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LAY ABSTRACT 

 

A small group of patients that use the most of healthcare resources are called high-cost 

users (HCU). HCUs are often seniors. Policy makers need a better understanding of new 

senior HCUs to be able to prevent seniors from becoming HCU. This study used 

administrative data and advanced statistical methods. We found that almost one-tenth of 

the 2013 provincial healthcare budget was spent on new senior HCUs, mainly because of 

lengthy unplanned hospitalizations. Patients who lived in long-term care, had a primary 

care provider, or recently visited a geriatrician were less likely to have an unplanned 

hospitalization. Overall, healthcare costs were distributed equally to Ontario seniors, but 

access to healthcare services varied greatly. This variation could not be explained by 

differences in age, sex, or health status. This thesis advances our knowledge of HCUs in 

Canada. Additional research is needed into care associated with becoming HCU and 

provincial variation in accessing healthcare.  
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ABSTRACT 

Background and Objectives: High-cost health care users (HCU) represent a minority of 

patients who consume a large proportion of health care resources. Due to their high 

burden on the healthcare system and internal heterogeneity, a better understanding of 

various segments of the HCU population is needed. The general objective was to advance 

our understanding of incident senior HCUs in the Canadian context so that we can advise 

health policy makers on potential strategies to prevent seniors transitioning to HCU and 

to identify priorities for further investigation.   

Methods: A retrospective population-based matched cohort study was conducted using 

province-wide linked administrative data. The research employed a spectrum of advanced 

methods to accomplish the general objective, including the method of recycled 

predictions, random intercept two-part multi-level models, and stratified logistic 

regression. 

Results: Total costs attributable to incident senior HCU status accounted for almost one-

tenth of the provincial healthcare budget, with prolonged hospitalizations making a major 

contribution. Unplanned first (index) hospitalizations (IHs) in the incident year were 

considerably more common among HCUs, with ten conditions accounting for one third of 

their total costs. A lower risk of IH among HCUs was associated with residence in long-

term care (LTC), attachment to a primary care provider, and recent consultation by a 

geriatrician. Although there was little variation in costs incurred by Ontario seniors for 

healthcare services they receive, access to the healthcare services varied greatly. The 
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traditional drivers of costs and mortality (e.g., age, sex, health status) played little role in 

driving the observed variation in HCUs’ outcomes.  

Conclusions: By answering research questions, this thesis advances our knowledge of the 

HCU population in Canada. Further exploration of the nature and quality of care that may 

be associated with HCU conversion and investigation of the regional variation in 

accessing specific healthcare services is warranted. 
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PREFACE 

This is a sandwich thesis that combines 4 manuscripts prepared for publication in 

peer-reviewed journals. The first two have been published. The following are 

contributions of Sergei Muratov in all the papers included in this thesis: developing the 

research questions, 

writing the protocol and statistical analyses plans, conducting statistical data analyses; 

designing the figures; writing all the manuscripts; submitting the manuscripts and 

responding to reviewers’ comments. My co-authors contributed in acquiring data and 

reviewing the manuscripts prior to publication. The work in this thesis was conducted 

between Winter 2016 and Fall 2018. 
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Chapter 1 

INTRODUCTION 

When Roemer et al. (Canada) and Densen et al. (USA) published their research on 

frequently hospitalized patients in Saskatchewan and high utilizers of physician services in 

New York in 1956 and 1959, respectively, they could not foresee that several generations 

to come health policy makers and researchers would still be pre-occupied with very similar 

issues (Densen, Shapiro, & Einhorn, 1959; Roemer & Myers, 1956).  Densen et al. state in 

their introduction “...studies have demonstrated repeatedly that small groups account for 

disproportionately large shares of the adverse events experienced by the population…” and 

continue “thus, the uneven distribution of medical costs in the population has spurred much 

of the interest in the extension of health insurance to all types of physician services”. 

Although one the earliest published accounts of the phenomenon, this statement suggests 

that the issue had been researched prior to their study and this phenomenon was already 

well known. Whether these patients are called heavy users, high utilizers, frequent users, 

or high-cost users (HCU), the concept implied is the same: a small group of people accounts 

for a large share of healthcare resources consumed. Presently, the most common approach 

to defining HCUs is to describe cost concentration by percentiles of the population 

(Wammes, van der Wees, Tanke, Westert, & Jeurissen, 2018). In Canada, HCUs are 

typically referred to as the top 5% most costly patients (Fitzpatrick et al., 2015; Rais et al., 

2013; Reid et al., 2003; Wodchis, Austin, & Henry, 2016).  

There are several reasons why researchers have maintained their interest in such an 

“ancient” topic as HCU. First, it is hoped that optimal management of these patient sub-
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populations will help reduce healthcare costs (Holtz-Eakin, 2005; Wammes et al., 2018). 

Led by the US, healthcare spending has more than doubled across the countries of the 

Organization for Economic Cooperation and Development (OECD)  over the past two 

decades (World Health Organization, 2018). In Canada, where public health and health 

care are under provincial jurisdiction, health spending accounts for 37% of the total 

provincial program spending on average (Canadian Institute for Health Information, 2017). 

The number of studies on HCUs in Ontario has greatly increased in recent times prompted 

by the economists’ worries about provincial healthcare funding sustainability (Wammes et 

al., 2018). Second, Densen et al. and Roemer et al. had study populations of approximately 

20,000 subjects and employed data analysis of a few variables that was largely descriptive. 

Lately, a massive amount of provincial-level healthcare administrative data has become 

increasingly available for researchers. Coupled with rapidly growing computational 

capacity, this offers new opportunities for advanced analytics in support of policy making. 

Third, there is a sense within the research community that important aspects related to HCU 

characteristics and care have not been adequately described, especially in Canadian 

settings.  

HCUs are a heterogenous group that includes premature or disabled neonates, trauma 

patients, socially disadvantaged individuals, and seniors with multiple comorbidities. 

Therefore, interventions need to be tailored to specific HCU population segments 

(Blumenthal, Chernof, Fulmer, Lumpkin, & Selberg, 2016). Recently, a series of Canadian 

studies have shed light on the characteristics of HCUs in general (C. de Oliveira, Cheng, 

Vigod, Rehm, & Kurdyak, 2016; Fitzpatrick et al., 2015; Guilcher, Bronskill, Guan, & 
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Wodchis, 2016; Hensel, Taylor, Fung, & Vigod, 2016; Rais et al., 2013; Rosella et al., 

2014; Wodchis et al., 2016). Some of them focused on HCUs with mental health issues (C. 

de Oliveira et al., 2016; Hensel et al., 2016) but none have focused on seniors. In fact, a 

typical Canadian senior HCU has not yet been well described. This is surprising as seniors 

account for 46% of the national public healthcare expenditures in Canada (Canadian 

Institute for Health Information, 2017). This proportion is likely to increase due to the 

continued ageing of the population, therefore putting additional pressure on the 

government’s resource allocation decisions in the coming years. Also, the majority of 

HCUs are seniors: for example, 60% of all HCUs in Ontario, Canada’s most populous 

province (Rais et al., 2013). Consistent with findings from other jurisdictions (Central 

Midlands NHS, 2014; Stanton MW, 2006), a recent Ontario study showed that 5% of senior 

HCUs consume 44% of the total measured public healthcare expenditures by the seniors in 

the province (Wodchis et al., 2016). 

Research efforts targeting senior HCUs are a priority given that the effectiveness of 

interventions aimed at HCUs, including seniors has not been confirmed. We recently 

reviewed international studies on this topic and concluded that there is no solid evidence of 

effectiveness or cost-effectiveness among them (J. Y. Lee, Muratov, Tarride, & Holbrook, 

2018). Moreover, a recent evaluation of the initial results of the Ontario provincial Health 

Links initiative (mean age of the enrolees: 74.6 years; standard deviation (SD): ±13.9) also 

revealed no effect on hospital admissions among high-needs patients (Mondor, Walker, 

Bai, & Wodchis, 2017). 
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One approach to further clarify senior HCU characteristics and needs is population 

segmentation (Blumenthal et al., 2016; J. Y. Lee et al., 2018). Many disease management 

programs as well as research efforts focus on persistent HCUs, i.e., those that retain their 

HCU status in subsequent years (Nelson, 2012; Peikes, Chen, Schore, & Brown, 2009; 

Wodchis et al., 2016). However, incident (or “new”) HCUs have historically accounted for 

more than 50% of all the HCU cases annually, including those among senior patients (Roos, 

Shapiro, & Tate, 1989; Wodchis et al., 2016). Incident senior HCUs may have different 

characteristics than prevalent senior HCUs, and more focus on incident HCUs would allow 

for scrutiny of the factors that influence the transition from non-HCU to HCU. 

Most of the HCU research up until recently has employed a cross-sectional design, which 

is of lower quality than cohort or case-control (Fitzpatrick et al., 2015). In studies with a 

comparator, the typical comparison group are the patients at the 50-95th percentiles. 

Matching HCUs with non-HCUs however would offer a more accurate assessment of the 

distinguishing features of HCU status while a longitudinal assessment would also improve 

delineation of its drivers. In this respect, the characteristics of care provided in the pre-

incident year deserve attention. Although possible socio-demographic and public health 

predictors of the HCU status in general have been explored (Wammes et al., 2018), there 

is still a lack of predictor information for the senior segment of the Canadian HCUs. 

Moreover, a better understanding is needed of the outpatient care provided prior to the HCU 

conversion (e.g. home care or physician visits) and the environment within which the care 

was received (e.g., primary care model) to inform interventions aimed at preventing the 

HCU conversion.  
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Importantly, HCU related research with a system-wide approach is also limited (Rais et al., 

2013; Wodchis et al., 2016) as studies have largely focused on acute care (e.g. 

hospitalizations, emergency care, physicians) and left out other important cost categories 

such as long-term care or rehabilitation. This narrows our understanding of their role in the 

HCU conversion.  

Finally, regional variation of costs across the cost categories as well as patient outcomes 

(e.g., mortality) have not been explored for senior HCUs. While there are some data on 

regional variation in healthcare expenditures from British Columbia (BC), the study 

focused on the entire population of the province and total costs only. Examining regional 

variation in both costs and outcomes across the system would allow exploration of its 

drivers (e.g., socio-demographic factors and health status) and the amount of variation they 

explain, facilitate assessment of regional equality in resource allocation, and inform cost-

outcome relationships.  

 

Thesis objective and outline: 

The general objective of this thesis is to advance our understanding of incident senior HCUs 

in the Canadian context such that we can inform health policy making on potential 

strategies to prevent seniors transitioning to HCU and to identify priorities for further 

investigation.  

This thesis is a “sandwich” of 4 papers (2 published and 2 recently submitted) with 

important contributions to the literature in two main domains:  
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a) focus on an important HCU segment, which is seniors, including new information 

about incident HCUs and comparisons to non-HCUs for both clinical outcomes and 

healthcare utilization;  

b) use of advanced analytical techniques such as multilevel modeling, method of 

recycled prediction, and two-part models to generate results.  

 

The following are specific research questions addressed by the thesis: 

1. What is the one-year incremental healthcare utilization and direct financial impact 

on public payers of becoming an incident HCU among seniors in Ontario?   

2. What is the extent of regional (health planning level) variation in healthcare 

utilization, costs, and mortality among senior incident HCUs compared to non-

HCUs in Ontario?  

3. What are the characteristics of hospital admissions and associated costs in senior 

incident HCUs compared to non-HCUs in Ontario?  

 

Chapter 2 is a study protocol that summarizes the rationale for investigating the issue of 

incident senior HCUs overall and each of the research questions specifically (Muratov et 

al., 2017). It outlines an analytical plan to address the research questions and provides a 

brief description of key methods employed in the study. Importantly, it also provides details 

on the sources of data for all the variables and outcomes described in the thesis. 

Chapter 3 presents a longitudinal perspective describing the dynamics in healthcare use 

and costs in the two cohorts across a number of care categories over 2 years: pre-incident 
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and incident. It explores whether senior HCUs were already on the upward trajectory in 

terms of healthcare resource utilization before they reached the HCU status. The chapter 

then examines the contribution of each of the 12 total cost components in their various 

combinations to the HCU transition: these are the most important cost categories that 

capture approximately 95% of the provincial spending on individual healthcare. Using the 

method of recycled predictions, we calculated the incremental values of healthcare 

utilization (e.g., hospital admissions, healthcare practitioner visits) and costs (total and by 

each cost component) associated with the HCU status. We also estimated the monetary 

impact of the incident senior HCUs on the provincial budget.   

Chapter 4 first examines the variation of senior HCUs across Ontario’s health districts 

(LHINs) and describes in detail the baseline characteristics of both HCUs and non-HCUs 

(Muratov S et al., 2018). Then, using random intercept two-part multi-level models, 

variation in healthcare costs and mortality was assessed across LHINs cross-sectionally for 

the incident year and compared between the cohorts. For costs, variance estimates were 

obtained for all 12 cost components and total costs. In addition, this chapter looks at the 

cost-mortality relationship by plotting random effects for total costs against the random 

effects for mortality to identify “pockets” of high vs. low efficiency in the province. 

Finally, Chapter 5 begins with a comparison of the attributes of first (index) unplanned 

acute hospitalisation (IH) in both cohorts such as acute length of stay, alternative level of 

care, discharge destinations, and in-patient mortality. It also identifies the top most costly 

causes of IHs by cohort: ICD10-CA diagnosis codes most responsible for resource use were 



Ph.D. Thesis – S. Muratov; McMaster University Health Research Methodology 

8 
 

used to identify the causes. Stratified logistic regression was then run to examine socio-

demographic, health status and healthcare predictors of IHs in the pre-incident year in each 

cohort.  

 

Methodological advancements to highlight: 

The thesis uses a variety of advanced statistical methods to address the research questions 

and ensure validity of the results. First, the senior HCUs were matched to non-HCUs at a 

ratio of 1 HCU to 3 non-HCU on age, sex and LHIN, which allows meaningful comparisons 

by creating comparable groups and improves statistical efficiency of estimation 

(Mandrekar JN & SJ, 2004). Compared with other ratios (e.g., 1: 4 or 1:5), using the 1:3 

ratio is considered very efficient, with only marginal improvements in relative efficiency 

beyond 3 matched controls per case (Mandrekar JN & SJ, 2004). Second, to deal with the 

problem of excess zeros due to the non-consumption of healthcare resource use, the 

analyses of costs include two-part regressions models. In two-part models, the first part 

assesses the probability of costs >0$ through logistic regression whereas the positive costs 

are fit using a generalized linear model assuming gamma distribution. This allows for a 

better model fit by accounting for a large mass of zero-cost observations and the typical 

asymmetry of cost distribution (right skew) (Gregori et al., 2011). Further, the method of 

recycled predictions used in Chapter 3 is an advanced approach to calculate the incremental 

values of healthcare resource use (Basu, Arondekar, & Rathouz, 2006; Chang et al., 2017). 

While comparing HCU with non-HCU, it allows to account for the correlation between 

outcome values in the year before the incident year and the year after and to adjust for key 
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confounding factors. Next, statistically significant intraclass correlation coefficients across 

the majority of cost components and mortality in both cohorts indicated a clustering effect 

within LHINs and justified the use of random intercept mixed effects modelling employed 

in Chapter 4. This approach to assess variation is preferred to the commonly used fixed 

effects models where unit of variation enter the model as a dummy variable. In fixed effects 

models, variation assessment is then based on predicted outcome values and calculated 

measures of dispersion (e.g., coefficient of variation). Instead, random effects models 

(random intercept being the simplest option) allow for direct estimation of between-unit 

(LHINs) variance and for the corresponding testing of statistical hypotheses (i.e., whether 

the between-LHIN variation is not due to chance). Also, we used an innovative approach 

to present the cost-mortality relationship in both cohorts plotting the estimated random 

effect values for total costs vs. those for mortality in a cost-mortality plane. Finally, in 

Chapter 5 we used logistic regression to identify predictors of admissions. However, a more 

important nuance is the outcome definition: instead of examining re-admissions or all 

admissions as commonly done by researchers we investigated the first hospitalizations in 

the incident year provided that the patient had no hospital admission within 12 months 

before it. In summary, we have innovatively used advanced statistical methods and data 

analysis approaches to answer our research questions- most of these methods have never 

been used in the context of HCU.  
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Overlap in material covered: 

Chapters 2-5 were developed as separate manuscripts under the same umbrella topic of 

incident senior HCUs using the same dataset. Therefore, some overlap exists in the 

Introductory, Methods, and Results sections of the manuscripts. Specific examples include 

the fact that study design, study setting, and cohort definitions were described similarly 

across all the manuscripts. Data sources were described with similar detail both in the study 

protocol (p.13) and Chapter 3 (p.25). Table 1 on patient baseline characteristics contains 

similar detail across the manuscripts (pages 37, 69, 110).  

 

Deviation from the study protocol 

We have deviated from the published protocol in two aspects. First, to assess variation we 

used a multi-level modelling approach and the direct variance estimate instead of a fixed 

effects model and measures of dispersion as described in the protocol. We modified our 

analytical approach in this regard after publishing the protocol in further consultations with 

biostatisticians and examining the role of intraclass correlation coefficient more closely. 

We believe this modification has improved our analysis. 

Second, the component on ambulatory care sensitive conditions is still under analysis. 

These results have not been included in the thesis but are expected to be published at a later 

time once the analysis is completed. 
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Appendix 1:  Description of ICES databases 

NAME OF DATABASE DATABASE CONTENT 
Canadian Institute for Health 
Information–Discharge Abstract 
Database (CIHI-DAD)  

Patient-level demographic, diagnostic, procedural and treatment 
information on all acute care hospitalizations 

CIHI—National Ambulatory 
Care Reporting System (CIHI-
NACRS)  

Patient-level demographic, diagnostic, procedural and treatment 
information for all hospital-based and community-based ambulatory 
care, including outpatient and community-based clinics and 
emergency departments 

CIHI-National Rehabilitation 
Reporting System (NRS) 

Patient-level demographic, diagnostic, procedural and treatment 
information from participating adult inpatient rehabilitation 
facilities and programs 

CIHI-Same Day Surgery (CIHI-
SDS) 

Patient-level demographic, diagnostic, procedural and treatment 
information on all day surgeries  

Citizenship and Immigration 
Canada (CIC) Database 

Landing records for permanent legal immigrants to Ontario 

Client Agency Program 
Enrolment (CAPE) 

Information regarding enrollment/rostering of individuals with 
primary care practitioners, teams and networks 

ICES Physician Database 
(IPDB) 

Characteristics of physicians and surgeons licenced to practice in 
Ontario 

ICES-derived cohorts Validated cohorts of individuals with specific diseases and 
conditions. These include: Congestive Heart Failure (CHF) 
database; Chronic Obstructive Pulmonary Disease (COPD) 
database; Ontario Crohn’s and Colitis Cohort Database (OCCD); 
Ontario Diabetes Database (ODD); Ontario Myocardial Infarction 
Database (OMID); and the Ontario Rheumatoid Arthritis Database 
(ORAD) 

Ontario Continuing Care 
Reporting System (CCRS) 

Demographic, clinical, functional and resource utilization 
information on individuals receiving hospital-based complex 
continuing care services  

Ontario Drug Benefit (ODB)  Records of dispensed outpatient prescriptions paid for by the 
provincial government 

Ontario Health Insurance Plan 
database (OHIP) 

Claims for physician services paid for by the provincial government 

Ontario Home Care Database 
(HCD) 

Patient-level demographic, diagnostic, procedural and treatment 
information on all home care visits 

Ontario Mental Health 
Reporting System (OMHRS) 

Patient-level demographic, diagnostic, procedural and treatment 
information on all adult inpatient mental health visits 

Ontario Registered Persons 
Database (RPDB) 

Demographic, place of residence and vital status information for all 
persons eligible to receive insured heath services in the province 
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Appendix 2:  Key variables and sources of data  
 

Key variables Description Type Time 
period  
(PRE=1, 
POST=2)  

Data 
source 

Patient and care characteristics 
age_ Age in years continuous 1 RPDB 
sex_ Sex; female or male categorical 1 RPDB 
rio2008_ Rurality Index for Ontario; 

on a scale of 0 to 100 with 
100 being most rural 

continuous 1 RPDB 

lhin_ LHINs: 1 to 14 categorical 1 RPDB 
income_  Income quintiles categorical 1 RPDB 
recent_immigration_ Whether immigrated in the 

past 15 years 
categorical 1 CIC 

primarycaregrp_  Primary care model categorical 1 CAPE 
geriatrician_ Whether visited a 

geriatrician 
categorical  1 OHIP 

Health status/comorbidity 
n_edc John Hopkins Expanded 

Diagnosis Clusters (EDCs) 
are based on 3 years of 
hospitalization and 
ambulatory data 

continuous 1 DAD, 
NACRS, 
OHIP 

ices_cohort_ Cohorts of individuals with 
the following conditions 
separately: CHF, COPD,  
Inflammatory Bowel 
Disease (Crohn’s and 
Colitis),  diabetes, 
myocardial infarction,  or 
rheumatoid arthritis  

categorical 1 CHF, 
COPD, 
OCCD, 
ODD, 
OMID, 
ORAD 

dth365d_ Mortality at the end of 
FE2013 

categorical 2 RPDB 

Healthcare utilization 
ndrugnames_ Number of prescription 

drugs the patient is on 
continuous 1,2 ODB 

n_md_visits_ Number of physician visits; 
reported as total and by 
categories (family 
practitioner and specialist) 

continuous 1,2   
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n_hcd_visits_ Number of home care 
visists; reported as total and 
by categories (nursing, 
personal support, allied 
health) 

continuous 1,2   

nhosp_ Number of hospitalizations; 
reported as total and by 
categories (urgent and 
elective) 

continuous 1,2 DAD 

admcat_ Admission categories: 
urgent and elective 

categorical 1,2 DAD 

los Length of stay, days continuous 1,2 DAD 
instftyp_ Institution from where 

admitted 
categorical 1,2 DAD 

instlhin_ LHIN where admitted categorical 1,2 DAD 
dx10code1-25 Diagnosis ICD10 codes for 

each admission 
categorical 1,2 DAD 

ds10type1-25 Type of diagnosis code: 
"M"- MRDX; "1" - 
preadmission; "2" - post-
admission 

categorical 1,2 DAD 

dischdisp Institution where discharged 
to 

categorical 1,2 DAD 

Healthcare costs 
inpat_cost_ Inpatient hospitalization 

Costs 
continuous 1,2 DAD 

sds_cost_ Same Day Surgery Costs continuous 1,2 SDS 
er_cost_ Emergency Department 

Costs 
continuous 1,2 NACRS 

odb_cost_ Costs for Ontario Drug 
Benefits 

continuous 1,2 ODB 

hc_cost_ Costs for Home Care 
Services 

continuous 1,2 HCD 

md_cost_ Physician expenditures are a 
combination of the costs for 
capitation and fees-for -
services 

continuous 1,2 OHIP 

mh_cost_ Costs for Admissions to 
Mental Health Care Beds 
(using OMHRS) 

continuous 1,2 OMHRS 

onc_cost_ Oncology Clinic Costs continuous 1,2 NACRS  
dial_cost_ Dialysis Clinic Costs continuous 1,2 NACRS 
rehab_cost_ Costs for Rehabilitation continuous 1,2 NRS 
ccc_cost_ Costs for Complex 

Continuing Care 
continuous 1,2 CCRS 
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lab_cost_ Costs for Laboratory 
investigations 

continuous 1,2 OHIP 

ltc_cost_ Costs for Long-Term Care continuous 1,2 CCRS 
total_cost_ Total healthcare 

expenditures 
continuous 1,2  
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Appendix 3: Approach to data analyses and adjusting for covariates 

Outcome Type of response 
variable 

Method of analysis List of potential covariates, 
(forward selection) 

Incremental costs (total 
and by care category, 
province wide) 

 
 
 
 
 

Continuous 

Method of recycled 
predictions using 
generalized linear 
regression models with 
gamma distribution and 
the log link (incl. two-part 
models if needed) 

Socio -demographic factors: 
Age (to be used for per LHIN analysis) 
Sex (to be used for per LHIN analysis) 
Income 
Urban/Rural residence 
Immigration status 
 
Clinical status and care characteristics: 
Number of EDCs and specific clinical clusters 
of interest such mental disease or dementia 
Access to a geriatrician 
Primary care group affiliation 
Number of physician visits (primary care and 
specialist) 
Number of home care visits 

Costs per LHIN (total and 
by care category) 

Multi-level generalized 
linear models with gamma 
distribution  

HCU rate per LHIN Ordinary Least Squares 
regression model with 
aggregated values of 
covariates 

Incremental rates of 
healthcare use (e.g. all 
cause hospital admission, 
physician visits and home 
care visits, province wide) 

 
 

 
 
 

Count 

Method of recycled 
predictions using 
generalized linear 
regression model with 
negative binomial 
distribution and the log 
link (incl. two-part models 
if needed) 

Rates of healthcare use by 
LHIN level  

Multi-level generalized 
linear models with 
negative binomial 
distribution 

All-cause mortality  Categorical Logistic regression 
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Appendix 4:  ACSC conditions and codes 

1. Canadian Institute for Health Information: Ambulatory Care Sensitive Conditions 2016 [Available from: 
http://indicatorlibrary.cihi.ca/display/HSPIL/Ambulatory+Care+Sensitive+Conditions. 
2. AHRQ Quality Indicators—Prevention Quality Indicators Technical Specifications Updates: Agency for Healthcare Research and Quality; July 
2016 [Version 6.0 (ICD 10):[Available from: http://www.qualityindicators.ahrq.gov/Modules/PQI_TechSpec_ICD10_v60.aspx. 

 
Condition ICD-10-CA Codes Exclusions  Source  

1 Angina I20, I23.82, I24.0, I24.8, I24.9 Cardiac procedure admissions 

CIHI("Canadian 
Institute for 

Health 
Information: 
Ambulatory 

Care Sensitive 
Conditions," 

2016) 
AHQR("AHRQ 

Quality 
Indicators—
Prevention 

Quality 
Indicators 
Technical 

Specifications 
Updates," July 

2016) 

2 Asthma J45   
3 COPD J41, J42, J43, J44, J47; J10.0, J11.0, J12–J16, J18, 

J20, J21, J22 if J44 as a secondary dx 
  

4 Diabetes E10.0^^, E10.1^^, E10.63, E10.64, E10.9^^, 
E11.0^^, E11.1^^, E11.63, E11.64, E11.9^^, 
E13.0^^, E13.1^^, E13.63, E13.64, E13.9^^, 
E14.0^^, E14.1^^, E14.63, E14.64, E14.9^^  

  

5 Grand mal status 
and other 
epileptic 
convulsions  

G40, G41   

6 Heart failure and 
pulmonary edema 

I50, J81 Cardiac procedure admissions 

7 Hypertension  I10.0, I10.1, I11 Cardiac procedure admissions 
8 Bacterial 

pneumonia 
J13, J14, J15211, J15212, J153, J154, J157, J159, 
J160, J168, J180, J181, J188, J189 

Immunocompromised states and 
procedures# 

9 Dehydration E860; E861, E869; (Hyperosmolality and/or 
hypernatremia) E870; (Gastroenteritis) A080, 
A0811, A0819, A082, A0831, A0832, A0839, 
A084, A088, A09, K5289, K529; (Acute kidney 
failure) N170-N172, N178, N179, N19, N990 

I120, I1311, I132, N185, N186 

10 UTI N10, N119, N12, N151, N159, N16, N2884, 
N2885, N2886, N3000, N3001, N3090, N3091, 
N390 

Kidney/urinary tract disorder 
diagnosis codes^; 
Immunocompromised States and 
Procedures# 

http://indicatorlibrary.cihi.ca/display/HSPIL/Ambulatory+Care+Sensitive+Conditions
http://indicatorlibrary.cihi.ca/display/HSPIL/Ambulatory+Care+Sensitive+Conditions
http://www.qualityindicators.ahrq.gov/Modules/PQI_TechSpec_ICD10_v60.aspx
http://www.qualityindicators.ahrq.gov/Modules/PQI_TechSpec_ICD10_v60.aspx
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Abstract 

Objectives: To describe healthcare use and spending before and on becoming a new 

(incident) senior HCU compared with senior non-HCUs; to estimate the incremental 

costs, overall and by service category, attributable to HCU status; and to quantify its 

monetary impact on the provincial healthcare budget in Ontario, Canada. 

Design: We conducted a retrospective, population-based comparative cohort study using 

administrative healthcare records. Incremental healthcare utilization and costs were 

determined using the method of recycled predictions allowing adjustment for pre-incident 

and incident year values, and covariates. Estimated budget impact was computed as the 

product of the mean annual total incremental cost and the number of senior HCUs. 

Participants: Incident senior HCUs were defined as Ontarians aged ≥66 years who were 

in the top 5% of healthcare cost users during fiscal year 2013 (FY2013) but not during 
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fiscal year 2012 (FY2012). The incident HCU cohort was matched with senior non-HCUs 

in a ratio of 1:3.  

Results: Senior HCUs (n=175,847) reached the annual HCU threshold of $10,192 

through different combinations of incurred costs.  Although HCUs had higher healthcare 

utilization and costs at baseline compared to non-HCUs, HCU status was associated with 

a substantial spike in both, with prolonged hospitalizations playing a major role. Twelve 

percent of HCUs reached the HCU expenditure threshold without hospitalization. 

Compared to non-HCUs (n=527,541), HCUs incurred an additional $25,527 per patient in 

total healthcare costs; collectively $4.5 billion or 9% of the 2013 Ontario healthcare 

budget. Inpatient care had the highest incremental costs: $13,427, 53% of the total 

incremental spending.  

Conclusions: Costs attributable to incident senior HCU status accounted for almost one-

tenth of the provincial healthcare budget. Prolonged hospitalizations made a major 

contribution to the total incremental costs. A subgroup of patients that became HCU 

without hospitalization requires further investigation. 

Introduction  

Healthcare spending has more than doubled in the countries of the Organization for 

Economic Cooperation and Development (OECD) over the past two decades(World 

Health Organization, 2018). In Canada, where public health and health care are under 

provincial jurisdiction, health spending accounts for 37% of the total provincial program 

spending on average (Canadian Institute for Health Information, 2017). Much of the 
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spending is disproportionately attributed to a small but heterogenous group of patients, 

commonly referred to as high-cost healthcare users (HCU) (Pritchard et al., 2016; 

Tamang et al., 2017; Wammes et al., 2018). The pressing need to control healthcare 

spending and the inconclusive evidence and varying success of clinical interventions 

targeting the HCU group (Bleich et al., 2015; J. Y. Lee et al., 2018) have prompted policy 

makers to revise their management strategies and to seek specific segments of the HCU 

population who may benefit from certain interventions more than others (Figueroa, Joynt 

Maddox, Beaulieu, Wild, & Jha, 2017; Karen E. Joynt et al., 2017; Tamang et al., 2017).    

Incident (or new) senior HCUs represent one such segment whose patient care 

characteristics and spending patterns have not been well studied.  A recent systematic 

review identified 55 studies published over the past two decades that reported HCU 

characteristics and healthcare utilization (Wammes et al., 2018). The vast majority (n=42) 

of the publications originated from the US, 9 were from Canada, 3 were generated by 

researchers from European countries, and 1 was from Taiwan. Compared to 9 US-based 

studies of the Medicare (i.e., senior) population, only the study from Taiwan among the 

others had a specific focus on seniors, even though approximately 45-55% of senior 

healthcare care resources are reportedly consumed by senior HCUs in various 

jurisdictions (Ku, Chiou, & Liu, 2015; Lieberman, Lee, Anderson, & Crippen, 2003; 

Wodchis et al., 2016). Moreover, these studies do not differentiate between prevalent 

(who retain the HCU status over years) and incident senior HCUs. This is important, as 

understanding the path to HCU status may identify opportunities for  

intervention(Tamang et al., 2017). Further, it is well known that senior HCUs, both 
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prevalent and incident, generally have poor functional status and consume a high level of 

healthcare resources, including typically reported acute inpatient care and physician 

services (Holtz-Eakin, 2005; J. Y. Lee et al., 2018; Sinha, 2011). However, 

comprehensive descriptions of cost drivers to HCU status are few (Rais et al., 2013; 

Wodchis et al., 2016). A recent example is a study conducted in Ontario, the largest 

province in Canada, which presented a system-wide assessment of cost concentration 

among HCUs over 3 years using both longitudinal and cross-sectional approaches to their 

analysis (Wodchis et al., 2016).  While providing valuable information on the transition 

of patients between various cost strata, their longitudinal analyses focused on the 

persistence of costs among all HCUs. Their cross-sectional analysis of expenditures by 

cost category was limited by only reporting on the top 1% of HCUs and was not stratified 

by age. Another poorly explored aspect of HCU cost analysis is the economic burden 

associated with HCU status, which remains largely unknown in Canada and elsewhere. 

While some international studies have compared costs between HCUs and non-HCU 

cohorts in a particular year using a cross-sectional design (Figueroa, Frakt, Lyon, Zhou, 

& Jha, 2017; Pritchard et al., 2016; Reid et al., 2003), these comparative studies did not 

consider any secular trends over time (e.g. costs in the years before the incident year). 

This limits our understanding of the true incremental costs of becoming a new HCU, 

especially among seniors.    

We recently reported on a cohort of incident senior HCUs compared to matched non-

HCUs to examine regional variation in mortality and costs in Ontario using cross-

sectional data (Muratov et al., 2018).  Here we aim to determine the incremental 
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healthcare utilization and costs among new senior HCUs in Ontario by looking at the 

same data longitudinally.  The main objectives of this study were to 1) describe 

healthcare use and spending before and on becoming a senior HCU compared with senior 

non-HCUs; 2) estimate costs and healthcare use attributable to the incident senior HCU 

status, and to 3) quantify the monetary impact of incident senior HCUs on the provincial 

healthcare budget.   

 

Methods 

Ethics Approval 

This study was approved by Hamilton Integrated Research Ethics Board (ID#1715-C). 

Study design  

We conducted a retrospective population-based matched cohort study using 

administrative healthcare data from Ontario, Canada. The protocol for this research has 

been published(Muratov et al., 2017). 

Setting and data sources 

Ontario is Canada’s most populous province, with almost 14 million residents 

(approximately 40% of the Canadian population) (Statistics Canada, 2016). The Ontario 

Ministry of Health and Long-Term Care (MOHLTC) pays for approximately 70% of 

health care provided in the province. For seniors, this proportion is higher as it includes 

nearly 100% of hospital care, physician services, and prescription drugs for seniors 
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(Canadian Institute for Health Information, 2017). Contribution to other services (e.g., 

long-term care) may be less (Muratov et al., 2017). 

We used 2 years of linked administrative data. The Ontario government fiscal year 2013 

(April 1, 2013 and March 31, 2014) was considered the incident year (FY2013). Fiscal 

year 2012 (FY2012: April 1, 2012 and March 31, 2013) was the baseline or pre-incident 

year. A patient-level dataset was created by linking 19 health administrative 

databases(Muratov et al., 2017) using unique encoded identifiers at ICES 

(www.ices.on.ca). ICES is an independent, non-profit research corporation funded by the 

Ontario MOHLTC. 

Study population 

Incident senior HCUs were defined as individuals aged 66 years or above with annual 

total healthcare expenditures within the top 5% threshold of all Ontarians in FY2013, who 

were not in the top 5% in FY2012. The 5% threshold is commonly reported in HCU 

studies in Canada and elsewhere (Guilcher et al., 2016; Holtz-Eakin, 2005; Riley, 2007; 

Wodchis et al., 2016). The >66 year age threshold was applied to capture Ontario Drug 

Benefit (ODB) expenditures for at least one year before the incident year: ODB coverage 

starts automatically when Ontarians reach 65 years of age (Ontario Ministry of Health 

and Long-term Care, 2018).  The “non-HCU” cohort included those whose annual total 

health care expenditures in FY2012 and FY2013 were below the top 5% threshold in both 

years. The incident HCU cohort was matched with non-HCU in a ratio of 1:3 according to 

age at cohort entry (+/- 1 month), sex and Local Health Integration Network (LHIN) of 
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patient residence. LHINs, Ontario’s 14 regional health districts, are responsible for the 

planning and administration of most of hospital- and community-based health services 

delivered within their geographic boundaries (Ontario's LHINs, 2017). 

 

Variables   

Our dataset included key information on socio-demographic and health status, healthcare 

utilization and costs. Described in the study protocol (Muratov et al., 2017) in more 

detail, key variables are briefly summarized below.  

Socio-demographic status included age, sex, low income status, and geography of 

residence (urban/suburban/rural). Low income status was based upon net household 

income reported to receive ODB subsidy in FY2012.  Rurality was based on the Rurality 

Index for Ontario (RIO) which is a scale from 0 to 100. A RIO between 0 and 9 defined 

an individual from the urban area, between 10 and 40 described a suburban resident, and 

a resident from a rural area had a RIO score of 40 and above (Kralj B, 2000).  

Health status was assessed using several variables. We used two tools derived from Johns 

Hopkins Adjusted Clinical Groups  (ACG®) System, Version 10, a case-mix 

methodology to describe a population’s healthcare utilization (Johns Hopkins ACG® 

System Version 10.0, 2014). First, the general degree of comorbidity was captured by the 

number of Johns Hopkins Aggregated Diagnosis Groups (ADGs): person-focused, 

diagnosis-based method to measure patients’ illness by assigning individual ACGs into 

diagnosis clusters(Austin, van Walraven, Wodchis, Newman, & Anderson, 2011). A 



Ph.D. Thesis – S. Muratov; McMaster University Health Research Methodology 

37 
 

higher number of ADGs per patient indicates a greater burden of illness. In addition, we 

identified the proportion of patients with a history of hypertension, malignancy, and 

mental health condition using John Hopkins Expanded Diagnosis Clusters (EDCs). For 

each condition, we checked whether the patient was diagnosed with the condition in the 3 

years prior to FY2013. Finally, we used validated administrative data case definitions to 

identify whether the patient had a history of several common chronic diseases, including 

congestive heart failure, diabetes, and chronic obstructive pulmonary disease (Gershon et 

al., 2009; Schultz, Rothwell, Chen, & Tu, 2013).  

Whereas socio-demographic characteristics and health status were captured at baseline, 

healthcare utilization and expenditures were obtained for the full two years of study. 

Utilization variables included the number of hospitalizations (all, elective and unplanned), 

emergency department (ED) visits, physician encounters, and publicly-funded home care 

services. Home care services were subclassified by type of service:  nursing, personal 

support, and allied health. For each hospitalization, we obtained the total length of stay 

(TLOS), in days.  

Health care expenditures were estimated using ICES person-level health utilization 

costing algorithms (Wodchis WP, Bushmeneva K, Nikitovic M, & McKillop I, 2013), 

which report expenditures according to twelve health service cost categories. Hospital 

costs were the sum of costs associated with acute inpatient care and same-day surgery. 

Mental health admissions were costed separately. Physician expenditures were the sum of 

fee-for-service billings and capitation payments. Costs were expressed in 2013 Canadian 

Dollars.  
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Outcomes 

The primary outcome measures were 1) one-year incremental healthcare utilization for 

hospital admissions (total and by types such as unplanned and elective), emergency visits, 

physician encounters (total and separately for specialists and general practitioners [GP]), 

and home care services (total and by type); 2) one-year incremental costs attributable to 

becoming an HCU (total healthcare expenditures and by cost category); and 3) provincial 

budget impact of new senior HCUs in FY2013. Incremental healthcare use and costs were 

calculated as the difference between the two cohorts over time. 

 

Statistical analysis 

Baseline patient socio-demographic and health status characteristics of the two cohorts in 

FY2012 were compared using the absolute standardised difference (aSD), with aSD>0.1 

indicating a meaningful difference (Mamdani et al., 2005). We then described the HCU 

cohort in the context of cost categories and their contribution to the HCU status by 

calculating the proportion (%) of HCU in each cost category. Since we expected 

hospitalizations to be a frequent cause of new HCU status, we repeated this analysis for 

HCUs who were not hospitalized during the incident year to evaluate the contributions of 

cost drivers other than hospital admission.  This was followed by a longitudinal 

comparison of the unadjusted healthcare use and costs in both cohorts for both the 

incident year and the preceding year. 
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Incremental healthcare use and costs were estimated using the recycled predictions 

method (Basu et al., 2006; Chang et al., 2017; Lange, Zeidler, & Braun, 2014; Mannino et 

al., 2015). Commonly used to evaluate the marginal effect of a covariate on the response 

variable, the method uses fitted regression models to predict incremental values of the 

outcomes in two hypothetical populations: one where all subjects are HCU and another 

where all are non-HCU, all the other covariates being the same. The difference in 

predicted means between the two populations indicates the incremental value. The 

method allows for correlation between outcome values in the year before the index year 

(FY2012) and after the index year (FY2013), while comparing HCU with non-HCU. 

Confidence intervals (CI) of the incremental values was obtained through the percentile 

method: random bootstrap resampling with 1000 iterations created a distribution where 

the 2.5th and 97.5th percentiles were the 95% lower and upper bound CIs, respectively 

(Mannino et al., 2015).  

We used generalized linear regression to model the study outcomes. Costs were modeled 

with gamma distribution and log-link function to handle the right-skewed data (Basu, 

Manning, & Mullahy, 2004; Gregori et al., 2011). The choice of gamma distribution was 

confirmed by the modified Park test (Manning & Mullahy, 2001). For count data (e.g., 

hospital admissions or home care visits), a negative binomial (NB) distribution was 

specified as the leading option to better account for overdispersion (i.e., observed 

variance is greater than the assumed variance) (Elhai, Calhoun, & Ford, 2008; Lui WS & 

Cela J, 2008). In cases of a NB model not converging, Poisson distribution was used. For 

both costs and count data, we used two-part models (Hurdle regression) to manage zero 
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values in the response variables: the first part used a logistic regression to predict the 

probability of positive values of the outcome, while a gamma or a negative binomial 

model was applied in the second stage for positive costs and counts, respectively (Lui WS 

& Cela J, 2008; Mihaylova, Briggs, O'Hagan, & Thompson, 2011). All the models were 

adjusted for previous resource use (e.g., costs or healthcare use in FY2012), age, sex, 

ADGs, and low-income status. Because our dataset included all senior HCU subjects in 

the province at the time of the study, we were able to estimate the total provincial public 

healthcare expenditures attributable to HCU status among Ontario seniors by multiplying 

the total incremental costs by the total number of senior HCU. Statistical analyses were 

conducted using SAS version 9.4.3 (SAS Institute Inc., Cary, NC). 

 

Results 

Patient characteristics  

The total study population consisted of 703,388 seniors, of which 175,847 were incident 

HCUs. This population of incident HCUs represents 46% of all senior HCUs in FY2013 

(n= 383,257) but only 9.4% of the Ontario senior population and 1.4% of the total 

population in the province(Statistics Canada, 2016). As expected, the mean ages of the 

HCU and non-HCU cohorts were identical at 77.7 years (standard deviation (SD) 7.7); 

53% were women; and most resided in suburban areas (12.2 vs. 11.8, aSD=0.02) (Table 

1). Compared to non-HCUs, HCUs had poorer health status as defined by both the 

number of aggregated diagnosis groups (10.2 vs. 7.9, aSD=0.54) and higher prevalence of 
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chronic diseases. A relatively greater percentage of HCU cohort members had a primary 

care provider (97% vs. 88.6%, aSD=0.33).  

Table 1 Patient characteristics 

Characteristic HCU 

(N=175,847) 

Non-HCU 

(N=527,541) 

aSD 

Socio-demographics    

Age, mean (SD), yr 77.7 ± 7.7 77.7 ± 7.7 0 

Sex, female 93,119 (53%) 248,040 (47.0%) 0 

Rural Index of Ontario score, mean (SD) 12.2 ± 18.2 11.8 ± 18.2 0.02 

Low income  31,843 (18.1%) 92,566 (17.5%) 0.01 

Health Status    

# Adjusted Diagnostic Groups, mean (SD) 10.2 ± 4.0 7.9 ± 4.5 0.54 

Hypertension$ 110,692 (63.0%) 282,867 (53.6%) 0.19 

Congestive Heart Failure# 25,195 (14.3%) 36,877 (7.0%) 0.24 

Chronic Obstructive Disease Pulmonary# 48,738 (27.7%) 96,513 (18.3%) 0.23 

Diabetes# 62,014 (35.3%) 138,794 (26.3%) 0.2 

Myocardial infarction# 12,892 (7.3%) 24,024 (4.6%) 0.12 

Rheumatoid Arthritis# 5,607 (3.2%) 9,334 (1.8%) 0.09 

Malignancy$ 56,855 (32.3%) 123,932 (23.5%) 0.2 

Mental Health condition$  67,441 (38.4%) 144,377 (27.4%) 0.24 

$- constructed based on Expanded Diagnosis Codes 
#- ICES-derived cohort 
SD- standard deviation; aSD- absolute standardized difference with aSD > 0.1 indicating 
meaningful difference between admitted and non-admitted 
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HCU status 

The 5% HCU status threshold for this study was $10,192. As shown in Figure 1, patients 

could become HCU through different combinations of incurred costs. Approximately 

40% of the HCU became a HCU (i.e., incurred at least $10,192 in total annual healthcare 

expenditures) due to a single cost category, predominantly hospital admissions (70.1%). 

For 13% of the HCUs, more than one cost category was above the threshold (e.g., 

hospital admission and rehabilitation costs). Among the remaining 47%, no single cost 

category was sufficient to meet the expenditure threshold for HCU status: HCU status 

was achieved through expenditures in several cost categories. In this case, the most 

common contributing categories were physician compensation, drug benefits, and 

hospitalization.   

As many as 11.7% (N=20,501) of the HCU were not hospitalized during the incident year 

(Appendix 1). Their new HCU status was mainly due to a combination of physician 

compensation (99.8%), ODB (99.4%), and laboratory test costs (87.3%), home care 

(54.1%) and emergency department visits (45.3%). Of note, some of the patients within 

several cost categories had costs high enough for the patient to become a HCU. Examples 

include 72.3% of patients in long-term care, 63.4% of patients with cancer care, and 

19.1% of patients with drug costs. 

Dynamics of change in healthcare use and costs 

Analysis of observed healthcare utilization in the two cohorts identifies an upward 

trajectory in health services consumption among senior HCU. As shown in Figure 2, 
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compared to non-HCU, the HCU consumed more services in the pre-incident year across 

all care categories: physician encounters (mean per patient: 15.4 vs. 10.1, aSD=0.55), 

home care visits (mean per patient: 7.7 vs. 1.8; aSD=0.24), emergency department (ED) 

visits (mean per patient: 0.6 vs. 0.3; aSD=0.26), and hospital admissions (mean per 

patient: 0.04 vs. 0.02; aSD=0.08). This was followed by a dramatic increase in healthcare 

use among senior HCU during FY2013, while the service consumption among non-HCU 

remained relatively unchanged.   

Similarly, the total public healthcare expenditures among senior HCU were higher in the 

pre-incident year compared to non-HCU (mean per patient: $4,166 vs. $2,372, 

aSD=0.74), followed by a substantial spike during the incident year ($29,784 vs. $2,471; 

aSD=1.33) (Figure 3). While the major drivers of total costs were analogous in the two 

cohorts in the year before (in descending order: drug benefits, physician costs, hospital 

admissions or home care), the top contributors in the HCU cohort changed during the 

incident year. With an annual mean of 1.07 of hospital admissions (mean TLOS: 8.8 (SD 

14.8)) among senior HCU compared to a mean of 0.03 admissions (mean TLOS: 2.8 (SD 

9.6)) for non-HCUs in FY2013, prolonged (i.e., lengthier compared to non-HCUs) 

hospitalizations were the major driver of total healthcare expenditures ($13, 558) in the 

incident year. These were followed by physician ($4,214) and ODB costs ($2,456). 

Categories such as rehabilitation, complex continuing care, dialysis, and mental health 

admissions were almost exclusively associated with the HCU status. Little change in the 

list of major cost drivers and the trajectory of costs over time was noticeable among non-

HCU seniors. More detail is provided in Appendices 2 and 3.
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Incremental costs and healthcare use  

Table 2 shows the magnitude of incremental healthcare use by senior HCU during the 

incident year adjusting for the pre-incident values and other covariates. Compared to the 

year before becoming an HCU, unplanned hospitalizations accounted for 74% of all 

incremental admissions at an additional mean of 0.77 hospitalizations per HCU (95%CI: 

0.77-0.78) annually. Similarly, specialist visits constituted 75% of the incremental 

physician encounters at an additional mean of 22.8 visits (95%CI: 22.7-22.9), whereas 

personal support worker visits contributed the most to the incremental home care use at 

additional mean of 15.6 visits (95%CI: 15.3-15.9) per HCU patient. 

Table 2: Incremental healthcare use associated with HCU status, by healthcare type  

Healthcare type  Annual incremental utilization, 

mean (95% CI) 

Hospital admission, All 1.04 (1.04 -1.05) 

Hospital admission, elective 0.29 (0.29 -0.3) 

Hospital admission, unplanned 0.77 (0.77 -0.78) 

Emergency department visits 1.4 (1.4 -1.4) 

Physician visits, All 32.1 (31.9 -32.3) 

General practitioner visits 9.3 (8.7 -9.5) 

Specialist visits 22.8 (22.7 -22.9) 

Home care services, All* 25.1 (24.4 -25.7) 

Personal support 15.6 (15.3 -15.9) 

Nursing 5.3 (4.9 -6.0) 

Allied 1.5 (1.5 -1.6) 

Other*# 2.8 (2.7 -2.9) 
* - fit using Poisson distribution; all other are fit using Negative Binomial 
# - "Other" includes social services, case management, and respite care 
Annual incremental utilization is an additional mean number of services received by a HCU in the incident year compared with 
a non-HCU and the baseline year 
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The total annual mean adjusted costs attributable to HCU status were $25,527 (95%CI: 

$25,383 - $25,670) (Table 3), with hospital admissions being by far the major contributor 

at an additional mean of $13,428 (95%CI: $13,333 - $13,533) per HCU. Details of the 

regression analyses are provided in Appendices 4-5. Given the size of the senior incident 

HCU population (n=175,847), the estimated provincial budget impact of the senior 

incident HCU status was $4.5 billion (CAD). This accounts for approximately 9% of the 

2013 total provincial healthcare expenditures ($51 billion) (Institute for Competitiveness 

& Prosperity, 2014).  

Table 3: Incremental expenditures associated with HCU status, by cost component 

and total 

Cost component Annual incremental costs*,  

mean (95% CI) 

Hospital admission $ 13,428 (13,334 -13,534) 

Physicians $ 3,150 (3,134 -3,168) 

Ontario Drug Benefits $ 1,493 (1,462 -1,523) 

Rehabilitation $ 1,430 (1,392 -1,467) 

Home care $ 1,363 (1,347 -1,378) 

Cancer care $ 1,226 (1,200 -1,253) 

Complex continuing care $ 1,213 (1,168 -1,257) 

Long-term care $ 1,021 (995 -1,046) 

Emergency department $ 684 (679 -687) 

Mental health admissions $ 258 (238 -278) 

Dialysis $ 89 (79 -99) 

Laboratory tests $ 51 (50 -52) 

Total incremental cost $ 25,527 (25,383 -25,670) 
*- Costs were modelled to follow gamma distribution with log-link function 
Annual incremental costs are additional mean expenditures incurred by a HCU in the incident year compared with a non-
HCU and the baseline year 
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Discussion  

The study has examined a cohort of new senior HCU patients compared with matched 

non-HCUs focusing on the absolute and incremental comparative healthcare use and 

expenditures before and after HCU conversion. We determined that although senior 

HCUs were already on an upward trajectory during the year before HCU status, showing 

higher healthcare utilization and costs in the pre-incident year, the HCU status was 

associated with a spike in healthcare expenditures. We found that seniors became HCU 

through incurring costs in various combinations, although half of the senior HCU could 

reach the HCU status by incurring costs from only one or two categories reaching the 

threshold, mainly prolonged hospitalization. Approximately 12% of HCUs who had no 

hospitalization in the incident year achieved HCU status through incurring a combination 

of predominantly physician, ODB, and laboratory test costs. Compared to non-HCU, 

senior HCU incurred an additional $25,527 per patient in total incremental public 

healthcare expenditures and cost almost one-tenth of the provincial budget in the incident 

year. Hospitalizations, physician compensation and ODB were responsible for the highest 

incremental costs.   

 

This study fills a current gap in the HCU economic literature, especially Canadian HCU 

studies where few of them have focused on seniors or used a comparative group of non-

HCUs.  Also, as opposed to cross-sectional studies that are common in the area of HCU 

research, we were able to capture the economic burden attributable to HCU status among 

senior Ontarians using longitudinal data. Our approach of the recycled predictions has 
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allowed us to compare the healthcare use and costs between HCUs and a matched cohort 

of non-HCUs while taking account of the correlation between the pre- and post values, 

managing excessive zero values by developing two-part models, and adjusting for 

confounding by including important socio-demographic and health status covariates in the 

models. Another option we considered was the difference in differences (DID) estimator 

(Dimick & Ryan, 2014; Stock JH & Watson MW, ; 2011). Frequently employed by 

economists to assess the impact of introducing a policy or a change in the system, its use 

is however conditional on two major assumptions that need to be met: parallel trends and 

no group variation at baseline. While the latter could be dealt with using statistical 

adjustment, the former assumes that trajectories in outcomes (i.e., costs and use) between 

the groups are the same prior to the exposure (i.e., HCU conversion). Because we only 

had access to one year of data prior to the incident year (i.e., the baseline year) by design, 

it was not possible to determine the trajectories between the cohorts. 

 

Consistent with 9 studies of senior HCUs identified by Wammes et al., our results 

confirm the high prevalence of common conditions among senior HCUs, the important 

impact of inpatient care costs, the increasing role of home and long-term care in the HCU 

cost profile. Some studies also mention non-hospitalized senior HCUs without providing 

their detailed description (N. S. Lee, Whitman, Vakharia, Ph, & Rothberg, 2017; Wodchis 

et al., 2016). Our findings are however challenging to compare with these for several 

reasons. First, in addition to the incremental values, we provide a comprehensive 

assessment of costs and healthcare utilization for a specific segment of the HCU 
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population: senior incident cases. To our knowledge, no other studies  have examined this 

specific patient population, especially in such detail (Wammes et al., 2018). Second, as 

Wammes et el. show, the HCU threshold used in the US and other countries (e.g., 

Denmark and Germany) is often 10%, while Canadian studies commonly apply the 5% 

threshold (Wammes et al., 2018). Third, the spectrum of cost categories included in 

analysis may vary between countries and even provinces in Canada. Prescription drug 

costs, for example, the source of one of the highest incremental values in our study, were 

not covered by the US Medicare program (which covers senior patients) until 2003, 

although the launch of a fully developed program was delayed until mid-2000s (Oliver, 

Lee, & Lipton, 2004; Y. Zhang, Donohue, Newhouse, & Lave, 2009), limiting the 

comparability of earlier studies that relied only on Medicare payments (Ganguli, 

Thompson, & Ferris, 2017; Lieberman et al., 2003; Riley, 2007). In this respect, our 

efforts to standardize cost analyses by using a costing methodology that allows obtaining 

patient-level expenditures from multiple sources in one standard way is a step toward 

higher comparability of future studies. 

 

Strengths and limitations 

Our study has several strengths. First, the study is population-based, including all incident 

senior HCU in the province. Second, the study examines incident HCU, which provides 

important information on the driving factors for HCU status. Third, we included a 

comprehensive spectrum of the most important cost categories that contribute to total 

public healthcare expenditures in the province.  
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The study also has important limitations. The nature of methodology applied to calculate 

the costs was different across various cost categories. As opposed to the nominal costs per 

visit (e.g., physician or home care) or prescription claim, some of the costs were 

estimations, e.g. a provincial average cost per case of inpatient care weighted for resource 

intensity (Walter P. Wodchis, Bushmeneva K, Nikitovic M, & McKillop I, 2013). 

However, when used for comparisons at a  provincial level, these estimations are 

considered acceptable (Walter P. Wodchis et al., 2013). Also, despite our comprehensive 

coverage of cost categories, some public healthcare expenditures are not accounted for. 

Examples include community services (e.g., community services for elderly) and public 

health costs. In addition, a few of the cost categories included the analysis may not be 

captured in full. Most notably, we did not have access to the costs of outpatient 

intravenous chemotherapy, which can be costly (Claire de Oliveira et al., 2013). Despite 

these limitations, it is unlikely that the unaccounted costs for individual healthcare 

services amount to more than 5-8% of total public expenditures on healthcare in seniors 

(Muratov S et al., 2018; Wodchis et al., 2016). At the same time, the true hospitalization 

expenses may be underestimated as physician billings for inpatient services are currently 

captured by a separate cost category which makes our estimates of the hospital costs 

conservative. Finally, different HCU threshold may yield different estimations of the 

incremental costs. Although ours is the most commonly used HCU threshold in Canada 

(Wammes et al., 2018), our findings are largely comparable to studies with the same 

threshold and the choice of cost categories.  
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Despite these limitations, our findings have policy and research implications. There is 

currently no clear internationally accepted definition of the HCU (J. Y. Lee et al., 2018). 

They are also referred to by many names (e.g., heavy, frequent or high needs users) that 

are used interchangeably with HCU (J. Y. Lee et al., 2018). However, our data shows that 

frequent users of healthcare may not be synonymous with high-cost users of healthcare 

and both need to be distinguished. One prolonged hospital stay, for example, can drive a 

senior patient to become a HCU.  Although interventions have been introduced to either 

prevent or divert such hospitalizations, their success is unclear (J. Y. Lee et al., 2018). 

Further efforts are needed to examine predictors at the pre-hospital level and to identify 

actionable cost drivers during admission. At the same time, more than one tenth of senior 

HCUs had no hospital costs. The latter subset of HCUs requires further investigation. 

Reducing ODB expenditures by exploring  pharmaceutical policy or pricing strategies 

(e.g. generic drug tendering) stands out as a promising but challenging area to achieve 

potential cost reductions (Morgan S & Persaud N). Canada has recently made steps to 

alleviate the burden of drug costs by negotiating lower prices of generic and non-generic 

drugs with manufacturers (The pan-Canadian Pharmaceutical Alliance. Council of the 

Federation, 2018). Although there may be room for further savings among generic drugs 

(Morgan & Persaud, 2018), these may be offset by the growing share of expensive 

biologics coupled with just a modest uptake of biosimilars (Lungu E. & Warwick G). 

Finally, future cost analysis of senior HCUs could benefit from greater data granularity. 

Following a patient by type of care received in the incident year, for example, it may be 
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possible to more precisely identify the point of HCU conversion, differentiate between 

outpatient and inpatient costs that contribute to it, and allocate costs more precisely. 

Conclusion 

Costs attributable to incident senior HCU status accounted for almost one-tenth of the 

provincial budget. Prolonged hospitalizations made a major contribution to the total 

incremental costs. However, categories such as physician billings, drug benefits and 

other, in various combinations, also were important. A subgroup of patients that became 

HCU without hospitalization requires further investigation.  
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Figure 1:  Proportion of new HCUs that made the HCU threshold due to various 
types of costs 
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The graph presents the proportion of senior HCU in the context of cost categories that reached the HCU 
threshold of $10,192.  
  
- One cost category (e.g. hospital costs) reached the HCU threshold among 40% of new HCUs (% of 
patient in Top 5 categories: Hospital (70.7%); Cancer (8.1%); ODB (7.3%); LTC (5.1%); HC: (3.3%)) 
- More than 1 cost category (e.g. hospital and physician costs) reached the HCU threshold among 13% of 
HCUs (% of patient in Top 5 categories: Hospital (95.1%); Physician (35.5 %); Rehab (27.8%); CCC (18.6%); 
HC (13.6%)) 
- No single cost category reached the HCU threshold among 47% of new HCUs (% of patient in Top 5 
categories: Physician (99.9%, mean $3022); ODB (99.6%, mean $2127); Hospital (88.7%, mean $5611); 
Laboratory (87.1%, mean $190); ED (70%, mean $654) 
CCC - Continuing Care; ED - Emergency Department; LTC- Long-term care; ODB - Ontario Drug Benefit   
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Figure 2:  Dynamics of change in annual healthcare use, before (baseline) and 
during incident year, by HCU status and cost categories (mean per patient) 
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Figure 3:  Dynamics of change in annual healthcare care expenditures before 
and after index year, by HCU status and cost categories (annual, mean per patient) 
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Appendix 1: HCUs with no hospitalization costs during incident year: contribution 
of cost categories  
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Total number of HCUs with 
no hospitalization costs in the 
incident year is 20,501 
(11.6% of all HCUs) 

Note: The percentages in the figure represent the proportion of patients out of the total number of HCUs 
without hospitalization expenditures during the incident year that incurred any costs in the corresponding 
cost category in that year. 
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Appendix 2:  Description of cost components among HCUs and non-HCUs by pre- incident and incident year 

Cost components FY2012 
(pre-incident year) 

 FY2013 
(incident year) 

 

HCU 
N=175847 

Non-HCU 
N=527541 

 HCU 
N=175847 

Non-HCU 
N=527541 

 

 
 Mean, $ (SD)  Mean, $ (SD) aSD Mean, $ (SD) Mean, $ (SD) aSD 

Cancer clinics 14 (196) 4 (90) 0.54 1258 (5234) 4 (92) 0.92 
Complex continuing care 1 (36) 1 (17) 0.50 1114 (7685) 1 (24) 1.47 
Dialysis 2 (40) 1 (15) 0.31 104 (2166) 1 (12) 0.57 
Emergency department 162 (327) 84 (226) 0.13 857 (881) 96 (249) 0.62 
Home care 341 (1023) 90 (498) 0.28 1765 (3667) 125 (589) 0.29 
Hospital admission 318 (864) 215 (714) 0.33 13558 (20529) 225 (743) 0.34 
Laboratory 149 (160) 102 (123) 0.07 187 (192) 104 (125) 0.20 
Long-term care 11 (192) 1 (45) 0.07 1003 (4800) 3 (91) 0.29 
Mental health admissions 1 (60) 1 (33) 0.03 256 (3924) 1 (29) 1.18 
Outpatient Drug Benefits 1497 (1441) 824 (1002) 0.01 2456 (3822) 854 (1052) 0.09 
Physicians 1136 (821) 761 (671) 0.01 4215 (3217) 787 (694) 0.51 
Rehabilitation 1 (41) 1 (33) 0.01 1376 (6792) 1 (20) 0.07 
Total cost 4167 (2664) 2372 (2166) 0.74 29785 (29029) 2471 (2252) 1.33 
aSD- absolute standardized difference;  
FY- fiscal year 
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Appendix 3:  Description of healthcare use among HCUs and non-HCUs by pre- incident and incident year  

 Cost components FY2012 
(pre-incident year) 

 FY2013 
(incident year) 

 

HCU 
N=175847 

Non-HCU 
N=527541 

 HCU 
N=175847 

Non-HCU 
N=527541 

 

 
Mean (SD) Mean (SD) aSD Mean (SD) Mean (SD) aSD 

Hospital admission, All 0.04 ± 0.18 0.02 ± 0.14 0.08 1.07 ± 0.87 0.03 ± 0.15 1.68 
Elective 0.01 ± 0.07 0.01 ± 0.07 0.01 0.3 ± 0.51 0.01 ± 0.07 0.8 

Unplanned 0.03 ± 0.17 0.02 ± 0.13 0.08 0.8 ± 0.89 0.02 ± 0.14 1.24 
Emergency department visits 0.56 ± 1.13 0.31 ± 0.8 0.26 1.88 ± 2.2 0.32 ± 0.82 0.94 
Physician visits, All 15.43 ± 10.69 10.06 ± 8.9 0.55 45.62 ± 32.55 10.03 ± 8.98 1.49 

General practitioner  8.03 ± 6.8 5.64 ± 5.59 0.39 16.08 ± 14.74 5.48 ± 5.56 0.95 
Specialist  7.4 ± 6.65 4.43 ± 5.13 0.5 29.55 ± 25.97 4.55 ± 5.24 1.33 

Home care services, All 7.74 ± 31.92 1.81 ± 14.15 0.24 33.27 ± 82.17 2.47 ± 17.33 0.52 
Personal support 0.54 ± 4.03 0.16 ± 2.00 0.12 5.60 ± 18.59 0.20 ± 2.26 0.41 

Nursing 6.44 ± 30.59 1.46 ± 13.53 0.21 22.62 ± 73.93 1.91 ± 16.39 0.39 
Allied 0.18 ± 0.99 0.05 ± 0.52 0.17 1.82 ± 4.27 0.15 ± 1.41 0.52 
Other 0.58 ± 2.30 0.14 ± 0.96 0.25 3.22 ± 5.23 0.21 ± 1.09 0.8 

aSD- absolute standardized difference;  
FY- fiscal year 
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Appendix 4: Regression coefficients, recycled prediction, costs 
         Care 
categories 
 
Covariates  

Hospital admission Physician Homecare Ontario Drug benefits Emergency 
Department 

Mental health 
admission Total 

  Coeff SE P-
value Coeff SE P-

value Coeff SE P-
value Coeff SE P-

value Coeff SE P-
value Coeff SE P-

value Coeff SE P-
value 

Part 1* 
p(costs)=0                       

Intercept 1.03 0.04 <.0001 -3.52 0.08 <.0001 9.30 0.05 <.0001 -1.85 0.06 <.0001 3.91 0.03 <.0001 5.94 0.32 <.0001 -4.95 0.09 <.0001 

HCU 
status -3.79 0.01 <.0001 -5.16 0.15 <.0001 -3.13 0.01 <.0001 -2.25 0.03 <.0001 -2.39 0.01 <.0001 -5.16 0.18 <.0001 -

13.88 14.60 0.342 

Cost pre 0.00 0.00 <.0001 -0.01 0.00 <.0001 0.00 0.00 <.0001 -0.01 0.00 <.0001 0.00 0.00 <.0001 0.00 0.00 <.0001 -0.01 0.00 <.0001 

ADG -0.09 0.00 <.0001 -0.38 0.00 <.0001 -0.04 0.00 <.0001 -0.34 0.00 <.0001 -0.09 0.00 <.0001 -0.01 0.01 0.214 -0.47 0.01 <.0001 

Age 0.02 0.00 <.0001 0.06 0.00 <.0001 -0.08 0.00 <.0001 0.04 0.00 <.0001 -0.02 0.00 <.0001 0.05 0.00 <.0001 0.08 0.00 <.0001 

Sex -0.22 0.01 <.0001 0.13 0.02 <.0001 0.34 0.01 <.0001 0.20 0.01 <.0001 0.04 0.01 <.0001 0.19 0.05 0 0.10 0.02 <.0001 

Low 
income 0.18 0.01 <.0001 0.05 0.02 0.011 -0.06 0.01 <.0001 0.59 0.02 <.0001 -0.03 0.01 <.0001 -0.18 0.06 0.003 0.32 0.02 <.0001 

Part 2 
p(costs)>0                       

Intercept 6.73 0.02 <.0001 6.26 0.01 <.0001 6.17 0.03 <.0001 5.41 0.01 <.0001 5.46 0.02 <.0001 7.82 0.28 <.0001 6.51 0.01 <.0001 

HCU 
status 2.27 0.00 <.0001 1.53 0.00 <.0001 0.76 0.01 <.0001 0.79 0.00 <.0001 0.88 0.00 <.0001 1.82 0.16 <.0001 2.34 0.00 <.0001 

Cost pre 0.00 0.00 <.0001 0.00 0.00 <.0001 0.00 0.00 <.0001 0.00 0.00 <.0001 0.00 0.00 <.0001 0.00 0.00 0.37 0.00 0.00 <.0001 

ADG -0.02 0.00 <.0001 0.03 0.00 <.0001 -0.01 0.00 <.0001 0.02 0.00 <.0001 0.01 0.00 <.0001 -0.02 0.01 <.0001 0.03 0.00 <.0001 

Age 0.01 0.00 <.0001 0.00 0.00 <.0001 0.01 0.00 <.0001 0.01 0.00 <.0001 0.01 0.00 <.0001 0.01 0.00 0.002 0.01 0.00 <.0001 

Sex 0.08 0.00 <.0001 0.05 0.00 <.0001 0.00 0.01 0.727 0.03 0.00 <.0001 0.02 0.00 <.0001 0.01 0.04 0.882 0.04 0.00 <.0001 

Low 
income 0.02 0.01 0 -0.03 0.00 <.0001 0.00 0.01 0.749 0.09 0.00 <.0001 0.04 0.00 <.0001 0.07 0.05 0.214 0.04 0.00 <.0001 

log_theta 0.36 0.00 <.0001 0.79 0.00 <.0001 0.34 0.00 <.0001 0.15 0.00 <.0001 0.84 0.00 <.0001 0.24 0.03 <.0001 0.58 0.00 <.0001 

ADG- Aggregate Diagnosis Group; Coeff- regression coefficient; HCU- high-cost user; SE- standard error 
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Appendix 4: Regression coefficients, recycled prediction, costs (CONT) 
            Care 
categories 
 
Covariates  

Lab Dialysis Cancer care Long-term care Continuing complex 
care Rehab 

  Coeff SE P-value Coeff SE P-
value Coeff SE P-

value Coeff SE P-
value Coeff SE P-

value Coeff SE P-
value 

Part 1 
p(costs)=0                    

Intercept -
0.72 0.03 <.0001 7.03 0.33 <.0001 1.96 0.09 <.0001 15.60 0.13 <.0001 15.32 0.23 <.0001 13.08 0.23 <.0001 

HCU status -
0.52 0.01 <.0001 -2.14 0.07 <.0001 -3.29 0.02 <.0001 -4.60 0.05 <.0001 -6.87 0.19 <.0001 -7.59 0.21 <.0001 

Cost pre -
0.01 0.00 <.0001 -0.03 0.00 <.0001 0.00 0.00 <.0001 0.00 0.00 <.0001 0.00 0.00 <.0001 0.00 0.00 <.0001 

ADG -
0.15 0.00 <.0001 -0.04 0.01 <.0001 0.01 0.00 0 0.03 0.00 <.0001 0.04 0.00 <.0001 0.02 0.00 <.0001 

Age 0.02 0.00 <.0001 0.02 0.00 <.0001 0.05 0.00 <.0001 -0.11 0.00 <.0001 -0.07 0.00 <.0001 -0.04 0.00 <.0001 

Sex 0.05 0.01 <.0001 -0.60 0.06 <.0001 -0.11 0.02 <.0001 0.42 0.02 <.0001 0.13 0.02 <.0001 0.26 0.02 <.0001 

Low income 0.08 0.01 <.0001 -0.39 0.07 <.0001 0.22 0.02 <.0001 -0.11 0.02 <.0001 -0.01 0.03 0.763 0.02 0.02 0.364 

Part 2 
p(costs)>0                   

Intercept 4.41 0.01 <.0001 6.22 0.44 <.0001 8.30 0.10 <.0001 7.54 0.10 <.0001 7.15 0.23 <.0001 7.54 0.19 <.0001 

HCU status 0.30 0.00 <.0001 3.99 0.08 <.0001 2.76 0.02 <.0001 1.81 0.04 <.0001 2.47 0.19 <.0001 1.74 0.18 <.0001 

Cost pre 0.00 0.00 <.0001 0.00 0.00 0.792 0.00 0.00 <.0001 0.00 0.00 <.0001 0.00 0.00 0 0.00 0.00 0.486 

ADG 0.01 0.00 <.0001 -0.05 0.01 <.0001 -0.01 0.00 <.0001 -0.01 0.00 <.0001 -0.01 0.00 0.05 0.00 0.00 0.143 

Age 0.00 0.00 <.0001 0.00 0.01 0.958 -0.02 0.00 <.0001 0.01 0.00 <.0001 0.01 0.00 <.0001 0.01 0.00 <.0001 

Sex 0.02 0.00 <.0001 -0.04 0.07 0.547 0.12 0.02 <.0001 -0.06 0.02 0.001 -0.01 0.02 0.665 0.10 0.02 <.0001 

Low income 0.03 0.00 <.0001 -0.33 0.08 <.0001 -0.07 0.02 0.003 -0.02 0.02 0.174 0.01 0.03 0.652 0.02 0.02 0.228 

log_theta 0.81 0.00 <.0001 -0.68 0.03 <.0001 -0.07 0.01 <.0001 0.35 0.01 <.0001 0.02 0.01 0.176 0.44 0.01 <.0001 

ADG- Aggregate Diagnosis Group; Coeff- regression coefficient; HCU- high-cost user; SE- standard error  

*Two-part models (Hurdle regression) were specified to manage zero values in the response variables: Part 1 used a logistic regression to 
predict the probability of positive values of the outcome; Part 2 specified a gamma model was applied for positive costs   
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Appendix 5: Regression coefficients, recycled prediction, health care use  
             Care categories 
Covariates  

Hospital admission, All Hospital admission, 
urgent 

Hospital admission, 
elective 

Physician visits, All Physician visits, 
Specialists 

Physician visits, 
General practitioner 

  Coeff SE P-
value Coeff SE P-

value Coeff SE P-
value Coeff SE P-

value Coeff SE P-
value Coeff SE P-

value 
Part 1* 
p(event) ≠0  

                  

Intercept 0.57 0.05 <.0001 -8.08 0.05 <.0001 4.07 0.06 <.0001 7.74 0.15 <.0001 4.80 0.05 <.0001 4.03 0.06 <.0001 

HCU status 5.11 0.01 <.0001 4.48 0.01 <.0001 4.66 0.02 <.0001 5.60 0.14 <.0001 3.78 0.03 <.0001 2.71 0.03 <.0001 

Pre-incident value 0.78 0.03 <.0001 0.82 0.03 <.0001 0.80 0.07 <.0001 0.40 0.00 <.0001 0.29 0.00 <.0001 0.62 0.00 <.0001 

Age 0.01 0.00 <.0001 0.05 0.00 <.0001 -0.07 0.00 <.0001 -0.05 0.00 <.0001 -0.03 0.00 <.0001 -0.04 0.00 <.0001 

ADG 0.00 0.00 0.002 0.00 0.00 <.0001 0.00 0.00 0.006 0.38 0.00 <.0001 0.25 0.00 <.0001 0.26 0.00 <.0001 

Sex 0.08 0.01 <.0001 0.12 0.01 <.0001 0.05 0.01 <.0001 -0.13 0.01 <.0001 -0.12 0.01 <.0001 -0.12 0.01 <.0001 

Low income -0.04 0.01 6E-04 0.17 0.01 <.0001 -0.40 0.02 <.0001 -0.20 0.02 <.0001 -0.20 0.01 <.0001 -0.16 0.01 <.0001 

Part 2 
p(event) ≠0  

                  

Intercept -2.16 0.07 <.0001 -6.77 0.19 <.0001 -1.37 0.20 <.0001 3.02 0.01 <.0001 3.10 0.01 <.0001 1.41 0.01 <.0001 

HCU status 4.21 0.13 <.0001 4.62 0.17 <.0001 2.59 0.28 <.0001 1.33 0.00 <.0001 1.63 0.00 <.0001 0.91 0.00 <.0001 

Pre-incident value 0.39 0.03 <.0001 0.42 0.03 <.0001 0.71 0.11 <.0001 0.03 0.00 <.0001 0.04 0.00 <.0001 0.06 0.00 <.0001 

Age 0.01 0.00 <.0001 0.01 0.00 <.0001 -0.01 0.00 0.041 0.00 0.00 <.0001 0.00 0.00 <.0001 0.01 0.00 <.0001 

ADG 0.02 0.00 <.0001 0.03 0.00 <.0001 0.00 0.00 0.268 0.02 0.00 <.0001 0.02 0.00 <.0001 0.02 0.00 <.0001 

Sex 0.19 0.01 <.0001 0.11 0.01 <.0001 0.29 0.03 <.0001 0.02 0.00 <.0001 0.06 0.00 <.0001 -0.01 0.00 <.0001 

Low income 0.07 0.01 <.0001 0.06 0.02 0.0004 -0.04 0.05 0.45 0.01 0.00 <.0001 -0.02 0.00 <.0001 0.05 0.00 <.0001 

Scale parameter 1.51 0.08   0.60 0.04 <.0001 0.00 0.00   0.32 0.00   0.49 0.00   0.36 0.00   

ADG- Aggregate Diagnosis Group; Coeff- regression coefficient; HCU- high-cost user; SE- standard error   
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Appendix 5: Regression coefficients, recycled prediction, health care use (CONT) 

 

                Care 
categories 
Covariates  

Emergency 
department visits 

Home care services, 
All** 

Home care services, 
Personal support 

Home care services, 
Nursing 

Home care services, 
Allied 

Home care services, 
Other** 

  Coeff SE P-
value 

Coeff SE P-
value 

Coeff SE P-
value 

Coeff SE P-
value 

Coeff SE P-
value 

Coeff SE P-
value 

Part 1 
p(event) ≠0  

                  

Intercept -1.58 0.03 <.0001 -9.51 0.05 <.0001 -9.22 0.07 <.0001 -3.04 0.05 <.0001 -7.21 0.05 <.0001 -9.28 0.05 <.0001 

HCU status 2.40 0.01 <.0001 3.11 0.01 <.0001 2.97 0.01 <.0001 3.06 0.01 <.0001 2.71 0.01 <.0001 3.07 0.01 <.0001 

Pre-incident value 0.39 0.00 <.0001 0.08 0.00 <.0001 0.09 0.00 <.0001 0.11 0.00 <.0001 0.26 0.00 <.0001 0.58 0.00 <.0001 

Age 0.02 0.00 <.0001 0.08 0.00 <.0001 0.09 0.00 <.0001 0.02 0.00 <.0001 0.07 0.00 <.0001 0.08 0.00 <.0001 

ADG 0.09 0.00 <.0001 0.05 0.00 <.0001 0.02 0.00 <.0001 0.02 0.00 <.0001 0.04 0.00 <.0001 0.05 0.00 <.0001 

Sex 0.04 0.01 <.0001 -0.34 0.01 <.0001 -0.47 0.01 <.0001 0.12 0.01 <.0001 -0.45 0.01 <.0001 -0.34 0.01 <.0001 

Low income 0.04 0.01 <.0001 0.04 0.01 <.0001 0.15 0.01 <.0001 -0.10 0.01 <.0001 -0.01 0.01 0.600 0.08 0.01 <.0001 

Part 2 
p(event) ≠0  

                  

Intercept -0.02 0.03 0.658 0.52 0.00 <.0001 -0.70 0.14 <.0001 2.40 0.06 <.0001 0.20 0.05 <.0001 -0.47 0.01 <.0001 

HCU status 0.97 0.01 <.0001 0.74 0.00 <.0001 0.62 0.03 <.0001 0.76 0.02 <.0001 0.24 0.01 <.0001 0.74 0.00 <.0001 

Pre-incident value 0.21 0.00 <.0001 0.01 0.00 <.0001 0.01 0.00 <.0001 0.03 0.00 <.0001 0.02 0.00 <.0001 0.03 0.00 <.0001 

Age 0.00 0.00 0.179 0.03 0.00 <.0001 0.02 0.00 <.0001 0.00 0.00 <.0001 0.01 0.00 <.0001 0.02 0.00 <.0001 

ADG 0.03 0.00 <.0001 0.00 0.00 <.0001 -0.01 0.00 0.001 0.00 0.00 0.091 0.02 0.00 <.0001 0.00 0.00 <.0001 

Sex 0.09 0.01 <.0001 -0.13 0.00 <.0001 -0.07 0.02 0.006 -0.03 0.01 0.011 -0.11 0.01 <.0001 0.00 0.00 0.3217 

Low income 0.02 0.01 0.005 0.05 0.00 <.0001 -0.06 0.03 0.026 0.03 0.02 0.061 -0.14 0.01 <.0001 0.04 0.00 <.0001 

Scale parameter 1.09 0.02         115.73 0.00   2.12 0.02   1.01 0.01         
 

ADG- Aggregate Diagnosis Group; Coeff- regression coefficient; HCU- high-cost user; SE- standard error 
*For count data, two-part models were applied to manage zero values in the response variables: Part 1 used a logistic regression to 
predict the probability of positive values of the outcome; Part 2 was a negative binomial or Poisson model for positive counts,  
**-models were fit using Poisson distribution 
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Chapter 4 
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Appendix 1:             Intra-class coefficients (ICC) 

A. Costs 

HCU 

Parameters Total Hosp MD HC ODB ED Lab LTC MH Rehab Dialysis Cancer CCC 
Random 
intercept,  
subject=LHIN 

0.0012 0.0013 0.0170 0.0073 0.0015 0.0018 0.0110 0.0010 0.01966 0.0084 0.3000 0.0236 0.0358 

Residual 0.4596 0.7708 0.3929 0.9227 1.1425 0.4521 0.6176 0.7640 0.7687 0.013 0.126 0.021 0.037 
ICC, % 0.26% 0.17% 4.15% 0.79% 0.13% 0.40% 1.74% 0.13% 2.49% 1.26% 12.61% 2.05% 3.70% 
p-value 
(random 
intercept) 

0.001 0.027 0.007 0.008 0.026 0.02 0.006 0.36 0.98 0.656 2.080 1.124 0.93 

               

Non-
HCU 

Random 
intercept,  
subject=LHIN 

0.0010 0.0029 0.0140 0.0140 0.0017 0.0018 0.0087 not 
defined 

not 
defined 

0.0003 0.4641 0.2264 not 
defined 

p-value 
(random 

intercept) 

0.012 0.024 0.005 0.008 0.001 0.02 0.005     0.47 0.09 0.019   

Residual 0.7110 0.5554 0.5448 0.5860 1.2780 0.4521 0.5288     0.0029 0.2694 0.8596   
ICC, % 0.14% 0.53% 2.51% 2.33% 0.13% 0.40% 1.61%     8.29% 63.27% 20.85%   

ICC=estimate of random intercept/residual+ estimate of random intercept (%) 
Abbreviations: Hosp- hospitalization costs, MD-physician costs, HC-home care, ODB-Outpatient Drug Benefit, ED- emergency 
department, LTC-long-term care, MH-mental health, CCC-complex continuing care 

B. Mortality 

Parameters HCU Non-HCU 
Random intercept,  
subject=LHIN 

0.004159 0.04208 

p-value (random 
intercept) 0.017 0.009 

Residual 3.29 3.29 
ICC, % 0.126% 1.263% 
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Appendix 2: Model specification and other statistical formulas used in statistical analysis 

A. General equation 

yij=(ꞵ0+u0j) + ∑ꞵijXij+eij 
 
 
where 𝑦𝑦𝑖𝑖𝑖𝑖 –is the outcome (costs or mortality) in patient i from LHINj; ꞵ0 – the provincial mean; 𝑢𝑢0𝑖𝑖 – is the random effect for 
each LHIN that is assumed 𝑢𝑢0𝑖𝑖~𝑁𝑁(0,𝜎𝜎2𝑢𝑢); ꞵ𝑖𝑖𝑖𝑖 - are the fixed effects of individual level characteristics; 𝑋𝑋𝑖𝑖𝑖𝑖 - is the vector of 
covariates at the individual level; 𝑒𝑒𝑖𝑖𝑖𝑖 - is the residual error. 

 
 

B. Coefficient of determination (R2) 
a. Binary outcome (e.g., mortality) 

𝑅𝑅2 =
𝜎𝜎2𝑓𝑓𝑒𝑒

𝜎𝜎2𝑢𝑢 +  𝜎𝜎2𝑓𝑓𝑒𝑒 +  𝜋𝜋2/3
 

 
b. Continuous outcome with gamma distribution (i.e., costs)  

𝑅𝑅2 =
𝜎𝜎2𝑓𝑓𝑒𝑒

𝜎𝜎2𝑢𝑢 +  𝜎𝜎2𝑓𝑓𝑒𝑒 + ln (1 + 1
𝑣𝑣)

 

where 𝜎𝜎2𝑓𝑓𝑒𝑒- variance explained by fixed effects; 𝜎𝜎2𝑢𝑢- variance explained by random effects (LHINs); 𝑣𝑣- the shape parameter 
from gamma GLM 
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Additional files 3A-B. Variation (by LHIN) in patient baseline individual and care characteristics, pre-incident year  

A: HCU 
 

LHIN Age (%) Sex 
(F, %) 

Rurality 
(% of 
urban) 

Low 
income 
senior 
(%) 

Number 
of 
ADGs, 
mean 
per 
patient 

Proportion with chronic conditions 
(%) 

Number 
of 
physicians 
involved 
in care, 
mean per 
patient 

Seen by a 
geriatrician 
(%) 

Number of 
prescription 
drugs, 
mean per 
patient 

Acute 
inpatient 
admissions 
(%) 

  
66-74 75-

84 
≥85 

    
Malignant 

neoplasms 
Common 

chronic 
conditions*  

Mental 
health# 

    

1 Erie St. Clair 39.9 39.4 20.8 53.6 32.7 13.6 10.6 33.1 65.3 40.1 8.3 0.5 9.0 3.5 
2 South West 38.8 39.7 21.6 53.5 39.5 14.7 9.9 37.3 59.2 35.6 7.5 2.6 8.0 4.1 
3 Waterloo 

Wellington 37.9 40.4 21.7 
53.4 75.9 

14.3 
9.6 

33.0 58.3 34.2 
7.3 4.1 7.9 3.4 

4 Hamilton 
Niagara 38.1 40.1 21.7 

53.8 76.8 
14.1 

10.2 
32.7 60.1 36.9 

8.1 3.5 8.4 3.5 

5 Central 
West 44.5 38.9 16.6 

51.3 91.1 
28.1 

10.4 
26.8 63.2 40.6 

8.3 3.3 9.2 3.5 

6 Mississauga 
Halton 38.4 39.8 21.8 

52.6 100.0 
19.5 

10.5 
31.1 59.0 40.4 

8.5 5.0 8.6 3.6 

7 Toronto 
Central 36.5 39.2 24.3 

55.4 100.0 
25.7 

10.4 
32.8 57.0 45.1 

8.5 3.6 8.3 2.8 

8 Central  36.3 40.6 23.1 53.1 87.4 23.9 10.8 31.8 59.6 42.4 8.9 3.9 8.8 2.9 
9 Central East 38.0 40.8 21.3 52.4 60.1 21.2 10.3 31.8 62.6 37.3 8.6 2.6 8.8 2.8 

10 South East 42.4 39.6 18.0 50.7 33.8 14.8 9.6 31.5 60.1 33.6 8.1 1.2 8.1 2.7 
11 Champlain 39.3 38.3 22.4 53.5 64.4 14.9 10.1 33.4 58.4 39.6 8.4 1.3 8.1 3.3 
12 North 

Simcoe 
Muskoka 43.0 39.8 17.3 

52.1 22.6 

13.7 

9.9 

34.9 60.6 35.5 

7.4 2.2 7.9 4.5 

13 North East 42.6 41.3 16.1 51.2 25.1 16.3 9.8 28.5 63.9 35.9 7.2 1.5 8.5 6.0 
14 North West 39.8 40.3 19.9 51.1 56.3 11.1 9.9 29.9 61.6 28.9 7.9 4.3 7.9 6.4 

                
CV 6.3% 2% 12.3% 2.5% 44.7% 29.7% 3.7% 8.1% 4.0% 11.0% 6.5% 47.8% 5.2% 30.0% 

ADGs- Aggregated Diagnosis Groups; CV- Coefficient of Variation; HCU- high-cost user; *ICES- derived common chronic conditions (CHF- congestive heart failure; 
COPD- chronic obstructive pulmonary disease; DM- diabetes, MI- myocardial infarction, RA- rheumatoid arthritis); LHIN – Local Health Integrated Network; SD- 
Standard Deviation; # includes any of mental health conditions among Expanded Diagnosis Clusters (PSY01-12) 
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B: Non-HCU 
 

LHIN Age (%) 
 

 
 

Sex 
(F, %) 

Rurality 
(% of 
urban) 

Low 
income 
senior 
(%) 

Comorbidity 
(# of ADGs), 
mean per 
patient 

Proportion with chronic conditions 
(%) 

Number 
of MDs 
involved 
in care, 
mean 
per 
patient 

Seen by a 
geriatrician 
(%) 

Number of 
prescription 
drugs, 
mean per 
patient 

Acute 
inpatient 
admissions 
(%) 

  
66-74 75-84 ≥85 

    
Malignant 

neoplasms 
Common 

chronic 
conditions* 

Mental 
health# 

    

1 Erie St. Clair 39.9 39.4 20.8 53.6 34.6 13.1 8.4 25.6 49.2 31.2 6.0 0.3 6.2 2.1 
2 South West 38.8 39.7 21.6 53.5 40.2 12.9 8.1 29.3 44.9 26.4 5.4 1.1 5.6 2.3 
3 Waterloo 

Wellington 
37.9 40.4 21.7 53.4 76.8 13.4 7.6 24.7 42.3 24.4 5.2 1.9 5.3 1.9 

4 Hamilton 
Niagara 

38.1 40.1 21.7 53.8 75.9 13.2 8.3 25.8 44.1 27.9 6.0 1.4 5.8 2.0 

5 Central West 44.5 38.9 16.6 51.3 93.3 27.5 7.7 17.3 46.1 27.0 5.5 1.1 5.9 1.7 
6 Mississauga 

Halton 
38.4 39.8 21.8 52.6 100.0 18.4 7.7 20.4 42.5 27.1 5.5 1.9 5.3 1.7 

7 Toronto 
Central 

36.5 39.2 24.3 55.4 100.0 25.2 7.5 21.5 42.1 29.9 5.4 1.3 5.2 1.4 

8 Central  36.3 40.6 23.1 53.1 90.0 24.6 7.9 20.5 43.4 28.3 5.8 1.4 5.6 1.5 
9 Central East 38.0 40.8 21.3 52.4 67.1 22.2 7.9 22.6 46.8 26.6 5.8 1.1 5.9 1.4 

10 South East 42.4 39.6 18.0 50.7 33.2 12.6 7.9 24.1 44.2 25.0 6.0 0.6 5.5 1.8 
11 Champlain 39.3 38.3 22.4 53.5 69.1 14.3 7.9 24.1 42.4 28.3 5.8 0.5 5.3 1.6 
12 North 

Simcoe 
Muskoka 

43.0 39.8 17.3 52.1 21.7 11.9 8.1 28.2 45.5 27.3 5.5 1.0 5.5 2.5 

13 North East 42.6 41.3 16.1 51.2 26.2 15.6 7.9 21.9 48.4 25.9 5.3 0.5 5.9 3.4 
14 North West 39.8 40.3 19.9 51.1 50.4 10.8 7.6 21.5 46.0 20.7 5.5 1.9 5.1 3.4 

                
CV 6.3% 2.0% 12.3% 2.5% 44.7% 33.6% 3.5% 13.8% 5.1% 9.3% 4.6% 48.4% 5.7% 31.8% 

 

ADGs- Aggregated Diagnosis Groups; CV- Coefficient of Variation; HCU- high-cost user; *ICES- derived common chronic conditions (CHF- congestive heart failure; COPD- chronic 
obstructive pulmonary disease; DM- diabetes, MI- myocardial infarction, RA- rheumatoid arthritis); LHIN – Local Health Integrated Network; SD- Standard Deviation; # includes any of 
mental health conditions among Expanded Diagnosis Clusters (PSY01-12) 
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Additional files 4A-B Observed and adjusted healthcare care expenditures (total and by cost component) and mortality 
among HCUs and non-HCUs, incident year 

A: HCU 

Models are adjusted for random effects (RE), age, sex, ADGs, and low-income status; AIC/BIC- Akaike/Bayesian information criterion; 
CV- Coefficient of variation; HCU- high-cost user, LL- loglikelihood; ODB-Outpatient Drug Benefit plan; SD- standard deviation;  

 

LHIN Total costs Hospital admission Physician Home care 
Obs RE Adj Obs RE Adj Obs RE Adj Obs RE Adj 

 Proportion of zero 
values (%) 0.0 

  
11.7 

  
0.03 

  
41.6 

  

1 Erie St. Clair 30,559 30,518 30,510 14,204 14,165 14,175 4,152 4,151 4,138 1,771 1,772 1,780 
2 South West 29,136 29,151 29,204 13,620 13,634 13,654 3,575 3,576 3,566 1,991 1,989 1,988 
3 Waterloo Wellington 28,305 28,373 28,459 12,798 12,864 12,925 3,852 3,853 3,844 1,800 1,800 1,798 
4 Hamilton Niagara 30,576 30,557 30,546 13,539 13,534 13,553 4,171 4,171 4,169 2,156 2,153 2,129 
5 Central West 28,773 28,820 28,813 13,441 13,469 13,439 4,875 4,872 4,883 1,570 1,574 1,565 
6 Mississauga Halton 30,251 30,227 30,175 13,291 13,319 13,305 4,655 4,654 4,675 1,460 1,464 1,479 
7 Toronto Central 31,813 31,737 31,649 13,536 13,511 13,411 4,703 4,702 4,720 1,916 1,912 1,917 
8 Central  29,785 29,781 29,771 13,164 13,174 13,146 4,851 4,850 4,867 1,618 1,619 1,618 
9 Central East 29,487 29,490 29,481 13,286 13,298 13,290 4,371 4,371 4,371 1,551 1,553 1,556 

10 South East 28,434 28,495 28,523 13,003 13,022 13,043 3,861 3,861 3,852 2,001 1,996 1,981 
11 Champlain 29,929 29,921 29,926 13,652 13,632 13,638 4,047 4,047 4,048 1,579 1,581 1,587 
12 North Simcoe Muskoka 28,647 28,708 28,752 13,774 13,796 13,820 4,124 4,124 4,118 1,742 1,742 1,731 
13 North East 29,109 29,133 29,165 14,833 14,795 14,834 3,344 3,346 3,343 1,663 1,665 1,664 
14 North West 30,238 30,165 30,187 15,338 15,130 15,171 3,171 3,176 3,188 1,810 1,808 1,815 
  Mean 29,646 29,648 29,654 13,677 13,667 13,672 4,125 4,125 4,127 1,759 1,759 1,758 
  SD 992.8 948.9 913.6 694.6 639.7 651.7 536.4 534.8 541.0 201.8 199.3 193.2 
  CV 3.3 3.2 3.1 5.1 4.7 4.8 13.0 13.0 13.1 11.5 11.3 11.0 

  -2 Log Likelihood 3925362 3925073 3922740 3426248 3425853 3422126 3221763 3216335 3209694 2090097 2087329 2067947 
  AIC (smaller is better) 3925366 3925079 3922754 3426254 3425865 3422154 3221767 3216341 3209708 2090103 2087341 2067975 

 BIC (smaller is better) 3925386 3925080 3922758 3426284 3425869 3422162 3221787 3216343 3209712 2090133 2087344 2067984 

 LRT (Chi2 dist, p<0.05)  289.2 2333.0  394.6 3727.4  5428.2 6640.9  2768.4 19381.3 
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LHIN ODB Emergency department Mental health Lab 
Obs RE Adj Obs RE Adj Obs RE Adj Obs RE Adj 

 Proportion of zero 
values (%) 0.9 

  
24.3 

  
99.0 

  
14.4 

  

1 Erie St. Clair 2,553 2,549 2,559 895 894 893 194 207 207 177 177 177 
2 South West 2,301 2,306 2,302 865 866 864 324 313 313 149 150 150 
3 Waterloo Wellington 2,401 2,406 2,395 823 824 823 345 313 312 199 199 199 
4 Hamilton Niagara 2,535 2,533 2,544 840 840 842 207 212 210 198 198 197 
5 Central West 2,527 2,524 2,532 823 823 824 151 178 180 209 208 208 
6 Mississauga Halton 2,395 2,396 2,394 825 826 825 266 261 257 214 214 214 
7 Toronto Central 2,283 2,283 2,270 852 852 855 351 333 332 170 170 171 
8 Central  2,422 2,423 2,415 816 816 818 232 235 237 221 220 220 
9 Central East 2,505 2,503 2,505 835 835 835 186 195 193 212 212 212 

10 South East 2,590 2,582 2,587 863 863 862 269 262 257 164 164 164 
11 Champlain 2,566 2,563 2,571 888 887 886 356 341 341 162 162 162 
12 North Simcoe 

Muskoka 2,466 
2,464 2,467 

859 860 859 286 
275 280 

184 184 184 
13 North East 2,474 2,472 2,478 915 915 912 214 223 229 145 145 146 
14 North West 2,103 2,144 2,131 1,099 1,087 1,089 161 204 197 128 129 129 
  Mean 2,437 2,439 2,439 871 871 870 253 254 253 181 181 181 
  SD 134.5 124.7 132.0 71.9 69.0 69.1 71.5 54.3 54.5 29.0 28.8 28.5 
  CV 5.5 5.1 5.4 8.3 7.9 7.9 28.2 21.4 21.5 16.0 15.9 15.7 

  -2 Log Likelihood 3088995 3088721 3084420 2295081 2294521 2287076 58709 58656 58378 2049266 2043455 2037745 
  AIC (smaller is better) 3089001 3088733 3084448 2295087 2294533 2287104 58715 58668 58406 2049272 2043467 2037773 

 BIC (smaller is better) 3089031 3088737 3084457 2295118 2294537 2287113 58745 58672 58415 2049302 2043471 2037781 

 LRT (Chi2 dist, p<0.05)  273.7 4300.8  560.6 7445.3  53.0 278.2  5811.1 5710.6 
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LHIN Dialysis Cancer LTC CCC Rehabilitation 
Obs RE Adj Obs RE Adj Obs RE Adj Obs RE Adj Obs RE Adj 

 Proportion of 
zero values (%) 99.3 

  
90.1 

  
93.4 

  
95.4 

  
92.5 

  

1 Erie St. Clair 158 132 128 1,189 1,190 1,199 1,062 1,064 1,064 1,093 1,085 1,079 1,849 1,832 1,819 
2 South West 83 92 91 1,355 1,291 1,319 1,254 1,245 1,248 758 769 771 994 1,003 1,003 
3 Waterloo 

Wellington 99 
101 102 

1,536 1,516 1,527 1,165 1,135 1,141 1,073 1,079 1,086 950 959 958 
4 Hamilton 

Niagara 133 
126 125 

1,291 1,276 1,285 1,066 1,061 1,063 1,760 1,756 1,757 1,048 1,040 1,035 
5 Central West 146 128 132 1,207 1,222 1,231 844 884 871 527 550 547 1,026 1,052 1,053 
6 Mississauga 

Halton 81 
84 85 

1,474 1,468 1,462 793 815 819 1,188 1,178 1,175 2,015 1,987 1,971 
7 Toronto Central 58 78 78 1,125 1,173 1,131 735 744 756 2,211 2,178 2,171 1,785 1,792 1,804 
8 Central  121 115 112 1,181 1,192 1,178 921 921 924 950 950 952 1,581 1,585 1,593 
9 Central East 99 101 102 1,206 1,233 1,227 1,101 1,070 1,065 1,010 1,012 1,013 1,821 1,817 1,828 
1
0 

South East 
125 

113 115 
1,118 1,184 1,206 1,048 982 963 791 811 810 719 737 732 

1
1 

Champlain 
56 

76 75 
1,298 1,271 1,268 987 984 991 725 718 718 1,709 1,702 1,698 

1
2 

North Simcoe 
Muskoka 92 

98 99 
1,254 1,239 1,281 1,021 1,071 1,066 593 604 604 777 793 794 

1
3 

North East 
85 

94 98 
1,140 1,159 1,183 1,063 1,095 1,087 773 769 772 821 809 802 

1
4 

North West 
197 

153 150 
1,256 1,235 1,276 724 815 812 1,687 1,664 1,659 858 866 869 

  Mean 109 106 107 1,259 1,261 1,269 985 992 991 1,081 1,080 1,080 1,282 1,284 1,283 
  SD 39.6 22.2 21.7 125.2 106.3 108.6 160.2 141.0 140.4 488.0 475.5 473.8 476.5 467.4 467.5 
  CV 36.2 20.9 20.3 9.9 8.4 8.6 16.3 14.2 14.2 45.1 44.0 43.9 37.2 36.4 36.4 

  -2 Log Likelihood 38786 37751 37613 47749
2 

47632
2 

47285
3 

33212
5 

33189
9 

32297
1 

24423
2 

24312
0 

24049
8 

37979
8 

37829
2 

37657
3 

  AIC (smaller is 
better) 

38792 37763 37641  47633
4 

47288
1 

 33191
1 

32299
9 

24423
8 

24313
2 

24052
6 

37980
4 

37830
4 

37660
1 

 BIC (smaller is 
better) 

38822 37767 37650  47633
7 

47289
0 

 33191
5 

32300
8 

24426
8 

24313
6 

24053
5 

37983
5 

37830
8 

37661
0 

 LRT (Chi2 dist, 
p<0.05)  1035.2 138.1  1170.7 3468.5  225.9 8928.5  1111.6 2622.1  1506.3 1719.0 
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B: Non-HCU 

 

  

LHIN Total costs (30% sample) Hospital admission (50% sample) Physician (100% sample) Home care (75% sample) 
Obs RE Adj Obs RE Adj Obs RE Adj Obs RE Adj 

 Proportion of zero 
values (%) 9.4 

  
85.9 

  
10.50 

  
92.5 

  

1 Erie St. Clair 2,558 2,553 2,601 248 248 249 811 811 818 135 135 135 
2 South West 2,593 2,590 2,621 263 262 260 739 739 749 148 148 147 
3 Waterloo Wellington 2,408 2,418 2,431 242 242 242 772 772 785 146 145 146 
4 Hamilton Niagara 2,633 2,629 2,658 241 240 239 843 843 848 139 139 138 
5 Central West 2,348 2,350 2,348 188 188 191 830 830 821 93 94 93 
6 Mississauga Halton 2,266 2,273 2,260 192 193 193 807 807 803 82 83 84 
7 Toronto Central 2,323 2,319 2,321 142 143 144 798 799 789 130 130 131 
8 Central  2,414 2,411 2,414 173 173 176 849 849 839 120 120 120 
9 Central East 2,444 2,442 2,458 206 207 208 829 829 827 134 134 134 

10 South East 2,565 2,564 2,589 266 267 267 769 769 781 135 134 133 
11 Champlain 2,451 2,449 2,458 211 211 212 735 735 740 118 118 119 
12 North Simcoe Muskoka 2,561 2,561 2,592 280 279 276 820 819 825 88 89 89 
13 North East 2,514 2,515 2,534 332 332 330 631 631 644 121 121 120 
14 North West 2,217 2,262 2,273 312 303 302 517 520 528 128 128 127 
  Mean 2,450 2,453 2,468 235 235 235 768 768 771 123 123 123 
  SD 128.0 120.3 134.0 53.5 52.3 50.9 92.3 91.4 87.6 21.1 20.5 20.3 
  CV 5.2 4.9 5.4 22.7 22.3 21.7 12.0 11.9 11.4 17.2 16.7 16.6 

  -2 Log Likelihood 2644680 2642366 2553865 834313 832874 821522 1905951 1902381 1832307 708186 706833 674824 
  AIC (smaller is better) 2644686 2642378 2553893 834319 832886 821550 1905957 1902393 1832335 708192 706845 674852 

 BIC (smaller is better) 2644716 2642381 2553902 834350 832890 821559 1905987 1902397 1832344 708224 706849 674861 

 LRT (Chi2 dist, p<0.05)  2314.1 88500.6  1438.6 11352.1  3570.0 70073.9  1352.4 32008.9 
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LHIN 
ODB (50% sample) 

Emergency department (40% 
sample) Mental health Lab (100% sample) 

Obs RE Adj Obs RE Adj Obs RE Adj Obs RE Adj 
 Proportion of zero 

values (%) 15.6 
  

79.6 
  

 
  

31.1 
  

1 Erie St. Clair 931 927 935 103 103 103    98 98 99 
2 South West 864 865 873 118 119 119    88 88 89 
3 Waterloo Wellington 830 832 834 94 93 93    105 105 105 
4 Hamilton Niagara 901 900 905 101 101 102    114 114 114 
5 Central West 844 841 846 68 69 69    107 107 106 
6 Mississauga Halton 810 810 807 74 74 74    115 115 114 
7 Toronto Central 761 763 759 74 74 74    98 98 98 
8 Central  823 823 819 74 74 74    117 117 116 
9 Central East 897 895 898 85 85 85    114 114 114 

10 South East 859 861 866 111 112 111    93 93 94 
11 Champlain 830 830 827 99 99 99    93 93 93 
12 North Simcoe Muskoka 869 870 871 107 108 107    101 101 102 
13 North East 916 914 925 133 133 133    83 83 86 
14 North West 772 785 792 154 150 150    70 71 71 
  Mean 851 851 854 100 100 99    100 100 100 
  SD 50.8 48.2 51.6 24.6 23.9 23.8    13.6 13.4 12.7 
  CV 6.0 5.7 6.0 24.6 24.0 23.9    13.6 13.4 12.7 

  -2 Log Likelihood 3748630 3744757 3628439 814041 811982 798286    1237071 1234478 1202377 
  AIC (smaller is better) 3748636 3744769 3628467 814047 811994 798314    1237077 1234490 1202405 

 BIC (smaller is better) 3748667 3744773 3628476 814078 811998 798322 58745 58672 58415 1237106 1234494 1202414 

 LRT (Chi2 dist, p<0.05)  3872.9 116317.5  2059.4 13696.6  53.0 278.2  2592.5 32100.9 
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LHIN Dialysis (50% sample) Cancer (100% sample) LTC CCC Rehabilitation 
Obs RE Adj Obs RE Adj Obs RE Adj Obs RE Adj Obs RE Adj 

 Proportion of 
zero values (%) 99.9 

  
99.5 

  
 

  
 

  
 

  

1 Erie St. Clair            -       0.01       0.01  1 1 1          
2 South West            -       0.01       0.01  2 2 2          
3 Waterloo 

Wellington 
     0.03       0.05       0.05  15 14 14 

         
4 Hamilton Niagara      0.22       0.16       0.17  4 4 4          
5 Central West      0.23       0.24       0.24  3 3 3          
6 Mississauga 

Halton 
     2.54       2.53       2.52  8 8 8 

         
7 Toronto Central            -       0.01       0.01  2 2 2          
8 Central       0.08       0.08       0.09  2 2 2          
9 Central East      0.03       0.03       0.03  4 4 4          

10 South East            -       0.01       0.01  3 2 2          
11 Champlain            -       0.01       0.01  2 2 2          
12 North Simcoe 

Muskoka 
     0.02       0.03       0.03  2 2 2 

         
13 North East            -       0.01       0.01  1 1 1          
14 North West      0.95       0.86       0.84  4 3 3          
  Mean      0.29       0.29       0.29  4 4 4          
  SD 0.7 0.7 0.7 3.5 3.5 3.5          
  CV 236.0 237.5 237.0 91.8 92.7 92.8          

  -2 Log Likelihood 7202 6163 5952 67710 63939 62850          
  AIC (smaller is 

better) 
7208 6175 5980 67716 63951 62878          

 BIC (smaller is 
better) 

7240 6178 5989 67750 63955 62887          

 LRT (Chi2 dist, 
p<0.05)  1039.9 210.3  3771.5 1088.6          
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C. Mortality 
 
 

 

 

 

 

 

 

 

 

  

LHIN HCU Non-HCU 
Obs RE Adj Obs RE Adj 

 Proportion of zero 
values (%)     

  

1 Erie St. Clair 115.7 113.4 113.1 9.8 9.6 9.6 
2 South West 106.8 106.4 106.6 9.8 9.7 9.7 
3 Waterloo 

Wellington 118.2 115.1 115.9 8.7 8.6 8.6 
4 Hamilton Niagara 109.0 108.5 108.6 8.4 8.4 8.4 
5 Central West 97.5 99.1 97.8 5.2 5.5 5.4 
6 Mississauga Halton 100.7 101.3 101.4 5.0 5.3 5.3 
7 Toronto Central 100.9 101.4 102.2 7.4 7.5 7.5 
8 Central  98.3 99.0 99.2 5.5 5.6 5.6 
9 Central East 110.6 109.9 110.2 6.8 6.9 6.9 

10 South East 106.1 105.7 105.2 8.7 8.6 8.6 
11 Champlain 98.6 99.3 99.5 7.6 7.6 7.6 
12 North Simcoe 

Muskoka 103.3 103.5 102.3 8.0 7.9 7.8 
13 North East 95.2 97.1 96.1 9.2 9.1 9.0 
14 North West 98.1 100.7 100.5 7.9 7.8 7.8 
  Mean 104.2 104.3 104.2 7.7 7.7 7.7 

  SD 7.1 5.7 6.0 1.6 1.5 1.5 

  CV 6.8 5.4 5.7 20.6 18.8 19.1 

  -2 Log Likelihood 117793.8 117753.8 112546.6 47190.7 47070.6 44270.4 

  AIC (smaller is 
better) 

117795.8 117757.8 112558.6 47192.7 47074.6 44282.4 

 BIC (smaller is 
better) 

117805.9 117759.1 112562.4 47203.9 47075.9 44286.2 

 LRT (Chi2 dist, 
p<0.05) 

 40 5207.2  120.12 2800.21 
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Appendix 5 Estimate coefficients, healthcare care expenditures in HCUs, total costs and cost components, incident 
year 

A: HCU 

σ2u1 – variance of the probability of incurring costs; σ2u2 – variance of the costs incurred; R2- coefficient of determination (for part 1 and 
part 2 of two-part models);  

 

 

  

 
Total costs Hospital admission Physician Home care ODB 

Coeff SE P-value Coeff SE P-value Coeff SE 
P-

value Coeff SE 
P-

value Coeff SE P-value 
σ2u1    0.022 0.009 0.0297    0.052 0.020 0.0221 0.044 0.020 0.0447 
σ2u2 0.001 0.000 0.0264 0.001 0.001 0.0348 0.018 0.007 0.0205 0.007 0.003 0.0232 0.003 0.001 0.0283 

Covariance 
(u1 and u2) 

   0.003 0.002 0.122    -0.002 0.005 0.6936 0.007 0.004 0.0949 

p(costs)=0; 
Intercept 

   4.212 0.089 <.0001    -5.310 0.083 <.0001 4.732 0.277 <.0001 

Age    -0.028 0.001 <.0001    0.077 0.001 <.0001 -0.023 0.003 <.0001 
Sex, M    0.182 0.015 <.0001    -0.387 0.010 <.0001 -0.436 0.054 <.0001 

ADG    -0.002 0.002 0.2725    -0.008 0.001 <.0001 0.252 0.007 <.0001 
Low – 

income 
status    

-0.062 0.019 0.0071   

 

0.125 0.014 <.0001 -0.168 0.064 0.023 

p(costs)>0; 
Intercept 

9.739 0.019 <.0001 9.170 0.026 <.0001 9.245 0.039 <.0001 6.234 0.038 <.0001 7.925 0.031 <.0001 

Age 0.008 0.000 <.0001 0.008 0.000 <.0001 -0.013 0.000 <.0001 0.023 0.000 <.0001 -0.006 0.000 <.0001 
Sex, M 0.064 0.003 <.0001 0.125 0.005 <.0001 0.104 0.003 <.0001 -0.053 0.006 <.0001 0.047 0.005 <.0001 

ADG -0.011 0.000 <.0001 -0.020 0.001 <.0001 0.005 0.000 <.0001 -0.002 0.001 0.0306 0.027 0.001 <.0001 
Low – 

income 
status 

0.018 0.004 0.0009 0.022 0.006 0.0031 -0.050 0.004 <.0001 0.037 0.007 0.0004 0.221 0.007 <.0001 

log_theta 0.788 0.003 <.0001 0.267 0.003 <.0001 0.969 0.003 <.0001 0.126 0.004 <.0001 -0.113 0.003 <.0001 
R2 (part 1)       0.5%     34.5%     10.7%     24.5%     
R2 (part 2) 1.6%     2.2%     4.0%     5.1%     2.3%     
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Emergency department Mental health Lab Dialysis Cancer 
Coeff SE P-value Coeff SE P-value Coeff SE P-

value 
Coeff SE P-

value 
Coeff SE P-value 

σ2u1 0.032 0.013 0.0271 0.033 0.016 0.06 0.160 0.061 0.0219 0.392 0.153 0.0248 0.063 0.024 0.0229 
σ2u2 0.002 0.001 0.0284 0.018 0.010 0.1064 0.011 0.004 0.0225 0.357 0.141 0.0257 0.020 0.008 0.0257 

Covariance 
(u1 and u2) 

0.007 0.003 0.0405 -0.005 0.009 0.6213 0.023 0.013 0.0932 -0.342 0.139 0.0298 -0.034 0.013 0.0263 

p(costs)=0; 
Intercept 

-3.015 0.078 <.0001 0.653 0.271 0.0328 1.525 0.130 <.0001 -4.776 0.358 <.0001 2.015 0.112 <.0001 

Age 0.051 0.001 <.0001 0.052 0.003 <.0001 -
0.007 

0.001 <.0001 -0.013 0.004 0.0062 -0.053 0.001 <.0001 

Sex, M 0.082 0.011 <.0001 0.271 0.049 0.0001 -
0.035 

0.014 0.0271 0.557 0.060 <.0001 0.075 0.016 0.0006 

ADG 0.022 0.001 <.0001 -0.006 0.006 0.3366 0.082 0.002 <.0001 0.028 0.007 0.0026 -0.020 0.002 <.0001 
Low – 

income 
status 

0.263 0.016 <.0001 -0.231 0.062 0.003 -
0.150 

0.018 <.0001 0.354 0.073 0.0004 -0.300 0.024 <.0001 

p(costs)>0; 
Intercept 

6.404 0.023 <.0001 9.764 0.244 <.0001 4.942 0.035 <.0001 10.667 0.508 <.0001 11.366 0.101 <.0001 

Age 0.006 0.000 <.0001 0.007 0.003 0.0484 0.001 0.000 0.0024 -0.005 0.006 0.3919 -0.026 0.001 <.0001 
Sex, M 0.031 0.004 <.0001 0.042 0.043 0.3564 0.046 0.004 <.0001 -0.083 0.087 0.3585 0.145 0.016 <.0001 

ADG 0.016 0.000 <.0001 -0.017 0.005 0.0038 0.029 0.001 <.0001 -0.039 0.011 0.0035 -0.007 0.002 0.0068 
Low – 

income 
status 

0.046 0.005 <.0001 0.047 0.054 0.4024 0.006 0.005 0.3123 -0.028 0.104 0.7948 -0.115 0.024 0.0005 

log_theta 0.810 0.004 <.0001 0.272 0.031 <.0001 0.499 0.003 <.0001 -0.721 0.034 <.0001 -0.069 0.009 <.0001 
R2 (part 1) 5.0%     4.6%     3.3%     3.0%     5.7%     
R2 (part 2) 1.7%     1.6%     3.0%     2.9%     4.9%     
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LTC CCC Rehabilitation 
Coeff SE P-value Coeff SE P-value Coeff SE P-value 

σ2u1 0.044 0.017 0.0262 0.126 0.049 0.0239 0.140 0.054 0.02302 
σ2u2 0.001 0.001 0.2826 0.026 0.011 0.0311 0.006 0.003 0.000268 

Covariance 
(u1 and u2) 

-0.004 0.003 0.2017 0.001 0.016 0.9579 -
0.002 

0.008 -0.01988 

p(costs)=0; 
Intercept 

-11.062 0.129 <.0001 -8.430 0.159 <.0001 -
5.480 

0.139 -5.783 

Age 0.111 0.001 <.0001 0.072 0.002 <.0001 0.041 0.001 0.03817 
Sex, M -0.412 0.021 <.0001 -0.095 0.024 0.0019 -

0.279 
0.019 -0.3202 

ADG -0.039 0.003 <.0001 -0.037 0.003 <.0001 -
0.022 

0.002 -0.0268 

Low – 
income 

status 

0.163 0.023 <.0001 0.059 0.028 0.06 -
0.101 

0.023 -0.1516 

p(costs)>0; 
Intercept 

9.295 0.098 <.0001 9.877 0.131 <.0001 9.322 0.079 9.1486 

Age 0.005 0.001 0.001 0.003 0.001 0.0551 0.006 0.001 0.003755 
Sex, M -0.044 0.017 0.0234 -0.001 0.023 0.9624 0.142 0.015 0.1101 

ADG -0.007 0.002 0.0058 -0.008 0.003 0.0126 -
0.005 

0.002 -0.00834 

Low – 
income 

status 

-0.016 0.018 0.3996 0.032 0.027 0.2505 0.037 0.018 -0.00206 

log_theta 0.312 0.012 <.0001 0.028 0.014 0.0695 0.433 0.011 0.4081 
R2 (part 1) 19.5%     8.8%     3.7%     
R2 (part 2) 0.5%     0.3%     1.3%     
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B Non-HCU 

Note: mixed effects models in the following cost categories did not converge among senior non-HCUs: mental health, complex continuing 
care, long-term care, and rehabilitation services 

 

  

 
Total costs Hospital admission Physician Home care ODB 

Coeff SE P-value Coeff SE P-value Coeff SE 
P-

value Coeff SE 
P-

value Coeff SE P-value 
σ2u1 0.065 0.026 0.03 0.048 0.019 0.03 0.117 0.046 0.03 0.035 0.014 0.03 0.088 0.034 0.03 
σ2u2 0.001 0.001 0.04 0.003 0.002 0.05 0.014 0.005 0.03 0.015 0.006 0.03 0.002 0.001 0.03 

Covariance 
(u1 and u2) 0.006 0.003 0.06 0.005 0.004 0.17 0.02 0.012 0.13 

-
0.009 0.007 0.21 0.007 0.004 0.08 

p(costs)=0; 
Intercept 4.49 0.16 <.0001 -1.534 0.086 <.0001 3.639 0.167 <.0001 

-
13.64 0.096 <.0001 0.694 0.111 <.0001 

Age 
-0.067 0.002 <.0001 -0.019 0.001 <.0001 

-
0.057 0.002 <.0001 0.125 0.001 <.0001 -0.023 0.001 <.0001 

Sex, M 
-0.205 0.03 <.0001 0.254 0.012 <.0001 

-
0.163 0.029 <.0001 

-
0.438 0.014 <.0001 -0.192 0.016 <.0001 

ADG 1.018 0.009 <.0001 0.125 0.002 <.0001 0.805 0.007 <.0001 0.138 0.002 <.0001 0.556 0.003 <.0001 
Low – 

income 
status -0.129 0.035 0.003 -0.179 0.017 <.0001 

-
0.096 0.034 0.02 0.213 0.016 <.0001 0.041 0.019 0.05 

p(costs)>0; 
Intercept 5.946 0.025 <.0001 6.325 0.046 <.0001 5.719 0.039 <.0001 6.44 0.065 <.0001 5.257 0.029 <.0001 

Age 0.016 0.001 <.0001 0.017 0.001 <.0001 0.005 0.001 <.0001 0.013 0.001 <.0001 0.014 0.001 <.0001 
Sex, M 

0.044 0.005 <.0001 -0.021 0.008 0.02 0.019 0.005 0 
-

0.092 0.01 <.0001 0.118 0.005 <.0001 
ADG 

0.081 0.001 <.0001 -0.022 0.002 <.0001 0.074 0.001 <.0001 
-

0.005 0.002 0 0.055 0.001 <.0001 
Low – 

income 
status 0.134 0.006 <.0001 0.044 0.012 0 

-
0.059 0.006 <.0001 0.055 0.011 0 0.424 0.007 <.0001 

log_theta 0.473 0.004 <.0001 0.61 0.007 <.0001 0.736 0.004 <.0001 0.543 0.008 <.0001 -0.19 0.003 <.0001 
R2 (part 1) 87.0%     9.8%     79.9%     28.9%     64.9%   
R2 (part 2) 19.7%     2.7%     17.5%     2.7%     9.2%   



Ph.D. Thesis – S. Muratov; McMaster University Health Research Methodology 

101 
 

 

 

 

  

 
Emergency department Lab Dialysis Cancer 

Coeff SE P-value Coeff SE P-value Coeff SE P-value Coeff SE P-value 
σ2u1 0.092 0.035 0.03 0.073 0.028 0.03 7.305 4.439 0.13 1.325 0.508 0.03 
σ2u2 0.002 0.001 0.06 0.008 0.004 0.03 0.547 0.39 0.19 0.305 0.122 0.03 

Covariance 
(u1 and u2) 0.006 0.004 0.14 0.007 0.007 0.37 -1.196 1.22 0.35 -0.583 0.235 0.03 
p(costs)=0; 
Intercept -3.668 0.102 <.0001 1.185 0.102 <.0001 -12.49 1.169 <.0001 -7.341 0.385 <.0001 

Age 0.015 0.001 <.0001 -0.028 0.001 <.0001 0.007 0.01 0.46 -0.003 0.003 0.34 
Sex, M -0.08 0.012 <.0001 -0.052 0.014 0 0.881 0.136 <.0001 0.27 0.042 <.0001 

ADG 0.142 0.002 <.0001 0.248 0.002 <.0001 0.169 0.015 <.0001 0.154 0.005 <.0001 
Low – income 

status 0.047 0.016 0.01 -0.008 0.018 0.69 0.898 0.141 <.0001 -0.186 0.061 0.01 
p(costs)>0; 
Intercept 5.259 0.036 <.0001 4.187 0.036 <.0001 5.519 0.628 <.0001 6.827 0.262 <.0001 

Age 0.009 0.001 <.0001 0.006 0.001 <.0001 0.009 0.007 0.17 0.004 0.003 0.18 
Sex, M -0.012 0.007 0.09 0.028 0.005 <.0001 -0.04 0.083 0.64 0.032 0.037 0.4 

ADG 0.02 0.001 <.0001 0.039 0.001 <.0001 0.004 0.013 0.78 -0.005 0.006 0.35 
Low – income 

status 0.063 0.009 <.0001 0.007 0.007 0.34 -0.009 0.085 0.92 -0.001 0.053 1 
log_theta 0.84 0.007 <.0001 0.706 0.005 <.0001 1.039 0.087 <.0001 0.265 0.026 <.0001 

R2 (part 1) 10.5%     27.7%     6.8%     8.6%     
R2 (part 2) 3.1%     5.5%     3.1%     0.6%     
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ABSTRACT 

BACKGROUND 

Most healthcare spending is concentrated within a relatively small number of high-cost 

healthcare users (HCU). To inform health policies, we examined the characteristics of 

index hospitalisations and its predictors among incident senior HCUs compared to non-

HCUs in Ontario.  

METHODS:  

Using Ontario administrative data, incident senior HCUs were identified and matched 1:3 

to senior non-HCUs. Senior HCUs were defined as persons aged ≥66 years within the top 

5% most costly healthcare users during fiscal year (FY) 2013 but not during FY2012. 

Index hospitalizations (IHs), the main outcome, were defined as the first unplanned 

hospital admissions during FY2013 with no hospitalizations in preceding 12 months. 

Descriptively, we analyzed the attributes of IHs, including IH costs. Predictors of IHs 

were identified using stratified logistic regression. 

RESULTS:  

Over half (54.2%) of all HCUs (N=175,847) had an IH compared to 1.7% of non-HCUs 

(N=527,541). Senior HCUs had a poorer health status, longer acute length of stay (mean, 

7.5 vs 2.9 days) and more frequent designation as alternate level of care pre-discharge 

(20.8% vs. 1.7%). Ten diagnosis codes accounted for one-third of the IH costs. While 

many predictors were similar across the cohorts, a lower risk of IH among HCUs was 

associated with residence in long-term care (LTC), attachment to a primary care provider, 

and recent consultation by a geriatrician.   
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INTERPRETATION 

The high prevalence of IHs and the corresponding costs are a distinctive feature of 

incident senior HCUs. Improved access to specialist outpatient care, home-based social 

care, LTC when required are worth further investigation.  

Introduction 

Most healthcare spending is concentrated within a small group of patients(Wammes et al., 

2018). Referred to as the high-cost healthcare users (HCU), the top 5% most costly 

patients account for 61.1% of all publicly funded healthcare expenditures in Ontario that 

amounted to $55.9 billion in 2016/2017 ("Expenditure Estimates for the Ministry of 

Health and Long Term Care (2018-19)," ; Rais et al., 2013). Senior HCUs represent 60% 

of the overall HCU population(Rais et al., 2013). Since approximately two-thirds of HCU 

costs are accrued through hospital admissions(Rais et al., 2013; Riley, 2007; Wodchis 

WP; Wodchis et al., 2016), a detailed examination of hospitalized senior HCUs is 

warranted. 

Currently, there is limited information on several key aspects of senior HCU admissions 

such as: 1) characteristics of incident HCUs, as opposed to prevalent HCUs, which would 

allow identification of the factors that influence the transition to HCU status; 2) the first 

hospital admission, as opposed to re-admission, since the first (or index) hospitalization is 

the most important predictor of subsequent admissions and of disability in 

general(Dattalo, Nothelle, & Chapman, 2016; Peikes et al., 2009; Wallace et al., 2014); 3) 

contribution of individual conditions to the financial burden of hospitalization, which 
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would help programs identify clinical drivers of the highest inpatient expenditures that are 

potentially divertible by managing risk factors, and 4) outcomes of admission, such as 

inpatient mortality. Further, although socio-demographic and health attributes of senior 

HCUs have been reported in Canada and elsewhere(Clough et al., 2016; Holtz-Eakin, 

2005; Sinha, 2011; Wammes et al., 2018), little is known about their healthcare prior to 

the HCU status, especially in Canada, and how these compare to non-HCUs.  

Given health care planners’ growing concern over the escalating healthcare costs and 

challenges in managing HCUs(J. Y. Lee et al., 2018), a better characterization of the first 

unplanned hospitalizations among incident senior HCUs is a timely exercise with 

important health policy and program implications. The objectives of the study were 

therefore to describe attributes of the first unplanned hospitalizations in the year of 

becoming an HCU among incident senior HCUs in comparison with non-HCUs, and to 

determine predictors of these admissions in both cohorts. 

 

Methods 

Design and population 

We conducted a retrospective population-based matched cohort study using 2 years of 

provincial patient data. The 2013 Ontario government fiscal year (April 1, 2013 and 

March 31, 2014) was considered the incident year (FY2013), while the 2012 fiscal year 

(FY2012: April 1, 2012 and March 31, 2013) was the baseline or pre-incident year. 
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FY2013 was the most recent year for which the necessary data were available at the time 

of study approval. 

Incident senior HCUs were defined as individuals aged 66 years or older with annual total 

healthcare expenditures within the top 5% threshold of all Ontarians in FY2013, who 

were not in the top 5% in FY2012 fiscal year. The 5% threshold is commonly used in 

HCU studies in Canada and elsewhere(Guilcher et al., 2016; Holtz-Eakin, 2005; Riley, 

2007; Wodchis et al., 2016). Senior non-HCUs were Ontarians in FY2013 with annual 

total health care expenditures in both FY2012 and FY2013 less than the top 5% threshold. 

The incident senior HCU cohort was matched with non-HCUs in a ratio of 1:3 according 

to age at cohort entry (± 1 month), sex and Local Health Integration Network (LHIN) of 

patient residence. The >66 year age threshold was applied to capture prescription 

numbers and costs for at least one year before FY2013 as the Ontario Drug Benefits 

(ODB) eligibility begins at the age of 65. 

 

Data sources 

The individual level dataset was created using health administrative databases from 

Ontario housed at ICES (www.ices.on.ca). These databases contain administrative 

healthcare service records for all individuals covered by the Ontario Health Insurance 

Plan (OHIP). Basic demographic information (age, sex, location of residence, vital status) 

was obtained from the OHIP Registered Persons Database. The health status and 

comorbidity of the study population was obtained from several sources, including the 

http://www.ices.on.ca/
http://www.ices.on.ca/
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Canadian Institute for Health Information’s Discharge Abstract Database (DAD), CIHI’s 

National Ambulatory Care Reporting System, ICES-derived and validated cohorts. Health 

services were captured using the OHIP Claims History Database (physician visits), the 

Home Care Database (home care visits), the Ontario Drug Benefit Plan Database 

(prescription drugs), and the CIHI DAD (hospital admissions).  More detail regarding 

these data sources is provided in Appendix 1.  Health care expenditures were calculated 

using ICES person-level costing algorithms based on a costing methodology that links 

healthcare utilization data from administrative databases and costs collected by the 

provincial public payer (Wodchis WP et al., 2013). Costs were expressed in 2013 

Canadian Dollars. More details on the study design and data sources were published as a 

study protocol elsewhere (Muratov et al., 2017). 

Patient characteristics 

The study population was characterized by socio-demographic (e.g., age, sex, income), 

health status (e.g., Johns Hopkins Aggregate Diagnosis Groups (ADG))(Johns Hopkins 

ACG® System Version 10.0, 2014), and health care variables (e.g. number of specialist 

visits) in the baseline year. The variables are briefly summarized in Appendix 1. 

Unplanned index hospitalization 

Patients with an unplanned index hospitalization (IH), the main outcome, were defined as 

individuals who had not been hospitalized for at least 12 months prior to their first acute 

inpatient hospitalization in FY2013. Unplanned IHs were defined as non-elective 

admissions as recorded in the Discharge Abstract Database.  The ICD10-CA diagnosis 
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code most responsible for resource use (further as “diagnosis code”) was used to define 

the primary reason for each hospitalization. The acute portion of each hospital length of 

stay (ALOS) was summarized as the mean number of the days of hospitalization. 

Alternate level of care (ALC) status, which refers to patients who no longer require acute 

care but who occupy a hospital bed while awaiting placement in another healthcare 

facility(Sutherland & Crump, 2013), was expressed as the proportion of patients with 

ALC status. We also calculated the proportion of patients who were admitted to a 

teaching facility and the proportion who resided in a LHIN different than the hospital 

LHIN (Appendix 1). IH costs were calculated by diagnosis codes. Inpatient mortality was 

defined as all-cause in-hospital mortality among the subset of patients who had an 

unplanned IH. In addition, we calculated the number of days patients were in hospital 

before death.  

Statistical analysis 

Descriptive analysis  

We first compared the patient characteristics of the two cohorts in FY2012 by measuring 

absolute standardised difference (aSD). The aSD of 0.1 and above indicated a meaningful 

difference(Mamdani et al., 2005). In the second step, the attributes of the unplanned IHs 

among incident senior HCUs versus non-HCUs were described in terms of ALOS, ALC, 

discharge disposition and death before discharge.  Thirdly, the most common clinical 

causes of admission and their associated costs were determined for both groups. The 
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cumulative percentage of the total unplanned IH costs by diagnosis codes and average 

annual costs for each diagnosis were also computed. 

Predictive analysis 

We used logistic regression, one model for each cohort, to identify independent predictors 

of unplanned IHs.  For each model, an IH event was the binary dependent variable. The 

list of potential predictors (independent variables) consisted of socio-demographic, health 

status and healthcare characteristics measured in FY2012 that are described under the 

corresponding sections of Appendix 1. Odds ratios and 95% confidence intervals were 

reported. We included all relevant variables in the models regardless of their statistical 

significance.  We assessed model discrimination using the c-statistic, where a c-statistic 

value of 0.70 and above indicates good discrimination (Hosmer DW & Lemeshow S, 

2000).  We evaluated the model’s ability to predict subgroups of patients with a differing 

risk of index hospitalization (Kramer & Zimmerman, 2007; Pocock et al., 2006) and each 

model was validated through cross-validation ("ROC analysis using validation data and 

cross validation. SAS Support. © SAS Institute Inc.,") and checked for multicollinearity.  

Additional information on the statistical methods is provided in Appendices 2-3.  

Ethics Approval 

This study was approved by Hamilton Integrated Research Ethics Board (ID#1715-C). 

Results 

Baseline patient characteristics 
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The total study population consisted of 703,388 seniors, of which 175,847 were incident 

HCUs. The average age was 77.7 years and 53% of individuals in both cohorts were 

women and resided in suburban areas (Table 1). Compared to non-HCUs, senior HCUs 

were sicker (number of ADGs: 10.2 vs. 7.9%, aSD=0.54), were dispensed a higher 

number of medications (8.4 vs 5.6, aSD=0.6), visited their primary care provider more 

often (95.6% vs. 84.3%, aSD=0.38), received more specialty care (89.8% vs. 74.2%; 

aSD=0.41) and home care services in the year preceding the index year. Senior HCUs 

were more likely to have a primary care provider (primary care group: 97% vs. 88.6%, 

aSD=0.33). More than one third of the senior HCUs visited an emergency department 

compared to non-HCUs (31.8% vs. 19.3%, aSD=0.29). The non-HCUs had a higher 

proportion of recent immigrants (4.3% vs. 2.4%; aSD=0.11). In terms of the other study 

characteristics, the study cohorts were otherwise similar. 

Characteristics of unplanned index hospitalization 

Unplanned IHs accounted for 71% and 82% of index hospitalizations among senior 

HCUs and non-HCUs, respectively. More than half of the HCUs (N=95,308; 54.2%) had 

an unplanned IH compared to only 1.7% (N=8,835) of the non-HCUs (Table 2). Among 

those hospitalized, senior HCUs had a longer length of stay (mean ALOS, 7.5 vs 2.9 

days; aSD=0.73), were designated ALC status in higher numbers (20.8% vs. 1.7%; 

aSD=64), and, once transferred to ALC, had a relatively greater number of ALC days 

(2.96 vs. 0.06 days; aSD=0.32). Compared with 1.3% of non-HCUs, 23.0% of senior 

HCU patients were transferred to another acute care or LTC facility, while most non-

HCU seniors (83.6%) were discharged home (with or without support). There was a 
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striking difference in inpatient mortality between the cohorts: non-HCU patients were 

more than twice as likely to die in hospital compared to senior HCUs (14.0% vs. 6.4%, 

aSD=0.25), despite the HCUs longer mean ALOS. Among those who died in hospital, 

non-HCUs also had a substantially shorter stay before death (2.3 vs. 17.9 days; 

aSD=1.92). 

Index hospitalization costs  

Unplanned IHs accounted for 74% (HCU) and 81% (non-HCU) of the costs associated 

with all IH (unplanned plus elective) during the year of study. The average cost per 

patient associated with the unplanned IH was $12,471 (SD $19,935) for senior HCUs and 

$3,749 (SD: $1,290) for non HCU (Table 3). Ten conditions accounted for one third of 

the costs: 36.4% (HCU) and 35.3% (non-HCU). Acute myocardial infarction (8%) was 

the leading most costly reason of IH among HCUs, compared to pneumonia (6%) among 

non-HCUs. Five conditions (i.e., cerebral infarction, congestive heart failure (HF), 

pneumonia, chronic obstructive pulmonary disease (COPD), and ileus/intestinal 

obstruction) were among the top 10 most costly conditions in both cohorts. The costliest 

conditions were also the most frequent causes of unplanned hospitalizations in both 

cohorts. 

Predictors of unplanned IHs 

Overall, the direction, magnitude and significance of odds ratios (OR) were similar across 

the two cohorts for many of the predictors of unplanned IH (Table 4). Predictors specific 

to the HCU cohort included having visited a geriatrician in the previous year and living at 
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long-term care facilities. Both were associated with lower odds of IHs (ORs: 0.81, 

95%CIs 0.76-0.86 and 0.29, 95%CIs 0.25-0.34, respectively). Recent immigrants had 

lower odds of IHs which was unique among senior non-HCUs (ORs: 0.72, 95% CIs 0.62-

0.84).  In contrast to many predictors with a low magnitude of association, the “other” 

category of home care services for senior HCUs had a non-negligible protective effect in 

IHs (ORs: 0.94, 95% CIs 0.93-0.94). Since this variable was constructed to include a 

combination of social services, respite care and case management, it was impossible to 

tease out the impact of each of these services alone. Finally, incident senior HCUs who 

had a primary care provider were at a lower risk of admission whereas among non-HCUs, 

attachment to a provider was associated with an increase in IH. This fact may allude to 

the existence of subgroups of ‘orphan’ patients that differ based on severity of illness, 

personality type, social circumstance or, among HCUs, access to primary care(Hay, 

Pacey, Bains, & Ardal, 2010).  

Interpretation 

Our study provides an analysis of high cost healthcare use amongst seniors in Ontario.  

By examining the first hospitalization among “new” cases of senior HCUs in comparison 

with age, sex and geographically-matched non-HCUs, we found that unplanned HIs were 

much more common among high cost seniors, with more than a half of incident senior 

HCUs having an unplanned IH compared to less than 2% of non-HCUs. Ten conditions, 

many of which have known remediable risk factors of hospitalization(An, Kim, & Yoon, 

2017; Del Gobbo et al., 2015; Lim & Kwon, 2010; Woolf & Åkesson, 2003; Yusuf et al., 

2004), accounted for a large number of these admissions and one third of their costs. 
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Besides a greater admission rate, incident senior HCUs had longer hospital stays and were 

frequently designated as ALC. Also, compared to senior non-HCUs, HCUs who died in 

hospital stayed there for weeks on average prior to death suggesting a prolonged terminal 

phase. Finally, our findings indicate that despite a few predictors (e.g., visits to a 

geriatrician or attachment to a primary care provider) were unique to each cohort, there 

were many similarities in baseline predictors of the first unplanned admission between the 

two cohorts, including healthcare received prior to the incident year. 

Any comparison of our results with other studies is challenging due to methodological 

heterogeneity: e.g.,  the lack of differentiation between the category of admission 

(unplanned vs. elective), inclusion of re-admissions, or the use of a different HCU 

threshold (e.g., top 1%). However, we found our results to be consistent with previous 

research in several aspects. First, our list of the most frequent and most costly disease 

codes is overall in line with prior limited studies on senior HCUs from Canada and 

elsewhere that examined the financial contribution of individual conditions: cardio-

vascular, orthopedic, infectious diseases are predominant reasons of admissions(K. E. 

Joynt, Gawande, Orav, & Jha, 2013; Wodchis et al., 2016). Further, a number of models 

from different jurisdictions examined this risk among community-dwelling 

seniors(Wallace et al., 2014). Similar to our results, older age, male sex, visits to the ED 

and prevalent chronic conditions were associated with higher odds of admission. Our 

findings support earlier reports of the “healthy immigrant” effect(Vang, Sigouin, Flenon, 

& Gagnon, 2017): recent senior immigrants were less likely to become HCUs or be 

admitted with an IH. In contrast to previous studies of the general senior population that 
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suggested residence at a nursing home be a predictor of future admissions, especially for 

fracture(Graverholt et al., 2011; Ronald, McGregor, McGrail, Tate, & Broemling, 2008), 

living in a LTC facility was associated with lower risk for unplanned IHs among incident 

senior HCUs. 

Limitations 

Key strengths of this study include its population-based, matched design, and our 

examination of poorly studied aspects of the senior HCU population in the Canadian 

context. Our study also has limitations. The discriminatory power of the models was only 

fair, although the values of c-statistic were close to a number of previously reported risk 

prediction models in the general senior population(Wallace et al., 2014). Running the 

models on more homogeneous subgroups of patients (e.g. COPD, HF) improved model 

discrimination (e.g. c-statistics above .7), especially for HCUs (Appendix 4), and these 

results were consistent with the main analyses. Further, some findings are based on 

variables with low prevalence: LTC residence status (n=835; 0.5%), geriatrician visits 

(n=4967; 2.8%), although this is relative to the very large size of the study population. 

The study focused only on unplanned IHs rather than including elective admissions.  This 

limits the generalizability of our results to all hospitalizations, but unplanned admissions 

account for >70% in either cohort. Finally, our modeling is exploratory - the results 

suggest association but certainly not causation.  

Conclusions   
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The high prevalence of IH and the corresponding costs driven partly by longer lengths of 

stay for acute care and more ALC are a distinctive feature of incident senior HCUs. The 

effect of Improved access to specialist outpatient care, home-based social care, and LTC 

when required, warrant further research.   
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Table 1: Characteristics of HCU Study Population in the Pre-incident Year 

Characteristic HCU (N=175,847) Non-HCU 
(N=527,541) 

aSD 

Socio-demographics    

Age, mean ± SD, yr 77.66 ± 7.65 77.66 ± 7.65 0 

Sex, female, #/yr (%/yr) 93,119 (53%) 279,501 (53.0%) 0 

Rural Index of Ontario (RIO) scorea, mean ± SD 12.23 ± 18.20 11.81 ± 18.18 0.02 

Low income, #/yr (%/yr)  31,843 (18.1%) 92,566 (17.5%) 0.01 

Recent immigrant (<15 yr in Canada), #/yr (%/yr) 4,210 (2.4%) 22,577 (4.3%) 0.11 

Health Status    

# Adjusted Diagnostic Groups, mean ± SD 10.22 ± 4.00 7.93 ± 4.47 0.54 

Hypertension, #/yr (%/yr)b 110,692 (63.0%) 282,867 (53.6%) 0.19 

Congestive Heart Failure, #/yr (%/yr)c 25,195 (14.3%) 36,877 (7.0%) 0.24 

Chronic Obstructive Disease Pulmonary, #/yr (%/yr)c 48,738 (27.7%) 96,513 (18.3%) 0.23 

Diabetes, #/yr (%/yr)c 62,014 (35.3%) 138,794 (26.3%) 0.2 

Myocardial infarction, #/yr (%/yr)c 12,892 (7.3%) 24,024 (4.6%) 0.12 

Rheumatoid Arthritis, #/yr (%/yr)c 5,607 (3.2%) 9,334 (1.8%) 0.09 

Malignancy, #/yr (%/yr)b 56,855 (32.3%) 123,932 (23.5%) 0.2 

Mental Health condition, #/yr (%/yr)b  67,441 (38.4%) 144,377 (27.4%) 0.24 

Health Care utilization    

Long-term care facility, #/yr (%/yr) 835 (0.5%) 316 (0.1%) 0.08 

Primary care provider enrollment model, #/yr (%/yr)     
Fee for service 16,938 (9.6%) 45,751 (8.7%) 0.03 

Capitation 48,703 (27.7%) 133,915 (25.4%) 0.05 

Enhanced fee for service 51,637 (29.4%) 143,940 (27.3%) 0.05 

Family Health Team 51,159 (29.1%) 137,516 (26.1%) 0.07 

None (no primary care provider identified) 5,187 (3.0%) 60,170 (11.4%) 0.33 

Number of medications, mean ± SD 8.44 ± 4.96 5.61 ± 4.47 0.6 

Emergency department visits                                                  #/yr 
(%/yr) 

55,964 (31.8%) 
101,896 (19.3%) 0.29 

mean ± SD 0.56 ± 1.13 0.30 ± 0.80 0.26 

Visits to a general practitioner                                                #/yr 
(%/yr) 

168,024 (95.6%) 
444,614 (84.3%) 0.38 

mean ± SD 8.03 ± 6.79 5.63 ± 5.58 0.39 

Visits to a specialist                                                                   #/yr 
(%/yr) 

157,823 (89.8%) 
391,557 (74.2%) 0.41 

mean ± SD 7.40 ± 6.65 4.43 ± 5.13 0.5 

Visits to a geriatrician 4,967 (2.8%) 5,935 (1.1%) 0.12 

Homecare visits     

Nursing                                                                                         #/yr 
(%/yr) 

7,218 (4.1%) 
7,385 (1.4%) 0.17 

mean ± SD 0.54 ± 4.03 0.16 ± 2.00 0.12 

Personal support                                                                           #/yr 
(%/yr) 

13,789 (7.8%) 
10,612 (2.0%) 0.27 

mean ± SD 6.43 ± 30.57 1.46 ± 13.53 0.21 
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Allied health                                                                              #/yr 
(%/yr) 

9,250 (5.3%) 
7,982 (1.5%) 0.21 

mean ± SD 0.18 ± 0.99 0.05 ± 0.52 0.17 

Othere                                                                                          #/yr 
(%/yr) 

27,605 (15.7%) 
25,965 (4.9%) 0.36 

mean ± SD 0.58 ± 2.30 0.14 ± 0.96 0.25 

a- RIO score classification: urban= <10; suburban=10-39; rural ≥40 

b- constructed based on Expanded Diagnosis Codes; c- ICES-derived cohort; d- a mean of care utilization refers to the number 
per person per FY2012;  

e - included a combination of social support, respite care, and case management;  

aSD- absolute standardized difference with aSD > 0.1 indicating meaningful difference between admitted and non-admitted; 
SD- standard deviation 

 

Table 2: Characteristics of unplanned index hospitalizations*  

 

Characteristic HCU  Non-HCU aSD 

Number of individuals with an IH (% of total population) 133,821 (76%) 10,770 (2%)  

Number of individuals with an unplanned IHs (% of total patient 
with IH) 

95,308 (71%) 8,835 (82%)  

Acute length of stay,  

mean ± SD, days 

7.52 ± 8.71 2.91 ± 2.16 0.73 

Alternate level of care# (ALC) 19,849 (20.8%) 147 (1.7%) 0.64 

# days spent in ALC (for those with ALC designation), mean ± SD 2.96 ± 12.71 0.06 ± 0.72 0.32 

Discharge disposition    

Inpatient hospital care 6,279 (6.6%) 47 (0.5%) 0.33 

Long term or continuing care facility 15,602 (16.4%) 70 (0.8%) 0.58 

Home with support§  23,810 (25.0%) 1,097 (12.4%) 0.33 

Home  42,994 (45.1%) 6,293 (71.2%) 0.55 

Admission to a teaching care facility 25,597 (26.9%) 2,097 (23.7%) 0.07 

Admission to an out of health district acute care facility 10,390 (10.9%) 770 (8.7%) 0.07 

Death before discharge 6,112 (6.4%) 1,241 (14.0%) 0.25 

Number of days spent at the hospital before death outcome 17.86 ± 25.27 2.32 ± 1.85 0.87 

*- defined as first admission in the incident year among those without hospitalization in the past 12 months 

# - refers to seniors that no longer require acute care but occupy hospital beds waiting for placement in other healthcare 
facilities 

§-support options include: senior’s lodge, attendant care, home care, meals on wheels, homemaking, supportive housing, etc 

SD- standard deviation; aSD- absolute standardized difference with aSD > 0.1 indicating meaningful difference between 
women and men 
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Table 3: Top 20 most expensive conditions, unplanned index hospitalization (IH) 

HCU, n (IH)= 95,308 
Total 1-year inpatient cost associated with unplanned IHs: $1,188,544,347 (74% of all HCU 

hospitalizations) 
Average costs per HCU (mean ± SD): 12,471 ± 19,935 

 Non-HCU, n (IH)= 8,835 
Total 1-eyar inpatient costs associated with unplanned IHs: $33,130,373 (81% of all non-HCU 

hospitalizations) 
Average costs per non-HCU (mean ± SD): 3,749 ± 1,290  

 ICD10 
code 

Condition Inpatient costs Frequency 
(%) 

Average cost Cumulative 
to total 

unplanned 
costs 

 ICD10 
code 

Condition Inpatient costs Frequency 
(%) 

Average cost Cumulative 
to total 

unplanned 
costs 

1 I21 Acute myocardial 
infarction 

$      92,924,331 6045 (6.3) $ 15,372 7.8%  J18 Pneumonia  $   1,970,229 439 (5)  $ 4,488 6% 

2 S72 Fracture of femur $      84,898,511 5181 (5.4) $ 16,387 15.0%  J44 Chronic 
obstructive 
pulmonary 
disease 

 $   1,448,358 304 (3.4)  $ 4,764 10.3% 

3 I63 Cerebral 
infarction 

$      54,321,115 3912 (4.1) $ 13,886 19.5%  R55 Syncope and 
collapse 

 $   1,337,334  432 (4.9)  $ 3,096 14.4% 

4 I50 Heart failure $      41,778,511 4069 (4.3) $ 10,268 23.0%  I48 Atrial fibrillation 
and flutter 

 $   1,120,051 316 (3.6)  $ 3,544 17.7% 

5 J44 Chronic 
obstructive 
pulmonary 
disease 

$      37,347,675 4184 (4.4) $   8,926 26.2%  N39 Disorders of 
urinary system 

 $   1,115,864  267 (3)  $ 4,179 21.1% 

6 A41 Septicaemia $      31,204,568 1487 (1.6) $ 20,985 28.8%  I50 Heart failure  $   1,114,152 235 (2.7)  $ 4,741 24.5% 
7 J18 Pneumonia $      25,734,867 2811 (2.9) $   9,155 31.0%  R07 Pain in throat and 

chest 
 $   1,040,653 373 (4.2)  $ 2,789 27.6% 

8 I25 Chronic ischaemic 
heart disease 

$      25,625,722 1352 (1.4) $ 18,954 33.1%  K56 Paralytic ileus and 
intestinal 
obstruction 

 $      887,673 266 (3)  $ 3,337 30.3% 

9 F05 Delirium, not 
induced by 
alcohol and other 
psychoactive 
substances 

$      20,132,341 1305 (1.4) $ 15,427 34.8%  I63 Cerebral 
infarction 

 $      834,442 153 (1.7)  $ 5,454 32.8% 

1
0 

K56 Paralytic ileus and 
intestinal 
obstruction 
without hernia 

$      19,169,069 1501 () $ 12,771 36.4%  Z51 Other medical 
care 

 $      818,228 266 (3)  $ 3,076 35.3% 

              

 64 ICD10codes account for 75% of the total unplanned IH costs  53 ICD10codes account for 75% of the total unplanned IH costs 

 852 ICD10codes account for 100% of the total unplanned IH costs  435 ICD10codes account for 100% of the total unplanned IH costs 
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Table 4 Predictors of unplanned index hospitalization  

Covariates HCUs  Non-HCUs   
OR (95% CI) P value OR (95% CI) P value 

Age:     
75-84y vs. 66-74y 1.33 (1.29-1.37) <.0001 1.5 (1.42-1.58) <.0001 
>=85y vs. 66-74y 1.66 (1.6-1.71) <.0001 2.53 (2.39-2.69) <.0001 

Sex (M) 1.03 (1.01-1.06) 0.0081 1.06 (1.01-1.1) 0.0167 
Low income status 1.04 (1.01-1.08) 0.013 1.06 (1-1.12) 0.0359 
Rurality Index for Ontario, score 1 (1-1) 0.7553 1.01 (1.01-1.01) <.0001 
Immigrant status  0.98 (0.9-1.05) 0.5213 0.72 (0.62-0.84) <.0001 
     
Malignancy 0.81 (0.79-0.83) <.0001 1 (0.95-1.05) 0.9556 
Hypertension 1.09 (1.06-1.12) <.0001 1.08 (1.03-1.13) 0.0015 
Congestive heart failure (CHF) 1.36 (1.32-1.41) <.0001 1.47 (1.37-1.57) <.0001 
History of myocardial infarction 1.21 (1.16-1.27) <.0001 1.43 (1.32-1.55) <.0001 
Chronic Obstructive Pulmonary Disease (COPD) 1.26 (1.22-1.29) <.0001 1.27 (1.21-1.34) <.0001 
Diabetes 0.93 (0.91-0.96) <.0001 0.95 (0.9-1) 0.0485 
Rheumatoid arthritis 1.09 (1.02-1.16) 0.0111 1.08 (0.93-1.25) 0.3401 
Mental health condition 0.98 (0.96-1.01) 0.113 1.09 (1.04-1.14) 0.0004 
LTC residence 0.29 (0.25-0.34) <.0001 1.13 (0.58-2.21) 0.7235 
     
Primary care enrollment     

FFS vs. no provider 0.83 (0.77-0.91) <.0001 3.64 (3.18-4.17) <.0001 
Capitation vs. no provider 0.75 (0.7-0.82) <.0001 3.14 (2.77-3.55) <.0001 

Enhanced FFS vs. no provider 0.78 (0.72-0.84) <.0001 2.99 (2.64-3.39) <.0001 
FHT vs. no provider 0.79 (0.73-0.85) <.0001 3.65 (3.23-4.13) <.0001 

Prescription drugs 0.99 (0.98-0.99) <.0001 1.01 (1.01-1.02) 0.0001 
Emergency department visits 1.06 (1.05-1.08) <.0001 1.16 (1.14-1.18) <.0001 
Visits to general practitioner 1 (0.99-1) <.0001 1 (0.99-1) 0.2336 
Visits to specialist 0.95 (0.95-0.95) <.0001 0.99 (0.99-1) 0.0035 
Visit to a geriatrician 0.81 (0.76-0.86) <.0001 1.06 (0.89-1.26) 0.5223 
Homecare visits     

nursing 0.99 (0.99-1) <.0001 1.01 (1-1.01) 0.1919 
personal support 1 (1-1) <.0001 1 (0.99-1) <.0001 

allied health 1.01 (1-1.02) 0.2753 1.01 (0.98-1.05) 0.4088 
other 0.94 (0.93-0.94) <.0001 1.02 (1.01-1.04) 0.0007   

 
  

C-statistics 0.65 
 

0.67 
 

C-statistics (cross-validated) 0.65 
 

0.67 
 

Note: See Appendix 5 for detail on predictive accuracy  
COPD- Chronic Obstructive Pulmonary Disease (COPD), CHF- Congestive heart failure (CHF), FFS- fee for service, LTC- long-term care 
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Appendix 1  Description of independent predictors  

Key variables Type of 
variable 

Description Data 
source 

Demographics 
(baseline year, 
FY2012) 

   

Age Continuous Age in years RPDB 
Sex Categorical 

(binary) 
Sex; female or male RPDB 

Rio2008 Continuous Rurality Index for Ontario; on a scale of 0 to 100 with 100 being most rural RPDB 
Lowinc Categorical 

(binary) 
Subjects with low income status were identified based upon net household 
income reported to receive public drug benefit subsidy in FY2012 which 
relies on actual net income. For a small proportion of HCU (3%) and non-
HCU (13%) who did not fill a prescription in FY2012, low-income status was 
defined as census neighborhood income quintile 

ODB 

Recent_immigration Categorical 
(binary) 

Whether immigrated in 15 years prior to FY2012 (based on landing records 
for permanent legal immigrants in Ontario) 

CIC 

Health 
status/comorbidity 
(baseline year, 
FY2012) 

   

# of ADGs Continuous Aggregated Diagnosis Groups (ADGs) are derived from Johns Hopkins 
Adjusted Clinical Groups (ACGs, the Johns Hopkins ACG® System Version 
10): a person-focused, diagnosis-based way to measure patients’ illness 

DAD, 
NACRS, 

OHIP 
Hypertension, 
Malignancy, Mental 
health condition 

Categorical 
(binary) 

For each condition, whether the patient was diagnosed with the condition 
in the past 3 years prior to FY2013; computed using John Hopkins Expanded 
Diagnosis Clusters (EDCs)  

DAD, 
NACRS, 

OHIP 
Congestive heart 
failure, History of 
myocardial 
infarction, Chronic 
Obstructive 
Pulmonary Disease, 
Diabetes, 
Rheumatoid 
arthritis 

Categorical 
(binary) 

Whether the patient is listed in a corresponding ICES-derived cohort for 
each condition 

CHF, 
COPD, 
ODD, 

OMID, 
ORAD 

Healthcare 
characteristics 
(baseline year, 
FY2012) 

   

# of drugnames Continuous Number of prescription drugs the patient was dispensed ODB 
# of  physician visits Continuous Number of physician visits; reported by categories (family practitioner and 

specialist) 
OHIP 

# of home care 
visits 

Continuous Number of home care visists; reported as total and by categories (nursing, 
personal support, allied health and other) 

HCD 

Geriatrician Categorical 
(binary) 

Whether visited a geriatrician OHIP 

Primarycare group Categorical Primary care payment models: Fee for Service (FFS), Enhanced FFS, Family 
Health Team (FHT), Capitation, and None 

CAPE 

Long-term care 
(LTC) 

Categorical 
(binary) 

Whether was placed in a LTC facility  ODB 

Features of Index 
hospitalizations 
(incident year, 
FY2013) 

   

LOS Continuous Length of stay, days DAD 
instftyp_ Categorical Institution from where admitted DAD 
instlhin_ Categorical LHIN where admitted DAD 
dx10code1-25 Character Diagnosis ICD10 codes for each admission DAD 
dischdisp Categorical Institution where discharged to DAD 
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inpatient_costs_ Continuous Inpatient hospitalization Costs DAD 
CAPE - Client Agency Program Enrolment, ICES-derived (Congestive Heart Failure (CHF) database; Chronic Obstructive Pulmonary 
Disease (COPD) database; Ontario Diabetes Database (ODD); Ontario Myocardial Infarction Database (OMID); and the Ontario 
Rheumatoid Arthritis Database (ORAD)); CIC - Citizenship and Immigration Canada; DAD – Discharge Abstract Database;  NACRS - 
National Ambulatory Care Reporting System; HCD - Ontario Home Care Database; ODB – Ontario Drug Benefit; OHIP - Ontario Health 
Insurance Plan; RPDB - Ontario Registered Persons Database  
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Appendix 2: Supplemental statistical and sensitivity analysis section 

 
Model discrimination (predictive accuracy) was assessed by the area under the 

receiver operating characteristic curve (AUROC) represented by the c-statistic. We used a 

threshold of a c-statistic value of 0.70 and above indicates good discrimination between 

those admitted versus not admitted(Hosmer DW & Lemeshow S, 2000). We evaluated the 

model’s ability to predict subgroups of patients with a differing risk of index 

hospitalization by plotting predicted vs. observed events in deciles(Kramer & 

Zimmerman, 2007; Pocock et al., 2006). Each model was validated through cross-

validation ("ROC analysis using validation data and cross validation. SAS Support. © 

SAS Institute Inc.,").  

As a check for collinearity, we also re-ran each multivariable model using the 

forward stepwise procedure with p-value <0.1 set as the inclusion criterion and p-value 

>0.05 as the removal threshold. We then compared the final selection of variables, the 

sign and magnitude of the odds ratios (OR) as well as their standard errors (SE): no 

discrepancy with the original results provided further evidence of a good fit and no/low 

collinearity. The results of the stepwise approach were closely aligned with the original 

models (data available from the authors on request).  

We also re-ran the models individually on 5 most costly conditions in both 

cohorts: the predictor estimates remained unaffected while c-statistics improved to above 

0.7, especially among HCUs (Appendix 4). 

1. Hosmer DW, Lemeshow S. Applied Logistic Regression (2nd Edition). New York, NY: John 
Wiley & Sons; 2000. 
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2. Kramer AA, Zimmerman JE. Assessing the calibration of mortality benchmarks in critical 
care: The Hosmer-Lemeshow test revisited. Critical care medicine. 2007;35(9):2052-6. 
3. Pocock SJ, Wang D, Pfeffer MA, Yusuf S, McMurray JJ, Swedberg KB, et al. Predictors of 
mortality and morbidity in patients with chronic heart failure. European heart journal. 
2006;27(1):65-75. 
4. ROC analysis using validation data and cross validation. SAS Support. © SAS Institute Inc.  
[Available from: http://support.sas.com/kb/39/724.html. 
5. Clark D, Armstrong M, Allan A, Graham F, Carnon A, Isles C. Imminence of death among 
hospital inpatients: Prevalent cohort study. Palliative medicine. 2014;28(6):474-9. 
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Appendix 3: Predictive accuracy of the models  

The models were able to predict the number of events (i.e., IHs) for subgroups of patients with a 
high degree of accuracy according to the plots below. This supports a good fit of the models. 

A. Index hospitalization – HCU 
 

 
B. Index hospitalization – non-HCU 
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Appendix 4:      Predictors of unplanned index hospitalization for top most expensive 5 conditions among senior HCUs 

Covariates AIM  Fracture  Cerebral infarction  CHF  COPD   
OR (95% CI) P value OR (95% CI) P 

value 
OR (95% CI) P 

value 
OR (95% CI) P 

value 
OR (95% CI) P 

value 
Age:           

75-84y vs. 66-74y 1.05 (0.99-1.12) 0.7996 2.3 (2.11-2.49) <.0001 1.56 (1.44-1.7) 0.0006 1.78 (1.62-1.94) 0.6417 1.14 (1.06-1.24) 0.0032 
>=85y vs. 66-74y 1.12 (1.03-1.22) 0.0188 4.06 (3.72-4.44) <.0001 1.92 (1.75-2.12) <.0001 3.05 (2.76-3.37) <.0001 1.05 (0.95-1.17) 0.7335 

Sex (M) 1.53 (1.45-1.63) <.0001 0.46 (0.43-0.5) <.0001 1.13 (1.05-1.21) 0.001 1.06 (0.99-1.14) 0.0919 1.11 (1.03-1.19) 0.0071 
Low income status 1.07 (0.99-1.15) 0.1084 0.94 (0.87-1.02) 0.1232 1.09 (1-1.2) 0.0471 1.13 (1.04-1.23) 0.0056 0.98 (0.9-1.07) 0.6319 
Rurality Index for Ontario, 
score 

1 (1-1.01) <.0001 1 (1-1) 0.0004 0.99 (0.99-0.99) <.0001 1 (1-1) 0.0129 1 (1-1) 0.1301 

Immigrant status  1.05 (0.88-1.25) 0.6063 0.96 (0.77-1.19) 0.7184 1.09 (0.89-1.33) 0.4023 0.92 (0.73-1.17) 0.5191 0.97 (0.74-1.28) 0.8338 
Malignancy 0.68 (0.63-0.72) <.0001 0.83 (0.77-0.89) <.0001 0.68 (0.62-0.73) <.0001 0.74 (0.68-0.8) <.0001 0.76 (0.7-0.82) <.0001 

Hypertension 1.15 (1.08-1.22) <.0001 1.03 (0.96-1.1) 0.4391 1.34 (1.24-1.44) <.0001 1.19 (1.1-1.28) <.0001 0.87 (0.81-0.94) 0.0002 
Congestive heart failure (CHF) 1.16 (1.06-1.26) 0.0011 1.02 (0.93-1.12) 0.7105 1.29 (1.16-1.42) <.0001 5.16 (4.78-5.56) <.0001 1.48 (1.36-1.62) <.0001 

History of myocardial infarction 2.33 (2.13-2.55) <.0001 1.18 (1.04-1.35) 0.0101 1.39 (1.23-1.58) <.0001 1.45 (1.31-1.61) <.0001 1.04 (0.92-1.18) 0.5676 
Chronic Obstructive Pulmonary 
Disease (COPD) 

1.03 (0.96-1.1) 0.4529 1.16 (1.08-1.24) <.0001 1 (0.92-1.09) 0.9637 1.07 (0.99-1.16) 0.0762 14.03 (12.8-15.37) <.0001 

Diabetes 1 (0.94-1.07) 0.9908 0.79 (0.74-0.85) <.0001 0.99 (0.91-1.07) 0.7299 1.26 (1.17-1.35) <.0001 0.6 (0.55-0.65) <.0001 
Rheumatoid arthritis 1.04 (0.87-1.24) 0.6965 1.56 (1.33-1.83) <.0001 1.01 (0.82-1.26) 0.8981 1.04 (0.85-1.28) 0.7109 1.04 (0.86-1.26) 0.6953 
Mental health condition 0.86 (0.81-0.92) <.0001 1.03 (0.96-1.1) 0.4202 0.92 (0.85-0.99) 0.0209 0.84 (0.78-0.9) <.0001 0.95 (0.88-1.02) 0.1581 
LTC residence 0.15 (0.06-0.38) <.0001 0.4 (0.28-0.59) <.0001 0.27 (0.13-0.56) 0.0004 0.29 (0.16-0.53) <.0001 0.23 (0.11-0.48) <.0001 
           
Primary care enrollment           

Capitation vs. FFS                                    0.91 (0.82-1.01) 0.0526 0.84 (0.76-0.94) 0.0128 0.85 (0.75-0.96) 0.0005 0.81 (0.71-0.91) 0.0019 1.08 (0.94-1.24) 0.0606 
Enhanced FFS vs. FFS 0.93 (0.83-1.03) 0.1639 0.82 (0.73-0.92) 0.002 0.84 (0.75-0.95) 0.0004 0.81 (0.71-0.91) 0.0028 1.06 (0.92-1.21) 0.0222 

Family health team vs. FFS 0.89 (0.8-0.99) 0.0098 0.88 (0.78-0.98) 0.1244 0.85 (0.75-0.96) 0.0006 0.9 (0.8-1.02) 0.5013 1.08 (0.94-1.24) 0.0659 
No provider identified vs. FFS 1.06 (0.89-1.27) 0.2201 1.14 (0.94-1.39) 0.0068 1.5 (1.23-1.83) <.0001 1.46 (1.16-1.84) <.0001 1.4 (1.09-1.81) 0.0687 

Prescription drugs 0.97 (0.96-0.97) <.0001 0.95 (0.94-0.96) <.0001 0.94 (0.93-0.95) <.0001 1.01 (1-1.01) 0.2352 1.05 (1.05-1.06) <.0001 
Emergency department visits 1.05 (1.02-1.08) 0.0008 1.02 (0.99-1.05) 0.2613 1.01 (0.97-1.05) 0.571 0.99 (0.95-1.02) 0.3894 1.07 (1.04-1.1) <.0001 
Visits to general practitioner 0.99 (0.98-0.99) <.0001 1 (0.99-1.01) 0.8979 1 (0.99-1) 0.1243 1 (0.99-1) 0.7077 0.98 (0.97-0.98) <.0001 
Visits to specialist 0.92 (0.91-0.93) <.0001 0.93 (0.92-0.93) <.0001 0.93 (0.93-0.94) <.0001 0.95 (0.95-0.96) <.0001 0.94 (0.93-0.95) <.0001 
Visit to a geriatrician 0.60 (0.48-0.75) <.0001 0.89 (0.76-1.05) 0.1561 0.75 (0.6-0.93) 0.0084 0.61 (0.49-0.75) <.0001 0.63 (0.49-0.81) 0.0002 
Homecare visits           

nursing 0.99 (0.98-1) 0.0035 0.99 (0.98-1) 0.0041 0.99 (0.98-1) 0.0096 0.99 (0.99-1) 0.0756 0.99 (0.99-1) 0.1523 
personal support 0.99 (0.99-1) <.0001 0.99 (0.99-1) <.0001 1 (0.99-1) <.0001 0.99 (0.99-1) <.0001 1 (0.99-1) <.0001 

allied health 0.96 (0.92-1) 0.0522 0.99 (0.96-1.02) 0.6209 0.97 (0.93-1.02) 0.2188 1 (0.97-1.04) 0.9914 1 (0.96-1.04) 0.9425 
social 0.82 (0.79-0.84) <.0001 0.92 (0.91-0.94) <.0001 0.85 (0.83-0.88) <.0001 0.92 (0.9-0.94) <.0001 0.91 (0.89-0.93) <.0001  

              
C-statistics 0.73   0.75   0.71   0.78   0.85  
C-statistics (cross-validated) 0.73   0.75   0.71   0.78   0.85  
 
AIM- Acute myocardial infarction, COPD- Chronic Obstructive Pulmonary Disease (COPD), CHF- Congestive heart failure (CHF), FFS- fee for service 
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Chapter 6 

Conclusions 

Although the phenomenon of a high-cost healthcare user has been known for decades, it 

is only relatively recently that researchers launched substantial efforts into exploring the 

issue in Canada (Wammes et al., 2018). Previous studies largely originated from the US 

(Wammes et al., 2018). Transferability of their results to the Canadian settings however is 

limited leaving gaps in our understanding of HCUs. At the same time, heterogeneity of 

the HCU population coupled with the lacking evidence of success of HCU targeting 

interventions have prompted policy makers and researchers to revise their management 

strategies and to seek specific segments of the HCU population who may benefit from 

certain interventions better than others(Figueroa, Joynt Maddox, et al., 2017; Karen E. 

Joynt et al., 2017; Tamang et al., 2017). Despite seniors constituting a large segment of 

the population(Rais et al., 2013; Wodchis et al., 2016), there is a lack of information on 

senior HCUs in Canada in general, whereas incident (or new) senior HCUs represent one 

distinct segment deemed worth investigating.  

For the first time in Canada, we have examined new senior HCUs in the province of 

Ontario from a cross-sectional and longitudinal perspectives using advanced analytical 

approaches with innovative data presentation. This thesis advances the knowledge about 

HCUs in Canada in several ways. It describes various characteristics of particular 

segments of the population (e.g., seniors, incident HCUs, index hospitalizations) which is 

a unique contribution by itself, especially in the Canadian context. The thesis travels into 

unchartered waters by examining aspects that were not previously explored for this 
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population (incremental costs, variation in access to care vs variation in costs, healthcare 

predictors of IHs). Finally, in addition to the comparison with matched senior non-HCUs, 

it applies advanced econometric methodologies (e.g. method of recycled predictions, two-

part multi-level modelling of healthcare expenditures) borrowed from the field of health 

economics which also highlights the collaborative nature of the thesis. 

The text below summarises the findings of this thesis for each of the three inter-related 

research questions. We also discuss policy and research implications, and comment on 

other methodological approaches that can be applied in the future to further our 

understanding of this population. 

 

Research question 1: What is the one-year incremental healthcare utilization and 

direct financial impact on public payers of becoming an incident HCU among 

seniors in Ontario?   

Almost every 10th senior in the province became a new HCU in 2013 by reaching the 

threshold of CAD $10,192 healthcare dollars spent. The provincial HCU rate was 94 

HCUs per 1000 seniors. We determined that senior HCU incurred an additional mean of 

$25,527 per patient in total incremental public healthcare expenditures. Our dataset 

contained all senior HCUs in the province for 2013, therefore the estimated total financial 

impact can reasonably be stated as one tenth of the entire provincial healthcare budget in 

the incident year (FY2013).  

We determined that although senior HCUs were already on the upward trajectory during 

the year before the HCU status showing higher healthcare utilization and costs in the pre-
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incident year, the HCU status was associated with a spike in healthcare expenditures. 

This rejects a potential hypothesis that HCUs might have been already approaching the 

threshold in the pre-incident year and it would merely take them a few extra healthcare 

services to become an HCU.  

We found that although seniors became HCU through incurring costs in various 

combinations, half of the senior HCUs reached HCU status by incurring costs from only 

one or two categories, dominated by prolonged hospital admission. Approximately 12% 

of senior HCUs had no hospitalization expenditures in the incident year. These seniors 

achieved the HCU status through incurring predominantly physician, medication, and 

laboratory costs.   

Overall, hospitalizations, physician compensation, then medications reimbursed by ODB 

were responsible for the highest incremental costs. In addition, this thesis revealed that 

several categories were associated almost exclusively with the incident senior HCU 

status: costs of rehabilitation, complex continuing care, dialysis and mental health 

admission were close to zero during the pre-incident year followed by an escalation of 

healthcare expenditures in the incident year among HCUs. Separately from the costs, 

examination of care utilization categories showed that urgent admissions accounted for 

the largest proportion of hospitalizations, whereas specialist visits and personal support 

visits were responsible for the greatest number of physician encounters and nursing visits, 

respectively. 
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In summary, by comparing HCUs with a matched cohort of non-HCUs, the main 

contributions of this chapter are three-fold: 1) clarification of the role of 12 healthcare 

categories in the senior HCU conversion; 2) identification of a subgroup of the 

population that became HCU without hospital admission and therefore is worth further 

investigation because prevention of HCU status among them may be different than in the 

rest of HCUs; and 3) estimation of the fiscal impact of the senior HCUs on the provincial 

budget using economics methods.  

 

Research question 2: What is the extent of regional (health planning level) variation 

in healthcare costs and mortality among senior incident HCUs compared to non-

HCUs in Ontario?  

The senior HCU rate varied across the province ranging from 88.1 to 100.2 per 1000 

seniors per LHIN. We found that overall regional variation in total costs was low in both 

cohorts. However, judging by adjusted variance estimates (both part 1 and part 2 of the 

model) of individual cost components, the variability was greater in accessing the 

healthcare system - once the patient entered the system, variation in costs was low. 

LHIN-specific variation in dialysis costs had the highest significant values in HCUs, 

whereas regional variation in cancer expenditures was an outlier among non-HCUs. 

Further, much of the observed variation in the probability of accessing healthcare was 

explained by the covariates traditionally representing health care needs (e.g., age, sex, 

health status). Once the costs were incurred however, the role of these covariates in 
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explaining observed variation greatly diminished. Importantly, these traditional 

covariates explain much less variation for HCUs on average compared with non-HCUs.  

Our findings indicate that reporting variation in total spending alone hides the 

contribution of individual cost components. The magnitude of some cost components 

such as hospitalization (a mean of $13,677 among HCU) absorbs the variation of smaller 

components (a mean of $181 in lab costs, for instance). As shown by the results of this 

chapter, examining regional variation as a function of total costs only would present an 

incomplete picture: e.g., although small regional variation in total costs, there is a much 

greater variation in dialysis costs among HCU. 

We determined that all-cause mortality during the incident year among HCUs (104.2 per 

1000) was 13.6 times greater that of non-HCU (7.7 per 1000).  Observed LHIN-specific 

variation in mortality was however 10 times as low among HCUs. This suggests that 

there was a 10.4% risk of dying once a senior becomes an HCU regardless of the place of 

residence within the province.   

We have also studied the relationship between the total costs and mortality for HCU and 

non-HCU across Ontario LHINs to explore health system performance from the 

efficiency angle. Building on the approach used in hospital profiling (D'Errigo, Tosti, 

Fusco, Perucci, & Seccareccia, 2007; MacKenzie et al., 2015; M. Zhang, Strawderman, 

Cowen, & Wells, 2006), we modified data presentation and plotted random effects for 

LHINs against the random effects for mortality in a cost-mortality plane where the X-axis 

represents the distribution of REs for mortality and the Y-axis is REs for costs, 

intersecting at 0. As such, our results provide insight into the distribution of mortality in 
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relation to resources spent across the LHINs by identifying districts of various cost-

mortality performance: LHINs in the upper right quadrant (high cost and high mortality) 

can be considered as those of lower efficiency where LHINs in the lower left quadrant are 

of higher efficiency (low costs and low mortality). Although the observed differences in 

efficiency between health regions merit further examination to determine if health 

improvement could be achieved without additional healthcare spending, caution should 

be applied when interpreting the efficiency results for two reasons. First, variation in total 

costs across LHINs appears quite small in magnitude, despite its statistical significance. 

Second, all-cause mortality was used in the calculations. Compared to preventable 

mortality, all-cause mortality is affected by a variety of factors, not all of which are 

amenable to health care amelioration.    

In summary, the main contributions of this chapter are 1) confirmed equal risk-adjusted 

allocation of resources across LHINs among seniors overall, although some inequalities 

exist among individual cost categories, especially dialysis and cancer care; 2) identified 

considerable variation in access to various types of care; 3) ascertained lower variation 

in mortality among HCUs compared with senior non-HCUs, 4) determined a minor  role 

for traditional cost and variation drivers in HCUs; and 5) explored a cost-mortality 

relationship by health districts suggesting a need for further investigation. 

 

Research question 3: What are the characteristics of hospital admissions and 

associated costs in senior incident HCUs compared to non-HCUs in Ontario? 
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By examining the first hospitalization among incident cases of senior HCUs we found 

that unplanned IHs were considerably more common among HCUs: 70% of all senior 

HCUs compared to 2% of non-HCUs. Ten conditions, many of which have known 

remediable risk factors for hospitalization (An et al., 2017; Del Gobbo et al., 2015; Lim 

& Kwon, 2010; Woolf & Åkesson, 2003; Yusuf et al., 2004), accounted for a large 

number of HCU admissions and one third of their hospitalization costs. Besides a higher 

admission rate, HCUs had longer hospital stays and were more frequently designated as 

alternate level of care (ALC). Although lower in costs compared with acute care patients 

(Sutherland JM & Crump, 2011), the additional ALC days also contribute to HCU 

conversion (Ronksley et al., 2016). Longer hospital stays and longer ALC stays are the 

hallmark of senior HCU unplanned IHs.  

We noticed a striking difference in inpatient mortality between the cohorts: non-HCU 

patients were more than twice as likely to die in hospital compared to HCUs (14.0% vs. 

6.4%, standardised difference: 0.25), despite the HCUs’ longer mean acute length of stay. 

Among those who died in hospital, non-HCUs also had a substantially shorter stay before 

death (2.3 vs. 17.9 days, standardised difference: 0.87). Given the 10.4% overall 

mortality among senior HCUs in the incident year, this observation suggests that many of 

them are chronically ill who were stabilized during admission and died outside the 

hospital (in the community or other institutions) following discharge. The relatively high 

inpatient mortality rate among non-HCUs constitutes approximately 30% of non-HCU 

deaths in the incident year. This supports the evidence that a large proportion of seniors 

still spend their last days of life in hospitals (Jayaraman & Joseph, 2013; Motiwala, 
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Croxford, Guerriere, & Coyte, 2006), although there is a decreasing trend in favor of 

alternative institutions (Teno, Gozalo, Bynum, & et al., 2013).  

Our findings point to many similarities in the predictors of the first unplanned admission 

between the two cohorts such as age, male sex or various chronic conditions which is in 

line with previous predictive studies of hospitalization among seniors in general (Wallace 

et al., 2014). Although the magnitude of many predictors was low (i.e., OR is very close 

to 1), including the number of medications dispensed, the effects of family practitioner 

visits, or home care services, a few predictors unique to each cohort showed noticeable 

protective association with the risk of admission. The analyses suggest that increasing 

access to geriatricians and other specialists is associated with reduced IHs among seniors. 

Factors such as attachment to a primary care provider or living in a long-term care facility 

may be associated with lower risk for IHs among HCUs. In contrast to the predictors with 

a low magnitude of association, the “other” category of home care services (a 

combination of social services, respite care and case management) had some protective 

effect in IHs among HCUs. Also, our findings suggest that recent senior immigrants were 

less likely to become HCUs or be admitted with an IH, supporting earlier reports of the 

“healthy immigrant” effect (Vang et al., 2017). This chapter has also looked at the 

baseline predictors of in-patient mortality in both cohorts. Analogous to the predictors of 

IHs, most predictors of inpatient mortality were similar in the two cohorts. Visiting an 

ED, seeing a specialist, and primary care provider attachment were associated with lower 

mortality in both cohorts.  
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In summary, the main contributions of this chapter are 1) corroborated findings of 

chapter 3 (Research Question 1) and confirmed the major role of prolonged hospital 

admissions in senior HCU conversion by focusing on the unplanned first hospitalization 

during the incident year; 2) explored unplanned IH predictors extending into the 

healthcare provided prior to the conversion and identified potential targets for policy 

interventions.  

 

Policy and research implications 

The findings of this doctoral thesis have multiple implications for health policy and future 

research. The text below will present a combination of both.  

As a sign of reassurance for health administrators, the thesis demonstrates that allocation 

of resources to the senior population across the provincial health districts is equal: there is 

little variation in total healthcare expenditures, once the costs are incurred. Some may 

even argue that vertical equity is in place too: seniors with a higher disease burden 

receive more care. However, it is the access to care not healthcare expenditures that 

should become the priority for future investigation, especially in care categories that were 

outliers in variation (i.e., dialysis and cancer care). First, attempts should be made to 

explore other factors that explain variation in access to healthcare services beyond the 

traditional drivers. Second, it is unknown whether variation in access and costs was 

present in the pre-incident year and what was the impact of that on HCU conversion 

during the incident year.  
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The thesis’ findings point toward a few factors that have either a protective effect of the 

first admission in the incident year for HCUs or affect the total length of stay once the 

patient is admitted, hence have the potential to reduce the role of IHs in HCU conversion 

among seniors. Specifically, we described the role of healthcare predictors of IHs (e.g., 

outpatient visits, dispensed medications, etc.). Further investigation is however required 

into some of them. First, a closer look into the “other” category of home care services 

would help tease out its components (i.e., social services, respite care or case 

management) that have the most protective effect on IHs among HCUs. Second, 

examining variation in access to geriatric outpatient care would help better understand 

whether improved access is associated with lower odds of IHs. Also, linking physician 

attributes (gender, years in practice, number of patients cared for, location of practice, 

referral privileges, etc.) with HCU outcomes would allow decision makers to identify 

geriatricians most suitable for targeted interventions. Similarly, although LTC costs 

contribute to HCU conversion, placement with a LTC facility, when needed, reduces the 

risk of IHs and may subsequently curb the conversion. Therefore, examining access to 

LTC beds and modeling its effect on IHs can add clarity. Also, further understanding is 

required on whether LTC admissions are specifically related to reductions in the use of 

acute care (in contrast to other discharge destinations. Third, and more importantly, we 

studied the quantity or intensity of past health care use, i.e., the frequency of visits or the 

number of outpatient drugs, but yet to describe the nature and quality of the visits and 

prescription practices that may be associated with the HCU conversion.  
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The role of primary care provider attachment on IHs can also be clarified by future 

research. This thesis shows the protective effect of such attachment in reference to orphan 

HCU patients. However, more in-depth analysis can elucidate the role of various types of 

primary care models in reference to each other. Reforms in the past two decades in 

Ontario have reduced the prevalence of practices with FFS from 80% in 2003 to 28% by 

2013 (Sweetman A & Buckley G, 2014). Evidence shows however that the reforms may 

not have been able to reduce the use of care, for examples, ED visits (Glazier RH, 2012.). 

What effect various models have on HCU conversion is also unclear. This is in line with a 

general lack of research evaluating the primary care reforms in Ontario (Marchildon & 

Hutchison, 2016). 

Further, the cost reduction rhetoric has dominated HCU research. However, it remains 

unclear whether cost reduction is possible. Let’s consider, for example, IHs and reduction 

of their costs. In the context of a public health care system of Ontario, there is a single 

payer in the province where the majority of the hospitals are funded through global 

budgets. When patients have a reduced admission rate, hospitals continue admitting other 

patients waiting in the emergency rooms or those in queue for an elective procedure. 

Therefore, from the perspective of the single payer, the intervention may not necessarily 

lead to reduced healthcare expenditures. In fact, if the intervention is associated with 

increased outpatient care to keep these patients from the hospitals, the costs to the system 

as a whole may increase. Similarly, the expected effect of reduction in the proportion of 

ALC patients on hospitalization costs may not be possible without changing hospital 

funding (e.g., Ontario funding reform(Palmer et al., 2018)) and improving post-discharge 
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options (e.g., “Home First”, long-term care)(Lavergne RM, 2015; Sutherland JM & 

Crump, 2011). But the latter again requires additional funding. The indirect benefits of 

such an approach however are more patients that in need for care receive it either at the 

ambulatory or inpatient level provided that care is appropriate. An economic evaluation 

from a health system perspective that employs microsimulation modeling and a budget 

impact analysis would likely provide more definitive answers. Eventually, better cost re-

allocation instead of cost reduction can become the new rhetoric with respect to HCUs. 

The impact that immigration to Canada has on all sectors of the society are of great 

importance to policy makers. The support that our analysis provided for the healthy 

immigrant effect by identifying a lower HCU rate and a reduced risk of IHs among recent 

senior immigrants has reassured the Canadian Immigration, Refugee and Citizenship 

Agency (CIRC) (in personal communication) in the effectiveness of the excessive 

demand assessment policy. This policy prevents those immigrants from entering Canada 

who may potentially strain the Canadian health care system if admitted due to high care 

demands. Since some immigrant categories (e.g., refugees) are exempt from the policy, 

investigating their contribution toward the senior HCUs can inform future CIRC actions.   

Finally, in addition to the methodological contributions of this doctoral thesis (e.g. the 

first attempt to describe a sub-population of HCUs, comparison with a matched group, 

use of random effects models to examine regional variation in outcomes, use of recycled 

predictions to determine the incremental costs and healthcare utilization associated with 

the HCU status, focus on index hospitalizations during the incident year), there are 

several future methodological considerations. First, future cost analysis of senior HCUs 
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could benefit from higher data granularity and more longitudinal patient care-centered 

approaches (Guilcher et al., 2016). Following a patient by type of care received in the 

incident year, for example, one may clarify the point of HCU conversion, differentiate 

between outpatient and inpatient costs that contribute to it, and allocate costs more 

accurately (e.g., physician costs as part of hospital expenditures). In the spirit of 

continuing inter-sectoral collaboration, the method of multi-touch attribution can be used 

to not only identify the chronology that leads to the HCU conversion but also better 

describe the interactions between various types of care along the way (Shao X & L, 

2011). Once the chronology is established, HCU conversion can be simulated using 

methods such as discrete event simulation to evaluate effectiveness and cost-effectiveness 

of HCU prevention interventions (X. Zhang, 2018).  

Second, the estimates of geographical variation in health outcomes can be further 

adjusted by accounting for possible inter-unit dependence (i.e., spatial correlation) 

(Chaix, Merlo, & Chauvin, 2005; Dong, Harris, Jones, & Yu, 2015; Ouédraogo et al., 

2018; Schootman, Chien, Yun, & Pruitt, 2016). Bayesian-based simulation approaches 

(e.g., hierarchical spatial autoregressive modelling) can be applied to assess the 

interaction between subjects from neighboring geographical units (spatial interactions) 

and the influence of unit-dependent contextual factors (spatial proximity effects) on the 

outcome, (Dong et al., 2015; Ouédraogo et al., 2018). Third, further clustering of HCUs 

patients can be performed using statistically sound approaches such as the latent variable 

analysis (Yan, Kwan, Tan, Thumboo, & Low, 2018). Now that we have explored the 

association of individual predictors of IHs, for example, we can shift our efforts toward 
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determining combinations of these predictors and the corresponding patient clusters that 

these combinations may form within each cohort to advance our knowledge of admitted 

HCUs. 

 

In summary, by answering three research questions, this thesis has advanced our 

knowledge of the HCU population in Canada by focusing on the segment of new senior 

HCUs in comparison to matched senior non-HCUs and using advanced statistical 

analysis; identified areas that are relevant for health policy makers with respect to the 

management of the group; and proposed avenues for further investigation.  
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