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Abstract

Objective To determine if geographic proximity to an emergency department (ED) is related to ED use in a
metropolitan population of patients with cardiovascular risk factors.

Design Population-based, retrospective cohort study.
Setting The census metropolitan area of Montreal, Que.

Participants Cohort of 99400 patients with diabetes, hypertension, or dyslipidemia in 2007 without a history of
cardiovascular disease. Each patient was spatially referred to 1 of 5857 dissemination areas (DAS).

Main outcome measures Annual number of visits to an ED with respect to the distance between the centroid of a
patient’s DA and the closest ED, controlling for age, sex, comorbidities, and neighbourhood immigration, social, and
material characteristics. Multilevel logistic and negative binomial
regressions were used to determine if the proximity to the closest
ED was related to ED use, frequent ED use (=4 visits in a year),
and number of ED visits.

EDITOR'S KEY POINTS

® Geographic proximity to medical facilities
is likely to play a substantial role in their use,
especially for emergency departments (EDs),
which have no restriction on accessibility.

Results A total of 25889 (26.0%) patients in the cohort visited
an ED at least once during a 1-year period, among which 4563

Yet, there is currently very little quantitative
evidence of such an effect. A better
understanding of how a neighbourhood uses its
proximal medical facilities might help to plan
the delivery of care.

® The distance to an ED was a statistically
significant (P<.001) factor in its use even

after accounting for age, sex, presence

of comorbidities, and neighbourhood
socioeconomic attributes. Distance to care is not
a trivial factor and should be considered more
often in ED-use studies.

® The geographic distance to an ED also affects
the probability of being a frequent user (>4
visits in a year). However, it cannot predict the
number of ED visits in this group. This result is
concordant with recent evidence suggesting
that factors affecting ED use among frequent
users are much more complex than previously
expected and might involve behavioural
components.

This article has been peer reviewed.
Can Fam Physician 2015;61:€391-7

(4.6%) were frequent users with at least 4 visits. These frequent
users were responsible for 28249 (45.5%) of all 62021 visits
to EDs. The distance between a DA and its closest ED was
significantly and negatively correlated with ED use (P<.001), even
after controlling for confounding variables. Patients living in a DA
close to an ED were also more likely to be frequent users, but the
extent of use among them (range from 4 to 82 ED visits) was not
related to the distance to the closest ED.

Conclusion These results suggest that patients at risk of
cardiovascular disease living in a metropolitan area are more likely
to seek a medical encounter at the ED if they live closer to it.

VOL 61: AUGUST » AOUT 2015 | Canadian Family Physician - Le Médecin de famille canadien €391



Recherche

Exclusivement sur le web
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Résume

Objectif Déterminer s'il existe une relation entre la proximité géographique d'un service d'urgence (SU) et son

utilisation par des patients d'une région métropolitaine présentant des facteurs de risque cardiovasculaire.

Type d’étude FEtude de cohorte rétrospective de nature démographique.

Contexte Laire de recensement du Montréal métropolitain, au Québec.

Participants Une cohorte de 99 400 patients souffrant de diabéte, d’hypertension ou de dyslipidémie en 2007, sans

histoire de maladie cardiovasculaire. Chaque patient a été assigné a une des 5857 aires de diffusion (AD).

Principaux paramétres a I’étude Le nombre de visites
annuelles a un SU par rapport a la distance entre le centroide de
I’AD du patient et le SU le plus proche, en tenant compte de
I'age, du sexe, de la comorbidité et des caractéristiques sociales,
matérielles et d'immigration du voisinage. On a utilisé des
régressions logistiques multiniveau et binomiales négatives pour
déterminer s'il existe une relation entre la proximité d'un SU et
son utilisation, son utilisation fréquente (> 4 visites par année) et
le nombre de visites au SU.

Résultats Un total de 25889 patients de la cohorte (26,0 %)
ont visité un SU au moins une fois sur une période d'un an;
parmi ceux-ci, 4563 étaient des utilisateurs fréquents (au moins
4 visites). Les utilisateurs fréquents étaient responsables de
28249 visites aux SU, soit 45,5 % des 62021 visites. La distance
entre une AD et son plus proche SU était significativement et
négativement corrélée avec l'utilisation du SU (P < ,001), méme
aprés avoir contrdlé pour les facteurs de confusion. Les patients
qui habitaient dans une AD proche d'un SU étaient aussi plus
susceptibles d'étre des usagers fréquents, mais le nombre de
leurs visites (entre 4 et 82) n’avait pas de relation avec la distance
du SU le plus proche.

Conclusion Ces résultats suggerent que les patients avec
risques de maladies cardiovasculaires qui vivent dans une
région métropolitaine sont plus susceptibles de rechercher une
assistance médicale dans le SU le plus pres de chez eux.
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POINTS DE REPERE DU REDACTEUR
e e fait de vivre a proximité d'un service
médical est susceptible d'avoir une influence
importante sur son utilisation, notamment
dans le cas d'un service d'urgence (SU), dont
I'accessibilité n'est pas restreinte. A I'neure
actuelle, toutefois, il y a tres peu de données
quantitatives a I'appui d'un tel effet. Une
meilleure compréhension de la facon dont
ceux qui habitent pres d'un service médical
choisissent de I'utiliser pourrait nous aider a
planifier la dispensation des soins.

® La proximité d'un SU avait une influence
statistiquement significative (P < ,001) sur son
utilisation, méme en tenant compte de I'age,

du sexe, de la présence de comorbidités et des
caractéristiques socioéconomiques du voisinage.
La proximité d'un service de santé est un facteur
non négligeable dont on devrait tenir compte plus
souvent dans les études sur I'utilisation des SU.

® | a proximité géographique d'un SU affecte
aussi la probabilité d'en étre un usager fréquent
(> 4 visites par année). Elle ne peut toutefois

pas prédire le nombre de visites pour ce type
d'usager. Ces observations concordent avec
certaines données récentes qui suggérent que les
facteurs qui influencent |'utilisation des SU chez
les usagers fréquents sont plus complexes qu‘on
ne le pensait et qu'ils pourraient comporter des
composantes comportementales.

Cet article fait I'objet d'une révision par des pairs.
Can Fam Physician 2015;61:e391-7
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become a critical issue for many hospitals, and
attention has been directed toward understanding

the effects of users’ socioeconomic and health status
on ED use.! Although most patients seldom use the ED,
about 5% of the population uses it at least 4 times a year,
accounting for 21% to 28% of all ED visits.!? This “fre-
quent users” group has received much attention lately,
and it seems there is no single explanation for their fre-
quent ED use.>4

The geographic proximity between a patient’s home
and an ED has also been recognized as a contributing
factor for ED use. While this factor is being increasingly
acknowledged, there is little quantitative evidence of
its effect, especially from the perspective of contrasting
occasional with frequent users. So far it has been shown
that parents are more likely to seek help for their chil-
dren in an ED if they live close to it® and that proximity
to an ED increases its use by the general public.57

Patients with diabetes, hypertension, or dyslipidemia
are high users of health care services,® as they have
important risk factors for cardiovascular disease (CVD).?
Although such patients can be efficiently managed
within ambulatory care settings, they are still common
ED users.® The objective of this study was to explore if
the geographic proximity to an ED was associated with
the probability of visiting EDs, and the probability of vis-
iting them frequently, among a population of patients
at risk of CVD living in the census metropolitan area of
Montreal (CMA-M) in Quebec.

Emergency department (ED) overcrowding has

Design and data sources

This is a retrospective, population-based cohort study
using information from linked provincial administra-
tive databases'® (ie, patients’ demographic character-
istics including the residence postal code, physician
billing, and hospital discharge information from the
MED-ECHO database).

Neighbourhood attributes were measured using the
available information for dissemination areas (DAs) in
the CMA-M as provided by the 2006 Canadian population
census. A DA is a small, relatively stable geographic unit
composed of 1 or more adjacent dissemination blocks.
It is the smallest geographic area for which all census
data are disseminated. In CMA-M, DAs are very small
(median surface area of 0.11 km?) and have an aver-
age of about 600 residents. Each patient was spatially
linked to a single DA using the Postal Code Conversion
File from Statistics Canada.!! Spatial information came
from the DA cartographic boundary files for the CMA-
M.!2 This study was approved by the Research Ethics
Board Committee of the University of Sherbrooke in

Quebec and by the provincial Commission d'acces a
I'information.

Case definition

A patient was considered to be at risk of CVD if he or
she had received a primary or secondary diagnosis of
diabetes, hypertension, or dyslipidemia (Table 1) dur-
ing a hospitalization or had at least 3 physician claims
within a year for one of these diagnoses.

Studied population

The studied population included individuals 30 years of
age or older living in the CMA-M who were considered
to be at risk of CVD in 2007, without a history of CVD or
gestational-related events'® (Table 1). The first diagnosis
observed in 2007 was the reference date.

Table 1. Health conditions and their associated
classification codes
HEALTH CONDITION

ICD-9 CODE
630-676, 760-779,

ICD-10 CODE
000-099, 732-739

Gestational-related

event V22-V24,V27-V28

Diabetes 250 E10-E14
Hypertension 401 110

Dyslipidemia 272 E78
Cardiovascular 410-414, 428, 430- 120-125, 150, 160-
disease 438 169

ICD—International Classification of Diseases.

Variables

The following individual-level dependent variables were
considered within a year after the reference date: hav-
ing at least 1 visit to an ED, being a frequent ED user (>4
visits), and number of ED visits.

The primary independent variable was proximity
to the nearest ED, defined as the Euclidean distance
between the geographic centroids of a patient’s resi-
dence DA and the closest ED'* and calculated with a
geographic information system!'® (Figure 1). This dis-
tance was considered both continuous and categorical
(<1 km, >1 km to <2 km, 22 km to <3 km, >3 km to
<5km, >5 km to <10 km, and =10 km).

We also accounted for the following individual-level
independent variables: sex, age, having been hospital-
ized in the past year, and D'Hoore comorbidity index
score,'®!7 calculated using the diagnoses reported in the
MED-ECHO database and physicians’ claims registered
in the past year. Immigration score and material and
social deprivation scores (described elsewhere'®) were
used at the DA level.

Data analysis
To simultaneously take into account individual-level and
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Figure 1. Distribution of EDs in the census metropolitan area of Montreal in Quebec
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ED—emergency department.

neighbourhood (DA) aggregated variables, the probabil-
ity of being an ED user or frequent ED user was mod-
eled using multilevel logistic regression.!” We also used
multilevel negative binomial regression to explore if the
number of ED visits among frequent users was associ-
ated with proximity to the closest ED.

RESULTS

The cohort included 99400 individuals living in 5857
DAs (Figure 2). More than a quarter visited an ED at
least once during a 1-year period, and 4.6% visited an
ED at least 4 times and were identified as frequent users
(Table 2). These frequent users accounted for 28249
(45.5%) of all 62021 visits to EDs (Figure 3). Those who
used EDs (compared with nonusers) and frequent ED
users (compared with occasional users) lived closer to
EDs, had more comorbidities, were more likely to have
been previously hospitalized, and lived in neighbourhoods

with higher social and material deprivation scores and
higher immigration scores (Table 2).

The proximity to EDs was significantly and nega-
tively correlated with ED use and frequent use (Figure
4). For example, compared with patients living farther
(210 km), those living near an ED (<1 km) were signifi-
cantly more inclined to frequently visit EDs (odds ratio
of 1.32,95% CI 1.12 to 1.56). Results were similar when
the distance to the nearest ED was treated as a contin-
uous variable in the models (data not shown). However,
the extent of use among frequent users (range of 4 to
82 ED visits) was not significantly related to proximity
to an ED (P=.395).

DISCUSSION

This study shows that proximity to EDs was associ-
ated with ED use and frequent ED use (x4 times) dur-
ing a 1-year period, even after controlling for patient
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Figure 2. Study cohort

> 30y of age with
hypertension* in 2007

> 30y of age with
diabetes® in 2007 living

> 30y of age with
dyslipidemia* in 2007

CMA-M—census metropolitan area of Montreal, CVD—cardiovascular disease, ICD—International Classification of Diseases.
*A patient was considered to be at risk of CVD if he or she had received a primary or secondary diagnosis of hypertension (ICD-9 code 401, ICD-10
code 110), diabetes (ICD-9 code 250, ICD-10 code E10-E14), or dyslipidemia (ICD-9 code 272, ICD-10 code E78) during a hospitalization or at least 3

physician claims within 1y with an identical diagnosis.

*A patient could be present in more than 1 disease-specific cohort (eg, a patient with hypertension could also have diabetes).

living in CMA-M in CMA-M living in CMA-M
n =106 064 n =78 405 n=35258
Excluded: Excluded: Excluded:
-Previous CVD -Previous CVD -Previous CVD
n = 48 670 (45.9%) n = 35 255 (45.0%) n = 24 462 (69.4%)
-Gestational event % -Gestational event % -Gestational event %
n = 314 (0.3%) n = 296 (0.4%) n = 61 (0.2%)
v N N
n =57 080 n =42 854 n=10735
v
Study cohort
n =99 400"

Table 2. Characteristics of the study cohort

ED FREQUENT

ED USERS ED OCCASIONAL USERS (>4

CHARACTERISTICS TOTAL ED NONUSERS (NO VISIT) (=1 VISITS) P VALUE* USERS (1-3 VISITS) VISITS) P VALUE*

Total, n (%) 99400 (100.0) 73511 (74.0) 25889 (26.0) 21326 (21.5) 4563 (4.6) NA

No. of ED visits, mean (SD) 0.62 (1.62) 0.00 (0.00) 2.40 (2.41) 1.58 (0.73) 6.19 (3.61) NA

Sex, n (%) <.001 284
® Female 55018 (55.4) 40241 (54.7) 14777 (57.1) 12140 (56.9) 2637 (57.8)

* Male 44382 (44.6) 33270 (45.3) 11112 (42.9) 9186 (43.1) 1926 (42.2)

Age in years, mean (SD) 64.7 (13.0) 64.4 (12.8) 65.6 (13.8) <.001 65.4 (13.6) 66.6 (14.5) <.001

Comorbidity index score," mean (SD) 1.67 (2.01) 1.53 (1.85) 2.06 (2.35) <.001 1.92 (2.23) 2.67 (2.80) <.001

Previous hospitalization, n (%) 29231 (29.4) 18678 (25.4) 10553 (40.8) <.001 8095 (38.0) 2458 (53.9) <.001

Immigration score,' mean (SD) 0.16 (3.70) 0.08 (3.69) 0.39 (3.73) <.001 0.36 (3.74) 0.54 (3.69) .003

Material deprivation score,® mean 0.46 (1.83) 0.40 (1.83) 0.60 (1.82) <.001 0.58 (1.83) 0.70 (1.77) <.001

(SD)

Social deprivation score,* mean 0.38 (1.96) 0.31 (1.95) 0.57 (1.95) <.001 0.53 (1.96) 0.77 (1.94) <.001

(SD)

Distance to nearest ED in km, 4.51 (4.04) 4.62 (4.11) 4.20 (3.85) <.001 4.27 (3.89) 3.88 (3.65) <.001

mean (SD)

Distance to nearest ED in km, n (%) <.001 <.001
° < 10183 (10.2) 7107 (9.7) 3076 (11.9) 2452 (11.5) 624 (13.7)
®>110<2 18411 (18.5) 13311 (18.1) 5100 (19.7) 4158 (19.5) 942 (20.6)
®>21t0<3 19194 (19.3) 14010 (19.1) 5184 (20.0) 4208 (19.7) 976 (21.4)
® >3 to<5 20761 (20.9) 15382 (20.9) 5379 (20.8) 4466 (20.9) 913 (20.0)
®>51t0<10 21233 (21.4) 16278 (22.1) 4955 (19.1) 4177 (19.6) 778 (17.1)

*>10 9618 (9.7) 7423 (10.1) 2195 (8.5) 1865 (8.7) 330(7.2)

DA—dissemination area, ED—emergency department, NA—not applicable.
*P values are associated with t tests (continuous variables) or x? tests (categorical variables).
*Higher scores indicate greater comorbidity.
*Higher scores indicate higher levels of immigration in the DA.

SHigher scores indicate greater deprivation in the DA.
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Figure 3. Cumulative number of ED visits in the
1-year follow-up period according to the cumulative
proportion of patients

1M+ = = — = = = = —

| 26.0% of patients
made all 62 021

90 | (100.0%) ED visits
|

80 -

70 -

60

50 -

|

|

|

|

|

|

4.6% of patients |
| made 28 249 (45.50%) |
|

|

|

|

|

|

1

CUMULATIVE ED VISITS, %

40 -
| ED visits
30 |
|
20 - |
|
10 4 |
|
0 T T T T |
0 10 20 30 40 50

CUMULATIVE PATIENTS, %*

ED—emergency department.
*By reverse order of the number of ED visits.

and neighbourhood variables. This inverse relationship
between ED use and the distance to the nearest ED has
also been reported elsewhere.>7 In a study conducted in
a pediatric Medicaid cohort of patients, children living
more than 1.9 km from the nearest ED had 11% lower
ED use than those living within 0.8 km.* In a sample of
adults residing in Spain’ there was a decrease in ED use
among patients living more than 34 minutes away from
the hospital compared with those living up to 7 minutes
away (odds ratio of 0.49).

Interestingly, among frequent ED users, the number
of ED visits was not related to the proximity to EDs. This
suggests that, once a patient is already a frequent user,
living closer to an ED is not an important predictor of
the number of visits. One can argue that patients living
closer to EDs are using this primary care facility instead
of other ambulatory services, but additional analyses
reveal that, compared with nonusers, ED users and fre-
quent ED users also have higher use of other ambula-
tory services (data not shown). This might reflect the
influence of behavioural factors on care use® that were
not taken into account in this study but which should be
further investigated.

Figure 4. Crude and adjusted ORs for the probability of
being an ED user and a frequent ED user (among ED
users) according to distance to EDs: The reference group
was patients living 10 km or farther from EDs.
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Limitations

The study’s limitations are primarily related to our use
of administrative databases. Some would consider the
impossibility of capturing some individual-level infor-
mation (eg, socioeconomic status, immigration status,
presence of a family doctor) to be a considerable limita-
tion. However, neighbourhood-level variables available
from the Canadian population census, such as socioeco-
nomic and immigration attributes, were considered in
multilevel analyses in order to simultaneously explore the
association between neighbourhood-level and individual-
level predictors, by taking into account the nonindepen-
dence of the observations within neighbourhoods. As
this study was performed on a specific subpopulation
(with CVD risk factors) living in the CMA-M, these results
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might not be generalizable to the general population.
Yet the proportion of frequent users is the same as is
generally reported in other studies.'? Also, 4 or more
visits was set as a threshold to define a frequent ED user.
Although this threshold has been used in a number of
studies,*?!?? other thresholds have been reported else-
where.?2¢ Nevertheless, the conclusions of this study
remain the same when using different thresholds (5 to
9, data not shown). Finally, the use of the centroid of
the DA of the patient’s residence might overestimate
or underestimate the actual distance between the resi-
dence and the closest ED. However, because we limited
our study to the CMA-M, where the surface areas of DAs
are very small (median of 0.11 km?; median population
of 535), the DA centroid provides a very good approxi-
mation of the actual residence localization. Therefore,
we have no reason to believe that systematic bias would
affect our analyses.

Conclusion

This study suggests that patients at risk of CVD living in
the Montreal metropolitan area are more likely to seek
health care in an ED if they live closer to it. However, in
the subpopulation who are frequent ED users, the pat-
tern is more complex, and the number of visits among
frequent users does not seem to be influenced by dis-
tance to the ED. Health decision makers should take this
information into account in their efforts to better deliver
health care to metropolitan populations.
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