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Abstract

Background: Substance use is common among people who visit emergency departments (EDs) frequently. We
aimed to characterize subgroups within this cohort to better understand care needs/gaps, and generalizability of
characteristics in three Canadian provinces.

Methods: This was a retrospective cohort study (April 1%, 2013 to March 31%, 2016) of ED patients in Ontario, Alberta,
and British Columbia (B.C.) We included patients > 18 years with substance use-related healthcare contact during the
study period and frequent ED visits, defined as those in the top 10% of ED utilization when all patients were ordered
by annual ED visit number. We used linked administrative databases including ED visits and hospitalizations (all prov-
inces); mental heath-related hospitalizations (Ontario and Alberta); and prescriptions, physician services, and mortality
(B.C.). We compared to cohorts of people with (1) frequent ED visits and no substance use, and (2) non-frequent ED
visits and substance use.

We employed cluster analysis to identify subgroups with distinct visit patterns and clinical characteristics during index
year, April 1%, 2014 to March 31%, 2015.

Results: In 2014/15, we identified 19,604, 7,706, and 9,404 people with frequent ED visits and substance use in
Ontario, Alberta, and B.C (median 37-43 years; 60.9-63.0% male), whose ED visits and hospitalizations were higher
than comparison groups.

In all provinces, cluster analyses identified subgroups with “extreme” and “moderate” frequent visits (median 13-19
versus 4-6 visits/year). "Extreme” versus “moderate” subgroups had more hospitalizations, mental health-related ED
visits, general practitioner visits but less continuity with one provider, more commonly left against medical advice,
and had higher 365-day mortality in B.C. (9.3% versus 6.6%; versus 10.4% among people with frequent ED visits and
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diagnosis was acute alcohol intoxication in all subgroups.

Users, Substance-Related Disorders

no substance use, and 4.3% among people with non-frequent ED visits and substance use). The most common ED

Conclusions: Subgroups of people with “extreme” (13-19 visits/year) and “moderate” (4-6 visits/year) frequent ED vis-
its and substance use had similar utilization patterns and characteristics in Ontario, Alberta, and B.C,, and the “extreme’
subgroup had high mortality. Our findings suggest a need for improved evidence-based substance use disorder
management, and strengthened continuity with primary and mental healthcare.

Keywords: Emergency medicine, Epidemiology, Health policy, Health services research, Frequent Users, High Service
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Background

Substance use disorders represent a substantial and
growing burden of disease worldwide and in North
America [1, 2]. In Canada, 21.6% of the total popula-
tion (approximately 6 million people) meet criteria
for substance use disorder at some point during their
lifetime; alcohol use disorder is the most prevalent at
18.1% [3]. In the early stages of the COVID-19 pan-
demic, 28% of Canadians who used alcohol reported
increasing their use, and 21% reported problematic use.
However, only 24% of individuals with problematic sub-
stance use reported access to treatment [4]. People who
use substances can have complex medical, social and
mental health needs leading to emergency department
(ED) visits. In North America, substance use accounts
for one in 11 ED visits[5], and its healthcare burden is
increasing over time [6, 7]. In particular, proportions
of ED visits related to substance use disorders have
increased since onset of COVID-19 [8, 9], indicating a
growing need to recognize high risk substance use pat-
terns in the ED to mitigate future harms.

ED visits may be the last point of healthcare system
contact prior to premature death. In Alberta, Canada,
27% of individuals who died from opioid poisoning in
2017 had a past drug poisoning-related ED visit (19%
had >3). Substance use often co-occurs with frequent
ED utilization, which confers high mortality risk [10-12].
Previous analyses reported 9-12.5% 365-day mortality
in Ontario and British Columbia (B.C.) [13, 14], Canada,
compared to 3.5% among the general population with
non-frequent ED visits [15]. There is mounting recogni-
tion and evidence that ED visits are key and often under-
recognized opportunities to engage with people with
substance use disorder and offer evidence-based sup-
ports. Motivational interview-based interventions in
EDs have been shown to decrease alcohol consumption
and alcohol-related injuries, and the American College of
Emergency Physicians recommends ED-based screening
and brief interventions for patients with harmful alcohol
use [16]. Additionally, there is strong evidence to sup-
port ED-initiated buprenorphine/naloxone treatment for
patients with opioid use disorder, which has been shown

to decrease illicit opioid use and increase engagement
with addictions care [17].

Previous literature has identified heterogeneous sub-
groups among people with frequent visits but has not
explored subgroups among those specifically with
substance use [14]. This characterization using multi-
jurisdictional data is important to understand reasons
underlying high healthcare utilization, risk profiles, and
distinct needs to inform ED- and community-based
interventions that may improve outcomes including mor-
tality. The ED is a critical societal safety net, and people
seeking ED care frequently can help us understand gaps
in healthcare, social services, and other systems.

Methods

Objectives

The primary study objective was to characterize sub-
groups of people with frequent ED visits and substance
use using cluster analysis in order to better understand
care needs, gaps, and optimal resource allocation. To
understand whether characteristics and gaps were gen-
eralizable in order to inform both regional and scalable
multi-jurisdictional policies and approaches to improv-
ing care for these patients, a secondary objective was to
provide descriptive data on subgroups in three Canadian
provinces.

Study design and setting
This was a retrospective cohort study using administra-
tive data from April 1%, 2013 to March 31%, 2016 in the
three Canadian provinces of Ontario, Alberta, and B.C.
Ontario is Canada’s most populous province, with
a population of 15.0 million out of a total 38.5 million
people in Canada. Its population has a median age of
40.7 years, it attracts 47.7% of all international immi-
grants to Canada, and 4.3% of the population identifies
as Aboriginal [18, 19]. Alberta is the fourth most popu-
lous province, with 4.5 million residents. It has a median
population age of 37.9 years and 6.1% of the population
identifies as Aboriginal [18, 19]. B.C. is Canada’s third
most populous province, with 5.3 million residents [18].
Its population has a median age of 42.3 years, it attracts
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15.2% of all international immigrants to Canada, and
6.1% of its population identify as Aboriginal [18, 19].
Ontario accounts for the largest proportion of Cana-
dian hospitals at 371 of 1265 (29%), compared to 175 in
Alberta (14%) and 139 in B.C.(11%) [20].

Data sources
Ontario and Alberta: Dynamic Cohort
We obtained Ontario and Alberta data from the Cana-
dian Institute of Health Information (CIHI)’s Dynamic
Cohort, a database that identifies patients in the top 10%
of healthcare utilization [21]. For our study, we examined
patients > 18 years in the top 10% of ED visit utilization.
For our study database, CIHI linked patient-level
Dynamic Cohort data to ED visits (National Ambulatory
Care Reporting System [NACRS]) [22], hospitalizations
(Discharge Abstract Database [DAD]) [23], and mental
health hospitalizations (Hospital Mental Health Data-
base [HMHDB]) [24] using personal health number. All
Ontario and Alberta EDs comply with Level 3 NACRS
reporting [25], which mandates capture of diagnoses
using International Statistical Classification of Diseases
and Related Health Problems 10th Revision (ICD-10-CA)
[26]. The HMHDB collates information on mental
health-related admissions from four sources, depend-
ing on jurisdiction: DAD, Hospital Morbidity Database
(HMDB), Hospital Mental Health Survey (HMHS), and
Ontario Mental Health Reporting System (OMHRS) [24,
27]. Because mental-health related admissions are vari-
ably recorded depending on Canadian jurisdiction, we
included HMHDB data to allow for full characterization
of mental health hospitalizations that would not have
been captured in DAD. Additionally, HMHDB records a
homelessness variable that is not captured in other data-
bases and therefore allows unique insight into our char-
acterized cohorts.

B.C.
We created a separate, linked database of peo-
ple> 18 years in B.C. who made>1 ED visit during the
study timeframe using Population Data BC (PopData)
data [28]. PopData undertakes database validation, qual-
ity assurance/control, and standardized linkage using
personal health number, age, sex, and postal code [28,
29]. For our cohort, PopData linked patient-level data to
ED visits (NACRS) and hospitalizations (DAD), as for
Alberta and Ontario data, as well as to billed physician
services (Medical Services Plan [MSP]) [22], prescrip-
tions (PharmaNet)[25], and mortality (Vital Statistics),
which we had access to only in.B.C [23].

B.C. EDs comply with Level 2 NACRS reporting, which
as a quality assurance measure mandates that either
ED Presenting Complaint or Discharge Diagnosis are
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completed [30]. For our descriptive and cluster analyses,
we focused on ED discharge diagnoses.

Study cohort

We first identified patients who visited EDs frequently
from April 1%, 2014 to March 31%, 2015, defined as
patients > 18 years in the top 10% of ED utilization when
all patients were ordered by ED visits per fiscal year; each
annual cohort represented the top 10% in that specific
year. CIHI identified this cohort a priori in Ontario and
Alberta within the Dynamic Cohort. We applied the 10%
threshold definition to our B.C. data.

Among this cohort, we then identified patients who
had made healthcare contact for substance use, defined
as>1 substance use-related ED visit (NACRS), hospi-
talization (DAD), mental health admission (HMHDB
[Ontario and Alberta]), or billed physician services (MSP
[B.C.]) during the study period.

Comparison cohorts

To provide context, we also characterized
patients >18 years in the top 10% of ED utilization
with no healthcare contact for substance use, and
patients >18 years in the bottom 90% of ED utiliza-
tion (non-frequent ED visits) who did make health-
care contact for substance use. We characterized the
demographics, healthcare utilization, and mortality of
these comparison cohorts using the same a priori list of
variables.

Study variables and definitions

Substance use

We used CIHI’s definition of substance use-related pres-
entations based on ICD-10-CA and ICD-9 codes (Sup-
plementary Table 1) [31], which fall into four categories
related to alcohol, opioids, stimulants, and other sub-
stances. We assessed for substance use-related healthcare
encounters at any time during the study timeframe.

Index year and index visit

For our cluster analysis, we defined April 1%, 2014 to
March 31%, 2015 as the index year, and each patient’s
index visit as their last visit therein. We used a 365-day
pre-index period to examine baseline variables for our
cluster algorithm. We assessed mortality in the 365 days
post-index visit in B.C.

Demographics and healthcare utilization

We developed an a priori list of variables based on our
team’s clinical expertise, to characterize demographics,
healthcare utilization, and outcomes for our popula-
tion of interest. All variables and their sources are sum-
marized in Supplementary Table 2. We characterized
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demographics and ED visits using NACRS, hospitali-
zations using DAD, HMHDB-reported mental health
admissions (Ontario and Alberta), and for B.C. patients,
billed physician services using MSP, prescriptions using
PharmaNet, and mortality using Vital Statistics.

Diagnostic categories

In NACRS and DAD, we summarized ICD-10-CA diag-
noses, diagnostic categories using the 22 ICD-10-CA
chapters, and substance-related diagnoses using sub-
chapters within Chapter F10 (Mental and behavioral dis-
orders due to psychoactive substance use).

The HMHDB reports diagnoses within mental health
categories using ICD-10-CA (DAD), and the Diagnostic
and Statistical Manual of Mental Disorders (OMHRS and
HMHS) [24].

ED visit acuity

NACRS classifies ED visit acuity using the Canadian Tri-
age and Acuity Scale (CTAS), a national five-level system
to prioritize ED patient care [24]. CTAS has good inter-
rater reliability, and predictive validity for admission and
mortality [32, 33].

Majority source of care

For B.C. patients, we identified primary care physicians
and visits using MSP practitioner codes. We created a
binary Majority Source of Care variable assessed in the
pre-index period [34]. This standard for primary care
continuity identifies whether, among patients with>3
annual general practitioner services,>50% were pro-
vided by one practitioner.

Prescriptions

For B.C. patients, we identified prescriptions in Phar-
manet using drug and product identification numbers
(35, 36].

Housing status

Homelessness was documented in HMHDB. Though
unvalidated, it is derived from mandatory reporting
fields: “postal code” within DAD (Ontario and Alberta)
and “Usual Residential Status” in OMHRS (Ontario only)
[37].

Regularity index of ED visits

We calculated a regularity index (ranging from 0 to 1;
closer to 1 indicating greater regularity) to characterize
spacing between patients’ ED visits over the 365-day pre-
index visit period: (1)/{yist variancer With variance based
on days between visits [38]. To illustrate, a person with
12 equally spaced monthly visits would have an index of
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1, whereas a person with 12 randomly dispersed annual
visits would have an index close to 0.

Charlson comorbidity index

We calculated a Charlson Comorbidity Index for each
individual by assessing patients’ status on 17 comorbidi-
ties using NACRS primary ED diagnoses. This index has
predictive validity for mortality and has been validated
using ED data [39, 40].

Data analyses

Descriptive statistics We described demographics,
healthcare utilization, and mortality for people with fre-
quent ED use and substance use, people with frequent
ED visits and no substance use, and people with non-
frequent ED visits and substance use in each province
from April 1%, 2014 to March 31%, 2015. Since our char-
acterizations were exploratory in nature, we summarized
characteristics descriptively without undertaking testing
of statistical significance.

Cluster analyses We employed cluster analysis, com-
monly used in similar applications [41], to identify sub-
groups within our cohort with frequent ED visits and
substance use during index year April 1%, 2014 to March
31%, 2015. This method organizes data by optimizing
within-subgroup similarities and between-subgroup dif-
ferences [42, 43].

For our clustering algorithm, we included variables
describing visit patterns and clinical characteristics. As is
a common approach, our previous analyses and clinical
experience informed variable inclusion: [14, 44]

Age at index visit;

ED visit number;

Charlson comorbidity index;

Number of months that the patient visited an ED;
Regularity index;

S

Number of ICD-10-CA ED discharge diagnoses per-
taining to:

alcohol;

stimulants and psychoactive drugs;
opioids;

other substances;

10. number of distinct substances.

¥ © N o

We identified clusters using a Kmeans algorithm, then
used elbow plots in conjunction with pseudo-F tests to
determine that two clusters optimally described our data
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(Supplementary Tables 3,4,5; Supplementary Figs. 1,2, 3)
[43, 45].

We performed all analyses using R (R Development
Core Team, 2011).

Ethics approval

The University of British Columbia (UBC) Clinical
Research Ethics Board approved our study (H18-00,287
& H18-00,708). We received approvals from CIHI and
PopData to access the patient data used in our research.
Since we analyzed aggregate provincial administrative
data, the UBC Clinical Research Ethics Board deemed it
unnecessary to obtain individual informed consent from
all participants in the study.

Results

In 2014/15, our index year, we identified 19,604 people
with frequent ED visits and substance use in Ontario,
7,706 in Alberta, and 9,404 in B.C. These patients made
a median 5-6 ED visits/year and 42.3-65.5% had at least
one admission per year (Table 1). They accounted for
4.2%, 7.4%, and 9.7% of all people with frequent ED use in
each province. Patients were young (median 37-43 years)
and majority male (60.9-63.0%). In comparison, people
with frequent ED visits and no healthcare contact for
substance use made 3-5 median ED visits/year, a smaller
proportion (32.6-44.3%) were hospitalized at least once
per year, median age was older (46-56 years), and a
smaller proportion (54.9-56.5%) were male. People with
non-frequent ED visits (bottom 90%) and contact for
substance use made one ED visit/year, and fewer (25.8—
41.1%) had at least one admission per year. Similarly to
those with frequent ED visits and substance use, median
age was 36—43 years, and a majority (62.6%-64.0%) were
male.

Subgroups identified by cluster analysis
Our cluster analyses yielded similar characterizations
in Ontario, Alberta, and B.C. In all three provinces, we
identified two subgroups distinguished largely by ED
visit number: a subgroup with extremely frequent visits
(“extreme”; median visits/year in Ontario: 19; Alberta: 19;
B.C.: 13) and a subgroup with moderately frequent visits
(“moderate”; median visits/year in Ontario: 5; Alberta: 6;
B.C.: 4) (Table 2 and Supplementary Table 6).

We summarize subgroups’ demographic, clinical, and
healthcare utilization characteristics in Tables 2 and 3,
and Supplementary Table 6.

Demographics

In B.C., “extreme” versus “moderate” subgroups were
disproportionately represented in the lowest neighbor-
hood quintile, although this was not seen in Ontario
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and Alberta. Among those with a HMHDB-reported
admission, “extreme” versus “moderate” subgroups had
more documented homelessness (14.8% versus 4.7% in
Ontario; and 20.4% versus 7.0% in Alberta).

Clinical characteristics

“Extreme” versus “moderate” subgroups had a higher
proportion of mental health-related ED visits (41.7% ver-
sus 32.7% in Ontario; 31.5% versus 27.3% in Alberta; and
24.7% versus 18.8% in B.C.), and mental health-related
hospitalizations documented in both DAD (24.6% ver-
sus 19.7% in Ontario; 43.8% versus 41% in Alberta; and
51.1% versus 47.1% in B.C.) and HMHDB (52.6% versus
35.8% in Ontario; 47.3% versus 29.7% in Alberta). The
“moderate” subgroup had comparatively more digestive
system-related ED visits and hospitalizations, among
which pancreatitis, alcoholic cirrhosis, and alcoholic gas-
tritis were common. Both subgroups demonstrated low
Charlson comorbidity indices (median 0) in all provinces,
indicating a lack of chronic medical comorbidities among
these patients. Among ED visits, alcohol was the most
prevalent substance and accounted for proportionally
more visits within the “extreme” subgroup. Among all
subgroups, the most common discharge diagnoses were
alcohol intoxication (ED visits) and alcohol withdrawal
(hospitalizations).

Healthcare utilization

In all provinces, a greater proportion of ED visits made
by patients in the “extreme” versus “moderate” subgroup
arrived by ambulance (43.5% versus 34.7% in Ontario;
35.6% versus 30.9% in Alberta; and 49.4% versus 38.8% in
B.C.). Furthermore, greater proportions of patients in the
“extreme” versus “moderate” subgroups were hospital-
ized at least once in the index year (54.1% versus 40.6% in
Ontario; 72.8% versus 55.1% in Alberta; and 81.3% versus
61.7% in B.C.). In B.C,, the “extreme” subgroup had more
prescriptions, made more general practitioner visits, and
saw more individual general practitioners, however, a
smaller proportion had one physician as their majority
source of care (23.0% versus 39.0%).

Visit dispositions
A greater proportion of patients in the “extreme” versus
“moderate” subgroups were discharged or left against
medical advice but a smaller proportion were admitted
following individual ED visits.

Additionally, a greater proportion of patients in the
“extreme” versus “moderate” subgroups left against medi-
cal advice during a hospitalization.
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Table 1 Characteristics of people with (1) frequent ED visits (top 10%) and substance use; (2) frequent ED visits (top 10%) and no
substance use; and (3) non-frequent ED visits (bottom 90%) and substance use in Ontario, Alberta, and B.C. (April 1%, 2014 to March

31°,2015)
Characteristics Ontario Alberta B.C
Number of patients with at least one ED visit 2,572,057 841,346 643,000
Number of people with frequent ED visits (top 10%) 467,223 106,381 97,120
(1) Number of people with frequent ED visits (top 10%) and substance use 19,604 7,706 9,404
Sex, n (%)
Male 12,115 (61.8) 4,695 (60.9) 5,922 (63.0)
Female 7/489 (38.2) 3,011(39.1) 3,482 (37.0)
Age at year end (years)
Median (IQR) 40 (27-53) 37 (27-50) 43 (30-55)
Urban/rural residence, n (%)
Rural 2,760 (14.1) 2,032 (26.4) 470 (5.0)
Urban 15,985 (81.5) 5,001 (64.9) 8,862 (94.2)
NA 859 (4.4) 673 (8.7) 72(0.8)
Neighborhood income quintile, n (%)
1st Quintile 5,094 (26.0) 2,822 (36.6) 3,677 (39.1)
2nd Quintile 3,993 (204) 1,045 (13.6) 1,811 (19.3)
3rd Quintile 3,326 (17.0) 1,469 (19.1) 1,478 (15.7)
4th Quintile 3,045 (15.5) 781 (10.1) 1,195 (12.7)
5th Quintile 3,131 (16.0) 708 (9.2) 925 (9.8)
Unknown 156 (0.8) 208 (2.7) 245 (2.6)
Total number of ED visits 153,763 71,835 63,809
Number of ED visits per patient
Median (IQR) 5(3-8) 6 (5-10) 5(3-7)
Total number of admissions 17,547 10,555 15,245
Number of patients with at least one admission, n (%) 8,292 (42.3) 4,575 (59.4) 6,161 (65.5)
(2) Number of people with frequent ED visits (top 10%) and no substance use 447,619 (100) 98,675 (100) 87,716 (100)
Sex, n (%)
Male 194,507 (43.5) 43,433 (44.0) 39,539 (45.1)
Female 253,110 (56.5) 55,242 (56.0) 48,157 (54.9)
Unknown 2 (0.0) 0(0.0) 20 (0.0
Age at year end (years)
Median (IQR) 52 (33-70) 46 (30-64) 56 (36-74)
Urban/rural residence, n (%)
Rural 94,310 (21.1) 34,519 (35.0) 3,505 (4.0)
Urban 352,038 (78.6) 63,369 (64.2) 82,323 (93.9)
NA 1,271 (0.3) 787 (0.8) 1,888 (2.2)
Neighborhood income quintile, n (%)
Tst Quintile 100,949 (22.6) 38,638 (39.2) 22,801 (26.0)
2nd Quintile 95,055 (21.2) 13,456 (13.6) 18,591 (21.2)
3rd Quintile 78,814 (17.6) 19,859 (20.1) 16,413 (18.7)
4th Quintile 84,536 (189) 13,020 (13.2) 15,310 (17.5)
5th Quintile 85,691 (19.1) 10,488 (10.6) 13,175 (15.0)
Unknown 2,574 (OA6) 3,214 (3.3) 1,426 (1.6)
Total number of ED visits 1,996,495 632,736 379,037
Number of ED visits per patient
Median (IQR) 4 (3-5) 5(4-7) 3(3-5)
Total number of admissions 267,415 63,082 77379
Number of patients with at least one admission 146,047 (32.6) 33,454 (33.9) 38,836 (44.3)
(3) Number of people with non-frequent ED visits (bottom 90%) and substance use 6,088 (100) 2,742 (100) 12,967 (100)
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Table 1 (continued)
Characteristics Ontario Alberta B.C
Sex, n (%)
Male 3,895 (64.0) 1,717 (62.6) 8164 (63.0)
Female 2,192 (36.0) 1,025 (37.4) 4802 (37.0)
Unknown 1(0.0) 0(0.0) <5(0.0)
Age at year end (years)
Median (IQR) 37 (23-53) 36 (24-51) 43 (29-56)
Urban/rural residence, n (%)
Rural 755 (12.4) 456 (16.6) 836 (6.4)
Urban 5,165 (84.8) 2,203 (80.3) 11,060 (85.3)
NA 168 (2.8) 83 (3.0) 1,071 (8.3)
Neighborhood income quintile, n (%)
1st Quintile 1,349 (22.2) 802 (29.2) 3915(30.2)
2nd Quintile 1,297 (21.3) 466 (17.0) 2,623 (20.2)
3rd Quintile 1,047 (17.2) 605 (22.1) 2,229(17.2)
4th Quintile 1,083 (17.8) 374(13.6) 2,036 (15.7)
5th Quintile 1,075(17.7) 351(12.8) 1,744 (13.4)
Unknown 237 (3.9) 144 (5.3) 420 (3)
Total number of ED visits 9,903 15,328 17,643
Number of ED visits per patient
Median (IQR) 1(1-2) 1(1-4) 1(1-2)
Total number of admissions 1,844 1,521 8,050
Number of patients with at least one admission 1,568 (25.8) 1,117 (40.7) 5323 (41.1)

Subgroup mortality

In B.C., 7.1% (n=667) of people with frequent ED visits
and substance use died within 365 days of index visit in
2014/2015: 9.3% of people in the “extreme” versus 6.6%
in the “moderate” subgroup (Table 4). In comparison,
people with frequent ED visits and no substance use
had a 365-day mortality of 10.4% and people with non-
frequent ED visits and substance use had a 365-day
mortality of 4.3% during the same timeframe (Table 4).
Deceased patients in “extreme” subgroup had a median
age of 52 (IQR: 43-61), while those in the “moder-
ate” subgroup had a median age of 59 (IQR: 46-71). In
the “extreme” subgroup, alcoholic cirrhosis and alco-
holic liver disease accounted for 16.4% of deaths. In
the “moderate” subgroup, alcoholic liver disease and
alcoholic hepatic failure accounted for 8.4% of deaths.
Chronic hepatitis C accounted for 6.3% and 9.8% of
deaths in “extreme” and “moderate” subgroups, respec-
tively. In comparison, people with frequent ED vis-
its and no substance use most commonly died of lung
malignancy (9.0%) and 7.6% died of atherosclerotic
heart disease or myocardial infarction. Among people
with non-frequent ED visits and substance use, alco-
holic cirrhosis and hepatic failure accounted for 18.9%
of all deaths.

Discussion

Interpretation and findings

Our cluster analysis identified two subgroups with
“extreme” and “moderate” frequent visits that were simi-
lar in Ontario, Alberta, and B.C. with distinct patterns of
ED presentation. That a greater proportion of patients in
the “extreme” subgroup were discharged or left against
medical advice, and a smaller proportion were admitted
following individual ED visits may reflect underlying fac-
tors related to patient illness, socioeconomic barriers,
and challenging healthcare experiences. Such factors may
include untreated withdrawal, socioeconomic barriers to
staying in hospital, and healthcare provider difficulties
with communication or feelings of futility when treating
these patients. Patients in “extreme” subgroups demon-
strated a higher mortality than those in “moderate” sub-
groups (9.3% and 6.6%), which was higher than mortality
we observed in our comparison cohort of people with
non-frequent ED utilization and substance use (4.3%).
Interpreted in the context of low Charlson Comorbidity
Indices, substance use and frequent ED visits appear to
confer an increased risk of mortality unrelated to other
medical conditions (e.g., this could reflect complications
related to substance use itself, and/or lifestyle associ-
ated with substance use). Our identified “extreme” and
“moderate” subgroups’ mortality was lower than that of
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our comparison cohort with frequent ED visits and no
substance use (10.4%), an intuitive finding given that the
latter comprised older patients who likely had additional
clinical complexity.

Comparison to previous studies

Our findings align with previous studies indicating high
healthcare utilization and mortality among people with
frequent ED visits and substance use [13, 14].

Our analysis corroborates previous work demonstrat-
ing that data-driven cluster analysis can discriminate
subgroups of people who visit EDs frequently, which
are comparable across Canadian provinces [14, 46]. The
6.6% and 9.3% 365-day mortality we identified in “mod-
erate” and “extreme” subgroups in B.C.were comparable
to 4.7% to 8.8% mortality reported among people who
made alcohol-related ED visits with increasing frequency
in Ontario [13]. Our finding that many patients leave
against medical advice, particularly in the “extreme” sub-
group, also aligns with previous work.

Strengths and limitations

Our access to comprehensive population-level data in
three jurisdictions allowed us the unique opportunity to
characterize and compare people with frequent ED visits
and substance use inter-provincially.

Our study is limited by differential data availabil-
ity among provinces. We had access to physician bill-
ing (MSP) in B.C. only, and included this information
along with DAD and NACRS data to comprehensively
identify healthcare contact for substance use. However,
since MSP includes both in-hospital and community ser-
vices, its inclusion may have made our B.C. cohort dif-
ferent from patients in Ontario and Alberta. Similarly,
mortality data were only available in B.C., and HMHDB
only in Ontario and Alberta limiting comparability. Sec-
ond, our study did not have access to data on impor-
tant health determinants (e.g., employment, housing,
education, Indigenous status, ethnicity). Furthermore,
homelessness was only documented for patients with a
HMHDB-reported admission, and is unvalidated with
unclear accuracy and reliability. Nevertheless, our linked
province-level databases allowed a broad-reaching char-
acterization with the information available. Third, due
to delays to data access and linkage, 2015/16 is our most
recent data year. The evolving opioid overdose epidemic
would likely influence results more recently. Nonethe-
less, characterization until 2015/16 offers an important
understanding of our cohort at the beginning of the opi-
oid overdose epidemic, and reveals patterns remaining
relevant today. Finally, our ICD10-CA-based substance
use definition for cohort identification is unvalidated.
We adopted a CIHI definition to align our analysis with
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a national standard, however CIHI’s definition includes
codes that may not select for our intended population
(e.g., accidental poisonings).

Clinical implications
Although our analyses are exploratory and did not
identify causal factors underlying frequent ED visits,
we hypothesize that recurrent ED visits by our patient
cohort may suggest gaps in access to evidence-based
substance use disorder management and mental health
care in EDs and communities [47], particularly for the
“extreme” subgroup. For instance, patients may present
to EDs when their substance use-related needs are not
met elsewhere, such as when primary care physicians are
uncomfortable with substance use management and/or
unable to liaise with addiction specialists. Or, ED physi-
cians may not know which treatments are available and/
or be unable to offer timely follow-up, leading to repeat
ED presentations. Alternatively, in light of high overall
levels of healthcare system encounters (e.g., ED visits,
hospitalizations, visits to family physicians) our analyses
may indicate that patients in our cohort may have under-
gone appropriate screening and/or have been offered
first-line and additional treatments for substance use
disorder at some point, but for a variety of reasons may
not have benefited from these programs. Our findings
suggest a need to explore whether improving access to
or uptake of first-line and additional treatments for sub-
stance use disorder (e.g., managed alcohol programs),
and strengthening continuity with primary and mental
health care could benefit our patient cohort. A prevalence
of gastrointestinal and liver-related pathology among our
cohort, particularly in the “moderate” subgroup, suggests
that screening for drug and alcohol use-related compli-
cations may be beneficial. Our analysis identified similar
subgroups in Ontario, Alberta, and B.C., demonstrating
generalizability across provinces. These province-specific
characterizations suggest that clinical characteristics of
our patient cohort and potential interventions may be
applicable to multiple Canadian and non-Canadian juris-
dictions. Our analyses suggest that healthcare providers,
policy makers, and health planners in multiple jurisdic-
tions may collaboratively plan common approaches to
address the needs of comparable patient populations.
Our findings must be interpreted in light of evidence
supporting the effectiveness of interventions targeted
towards people with frequent ED visits. For instance,
interventions like case management have been shown
to reduce numbers of ED visits, and may produce over-
all cost savings [48, 49]. Substance and alcohol use pres-
entations are among the factors associated with chronic
high ED utilization among people with frequent ED vis-
its, highlighting the clinical importance of the overlap
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between these two populations [50, 51]. Increasing rec-
ognition of multiple factors associated with long-term
frequent ED utilization (e.g., substance use, homeless-
ness, mental health issues) suggest that screening inter-
ventions could enable the early detection of patients at
risk and the initiation of preventative interventions that
address underlying unmet needs driving high utilization
[50, 51]. ED visits may be the optimal points of health-
care contact to engage patients with harmful substance
use in preventive intervention, and these opportunities
are not always recognized [52]. Evidence and guidelines
support that ED-based substance use screening and
interventions such as brief motivational interviewing for
patients with harmful alcohol use, and buprenorphine/
naloxone and take-home naloxone for patients with opi-
oid use disorder, can decrease harmful substance use and
improve engagement in addictions care [16, 17, 53, 54].
Taken in context of the existing literature, our analyses
emphasize the importance of recognizing the confluence
of substance use and frequent ED utilization as confer-
ring high risk particularly when ED visits are very high,
and therefore that these factors should be considered a
potential basis of targeted screening and interventions to
mitigate future harm.

Research implications

More research is needed to better understand differences
between “extreme” and “moderate” subgroups of patients
with frequent ED visits and substance use, and drivers
of healthcare utilization and outcomes. This research
should specifically engage patient subgroups to better
understand unmet needs.

Conclusions

Our study identified unique subgroups of people with
substance use who make “extreme” and “moderate” fre-
quent ED visits. Subgroups had similar utilization pat-
terns and clinical characteristics in Ontario, Alberta,
and B.C., suggesting that characteristics and potential
interventions may be generalizable across multiple juris-
dictions. The confluence of frequent ED utilization and
substance use appeared to confer increased mortality
risk, particularly among subgroups with extremely fre-
quent ED visits. In the context of existing evidence sup-
porting the effectiveness of ED-initiated interventions for
patients with substance use, our data indicate a potential
role for targeted screening and intervention based on fre-
quency of ED use. Our findings suggest a need to explore
whether improving access to and uptake of evidence-
based substance use disorder management in EDs, and
strengthening continuity with primary and mental health
care, may benefit our target patient cohort.
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