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Abstract

Objective: This study examines the association between community-level marginalization and
emergency room (ER) wait time in Ontario.

Methods: Data sources included ER wait time data and Ontario Marginalization Index
scores. Linear regression models were used to quantify the association.

Results: A positive association between total marginalization and overall, high-acuity and
low-acuity ER wait time was found. Considering specific marginalization dimensions, we
found positive associations between residential instability and ER wait time and negative

associations between dependency and ER wait time.
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Conclusions: Reductions in community-level marginalization may impact ER wait time.

Future studies using individual-level data are necessary.

Résumé

Objectif : Cette étude examine le lien entre la marginalisation communautaire et le temps
d’attente au service des urgences en Ontario.

Meéthode : Les sources consultées comprenaient les données sur les temps d'attente aux
urgences ainsi que les données de I'indice de marginalisation ontarien. La quantification des
liens sest faite au moyen des modeles de régression linéaire.

Résultats : Nous avons constaté un lien positif entre une marginalisation totale et le temps
d’attente aux urgences pour les affections générales, complexes et mineures. Quant aux
aspects propres 4 la marginalisation, nous avons observé des liens positifs entre I'instabilité
résidentielle et le temps d'attente aux urgences, et des liens négatifs entre la toxicomanie et le
temps d'attente aux urgences.

Conclusion : Une réduction de la marginalisation communautaire pourrait avoir une incidence
sur les temps d'attente aux urgences. Il faudrait maintenant mener des études qui se penche-

raient sur les données au niveau individuel.

Introduction
The emergency room (ER) is a major point of entry for individuals requiring healthcare.
Across developed countries, timely access to ER care is a priority, and high ER wait time
reflects an inability of healthcare systems to adequately meet the needs of their populations
(Downing et al. 2004; Watson et al. 2007). For individuals using the ER to access care, the
impact of long wait times is profound; increased wait times are associated with decreased
satisfaction and quality of care and increased risk of physical discomfort, medical error,
morbidity and in-hospital mortality (Giuntella et al. 2018; Health Quality Ontario 2016;
Mahmoud and Hou 2012; Marco et al. 2012; Vegting et al. 2015). Past studies have shown
that hospital size, visit frequency and the acuity of visits explain some, but not all, of the
variations in ER wait time between hospitals (Horwitz et al. 2010; Knowles et al. 2017).
Typically, low-acuity (non-emergent) ER visits contribute less to ER wait time per visit
and in total (Dinh et al. 2016); in contrast, high-acuity (emergent) visits preceding hospital
admission have the longest ER wait time (Horwitz et al. 2010). Two studies defined ER wait
time: Giuntella et al. (2018) defined it as the time from triage until discharge or hospital
admission; Horwitz et al. (2010) defined it as the time from triage until first assessment by a
physician.

Despite the importance of ER wait time as an indicator of healthcare access, no stud-
ies have, to the best of the authors’ knowledge, considered how ER wait time may be higher

or lower across communities with different levels of marginalization. Marginalization is
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defined as material and social disadvantage in one social group compared to other social
groups. Marginalization can be evidenced by low socio-economic status, residential insta-
bility, poverty, dependency and poor healthcare utilization (Lynam and Cowley 2007).
Marginalization impacts mental and physical health across the life course (Lynam and
Cowley 2007).

Past research on the links between marginalization and the healthcare system focused
on the health system in the US and Europe. These investigations have primarily examined
the number of ER visits, rather than ER wait time, and have shown that marginalized groups
visit ERs more frequently and require greater levels of care than non-marginalized groups.
For example, marginalized people who are homeless in the US are less likely to use primary
and preventive care, potentially increasing the number of ER visits in areas with relatively
large homeless populations (Kushel et al. 2006). Likewise, marginalized individuals with
chronic conditions are more likely than their non-marginalized counterparts to delay care,
possibly resulting in a greater need for intensive ER services and higher visit frequencies
in European and US ERs (Begley et al. 2011; Gunnarsson et al. 2013). Notwithstanding
delayed care, economically disadvantaged persons in the US are more likely to present to
ERs with poorer overall health than individuals from higher socio-economic strata (Bisgaier
and Rhodes 2011).

Research exploring possible associations between marginalization and ER service use
is inconclusive, and no past research has, to the authors’ knowledge, examined the associa-
tion between marginalization and ER wait time. Some work suggests that poor access to
primary care physicians, which is more common among marginalized populations, may be
associated with larger numbers of ER visits (Harris et al. 2011). However, research focused
on Canadian ERs highlights that factors such as low educational attainment and low income
at the individual and community levels may be more important determinants of high levels
of ER utilization than poor access to physicians (Mian and Pong 2012; Ohle et al. 2017).
Within the UK, greater community deprivation is associated with increased numbers of
low-acuity ER visits (Harris et al. 2011). These findings contrast with studies suggesting that
marginalized groups in the US use ER services less frequently (Tarraf et al. 2015).

Given the paucity of research exploring ER wait time and marginalization, we searched
the literature for all developed countries and could not find any published research exploring
whether ER wait time varies between communities with different levels of marginalization.
Additionally, we found limited Canadian research that explores how community-level mar-
ginalization impacts ER care and no information about marginalization and ER wait time.
As a result, we examined the association between community-level marginalization and ER
wait time in the province of Ontario, Canada. Specifically, we looked at total community-
level marginalization and four specific dimensions of marginalization, namely, residential
instability, material deprivation, dependency and ethnic concentration.

This study reflects a principal goal of public health, namely, to facilitate equitable access

to healthcare (Taillepierre et al. 2016). One important means of fostering equity is to focus
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on the social determinants of health, including marginalization (Hall et al. 2016). The
results of this study will be valuable for policy makers, health system managers and politi-
cians because the study will serve as the first step toward understanding the degree to which

community-level marginalization is associated with ER care in the form of wait time.
Data and Methods

Study region and data

Ontario is Canada’s most populous province, with over 14 million inhabitants and approxi-
mately 39% of the country’s total population. In 2017, 166 Ontario hospitals had an ER and,
as part of the Ontario Wait Time Strategy (Ontario Ministry of Health and Long-Term
Care 2013), the Ontario Government provided publicly available wait time information for
119 of these ERs. We obtained the 2017 ER wait time data from the provincial government
in fall 2018, before these data were removed from public access. ER wait times were meas-
ured in hours and calculated as the length of time between triage (i.e., being seen by a nurse
upon arrival) and discharge from the ER, either to be sent home or admitted to the hospital.

The ER wait time data included measures of the median, average and 90th percentile
wait time for three types of ER visits: all ER visits, high-acuity ER visits and low-acuity
ER visits. Acuity ratings were based on ER nurses’ triaging of new arrivals to the ER, with
triaging undertaken using the Canadian Triage and Acuity Scale (CTAS). CTAS scores
ranged from 1 (most serious) to 5 (least serious); scores between 1 and 3 indicated high-
acuity patients and scores between 4 and 5 indicated low-acuity patients (Health Quality
Ontario 2018).

Marginalization data were obtained from the 2016 version of the Ontario
Marginalization Index (ON-Marg) at the census subdivision level (CSD) (Public Health
Ontario 2016a). CSDs approximate the geographical boundaries of municipalities (Statistics
Canada 2018). Of the 575 CSDs in Ontario, 411 had marginalization data available through
ON-Marg (Public Health Ontario 2016a). ON-Marg uses census data to measure total mar-
ginalization and four specific dimensions of marginalization: residential instability (type and
density of residential accommodations and family structures), material deprivation (income,
education, housing quality and family structures), dependency (number of children, sen-
iors and those not participating in work) and ethnic concentration (visible minority status)
(Public Health Ontario 2016a). These four dimensions are independent of one another and
provide a more comprehensive representation of marginalization than other area-based dep-
rivation indices that focus only on low socio-economic status (Matheson et al. 2012). The
ON-Marg scores were calculated using 18 census variables and converted to standardized
scores (1 = 0, 0 = 1). High index scores indicated higher levels of marginalization. Further
details about ON-Marg are available elsewhere (Public Health Ontario 2016b).
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Aligning hospital and census data

Because ER wait time data were available at the hospital level and marginalization data were
available at the CSD level, our analysis had to account for the geographical misalignment of
these data. To do so, we first geocoded the street addresses of the 166 Ontario ERs (Figure
1a) to the geographical coordinates (latitudes and longitudes). Second, we created a set of
Thiessen polygons (Kopec 1963) to define the service area for each of the ERs (Figure 1b).
Thiessen polygons take a set of input points (i.e., hospital locations) and construct one poly-
gon around each input point such that any location within the polygon is closest to only its
input point and not any other input point in the data set (Brassel and Reif 1979). Applied to
define ER service areas, Thiessen polygons assume that individuals living within a given ser-
vice area are more likely to visit the nearest hospital than any other hospital in the province.
For reference, Thiessen polygons are often used in contexts where the “closest assignment”
is considered reasonable, such as in the creation of hospital service areas, school service areas

and coverage areas for police, fire and emergency services (Feng and Murray 2018; Pearce

2000; Schuurman et al. 2006).

FIGURE 1. ER service areas for the province of Ontario
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(a) Locations of ERs with available wait time data in the province of Ontario (n = 166) and (b) Service area boundaries defined using Thiessen polygons

Calculating marginalization scores for ER service areas

Each CSD was assigned to one or more ER service areas based on the intersection of the
CSD boundaries and the ER service area boundaries. Marginalization scores were calculated
for each ER service area using three approaches: arithmetic mean, geographically weighted
average and population-weighted average. The arithmetic mean approach calculates service

area marginalization scores as the average of the marginalization scores of the assigned
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CSDs. This assumes that each CSD that intersects with a service area has an equal weight
(or contribution) to the marginalization score within a service area but does not consider
differences in CSD size or population. For the geographically weighted average, service
area marginalization scores were calculated based on the proportion of CSD area (km?)
that overlapped with a service area. For example, if two CSDs overlapped with one ER ser-
vice area and constituted 90% and 10% of the total service area size, then the geographical
weights used to calculate service area marginalization were 0.9 and 0.1, respectively. For the
population-weighted average, we used population weights based on the relative population
sizes of the overlapping CSDs to calculate service area marginalization scores. In this case,
CSDs with large population sizes had larger contributions to the service area marginaliza-
tion scores than CSDs with small population sizes. Comparing and contrasting the results of
the average, geographically weighted and population-weighted marginalization scores helps
to understand the degree to which these assumptions influence the association between ER
wait times and community-level marginalization.

Because some CSDs had missing marginalization data, when less than 50% of the CSDs
assigned to a given service area had missing data, the total marginalization scores for the
ER service area were calculated as the average of the available CSD marginalization scores.
When more than 50% of the CSDs assigned to a given service area had missing marginaliza-
tion data, a marginalization score was not assigned to the ER service area and it was excluded
from analysis. Missingness of 50% or more was used as the cut-off because any resulting aver-

age marginalization scores would not represent a majority of an ER service area’s population.

Regression analysis

The associations between marginalization and ER wait time were quantified via three sets of
linear regression models. Each set of models focused on a different method of computing ER
wait time: median wait time, average wait time and 90th percentile wait time. Within each
set of models, we ran subsets of models based on wait times for overall, low-acuity and high-
acuity ER visits. We examined different acuity levels because of reports that marginalized
populations were more likely to visit ERs for low-acuity concerns (Mahmoud and Hou 2012;
VanStone et al. 2013). As such, areas with high marginalization could have longer wait times
for low-acuity visits than all ER visits or high-acuity visits. Each visit type was regressed on
total marginalization and the four specific dimensions of marginalization in separate regres-
sion models. The modelling approach is depicted in Figure 2. We re-ran each set of models
three times to account for the different weighting schemes used to compute service area mar-

ginalization scores (arithmetic mean, geographically weighted and population-weighted).
Software and ethics

We used QGIS v3.4.1 mapping software (Geographic Information System — Open Source

Geospatial Foundation Project, Geneva, Switzerland) to create the ER service areas and
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FIGURE 2. Data analysis approach used to quantify the association between ER wait time and
marginalization

Wait time measure Type of ER visit Marginalization measure
(Dependent variable) YP (Independent variable(s))
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assign the CSDs to the service areas. The regression analyses were undertaken using R v3.5.1

Median

90th percentile

(R Foundation for Statistical Computing, Vienna, Austria). The threshold of statistical sig-
nificance was o = 0.05.
This study did not require research ethics approval because it was conducted with pub-

licly available data collected at the population level.

Results
Opverall, two types of data missingness were possible. The first occurred when more than
50% of CSDs had missing data, as a marginalization score was not assigned to the ER ser-
vice area. The second type of missingness occurred when ER wait time data were missing,.
Of the 166 service areas created, 118 were included in our analyses because these had both
ER wait time and marginalization data. There were 33 ER service areas that had missing
marginalization data in over 50% of the CSDs assigned; these areas were not included in our
analyses. In addition, there were 15 ER service areas that had marginalization scores assigned
to the service area but were missing ER wait time data; these ER service areas were also not
included in our analyses.

Using the Wilcoxon rank-sum test, we found some statistically significant differences
in marginalization scores between the ER service areas with (n = 118) and without (n =
15) missing ER wait time data and with less than 50% of CSDs missing marginalization
data, specifically among the dimensions of dependency, deprivation and ethnic concentra-
tion (Tables 1-3, available online at www.longwoods.com/content/26223). There were no
statistically significant differences in marginalization scores between ER service areas with
(n = 118) and without (» = 15) missing ER wait time data and with less than 50% missing
marginalization data for total marginalization and residential instability.

In general, the coefficient signs, magnitudes and statistical significance levels were rela-

tively consistent across the regression models analyzing median ER wait times and the three
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different versions of marginalization (Figure 3). Focusing on total marginalization, a positive
and statistically significant association with overall and low-acuity median ER wait time was
observed for the arithmetic mean, geographically weighted and population-weighted versions
of marginalization (Tables 4—6, available online at www.longwoods.com/content/26223).
Total marginalization was also positively associated with median ER wait time for high-

acuity visits; however, this coefficient was not statistically significant.

FIGURE 3. Regression coefficients and 95% confidence intervals for median ER wait time and
marginalization

Overall Low Acuity High Acuity

Total Dimensions Total Dimensions Total Dimensions

Marginalization
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Considering the individual dimensions of marginalization, residential instability was
positively associated with median ER wait time for overall, high-acuity and low-acuity visits
across all marginalization calculations; however, this association was only statistically sig-
nificant for the arithmetic mean (low and high acuity) and geographically weighted (high
acuity) versions of marginalization. Furthermore, there was a negative association between
dependency and overall, high-acuity and low-acuity median ER wait time that was observed
consistently across the arithmetic mean, geographically weighted and population-weighted
versions of marginalization. Like residential instability, however, these results had varying
levels of statistical (in)significance. There was no clear relationship with median ER wait
time for all types of visits when considering the deprivation and ethnic concentration dimen-
sions of marginalization. In the multiple regression models, the variance inflation factors
were less than five, which suggested that multicollinearity did not impact the model results.

Consistent with the results for median ER wait time, statistically significant positive
associations were observed between total marginalization and both overall wait times and
low-acuity wait times for the average and 90th percentile wait time measures (Tables 7-12,
available online at www.longwoods.com/content/26223). Further, our results exploring
the association with instability and ER wait time were consistent across all wait time vari-
ables and observed across all marginalization calculations (Figures 4 and 5, available online

at www.longwoods.com/content/26223).
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Discussion

To our knowledge, the present study is the first to consider marginalization for ER service
areas in Ontario or elsewhere. Further, this is the only study to examine ER wait time,
rather than Ontario ER visit frequency (VanStone et al. 2013), as the outcome in relation to
community marginalization. We found population-level positive associations between total

marginalization and median ER wait time in Ontario.

Interpretation

Our results suggest that communities with higher levels of total marginalization, and resi-
dential instability in particular, have longer ER wait times across all types of visits as well as
both high- and low-acuity visits.

Our results complement the findings of social determinants of health research, which
often report associations between high levels of marginalization and lower access to health-
care. Previous studies show positive associations between greater community deprivation and
increased numbers of low-acuity ER visits (Harris et al. 2011). Other studies link minority
status, material disadvantage and economic disadvantage to increased use of ER services
(Haggerty et al. 2007; Kushel et al. 2006; Mian and Pong 2012). Therefore, our findings
appear to be situated in a chain of events, whereby marginalization increases the frequency of
ER visits, which places a heavier demand on ER services and leads to a longer ER wait time.

We found that instability as a specific dimension of marginalization was positively asso-
ciated with ER wait times. This result aligns with investigations showing that residential
instability is a crucial social determinant of health (Carder et al. 2018; Gadermann et al.
2019). Within a Canadian context, recent studies have linked residential instability to poor
health status and increased healthcare utilization (Harris et al. 2019; Jaworsky et al. 2016).
Aspects of residential instability, such as living alone or having recently moved, may result
in an increased need for emergency services whereby individuals are brought to ER settings.
Within the context of our research, increased healthcare utilization may place a greater
demand on ER services, increasing ER wait time overall.

To date, to our knowledge, no studies have considered community levels of dependency,
deprivation or ethnic concentration and their associations with ER wait time. We found lev-
els of dependency, defined by ON-Marg as the number of children, seniors and adults who
are not participating in paid work, to be inversely associated with ER wait time. These results
appear to counter published studies undertaken in related research areas. For example, at the
individual level, unemployment was found to be positively associated with healthcare utiliza-
tion in Canada (after controlling for mental health treatment) (Kraut et al. 2000) and the
US (Kuka 2000). One would thus expect to find longer wait times in areas with higher levels
of dependency. Perhaps our results reflect the ecological fallacy, and further research using
individual-level data is required to explain our findings.

The results for deprivation and ethnic concentration do not show any stable patterns

across the different analyses. At the community level, this suggests an absence of effect for
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these two dimensions of marginalization. However, individual-level relations may differ from
the findings of our study.

The results from our study can inform the policy process. Sound public health initiatives
should be based on evidence suggesting the potential for change (Baicker and Chandra 2017;
Roberge et al. 2010). In the context of the social determinants of health, the types of initia-
tives that bring about positive changes to the social condition and improve population health
are often resource intensive. Prior to the initiation of new policies, evidence-based assess-
ments should be completed to assess whether the potential health benefits will eclipse the
cost of resources. The reduction of community-level marginalization is a resource-intensive
process; however, our study suggests that this process may reduce ER wait time, particularly
if efforts are focused on reducing community residential instability. Policy makers can use
this information to further evaluate the health and social benefits, and costs, of programs

designed to ameliorate community-level marginalization.

Strengths and limitations

One strength of this study was the ON-Marg data set’s use of large sample sizes to gener-
ate marginalization scores. In addition, ON-Marg is stable across diverse geographical
areas, such as urban and rural areas (Public Health Ontario 2016b). Marginalization scores
assigned to CSDs were likely to be representative of the levels and types of marginalization
experienced by Ontario communities (Public Health Ontario 2016b). Of course, our study
used ecological-level data, meaning that its results might not be applicable at the individual
level.

Another notable strength of this work is the robust analyses completed. By using
three marginalization calculations (arithmetic mean, geographically weighted and popu-
lation-weighted), we complete the same analyses with different assumptions regarding the
aggregation of data across spatial scales. Similarly, median average and 90th percentile wait
time measures were considered. Comparing the results of these analyses shows that there is
consistency in our results, providing evidence that the results of this study reflect an ecologi-
cal association between community marginalization and ER wait time.

One limitation of this study is that the Thiessen polygon method for developing ER
service areas assumes that individuals attend the ER closest to their place of residence. This
assumption may not always be true and could have introduced non-differential misclassifica-
tion into our study, thereby biasing results toward the null hypothesis.

Moreover, our analyses had to overcome missing data. Although we could not comment
on the nature of the missingness, we acknowledge that marginalization was, at times, greater
for service areas with missing wait time data than for those without missing wait time data.
If complete marginalization data were available, the strength of the inverse associations
seen for dependency would decrease, and the strength of the positive association seen for
deprivation would increase. With respect to the ethnic concentration dimension, areas with

missing ER wait times had lower marginalization scores than areas with complete wait time
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data. Complete data for this dimension would result in the positive associations being pulled
toward the null and inverse associations moving away from the null. Overall, compared to
residential instability and total marginalization, less confidence can be placed in the results
for the dependency, deprivation and ethnic concentration dimensions (Tables 1-12 and
Figures 4 and 5, available online at www.longwoods.com/content/26223).

Finally, several potentially useful covariates were not publicly available. Hospital capac-
ity and overcrowding may contribute to ER wait time (Horwitz et al. 2010; Knowles et al.
2017), yet the provincial government did not make these data publicly available. Data on
time to first assessment by a physician were also not publicly available. Using a population-
weighted approach to calculate marginalization scores allowed us to consider population as a
surrogate for hospital capacity and visit frequency. Future work should incorporate measures
of hospital capacity and time to first assessment by a physician in regression models.

In conclusion, this study shows that total community-level marginalization is associated
with increased ER wait time in Ontario, particularly for the residential instability dimension
of marginalization. Further investigation of this association at the individual level is neces-
sary to gain a more complete understanding of the link between marginalization and ER

wait time.
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