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Abstract

Background: A small proportion of patients utilizes a disproportionately large amount of emergency department
(ED) resources. Being able to properly identify chronic frequent ED users, i.e. frequent ED users over a multiple-year
period, would allow healthcare professionals to intervene before it occurs and, if possible, redirect these patients to
more appropriate health services. The objective of this study was to explore the factors associated with chronic
frequent ED utilization in a population with diabetes.

Methods: A population-based retrospective cohort study using administrative data was conducted on 62,316 patients
with diabetes living in metropolitan areas of Quebec (Canada), having visited an ED during 2006, and still alive in 31
December 2009. The dependant variable was being a chronic frequent ED user, defined as having at least 3 ED visits per
year during three consecutive years (2007-2009). Independent variables, measured during 2006, included age, sex,
neighbourhood deprivation, affiliation to a general practitioner, and number of physical and mental health comorbidities.
Logistic regression and tree-based method were used to identify factors associated with chronic frequent ED use.

Results: A total of 2.6% of the cohort (patients with diabetes and at least one ED visit in 2006) was identified as chronic
frequent ED users. These patients accounted for 16% of all ED visits made by the cohort during follow-up. The cumulative
effect of a high iliness burden combined with mental health disorders was associated with an increased risk of chronic
frequent ED use.

Conclusions: Interventions must target the population at higher risk of becoming chronic frequent ED users and should
be designed to manage the complex interaction between high illness burden and mental health.
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Background

Emergency department (ED) overcrowding has become
a critical issue for many hospitals [1] and it is well ac-
knowledged that a small proportion of patients uses a
disproportionately large amount of ED resources [1, 2].
Many studies discussed the concept of frequent users
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[3-9] but few of them used a standard definition. How-
ever, frequently used definitions are at least three or four
ED visits during a 1-year period [1, 10-14]. The use of
ED services by frequent users can often be perceived as
inappropriate and non-urgent [15, 16], resulting in unco-
ordinated and less effective care as compared to what
these patients would receive in primary care [17, 18].
This situation generates substantial costs to the health
care system [19, 20], it decreases ED efficiency [2], and
contributes to ED overcrowding [21, 22].
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Being able to properly identify chronic frequent ED
users (CFUs), i.e. frequent ED users over a multiple-year
period, would allow healthcare professionals to intervene
before it occurs and, if possible, redirect these patients
to more appropriate health services [23]. A recent scop-
ing review on individual predictors of frequent ED use
and CFU [24] found that, in general, frequent ED users
over 1 year had a low socioeconomic status, high levels
of health care use (other than the ED), and suffered from
multiple physical and mental health conditions. To date,
however, very few studies have focussed on CFU.

Patients living with diabetes are known to be high health
care users [25, 26]. In a study conducted on patients with
cardiovascular risk factors (including diabetes), about 5%
used near 50% of all ED visits made by that population
[10]. In another study conducted specifically on patients
with diabetes living in a metropolitan area (Montreal,
Canada) [27], patients living in materially or socially

Table 1 Comorbidities and their associated classification codes*
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deprived neighbourhoods were more likely to frequently
visit EDs.

To our knowledge, no study has analysed CFU in the popu-
lation with diabetes. Furthermore, a better understanding of
factors associated with CFU is critical in order to improve
care, reduce their ED visits and associated costs by direct ef-
fective interventions. The objective of this study was thus to
explore the factors associated with CFU, ie. frequent ED use
for three consecutive years, in a population with all forms of
diabetes.

Methods

Design and data sources

This is a population-based retrospective cohort study.
Patient data were obtained from the provincial health in-
surance board (Régie de lassurance maladie du Québec:
RAMQ), which provides universal health insurance to
Quebec residents, including coverage for physician and

Comorbidity ICD-9 ICD-10
Mental health comorbidities
Any mental health dis. 290-319 FOO-F99
Substance abuse 291, 292, 303, 304, 305 F10-F19, F55

Dementia 290, 291, 294
Other mental health dis.

Physical comorbidities

Complication of diabetes 250.1-250.9
High blood pressure 401-405
Dyslipidemia 272
Injury 800-999
Cardiovascular disease (CVD):

Myocardial infarction 410, 411
Congestive heart failure 298, 402, 428
Peripheral vascular disease 440-447
Cerebrovascular disease 430-435
Chronic obstructive pulmonary disease (COPD) 491-493
Connective tissue disease 710, 714, 725
Ulcer disease 531-534
Liver disease 571,573

070, 570, 572

Renal disease 403-404, 580-586

Cancer:
Any tumor 140-195
Leukemia 204-208
Lymphoma 200-203
Metastatic solid tumor 196-199

290-319 except 290-292, 294, 303, 304, 305

FOO-F06, FO9, F10
FO0-F99 except FOO-FO6, FO9 -F19, F55

E10-E14 not E10.9

[10-115

E78, £75.2-3-5-6, E77.0-9, E88.1-2, H026
S00-T99

1200, 121, 122, 124, 151.3

109.0, 111, 150

170-177

G45.0-G45.2, G454, G45.8, G45.9, 160-162
J41-J45

MO5, M06, M08, M09, M12, M32-M36, L871
K25-K28

K70, K71, K73-K77

B15-B19, K72

112-113, NOO, NO1, NO3-NO5, NO7, N08, N14,
N17-N19, N150, N16.3, N29.0

C00-C76

C91-C95

C81-C86, €88, C90, C9%
C77-C80, C97

*The majority of the comorbidities are conditions listed in the D’Hoore adaptation of the Charlson comorbidity index
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hospital services. The RAMQ owns and manages
administrative health registers including hospital discharges
(MED-ECHO), patients’ demographic information, and
physicians’ reimbursement claims for health care (including
hospital inpatients and outpatients, emergency and private
clinics). The MED-ECHO registry contains information on
dates of hospitalizations, length of stay, the main and sec-
ondary diagnoses (ICD-9 before 2006, ICD-10 thereafter).
The RAMQ demographic database provides information
on patients’ age, gender, and date of death. The physician
reimbursement claims register provides the date of service
and the diagnosis (ICD-9) specific to the medical visit.
Using a unique encrypted identifier, patient data from these
registers were linked to provide information on demo-
graphic characteristics and medical information. In order to
use neighbourhood information such as material and social
deprivation as provided by the 2006 Census of population
for dissemination areas (DA), each patient was spatially
linked to one and only 1 DA using the postal code conver-
sion file (PCCF) from Statistics Canada.

Case definition of diabetes

A patient was considered living with diabetes (any form)
if he/she had received a primary or secondary diagnosis
of diabetes (ICD-9: 250; ICD-10: E10-E14) during a
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hospitalization or had at least three physician claims
within 1 with a diagnosis of diabetes. This case definition
have also been used elsewhere [14, 27].

Studied population

The studied population included all individuals aged
>30 years with any form of diabetes (according to the
case definition above) between January 1999 and
December 2006, alive at the end of 2006, having visited
an ED at least once during 2006. Since rural residents
have often limited access to EDs (in terms of proximity)
and the pattern of use of EDs may differ between urban
and rural areas [28], we restricted the study population
to patients living in one of the six metropolitan areas of
the province of Quebec, Canada (Montréal, Québec,
Gatineau, Sherbrooke, Trois-Rivieres, Saguenay). All pa-
tients that died during the 3 years follow-up period
(2007-2009) were excluded.

Variables

The following binary dependent variable was defined:
being a CFU (=3 visits per year for three consecutive
years: 2007, 2008 and 2009). ED visits made on consecu-
tive days were considered referring to the same ED epi-
sode and were counted only once. The choice of using a

~N

> 30 years with diabetes*
between 1999 and 2006

n=424,432
Exclusions:
Living outside a MA** ¢
in 2006
n = 146,581 (34.5%
( ) v

Living in a MA** in 2006

n=277,851
Exclusions:
Died before January ¢
15t 2007
n =55,042 (19.8%)
n=222,809
Exclusions:
3 Without any ED visit
in 2006
n = 147,466 (66.2%)
n=175,343
Exclusions:
Died during E
2007-2009
n=13,027 (17.3%) )
Study cohort
n=62,316

Fig. 1 Study cohort flow diagram. * A patient was considered living with diabetes if he/she received a diagnosis of diabetes (ICD-9: 250; ICD-10: E10-E14)
during a hospitalization or at least three physician claims within 1 year with an identical diagnosis. ** MA: Metropolitan area
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threshold of 3 ED visits to define frequent users was
based on the distribution of ED visits: 12.9% of patients
made 57.0% of all ED visits in 2007.

We accounted for the following independent variables
measured before follow-up: sex, age, being affiliated to a
general practitioner (GP), having visited in 2006 an
endocrinologist, an ophthalmologist or an internist, living
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in a materially or socially deprived neighbourhood (corre-
sponding to the 2 most deprived quintiles), having been
hospitalized for any cause in 2006, the D’Hoore adaptation
of the Charlson comorbidity index [29] (excluding dia-
betes), the presence of specific physical comorbidities
(complications of diabetes, high blood pressure, dyslipid-
emia, injury, chronic obstructive pulmonary disease

Table 2 Characteristics of the study cohort living with diabetes and factors associated with the risk of being a chronic frequent ED

Crude OR (95% Cl)

Age-sex adj. OR* (95% Cl)

Fully adj. OR" (95% Cl)

user (CFU)
Characteristics Total, n (%) Non-CFUs, n (%) CFUs, n (%)
Total, n (%) 62,316 (100) 60,710 (97.4) 1606 (2.6)
Sex
Male 30,938 (49.6) 30,457 (50.2) 685 (42.6)
Female 31,378 (504) 30,253 (49.8) 921 (57.4)
Age group
30-54 years 14,801 (22.6) 13,618 (224) 463 (28.8)
55-64 years 14,949 (24.0) 14,646 (24.1) 303 (18.9)
65-74 years 16,214 (26.0) 15,803 (26.0) 411 (25.6)
75 + years 17,072 (274) 16,643 (274) 429 (26.7)
Material deprivation 22,239 (35.7) 21,551 (35.5) 688 (42.8)
Social deprivation 32,054 (514) 31,089 (51.2) 965 (60.1)
Affiliation to a GP 37,227 (59.7) 36,383 (59.9) 844 (52.6)
Visit to an endocrinologist 11,941 (19.2) 11,605 (19.1) 336 (20.9)
Visit to an ophthalmologist 22,974 (36.9) 22,404 (36.9) 570 (35.5)
Visit to an internist 10,480 (16.8) 10,154 (16.7) 326 (20.3)
Substance abuse 2665 (4.3) 2457 (4.1) 208 (13.0)
Dementia 4011 (64) 3849 (6.3) 162 (10.1)
Other mental disorder 13,967 (224) 13,305 (21.9) 662 (41.2)
Hospitalization in 2006 28,664 (46.0) 27,655 (45.6) 1009 (62.8)
Charlson Comorbidity index (CCl)
0 32,716 (525) 32,226 (53.1) 490 (30.5)
1 10,959 (17.6) 10601 (17.5) 358 (22.3)
2 7937 (12.7) 7694 (12.7) 243 (15.1)
3+ 10,704 (17.2) 10,189 (16.8) 515 (32.1)
Complications of diabetes 22,778 (36.6) 21,982 (36.2) 796 (49.6)
High blood pressure 27,639 (444) 26,791 (44.1) 848 (52.8)
Dyslipidemia 12,640 (20.3) 12,186 (20.1) 454 (28.3)
Injury 24,845 (39.9) 23,943 (394) 902 (56.2)
COPD 7657 (12.3) 7161 (11.8) 496 (30.9)
CvD 14,513 (233) 13,955 (23.0) 558 (34.7)
Cancer 7467 (12.0) 7247 (11.9) 220 (13.7)
Renal disease 7575 (12.2) 7231 (11.9) 344 (214)
Liver disease 2422 (3.9 2282 (3.8) 140 (8.7)
Connective tissue dis 1298 (2.1) 1253 (2.1) 45 (2.8)
Ulcer disease 1041 (1.7) 989 (1.6) 52 (3.2)

Ref Ref Ref
1.34 (1.21-1.48) 1.34 (1.21-1.48) 1.27 (1.14-141)
Ref Ref Ref
0.61 (0.52-0.70) 0.62 (0.53-0.71) 0.62 (0.53-0.72)
0.76 (0.67-0.88) 0.76 (067-0.87) 0.76 (0.66-0.88)
0.76 (0.66-0.87) 0.73 (0.64-0.84) 0.73 (0.62-0.85)
1.36 (1.23-1.51) 1.34 (1.21-148) 1.28 (1.16-1.42)
143 (1.30-1.59) 142 (1.28-1.57) 1.28 (1.15-1.42)
0.74 (0.67-0.82) 0.77 (0.69-0.85) 1(0.73-0.89)
1.12 (0.99-1.26) 1.09 (0.96-1.23) 10 (0.97-1.25)
0.94 (0.85-1.04) 0.96 (0.87-1.07) 1.00 (0.90-1.12)
1.27 (1.12-1.44) 129 (1.14-145) 1.07 (0.94-1.21)
353 (3.03-4.10) 3.60 (3.09-4.19) 2.04 (1.71-243)
1.66 (1.40-1.96) 1.74 (147-2.07) 1 (0.50-0.75)
250 (2.26-2.76) 241 (217-267) 1(1.72-2.13)
2.02 (1.82-2.24) 2.10 (1.89-2.33) 1.03 (0.89-1.19)
Ref Ref Ref
2.22 (1.94-2.55) 239 (2.08-2.74) 1.56 (1.31-1.86)
2.08 (1.78-243) 2.38 (2.04-2.80) 1.77 (142-2.21)
332 (293-3.77) 3.96 (347-4.52) 1 (1.63-2.99)
3 (1.57-1.91) 1.78 (1.61-1.97) 1.08 (0.96-1.23)
142 (1.28-1.56) 1.51 (1.36-1.68) 0.99 (0.88-1.11)
1.57 (1.40-1.75) 1.65 (1.48-1.84) 0.95 (0.84-1.08)
1.97 (1.78-2.17) 1.96 (1.78-2.17) 1(1.54-1.89)
3.34 (3.00-3.72) 3.34 (3.00-3.73) 1(1.75-2.30)
1.78 (1.61-1.98) 200 (1.80-2.23) 1(0.95-1.28)
1.17 (1.01-1.35) 1.24 (1.08-1.44) 0.78 (0.64-0.96)
202 (1.78-2.28) 2.18(1.93-247) 1.08 (0.90-1.30)
44 (2.05-2.92) 247 (206-2.95) 1.27 (1.04-1.56)
1.37 (1.01-1.85) 1.34 (0.99-1.82) 0.94 (0.69-1.29)
2.02 (1.52-2.68) 1 (1.59-2.80) 1.27 (0.94-1.70)

“Adjusted only for age and sex. For the variables age and sex, the model is adjusted for the other variable

TAdjusted for all variables of Table 2
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(COPD), cardiovascular disease (CVD), cancer, renal dis-
ease, liver disease, connective tissue disease, ulcer disease),
and the presence of mental health disorders (substance
abuse, dementia, other mental health disorder). The phys-
ical and mental health comorbidities were calculated using
the diagnoses reported in MED-ECHO and in the physi-
cians’ claims register between January and December 2006
(Table 1). Most of the selected comorbidities are listed in
the comorbidity index, and some are related to the dia-
betes condition (complications of diabetes, high blood
pressure, dyslipidemia). To determine if a patient was affil-
iated to a GP, we considered all ambulatory visits to GPs
(excluding at EDs) during the 2-year period (2005-2006)
before follow-up. A patient was considered affiliated to a
GP if at least 75% of all these visits were made to the same
GP. If a patient had only one visit to a GP during that
period, he/she was considered affiliated to a GP [30].
Neighbourhoods were considered materially or socially
deprived if they belonged to the two most deprived popu-
lation quintiles (4th or 5th quintiles) according to the
Pampalon deprivation index [31].
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Statistical analysis

Multiple logistic regression was used to model the odds
of being a CFU including all independent variables de-
fined above, using SAS software Version 9.4. We also
performed tree-based analyses using the RTREE pro-
gram [32, 33] by sex and age group (30—54; >55). Tree-
based analysis is a nonparametric method of recursive
partitioning allowing identification of hierarchically or-
ganized risk factors for a dichotomous outcome. This
approach has the advantage of taking into account inter-
actions between independent variables and forming
homogeneous profiles of populations according to their
risk of outcome. The relevance of this method to investi-
gate health issues using RAMQ data has been demon-
strated by Vanasse et al. [34, 35].

Results

The study cohort included 62,316 patients with diabetes
(Fig. 1), among which 8031 (12.9%) visited an ED at least
3 times during 2007, 2961 (4.8%) visited an ED at least 3
times per year for two consecutive years (2007-2008),

Sex (F vs M)

Age 55-64 (vs 30-54)
Age 65-74 (vs 30-54)
Age 75 + (vs 30-54)

Affiliation GP
Visit to endo

Visit to ophthalmo
Visit to internist

MD
VISITS SES

Substance abuse
Dementia
Other mental problem

MENTAL
HEALTH

Previous hospitalization
Comorbidity index =1 (vs 0)
Comorbidity index = 2 (vs 0)
Comorbidity index > 2 (vs 0)

Complication DB
High blood pressure
Dyslipidemia

Injury

COPD

CVD

Cancer

Renal disease

Liver disease
Connective tissue disease
Ulcer disease

PHYSICAL HEALTH

——]

MH

=

for all independent variables (fully adjusted model)

Fig. 2 Risk of being a chronic frequent ED user (CFU) in a population with diabetes: multiple logistic regression analysis* (n = 62,316). *Adjusted

0.5 1.0 2.0 3.0
Adjusted OR
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and 1606 (2.6%) visited an ED at least 3 times per year
for three consecutive years (2007-2009). Hence, only
20% of frequent ED users in 2007 became CFUs. These
latter patients represent the CFU group. As compared to
non-CFUs, they were more often women, younger, lived
in more deprived neighbourhoods, have been previously
hospitalized in a higher proportion, and had more phys-
ical and mental health comorbidities (Table 2).

The most important predictors (i.e. those with the
highest odds ratios) of CFU were (Fig. 2, Table 2): having
a higher comorbidity index, a substance abuse diagnosis,
a mental health diagnosis, a diagnosis of COPD, and a
diagnosis of injury. Being a woman, having a diagnosis
of a liver disease, and living in deprived neighbourhoods
were also associated with an increased risk of CFU, but
to a lesser extent. Conversely, older age, having a diag-
nosis of dementia, and being affiliated to a GP were all
associated with a reduced odds of CFU.

Profiles generated by the tree-based analysis by sex and
age group (Figs. 3 and 4) included the subgroup with the
most important proportion of CFUs (26.4%), namely female
patients aged 30-54 years with a nonzero comorbidity
index and diagnosed during 2006 with a mental health dis-
order (other than dementia) and substance abuse. Predic-
tors remain essentially the same between women and men
and between younger and older patients, younger female
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patients being more at risk of being CFU than male
patients.

Discussion

This study is one of the few to evaluate predictive factors
of CFU and the only one in a population with diabetes. A
total of 2.6% of patients with diabetes were identified as
CFUs, which means that they were frequent ED users (>3
ED visits) for three consecutive years. In addition, these
few patients cumulated a large proportion (16%) of all ED
visits made by the cohort during 3 years (2007—-2009).

The cumulative effect of a high illness burden (comorbid-
ity index, COPD, injury) combined with mental health dis-
orders (substance abuse, mental health disorder other than
dementia) was associated with an increased risk of CFU.
Moreover, being younger (30—54), a woman, and living in
deprived neighbourhoods intensified that risk. Tree-based
analyses provide additional information that may be helpful
to clinicians by generating subgroups particularly at risk of
being CFU. For example, 26.4% of women aged 30—54 years
with a nonzero comorbidity index, a diagnosed mental
health disorder and substance abuse were CFUs, whereas
15.1% of men aged 30-54 years diagnosed with substance
abuse and injury were CFUs. Patients without comorbidities
(physical and mental) had very low risk of being CFUs.

n=921
N =31,378
WOMEN 29%
30-54y 2565y
n =279 n =642
N = 6,688 N = 24,690
4.2 % 2.6 %
Comorbidity index = 1 | Comorbidity index = 0 COPD | No COPD
n =180 n =99 n =206 n =436
N =2,100 N =4,588 N = 3,529 N=21,161
8.6 % 22% 5.8 % 21 %
Mental dis.* | No mental dis. Injury No injury Mental dis.* | No mental dis. Comorbidity index 2 3 | Comorbidity index < 3
n=121 n=59 n=>55 n=44 n=91 n=115 n=120 n=2316
N =871 N=1,229 N =1,696 N =2,892 N=1,123 N =2,406 N=2,984 N =18,177
13.9 % 4.8 % 32% 1.5% 8.1% 4.8 % 4.0 % 1.7 %
Subst. abuse | No subst. abuse COPD ‘ No COPD Age <49 ‘Age >49 Dyslipidemia | No dys. Injury | No injury Injury |No injury Mental dis.*| No mental dis.
n=43 n=78 n=35 n=24 n =46 n=9 n=7 n=37 n=>58 n=33 n=76 n=44 n=107 n =209
N =163 N =708 N =492 N=737 N=1,053 N =643 N =207 N =2,685 N =560 N =563 N = 1,453 N=1,531 N=3779 | [N =14,398
26.4 % 11.9 % 7.1‘ % 33% 4.{ % 1.4 % 34 % 1.4 % 10,{1 % 5.3 % 52\ % 29% 28% 1.5%
0 | | | — |
25 ; i ;
0 ; |
% 15 : |
0 : s 1 = : ;
5 I 3 I . |
0 m B - = . H s = .
* Other than substance abuse or dementia
Fig. 3 Risk profiles of being a chronic frequent ED user (CFU) in a women population with diabetes: tree-based approach*. *In each box, n represents
the number of CFUs and N the total number of patients (CFUs and Non-CFUs). The percent represents the proportion of CFUs in the subgroup
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* Other than substance abuse or dementia

n =685
MEN N = 30,938
22%
30-54y 255y
n =184 n =501
N=7393 N = 23,545
2.5% 2.1 %
Subst. abuse ‘ No subst. abuse COPD I No COPD
n =56 n=128 n =160 n =341
N =570 N =6,823 N =2,759 N =20,786
9.8 % 1.9 % 5.8 % 1.6 %
Injury | No injury Comorbidity index 2 1 | Comorbidity index = 0 Injury | No injury Comorbidity index = 1 | Comorbidity index = 0
n =46 n=10 n=>54 n=74 n=93 n=67 n=224 n=117
N =305 N =265 N =1,789 N =5,034 N =1,149 N=1,610 N=10,184 N =10,602
15.1 % 3.8% 3.0 % 1.5 % 8.1 % 4.2 % 22% 1.1%
: Injury [No injury Mental dis.* | No Mental dis.* | No mental dis. Mental dis.* | No Mental dis.* | No mental dis.
n=37 n=17 n=28 n =46 n =39 n=>54 n=75 n =149 n=27 n =90
N=773 N=1,016 N =998 N =4,036 N =325 N =824 N=2,043 || N=8,141 N=1,400 |[ N=9,202
48 % 1.7% 28 % 1.1 % 12.0 % 6.6 % 3.7% 1.8 % 1.9 % 1.0%
- H H ' H H H
15 :
%10 ;
5 i
. l I [ | . = I . l [ | [ | mm

Fig. 4 Risk profiles of being a chronic frequent ED user (CFU) in a men population with diabetes: tree-based approach*. *In each box, n represents the
number of CFUs and N the total number of patients (CFUs and Non-CFUs). The percent represents the proportion of CFUs in the subgroup

As reported in a recent scoping review [24], only four
studies [36—39] examined specifically the factors associ-
ated with CFU. These factors included: previous ED
utilization, having contact with psychiatric care, living
alone and perceived loneliness, and having multiple
chronic conditions including mental health disorders. Our
study not only confirms that high illness burden (espe-
cially COPD and injury), and mental health disorders are
associated with CFU, it provides specific subgroups par-
ticularly at risk of CFU, such as younger women with
combined high illness and mental health burden.

Many frequent ED users present chronic conditions
that should be cared for by primary ambulatory care:
Ambulatory Care Sensitive Conditions (ACSC). ACSC
are chronic conditions for which adequate ambulatory
care can prevent deterioration or complications
requiring visits to the ED or hospitalisations [40],
such as asthma, COPD, diabetes, epilepsy, high blood
pressure, heart failure and atherosclerotic cardiovascu-
lar disease [41].

Primary care should be organized in order to meet the
needs of patients with a high illness burden and mental
health comorbidity. In fact, as much as 10% of CFUs had
COPD, injury and a mental health disorder and almost

40% had two of these illnesses or disorders, as opposed to
less than 2% and 15%, respectively, of non-CFUs (data not
shown). The combination of these disorders are not infre-
quent in a population already living with diabetes. Target-
ing especially these complex patients may have a positive
impact on their health needs and on the healthcare deliv-
ery. An interdisciplinary approach with health profes-
sionals, including mental health and social services is
essential. Considering the complexity of these CFUs, case
management is often suggested to promote better integra-
tion of health and social services [42, 43].

Another implication of the findings is the need to en-
courage policy makers to prioritize efforts to reduce the
factors contributing to deprived neighbourhoods. These
include inadequate income for individuals and families
as well as insufficient affordable housing. Reducing bar-
riers that inhibit access to mental health treatment is an-
other important avenue.

Strengths and limitations

Strengths are related to the large number of patients
included in the cohort (n = 62,316) and the fact that the
study reflects a real-world situation. Also, a tree-based
approach was used to describe specific profiles of patients
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with diabetes according to their risk of being CFU. The
main limitation is related to the use of administrative
databases. First, socioeconomic information was not
available at the individual level in administrative data, so
we used a socioeconomic proxy at the neighbourhood-
level, which may lead to some ecological bias [44]. Since
this study was performed on a specific subpopulation
(with diabetes) living in metropolitan areas, these results
may not be generalizable to the general population
limiting its external validity. Finally, although the algo-
rithm used to identify diabetes cases has not been expli-
citly validated and differs from the National Diabetes
Surveillance System definition, we can expect that the
algorithm used for this study will have a low sensitivity
but a very high specificity.

Conclusion

In conclusion, CFUs are infrequent (2.6%) among patients
with diabetes, but they cumulated 16% of all ED visits
made by the study cohort over a 3-year period. Interven-
tions must target the population at higher risk of becom-
ing CFU and should be designed to manage the complex
interaction between diabetes, other chronic conditions
and mental health disorders.

Abbreviations

CFU: Chronic frequent ED user; COPD: Chronic obstructive pulmonary disease;
CVD: Cardiovascular disease; DA: Dissemination area; ED: Emergency department;
GP: General practitioner; ICD: International classification of diseases; PCCF: Postal
code conversion file; RAMQ: Régie de I'assurance maladie du Québec

Acknowledgements
Not applicable.

Funding

This study was supported by the Canadian Institutes of Health Research
(CIHR #204982), the Fonds de recherche du Québec—Santé, and the
Département de médecine de famille et de médecine d'urgence at the
Université de Sherbrooke.

Availability of data and materials

The datasets generated and/or analysed during the current study are not publicly
available due to individual privacy but are available from the corresponding
author on reasonable request.

Authors’ contributions

CH, AV, and JC contributed to the concept and design of the study, data
gathering and interpretation. JC performed the analyses and drafted the
manuscript, and CH, AV, and CK contributed substantially to its revision. All
authors read and approved the final manuscript.

Ethics approval and consent to participate

This study was approved by the Research Ethics Board Committee of the
Université de Sherbrooke and by the Commission daccés a linformation of
Quebec. Consent to participate was provided by the data owner (RAMQ).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Page 8 of 9

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Received: 15 February 2017 Accepted: 18 July 2017
Published online: 04 August 2017

References

1. Hunt KA, Weber EJ, Showstack JA, Colby DC, Callaham ML. Characteristics of
frequent users of emergency departments. Ann Emerg Med. 2006;48(1):1-8.

2. LaCalle E, Rabin E. Frequent users of emergency departments: the myths,
the data, and the policy implications. Ann Emerg Med. 2010;56(1):42-8.

3. Mandelberg JH, Kuhn RE, Kohn MA. Epidemiologic analysis of an urban, public
emergency department’s frequent users. Acad Emerg Med. 2000;7(6):637-46.

4. Freitag FG, Kozma CM, Slaton T, et al. Characterization and prediction of
emergency department use in chronic daily headache patients. Headache.
2005;45(7):891-8.

5. Palmer E, Leblanc-Duchin D, Murray J, et al. Emergency department use: is
frequent use associated with a lack of primary care provider? Can Fam
Physician. 2014,60(4).e223-9.

6. Paul P,Heng BH, Seow E, et al. Predictors of frequent attenders of emergency
department at an acute general hospital in Singapore. Emerg Med J. 2010;
27(11):843-8.

7. Doupe MB, Palatnick W, Day S, et al. Frequent users of emergency departments:
developing standard definitions and defining prominent risk factors. Ann Emerg
Med. 2012,60(1):24-32.

8. Zuckerman S, Shen YC. Characteristics of occasional and frequent emergency
department users: do insurance coverage and access to care matter? Med
Care. 2004;42(2):176-82.

9. Moore G, Gerdtz M, Manias E, et al. Socio-demographic and clinical
characteristics of re-presentation to an Australian inner-city emergency
department: implications for service delivery. BMC Public Health. 2007;7:320.

10.  Friedman BW, Serrano D, Reed M, et al. Use of the emergency department
for severe headache. A population-based study. Headache. 2009;49(1):21-30.

11. Bieler G, Paroz S, Faouzi M, et al. Social and medical vulnerability factors of
emergency department frequent users in a universal health insurance system.
Acad Emerg Med. 2012;19(1):63-8.

12. Huang JA, Tsai WC, Chen YC, et al. Factors associated with frequent use of
emergency services in a medical center. J Formos Med Assoc. 2003;102(4):222-8.

13. Sun BC, Burstin HR, Brennan TA. Predictors and outcomes of frequent emergency
department users. Acad Emerg Med. 2003;10(4):320-8.

14.  Bergeron P, Courteau J, Vanasse A. Proximity and emergency department use:
multilevel analysis using administrative data from patients with cardiovascular
risk factors. Can Fam Physician. 2015;61(8).e391-7.

15, Griswold SK, Nordstrom CR, Clark S, et al. Asthma exacerbations in north
American adults: who are the “frequent fliers” in the emergency department?
Chest. 2005;127(5):1579-86.

16.  Hwang SW. Homelessness and health. CMAJ. 2001;164(2):229-33.

17. Salit SA, Kuhn EM, Hartz AJ, et al. Hospitalization costs associated with
homelessness in new York City. N Engl J Med. 1998;338(24):1734-40.

18. Pearson DA, Bruggman AR, Haukoos JS. Out-of-hospital and emergency
department utilization by adult homeless patients. Ann Emerg Med.
2007,50(6):646-52.

19. Cook LJ, Knight S, Junkins EP Jr, et al. Repeat patients to the emergency
department in a statewide database. Acad Emerg Med. 2004;11(3):256-63.

20. Sandoval E, Smith S, Walter J, et al. A comparison of frequent and
infrequent visitors to an urban emergency department. J Emerg Med.
2010;38(2):115-21.

21. Trzeciak S, Rivers EP. Emergency department overcrowding in the United
States: an emerging threat to patient safety and public health. Emerg Med
J.2003;20(5):402-5.

22. Cowan RM, Trzeciak S. Clinical review: emergency department
overcrowding and the potential impact on the critically ill. Crit Care.
2005;9(3):291-5.

23. Pines JM, Asplin BR, Kaji AH, et al. Frequent users of emergency department
services: gaps in knowledge and a proposed research agenda. Acad Emerg
Med. 2011;18(6):e64-9.

24. Krieg C, Hudon C, Chouinard MC, Dufour I. Individual predictors of
frequent emergency department use: a scoping review. BMC Health
Serv Res. 2016;16:594.



Hudon et al. BMC Health Services Research (2017) 17:525

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Natarajan S, Nietert PJ. Hypertension, diabetes, hypercholesterolemia, and
their combinations increased health care utilization and decreased health
status. J Clin Epidemiol. 2004;57(9):954-61.

Shim RS, Druss BG, Zhang S, Kim G, Oderinde A, Shoyinka S, et al. Emergency
department utilization among Medicaid beneficiaries with schizophrenia and
diabetes: the consequences of increasing medical complexity. Schizophr Res.
2014;152(2-3):490-7.

Vanasse A, Courteau J, Orzanco MG, Bergeron P, Cohen AA, Niyonsenga T.
Neighbourhood immigration, health care utilization and outcomes in
patients with diabetes living in the Montreal metropolitan area
(Canada): a population health perspective. BMC Health Serv Res.
2015;15:146.

Thompson J, Berscheid R, Butt P, et al. Rural & Small Urban Committee of
the Canadian Association of Emergency Physicians. The Rural Context of
Emergency Medicine. 1997. Available from http://caep.ca/resources/position-
statements-and-guidelines/recommendations-management-rural-remote-and-
isolated—4. Accessed 1 Aug 2017.

D'Hoore W, Bouckaert A, Tilquin C. Practical considerations on the use of
the Charlson comorbidity index with administrative data bases. J Clin Epidemiol.
1996;49:1429-33.

Sylvie Provost. Affiliation a un médecin de famille: Une mesure a partir des
banques de données médico-administratives. Direction de santé publique
de I'Agence de la santé et des services sociaux de Montréal et Institut
national de santé publique du Québec, Centre de recherche du Centre
hospitalier de I'Université de Montréal. 2013. www.dsp.santemontreal.qc.ca/
ESPSS.html. Accessed 1 Aug 2017.

Pampalon R, Raymond G. A deprivation index for health and welfare planning
in Quebec. Chronic Dis Can. 2000;21(3):104-13.

Zhang H, Holford T, Bracken MB. A tree-based method of analysis for prospective
studies. Stat Med. 1996;15:37-49.

Zhang H, Singer B. Recursive partitioning in the health sciences. New York:
Springer; 1999. http://c2s2.yale.edu/software/rtree/. Accessed 1 Aug 2017.
Vanasse A, Courteau J, Lesage A, et al. Inégalités de santé des troubles de
I'humeur selon la défavorisation matérielle et sociale du quartier de résidence.
Can J Psychiatr. 2012,57(12):772-81.

Carrier JD, Roberge P, Courteau J, Vanasse A. Predicting chronic benzodiazepine
use in adults with a depressive disorder — a retrospective cohort study using
administrative data in Quebec. Can Fam Phys. 2015,61:e391-7.

Andren KG, Rosenqvist U. Heavy users of an emergency department: psycho-
social and medical characteristics, other health care contacts and the effect of
a hospital social worker intervention. Soc Sci Med. 1985;21(7):761-70.

Billings J, Raven MC. Dispelling an urban legend: frequent emergency
department users have substantial burden of disease. Health Aff (Millwood).
2013;32(12):2099-108.

Rask KJ, Williams MV, McNagny SE, et al. Ambulatory health care use by
patients in a public hospital emergency department. J Gen Intern Med.
1998;13(9):614-20.

Okuyemi KS, Frey B. Describing and predicting frequent users of an emergency
department. J Assoc Acad Minor Phys. 2001;12(1-2):119-23.

Caminal J, Starfield B, Sanchez E, et al. The role of primary care in preventing
ambulatory care sensitive conditions. Eur J Pub Health. 2004;14:246-51.
Canadian Institute for Health Information. Primary Health Care in Canada:

A Chartbook of Selected Indicator Results. 2016. Methodology Notes.
Available from https.//www.cihi.ca/sites/default/files/methodology_notes_
for_phc_chartbook_indicators_en_web.pdf. Accessed 1 Aug 2017.

Kumar GS, Klein R. Effectiveness of case management strategies in reducing
emergency department visits in frequent user patient populations: a systematic
review. J Emerg Med. 2013;44:717-29.

Starfield B, Lemke KW, Bernhardt T, Foldes SS, Forrest CB, Weiner JP. Comorbidity:
implications for the importance of primary care in case management. Ann Fam
Med. 2003;1:8-14.

Pardo-Crespo MR, Narla NP, Williams AR, et al. Comparison of individual-level
versus area-level socioeconomic measures in assessing health outcomes of
children in Olmsted County, Minnesota. J Epidemiol Community Health. 2013;
67(4):305-10.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://caep.ca/resources/position-statements-and-guidelines/recommendations-management-rural-remote-and-isolated--4
http://caep.ca/resources/position-statements-and-guidelines/recommendations-management-rural-remote-and-isolated--4
http://caep.ca/resources/position-statements-and-guidelines/recommendations-management-rural-remote-and-isolated--4
http://www.dsp.santemontreal.qc.ca/ESPSS.html
http://www.dsp.santemontreal.qc.ca/ESPSS.html
http://c2s2.yale.edu/software/rtree
https://www.cihi.ca/sites/default/files/methodology_notes_for_phc_chartbook_indicators_en_web.pdf
https://www.cihi.ca/sites/default/files/methodology_notes_for_phc_chartbook_indicators_en_web.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Design and data sources
	Case definition of diabetes
	Studied population
	Variables
	Statistical analysis

	Results
	Discussion
	Strengths and limitations

	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

