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High-cost health care users (HCUs) are a small seg-
ment of the population that use disproportionate 
health care resources. In 2011, 5% of individuals in 

Ontario, Canada, accounted for 65% ($19.8 billion) of the 
province’s total measurable health care expenditures.1 These 
individuals are often characterized by frequent admission 
to hospital, comorbid mental illness, socioeconomic chal-
lenges and increased mortality risk.2 With health care costs 
expected to double in 20 years, the current approach to pro-
viding and financing health care for HCUs has been deemed 
unsustainable without major reforms.3,4 Similar findings have 
been reported internationally including those from the 
United States, United Kingdom and Australia.5–7

Despite increasing international scrutiny, the clinical epi-
demiology and economic impact of HCUs are not well 
understood. Most interventional studies have focused on case 
management, care coordination and disease management 
of high-risk or high-needs patients to prevent emergency 

department visits and admissions to hospital.2 However, it is 
unclear whether these interventions substantially improve 
clinical outcomes, decrease use of health care or reduce 
health care expenditures; studies of these interventions have 
had mixed and inconsistent results, and the overall quality of 

Medication use and its impact on high-cost health care users 
among older adults: protocol for the population-based 
matched cohort HiCOSTT study

Justin Lee MD BScPhm, Sergei Muratov MD PhD, Jean-Eric Tarride PhD, J. Michael Paterson MSc, 
Kednapa Thavorn PhD, Lawrence Mbuagbaw MD PhD, Tara Gomes PhD, Wayne Khuu MPH, 
Hsien Seow PhD, Lehana Thabane PhD, Anne Holbrook MD PharmD

Competing interests: Justin Lee reports a fellowship award from 
the Canadian Institutes of Health Research (CIHR) and studentship 
awards from the Ontario Drug Policy Research Network, the CIHR 
Drug Safety and Effectiveness Cross-Disciplinary Training Program, 
The Research Institute of St. Joe’s Hamilton and St. Peter’s/McMaster 
Chair in Aging,  during the conduct of the study. No other competing 
interests were declared.  

This article has been peer reviewed.

Correspondence to: Justin Lee, justin.lee@medportal.ca

CMAJ Open 2021. DOI:10.9778/cmajo.20190196

Background: Health interventions and policies for high-cost health care users (HCUs) who are older adults need to be informed by a 
better understanding of their multimorbidity and medication use. This study aims to determine the financial contribution of medica-
tions to HCU expenditures and explore whether potentially inappropriate prescribing is associated with incident HCU development.

Methods: This is a protocol for a retrospective population-based matched cohort analysis of incident older adult HCUs (those with 
the highest 5% of costs and 66 years of age or older) in Ontario during fiscal year 2013. We will obtain person-level data for the index 
year and year before HCU status from health administrative databases and match each HCU to 3 non-HCUs based on age, sex and 
geographic location. Average annual medication costs (per patient) and the ratio of medication to total health care costs (at popula-
tion level) will be examined over the HCU transition period and compared with non-HCUs. We will explore potential quality improve-
ment areas for prescribing by analyzing chronic conditions and the use of medications with a strong evidence base for either clinical 
benefit or risk of harms outweighing benefits in older adults with these diagnoses. The relation between these medication classes 
and incident HCU status will be explored using logistic regression.

Interpretation: Using a matched cohort design and focusing on incident rather than prevalent HCUs, this protocol will explore our 
hypotheses that medications and the quality of their prescribing may be important triggers of HCU status and facilitate the identification 
of potential preventive clinical interventions or policies. Dissemination of results will occur via publications in peer-reviewed journals, 
presentations at conferences and academic settings, and knowledge translation activities with relevant health system and patient 
stakeholder groups. Study registration: Clinicaltrials.gov, no. NCT02815930
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evidence is low using the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
criteria.2,8

Studies have also described the presence of both transient 
HCUs and persistent HCUs. Although there are transient 
HCUs who experience a time-limited acute health event and 
recover, an estimated 45% become persistent HCUs.9 The 
event may result in a transition to a new state of frailty or 
health management requirement that is challenging to reverse 
or stop. In both cases, the initial HCU transition might be 
preventable or delayed with earlier intervention.

Some of the primary challenges have been determining 
which patients, comorbidities, medications and health care 
services are most likely to benefit from intervention and 
identifying the key elements of a successful strategy. A 
recent analysis suggested that improved HCU manage-
ment would require different tactics for different HCU 
subpopulations because of causes and solutions that vary 
by age and context.9

Older adults aged 65 years and older arguably represent 
the most important HCU subpopulation that needs to be tar-
geted. They account for the largest proportion of HCUs,  and 
this age group incurs the greatest median health care expendi-
tures among HCUs.9,10 Among older adults in Ontario, 
HCUs with the top 5% of costs account for 44% of total 
health care expenditures in that age group. We have previ-
ously described their unplanned admissions to hospital and 
the incremental and regional variation of their health care 
costs.11–13 However, the impact of medication costs and the 
quality of prescribing on HCU development remains unclear. 
The prevalence of potentially inappropriate prescribing is 
reported to be 21%–79% in the general older adult popula-
tion, and it is likely higher in the older adult HCU population 
given higher rates of polypharmacy.14,15

Planning interventions and developing effective health pol-
icy for older adult HCUs requires a deeper understanding of 
their demographic characteristics, comorbidities, medications, 
health care providers, and health service use and associated 
costs compared with those of non-HCUs. To address these 
knowledge gaps, we will conduct the High-cost User Charac-
terization of Ontario’s Seniors’ Medication Use and Health 
care Utilization (HiCOSTT) study. 

By exploring the patterns of health service and medication 
use during the transition period from non-HCU to HCU, we 
seek to identify opportunities to improve the quality of care 
and prevent HCU development. This may include the devel-
opment of new health-related policies or targets for interven-
tion, such as specific high-risk patients suited for more inten-
sive transitional care programs or high-cost drugs suited for 
reference-based drug pricing reimbursement.

This study’s primary objectives are to determine the rela-
tive financial contribution of prescription medications to 
total health care expenditures in incident older adult HCUs, 
and to explore whether suboptimal or potentially inappropri-
ate prescribing is associated with increased health care 
expenditures and incident HCU development in older adults. 
The secondary objective is to characterize how the clinical 

profiles and prognoses of older adult HCUs differ from non-
HCUs by describing their sociodemographic characteristics, 
comorbidities, health service use, medication use, clinical 
outcomes and health care expenditures.

Methods

Study design
This is a retrospective population-based matched cohort 
study protocol that is registered with clinicaltrials.gov 
(NCT02815930). We are concurrently using a case–control 
study design to discriminate the impact of specific medication 
classes on the development of HCU status. We report this 
protocol with guidance from the Reporting of Studies Con-
ducted Using Observational Routinely Collected Health Data 
Statement for Pharmacoepidemiology (RECORD-PE) check-
list.16 Table 1 describes the main research questions, hypothe-
ses and outcome measures.

Observational periods
The observational study period will run from Apr. 1, 2010, to 
Mar. 31, 2014. The accrual period to ascertain exposure (i.e., 
HCU status) will extend from the index date of Apr. 1, 2013, 
to the maximum follow-up date of Mar. 31, 2014. This will 
allow for a 1-year look-back period to determine incident 
HCU, baseline demographic information, and medication and 
health services use data before HCU status as well as a 3-year 
look-back period to determine comorbidities.

Participants
This study will examine a population-based cohort of incident 
older adult HCUs aged 66 years or older with annual total 
health care expenditures within the top 5% threshold of all 
residents in Ontario.9 The top 5% financial threshold will be 
determined using costing algorithms of ICES person-level 
health care use, which have previously been described in 
detail.17 Total health care use expenditures for each eligible 
Ontario resident in the fiscal year will be calculated. We will 
then sort individuals by expenditures to identify the top 5% 
of HCUs.

We will include patients if they were Ontarians registered 
in the Ontario Health Insurance Plan (OHIP) Registered Per-
sons Database during the accrual period and aged 66 years 
or older on the index date of Apr. 1, 2013. Patients will be 
excluded if they do not have a valid OHIP number or died 
on or before the index date.

Study cohort selection is shown in Figure 1. The prevalent 
HCU cohort will be defined as those patients who had annual 
total health care expenditures equal to or greater than the top 
5% financial threshold for fiscal year 2013. The incident 
HCU cohort will be defined as those patients in the prevalent 
HCU cohort whose annual total health care expenditures in 
fiscal year 2012 did not meet the top aforementioned 5% 
financial threshold. The non-HCU cohort will be defined as 
those patients whose annual total health care expenditures 
were less than the top 5% financial threshold in both fiscal 
year 2012 and fiscal year 2013.
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Table 1: Main research questions, hypotheses and outcome measures

Main research questions Hypotheses Study design Main outcome measures

Primary

1. What is the relative financial 
contribution of prescription 
medications to incident HCU 
expenditures and how do they 
compare with non-HCUs?

• Prescription medication 
costs will rank within the top 
3 cost categories of HCU 
expenditures

• Average medication costs 
(on an individual level) and 
the proportion of costs 
attributable to medications 
(at a population level relative 
to total costs) are different in 
HCUs and non-HCUs

• In a subset of incident 
HCUs, prescription 
medication costs alone will 
be greater than the financial 
threshold for HCU status

Retrospective matched cohort 
analysis (HCU status treated 
as an “exposure”)

• Annual total prescription 
medication costs (co–
primary outcome)

• Annual drug cost to total 
health care expenditure ratio 
(co–primary outcome)

• Frequency of patient cases 
in which annual drug costs 
alone exceeds health 
expenditure threshold for 
HCU status

2. What is the relative clinical 
contribution of prescription 
medications to incident HCU 
status? (i.e., Does the quality of 
medications prescribed and 
used contribute to differences 
in health care costs and HCU 
development?)

• The use of “high quality” 
medication classes (i.e., 
those with a strong evidence 
base for primary or 
secondary prevention 
selected a priori for analysis) 
will be associated with a 
decreased odds of incident 
HCU status

• The use of “potentially 
inappropriate or high risk” 
medications selected a priori 
for analysis will be 
associated with an increased 
odds of incident HCU status

• The use of “high cost (per 
unit)” medications for 
recognized indications will be 
associated with an increased 
odds of incident HCU status

Case–control analysis
(HCU status treated as an 
outcome)

• Odds ratio of incident HCU 
status

Secondary

3. What is the relative difference 
in clinical profiles of newly 
incident HCUs v. non-HCUs 
including diagnoses, 
medications and prognosis?

• Incident HCUs will have a 
significantly higher prevalence 
and baseline burden of 
chronic condition diagnoses 
and prescription drug use 
compared with non-HCUs

• Incident HCUs will have a 
significantly higher annual 
risk of mortality and hospital 
admissions compared with 
non-HCUs

Retrospective matched cohort 
analysis (HCU status treated 
as an “exposure”)

• Number of Johns Hopkins 
Adjusted Diagnosis Groups 
and Expanded Diagnosis 
Clusters

• Number of unique 
prescription drug classes 
dispensed

• All-cause mortality rate
• All-cause hospital admission 

rate

4. What is the prevalent use of 
prescription medication classes 
with a strong evidence base for 
primary or secondary 
prevention of complications 
associated with the most 
common chronic conditions?

• In the pre-HCU year, the 
prevalent use of “high 
quality” prescription 
medication classes will be 
lower in HCUs compared 
with non-HCUs with the 
relevant associated 
indications

Retrospective matched cohort 
analysis (HCU status treated 
as an “exposure”)

• Prevalent use of “high 
quality” medication classes 
selected a priori for analysis

• Prevalence of relevant 
chronic condition based on 
John Hopkins Expanded 
Diagnosis Clusters and 
chart-validated ICES chronic 
disease cohorts

Note: HCU = high-cost health care user.
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We will match the incident HCU cohort without replace-
ment to a cohort of non-HCUs using a 3:1 matching ratio 
(non-HCU to HCU) based on age at cohort entry (± 1 mo), 
sex and geographic location for comparative analysis. The 
geographic location will be based on Local Health Integration 
Networks, which are the health authorities responsible for 
regional administration of public health care services in 
Ontario.

We will create the cohorts in this fashion to focus on inci-
dent HCUs (rather than those persisting or transitioning out 
of HCU status), to include as many incident HCUs as possi-
ble to look for important cohort and subgroup characteristics 
(i.e., comorbidities, medication use and health care use, and to 
minimize confounding because of age, gender and geogra-

phy). The 3:1 matching ratio was selected to increase our sta-
tistical efficiency.18

Databases used
We will obtain patient-level data from ICES, which holds 
linked health administrative databases for Ontario’s publicly 
funded health care services using patient-specific, coded iden-
tifiers. This study will use 19 health administrative databases 
(described in Table 2) to track all health service encounters 
such as physician billings, hospital admissions and prescrip-
tion drugs. More detailed descriptions of the individual vari-
ables contained in these databases can be found in the ICES 
data dictionary.23 All of these data sets are held securely at 
ICES and analyzed in linked, coded form using a patient-

All OHIP-eligible adults
(Apr. 1, 2012–Apr. 2, 2013)

Patients not alive on Apr. 2, 2013

Non-HCUs
Patients with total annual health care expenditures
less than the financial threshold for top 5% HCUs
(fiscal years 2012 and 2013)

Top 5% HCUs
Patients with highest 5% of total
annual health care expenditures

(fiscal year 2013)

Patients aged < 66 yr 

Prevalent older adult HCUs

Persistent HCUs
Total annual health care
expenditures in fiscal year
2012 greater than financial
threshold of top 5% HCUs
in fiscal year 2013

Incident older adult HCUs 1:3 match based on age, sex, region (LHIN) Matched non-HCUs

Final study cohort

Figure 1: Study cohort selection. Note: HCUs = high-cost health care users, LHIN = Local Health Integration Network, OHIP = Ontario Health 
Insurance Plan.
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Table 2 (part 1 of 2): Health administrative databases

Health administrative database Description Database variables or data used

Ontario Registered Persons 
Database (RPDB)

The RPDB records vital statistics, including date of 
death.

• Date of death
• Rurality Index Ontario Score
• Age
• Sex

Immigration, Refugees and 
Citizenship Canada 
Permanent Resident Database

The CIC database contains landing records for every 
permanent legal immigrant to Canada who arrived 
from 1985 onward.

• Date of landing or immigration

Local Health Integration 
Network (LHIN) database

The LHIN database contains records of the health 
authorities responsible for the regional 
administration of public health care services in the 
province.

• Geographic location of residence of included 
patients

Ontario Drug Benefit (ODB) 
database

The ODB database contains highly accurate 
records for outpatient prescriptions dispensed to 
patients aged 65 yr or older (with error rates 
reported to be < 1%).19

• Prescription drug fill dates and costs
• Long-term care indicator

Canadian Institute for Health 
Information Discharge Abstract 
Database (CIHI-DAD)

The CIHI-DAD contains validated patient-level 
demographic, diagnostic, procedural and treatment 
information on all acute- and long-term–care hospital 
admissions.

• ICD-10 codes for hospital discharge 
diagnoses and Johns Hopkins ACGs and 
EDCs

• Hospital admissions (elective and urgent) 
and costs

CIHI — National Ambulatory 
Care Reporting System 
(NACRS) database

The CIHI-NACRS database contains patient-level 
demographic, diagnostic, procedural and treatment 
information for all hospital-and community-based 
ambulatory care including day surgery, outpatient and 
community-based clinics and emergency 
departments.

• ICD-10 codes for hospital discharge 
diagnoses and Johns Hopkins ACGs and 
EDCs

• Visits and costs

CIHI — Same Day Surgery 
(SDS)

The CIHI-SDS contains patient-level demographic, 
diagnostic, procedural and treatment information for 
all day surgeries.

• ICD-10 codes for hospital discharge 
diagnoses and Johns Hopkins ACGs and 
EDCs

• Visits and costs

CIHI — National Rehabilitation 
Reporting System (NRS)

The CIHI-NRS contains patient-level demographic, 
diagnostic, procedural and treatment information from 
participating adult inpatient rehabilitation facilities and 
programs.

• Visits and costs

Ontario Home Care Database 
(HCD)

The Ontario HCD contains patient-level demographic, 
diagnostic, procedural and treatment information or all 
home care visits.

• Home care visits
• Type of home care service provided
• Visits and costs

Ontario Continuing Care 
Reporting System (CCRS)

The Ontario CCRS contains demographic, clinical, 
functional and resource use information or patients 
receiving continuing care services in hospitals or 
long-term care homes in Canada.

• Visits and costs

Ontario Mental Health 
Reporting System (OMHRS) 
database

The OMHRS database contains patient-level 
demographic, diagnostic, procedural and treatment 
information for all psychiatric facility visits.

• Visits and costs

ICES Physician Database 
(IPDB)

The IPDB reports prescriber and specialist referral 
and billing data in Ontario. The physician 
demographic data are validated against the 
Ontario Physician Human Resource Data Centre 
database.

• Visits to primary care and specialists

Ontario Health Insurance Plan 
database (OHIP)

The OHIP database includes health claims for 
physician services.

• ICD-10 codes for hospital discharge 
diagnoses and Johns Hopkins ACGs and 
EDCs

• All health service visits and costs

Client Agency Program 
Enrolment (CAPE) database

The CAPE database contains enrolment information 
of an individual in a program with a specific 
practitioner and group.

• Primary care practitioner reimbursement 
model of included patients
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specific identifier. ICES is permitted to receive and use per-
sonal health information through a special designation under 
Ontario’s Personal Health Information Protection Act (PHIPA). 
This designation is maintained through a tri-annual review 
and approval process undertaken by the Office of the Infor-
mation and Privacy Commissioner of Ontario, which is 
described at https://www.ices.on.ca/Data-and -Privacy/
Privacy-at-ICES.

Study outcomes
Study outcomes are summarized in Table 1. This study’s co–
primary outcomes are the between-group (incident HCU ver-
sus non-HCU) differences of the following in the 1-year 
period after the index date: the annual total prescription med-
ication expenditures per patient and the annual drug cost to 
total health care expenditure ratio. The study’s secondary 
clinical outcomes are the between-group differences in the 
1-year mortality and rates of hospital admission.

We will determine mortality using records from the OHIP 
Registered Persons Database. The rate of hospital admissions 
will be determined by dividing the frequency of hospital admis-
sions by the total number of days for which the patients were 
not admitted (i.e., days at risk) during the given year. A “hospital 
admission” will be defined as each unique “episode of care.” An 
episode of care links a series of hospital admissions to prevent 
interhospital transfers being counted as a readmission.

Statistical analysis
We will present descriptive statistics for baseline clinical and 
demographic characteristics of both cohorts and for study 
outcomes. Standardized differences will be used to compare 
the distribution of baseline covariates between groups for the 
matched cohort. We will interpret a standardized difference 
greater than 0.1 as a meaningful difference.24 Missing data for 
any covariates will be reported as separate categories. Since 
our sample size is expected to be large, we will use pairwise 
deletion unless the proportion of missing data for any variable 
is greater than 5% and an independent statistician suggests 
multiple imputation.25

Baseline patient characteristics will be obtained for the 
index date including sociodemographic characteristics (e.g., 
age, gender, income quintile, social assistance recipient and 
immigration status), geographic distribution (e.g., health 
region and rurality) and primary care exposure. The Rurality 
Index of Ontario score will be used to define urban, suburban 
and rural residence using the Rurality Index of Ontario 
scores of less than 10, 10–39 and ≥ 40, respectively. Patients 
will be considered recent immigrants if they landed in 
Canada less than 15 years from the index date according to 
the Immigration, Refugees and Citizenship Canada Perma-
nent Resident database. We will characterize patients’ pri-
mary care exposure based on whether they have an identified 
provider in the Client Agency Enrolment Program database 
and the type of payment model for that provider (e.g., fee-
for-service v. capitation).

The baseline comorbidity burden of each cohort on the 
index date will be summarized by using John Hopkins 
Adjusted Clinical Groups (ACGs) derived from the Johns 
Hopkins ACG System version 10, using hospital admission 
and ambulatory care encounter data over 3 years preceding the 
index date. The ACG system assigns International Statistical 
Classification of Diseases and Related Health Problems, 10th Revision 
(ICD-10) diagnosis codes from inpatient and ambulatory 
health administrative data to 1 of 32 diagnosis clusters known 
as Aggregated Diagnosis Groups (ADGs). A previous retro-
spective cohort study in Ontario found that ADGs accurately 
predict 1-year mortality in a general population cohort.26 
Comorbidities will be profiled by focusing on the most preva-
lent, clinically important or economically important disease 
states identified by John Hopkins Expanded Diagnosis Clus-
ters (EDCs). Based on the ACG System, EDCs are groupings 
of diagnostic codes that describe the same or related condition. 
When available, the chart-validated chronic disease indicators 
(e.g., chronic obstructive pulmonary disease and congestive 
heart failure) developed by ICES will be preferentially used for 
any diagnoses that have complementary EDCs.

In the incident year and year before becoming an HCU, 
we will delineate drug and health care use of both cohorts to 

Table 2 (part 2 of 2): Health administrative databases

Health administrative database Description Database variables or data used

ICES-derived cohorts:
• Congestive Heart Failure 

database
• Chronic Obstructive 

Pulmonary Disease 
database

• Ontario Crohn’s and Colitis 
Cohort dataset

• Ontario Diabetes Dataset
• Ontario Myocardial Infarction 

Database Dataset
• Ontario Rheumatoid Arthritis 

Dataset

The ICES-derived cohorts are chart-validated cohorts 
of patients with specific diseases and conditions. 
These cohorts are created using health administrative 
case definitions that link hospital inpatient and 
outpatient care, physician claims and drug benefits 
data over time using an anonymous unique 
identifier.20 The case definitions are 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.21,22

• Comorbidities of included patients

Note: ACG = Adjusted Clinical Group, EDC = Expanded Diagnosis Cluster, ICD-10 = International Statistical Classification of Diseases and Related Health Problems, 10th 
Revision.  
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compare how health care resources are being used by older 
adult HCUs and non-HCUs. This will include annual usage 
rates of emergency departments, hospitals, physician visits 
and home care. We will determine reasons for hospital 
admission using discharge abstract ICD codes. Health care 
expenditures will also be broken down into key components 
(e.g., hospital admission, long-term care, home care and 
drugs) as per the ICES costing algorithm.17 Similar analyses 
will be conducted in the year of incident HCU designation 
and for non-HCUs.

Identification of the most commonly used therapeutic 
medication classes and the most common reasons for hospital 
admissions will be used to hypothesize care management 
issues that may be contributing to HCU development. Previ-
ous studies have highlighted the existence of important pre-
scribing practice gaps, and the use of potential prescribing 
omissions and inappropriate medication use as quality indica-
tors of pharmacologic care in older adults.27–29 Two such 
examples include suboptimal prescribing and use of statins 
(< 30%) and bisphosphonates (< 50%) in those with a history 
of cerebrovascular disease and osteoporosis, respectively.27,28 
In a similar fashion, we will compare the prevalent use of spe-
cific medication classes with the relevant diagnoses of patients 
within these cohorts to explore potential quality improvement 
areas for prescribing and the financial implications of current 
drug use by HCUs v. non-HCUs and health care usage pre- 
v. post-HCU designation.

We have selected medication classes a priori for analysis 
based on 3 considerations: those with a strong evidence base 
for the prevention of complications in common, high-priority 
disease states in older adults (“high-quality” medications); 
those with a strong evidence base for harms outweighing 

potential benefits or those commonly targeted for deprescrib-
ing in older adults because of potential inappropriateness 
(e.g., sedative-hypnotics, antipsychotics and opioids; “high-
risk” medications); and those known to be high-cost (per unit) 
medications (Table 3). We chose these classes as high-priority 
medications based on review of expert consensus guidelines 
on potentially inappropriate prescribing in older adults (i.e., 
START/STOPP and Beers Criteria), Canadian deprescribing 
guidelines and previous studies of potentially inappropriate 
prescribing and high-cost medication use in Ontario.30–35 
Medication use will be defined as the occurrence of at least 1 
prescription claim during the study period.

Using a case–control study design with HCU development 
as the outcome (i.e., incident HCUs are the cases and the 
matched non-HCUs are the controls), we will conduct logistic 
regression to explore the relation between the use of these 
medications and incident HCU status. Each medication class 
will be analyzed independently in a series of analyses. To mini-
mize potential bias from confounding by indication and sever-
ity of illness, we will adjust estimates for age, sex, number of 
comorbidities, number of major John Hopkins ADGs and the 
most common conditions for which the drugs are indicated. As 
a variation of the traditional dose–response relation in the 
Bradford–Hill criteria for potential causal association, we will 
incorporate duration of medication use (within the study win-
dow) into the analysis to explore any associations with HCU 
transition based on increasing exposure to the drugs.36 

We will use these data to explore whether more in-depth 
analysis is required (i.e., are there signals that potential drug-
related interventions before HCU designation could be 
implemented to avoid critical health care events, minimize 
drug-related expenditures or prevent HCU status?)

Table 3: Medication classes of interest for patient-level analysis 

High-quality medication use
Potentially inappropriate or 
high-risk medication use High-cost drug use

• Statins
• β-blockers
• ACE inhibitors
• Angiotensin receptor blockers
• Antiplatelet agents  

(e.g., ASA, adenosine 
diphosphosphate inhibitors, platelet 
aggregation inhibitors)

• Anticoagulants
     - Vitamin K antagonists
     - DOACs — factor Xa inhibitors
     - DOACs — direct thrombin inhibitors
• Bisphosphonates
• Bone calcium regulators  

(e.g., denosumab)
• Bronchodilator and anti-inflammatory 

combination inhalers 
• Long-acting anti-cholinergic inhalers 

(e.g., tiotropium)

• 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)

• Ophthalmologics (e.g., ranibizumab)
• Biologic response modifying agents (e.g., adalimumab, 

aldesleukin, certolizumab, etanercept, glatiramer, 
golimumab, infliximab, interferons, levamisole)

Note: ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blocker, ASA = acetylsalicylic acid, DOAC = direct oral anticoagulant, NSAID = nonsteroidal anti-
inflammatory drug.  
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Ethics approval
This study has been approved by the Hamilton Integrated 
Research Ethics Board (No. 1715-C). 

Interpretation

Comparative analysis of drug and health care use and expen-
ditures during the HCU transition period will help identify 
key contributors to HCU development. We expect to find 
common groups of diagnoses, medications and clinical out-
comes among older adult HCUs. Some of these conditions 
may be amenable to cost-effective preventive management 
strategies or less expensive but equally effective medication 
therapies. In particular, data from this study will describe the 
degree to which drugs costs contribute to overall health care 
costs in HCUs, confirm whether or not prescription drug 
costs rank within the top 3 cost categories of HCU expendi-
tures, describe how medication and health care expenditures 
change with HCU status, and explore whether there are pos-
sible quality improvement areas for prescribing among older 
adult HCUs. This may facilitate the identification of potential 
high-yield areas for targeted clinical or medication manage-
ment interventions to prevent HCU development, provision 
of data to support health policies for HCUs in Ontario and 
areas requiring further study. 

This population-based matched cohort analysis will pro-
vide important data about older adult HCUs and their medi-
cation use. Use of linked health data in a large population of 
older adults (n = 5 352 983) provides a unique opportunity to 
compare and contrast the characteristics of HCUs to their 
non-HCU counterparts.37 The focus on incident rather than 
prevalent HCUs allows for the identification of potential trig-
gers of HCU status and exploration of potential preventative 
interventions. The large estimated cohort size makes it possi-
ble to study predictors of high-cost health care use with statis-
tical efficiency and examine their impact on clinical outcomes 
in a way that transcends differences in local practice patterns. 
Medication records from the provincial drug plan provide 
data that is generally more accurate than self-recorded infor-
mation on drug use.

The results of this study will be shared via peer-reviewed 
publications and presentations at provincial, national and 
international conferences. Knowledge translation activities 
will include information exchange and policy recommenda-
tions to local and national health system and patient stake-
holder groups.

Limitations 
This study is subject to the limitations and residual con-
founding inherent in observational data from health admin-
istrative databases. It is not possible to guarantee that 
patients were adherent to dispensed medications nor that 
they were used as prescribed. Our ability to account for the 
duration of medication exposure is limited to 2 years of 
available prescription data. This may affect our ability to 
detect associations related to the timing of medication initia-
tion and HCU transition. 

Comorbidity and disease data are reliant on the use of hospi-
tal discharge diagnosis data using ICD and billing codes. 
Although the quality of discharge coding is generally good, we 
do not know the accuracy of every diagnosis listed on a dis-
charge abstract.38 In addition, physicians are permitted only 1 
diagnosis code for each office encounter. This means that acute 
problems often take precedence over long-term ones, which can 
serve to underrepresent the prevalence of chronic disease. 

High-cost health care users and non-HCUs are being 
identified based on costs of health care use accrued during a 
fiscal year. Some patients (including those in their last year of 
life) may be classified differently using an alternative method 
depending on when they accrued costs or died.

Conclusion
This study will determine the relative contribution of medica-
tions to HCU expenditures and explore whether the quality of 
prescribing and medication use may be contributing to subop-
timal clinical outcomes and their high-cost use. By identifying 
key contributors to HCU status, we will help clinicians, 
administrators and policy-makers determine which patients, 
diseases, drugs and expenses could benefit from intervention. 
If modest improvements in prescribing and medication use 
can be achieved, then there will likely be substantial health 
care savings that could be reinvested to fund better care for 
these high-risk, high-cost older adults.
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