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ABSTRACT
Introduction High- cost users (HCUs) account for a small 
proportion of the population but use a disproportionately 
large share of healthcare resources. Although HCUs exist 
in all healthcare types, acute care is the most expensive 
type of service and the most significant contributor to 
expenditures among HCUs. This study aims to determine 
demographic, socioeconomic and clinical factors 
associated with being HCUs in adult patients (≥18 years) 
receiving acute care in Canada.
Methods and analysis This is a population- based 
analysis using a national linked dataset. Adult patients who 
had at least one interaction with acute care facilities each 
year from 2011 to 2014 were captured in the dataset, and 
those living in institutions or other collective residences 
were not covered. The primary outcome is HCU of acute 
care (yes/no), which is defined as whether a patient is 
within the top 10% of the highest acute care cost users in 
his/her province. Multilevel logistic regression will be used 
to identify factors associated with HCU and to examine 
the provincial variations of these identified risk factors. 
Sensitivity analyses investigating the influences of different 
high user definitions and missing data on the study results 
will also be performed.
Ethics and dissemination All researchers will follow the 
codes and rules set by Statistics Canada and the Research 
Data Centre and give priority to the confidentiality of the 
data during and after this study. The study findings will 
be published in peer- review journals and disseminated at 
academic conferences.

INTRODUCTION
Acute care is a type of short- term care for 
patients who are sick or injured or in the 
process of recovery from treatment. It 
involves emergency medicine, trauma care, 
prehospital emergency care, acute care 
surgery, critical care, urgent care and inpa-
tient care.1 2 Acute care is crucial to the 
prevention of death and disability but mean-
while the costliest healthcare type in devel-
oped countries including Canada.2–4 Recent 
studies revealed that acute care accounted for 
the largest share of healthcare expenditures 
(28.3%) in Canada in 2018 and was expected 

to increase by 2% in 2019.5 6 The substantial 
and growing demand for acute care services 
places pressure on healthcare systems and 
calls for further research to understand the 
distribution and determinants of healthcare 
costs and strategies to reduce it.

Research shows that a small proportion of 
patients consume a disproportionately large 
amount of resources. A recently published 
systematic review demonstrated that roughly 
68%, 55% and 24% of healthcare costs were, 
respectively, spent on 10%, 5% and 1% 
patients in developed countries or regions.7 
In Ontario, 61% of hospital and community 
care expenditures were consumed by only 5% 
of patients.4 As for the utilisation of physician 
services, 30% of physician services were used 
by 5% of patients in British Columbia.8 These 
high system users (HSUs) are commonly 

Strengths and limitations of this study

 ► The linked dataset used in our study allows us to 
analyse a broad range of demographic, socioeco-
nomic and clinical factors that are potentially asso-
ciated with high use of healthcare resources.

 ► This study will be conducted using national data, al-
lowing us to compare similarities and differences of 
the acute care high- cost user characteristics across 
different provinces in Canada.

 ► The variations of patient characteristics across dif-
ferent definitions on high system users will be inves-
tigated through sensitivity analyses.

 ► Populations who did not participate in the surveys 
(eg, people living in institutions or other collective 
residences) are not included in our analysis and thus 
might be under- represented.

 ► The information for each patient is retrieved from 
different databases with different data collection 
time, and there is a time lag between the demo-
graphic and socioeconomic information collected 
within the Census 2006/National Household Survey 
2011 and the status of patients being high system 
users or non- high system users from 2011 to 2014.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038008 on 15 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-9431-9909
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-038008&domain=pdf&date_stamp=2020-010-15
http://bmjopen.bmj.com/


2 Zhang M, et al. BMJ Open 2020;10:e038008. doi:10.1136/bmjopen-2020-038008

Open access 

defined using metrics such as cumulative costs, length 
of stay, frequency of hospitalisations and frequency of 
emergency department (ED) visits.9 Research has demon-
strated that HSUs were about 12 times more likely to have 
hospital admissions (69.2% vs 5.4%) and eight times 
more likely to die (13.0% vs 1.7%) than non- high users 
within 2 years following their index physician visits.8 
Also, an increased number of ED visits among patients 
with mental disorders is associated with higher mortality 
within 2 years following their index ED visits.10 In the 
context of rising healthcare costs and limited resources, 
the poorer health outcomes and higher mortality rates in 
HSUs make understanding the consumption of health-
care resources by HSUs a critical step to improve the effi-
ciency and sustainability of healthcare systems.4 11

According to previous studies, acute care is the largest 
source and driver of spending among HSUs.12 A study esti-
mated that acute care accounted for 62% of the high- cost 
user (HCU) costs in Ontario.4 Meanwhile, compared with 
non- HCUs, HCUs were found to be more likely to use 
acute care.12–14 A range of contributors to high acute care 
costs has been identified in previous studies conducted 
in Canada, which include older age, socioeconomic 
disadvantages (eg, personal or family low- income status) 
and medical complexity (eg, a higher level of comorbid-
ities).7 13–17 However, few studies have adopted a national 
perspective and addressed the provincial variations in 
characteristics of HCUs of acute care. Prior studies have 
shown that age, sex and socioeconomic distributions 
of populations and delivery of healthcare services vary 
across the provinces of Canada.18 19 Large provincial vari-
ations exist regarding patients’ access and experience of 
healthcare services, and the performance and quality of 
the healthcare system.20 These differences might result 
in variations in HCU characteristics. Furthermore, most 
studies were conducted based on healthcare adminis-
trative databases or health surveys, which limited their 
capacity to address individual socioeconomic characteris-
tics that could be heterogeneous among clinically similar 
patients and amenable to interventions.13–17 Thus, there 
is a lack of evidence on risk factors, especially socioeco-
nomic factors, associated with being HCUs of acute care 
at the national level, and it is unknown how these factors 
may vary across provinces. This study aims to bridge these 
knowledge gaps and to identify socioeconomic, demo-
graphic and clinical factors associated with being HCUs 
of acute care in adult patients (≥18 years) in Canada.

METHODS AND DATA ANALYSIS
Data sources and study population
We will perform a retrospective cohort study using a 
national linked dataset on high users, the HSUs linked 
to T1 Family File- Census of the Population Long- Form- 
National Household Survey (HSUS- T1FF- NHS, here-
inafter referred as ‘the linked dataset’), released by 
Statistics Canada and the Canadian Institute for Health 
Information (CIHI).17 The confidential Master Data 

File for the linked dataset will be used to address our 
research question.21 The original cohorts in the linked 
dataset were generated anonymously from CIHI’s 
internal datasets: Discharge Abstract Database (DAD), 
National Ambulatory Care Reporting System (NACRS) 
and Ontario Mental Health Reporting System (OMHRS). 
Only patients captured by DAD at least once between the 
fiscal years of 2011/2012 and 2014/2015 are included in 
the linked dataset. Those who have interactions with only 
NACRS or OMHRS but not DAD are not included. Using 
encrypted patient identity numbers, anonymised patient 
records from the T1FF, the 2006 Census of Population 
Long- Form (2006 Census 2B), and the 2011 NHS will 
be linked to all the cohorts at the individual level.22 The 
T1FF database includes all individuals who have filed a T1 
tax return.23 The cross- sectional 2006 Census 2B enumer-
ated the entire Canadian population, including Canadian 
citizens, landed immigrants and non- permanent resi-
dents (people who hold a work permit or study permit) 
and their families living in Canada.24 In this Long- form 
Census, 20% of private dwellings in Canada were selected. 
Canadian citizens living temporarily outside Canada, full- 
time members of the Canadian Forces stationed outside 
Canada and people who live in collective dwellings (eg, 
hospitals, nursing homes and hotels) were not included. 
The cross- sectional NHS provides information about all 
persons living in Canada except for foreign residents and 
those excluded from the long- form Census.25 These three 
databases complement each other to provide sociodemo-
graphic and socioeconomic information of the included 
population. The DAD database contains demographic, 
administrative and clinical data on all discharges from 
acute inpatient facilities.26 Thus, the linked dataset will 
provide combined information about the patients’ hospi-
talisations as well as their demographic and socioeco-
nomic characteristics.21

The linked dataset involves eight subset cohorts to 
reflect the definitions of HSUs regarding acute care cost, 
the total length of stay, the number of hospitalisations and 
the number of ED visits each year in adults (≥18 years) 
and children.22 The cut- off value of 10% is used to define 
HSUs across all the above cohorts. The acute care costs in 
the linked dataset are calculated using provincial values of 
Cost of a Standard Hospital Stay (CSHS) in conjunction 
with Resource Intensity Weights (RIW).22 The CSHS is 
the average full cost of treating an average acute inpatient 
in a hospital which measures the cost efficiency of the 
hospital’s acute care services.22 The RIW estimates each 
patient’s relative cost weight compared with the average 
acute inpatient to measure the intensity of resource use. 
The total length of stay, number of hospitalisations and 
number of ED visits are annually cumulative values for 
each patient. Our study will focus on the adult acute care 
cost cohort, which covered adult patients (≥18 years) who 
have been hospitalised in an acute care facility from the 
fiscal year 2011/2012–2014/2015. In this cohort, HCUs 
are defined as the top 10% of each province’s highest 
acute care cost adult users (≥18 years old) every year 
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from the fiscal year 2011/2012–2014/2015.22 Non- HCUs 
are patients randomly selected from the remaining 90% 
of adult patients in the same province each year with a 
sample ratio of 4:1 in the linked dataset. The rest of the 
adult patients in this acute care cost cohort are neither 
HCUs nor non- HCUs. No matching between the HCU 
group and the non- HCU group was performed in the 
linked dataset.

The definitions and selections of HCUs and non- HCUs 
in our analysis will be consistent with the methods used in 
the linked dataset for the following reasons. First, the raw 
cost data of the linked dataset is unavailable, and patients’ 
status of being HCU, non- HCU or neither has already 
been classified in the dataset provided to us. Second, 
although not all remaining 90% of patients are included 

as comparators, the sampling ratio of 4:1 between the 
HCU group and the non- HCU group is adequate for 
the power of our study and efficient for our analysis.27 28 
Third, given the objective of our study being risk factor 
identification rather than effect or hazard measurement, 
matching is not necessary.28

Selected variables
For the primary purpose of this study, variables will be 
selected according to the findings of previous studies and 
identified from the linked dataset. The descriptions of 
the data sources in our study are present in table 1, while 
the dependent variable and the potential independent 
variables in our study are listed in table 2.

Table 1 Descriptions of data sources to be used in the analyses

Data 
sources Content and features Covered populations Selected variables Limitations

HSUS 
2011–
201421

It provides encrypted patient 
numbers that can be used to 
link with the other databases. 
It also provides demographic 
characteristics of patients, the 
status of being HSU, non- HSU or 
neither regarding acute care cost, 
the length of stay, the frequency of 
hospitalisations and ED visits in all 
provinces and territories of Canada 
except Quebec.

Patients who have had at least one 
interaction with DAD within each fiscal 
year.

Dependent variables: patient’s 
status of being HSU or non- 
HSU regarding acute care cost, 
length of stay, frequency of 
hospitalisations and frequency 
of ED visits;

 ► The analysis is limited to the 
populations who participated 
in the surveys, and those not 
covered by the surveys might 
be under- represented.

 ► Since there is a time lag 
between the information 
collected in earlier Census 
2006 and NHS 2011 and 
the information collected 
in subsequent HSUS and 
DAD, there might be some 
inaccurate data included 
in the analyses. However, 
variables related to identity 
and sex should not change 
over time. Thus, the order of 
using information for each 
variable from these three 
databases in our study will be 
T1FF 2011–2014, NHS 2011 
and then Census 2006 so that 
the information used in the 
analyses is as up to date as 
possible.

Independent variables: age, 
sex, province.

DAD 2011–
201426

It provides administrative, clinical 
and demographic information on 
hospital discharges from acute 
care facilities in all provinces 
and territories of Canada except 
Quebec.

Patients who have had interactions with 
acute care facilities.

Clinical factors: admission 
category, diagnosis code using 
the International Classification 
of Diseases, 10th Revision, 
with Canadian Enhancements 
(ICD-10- CA, which will be 
used to generate Elixhauser 
comorbidity index and score)

T1FF 2011–
201423

It provides tax- filers’ demographic 
and socioeconomic information, 
including income, spendings, 
savings and pension plans and 
funds in all provinces and territories 
of Canada.

All persons who completed a T1 tax return 
for the year of reference or who received 
child benefits, their non- filing spouses, 
their non- filing and filing children who 
reported the same address as their parent.

Demographic factors: marital 
status;

Socioeconomic factors: 
occupation classification, the 
after- tax low- income status 
of a census family, income 
adequacy deciles among 
Canadian residents

Census 
2006 - 2B24

It is the long form of Census 2006, 
and it provides information regarding 
participants’ demographic and 
socioeconomic characteristics, 
including education, ethnicity, 
mobility, income and employment 
in all provinces and territories of 
Canada.

20% of all the occupied private dwellings 
in Canada. Persons living in collective 
dwellings or institutions were not covered.

Demographic factors: rurality 
of residence, marital status, 
immigrant status, visible 
minority;

Socioeconomic factors: work 
activity during the reference 
year, occupation classification, 
the after- tax low- income status 
of a census family, the highest 
level of education - respondent

NHS 
201125

It replaced the mandatory long- form 
Census in 2011, and it is voluntary. 
It provides similar information as 
the long form of Census, which 
includes the demographic and 
socioeconomic characteristics of 
people living in all provinces and 
territories of Canada.

All persons who usually live in Canada 
including those living on Indian reserves 
and in other Indian settlements, permanent 
residents, non- permanent residents such 
as refugee claimants, holders of work 
or study permits, and members of their 
families living with them. Foreign residents 
and people living in collective dwellings are 
excluded.

Demographic factors: rurality 
of residence, marital status, 
immigrant status, visible 
minority;

Socioeconomic factors: work 
activity during the reference 
year, occupation classification, 
the after- tax low- income status 
of a census family, the highest 
level of education respondent

DAD, Discharge Abstract Database; ED, emergency department; HSU, high system user; HSUS, High System Users database; NHS, National Household Survey; T1FF, T1 Family File.
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Table 2 Dependent and independent variables selected for the study

Variable names Variable type Descriptions Rationales Data sources

Dependent variables (primary analysis)

  HCU status Categorical It is the status of the adult being HCU or non- HCU, 
as defined by the cut- off value of 10%.

The primary objective of this study is to 
identify risk factors associated with being 
HCU in adult patients receiving acute care.

HSUS 2011–2014

Dependent variables (sensitivity analysis)

  HSU status 
defined by the 
total length of stay

Categorical It is the status of the adult being HSU or non- HSU 
regarding each year’s sum of different lengths of 
stay, as defined by the cut- off value of 10%.

There are different methods to define high 
users of healthcare resources. Previous 
studies have demonstrated different 
definitions capture significantly different 
groups of people, and the inpatient system 
burdens they caused are different.9 43

HSUS 2011–2014

  HSU status 
defined by the 
frequency of 
hospitalisations

Categorical It is the status of the adult being HSU or non- HSU 
regarding each year’s accumulative number of 
hospitalisations, as defined by the cut- off value of 
10%.

  HSU status 
defined by the 
frequency of ED 
visits

Categorical It is the status of the adult being HSU or non- HSU 
regarding each year’s accumulative number of ED 
visits, as defined by the cut- off value of 10%.

Clinical factors

  Admission 
category

Categorical It is the classification of a patient on his/her 
admission to a healthcare facility. It could be 
elective, urgent/emergent, newborn, stillborn or 
cadaveric donor.

Previous studies have found that patients 
admitted to acute care facilities in 
emergency tend to be high users.13

DAD 2011–2014

  Elixhauser 
comorbidity index

Categorical It is a comorbidity index with 31 categories to 
classify the diagnosis of patients based on ICD-10.

Previous studies have shown that certain 
conditions would contribute to the high use 
of healthcare resources and that an increase 
in comorbidity scores and complications 
are associated with increased risk of being 
HCUs.9 13 44

DAD 2011–2014

  Elixhauser 
comorbidity score

Continuous It is the score derived from algorithms assigning 
weights to different categories of the Elixhauser 
comorbidity index.

Demographic factors

  Age Continuous It is how old the patient is at the time of admission 
and in DAD.

Multiple studies showed that older age is 
associated with increased risk of being 
HCUs.6 8 12

HSUS 2011–2014

  Sex Categorical It is the sex of the patient as being male or female. Some studies demonstrated that males 
tended to have a higher risk of being HCUs 
than females. However, other studies 
showed that females had a higher risk of 
being HCUs than males.6

HSUS 2011–2014

  Rurality of 
residence

Categorical It is the rurality of the patient’s residence. Even 
though there are four categories in NHS 2011 
indicating a patient’s residence in rural areas, small, 
medium or large urban population centres, there 
are only two categories in Census 2006 as rural or 
urban areas. We will categorise patients’ residence 
to two categories: rural or urban areas.

The information will be used to assess the 
rurality of a patient’s residence. Studies 
showed that increased rurality of a person’s 
residence was associated with increased 
risk of being HCUs.6 8

NHS 2011 and Census 
2006

  Province Categorical It is the provincial/territorial government from 
which the Healthcare Number was issued. There 
are ten provinces or territories included in our 
study: Alberta, British Columbia, Manitoba, New 
Brunswick, Newfoundland and Labrador, Northern 
Canada, Nova Scotia, Ontario, Prince Edward 
Island and Saskatchewan.

This variable will be used to identify the 
province in which a person lives or works.

HSUS 2011–2014

  Marital status Categorical It refers to whether or not a person is living in a 
common- law union or the legal marital status. 
There are two categories in our study: married or in 
common law and others.

Studies have shown that being married is 
associated with decreased risk of being 
HCUs.6 12

T1FF 2011–2014, NHS 
2011 and Census 2006

  Immigrant status Categorical It refers to whether the person is a Canadian- born 
or a non- Canadian- born.

Being an immigrant might have an impact on 
the risk of being HCUs.6

NHS 2011 and Census 
2006

  Visible minority Categorical It refers to whether a patient is a visible minority or 
non- visible minority.

Multiple studies showed that ethnicity is 
associated with increased cost.6 8 12

NHS 2011 and Census 
2006

Socioeconomic factors

  Work activity 
during the 
reference year

Categorical It refers to whether or not a person worked during 
the reference year (only for persons older than 15 
years old).

A study showed that a person’s employment 
status is associated with the risk of being 
HCUs.6

NHS 2011 and Census 
2006

Continued
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Dependent variable (outcome measure)
The dependent variable for the primary analysis in our study 
is a dichotomous variable indicating whether a patient is an 
HCU or non- HCU of acute care. A patient is an HCU if 
he/she is among the top 10% of his/her province’s highest 
cumulative acute care cost adult patients in a specific fiscal 
year. Non- HCUs are patients who were randomly selected 
from the remaining 90% of that year’s adult acute care 
cohort. Given the fact that the characteristics of HSUs can 

be different when different metrics are used to define this 
population,9 dependent variables including the status of 
being HSU or non- HSU defined by the total length of stay, 
the number of hospitalisations and the number of ED visits 
will be used in sensitivity analyses to examine the robust-
ness of primary analysis results and to explore different 
HSU characteristics across different definitions of HSUs 
(table 3). All the dependent variables will be obtained 
from the HSUS database.

Variable names Variable type Descriptions Rationales Data sources

  Occupation 
classification

Categorical It refers to the occupation type of patients, 
according to the National Occupational 
Classification. There are ten broad categories.

Previous studies have demonstrated the 
unequal distribution of health and mortality 
across different occupation types, which 
might contribute to the different levels of 
healthcare resource use.45

T1FF 2011–2014, NHS 
2011 and Census 2006

  After- tax low- 
income status of 
census family

Categorical It refers to the after- tax income situation of the 
census family compared with the low- income 
measure in a reference year. A family could be 
classified as low- income or not low- income.

Multiple studies in Canada showed that 
lower- income is associated with a higher 
risk of being HCUs. On the contrary, studies 
in the US showed that higher income is 
associated with higher costs.7 11 34 35

T1FF 2011–2014, NHS 
2011 and Census 2006

  Income adequacy 
deciles among 
Canadian 
residents

Continuous Values are assigned according to where each 
person’s family after- tax gap ratio falls in the deciles 
ranging from 1 to 10. The higher the decile, the 
larger the gap ratio is. The after- tax gap ratio refers 
to the amount that the person’s adjusted family 
income falls short of the low- income measure.

T1FF 2011–2014

  Highest level 
of education - 
respondent

Categorical It refers to the highest level of education that a 
person has successfully completed.

Studies showed that lower education degree 
is associated with higher costs.7 15

NHS 2011 and Census 
2006

DAD, Discharge Abstract Database; ED, emergency department; HCUs, high- cost users; HSU, high system user; HSUS, High System Users database; NHS, National Household 
Survey; T1FF, T1 Family File.

Table 2 Continued

Table 3 Proposed methods for primary analysis and sensitivity analysis

Objectives Outcome variable Predictor variables
Method of 
analysis

Primary analysis

  To identify the independent 
factors associated with being 
acute care HCU and potential 
effect modifiers

The classification of being HCUs or 
non- HCUs (ie, being HSUs or non- 
HSUs defined by acute care cost)

Clinical factors: Admission category, the Elixhauser 
comorbidity score.

Mixed effects 
logistic 
regressionSociodemographic factors: Patient’s age, sex, rurality of 

residence, marital status, immigrant status and visible 
minority.

Socioeconomic factors: Work activity, occupation 
classification, the after- tax low- income status of a family, 
income adequacy deciles among Canadians, and the highest 
level of education.

Interaction terms: Comorbidity scores and age, comorbidity 
scores and sex, comorbidity scores and income level

Sensitivity analyses

  To analyse the robustness of 
results when HSUs are defined 
using other metrics

The classification of being HSUs or 
non- HSUs defined by the total length 
of stay, frequency of hospitalisations 
and frequency of ED visits
  

Clinical factors: Admission category, the Elixhauser 
comorbidity score.

Mixed effects 
logistic 
regression

Sociodemographic factors: Patient’s age, sex, rurality of 
residence, marital status, immigrant status and visible 
minority.

  To analyse the robustness 
of results when missing data 
is handled using multiple 
imputation

  
The classification of being acute care 
HCUs or non- HCUs (ie, being HSUs or 
non- HSUs defined by acute care cost)

Socioeconomic factors: Work activity, occupation 
classification, the after- tax low- income status of a family, 
income adequacy deciles among Canadians, and the highest 
level of education.

Interaction terms: Comorbidity scores and age, comorbidity 
scores and sex, comorbidity scores and income level

ED, emergency department; HCU, high- cost user; HSU, high system user.
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Clinical factors
Patients’ admission type and diagnosis codes will be 
obtained using the DAD.26 The admission type reflects 
the circumstance under which a patient is admitted 
and indicates the priority and urgency of his/her 
admission. It could range from urgent to elective. The 
diagnosis codes are the International Classification of 
Diseases, 10th Revision, with Canadian Enhancements 
(ICD-10- CA) codes assigned to patients. They will be 
used to classify a patient’s major condition to one of the 
31 categories of the Elixhauser comorbidity index and 
to derive the Elixhauser comorbidity score with the van 
Walraven algorithm.29–31

Demographic and socioeconomic factors
The variables that will be included in our study are listed 
in table 2. Demographic factors include age, sex, rurality 
of residence, marital status, immigrant status and visible 
minority. Socioeconomic factors include work activity 
during the reference year, occupation classification, the 
after- tax low- income status of a family, income adequacy 
deciles among Canadian residents and the highest level 
of education. The rurality of a patient’s residence will be 
categorised into rural or urban areas that accommodate 
the categorisations in Census 2006 and NHS 2011.24 25 As 
for patients’ income, the after- tax income and the income 
adequacy deciles among Canadian residents will be used.23 
Using the low- income measure after tax (LIM- AT) as the 
cut- off value, a fixed 50% of median census family income 
with adjustment for family needs, the after- tax family 
income will be classified into two levels: low income and 
non- low- income.23 The income adequacy deciles will be 
used to assess the extent to which a person’s income gap 
ratio is compared with the LIM- AT value among the Cana-
dian population.23 The higher the decile is, the larger the 
after- tax income gap ratio is, and the less adequate the 
person’s family income is for his/her family needs. The 
other variables will be classified according to the options 
in the dataset.

Sample size
As a general rule, the number of events per variable (EPV) 
should be at least 10 to prevent major problems in logistic 
regression (eg, overestimation or underestimation of 
regression coefficients).32 33 To be more conservative, we 
will use an EPV of 20 in our study. Considering that there 
are 12 variables with 21 degrees of freedom in our study, 
the minimum number of events (ie, being HCUs) is 420. 
Since the sampling ratio between the HCU group and the 
non- HCU group is 4:1 in our study, the minimum sample 
size will be 2100. Using the data published on the website 
of the linked dataset,22 the province with the smallest 
number of HCUs has a total number of HCUs and non- 
HCUs of around 7000 over the 4- year period, which is 
larger than the minimum sample size and sufficient to do 
the analysis.

Data analyses
The data analysis will involve two steps. The first step 
will be to compare the characteristics of HCUs and non- 
HCUs (table 4). Categorical variables will be summarised 
using count and percentage, and continuous variables 
will be summarised using mean and SD for normally 
distributed data and median and IQR for non- normally 
distributed data. The second step will be multilevel 
mixed- effect logistic modelling to identify risk factors 
associated with the high acute care cost. The plans for 
primary analysis and sensitivity analyses in this step are 
listed in table 3. For the included clinical, demographic 
and socioeconomic factors, we hypothesise that older 
age, being male, increased rurality, being low- income, 
being immigrant, being visible minority, a higher level of 
comorbidity, certain types of conditions and occupations 
are associated with higher risk of being HCUs.7 11 34 35 
Being married, higher work activity and having a certif-
icate, diploma or degree are associated with decreased 
risk of being HCUs.7 The significance level of 0.05 will be 
used to identify significant factors. For each independent 
variable, the unadjusted OR and 95% CI will be estimated 
to determine if it is statistically significant (table 5).

Given that the response variable is dichotomous and 
the data is hierarchical within which some individuals 
are nested within the same province, we will conduct the 
mixed- effects logistic regression to address the depen-
dence between observations and to explore the provincial 
variations of risk factors associated with being HCUs or 
non- HCUs.36 The technique of multilevel model (MLM) 
estimating subject- specific effect rather than the gener-
alised estimation equations (GEE) approach estimating 
marginal or population- averaged effect will be used in 
our study.37 38 Although both methods are commonly 
used for the analysis of binary outcome data violating 
the independence assumption of traditional regression 
models, MLM treats dependence between observations as 
interest, and it is the more efficient way to account for the 
dependence. In contrast, GEE treats it as a nuisance.37 38 
With the capacity of partitioning the covariance structure 
of the outcomes within and between provinces, MLM is 
more appropriate to address our research question.

Because the management and delivery of healthcare 
services in different provinces in Canada are highly 
decentralised,39 we treat province as a random effect 
rather than a fixed effect in our primary analysis. The 
analysis will model within- province and between- province 
variations simultaneously. Patient- level risk factors of 
being HCUs are listed in table 2. Since province will be 
included in the model as a random effect, province- level 
predictions such as the percentage of patients older than 
65 years old and gross domestic product per capita will 
not be included as the independent factors in our anal-
ysis. Interactions between predictors will be explored 
through consulting experts in health economics. Sensi-
tivity analyses will also be performed to investigate varia-
tions when high users are defined using different metrics 
including the length of stay, frequency of hospitalisations 
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and frequency of ED visits and to examine the robustness 
of findings when missing data are handled using different 
methods (complete case analysis and multiple imputation 
by fully conditional specification algorithm).23 37

There are assumptions in logistic regression models: 
linearity between logit and independent variables, 
absence of multicollinearity and binomial distribution 
of errors.40 A violation of any assumptions can result in 

Table 4 Characteristics of HCUs of acute care, 2011/2012–
2014/2015, HSUS- T1FF- CENSUS- NHS

Non- 
HCUs HCUs Total

Age (years), mean (SD)

Sex, %

  Male

  Female

Rurality, %

  Urban area

  Rural area

Marital status, %

  Married or common- law

  Other

Province, %

  AB

  BC

  MB

  NB

  NL

  NS

  ON

  PE

  SK

  Northern Canada

Immigrant status, %

  Canadian- born

  Non- Canadian born

Visible minority, %

  Visible minority

  Non- visible minority

Work activity, %

  Did not work

  Work part time

  Work full time

Occupation category, %

  Management occupations

  Business, finance and administration 
occupations

  Natural and applied sciences and related 
occupations

  Health occupations

  Occupations in education, law and social, 
community and government services

  Occupations in art, culture, recreation and sport

  Sales and service occupations

  Trades, transport and equipment operators and 
related occupations

  Natural resources, agriculture and related 
production occupations

  Occupations in manufacturing and utilities

Income status (after tax), %

  Low income

  Non- low income

Continued

Non- 
HCUs HCUs Total

Income adequacy deciles among Canadian 
residents, median (IQR)

Highest education, %

  No certificate, diploma or degree

  With a certificate, diploma or degree

Elixhauser Comorbidity Index, %

  Congestive heart failure

  Cardiac arrhythmias

  Valvular disease

  Pulmonary circulation disorders

  Peripheral vascular disorders

  Hypertension, uncomplicated

  Hypertension, complicated

  Paralysis

  Other neurological disorders

  Chronic pulmonary disease

  Diabetes, uncomplicated

  Diabetes, complicated

  Hypothyroidism

  Renal failure

  Liver disease

  Peptic ulcer disease, excluding bleeding

  AIDS/HIV

  Lymphoma

  Metastatic cancer

  Solid tumour without metastasis

  Rheumatoid arthritis/collagen vascular diseases

  Coagulopathy

  Obesity

  Weight loss

  Fluid and electrolyte disorders

  Blood loss anaemia

  Deficiency anaemia

  Alcohol abuse

  Drug abuse

  Psychoses

  Depression

Elixhauser Comorbidity Score, median (IQR)

AB, Alberta; BC, British Columbia; HCU, high- cost user; HSU, high system user; 
HSUs- T1FF- CENSUS- NHS, the high system users linked to T1 family file - census of 
the population long- form - national household survey; IQR, interquartile range; MB, 
Manitoba; NB, New Brunswick; NL, Newfoundland and Labrador; NS, Nova Scotia; 
ON, Ontario; PE, Prince Edward Island; SD, standard deviation; SK, Saskatchewan.

Table 4 Continued
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a biased or invalid effect estimate. Thus, these assump-
tions will be tested in our study. A smoothed scatter plot 
will be used to check the linearity of the logit graph-
ically. The fractional polynomial method will also be 
used to test the assumption of linearity in the model.40 If 
the test result is not significant, then there is linearity in 
the logit. For collinearity, the tolerance statistics will be 
used.40 A tolerance of less than 0.20 indicates a concern 
of collinearity among the independent variables, and 
highly correlated risk factors will be removed from the 
model.41

The overall fit of the established model will be assessed 
using C- statistic.40 A value over 0.7 indicates that the 
developed model is good. All the data analyses will be 
performed using R statistical software, V.4.0.1.

Patient and public involvement
There will be no patient or public participation in the 
design, conduct, reporting and dissemination of this 
study.

Implications of the study results
It is known that heterogeneity exists among high- need, 
high- cost patients.9 42 Our study will provide insights 
into the understanding of the heterogeneity and social 
complexity of acute care HCUs and inform HCU predic-
tions and policy- makings. The national perspective 
adopted in our study will provide a full picture regarding 
demographic, socioeconomic and clinical characteristics 
of acute care HCUs for Canada. By examining potential 
provincial variations of HCU characteristics in our study, 
the findings could be potentially useful to inform decision 
making at the provincial level. It is possible that HCUs in 
Northern Canada could be younger with more acute disor-
ders compared with HCUs in other provinces, which may 
require more strategies targeting the prevention of acute 
disorders rather than the management of chronic disor-
ders. By exploring the variations of high user character-
istics across different definitions of HSUs, the results can 
be used to develop management strategies with specific 
target metrics such as hospital admission or ED visits.

Table 5 Results of primary analysis and sensitivity analysis, HSUS- T1FF- CENSUS- NHS

Variables Categories

Primary 
analysis 
OR 
(95% CI)

Sensitivity analyses OR (95% CI)

Different HSU metrics

Missing 
values

Length of 
stay

Frequency of 
hospitalisations

Frequency of 
ED visits

Age, years 5 year unit increase

Sex Male versus female

Rurality Rural area versus urban 
area

Marital status Married/common- law 
versus other

Immigrant status Non- Canadian born 
versus Canadian- born

Visible minority Visible minority versus 
non- visible minority

Work activity Work part- time versus 
did not work

Work full- time versus 
did not work

Occupation category Other categories 
versus management 
occupations

Income status (after tax) Low- income versus 
non- low- income

Income adequacy deciles 1- decile unit increase

Education With a certificate, 
degree or diploma 
versus no certificate, 
degree or diploma

Elixhauser Comorbidity Score 1- unit increase

CI, confidence interval; ED, emergency department; HCU, high- cost user; HSU, high- system user; HSUS- T1FF- CENSUS- NHS, the high 
system users linked to T1 family file - census of the population long- form - National Household Survey; OR, odds ratio.
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Ethics and dissemination
The researchers in this study will follow the Code of 
Conduct and the Values and Ethics Code of Statistics 
Canada and the security and confidentiality requirements 
of the Research Data Centre (RDC) at McMaster Univer-
sity. Only researchers who are listed on the Microdata 
Research Contract and have completed the personnel 
security clearance can examine the data using authorised 
computers in the RDC. High priority will be given to the 
confidentiality of respondents’ personal information in 
the database. All researchers will adhere to the principles 
of physical protection, computer protection, confidenti-
ality vetting and ‘deemed employee’ responsibilities to 
maintain the culture of confidentiality. The manuscript 
will be reviewed by all researchers and submitted by the 
principal investigator on behalf of the research team. The 
study findings will be communicated in peer- reviewed 
journals and academic conferences to inform further 
research and policymaking about HCUs.
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