.4 | 725 | 722 | 737 | 732 | 735 | 736 | 745 | 731
1987 [ 727738728730 723741736 | 784 | 741|745 | 735
1988 | 73.5 733|727 | 732|728 | 740732739741 | 746 | 735
1989 | 733730729 737|729 [ 744 | 740 | 747 | 746 [ 747 | 73.8
1990 | 731|731 | 735|740 734|748 745749748751 ] 741
1991 | 739 | 725 | 739 | 744 | 73.7 | 750 | 746 | 75.0 | 750 | 754 | 743
1992 | 739|743 | 740 | 744 | 741|752 | 747 | 755 | 754 | 755 | 747
1993 | 739 | 742 [ 74.4 | 744 | 741753 | 747 | 751 | 755 | 757 | 747
1994 | 742|740 | 745 | 746 | 74.4 | 756 | 750 | 75.2 | 756 | 759 | 74.9
1995 | 74.4 | 746 | 748 | 748 | 746 | 759 | 75.2 | 753 | 76.0 | 762 | 75.2
1996 | 74.6 | 74.9 | 75.0 | 750 | 749 | 762 | 753 | 75.5 | 76.2 | 765 | 75.4
1997 | 747 | 756|753 | 750 | 751 [ 765 | 753 | 755 | 76.4 [ 769 | 75.6
1998 | 74.8 | 75.2 | 756 | 752 | 755 | 768 | 752 | 756 | 76.7 | 77.4 | 75.8
1999 [ 751752 [76.0 757 | 760|771 | 754 | 759 | 769|777 | 764
2000 |753|754|763|761 764|774 757|762 771|780 764
2001 | 756|759 [ 76.4 | 763 | 76.7 | 776 [ 760 | 762 | 77.3 | 78.2 | 766
2002 | 756 | 764765766 | 771|779 | 762 | 763 | 77.6 | 78.4 | 76.9
2003 | 756|769 [ 766 | 76.8 | 77.4 | 78.2 [ 76.4 | 764 | 77.7 | 785 | 774
2004 | 756 | 773|768 773|779 785|767 | 767 | 779|787 | 77.3
2005 | 758|776 (771|774 | 782|788 [ 768 | 76.9 | 781 | 789 | 77.6
2006 | 76.2 | 775|774 | 776 | 786 | 790 | 769 | 76.9 | 783 | 79.2 | 77.8
2007 | 765 | 775|777 | 775 | 788 | 79.2 | 77.0 | 77.0 | 785 | 795 | 77.9

Average | 74.1 | 745 | 743 | 745 | 74.5 | 75.7 | 74.7 | 75.0 | 75.5 | 76.1
Table 6: Male Life Expectancy at Birth by Province, Annually — 1980 to 2007
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Health Outcomes: Infant Mortality

The discussion now proceeds to an examination of trends in gender separated measures of
infant mortality. Table 7 and Table 8 contain the data on female and male infant deaths respectively.
The average number of female infant deaths per year has decreased in Canada’s provinces by 81 deaths

from 164 to 83 between 1980 and 2010 while the average count of male infant deaths per year has

decreased by 114 from approximately 219 to 105.

Year ' NL PEl NS  NB Qc  On Mn Sk Ab BC Average
1980 | 46 | 5 [ 53 | 52 | 416 [ 501 | 88 | 81 | 211 | 183 164
1981 [ 37 | 9 [ 53] 44 [359|446| 89 |69 | 192 | 196 149
1982 | 33 | 6 [ 43| 34 [340]434[ 67 | 80192172 140
1983 | 43| 7 |50 | 51 298|446 | 75 | 84 | 186 | 146 139
1984 [ 39 | 8 | 42| 32 [261[440] 62 | 70 | 199 | 160 131
1985 | 36 | 6 |43 | 48 | 288 | 415 | 63 | 96 | 150 | 143 129
1986 | 26 | 5 | 41| 35 [ 259|426 | 72 | 64 | 168 | 164 126
1987 | 18 | 4 | 27| 22 | 226 | 404 | 66 | 63 | 136 | 143 111
1988 | 37 | 5 |33 ] 30 |245[383] 57 | 61| 146 | 152 115
1989 |34 | 5 |31 26 | 265|441 | 40 | 55132 151 118
1990 [ 32 | 5 |38 31 [258[421] 58 | 50| 149 [ 149 119
1991 | 23 [ 7 |27 | 32 | 254|428 53 | 55131116 113
1992 | 26 | 0o [ 31| 23 [219377] 45 | 57 | 142 | 110 103
1993 | 20 [ 12 |41 [ 30 [223 ]394 60 | 48 | 118 | 112 106
1994 | 24 | 5 [ 31| 26 [ 214384 [ 47 | 43| 126 [ 131 103
1995 | 21 [ 5 |24 ] 18 [200 388 | 57 |49 | 120 | 125 101
1996 | 18 | 5 [ 29 | 17 [175 [ 341 ] 42 |56 | 99 | 104 89
1997 |13 [ 3 |21 ] 20197 [316] 47 [52] 75 | 97 84
1998 | 13 | 6 [ 25 | 20 [ 195 [ 305 | 41 |34 | 77 | 83 80
1999 | 14| 5 |14 ] 12 [165[321] 48 [34]101] 70 78
2000 | 12 | 1 |21 [ 11 |126[336]| 42 [29[101] 63 74
2000 | 11 | 4 |22 ] 16 |156[309 | 33 [27] 81 | 78 74
2002 4 | 1 [11]12[158|308] 42 [31]136] 71 77
2003 8 | 4 | 15| 15 [158[324] 41 |30 106 | 73 77
2004 | 11| 2 |16 | 12 | 168338 ] 46 |30 | 105 | 89 82
2005 | 15 