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LAY ABSTRACT 

High-cost healthcare users (HCUs) are patients who use disproportionate healthcare 

resources compared to their peers. More research is needed to better understand HCUs to 

design interventions to improve their health outcomes and costs. In this thesis, we evaluated 

what previous studies have discovered about HCUs and we used Ontario’s health system 

data to explore whether the quality of prescribing and medication use in older adults 

influences their risk of becoming a HCU. We found that current interventions for HCUs 

have had inconsistent effects on improving health outcomes and costs. We also found two 

medication-related factors contributing to the risk of becoming an older adult HCU: (1) use 

of very expensive medications, and (2) use of potentially inappropriate medications where 

the risk of harm may outweigh potential benefits. Interventions and health policies to 

optimize the appropriate and cost-effective use of medications are needed to manage high-

cost healthcare and prevent HCU development. 
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ABSTRACT 

Background: High-cost healthcare users (HCUs) are patients who use disproportionate 

healthcare resources compared to their peers. A better understanding of their co-morbidity 

status, medication use, and healthcare utilization is needed to improve health interventions 

and policies. 

Objectives: We aimed to: (1) synthesize what is known about HCUs and interventions for 

managing them, (2) characterize how HCUs differ from non-HCUs, and (3) explore the 

impact of medications and whether prescribing quality contributes to differences in 

healthcare costs and HCU status development. 

Methods: We synthesized what is known about HCUs and used the GRADE framework 

to evaluate the evidence for interventions designed to improve their health. We conducted 

retrospective population-based matched cohort and case-control studies of incident older 

adult HCUs using health administrative data. We examined prescribing and medication 

costs over the non-HCU to HCU transition period and compared them to non-HCUs. We 

conducted logistic regression to evaluate associations between HCU status development 

and the use of high-cost drugs and potentially inappropriate medications. 

Results: HCU interventions to date have shown inconsistent effects on clinical outcomes 

and healthcare costs and the overall quality of evidence supporting their efficacy is low. 

Compared to non-HCUs, HCUs have higher rates of polypharmacy, hospitalization, and 

mortality. Medications are the highest healthcare cost category in the pre-HCU year and 

these costs rise nearly 1.7-fold in the HCU year. High-cost drug use increases significantly 
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during the HCU transition period and 3.6% achieve HCU status based on drug costs alone. 

Use of several potentially inappropriate medications and high-cost drugs significantly 

increase the odds of HCU development. 

Conclusions: Medications can contribute to high-cost healthcare directly through drug 

costs alone or indirectly through adverse effects on health. Medication optimization 

interventions and policies to reduce inappropriate medication use and ensure cost-effective 

medication use are needed to manage high-cost healthcare and prevent HCU development. 
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CHAPTER 1: INTRODUCTION 

 Global spending on healthcare is rising and the costs of providing healthcare are 

challenging health systems internationally. Healthcare expenditures exceed 10% of gross 

domestic product in almost every developed country and they are expanding faster than the 

economy.1 Between 2000 to 2017, global health spending grew at a rate of 3.9% a year, 

while the global economy grew 3.0% a year.2 Many health systems internationally, as a 

result, have been focused on trying to achieve the “Triple Aim” goal of improving the 

quality of care and population health, while reducing healthcare costs.3,4 Since the majority 

of healthcare utilization and expenditure is concentrated and attributable to a small group 

of individuals in the population, health systems have directed their attention and “Triple 

Aim” efforts towards improving the management of a small patient cohort commonly 

referred to as “super utilizers” or “high-cost healthcare users” (HCUs).  

HCUs are a small proportion of the population who use a disproportionate amount 

of healthcare resources compared to the average patient. This HCU phenomenon is neither 

new nor unique to any specific jurisdiction. As early as 1956, researchers noted that 

healthcare expenditures were concentrated in a small segment of the population.5 Although 

there is no universally accepted definition of a HCU, criteria have ranged from heavy use 

of specific services [e.g. hospitalizations or emergency department (ED) visits] to a fiscal 

threshold (e.g. top 1% or 5% of overall healthcare expenditures) or some combination of 

the above.  
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Although HCUs receive substantial and/or frequent health services from multiple 

areas of the healthcare system, many health experts and studies have suggested that critical 

healthcare needs are not being met and that many HCUs may be receiving care that is 

neither necessary or cost-effective.6–10 Intervention programs developed for these high-

need, high-cost patients, for example, have had mixed and inconsistent success across 

studies in achieving the “Triple Aim” goal when evaluated using randomized controlled 

trial methodology despite promising initial observational studies.11,12 These observations 

suggest that the epidemiology of HCUs is still not well understood. HCUs are a 

heterogenous group with multifactorial contributors and complex healthcare needs. It is 

not only unclear how best to improve the care for these patients, but also unclear which 

patients in this group are most likely to benefit from such interventions. In order to develop 

effective interventional programs or policy, further research is needed to understand the 

variations and determinants of their healthcare utilization and expenditures including their 

demographics, co-morbidities, medications, healthcare providers, and health service needs 

compared to non-HCUs. 

 

Thesis Aims and Rationale 

In this thesis, we aimed to bridge some of these HCU knowledge gaps by focusing 

on older adult HCUs during their transition period from non-HCU to HCU and exploring 

what may be contributing to their differences in health compared to older adult non-HCUs 

(e.g. sociodemographic and clinical characteristics, medication use). Our overall goal was 
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to identify potential opportunities to improve the quality of care and prevent HCU 

development. Using a population segmentation framework and incident HCU 

observational study design, we employed a strategic method to better understand their 

health issues as older adults and improve our ability to inform targeted HCU interventions 

that would be better suited and more specific to their age and context.  

We also planned this thesis to specifically explore the need for a medication 

optimization intervention for older adults HCUs. The results have directly informed the 

design of an intervention and contributed to the successful funding of a pilot randomized 

controlled trial that is currently underway. This evaluation will provide preliminary info 

regarding the potential impact of medication optimization and test the feasibility of a larger, 

definitive trial.  

 

Overview of the Thesis Papers 

This “sandwich” thesis consists of four distinct manuscripts that advance our 

understanding of older adult HCUs and the impact of prescribing quality and medication 

use. Each manuscript builds on the findings of the previous in a sequential fashion and 

mirrors our thought process and understanding of older adult HCUs over time. The 

following overview puts each of these papers into context. 

In Chapter 2, “Managing High-Cost Healthcare Users – The International Search 

for Effective Evidence-Supported Strategies”, we present the results of a comprehensive 

and structured review of the scientific literature to delineate what is already known about 
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HCUs, how they are defined, what are their general characteristics, what interventions have 

been tried to prevent or manage their high-cost healthcare use, and what is the quality of 

the evidence supporting their efficacy using the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) framework. 

In Chapter 3, “Medication Use and Its Impact on High-Cost Healthcare Users 

Among Older Adults: Protocol for the Population-Based Matching Cohort HiCOSTT 

Study”, we describe the protocol for the creation of a retrospective population-based 

matched cohort and research program of incident older adult HCUs that was conceived 

after reflection on the HCU knowledge gaps identified in our review in Chapter 2. The 

manuscript provides a comprehensive outline of the specific research questions, 

hypotheses, methods, data sources, and analytical plan for the sequential studies presented 

in Chapters 4 and 5 of this thesis.  

In Chapter 4, “Contribution of Medications to High-Cost Healthcare User Status: 

A Population-Based Matched Cohort Study of Older Adults”, we present the results of an 

observational matched cohort study that characterizes the difference in clinical profiles, 

medication use, outcomes, and prognoses of incident older adult HCUs to matched non-

HCU peers. This manuscript also outlines the direct financial contributions of prescription 

medication costs to HCU expenditures and their impact as a whole on incident HCU status. 

In Chapter 5, “The Association of Potentially Inappropriate and High-Cost Drug 

Use with Becoming a High-Cost Healthcare User: A Population-Based Matched Case-

Control Study”, we explore the impact of prescribing quality on the development of HCU 
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status using a population-based case-control study design. We treat incident HCU status as 

an outcome and evaluate the impact of exposure to several medication classes within two 

distinct categories: (1) potentially inappropriate medication use, where risks of harm and 

costs of adverse health outcomes often outweigh potential benefits, and (2) use of 

expensive higher-cost (per unit) medications (e.g. biologics), where the financial costs of 

the medications alone could be sufficient to achieve HCU status. 

  Since the large study cohorts (as described in Chapter 3) were created to form a 

common database for the studies in Chapters 4-5, there is some overlap in the Introduction, 

Methods, and Results sections of these manuscripts (e.g. setting, definitions and baseline 

characteristics of study cohorts).  

 

Methodological Considerations and Advancements 

There were many methodological considerations to take into account in designing 

the studies included in this thesis. The following provides an overview of the rationale for 

some of the major study design choices. 

 

Study Population – Older Adults 

We choose to focus on the older adult HCU because older adults aged 65 years and 

older represent the largest subgroup of HCUs and incur the greatest median healthcare 

expenditures amongst HCUs.13,14 In Ontario, for example, 60% of all HCUs are older adults 
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with median healthcare expenditures of $45,203 CAD (vs. $7961 CAD for all HCUs).14,15 

Furthermore, studies focused specifically on older adult HCUs are limited. In the Canadian 

context, for example, there are no studies that we are aware of (outside of our research team 

and our older adult HCU database) that have focused on older adults. Most have focused 

on HCUs in general as a collective cohort or on specific subpopulations of interests 

including those with mental illness or those in their last year of life.14–21 

 

Study Population – Incident vs. Prevalent High-Cost Healthcare Users 

Unlike most studies to date which have looked at HCUs as a collective group (i.e. 

prevalent HCUs who meet HCU criteria), we focused on incident (i.e. new) HCUs and 

explored changes occurring during the period of transition from non-HCU to HCU. The 

incident HCUs is a significant subpopulation to target as studies have reported that they 

account for more than 50% of all HCU cases annually.14,22 This method of population 

segmentation provided two major advantages: (1) it eliminated the inclusion of persistent 

HCUs or “recovering” transient HCUs, who may be distinct populations with different 

characteristics and needs, and (2) it facilitated a pro-active, preventative “lens” and allowed 

for better identification of factors that may be contributing to the development of HCU 

status. 
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Study Cohort Creation - Matched Non-HCU Comparator Cohort 

 Research focused on HCUs has been predominantly cross-sectional in nature with 

many studies not having a comparator group or controlling for confounding.10,18 In those 

with a comparator group, the usual comparison are unmatched patients within the 50-95th 

percentiles of healthcare expenditure. This cross-sectional approach makes many of these 

studies at higher risk of bias for accurately delineating distinguishing HCU features. Their 

lack of longitudinal design at an individual level also limits their ability to study potential 

precipitants of high-cost healthcare use and their temporal association (i.e. those that may 

be modified before significant costs begin to accrue). In those that repeated analyses at 

different times to assess trends over time, many were conducted at the individual level. As 

a result, it is difficult to ascertain whether changes in prevalence reflect a true trend or 

differences between different groups of participants sampled from the population. There 

are few recent examples of HCU studies that have employed longitudinal cohort designs 

with analysis at the individual level, but they have focusing primarily on cost trajectories 

and social determinants of health in general HCU population.14,17 

In the observational studies included in this thesis, we employed a longitudinal 

matched cohort design. Older adult HCUs were matched to non-HCUs in a 1:3 ratio based 

on age, sex and geographic location. This reduced confounding due to these factors and 

created more comparable HCU and non-HCU cohort groups. The 1:3 also significantly 

improved the statistical efficiency of our analyses while balancing the excess loss of 

individuals due to matching. Only marginal improvements in statistical efficiency would 

have been achieved with higher ratios (e.g. 1:4 or 1:5).23 
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Study Design and Analysis - Matched Cohort with Unconditional Analysis 

 Although matching was also used in our case-control study design to create 

matched cohorts, we elected not to conduct a conditional matched analysis that is often 

assumed to be required to control for the matched factors (i.e. age and sex). Since we did 

not anticipate expect sparse data with this population-based study, we used a standard 

unconditional analysis. This provided valid and similar findings to a matched (conditional) 

analysis, but additionally simplified the analysis, increased its statistical precision, and 

enhanced the clarity and dissemination of the findings.24,25 

 

Study Design and Analysis – Logistic Regression versus Propensity Score Method 

 In our case-control study designed to evaluate the associations between medication 

classes of interest and the risk of becoming a HCU, we used traditional logistic regression 

modeling to control for imbalances in important confounders between the matched HCU 

and non-HCU cohorts. We elected to use this method over propensity score methodology 

for several reasons. First, given the broad exploratory scope of our study and its multiple 

research questions, the use of traditional regression modeling was pragmatic. It facilitated 

the scoping evaluation of several medication classes in a single study using a common, 

parsimonious methodology and avoided the loss of individuals due to propensity score 

matching. Second, this approach provided adequate precision for the exploratory nature of 

study and did not compromise our ability to achieve our study objectives. Evidence 

syntheses have suggested that observational studies have had similar results regardless of 
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whether traditional regression or propensity scores are used to adjust for confounding (i.e. 

they did not usually differ in the strength or statistical significance of associations between 

exposures and outcomes).26 Propensity score methods have potential benefits in the 

scenario of rare outcomes and multiple confounders, but we did not anticipate HCU status 

to be a rare outcome in our study. In fact, some studies suggest that logistic regression may 

be the preferred method to control for confounding when outcomes are not rare (e.g. >8 

events per confounder expected). In these scenarios, Monte Carlo simulation studies show 

that  resultant estimates from logistic regression are precise, but less biased than those 

derived using propensity scores.27 
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CHAPTER 2: Managing High-Cost Healthcare Users – The International Search for 

Effective Evidence-Supported Strategies 

 This chapter describes what is known about high-cost healthcare users (HCUs) and 

reviews the available evidence for the effectiveness of interventions to manage their high 

and costly healthcare use. The analysis includes: (1) a scoping review that used a 

comprehensive and structured search strategy to identify studies that evaluated 

interventions designed to prevent or reduce healthcare costs and/or utilization amongst 

HCUs, and (2) an evaluation of the quality of evidence supporting the efficacy of current 

care management interventions being employed for HCUs using the Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) framework. 

 

Citation:  

Lee J, Muratov S, Tarride JE, Holbrook A. Managing High-Cost Healthcare Users: The 

International Search for Effective Evidence-Supported Strategies. J Am Geriatr Soc. 2018; 

66(5): 1002-1008. 
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CHAPTER 3: Medication Use and Its Impact on High-Cost Healthcare Users Among 

Older Adults: Protocol for the Population-Based Matched Cohort HiCOSTT Study 

 This chapter describes the protocol for a retrospective population-based matched 

cohort study of incident older adult high-cost healthcare users (HCUs). This research 

program consists of a series of sequential analyses designed to: (1) determine the relative 

financial contributions of prescription medications to incident HCU expenditures, (2) 

explore the hypothesis that medications and the quality of their prescribing may be 

important contributors to HCU status, and (3) characterize how the clinical profiles and 

prognoses of older adult HCUs differ from non-HCUs.  

 

Citation: 

Lee J, Muratov S, Tarride JE, Paterson M, Gomes T, Thavorn K, Mbuagbaw L, Gomes T, 

Khuu W, Seow H, Thabane L, Holbrook A. Medication Use and Its Impact on Older Adult 

High Cost Healthcare Users: Protocol for the Population-Based Matched Cohort HiCOSTT 

Study. CMAJ Open 2020. DOI:10.9778/cmajo.20190196. 
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CHAPTER 4: Contribution of Medications to High-Cost Healthcare User Status: A 

Population-Based Matched Cohort Study of Older Adults 

This chapter describes the results of the first set analyses for the research program 

described in Chapter 3. In this study, we evaluate whether prescription medication costs 

are important contributors to incident high-cost healthcare user (HCU) expenditures and 

we characterize the difference in clinical profiles, medication use, outcomes, and prognoses 

of these older adult HCUs to their matched non-HCU peers during their non-HCU to HCU 

transition period. 

 

Publication Status: 

This manuscript has been submitted to JAMA Internal Medicine for peer review and 

publication consideration. 
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KEY POINTS: 

Question: How much do medications contribute to healthcare expenditures and high-cost 

healthcare user (HCU) development? 

 

Findings: In this matched cohort study of 704,793 older adults, HCUs had significantly 

higher polypharmacy rates (55.1% vs. 14.5%) and mean annual medication costs ($2456 

vs. $854) compared to non-HCUs. Drug expenditures increased nearly two-fold during the 

HCU transitional period and many HCUs achieved high-cost status based on annual drug 

expenditures alone.  

 

Meaning: Medications are important contributors to HCU expenditures and status, but the 

adverse consequences of severe polypharmacy and suboptimal medication use in pre-HCU 

years may be even more costly and require further investigation. 
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ABSTRACT 

Importance: The management of high-cost healthcare users (HCUs) is a priority of health 

systems internationally. Improved understanding of their multi-morbidity, medication use, 

and costs is needed to inform interventions and policy. 

 

Objectives: We sought to compare newly incident older adult HCUs (those with the 

highest 5% of healthcare costs) to their non-HCU peers to (1) determine the financial 

contribution of medications to HCU status and (2) characterize the differences between 

HCUs and non-HCUs in clinical characteristics and prognosis.  

 

Design: Population-based matched cohort study of administrative healthcare data.   

 

Setting: Ontario, Canada 

 

Participants: Incident older adult HCUs (those with the highest 5% of costs) identified 

between April 1, 2013 to March 31, 2014. HCUs were matched to non-HCUs (1:3) based 

on age, sex, and geographic location.  

 

Main Outcomes and Measures: Primary outcomes were the differences in annual 

prescription medication expenditures per patient and the ratio of annual drug costs to total 

healthcare expenditures. Secondary outcomes were the rate differences in one-year 

mortality and hospitalization.  
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Results: Incident older adult HCUs (n=175,847) accounted for $5.2 billion and $431 

million CAD in annual healthcare and medication costs respectively. Compared to non-

HCUs (n=527,541), HCUs had higher mean annual medication costs ($2456 vs. $854 

CAD, p<0.001), prevalence of polypharmacy (55.1% vs. 14.5%, p < 0.001), 1-year 

mortality (10.39% vs. 0.72%, p<0.001), and hospitalization rates (3.20 vs. 0.06 

hospitalizations per 1000 person-years, p<0.001). Although drug expenditures were the 

highest healthcare cost category in the pre-HCU year and increased nearly 1.7-fold in the 

incident HCU year, the ratio of drug-to-total health expenditures decreased from 35.9% of 

$0.74 billion to 8.3% of $5.24 billion CAD over this time due to increased hospitalizations. 

Use of high unit-cost medications increased dramatically amongst HCUs contributing to 

6,358 HCUs (3.6%) achieving incident HCU status based on annual drug expenditures 

alone.  

 

Conclusions and Relevance: Medication costs are an important contributor to HCU 

expenditures. The high prevalence of polypharmacy, rising use of high unit-cost drugs, and 

higher mortality and hospital admission rates among HCUs suggest that further study of 

the appropriateness and cost-effectiveness of medications is required. 
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INTRODUCTION 

High-cost healthcare users (HCUs), also known as super-utilizers, have drawn 

attention internationally because their healthcare utilization comes at a cost that many 

believe is not sustainable nor always appropriate for their health needs.1–3 In 2009, for 

example, the National Institute for Health Care Management reported that 1% of the United 

States population accounted for more than 20% of healthcare expenditures ($275 billion), 

while 5% of the population accounted for nearly 50% of healthcare expenditures ($623 

billion).4 Using a disproportionate healthcare resources compared to the average patient, 

HCUs have become the focus of initiatives addressing healthcare sustainability, utilization, 

and cost-effectiveness.5 

Older adults, in particular, are a priority population. Although they account for the 

largest proportion of HCUs and incur the greatest median healthcare expenditures amongst 

HCUs, studies focused specifically on older adult HCUs are limited.6,7 Their characteristics 

and economic impact is complex and not well understood. We have previously shown that 

unplanned, prolonged hospitalizations are the primary driver of HCU expenditures and 

regional variation in their healthcare costs is low.8–10 However, the impact of medications 

on HCU status and development, both directly through their prescription costs and 

indirectly through their effect on health outcomes, is not well delineated.  

Developing effective interventions and policies for older adult HCUs requires a 

deeper understanding of the determinants of their healthcare utilization and expenditures 

including their demographics, co-morbidities, medications, healthcare providers, and 

health service needs compared to non-HCUs. To address some of these knowledge gaps, 
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we conducted the HIgh-cost user Characterization of Ontario's Seniors' medicaTion use 

and healthcare uTilization (HiCOSTT) study. In this study, our objectives were to: (1) 

determine the relative financial contribution of prescription medications to total healthcare 

expenditures in incident older adult HCUs, and (2) compare the clinical profiles, 

medication use, outcomes, and prognoses of these HCUs to their matched non-HCU peers 

during their non-HCU to HCU transition period.  

 

METHODS 

The study protocol is described in detail in a previous publication.11 We report this 

study using the REporting of studies Conducted using Observational Routinely collected 

health Data statement for PharmacoEpidemiology (RECORD-PE) checklist.12  All costs 

reported are expressed in 2013 Canadian dollars. 

 

Design and Setting 

We conducted a population-based matched cohort study of incident older adult 

HCUs aged ≥66 years in the province of Ontario (population, 14.7 million) using the linked 

health administrative databases housed at ICES.13 The accrual period to ascertain HCU 

status ran from April 1, 2013 to March 31, 2014 (fiscal year 2013 [FY2013]).   

 

Population 

We established a cohort of incident older adult HCUs with annual total healthcare 

expenditures within the top 5% threshold of all residents in Ontario, Canada. This financial 
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threshold was determined by calculating total annual expenditures associated with 

healthcare utilization for each resident using person-level health utilization costing 

algorithms.[11]  

Cohort selection is shown in Figure 1. Patients were included in the “incident HCU” 

cohort if they: (1) were Ontario residents registered in the Ontario Health Insurance Plan 

(OHIP) Registered Persons Database during the accrual period; (2) were aged 66 years or 

older on the first day of the accrual period; and (3) had total healthcare expenditures in the 

top 5% of Ontarians in FY2013, but not FY2012. Patients were excluded if they did not 

have a valid OHIP number or died on or before the accrual start date.  

The incident HCU cohort was matched without replacement to non-HCUs using a 

3:1 matching ratio (non-HCU to HCU) based on age at cohort entry (+/- 1 month), sex, and 

geographic location. The “non-HCU” cohort consisted of patients whose annual healthcare 

expenditures were less than the top 5% financial threshold in both FY2012 and FY2013. 

Geographic location was based on the Local Health Integration Network (LHIN) of 

residence. LHINs were the health authorities responsible for regional administration of 

public healthcare services at the time of study. 

 

Data Sources 

Individual patient-level data for all health service encounters and medications were 

obtained from the province’s health administrative databases. This includes demographic 

and socioeconomic data, physician service claims, prescription drug claims, and records 
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for inpatient and outpatient hospital services. In total, 19 health administrative databases 

were used. Their contents are described in detail in our protocol.11 

We assessed the baseline co-morbidity burden of individuals using a combination 

of Aggregated Diagnosis Groups (ADGs) and Expanded Diagnosis Clusters (EDCs) 

derived from the Johns Hopkins ACG® System, version 10, and chart-validated chronic 

disease cohorts (e.g., for chronic obstructive pulmonary disease, congestive heart failure, 

etc.) developed by ICES. We defined medication use as the occurrence of ≥1 prescription 

claim during the study period and polypharmacy as the use of >10 unique medications 

(based on generic drug name) during the year. We determined the main reason for 

hospitalizations using the “most responsible” International Classification of Diseases 

(ICD) 10th revision diagnosis code recorded on each hospitalization discharge abstract. 

All-cause mortality was determined using the OHIP Registered Persons Database. 

 

Main Outcomes 

The co-primary outcomes were the between-group differences in the following 

measures during the 365 days after cohort entry: (1) total prescription medication 

expenditures per patient; and (2) the ratio of total prescription medication expenditures to 

total healthcare expenditures. Secondary clinical outcomes were the between-group 

differences in one-year mortality and all-cause hospitalization rates.  
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Statistical Analysis 

 We summarized baseline characteristics and compared the matched cohorts using 

descriptive statistics and standardized differences (SD). We interpreted a SD> 0.1 as 

representing a meaningful difference and used a type I error rate of 0.05 as the threshold 

for statistical significance.14 Data cells representing <6 individuals were suppressed to 

protect patient privacy. 

For the incident year and year prior to becoming a HCU, the frequency and costs 

associated with drug and healthcare utilization were calculated to compare and contrast 

how healthcare resources were used by HCUs and non-HCUs. Healthcare expenditures 

were subsequently expressed according to 12 cost categories: inpatient care, long-term 

care, home care, prescription drugs, etc.  

Hospitalization rates were determined by dividing the number of individuals 

admitted to hospital by the total number of days cohort members were at risk for 

hospitalization (i.e. not hospitalized and alive) during the study year. A “hospitalization” 

was defined as each unique “episode of care.” An episode of care linked a series of 

admissions to acute care hospitals when a patient was transferred from one hospital to 

another. This prevented transfers from being counted as a hospital readmission. Mortality 

and hospitalization rate differences between cohorts were analyzed using conditional 

logistic regression and Poisson regression respectively. 

All analyses were performed using SAS statistical software (version 9.4; SAS 

Institute, Cary, North Carolina). 
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RESULTS 

The annual healthcare expenditure threshold for the top 1% and top 5% of 

individuals in the province of Ontario was $48,801 and $10,192 respectively. We identified 

383,257 older adult HCUs meeting our top 5% threshold definition. Of these, 177,252 were 

incident HCUs. After matching, our sample included a cohort of 175,847 HCUs and 

527,541 non-HCUs. Our incident HCU cohort included 53,490 (30.1%) individuals who 

also met the Top 1% expenditure threshold. 

 

Baseline Characteristics 

 Baseline characteristics of the HCU and non-HCU cohorts in the pre-HCU year are 

shown in Table 1. The median age was 77 years (IQR 71-83) and distribution based on sex 

was similar (53% female). The majority of HCUs lived in the community in a non-

institutionalized urban setting (65.6% urban, 0.4% long-term care). No meaningful 

differences were observed based on income status or social assistance (i.e. low-income 

individual who qualify for reduced prescription deductibles and co-payments).  

Compared to non-HCUs, HCUs had more physicians involved in their care (7 vs 5, 

SD 0.56), but no differences were observed among primary care physician reimbursement 

models (e.g. fee-for-service, capitation). They were more likely to have seen a geriatrician, 

but the overall prevalence was low (2.8% vs 1.1%, SD 0.12). HCUs had a higher burden 

of co-morbidities (as measured by Johns Hopkins ADGs and EDCs) with a greater 

proportion affected by several common chronic conditions (i.e. ischemic heart disease, 
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heart failure, cardiac arrhythmia, chronic obstructive pulmonary disease, diabetes, 

degenerative joint disease, and cognitive impairment).  

 

Healthcare and Prescription Drug Expenditures 

 During the incident year of achieving HCU status, older adult HCUs accrued $5.2 

billion in total healthcare expenditures. Prescription drug costs accounted for more than 

$431 million (8.25%) of these costs.  Compared to non-HCUs, this represented average 

prescription drug and healthcare expenditures of $2456 (vs $854) and $29,784 (vs. $2471) 

respectively (p<0.001 for both).  

The breakdown of HCU expenditures by healthcare sector is shown in Figure 2. In 

the pre-HCU year, prescription drugs were the most expensive category accounting for 

35.9% ($263 million of $0.74 billion) of total healthcare expenditures. In the incident HCU 

year, this relative proportion attributable to prescription drugs fell to 8.3% ($431 million 

of $5.24 billion) due to a dramatic rise in acute hospitalization expenditures. However, 

HCUs incurred higher mean annual prescription drug costs compared to non-HCUs both 

before and after they became HCUs (Figure 3). Although mean prescription drug costs 

remained stable for non-HCUs in the incident HCU year ($823 vs $853), they increased 

nearly 1.7-fold for HCUs ($1496 vs. $2456). 

 

Mortality, Hospitalization and Other Clinical Outcomes in Incident HCU Year 

 In the incident HCU year, HCUs were more likely than non-HCUs to have at least 

one hospitalization (77.7% vs. 2.1%, p<0.001). In contrast to those for non-HCUs, the most 
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common reasons for hospitalization among HCUs were predominantly those with sudden 

catastrophic or chronic organ failure illness trajectories [e.g. myocardial or cerebral 

infarction, heart failure or chronic obstructive pulmonary disease exacerbations, fracture, 

joint arthroplasty for osteoarthritis] (eTable1).  

Overall, HCUs had higher annual mortality (RR 14.4, 10.39% vs. 0.72%, p<0.001) 

and hospitalization rates (RR 53.3, 3.20 vs. 0.06 hospitalizations per 1000 person-years, 

p<0.001) compared to non-HCUs. As expected, HCUs also had more visits to primary care 

(mean 16.07 vs. 5.47 per year, SD 0.95) and specialist physicians (mean 29.55 vs. 4.55 per 

year, SD 2.29) as well as annual visits by home care workers (mean 33.27 vs. 2.47 per year, 

SD 0.52). 

 

 

Patterns of Prescription Drug Utilization and Impact on HCU Status 

 HCUs were more likely to meet our definition of polypharmacy (>10 medications) 

compared to non-HCUs (55.1% vs. 14.5%, p < 0.0001, Table 2). Statins, proton pump 

inhibitors, and beta-blockers were the most commonly used prescription medications. The 

top 10 drug classes used by HCUs arranged by claim frequency is shown in eTable2. The 

most common drug classes used were similar in the pre-HCU and incident HCU years.  

Claims for high-cost drugs rose dramatically in the incident year for HCUs. For 

example, compared to the year preceding HCU status, claims for biologic response 

modifying agents and monoclonal antibodies increased 60-fold and 120-fold respectively 

(p<0.001 for both). 
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In a small subset of the HCU cohort, prescription drug costs were the primary 

healthcare-related expense with 6358 HCUs (3.6%) achieving their incident HCU status 

based on annual drug expenditures alone. Of these, 5216 HCUs (82.0%) achieved their 

incident HCU status based solely on the use of one of the following higher unit cost drug 

classes: immunosuppressive agents (e.g. sirolimus), anti-neoplastics (e.g. imatinib), 

ophthalmologicals (e.g. ranibizumab), or biologic response modifying agents (e.g. 

infliximab, adalimumab, interferons). 

 

DISCUSSION 

 This study provides a comprehensive overview of older adult HCUs, their 

prescription medication use, clinical outcomes, and associated costs compared to their non-

HCU peers. Unlike most HCU studies that examine prevalent HCUs without comparison 

to non-HCUs, we utilized a population-based matched cohort design to compare 

characteristics of HCUs to non-HCUs and focused on incident HCUs to identify potential 

triggers of HCU status during this HCU transition period. We also describe HCU 

medication use in more depth than previous studies which have only reported their 

aggregate cost contributions. 

Our results show that older adult HCUs have significant differences in multi-

morbidity, healthcare utilization, and acute hospitalization expenditures compared to non-

HCUs. They represent a vulnerable and high-risk cohort where risk differences for death 

and hospitalization are very large over a short one-year period. This is not surprising given 

that healthcare costs are directly associated with hospitalizations and hospitalizations are 
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associated with an increased risk of death. These results are consistent with other 

observational studies internationally that report an increased likelihood of multiple chronic 

conditions, multiple and longer hospitalizations, and increased physician and home care 

needs.2  

This study provides new information about HCU medication use and related costs. 

Some studies have reported their cumulative cost as a cost category, but they have not 

examined how they are being used.2 Others have focused on a different population of high-

drug-cost beneficiaries (e.g. those with the top 5% of drug costs rather than the top 5% 

healthcare expenditures).2,15,16 Our analyses demonstrate that prescription medications are 

important contributors to both HCU expenditures and incident HCU status. Medications 

represent the highest category of expenditures in the year prior to becoming a HCU and 

these costs nearly double in the following year. 

HCUs use more medications and incur higher medication costs compared to non-

HCUs both before and after they become HCUs. However, the degree of polypharmacy is 

noteworthy. With more than half of HCUs taking >10 medications and nearly one quarter 

> 15 medications, polypharmacy in this population may be reaching levels identified in the 

literature as “hyper”, “excessive” and “severe”.17 Even at much lower threshold levels, 

there is a strong well-established relationship between polypharmacy and adverse 

outcomes.18 Although this may be partially explained by confounding by indication and 

illness severity, there is likely an independent effect due to cumulative exposure to 

medication adverse effects.19,20 Since prescription drugs represent the highest category of 
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healthcare expenditures in the year prior to becoming a HCU, thoughtful deprescribing 

may be an important part of any HCU management or prevention strategy.  

Our results also suggest that the quality of prescribing and medication use require 

further investigation. Several medications with a strong evidence base for prevention are 

available for the most common reasons for hospitalization in HCUs observed in our study 

(e.g. bisphosphonates for osteoporosis and fracture prevention, ACE inhibitors for heart 

failure). HCUs in our study had higher mortality and rates of hospitalization, but it is 

unclear whether HCUs are being prescribed and adhering to optimal medication regimens 

that might have prevented these outcomes. A significant gap in medication best practices 

may be occurring. Previous studies have shown that only half of patients receive 

recommended medical care and treatment and that a significant proportion of medication 

that is prescribed is inappropriate or unnecessary.21,22 If this gap is confirmed, pro-active 

medication optimization may represent an opportunity to improve the health of otherwise 

would-be HCUs. 

The need for controlled and rational use of high unit-cost drugs is another area 

highlighted by our study. Our results demonstrate that there is an important subgroup of 

patients becoming new HCUs each year based on prescription drug costs alone, and the 

majority is the result of a small number of high-cost medication classes (e.g. biologics). 

Although some of this drug utilization may be temporary treatment of acute conditions or 

malignancies, there is also a significant component that will be long-term treatment of 

chronic conditions (e.g. ranibizumab for diabetic macular edema and age-related macular 
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degeneration). This results in long-term HCUs regardless of improving, stable, or 

deteriorating health. 

Although many international initiatives are underway to decrease the high cost of 

drugs from a pricing perspective, more work is needed to contain these drug costs at a 

prescriber level without compromising patient health.23–27 Examples of potential strategies 

with emerging evidence to support them are therapeutic substitution with bevacizumab or 

a ‘watchful waiting’ approach rather than ranibizumab prescription in age-related macular 

degeneration.28,29 Developing and implementing smart drug policies (such as indication-

based, reference-based, or biosimilar substitution policies) to ensure that the use of high 

unit-cost drugs is evidence-based and avoided when there is minimal or unproven benefit 

over less-expensive therapies is an important potential starting point.24 

 

Strengths and Limitations 

This study has several strengths. Utilization of population-level health 

administrative databases allowed for inclusion of all older adult HCUs in Canada’s most 

populous province and a large sample size compared to previous studies. This enhanced 

statistical efficiency, minimized selection bias, and provided results that transcend local 

practice and utilization patterns. The matched cohort design focused on incident HCUs 

allowed for comparisons to non-HCUs and exploration of potential HCU triggers. A 

prevalent HCU design, for example, would have otherwise hidden the important and 

growing contribution of prescription drug costs to HCU status.  



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

46 

 

Our study has limitations that merit discussion. First, our study provides a 

comprehensive, but incomplete delineation of healthcare spending. Our data do not include 

expenditures paid by private insurers (e.g. private home-care) and out-of-pocket by 

individuals or their caregivers (e.g. long-term care accommodation costs not subsidized by 

the government). It has been estimated that our cost capture methods account for ~92% of 

government costs associated with healthcare services provided to individual patients.7 

Second, prescription drug data was limited to those reimbursed on an outpatient basis 

(including long-term care) through the provincial drug benefit program. We did not have 

access to prescription drug data covered by private insurance plans or medications 

dispensed to hospital inpatients (whose costs are embedded within hospitalization 

expenditures). For these reasons, the impact and importance of prescription drugs on HCU 

expenditures and status suggested is likely even greater than estimated by our study. Third, 

medication counts were derived based on unique generic drug names and may differ from 

those using alternative methods (e.g. Anatomical Therapeutic Chemical classification 

system). Fourth, HCUs and non-HCUs were identified based on healthcare utilization costs 

accrued during a fixed one-year period (i.e. fiscal year). Some individuals (including those 

in their last year of life) may be classified differently using an alternative method (e.g. 

calendar year) depending on exactly when they accrued costs and/or died. 

 

CONCLUSION 

Older adult HCUs are characterized by significant multi-morbidity, hospital 

readmission, and risk of mortality compared to non-HCUs. Medication costs alone are 
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important contributors to HCU expenditures, but the adverse consequences of suboptimal 

medication use in previous years may be even more costly. The high rates of severe 

polypharmacy, rising use of high unit-cost drugs, and inferior clinical outcomes compared 

to non-HCUs suggest that more attention on the appropriateness and cost-effectiveness of 

medications may be needed in this high cost, high needs population. 

 

ACKNOWLEDGEMENTS 

This study was supported by the Institute for Clinical Evaluative Sciences (ICES), which 

is funded by an annual grant from the Ontario Ministry of Health.  Parts of this material 

are based on data and information compiled and provided by the Canadian Institute for 

Health Information and  IQVIA Solutions Canada Inc. The opinions, results, and 

conclusions reported in this article are those of the authors and are independent from the 

funding and data sources; no endorsement is intended or should be inferred. 

 

Author Contributions:  

JL, AH, SM, JET, JMP, and KT conceptualized the study. All authors contributed to its 

design. WK and JL conducted the statistical analysis. All authors contributed to the 

interpretation of the data. JL drafted the initial manuscript and all authors contributed to 

revision and final approval. 

 

Conflicts of Interest: 

None declared. 



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

48 

 

 

Funding: 

This work was supported by the Ontario Drug Policy Research Network (ODPRN) which 

is funded by grants from the Ontario Ministry of Health and Long-Term Care, and the 

Ontario Strategy for Patient-Orientated Research (SPOR) Support Unit, which is supported 

by the Canadian Institutes of Health Research (CIHR) and the Province of Ontario. This 

study also was supported by personnel funding from the CIHR Fellowship Program, the 

CIHR Drug Safety and Effectiveness Cross-Disciplinary Training (DSECT) Program, the 

Research Institute of St. Joe’s Hamilton, and the St. Peter’s/McMaster Chair of Aging.  

 

Role of the Funder: 

The funders had no role in the design or conduct of the study; collection, management, 

analysis, or interpretation of the data. They were not involved in the preparation of the 

manuscript or the decision to submit the manuscript for publication. 

 

  



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

49 

 

REFERENCES 

1.  Fiscal Sustainability of Health Systems. Organisation for Economic Co-operation 

and Development (OECD); 2015. doi:10.1787/9789264233386-en 

2.  Wammes JJG, Van Der Wees PJ, Tanke MAC, Westert GP, Jeurissen PPT. 

Systematic review of high-cost patients’ characteristics and healthcare utilisation. 

BMJ Open. 2018;8(9):23113. doi:10.1136/bmjopen-2018-023113 

3.  Shrank WH, Rogstad TL, Parekh N. Waste in the US Health Care System: Estimated 

Costs and Potential for Savings. JAMA - J Am Med Assoc. 2019;322(15):1501-1509. 

doi:10.1001/jama.2019.13978 

4.  National Institute for Health Care Management. The Concentration of Health Care 

Spending. Washington, DC; 2012. 

5.  Lee J, Muratov S, Tarride J-E, Holbrook A. Managing High-Cost Healthcare Users: 

The International Search for Effective Evidence-Supported Strategies. J Am Geriatr 

Soc. 2018;66(5):1002-1008. 

6.  Wodchis WP. The Concentration of Health Care Spending: Little Ado (yet) About 

Much (money). 2012 Canadian Association for Health Services and Policy Research 

Conference. 

https://www.cahspr.ca/web/uploads/presentations/C6.1_Walter_P._Wodchis.pdf. 

Published 2012. Accessed October 1, 2015. 

7.  Wodchis WP, Austin PC, Henry DA. A 3-year study of high-cost users of health 

care. CMAJ. 2016;188(3):182–188. doi:10.1503/cmaj.150064 

8.  Muratov S, Lee J, Holbrook A, et al. Unplanned index hospital admissions among 



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

50 

 

new older high-cost health care users in Ontario: a population-based matched cohort 

study. C Open. 2019;7(3):E537-E545. doi:10.9778/cmajo.20180185 

9.  Muratov S, Lee J, Holbrook A, et al. Incremental healthcare utilisation and costs 

among new senior high-cost users in Ontario, Canada: a retrospective matched 

cohort study. BMJ Open. 2019;9(10):e028637. doi:10.1136/bmjopen-2018-028637 

10.  Muratov S, Lee J, Holbrook A, et al. Regional variation in healthcare spending and 

mortality among senior high-cost healthcare users in Ontario, Canada: a 

retrospective matched cohort study. BMC Geriatr. 2018;18(1):262. 

doi:10.1186/s12877-018-0952-7 

11.  Lee J, Muratov S, Tarride J-E, et al. Medication use and its impact on high-cost 

health care users among older adults: protocol for the population-based matched 

cohort HiCOSTT study. C Open. 2021;9(1):E44-E52. doi:10.9778/cmajo.20190196 

12.  Langan SM, Schmidt SA, Wing K, et al. The reporting of studies conducted using 

observational routinely collected health data statement for pharmacoepidemiology 

(RECORD-PE). BMJ. 2018;363:k3532. doi:10.1136/bmj.k3532 

13.  Statistics Canada. Table 17-10-0009-01 Population estimates, quarterly. 2020. 

https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000901. Accessed 

November 25, 2020. 

14.  Austin P. Using the standardized difference to compare the prevalence of a binary 

variable between two groups in observational research. Comm Stat Simul Comput. 

2009;38(6):1228-1234. 

15.  Tadrous M, Martins D, Mamdani MM, Gomes T. Characteristics of high–drug-cost 



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

51 

 

beneficiaries of public drug plans in 9 Canadian provinces: a cross-sectional 

analysis. C Open. 2020;8(2):E297-E303. doi:10.9778/cmajo.20190231 

16.  Weymann D, Smolina K, Gladstone EJ, Morgan SG. High-Cost Users of 

Prescription Drugs: A Population-Based Analysis from British Columbia, Canada. 

Health Serv Res. 2017;52(2):697-719. doi:10.1111/1475-6773.12492 

17.  Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polypharmacy? A 

systematic review of definitions. BMC Geriatr. 2017;17(1):230. 

doi:10.1186/s12877-017-0621-2 

18.  Maher RL, Hanlon J, Hajjar ER. Clinical consequences of polypharmacy in elderly. 

Expert Opin Drug Saf. 2014;13(1):57-65. doi:10.1517/14740338.2013.827660 

19.  Dhalwani NN, Fahami R, Sathanapally H, Seidu S, Davies MJ, Khunti K. 

Association between polypharmacy and falls in older adults: a longitudinal study 

from England. BMJ Open. 2017;7(10):e016358. doi:10.1136/bmjopen-2017-

016358 

20.  Coupland CAC, Hill T, Dening T, Morriss R, Moore M, Hippisley-Cox J. 

Anticholinergic Drug Exposure and the Risk of Dementia. JAMA Intern Med. June 

2019. doi:10.1001/jamainternmed.2019.0677 

21.  McGlynn EA, Asch SM, Adams J, et al. The quality of health care delivered to adults 

in the United States. N Engl J Med. 2003;348(26):2635-2645. 

doi:10.1056/NEJMsa022615 

22.  Levine DM, Linder JA, Landon BE. The quality of outpatient care delivered to 

adults in the United States, 2002 to 2013. JAMA Intern Med. 2016;176(12):1778-



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

52 

 

1790. doi:10.1001/jamainternmed.2016.6217 

23.  Humphries B, Xie F. Canada’s Amendment to Patented Drug Price Regulation. 

JAMA. March 2019. doi:10.1001/jama.2019.2280 

24.  Kesselheim AS, Avorn J, Sarpatwari A. The High Cost of Prescription Drugs in the 

United States. JAMA. 2016;316(8):858. doi:10.1001/jama.2016.11237 

25.  Pearson SD, Dreitlein WB, Henshall C, Towse A. Indication-specific pricing of 

pharmaceuticals in the US healthcare system. J Comp Eff Res. 2017;6(5):397-404. 

doi:10.2217/cer-2017-0018 

26.  Robinson JC, Whaley CM, Brown TT. Association of Reference Pricing with Drug 

Selection and Spending. N Engl J Med. 2017;377(7):658-665. 

doi:10.1056/NEJMsa1700087 

27.  Lee JLY, Fischer MA, Shrank WH, Polinski JM, Choudhry NK. A systematic 

review of reference pricing: Implications for us prescription drug spending. Am J 

Manag Care. 2012;18(11):429-437. 

28.  Martin DF, Maguire MG, Fine SL, et al. Ranibizumab and Bevacizumab for 

Treatment of Neovascular Age-related Macular Degeneration. Ophthalmology. 

2012;119(7):1388-1398. doi:10.1016/j.ophtha.2012.03.053 

29.  Baker CW, Glassman AR, Beaulieu WT, et al. Effect of Initial Management With 

Aflibercept vs Laser Photocoagulation vs Observation on Vision Loss Among 

Patients With Diabetic Macular Edema Involving the Center of the Macula and 

Good Visual Acuity. JAMA. 2019;321(19):1880. doi:10.1001/jama.2019.5790 

 



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

53 

 

Figure 1: Cohort Selection 
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Figure 2: Distribution of Total Healthcare Expenditures Amongst Incident High-Cost 

Healthcare Users (HCUs) 

 

 
 

Costs are expressed in 2013 Canadian dollars 

Abbreviations: HCU, high-cost healthcare user 
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Figure 3: Mean Annual Drug and Healthcare Expenditures in High-Cost Healthcare 

Users (HCUs) and Non-High-Cost Healthcare Users (non-HCUs) 

 

Costs are expressed in 2013 Canadian dollars 

Abbreviations: HCU, high-cost healthcare user 
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Table 1: Baseline Characteristics of Matched HCU and Non-HCU Cohorts 

 

Baseline Characteristics 

Incident HCUs 

N=175,847 

Non-HCUs 

N=527,541 

Standardized 

Differencea 

     

SOCIODEMOGRAPHICS    

Age (years): n (%)b    

66-74 68,644 (39.0%) 205,932 (39.0%) N/A 

75-84 70,156 (39.9%) 210,465 (39.9%) N/A 

85-94 34,665 (19.7%) 104,011 (19.7%) N/A 

95+ 2,382 (1.4%) 7,133 (1.4%) N/A 

Female, n (%) 93,167 (53.0%) 279,501 (53.0%) N/A 

Residence in Long-Term Care: n (%) 632 (0.4%) 199 (0.0%) 0.07 

Geographic Location Based on Rurality 

Index for Ontario (RIO)b,c, n (%)    

Urban (RIO < 10) 115,305 (65.6%) 354,536 (67.2%) 0.03 

Suburban (RIO 10-39) 41,551 (23.6%) 117,353 (22.2%) 0.03 

Rural (RIO ≥ 40) 17,645 (10.0%) 51,403 (9.7%) 0.01 

Income Quintile, n (%)    

Q1 34,417 (19.6%) 98,036 (18.6%) 0.03 

Q5 35,094 (20.0%) 110,427 (20.9%) 0.02 

Social Assistance Recipient, n (%) 30,686 (17.5%) 74,527 (14.1%) 0.09 

    

PHYSICIAN CARE    

Circle of Medical Care    

Number of unique physicians, 

median (IQR) 7 (5-11) 5 (3-8) 0.56 

Geriatric Medicine specialist, n (%) 4,974 (2.8%) 5,935 (1.1%) 0.12 

    

CO-MORBIDITY BURDEN    

John Hopkin EDCsd    

Total number, mean (SD) 15.19 (7.72) 11.05 (7.32) 0.55 

Specific Comorbidities    

Heart Failure 25,203 (14.3%) 36,877 (7.0%) 0.24 

Cardiac Arrhythmia 34,960 (19.9%) 62,215 (11.8%) 0.22 

Ischemic Heart Disease 46,678 (26.5%) 90,135 (17.1%) 0.23 

Chronic Obstructive Pulmonary Disease 48,761 (27.7%) 96,513 (18.3%) 0.23 

Diabetes 62,031 (35.3%) 138,794 (26.3%) 0.20 

Degenerative Joint Disease 67,487 (38.4%) 136,031 (25.8%) 0.27 

Cognitive Impairment 21,462 (12.2%) 28,264 (5.4%) 0.24 
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Abbreviations: EDC, Expanded Diagnosis Cluster; HCU, high-cost healthcare user; 

IQR,  interquartile range; N/A, not applicable; RIO, rurality index for Ontario; SD, 

standardized difference 

a SD greater than 0.1 represents a meaningful difference 
b Cumulative total may not equal to N (100%) due to missing values (<1%) 

c RIO determines rurality based on community population size, population density, and 

travel times to the nearest basic and advanced referral centres 

d Higher number of EDCs indicates a greater number of conditions/comorbidities 
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Table 2: Clinical Outcomes and Healthcare Utilization During Incident HCU Year 

for Matched HCUs and non-HCUs 

 

 

Incident HCUs 

N=175,847 

Non-HCUs 

N=527,541  

   P-value 

All-Cause Mortality 18,382 (10.45%) 4,017 (0.76%) <0.001 

All-Cause Hospitalization 

Rate 

(1000 Person-Years at Risk) 3.21 0.06 <0.001 

    

   

Standardized 

Differencea 

All-Cause Hospitalizations 

(Episodes of Care)    

No Hospitalization 39,162 (22.3%) 516,491 (97.9%) 2.43 

1-2 Hospitalization 126,622 (72.0%) 11,050 (2.1%) 2.10 

≥ 3 Hospitalizations 10,063 (5.7%) 0 (0.0%) 0.35 

Length of Stay ≥ 30 days 12,215 (6.9%) <=5 (0.0%) 0.39 

    

ED Visits    
Annual Total, Mean 

(SD) 1.87 (2.19) 0.32 (0.81) 0.94 

    

MD Visits    
Annual Total, Mean 

(SD) 45.62 (32.54) 10.02 (8.97) 1.49 

Primary Care, Mean (SD 16.07 (14.73) 5.47 (5.56) 0.95 

Specialist, Mean (SD) 29.55 (25.96) 4.55 (5.24) 1.33 

    

Home Care Visits    
Annual Total, Mean 

(SD) 33.27 (82.16) 2.47 (17.33) 0.52 

    

Number of Medications 

Used    

<6 21,589 (12.3%) 275,938 (52.3%) 0.95 

6-10 56,940 (32.4%) 174,645 (33.1%) 0.02 

11-15 54,964 (31.3%) 61,080 (11.6%) 0.49 

16-20 28,578 (16.3%) 13,226 (2.5%) 0.49 

21-25 10,096 (5.7%) 2,227 (0.4%) 0.31 

>25 3,680 (2.1%) 425 (0.1%) 0.20 
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Abbreviations: ED, emergency department; HCU, high-cost healthcare user; IQR, 

interquartile range; SD, standardized difference 

a Standardized difference (SD) greater than 0.1 represents a meaningful difference 
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eTable 1: Most Common Reasons for Hospitalization Based on Frequency 

 

Top 10 Most 

Responsible Reasons 

for Hospitalization 

(Rank Based on 

Frequency 

Incident HCUs 

With Hospitalizations 

N=136685 individuals 

Non-HCUs 

With Hospitalizations 

N=11050 individuals 

 

1 Knee Arthrosis 

10,065 (7.4%) 

Hyperplasia of prostate 

462 (4.2%) 

2 Acute myocardial infarction 

7,455 (5.5%) 

Pneumonia 

442 (4.0%) 

3 Heart failure 

6,422 (4.7%) 

Syncope 

436 (3.9%) 

4 Hip fracture 

6101 (4.5%) 

Pain in throat and chest 

387 (3.5%) 

5 Chronic obstructive 

pulmonary disease 

5,168 (3.8%) 

Atrial fibrillation and 

flutter 

333 (3.0%) 

6 Hip arthrosis 

5.562 (4.1%) 

Inguinal hernia 

320 (2.9%) 

7 Chronic ischemic heart 

disease 

4,919 (3.6%) 

Chronic obstructive 

pulmonary disease 

312 (2.8%) 

8 Cerebral infarction 

4,676 (3.4%) 

Other disorders of the 

urinary system 

291 (2.6%) 

9 Pneumonia 

3,889 (2.8%) 

Other medical care 

295 (2.7%) 

10 Other medical care 

3,518 (2.6%) 

Paralytic ileus and 

intestinal obstructions 

without hernia 

269 (2.4%) 

Abbreviations: HCU, high-cost healthcare user 
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eTable 2: Most Common Drug Classes Used by Incident HCUs Based on Claim 

Frequency 

 

Pre-HCU Year HCU Year 

1. Statins 

2. Proton pump inhibitors 

3. Oral hypoglycemics 

4. Diuretics 

5. Beta-blockers 

6. Calcium channel blockers 

7. Angiotensin-converting enzyme 

inhibitors 

8. Hypothyroidism therapy 

9. Angiotensin II antagonists 

10. Benzodiazepines 

1. Statins 

2. Proton pump inhibitors 

3. Beta-blockers 

4. Diuretics 

5. Oral hypoglycemics 

6. Calcium channel blockers 

7. ACE inhibitors 

8. Hypothyroidism therapy 

9. Opioids 

10. Selective serotonin reuptake 

inhibitors 

Abbreviations: HCU, high-cost healthcare user 
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Chapter 5: The Association of Potentially Inappropriate and High-Cost Drug Use 

with Becoming a High-Cost Healthcare User: A Population-Based Matched Case-

Control Study 

 

This chapter describes the results of the second set analyses for the research 

program described in Chapter 3. In this study, we evaluate whether the quality of 

prescribing and medication use in older adults may be contributing to the development of 

high-cost healthcare user status. We examine whether exposure to specific medication 

classes may increase utilization and costs to the highest tiers within a population (i.e. HCU 

status) and which may be more problematic. 

 

Publication Status: 

This manuscript has been submitted to the Journal of the American Geriatrics Society 

(JAGS) for peer review and publication consideration. 
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IMPACT STATEMENT: 

We certify that this work is novel. In this population-based matched case-control study 

involving 704,793 older adults, we demonstrate that there are two distinct medication-

related factors contributing to the risk of becoming an older adult high-cost healthcare user 

(HCUs): (1) use of potentially inappropriate high-risk medications where risks of harm and 

costs of adverse health outcomes often outweigh potential benefits, and (2) use of 

expensive higher-cost (per unit) medications (e.g. biologics) where the financial costs of 

the medications alone are sufficient to achieve HCU status. We are not aware of previous 

studies that show that this exposure may increase utilization and costs to the highest tiers 

within a population (i.e., HCU status) or have examined these associations for specific 

medication classes (rather than potentially inappropriate medications [i.e., PIMs] as a 

collective category) to explore which may be more problematic. These results suggest that, 

in order to manage high-cost healthcare and prevent high-cost user development in older 

adults, medication optimization interventions and policies to reduce inappropriate 

medication use and ensure cost-effective use of expensive medications (especially when 

cheaper, equally effective alternatives may be available) are needed at the health system 

and individual level. 

 

KEY POINTS 

• Use of potentially inappropriate medications is associated with an increased risk of 

becoming a high-cost healthcare user 
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• Medications can contribute to high-cost healthcare directly through drug costs 

alone or indirectly through adverse effects on health and subsequent healthcare 

utilization 

 

WHY DOES THIS MATTER? 

Medication optimization interventions and policies to reduce inappropriate medication use 

and ensure cost-effective use of expensive medications are needed at the health system and 

individual level to manage high-cost healthcare and prevent high-cost user development. 

 

 

  



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

67 

 

ABSTRACT 

Background/Objectives: High-cost healthcare users (HCUs) use disproportionate 

healthcare resources compared to their peers. The extent to which suboptimal medication 

use may be contributing to their adverse health outcomes and HCU status is unclear. We 

sought to determine whether the quality of prescribing contributes to differences in 

healthcare utilization costs and HCU status development. 

DESIGN: Population-based case-control study 

SETTING: Ontario, Canada 

PARTICIPANTS: Incident HCUs (those with the highest 5% of healthcare costs) aged 

≥66 years identified between April 1, 2013 to March 31, 2014 using linked health 

administrative databases. HCUs were matched to non-HCUs (1:3) based on age, sex and 

geographic location. 

MEASUREMENTS: Healthcare and drug utilization data were analyzed over the 2-year 

period of transition from non-HCU to HCU. Descriptive and logistic regression analyses 

were conducted to evaluate the association between the development of HCU status and 

the use of high-cost drugs and potentially inappropriate medications (selected a priori due 

to evidence for harms outweighing potential benefits), adjusting for potentially important 

confounders. 

RESULTS: Incident older adult HCUs (n=175,847) accounted for $5.2 billion in annual 

healthcare costs, of which $431 million (8.25%) was medication costs. Potentially 
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inappropriate medication use increased the odds of HCU status including benzodiazepines 

(aOR 1.62, 95% CI 1.60-1.64), opioids (aOR 3.56, 95% CI 3.52-3.60, and antipsychotics 

(aOR 4.45, 95% CI 4.34-4.58). Benzodiazepines, opioids, antipsychotics and digoxin also 

significantly increased the odds of one-year mortality. Use of high-cost drugs increased 

significantly amongst HCUs and increased the odds of HCU status: immunomodulators 

(aOR 2.84, 95% CI 2.64-3.06), ophthalmologicals (aOR 11.87, 95% CI 11.27-12.5), 

biologics (aOR 30.85, 95% CI 20.97-45.39) and antineoplastics (aOR 53.46, 95% CI 

36.75-77.77). 

CONCLUSION: Use of potentially inappropriate medications and high-cost drugs 

increase the likelihood of becoming a HCU. Interventions focused on improving 

medication appropriateness and cost-effectiveness may prevent HCU status and contain 

expenditures. 

 

WORD COUNT: 299 

KEY WORDS: high-cost healthcare users; potentially inappropriate medications; older 

adults; healthcare utilization; healthcare costs  
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INTRODUCTION 

 Health systems internationally are focused on the “Triple Aim” goal of improving 

the quality of care and population health, while reducing healthcare costs.1,2 Since the 

majority of healthcare utilization and expenditure is attributable to a small group of 

individuals in the population commonly referred to as “super utilizers” or “high-cost 

healthcare users” (HCUs), there is growing attention and accrued efforts directed to 

improving the management of this small patient cohort. HCUs use a disproportionate 

amount of healthcare resources compared to their counterparts. In 2015, for example, the 

top 1% and top 5% of persons in the United States ranked by their healthcare expenditures 

accounted for 22.5% and 50.8% of total healthcare expenditures (annual mean $112,395 

and $50,572) respectively.3  

Older adults are disproportionately represented in the higher healthcare spending 

tiers and  account for the majority of HCUs.3,4 Although acute hospitalization costs 

typically represent the largest healthcare expenditure in older adult HCUs, medications are 

important financial contributors to their HCU expenditures and attainment of incident HCU 

status.5 We have previously shown that medications account for 41.3% of total healthcare 

expenditures in the year prior to becoming a HCU and expenditures rise nearly 1.7-fold in 

following HCU transitional year.5 More than half of HCUs take more than 10 medications 

and nearly one quarter take more than 15 medications. However, our knowledge about the 

characteristics of this population (including their medication use) before they become 

HCUs and how these attributes compare to their counterpart non-HCUs is limited. 

Specifically, little is known about the quality of this prescribing and medication use and 
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whether these could be significant contributors to their adverse health outcomes and 

development of HCU status.  

Given that medication optimization interventions have been proposed as potential 

HCU prevention or management strategies, we conducted this study to explore whether 

potentially inappropriate prescribing is associated with increased yearly individual 

healthcare expenditures and incident HCU development in older adults. 

 

METHODS 

Design and Setting 

We conducted a retrospective population-based matched case-control study of 

incident older adult HCUs in the province of Ontario (Canada’s largest province by 

population, 38.8%, n= 14,734,014).6  The protocol for this study has been previously 

published in more detail, but we have briefly summarized below.7  

The accrual period to ascertain HCU status extended from the index date of April 

1, 2013 to March 31, 2014 (fiscal year 2013 [FY2013]). We defined this period to be the 

“incident year” and the previous fiscal year to be the baseline or “pre-incident year”. The 

observational study period ran from April 1, 2010 to March 31, 2014 to allow for a 1-year 

look-back period to determine baseline demographics, health services utilization and 

medication use prior to HCU status as well as a 3-year look-back period to determine co-

morbidities.  
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Population 

We defined cases as incident older adult HCUs aged ≥66 years with annual total 

healthcare expenditures within the top 5% threshold of all residents in the province of 

Ontario, Canada in FY2013, but not in the FY2012. This financial threshold was 

determined by calculating total annual expenditures associated with healthcare utilization 

for each eligible resident using person-level health utilization costing algorithms developed 

by ICES.8 

Incident HCUs were matched without replacement to non-HCU controls using a 

3:1 matching ratio (non-HCU to HCU) based on age at cohort entry (+/- 1 month), sex and 

geographic location. Non-HCUs were individuals who had annual healthcare expenditures 

that were less than the top 5% financial threshold in both FY2012 and FY2013. Geographic 

location was based on Local Health Integration Networks (LHINs), which were the health 

authorities responsible for regional administration of public healthcare services in Ontario 

at the time. 

 

Data Sources 

Individual patient-level data for all health service encounters and prescription 

medications were obtained from linked health administrative databases housed at ICES 

(formerly known as the Institute for Clinical Evaluative Sciences). ICES is an independent, 

non-profit research institute that holds health services records for all patients covered by 

the publicly-funded health insurance program in Ontario. This includes socio-demographic 

data, physician fee claims, prescription drug claims and records for inpatient and 
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ambulatory health services. In total, 19 health administrative databases were used 

(Supplementary Table 1). These databases and their contents have been previously 

described in our study protocol.7 

Baseline co-morbidities were determined using a combination of the John Hopkins 

Expanded Diagnosis Clusters (EDCs) derived from the John Hopkin’s ACG® System 

(version 10) and chart-validated chronic disease cohorts (e.g., for chronic obstructive 

pulmonary disease, congestive heart failure, etc.) developed by ICES. The ICES chronic 

disease cohorts were used preferentially for any diagnoses that had complementary EDCs. 

We used the Ontario Drug Benefit (ODB) database to identify all prescription medications 

dispensed to the matched cases and controls over the study period. We defined medication 

use of a specific medication as the occurrence of at least one prescription claim based on 

generic drug name.  

 

Definition of Exposure 

Using the pharmacologic-therapeutic classification system employed in the Ontario 

Drug Benefit formulary (which is based on the American Hospital Formulary Service 

(AHFS) system of the American Society of Health-System Pharmacists), we selected 

several medication classes a priori as prescribing quality indicators for a series of individual 

analyses (Supplementary Table 2). First, we selected several potentially inappropriate 

“high-risk” medications because they have a strong evidence base for harms outweighing 

potential benefits and that are commonly targeted for deprescribing in older adults (i.e. 

benzodiazepines, opioids, antipsychotics, non-steroidal anti-inflammatory drugs, digoxin, 
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proton pump inhibitors). Second, we selected several medications known to be “high-cost” 

drugs per unit.  We chose medication classes as high-priority for evaluation within each of 

these categories based on review of expert consensus guidelines on potentially 

inappropriate prescribing in older adults (i.e. START/STOPP, Beers Criteria), Canadian 

deprescribing guidelines, and previous studies of potentially inappropriate prescribing and 

high-cost medication use.9–14  In all analyses, we defined medication exposure as the receipt 

of at least 1 prescription of the specified medication class during the specified year.  

 

STATISTICAL ANALYSIS 

We summarized patient and medication use characteristics using descriptive 

statistics. Given the large sample size, we used standardized differences instead of p-values 

to compare cases and controls. We interpreted a standardized difference (SD) greater than 

0.1 as a meaningful difference.15 Missing data for any covariates in the analysis were 

reported as separate categories. In accordance with ICES privacy policies, cell counts ≤ 5 

were censored to avoid potential re-identification of personal health information. 

We conducted logistic regression to explore the relationship between incident HCU 

status and the use of the pre-selected potentially inappropriate high-risk medications and 

high-cost drugs. Each medication class was analyzed independently in a series of analyses 

to estimate individual odds ratios (ORs) and 95% CIs. In order to minimize potential bias 

from confounding by indication and severity of illness, estimates were adjusted for several 

important covariates determined a priori, including age, sex, number of co-morbidities, 
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number of major John Hopkins ADGs (which is an indicator of high illness severity and 

probable need for specialty care), and the most common conditions for which each the 

specific drug(s) are indicated.  

To further explore the data for evidence for potential associations, we incorporated 

duration of medication use into analyses of potentially inappropriate high-risk medication 

use to examine associations with HCU development based on increasing exposure to each 

medication.16 Duration was defined by the cumulative days of medication supplied within 

the specified year. 

  In a secondary case-control analysis, we used logistic regression to explore 

whether potentially inappropriate high-risk medication use by incident HCUs was 

associated with all-cause mortality in addition to their hypothesized effects on healthcare 

utilization and costs.  

 

RESULTS 

The study population consisted of 706,216 older adults. There were 175,847 

incident HCUs matched to 527,541 non-HCUs. HCUs accounted for $433 million in 

medication costs and $5.2 billion in total healthcare expenditures.  

The baseline characteristics of the HCUs and non-HCUs are shown in Table 1. The 

study population was 53% female with a median age of 77 years (IQR 71-83). The majority 

of individuals lived in a non-institutionalized urban setting. Comparing the HCUs (cases) 
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and non-HCUs (controls), there was balanced representation across all income quintiles. 

There were no meaningful differences in income status or receipt of social assistance (i.e., 

as defined by those qualifying for deductible and co-payment reductions for prescription 

drugs due to low income). HCUs had a higher burden of co-morbidities (John Hopkins 

EDCs 14 vs 10, SD 0.55) with a greater proportion affected by several common chronic 

conditions (i.e., ischemic heart disease, heart failure, cardiac arrhythmia, chronic 

obstructive pulmonary disease, diabetes, degenerative joint disease, and cognitive 

impairment).  

HCUs had a larger circle of physician care and they were more likely to have seen 

a geriatrician, but the overall prevalence was low (2.8% vs 1.1%, SD 0.12). Compared to 

non-HCUs, HCUs had a higher median number of medications (8 vs. 5, SD 0.62) with 

severe polypharmacy (>15 medications) being significantly more prevalent (30.8% vs. 

13.9%, p <0.001). 

 

Potentially Inappropriate High-Risk Medication Use 

Use of potentially inappropriate high-risk medications was more than twice as 

prevalent per capita amongst HCUs compared to non-HCUs in the pre-incident year (Table 

2). With exception to non-steroidal inflammatory agents, their use based on prescription 

claim frequency amongst HCUs increased in the incident HCU year, but remained 

relatively stable in non-HCUs. Opioid use, for example, occurred at a rate 112.5 claims per 

100 persons amongst HCUs in the pre-incident year and increased to 203.4 claims per 100 
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persons in the incident year. In contrast, use amongst non-HCUs only increased from 46.4 

to 49.6 claims per 100 persons over the same period.  

Potentially inappropriate high-risk medication use during the 2-year observational 

period was associated with an increased likelihood of becoming a HCU. These associations 

persisted after adjustment for age, sex, illness severity, co-morbidities, and the most 

common indicated conditions for their use (Figure 1). The medication classes associated 

with the highest odds of HCU development were opioids (adjusted odds ratio [aOR] 3.56, 

95% CI 3.52-3.60) and antipsychotics (aOR 4.45, 95% CI 4.34-4.58). The observed 

associations with HCU status persisted when drug use exposure was restricted only to the 

baseline (pre-HCU) year and demonstrated that the association is not solely the result of 

exposure during or after a critical event or acute hospitalization in the incident HCU year.  

The incorporation of duration of use into the analyses demonstrated a cumulative 

duration-outcome relationship based on increasing drug exposure (Figure 2). For all of the 

specified medication classes, each additional day of potentially inappropriate high-risk 

medication supplied increased the likelihood of HCU development. The medication classes 

associated with the highest odds based on duration of use were opioids and antipsychotics, 

with estimates that each additional year of use increases the odds of HCU status by 1.61 

(95% CI 1.58-1.63) and 1.57 (95% CI 1.54-1.60) respectively.  

In HCUs, the use of opioids, antipsychotics, benzodiazepines and digoxin during 

the study period increased their odds of mortality in the incident HCU year (Figure 3). 
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Antipsychotic use during the HCU year was associated with the highest odds of mortality 

(aOR 2.93, 95% CI 2.80-3.06). 

 

High-Cost Drug Use 

Annual medication expenditures alone were responsible for incident HCU status in 

6258 HCUs (3.6%). In 5216 HCUs (3.0%), these high medication costs were based solely 

on the use of one of the four specific medication classes that were selected for analysis as 

higher-cost drugs: ophthalmologicals, immunomodulators, antineoplastics and biologic 

response modifying agents.  

Use of higher-cost drugs was more prevalent amongst HCUs and prescription 

claims for these drug classes increased significantly in their incident HCU year (Table 2). 

Compared to the previous year, the relative increase in prescription claims was 1.4-fold for 

immunomodulators (e.g., mycophenolic acid, sirolimus), 8.3-fold for opthalmologicals 

(e.g. ranibizumab), 10.5-fold for biologic response modifying agents (e.g. adalimumab, 

interferons) and 286.6-fold for antineoplastics (e.g. imatinib). In contrast, the relative 

increase in prescription claims for the same medication classes for non-HCUs was 1.1, 1.5, 

1.8 and 78.0-fold respectively and much lower on an absolute per capita basis. 

Use of any of these higher-cost medications in the HCU year significantly increased 

the likelihood of HCU status (Figure 1) in both unadjusted and adjusted analyses for age, 

sex, illness severity, co-morbidities, and the most common indicated conditions for their 

use. The use of biologics and antineoplastics were the most likely to be associated with 
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HCU status with an increased adjusted odds of HCU status by 30.85 (95% CI 20.97 to 

45.39) and 53.46 (95% CI 36.75 to 77.77) respectively.  

 

DISCUSSION 

 Older adults are disproportionately represented at higher healthcare expenditure 

levels and account for the majority of high-cost healthcare users. In this study, we show 

that prescription medications are important contributors to their healthcare expenditures 

and risk of becoming high-cost healthcare users. Utilizing a population-based case-control 

study design, we determined that there appears to be at least two distinct medication-related 

factors contributing to HCU development: (1) older adults receiving potentially 

inappropriate high-risk medications where harms may be outweighing potential benefits of 

their use, and (2) patients receiving expensive higher-cost (per unit) medications such as 

biologics.  

 Previous studies have shown that significant healthcare dollars are used on the 

direct drug costs of potentially inappropriate medications.12,17 Our study demonstrates that 

there are also significant indirect health and healthcare utilization costs attributable to the 

use of these medications. Potentially inappropriate medication use is highly prevalent 

amongst older adult HCUs and our data suggest that may be a temporal relationship 

between their prescribing and the future development of HCU status and possibly even 

death. The possibility of causal association is supported by the observation of a cumulative 

“duration outcome” relationship even after adjustment for variables associated with the 
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prescribing of each medication. For all potentially inappropriate high-risk medication 

classes evaluated, increasing duration of exposure increased the likelihood of becoming a 

HCU.  

 These results are consistent with previous studies in other patient populations and 

international healthcare systems which have shown an association between potentially 

inappropriate medication use and adverse events, health service utilization (particularly 

hospitalization), and costs.18,19 However, we are not aware of any other study that has 

shown that such exposures can be associated with HCU development nor examined the 

association with specific medication classes (rather than potentially inappropriate 

medications [PIMs] as a collective category) to determine which medications may be more 

problematic.  

Our findings suggest that the development of policies and strategies to reduce (or 

shorten exposure) to potentially inappropriate prescribing may generate significant health 

system savings. This could be achieved not only by decreasing medication expenditures, 

but by concurrently providing major benefits to the health of older adults and avoiding 

large downstream costs of unnecessary adverse drug events, hospitalizations and ED visits. 

As a result, clinicians, researchers and policymakers interested in managing the HCU 

phenomenon should consider developing targeted deprescribing and medication 

optimization interventions and then test them for effectiveness using rigorous health 

research methodology. Advances in knowledge in this area is much needed as complex 

HCU management models are being implemented internationally (and often without a 
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strong evidence base to support their effectiveness) and none to our knowledge have 

focused on evidence-based drug optimization interventions.2 

The judicious use of high-cost drugs is another issue amongst older adult HCUs 

that needs to be monitored. Our study shows that healthcare expenditures for individual 

higher-cost (per unit) medications are responsible for a growing population of new high-

cost healthcare users independent of their overall health status and other healthcare 

utilization. In some cases, these treatments are temporary (e.g., Hepatitis C). However, in 

others, they are chronic (e.g., macular degeneration) and thereby contribute to a growing 

population of persistent HCUs directly through their drug costs. This phenomenon of high 

drug cost HCUs will likely grow due to the increasing development and availability of 

expensive medications.20 

The potential implications are a changing concentration of healthcare expenditures 

from a small proportion of the population to one that is distributed, but rising exponentially, 

over a large segment of the population.21 This raises potential concerns regarding the future 

sustainability of prescription drug reimbursement programs. Prescription drug spending is 

the fastest growing category of healthcare expenditures in Canada and the United States 

with projections that its growth will consistently outpace other healthcare spending over 

the next decade.22,23 In Canada, it is outpacing both hospital and physician expenditures at 

an annual growth rate of 4.2%.22 This highlights the need to develop strategies to manage 

drug costs and safeguard equitable access to innovative medicines. This could include 

formulary modernization and innovative drug policies (e.g. indication-based, reference-

based or biosimilar substitution) to ensure that the use of higher-cost drugs is evidence-
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based and avoided when there is minimal or unproven benefit over less-expensive 

therapies. 

This study has several strengths, including the large sample size and the focus on 

incident rather than prevalent HCUs. The latter allowed for identification of potential 

contributors to HCU development that may be amenable to preventative intervention. The 

large population-based cohort permitted evaluation of the associations between 

medications and high-cost healthcare use in a way that is statistically efficient and that 

transcends differences in local prescribing patterns. 

However, this study is subject to the limitations and residual confounding inherent 

in observational data from health administrative databases. Although we demonstrate a 

significant duration-outcome relationship that would support a hypothesis of possible 

causal association, we cannot be certain that medications cause HCU status outside of the 

situation when cumulative direct costs exceed the HCU financial threshold. Other 

unknown, unmeasured or unmeasurable factors may have influenced healthcare utilization 

and prescribing. Second, it is also not possible to guarantee patients were adherent to 

dispensed medications nor that they were used as prescribed. Third, our ability to account 

for the duration of medication exposure is limited to two years of available prescription 

data. This limits the inferences we can conclude related to the timing of medication 

initiation, exposure duration, and HCU transition. Fourth, HCUs and non-HCUs were 

identified based on healthcare utilization costs accrued during a fiscal year. The HCU status 

of some individuals (including those in their last year of life) may have been classified 
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differently if an alternative method (e.g. calendar year) was used depending on when they 

accrued costs and/or died. 

 

CONCLUSION  

 Use of potentially inappropriate high-risk medications and high-cost drugs are both 

associated with an increased likelihood of becoming a HCU. Medications can be significant 

contributors to high-cost healthcare, both directly through up-front drug costs and 

indirectly through their effects on health and downstream events such as adverse drug 

events, hospitalizations and ED visits. Future research should focus on developing and 

testing medication optimization strategies and policies for intervention at both the health 

system and individual level. 
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Table 1: Baseline Characteristics of Matched HCUs (Cases) and Non-HCUs 

(Controls) 

Baseline Characteristics 

Incident HCUs 

N=175,847 

Non-HCUs 

N=527,541 

Standardized 

Differencea 

SOCIODEMOGRAPHICS       

Age (years), n (%)       

66-74 68,644 (39.0%) 205,932 (39.0%) N/A 

75-84 70,156 (39.9%) 210,465 (39.9%) N/A 

85-94 34,665 (19.7%) 104,011 (19.7%) N/A 

95+ 2,382 (1.4%) 7,133 (1.4%) N/A 

Median (IQR) 77 (71-83) 77 (71-83) N/A 

Female, n (%) 93,167 (53.0%) 279,501 (53.0%) N/A 

Residence in Long-Term Care, n (%) 632 (0.4%) 199 (0.0%) 0.07 

Geographic Location Based on Rurality 

Index for Ontario (RIO)b,c, n (%)       

Urban (RIO < 10) 115,305 (65.6%) 354,536 (67.2%) 0.03 

Suburban (RIO 10-39) 41,551 (23.6%) 117,353 (22.2%) 0.03 

Rural (RIO ≥ 40) 17,645 (10.0%) 51,403 (9.7%) 0.01 

Income Quintilec       

Q1 34,417 (19.6%) 98,036 (18.6%) 0.03 

Q5 35,094 (20.0%) 110,427 (20.9%) 0.02 

Social Assistance Recipient, n (%) 30,686 (17.5%) 74,527 (14.1%) 0.09 

    

PHYSICIAN CARE    

Circle of Medical Care       

Number of unique physicians, 

Median (IQR) 7 (5-11) 5 (3-8) 0.56 

       

CO-MORBIDITY BURDEN       

John Hopkins ADGsd       

Total Number, Mean (SD) 10.22 (4.00) 7.93 (4.47) 0.54 

Specific Comorbidities       

Heart Failure 25,203 (14.3%) 36,877 (7.0%) 0.24 

Cardiac Arrhythmia 34,960 (19.9%) 62,215 (11.8%) 0.22 

Ischemic Heart Disease 46,678 (26.5%) 90,135 (17.1%) 0.23 

Chronic Obstructive Pulmonary Disease 48,761 (27.7%) 96,513 (18.3%) 0.23 

Diabetes 62,031 (35.3%) 138,794 (26.3%) 0.2 

Degenerative Joint Disease 67,487 (38.4%) 136,031 (25.8%) 0.27 

Cognitive Impairment 21,462 (12.2%) 28,264 (5.4%) 0.24 

Abbreviations: ADG, adjusted diagnostic group; HCU, high cost user; IQR,  interquartile range; N/A, 

not applicable; RIO, rurality index for Ontario; SD, standardized difference 

a SD greater than 0.1 represents a meaningful difference 
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b Cumulative total may not equal to N (100%) due to missing values (<1%) 
c RIO is determines rurality based on community population size, population density, and travel times to 

the nearest basic and advanced referral centres 

d Higher number of ADGs per patient indicates a greater burden of illness.  
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Table 2: Prescription Claims for High-Cost and Potentially Inappropriate High-

Risk Medications 

 HCUs Non-HCUs 

 

Prescription Claims 

(Per 10000 Persons) 

Prescription Claims 

(Per 10000 Persons) 

 

Baseline 

Year 

HCU 

Year 

Relative 

Change 

Baseline 

Year 

HCU 

 Year 

Relativ

e 

Chang

e 

High-Cost (Per Unit) Drugs 

Biologics 13.36 139.95 10.47 0.61 1.08 1.78 

Ophthalmological 296.00 2,445.76 8.26 52.07 80.09 1.54 

Antineoplastic 0.45 130.40 286.63 0.02 1.48 78.00 

Immunomodulator 467.51 661.09 1.41 137.26 147.29 1.07 

Potentially Inappropriate High-Risk Medications 

NSAID 9,199.47 9,112.07 0.99 5,088.65 5,166.75 1.02 

Proton Pump 

Inhibitor 29,365.53 

41,843.0

2 1.42 

14,153.9

0 

15,852.3

4 1.12 

Opioids 11,250.92 

20,341.4

3 1.81 4,644.47 4,963.44 1.07 

Benzodiazepines 13,532.96 

15,892.4

5 1.17 6,663.94 6,911.75 1.04 

Digoxin 3,815.99 5,455.94 1.43 1,416.27 1,535.29 1.08 

Antipsychotics 7,268.88 

14,521.4

3 2.00 2,319.29 2,715.26 1.17 
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Figure 1: Association Between Potentially Inappropriate High-Risk and High-Cost 

Medication Use and High-Cost Healthcare User Status 

Abbreviations: AOR = adjusted odds ratio; LCL = 95% lower confidence interval limit; 

UCL = 95% upper confidence interval limit; Benzo = Benzodiazepine; NSAID = Non-

steroidal anti-inflammatory drug; PPI = Proton pump inhibitor 
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Figure 2: Association Between Duration of Potentially Inappropriate High-Risk 

Medication Use and High-Cost Healthcare User (HCU) Status 

 

*Duration of use determined by cumulative days supply of prescription claims per patient 

Abbreviations: AOR = adjusted odds ratio; LCL = 95% lower confidence interval limit; 

UCL = 95% upper confidence interval limit; Benzo = Benzodiazepine; NSAID = Non-

steroidal anti-inflammatory drug; PPI = Proton pump inhibitor 
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Figure 3: Association Between Potentially Inppropriate High-Risk Medication Use 

and Mortality Among High-Cost Healthcare Users 

 

*Duration of use determined by cumulative days supply of prescription claims per patient 

Abbreviations: AOR = adjusted odds ratio; LCL = 95% lower confidence interval limit; 

UCL = 95% upper confidence interval limit; Benzo = Benzodiazepine; NSAID = Non-

steroidal anti-inflammatory drug; PPI = Proton pump inhibitor 
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APPENDICES 

Supplementary Table 1: Health Administrative Databases 

Health 

Administrative 

Database 

Description Database 

Variables/Data Used 

Ontario Health 

Insurance Plan (OHIP) 

Registered Persons 

Database (RPDB) 

The OHIP Registered Persons 

Database (RPDB) records health 

insurance status and vital status, 

including date of death. 

• Date of death 

• Rurality Index 

Ontario Score 

• Age 

• Sex 

Immigration, Refugees 

and Citizenship 

Canada 

Permanent Resident 

(IRCC-PR) database  

Immigration, Refugees and 

Citizenship Canada Permanent 

Resident (IRCC-PR) database 

contains landing records for every 

permanent legal immigrant to Canada 

who arrived from 1985 onward. 

• Date of 

landing/immigration 

Local Health 

Integration Network 

(LHIN) database 

The Local Health Integration Network 

(LHIN) database contains records the 

health authorities responsible for the 

regional administration of public 

healthcare services in the province of 

Ontario, Canada. 

• Geographic location 

of residence of 

included patients 

Ontario Drug Benefit 

(ODB) database 

The Ontario Drug Benefit (ODB) 

database contains highly accurate 

records for outpatient prescriptions 

dispensed to patients aged 65 years or 

older (with error rates reported to be 

less than 1%).24 

• Prescription drug 

fill dates and 

costing 

• Long-term care 

indicator 

Canadian Institute for 

Health Information–

Discharge Abstract 

Database (CIHI-DAD) 

The Canadian Institute for Health 

Information–Discharge Abstract 

Database (CIHI-DAD) contains 

validated patient-level demographic, 

diagnostic, procedural and treatment 

information on all acute- and chronic-

care hospitalizations.  

• ICD-10 Codes for 

Hospital Discharge 

Diagnoses for John 

Hopkins ACGs and 

EDCs 

• Hospitalizations 

(elective and 

urgent) and costing 
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CIHI—National 

Ambulatory Care 

Reporting System 

(CIHI-NACRS) 

database 

The CIHI—National Ambulatory 

Care Reporting System (CIHI-

NACRS) database contains patient-

level demographic, diagnostic, 

procedural and treatment information 

for all hospital-based and community-

based ambulatory care including day 

surgery, outpatient and community-

based clinics, and emergency 

departments. 

• ICD-10 Codes for 

Hospital Discharge 

Diagnoses for John 

Hopkins ACGs and 

EDCs 

• Visits and costing 

CIHI-Same Day 

Surgery (SDS) 

The CIHI-Same Day Surgery (SDS) 

contains patient-level demographic, 

diagnostic, procedural and treatment 

information on all day surgeries. 

• ICD-10 Codes for 

Hospital Discharge 

Diagnoses for John 

Hopkins ACGs and 

EDCs 

• Visits and costing 

CIHI-National 

Rehabilitation 

Reporting System 

(NRS) 

The CIHI-National Rehabilitation 

Reporting System (NRS) contains 

patient-level demographic, diagnostic, 

procedural and treatment information 

from participating adult inpatient 

rehabilitation facilities and programs. 

• Visits and costing 

Ontario Home Care 

Database (HCD) 

The Ontario Home Care Database 

(HCD) contains patient-level 

demographic, diagnostic, procedural 

and treatment information on all home 

care visits. 

• Home care visits 

• Type of home care 

service provided 

• Visits and costing 

Ontario Continuing 

Care Reporting System 

(CCRS) 

The Ontario Continuing Care 

Reporting System (CCRS) contains 

demographic, clinical, functional and 

resource utilization information on 

individuals receiving continuing care 

services in hospitals or long-term care 

homes in Canada. 

• Visits and costing 

Ontario Mental Health 

Reporting System 

(OMHRS) database 

The Ontario Mental Health Reporting 

System database contains patient-

level demographic, diagnostic, 

procedural and treatment information 

on all adult psychiatric facility visits. 

• Visits and costing 
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ICES Physician 

Database (IPDB) 

The ICES Physician Database (IPDB) 

captures physician characteristics and 

is validated against the 

Ontario Physician Human Resource 

Data Centre (OPHRDC) database.  

• Characteristics of 

primary care and 

specialist physicians 

Ontario Health 

Insurance Plan 

database (OHIP) 

The Ontario Health Insurance Plan 

database (OHIP) which includes 

health claims for physician services. 

• ICD-9 Diagnosis 

Codes for physician 

encounters for John 

Hopkins ACGs and 

EDCs 

• Physician visits and 

costs 

Client Agency 

Program Enrolment 

(CAPE) database 

The Client Agency Program 

Enrolment (CAPE) database contains 

enrolment information of an 

individual in a programme with a 

specific practitioner and group. 

• Primary care 

practitioner 

reimbursement 

model of included 

patients 

ICES-derived cohorts: 

• 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) 

• Ontario 

Rheumatoid 

Arthritis Database 

(ORAD) 

The ICES-derived cohorts are chart-

validated cohorts of individuals with 

specific diseases and conditions. 

These cohorts are created using health 

administrative case definitions that 

link hospital in-patient and outpatient 

care, physician claims and drug 

benefits data over time using an 

anonymous, unique identifier.25 The 

case definitions were validated by 

clinical scientists at ICES using data 

collected directly from reviews of 

medical charts in the community. For 

example, the diabetes and 

hypertension definitions have a 

positive predictive value of 80% and 

87% respectively.26,27 

 

 

• Co-morbidities of 

included patients 
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Supplementary Table 2 – Potentially Inappropriate High-Risk Medications and 

High Cost Drugs Selected for Analysis 

Potentially Inappropriate High-Risk 

Medication Use  

High Cost (Per Unit) Medication Use 

• Proton pump inhibitors 

• Benzodiazepines 

• Narcotics (Opiate Agonists) 

• Antipsychotics 

• NSAIDs (non-ASA) 

• Digitalis Preparations (Digoxin) 

• Immunosuppressive agents (e.g. 

mycophenolic acid, natalizumab, 

sirolimus, tacrolimus, thalidomide) 

• Antineoplastic agents (e.g. 

tocilizumab, imatinib, dasatinib) 

• Opthalmologicals (e.g. Ranibizumb) 

• Biologic Response Modifying 

Agents (e.g. adalimumab, 

aldesleukin, certolizumab, 

etanercept, glatiramer, golimumab, 

infliximab, interferons, levamisole) 

Abbreviations: ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blocker, 

ASA = acetylsalicylic acid, DOAC = direct oral anticoagulant, NSAID = nonsteroidal anti-

inflammatory drug. 
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CHAPTER 6: Thesis Discussion and Conclusion 

 High-cost healthcare users (HCUs) are a small, but important group of individuals 

in the population that can have a significant effect on the sustainability and delivery of 

healthcare. Although they are commonly the focus of initiatives designed to achieve the 

“Triple Aim” (i.e. better quality of care, improved population health, and reduced 

healthcare costs), their epidemiology is not well understood because they are a 

heterogenous group with multiple contributing factors and complex healthcare needs. In 

this thesis, we advance the knowledge of high-cost healthcare users (HCUs) by: (1) 

synthesizing and critically appraising knowledge about their characteristics and 

interventions designed to prevent or manage their high-cost healthcare use, and (2) 

systematically characterizing the older adult HCU and the impact that prescribing quality 

and medication use has on their health outcomes and costs. This concluding chapter 

reviews the main findings of this thesis, discusses the implications of these results, and 

explores opportunities for future research. 

  

Key Findings 

Characteristics of High-Cost Healthcare Users and Evidence for Effective Interventions 

 In Chapter 2, we reviewed what is known about HCUs and the available evidence 

for the effectiveness of interventions designed to prevent or manage their high healthcare 

use and costs. Although the phenomena of HCUs and concentrated healthcare spending 

has been known for decades HCU and observed internationally, we found that there is no 
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agreement on a common definition or description. In general, they are characterized by 

heavy use of one or more healthcare services as defined by various thresholds of frequency 

and/or cumulative costs. Common characteristics of HCUs observed internationally 

include older age, multi-morbidity, polypharmacy, and increased morbidity and 

mortality.10,14,17,28,29 However, the body of literature suggests there are many HCU 

subgroups beyond this common patient archetype that should be considered including those 

across the entire age spectrum with low socioeconomic status, high burden of mental illness 

or terminal illness at the end of life.17,20,21,30 

 Our comprehensive and systematic literature search did not identify any 

randomized controlled trials that defined their study population using a high-cost 

healthcare user definition (e.g. those within the top 1% or 5% of healthcare expenditures), 

but rather studies of various designs that focused on a variety of high-risk or high-need 

individuals that likely included many HCUs. Most interventions evaluated have been 

“reactive” and have directed additional resources to those already experiencing adverse 

outcomes or high healthcare costs to try to contain costs through the minimization of future 

ED visits and hospitalizations. They have focused on care management strategies with 

varying degrees of case management, care coordination, or disease management. However, 

these care management strategies have had mixed or unsuccessful effects on health service 

use and costs, particularly those with more rigorous study designs (i.e. randomized 

controlled trials). 

The majority of available studies are small observational studies using before-and-

after analyses with short follow-up periods and without matched comparison groups. They 
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are at high risk of bias due to potential regression to the mean, selection bias, and other 

unmeasured confounders. As a result, we found the overall quality of the body of evidence 

supporting existing HCU care management interventions is low using the GRADE 

framework based on methodological quality of study design, indirectness of study 

populations, and the inconsistency and imprecision of results.31 

 

Characteristics and Prognosis of Incident Older Adult High-Cost Healthcare Users 

Through a population-based matched cohort study involving 704,793 older adults 

described in Chapters 3 and 4, we conducted a more in-depth evaluation of incident older 

adult HCUs by comparing them to matched older adult non-HCUs. We demonstrated that 

older adult HCUs have a higher co-morbidity burden compared to their matched non-HCU 

peers (John Hopkins Expanded Diagnosis Clusters [EDCs], 15.2 vs. 11.1, SD 0.55) with a 

greater proportion affected by several common chronic conditions (e.g. ischemic heart 

disease, chronic obstructive pulmonary disease, diabetes, degenerative joint disease, and 

cognitive impairment). There were no meaningful differences attributable to primary care 

reimbursement models (e.g. fee-for-service, capitation), income status, or social assistance. 

During their incident HCU year, we demonstrated that older adult HCUs have 

significant differences in healthcare utilization compared to their matched non-HCU peers 

including an increased likelihood for more acute hospitalization, physician visits, and home 

care visits. We found that acute hospitalization expenditures is the primary, but not sole 

driver for differences in healthcare costs compared to non-HCUs. 
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The short-term prognosis of HCUs compared to non-HCUs is poor with higher one-

year all-cause mortality (RR 14.4, 1039% vs. 0.72%, p<0.001) and rates of hospitalization 

(RR 53.3, 3.2 vs. 0.06 hospitalizations per 1000 person-years, p<0.001). These results 

emphasize the vulnerability and frailty of this patient group. 

 

Medication Use Patterns and Their Contributions to High-Cost Healthcare User Status 

 In the matched cohort study described in Chapter 4, we expanded on previous HCU 

studies that have only reported their cumulative cost as a cost category and provided more 

in-depth information about older adult prescription medication use.1 Although acute 

hospitalization costs typically represent the largest healthcare expenditure in older adult 

HCUs, we demonstrated that medications are very important direct financial contributors 

to HCU expenditures and incident HCU status. Older adult HCUs have higher mean annual 

medications costs both in the pre-HCU and HCU year. Prior to becoming an HCU, 

prescription medication use is the highest healthcare cost category (amongst a 

comprehensive list of 12 healthcare sectors) and accounts for approximately 41% of total 

healthcare expenditures. Moreover, these medication costs increase nearly two-fold for 

HCUs during the HCU transitional period and many incident HCUs achieve high-cost 

status based on annual drug expenditures alone. In our study, 6,358 individuals (3.6% of 

all incident HCUs) achieved incident HCU status in this fashion.  

We also demonstrated that the large cost contribution of prescription medications 

to HCU healthcare expenditures is explained in part by a high volume medication use and 



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

102 

 

in part by a rising use of very expensive drugs. In our study, older adult HCUs had 

significantly higher severe polypharmacy rates compared to non-HCUs (>10 medications: 

55.1% vs. 14.5%, p<0.0001; >15 medications: 24.1% vs. 3.0%, p <0.0001). There was also 

a significant increase in the use of high (per unit) cost medications (e.g. 

immunosuppressive agents, anti-neoplastics, ophthalmologicals, and biologic response 

modifying agents) during non-HCU to HCU transition period. In fact, 5216 individuals 

(3.0% of all incident HCUs) achieved their incident HCU status solely based on the use of 

one of these high-cost drug classes. 

 

Quality of Prescribing and Medication Use and Their Contributions to High-Cost 

Healthcare User Status 

In the matched case-control study described in Chapter 5, we explored whether the 

quality of medications prescribed and used contribute to differences in healthcare costs and 

HCU development. Through a series of multivariable logistic regression analyses planned 

a priori, we demonstrated that all 6 potentially inappropriate high-risk medication classes 

in older adults (i.e. non-steroidal anti-inflammatory drugs, benzodiazepines, proton pump 

inhibitors, digoxin, opioids and antipsychotics) and all 4 high-cost (per unit) drug classes 

(i.e. immunomodulators, ophthalmologicals, biologic response modifying agents and anti-

neoplastics) that we selected a priori for analysis were associated with an increased risk of 

becoming a high-cost healthcare user. These associations persisted after adjustment for 

age, sex, illness severity, number of co-morbidities, and the most common indicated 
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conditions for their use. Duration of use analyses also demonstrated cumulative duration-

outcome relationships based on increasing medication exposure and further strengthened 

the credibility of the observed associations. 

The use (or lack thereof) of “high quality” medication classes (i.e. those with a 

strong evidence base for primary or secondary prevention of common high-priority disease 

states in older adults) may represent another contributor to differences in healthcare costs 

and HCU development. In the matched cohort study described in Chapter 4, for example, 

the most common reasons for hospitalization observed in HCUs contrasted with those 

observed in non-HCUs. They were characterized to a greater extent by sudden, acute health 

events for which several medications with a strong evidence base for prevention are 

available (e.g. bisphosphonates for osteoporosis and fracture prevention, cholesterol and 

blood pressure control agents for cardiovascular and cerebrovascular disease prevention). 

It is unclear whether there is a significant gap in medication best practices in this population 

and whether there is a  need to optimize the use of “high quality” medications to improve 

the health of individuals on the trajectory of becoming potential HCUs.32,33 Evaluation of 

the impact of these medications is currently ongoing as per our protocol described in 

Chapter 2.  

Overall, the results of this thesis study demonstrate that there are at least two 

medication-related factors contributing to the risk of older adults becoming high-cost 

healthcare users. First, the rising use of high-cost (per unit) drugs are causing more older 

adults to reach the financial thresholds of high-cost healthcare use directly through drug 

costs alone independent of their health status. Second, the use of potentially inappropriate 
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high-risk medications appear to be contributing to high-cost healthcare through adverse 

effects on health and subsequent health utilization (i.e. the harms of the use of these 

medications may be outweighing their potential benefits). 

  

Health Policy Implications 

The findings of the thesis suggest that a strategic approach to HCU research, policy, 

and management is needed. Since our evidence review identified that there are many HCU 

subgroups, there is no “one size fits all” approach and interventions needed to be tailored 

to specific subgroups and health contexts. We propose that older adult HCUs are one of 

the most important subgroups to target because of the magnitude of their population size 

and cumulative health costs. However, there are many others that also require attention 

(e.g. patients in the last year of their life,  those with mental illness, those with unmet social 

needs such as housing). 

At the same time, given that many health systems are implementing complex 

interventions based on observational studies that are often small or short in duration, it is 

equally important that any interventions developed are evaluated using rigorous research 

methodology to validate their efficacy and cost-effectiveness. This may require significant 

time and financial investments from health systems, administrators, and researchers, but 

safeguards against long-term implementation of programs that are not achieving their 

intended effects and may be even more costly than the status quo.  
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The recent randomized controlled trial of the Camden Coalition “hotspotting” 

model for superutilizers (published after our review in Chapter 2) is a landmark example 

of the risk of bias of observational studies and the necessity of these evaluations.12  In this 

RCT involving 800 patients with very high use of healthcare services, the intensive care 

management program had no significant effect on participants’ 180-day readmission rates 

compared to those receiving usual care. This contrasted to an apparent, but misleading 38% 

decrease in the probability of readmission for those in the intervention arm when analyzed 

over the same time period with a before and after analysis. Potential regression to the mean, 

episodic versus persistent HCUs, and avoidable versus unavoidable healthcare use are 

important health policy and intervention considerations. 

It is also important to consider how medication optimization interventions and 

policies at a health system and individual level may be underutilized strategies to achieve 

the desired “Triple Aim” goal of population health. This thesis suggests that reducing 

inappropriate medication use and ensuring cost-effective use of expensive medications 

could complement existing interventions and help minimize high-cost healthcare and 

prevent high-cost user development. For example, although potentially inappropriate 

prescribing has been previously shown to be associated with an increased of adverse 

events, hospitalization and healthcare costs, our findings demonstrate that this association 

is not trivial and the exposure, especially if prolonged, may contribute to individuals 

requiring increased healthcare utilization and costs that reach the highest tiers within the 

population (e.g. Top 5%).34 The prevalence of polypharmacy (especially at levels that 
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many have characterized as “hyper” or “severe”) in this population is also very high and 

concerning.  

For these reasons, as discussed in detailed in Chapters 4 and 5, the development of 

deprescribing and medication optimization interventions targeting potentially 

inappropriate prescribing should be one of the priority areas for HCU research and 

interventions. Given the extent of polypharmacy observed in this population, regular 

periodic medication reviews with a focus on deprescribing and cost-effective medication 

use should also be considered as a standard of practice. These initiatives, if designed well 

and successful, could potentially help health systems “bend” the cost curve for this 

vulnerable group by decreasing upfront medication costs and downstream costs of adverse 

events and related healthcare utilization. Although there are some academic and non-

governmental organizations, including the Choosing Wisely campaign, the Canadian 

Deprescribing Network, and the Bruyère Research Institute Deprescribing Guidelines 

initiative, that provide educational resources for the individual prescriber or patient to 

combat this problem, system level policy interventions that could influence change for 

millions of individuals at a time warrant further exploration as a means promoting health 

system sustainability (e.g. financial incentives, behavioural economics, or institutional best 

practice prescribing indicators/targets).35,36 

 Similarly, the development and implementation of drug policies (e.g. indication-

based, reference-based, or biosimilar substitution) could also help ensure that health 

systems maximum value with expensive high-cost drugs and ensure that their use is 

evidence-based, necessary and unavoidable on both a case-by-case basis and population 
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level simultaneously. This will require more research and health economic evaluations to 

understand which high-cost drugs (and in which contexts) have minimal or unproven 

benefit over less-expensive alternatives. As demonstrated in this thesis, there is an 

important subgroup of patients that are becoming new HCUs (and potentially persistent 

HCUs) every year based on the costs of one medication alone. These findings may be useful 

to healthcare decision-makers in breaking down financial “silos” and aligning priorities of 

those managing institutional or public drug programs with those focused on community 

and population health initiatives.37 

   

Directions for Future Research 

 In this thesis, we bridged some HCU knowledge gaps by focusing on older adult 

HCUs during their transition period from non-HCU to HCU and examining the quality of 

prescribing and medication use in more detail than previous studies. The following describe 

areas that warrant further investigation as well as the next stages of our research program. 

 

Confirmatory Studies 

First, future research should confirm the importance of prescriptions medications 

to HCU expenditures and status in other jurisdictions (both in Canada and internationally). 

This thesis leveraged linked health administrative data from the province of Ontario and it 
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is possible that results could be different in other Canadian provinces or jurisdictions that 

do not have publicly funded universal healthcare or prescription drug coverage. 

Second, the association between the use of potentially inappropriate high-risk 

medications and high-cost drugs would benefit from confirmation using alternate study 

designs. In this thesis, we employed a 2-year observational window of prescription drug 

claims and we used traditional regression methods to examine a broad range of medication 

classes of interest. Future studies could consider dedicated evaluations of specific 

medication classes in order to facilitate the use of propensity score methods (e.g. matching 

based on propensity for new prescription initiation of the medication of interest), 

longitudinal evaluations over a much longer observational window (e.g. 10 years), and 

exploration of the impact of medication adherence. These would help evaluate the 

robustness of our results, understand the degree of potential residual confounding, and 

provide more information on the nature of the associations between medication use and 

HCU status (e.g. short-term vs. long-term risk). 

 

Further Characterization of Older Adult HCUs 

 This thesis use a population segmentation approach and focused on newly incident 

HCUs to understand factors that may contributing to the non-HCU to HCU transition. 

However, this population could benefit from further segmentation to better understand the 

context and individualized needs of older adult HCU subgroups.  
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Future research characterizing persistent HCUs and contrasting them to transient 

HCUs, for example, might advance our understanding of the health experience of HCUs 

and help refine priority areas for targeted intervention (e.g. identification of potentially 

avoidable versus unavoidable high-cost healthcare use, factors contributing to short-term 

versus long-term high-cost healthcare use, and high-cost healthcare services that are 

appropriate, cost-effective or value-based. 

 Further population segmentation and in-depth evaluation based on baseline 

characteristics rather than differences in trajectories of high-cost healthcare use may also 

further our understanding of the older adult HCU health needs and/or the impact of 

medication use on HCU status. For example, our incident older adult HCU cohort showed 

a slightly higher proportion of females. Future studies should explore whether there are sex 

and gender differences in HCU needs and their use of specific high-cost healthcare services 

including medication use. Previous studies in the general population have shown that there 

are physiologic differences based on sex that may make women more sensitive to 

medications and at higher risk of adverse drug events. There is also data to suggest that, 

compared to men, women are more likely to be prescribed more medications (i.e. higher 

prevalence of polypharmacy), more likely to be prescribed potentially inappropriate 

medications, and tend to have higher healthcare utilization rates.38 As a result, 

disaggregated sex and gender data might identify some novel insights and provide more 

specific information to inform possible interventions.  

Similarly, an exploration whether frailty influences the risk of becoming a HCU 

and/or modifies the net clinical benefit (or harm) of medications used by older adults may 



Ph.D Thesis – J. Lee; McMaster University – Health Research Methodology 

 

110 

 

also help inform HCU interventions. Given its prevalence in the older adult population and 

its association with healthcare utilization, frailty assessment may represent a potential 

means to identify older adults at increased risk of requiring high-cost healthcare and/or 

prioritize those that might benefit from a modified approach to prescribing to prevent 

adverse drug events.39,40 

There are also likely important differences in health status and use of healthcare 

resources between those living within different age brackets (e.g. youngest-old vs. oldest-

old), those living in the community versus those living in institutionalized or other 

congregate care settings (e.g. long-term care), those living with cognitive impairment or 

mental illness, and those in the last year of their life. Modified approaches to population 

segmentation could reveal distinct insights about each of these special populations. 

 

Medication Optimization Interventions for Older Adult HCUs 

 The results of this thesis have informed the next phase of our research program. As 

previously mentioned, we found that interventions for older adult HCUs have largely 

focused on case management and care coordination activities (with low to moderate quality 

studies so far showing modest, if any, benefit). However, we did not identify any that have 

focused on medication optimization. This is an important gap in knowledge, especially 

since we also demonstrated that potentially inappropriate prescribing may be an important 

contributor to high-cost healthcare and the odds of becoming a HCU. We have therefore 

developed a proposed medication optimization intervention for older adults on potentially 
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inappropriate medications who are at risk of becoming HCUs to be rigorously tested in a 

randomized controlled trial. We are starting with a pilot RCT that assesses feasibility to 

provide preliminary info regarding its potential clinical impact, and to improve the design 

and success of future large scale definitive trial. The underlying hypothesis is that, since 

many ADEs and their associated hospitalizations are preventable, deprescribing and 

medication optimization may be an underutilized intervention with potential to save 

significant resources, while maintaining (or improving) the quality of healthcare delivery.  

 

Strengths and Limitations 

 The studies presented in this thesis have several strengths. First, as mentioned in 

Chapter 1, the focus on incident (i.e. new) HCUs rather than prevalent HCUs allowed for 

examination of the factors influencing the period of transition from non-HCU to HCU. 

This facilitated the identification of contributing factors that may be amenable to potential 

“upstream” preventative interventions prevent or delay HCU transition. In this thesis, this 

led to many hypotheses regarding optimization of the quality and cost-effectiveness of 

prescribing and medication use.  

Second, the use of linked provincial health administrative data facilitated the 

creation of large population-based cohorts with near complete inclusion of all older adult 

HCUs in Ontario. Without the need for informed consent, these studies were not prone to 

selection bias due to recruitment sampling or participation response. The longitudinal 

matched cohort design also created relevant non-HCU comparators that improves on the 
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predominantly cross-sectional studies of HCUs (without comparators) that have been 

conducted to date.10,18 These features allowed us to evaluate differences between HCUs 

and non-HCUs and explore associations between medications and HCU status in a way 

that was very statistically efficient and that transcended differences in local prescribing and 

medical practice patterns. To our knowledge, this is one of the first population-based 

matched cohort analyses of HCUs and their medication use. 

Third, our analyses used medication records from the provincial Ontario Drug 

Benefit (ODB) program. Since the ODB program covers the majority of prescription costs 

for older adults in Ontario, the data are generally more accurate than self-recorded 

information on drug use (with error rates reported to be less than 1%) and reduces some of 

the confounding due to variable access to medications.41 

 There are also some limitations to the studies in this thesis that are important to 

understand in order to place their results into context. First, the studies described in 

Chapters 3, 4 and 5 used retrospective observational study designs that leveraged the use 

of linked health administrative databases. Despite our attempts to minimize confounding 

(especially confounding by indication), residual confounding is inherent in observational 

data and we only provide evidence of association (not causality) between potentially 

inappropriate medications and HCU status. We cannot be certain that medications cause 

HCU status outside of the situation when cumulative direct costs exceed the HCU financial 

threshold. It is possible that other unknown, unmeasured or unmeasurable factors may have 

influenced healthcare utilization and prescribing. However, the strength of associations 

observed as well as the consistency of our results with previous studies suggesting 
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associations between potentially inappropriate prescribing and healthcare utilization are 

supportive and reassuring that our findings of association are not spurious.34,42,43 

Second, our data regarding medication use is based on prescription drug 

reimbursement claims data and our ability to account for the duration of medication 

exposure is limited to two years of available prescription data. This limits the conclusions 

we can be infer regarding the timing of medication initiation and duration of exposure 

relative to HCU transition. It also means that it is not possible to guarantee patients were 

adherent to dispensed medications nor that they used them as prescribed. Future 

confirmatory studies, as described earlier in this chapter, could re-evaluate our results using 

an alternative study design that has a longer observation window and restricts observations 

to new users of specific medication classes. 

Third, HCUs and non-HCUs were identified based on healthcare utilization costs 

accrued during a fiscal year for pragmatic reasons related to the use of the ICES costing 

algorithms. If an alternative method (e.g. costing based on calendar year or period fixed to 

adjacent index event) was used, the HCU status of some individuals within the study 

cohorts may have been classified differently depending on when they accrued costs or died. 

 

Conclusion 

 Older adult HCUs are a small, but complex and heterogenous group of individuals 

that use disproportionate healthcare resources compared to their peers. Although their 

management is a priority area for health systems trying to achieve the “Triple Aim,” better 
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systematic characterization of HCU subgroups and more rigorous approach to intervention 

development and evaluation are needed. Although acute and prolonged hospitalization 

costs are the predominant drivers of their healthcare expenditures, medications are a 

significant and underappreciated contributor to HCU costs and development. They can 

contribute to high-cost healthcare directly through drug costs, but also indirectly through 

the adverse health consequences of severe polypharmacy and potentially inappropriate 

prescribing, which may be even more costly. In order to manage high-cost healthcare and 

prevent high-cost user development in older adults, medication optimization interventions 

and policies to reduce inappropriate medication use and ensure cost-effective use of 

expensive medications are needed at the health system and individual level. 
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