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Abstract
Objective To examine the impact of neighbourhood marginalization on avoidable mortality (AM) from preventable and treatable
causes of death.
Methods All premature deaths between 1993 and 2014 (N = 691,453) in Ontario, Canada, were assigned to quintiles of
neighbourhood marginalization using the four dimensions of the Ontario Marginalization Index: dependency, ethnic concentra-
tion, material deprivation, and residential instability. We conducted two multivariate logistic regressions to examine the associ-
ation between neighbourhood marginalization, first with AM compared with non-AM as the outcome, and second with AM from
preventable causes compared with treatable causes as the outcome. All models were adjusted for decedent age, sex, urban/rural
location, and level of comorbidity.
Results A total of 463,015 deaths were classified as AM and 228,438 deaths were classified as non-AM. Persons living in the
most materially deprived (OR, 1.24; 95% CI, 1.22 to 1.27) and residentially unstable neighbourhoods (OR, 1.13; 95% CI, 1.11 to
1.15) had greater odds of AM, particularly from preventable causes. Those living in the most dependent (OR, 0.91; 95% CI, 0.89
to 0.93) and ethnically concentrated neighbourhoods (OR, 0.93; 95% CI, 0.91 to 0.93) had lower odds of AM, although when
AM occurred, it was more likely to arise from treatable causes.
Conclusion Different marginalization dimensions have unique associations with AM. By identifying how different aspects of
neighbourhood marginalization influence AM, these results may have important implications for future public health efforts to
reduce inequities in avoidable deaths.

Résumé
Objectif Examiner les incidences de la marginalisation du quartier sur la mortalité évitable due aux causes de décès évitables et
traitables.
Méthode Tous les décès prématurés survenus entre 1993 et 2014 (n = 691 453) en Ontario, au Canada, ont été associés à un
quintile de marginalisation du quartier à l’aide des quatre dimensions de l’indice de marginalisation ontarien : la dépendance, la
concentration ethnique, la défavorisation matérielle et l’instabilité résidentielle. Nous avons effectué deux régressions logistiques
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multivariées pour examiner l’association entre la marginalisation du quartier, la première axée sur la mortalité évitable (MÉ)
comparée à la mortalité inévitable, et la seconde axée sur la MÉ de causes évitables comparée à la MÉ de causes traitables. Tous
les modèles ont été ajustés en fonction de l’âge, du sexe, du milieu de vie (urbain ou rural) et des niveaux de comorbidité de la
personne décédée.
Résultats En tout, 463 015 décès ont été catégorisés comme étant évitables, et 228 438 décès comme étant inévitables. Les
résidents des quartiers les plus défavorisés sur le plan matériel (RC : 1,24, IC de 95% : 1,22 à 1,27) et les plus instables sur le plan
résidentiel (RC : 1,13, IC de 95 % : 1,11 à 1,15) présentaient une probabilité accrue de MÉ, particulièrement de causes évitables.
Chez les résidents des quartiers présentant la plus grande dépendance (RC : 0,91, IC de 95 % : 0,89 à 0,93) et la plus grande
concentration ethnique (RC : 0,93, IC de 95% : 0,91 à 0,93), la probabilité deMÉ était plus faible, mais quand elle survenait, elle
était plus susceptible de découler de causes traitables.
Conclusion Différentes dimensions de la marginalisation présentent des associations uniques avec laMÉ. En indiquant comment
différents aspects de la marginalisation du quartier influencent la MÉ, ces résultats peuvent avoir des conséquences importantes
pour les futures démarches de santé publique visant à réduire les inégalités devant la mortalité évitable.

Keywords Marginalization . Dependency . Ethnic concentration . Material deprivation . Residential instability . Avoidable
mortality

Mots-clés Marginalisation sociale . Dépendance . Concentration ethnique . Défavorisation matérielle . Instabilité résidentielle .

Mortalité évitable

Introduction

Avoidable mortality (AM) is a population health indicator that
has been used to assess health system functioning and to iden-
tify areas for targeted health system intervention (Nolte and
McKee 2004; James et al. 2006; James et al. 2007). AM is
defined as deaths considered preventable or treatable given
existing medical and public health interventions (Canadian
Institute for Health Information 2012). AM from preventable
causes includes deaths that could be averted through public
health and policy interventions as well as primary prevention,
for example those aimed at curbing tobacco use or increasing
vaccination uptake (Canadian Institute for Health Information
2012). AM from treatable causes encompasses deaths that
could be averted or delayed by secondary and tertiary preven-
tion efforts as well as medical treatment, such as timely detec-
tion and effective treatment of colorectal and breast cancer
(Canadian Institute for Health Information 2012).

Marginalized populations are at greater risk of adverse
health outcomes, including mortality (Commission on Social
Determinants of Health 2008; Mikkonen and Raphael 2010).
Several studies have demonstrated the association between
individual social factors and AM. For example, First Nations
adults in Canada have more than twice the AM when com-
pared with non-First Nations adults; immigrants and those
with higher income have lower rates of AM (Khan et al.
2017; Omariba 2015; Park et al. 2015). Higher AM rates have
been identified in men than in women and in urban than in
rural areas (James et al. 2006; Sundmacher 2013).

Socio-economic inequities tend to be greater for AM from
preventable causes than from treatable causes (James et al.

2006; James et al. 2007). Previous studies examining the as-
sociation between marginalization and AM are limited by
non-validated definitions of AM, older data, one-
dimensional indicators of marginalization, and lack of adjust-
ment for other factors known to be associated with mortality
(James et al. 2006; James et al. 2007). To our knowledge, no
study has addressed these gaps by using summary measures of
marginalization in a population-based cohort.

As the determinants of health intersect in complex ways,
there have been efforts to develop meaningful multi-
dimension indicators of marginalization that can be used to
more accurately estimate their impact on health outcomes
(Hankivsky and Christoffersen 2008). The Ontario
Marginalization (ON-Marg) index is a theoretically grounded
and validated index developed to identify multiple dimensions
of marginalization in the province of Ontario at the
neighbourhood level (Matheson and van Ingen 2006;
Matheson et al. 2012). The ON-Marg Index links individual
postal code data to Canadian census tract data to assign every
individual a level of marginalization based on the
neighbourhood they live in (Matheson and van Ingen 2006;
Matheson et al. 2012). The ON-Marg Index applies four di-
mensions of marginalization: dependency (population work-
force eligibility), ethnic concentration (recent immigration and
visible minorities), material deprivation (income, education,
single-parent families), and residential instability (home secu-
rity, ownership, and occupancy) (Matheson and van Ingen
2006; Matheson et al. 2012). The ON-Marg Index has been
used to assess avoidable health outcomes for subsets of the
population, including glycemic control among persons with
diabetes (Inman et al. 2016), cardiac arrests (Buick et al.

170 Can J Public Health (2020) 111:169–181



2016), and motorized vehicle collisions (Silverman et al.
2013).

The objective of our study was to examine the relative
impact of the four dimensions of neighbourhood marginaliza-
tion on AM for the entire population of Ontario, Canada’s
most populous province with universal funding of physician
services.

Methods

Study design

We conducted a retrospective population-based study to iden-
tify all decedents in Ontario between January 1, 1993 and
December 31, 2014.

Data sources

We used the health administrative databases at ICES (formerly
the Institute for Clinical Evaluative Sciences). These de-
identified databases are linked at the individual level using
encrypted health card numbers as unique identifiers and are
made available through a data-sharing agreement with the
Ontario Ministry of Health and Long-Term Care. Databases
included the following: The Office of the Registrar General –
Deaths (ORG-D) to identify decedents and obtain primary
cause of death data, coded using the 9th and 10th editions of
the International Classification of Diseases (ICD-9 and ICD-
10); the Ontario Health Insurance Plan (OHIP) database; the
Registered Persons Database (RPDB) to link decedents with
demographic information, including age, sex, and postal code;
and the Ontario Marginalization (ON-Marg) index calculated
using the Canadian Census 2001 and 2006. Data on comor-
bidities were obtained from a variety of administrative data-
bases, including hospitalizations from the Discharge Abstract
Database (DAD) and emergency department visits from the
National Ambulatory Care Reporting System (NACRS) data-
base. We used validated ICES macros to identify the presence
of multi-morbidities (Gruneir et al. 2016; Lane et al. 2015;
Mondor et al. 2016; Mondor et al. 2017; Pefoyo et al. 2015;
Petrosyan et al. 2017; Thavorn et al. 2017).

Study population

We captured all decedents in Ontario using the ORG-D. We
excluded those with no ON-Marg Index, no recorded postal
code 12 months prior to death, ineligible for OHIP coverage
12 months prior to death, and no cause of death coded.
Reasons individuals may not have an ON-Marg Index include
having a new postal code not available in the years for which
the indexwas created (2001 or 2006), a postal code error in the
database, and missing data in the dissemination area or census

tract files due to small cell size data suppression. We then
excluded all deaths not considered premature (i.e., occurring
at age 75 or greater). Records with missing data in at least one
of our independent covariates were excluded from the logistic
regression analysis.

ON-Marg Index

Our primary exposure of interest was neighbourhood-level
marginalization, measured using the ON-Marg Index
(Matheson and van Ingen 2006). The ON-Marg Index is a
validated tool that links individual postal code data to census
tract-level data to assign inequalities in health and social well-
being within Ontario at the neighbourhood level. The ON-
Marg Index includes four dimensions of marginalization: de-
pendency, ethnic concentration, material deprivation, and res-
idential instability. Each ON-Marg dimension is a summary
measure of multiple constructs of marginalization (Appendix
1). Decedents in our cohort were linked to the ON-Marg Index
using 2001 census data (for deaths until December 31, 2003)
and 2006 census data (for deaths after January 1, 2004). For
each census year and each marginalization dimension, postal
codes were scored, ranked, and categorized into quintiles,
with quintile 1 (Q1) considered the least marginalized and
quintile 5 (Q5) the most marginalized. The ON-Marg Index
dimensions can be considered separately or combined into a
total marginalization score; however, if one or more dimen-
sions are in the opposite direction of effect, the ON-Marg
Index user guide does not recommend combining the dimen-
sions (Matheson and van Ingen 2006). ON-Marg Index di-
mensions cannot be stratified into their constructs.

Independent variables

Independent variables included decedent age, sex, urban
vs. rural location (du Plessis et al. 2001), and level of
comorbidity. These independent variables were chosen
given their previous associations with AM and are adjusted
for in our analyses as we expect they may vary by quintile
of marginalization. We used previously established
methods to ascertain the presence of 18 chronic conditions,
including the following: acute myocardial infarction, car-
diac arrhythmia, asthma, cancer, congestive heart failure,
chronic obstructive pulmonary disease, chronic coronary
syndrome, dementia, diabetes, hypertension, inflammatory
bowel disease, mood disorders, other mental health disor-
ders, osteoarthritis, osteoporosis, renal failure, rheumatoid
arthritis, and stroke. We categorized comorbidities into the
following levels: low (0 to 3 chronic conditions), medium
(4 to 5 chronic conditions), high (6 chronic conditions),
and very high (greater than 7 chronic conditions).
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Dependent variables

Figure 1 shows the CIHI classifications of mortality. Our pri-
mary outcome was AM, defined by CIHI as premature deaths
occurring before 75 years of age with a preventable or treat-
able cause of death. CIHI defined AM and included various
preventable and treatable causes of death based on a standard
set of ICD-9 and ICD-10 codes (Appendix 2) (Canadian
Institute for Health Information 2012). All premature deaths
not classified as AM were classified as non-AM.

Analyses

We used frequencies and proportions to report characteristics
of the study population. We then calculated annual age–sex-
standardized mortality rates per 100,000 population for over-
all AM, preventable AM, and treatable AM to examine trends
over time. We used two multivariable logistic regression
models to assess the relationship between all of the ON-
Marg Index dimensions and AM, controlling for potential
confounders. First, among decedents with premature mortali-
ty, we estimated odds ratios (ORs) of AM by quintile of the
ON-Marg Index dimensions with non-AM as the reference
category. Second, among decedents with AM, we estimated
ORs for AM from preventable causes by quintile of the ON-
Marg Index dimension with AM from treatable causes as the
reference category. We adjusted these models for age (refer-
ence, age 0–17), sex (reference, female sex), rural location
(reference, urban location), and levels of comorbidities (refer-
ence low comorbidity). In order to determine if the association
between marginalization and AM changed over time, for each
regression model, we conducted a sensitivity analysis to in-
clude time dummy variables.

As the data structure and coding practice in the ORG-D
were modified in 2013, leading to a change in how primary

cause of death was attributed to different disease groups, for
each regression model we conducted a sensitivity analysis
excluding data from 2013 and 2014. We present results as
ORs along with 95% confidence intervals (CI). All statistical
tests were two-tailed and we used p < 0.05 to determine sta-
tistical significance. All analyses were performed using SAS
Software (version 9.4.3.0).

Results

There were 1,829,203 deaths in Ontario between 1993 and
2014. After exclusions (n = 89,045) and removal of non-
premature deaths (n = 1,048,705), our final cohort included
691,453 decedents with a premature death (Fig. 2). In addi-
tion, there were 5014 records with missing data in at least one
of our independent covariates excluded from the logistic re-
gression analysis.

Table 1 illustrates the characteristics of our cohort by type
of mortality. Of the premature deaths, 463,015 (67.0%) were
AM and 228,438 (33.0%) were non-AM. Of the avoidable
deaths, 294,799 (63.7%) were attributable to preventable
causes while 168,216 (36.3%) were attributable to treatable
causes. Compared with women, men were nearly twice as
likely to have AM from preventable causes (65.9% men vs.
34.1% women), but this difference was attenuated for AM
from treatable causes (52.8% men vs. 47.2% women).

Table 2 presents population totals by the ON-Marg Index
dimension for each type of mortality. There were clear gradi-
ents for AM from preventable and treatable causes, with in-
creasing mortality as marginalization increased for the depen-
dency, material deprivation, and residential instability dimen-
sions. A reverse trend was observed for ethnic concentration.
For most dimensions, the difference between Q1 and Q5 was
greater for AM from preventable causes compared with that

172 Can J Public Health (2020) 111:169–181



for AM from treatable cause: ethnic concentration (4.9% vs.
4.0%), material deprivation (13.4% vs. 11.0%), and residential
instability (16.7% vs. 14.2%). For the dependency dimension,
however, the difference between Q1 and Q5 was greater for
AM from treatable causes (12.8% vs. 11.5%).

Figure 3 presents annual age–sex-standardized mortality
rates per 100,000 population between 1993 and 2014 by over-
all AM, preventable AM, treatable AM, and non-AM. Overall
AM rates were almost halved (48.6%) from 1993 to 2014 (216
vs. 111 per 100,000 population). Compared with treatable
AM, preventable AM contributed the greater proportion of
all avoidable deaths, increasing from a ratio of approximately
1.5:1 in 1993 (128 vs. 75 deaths per 100,000 population) to
approximately 2:1 in 2014 (88 vs. 36 deaths per 100,000 pop-
ulation). Appendices 3 and 4 include sensitivity analyses with

time dummy variables showing a significant reduction in AM
over time and the persistence of an association between mar-
ginalization and AM over time. In comparison, the adjusted
odds ratios between the models without time dummy variables
and those with time dummy variables were similar.

Table 3 shows the ORs and 95% CI of AM compared with
those of non-AM among decedents with premature mortality
living in each of the ON-Marg Index dimension quintiles (ref-
erence Q1), after adjustment for age, sex, urban vs. rural lo-
cation, and level of comorbidity. Each dimension was statisti-
cally significantly associated with AM. Decedents living in
the most (Q5) materially deprived (OR, 1.24; 95% CI, 1.22–
1.27) and residentially unstable neighbourhoods (OR, 1.13;
95% CI, 1.11–1.15) had significantly greater AM than those
living in the least marginalized neighbourhoods (Q1).
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Decedents living in the most (Q5) dependent (OR, 0.91; 95%
CI, 0.89–0.93) and ethnically concentrated neighbourhoods
(OR, 0.93; 95% CI, 0.91–0.94) had significantly lower AM
than those living in the Q1 reference category. In our sensitiv-
ity analysis excluding data from 2013 and 2014, we found no
statistically significant differences compared with the main
model, thus did not exclude these years from this logistic
regression analysis (data not shown).

Table 4 shows the ORs and 95% CI of AM from preventable
causes compared with those from treatable causes for each ON-
Marg Index dimension quintile among all decedents with AM,
after adjustment for age, sex, urban vs. rural location, and level of
comorbidity. Decedents living in the most (Q5) materially de-
prived (OR, 1.10; 95% CI, 1.08–1.12) and residentially unstable
neighbourhoods (OR, 1.17; 95%CI, 1.15–1.20) had significantly
greater AM from preventable causes compared with that from
treatable causes than those living in the least (Q1) marginalized
neighbourhoods. Decedents living in the most (Q5) dependent
(OR, 0.90; 95% CI, 0.88–0.92) and ethnically concentrated
neighbourhoods (OR, 0.87; 95%CI, 0.85–0.89) had significantly

lower AM from preventable causes compared with that from
treatable causes than those living in the Q1 reference category.
In our sensitivity analysis excluding data from 2013 and 2014,
we again found no statistically significant differences compared
to the main model, thus did not exclude these years from this
logistic regression analysis (data not shown).

Discussion

In this study, we used four dimensions of neighbourhood mar-
ginalization to examine their relationship with AMoverall and
by preventable and treatable causes of death. Among all pre-
mature deaths (under the age of 75 years) occurring in Ontario
between 1993 and 2014, we found that decedents from
neighbourhoods with greater material deprivation and residen-
tial instability had greater AM while decedents from
neighbourhoods with greater dependency and ethnic concen-
tration had lower AM. We further found that among AM,
those living in neighbourhoods with greater material

Table 1 Characteristics of decedent cohort by type of mortality

Variable Deaths from all causes Deaths from premature causes

Avoidable mortality (AM) Non-avoidable mortality

Overall AM AM from preventable causes AM from treatable causes
Total population N = 1,740,158 N = 463,015 N = 294,799 N = 168,216 N = 228,438

Age (years)

Mean age ± SD 75.1 ± 15.5 60.5 ± 12.5 60.0 ± 12.9 61.5 ± 11.7 59.2 ± 14.4

0-17 8689 (0.5%) 4060 (0.9%) 2563 (0.9%) 1497 (0.9%) 4629 (2.0%)

18-44 72,399 (4.2%) 44,874 (9.7%) 32,486 (11.0%) 12,388 (7.4%) 27,525 (12.0%)

45-54 181,943 (10.5%) 124,343 (26.9%) 78,604 (26.7%) 45,739 (27.2%) 57,600 (25.2%)

55-64 96,981 (5.6%) 66,302 (14.3%) 42,741 (14.5%) 23,561 (14.0%) 30,679 (13.4%)

65-74 331,073 (19.0%) 223,239 (48.2%) 138,323 (46.9%) 84,916 (50.5%) 107,834 (47.2%)

75-84 526,801 (30.3%) n/a n/a n/a n/a

85+ 521,904 (30.0%) n/a n/a n/a n/a

Missing 368 (0.0%) 197 (0.0%) 82 (0.0%) 115 (0.1%) 171 (0.1%)

Sex

F 862,432 (49.6%) 179,918 (38.9%) 100,503 (34.1%) 79,415 (47.2%) 94,661 (41.4%)

M 877,718 (50.4%) 283,096 (61.1%) 194,295 (65.9%) 88,801 (52.8%) 133,774 (58.6%)

Urban vs. Rural

Urban 1,469,787 (84.5%) 388,824 (84.0%) 246,877 (83.7%) 141,947 (84.4%) 191,822 (84.0%)

Rural 268,544 (15.4%) 73,654 (15.9%) 47,579 (16.1%) 26,075 (15.5%) 36,337 (15.9%)

Missing 1827 (0.1%) 537 (0.1%) 343 (0.1%) 194 (0.1%) 279 (0.1%)

Total Comorbidities

Mean ± SD 4.1 ± 2.2 3.4 ± 2.2 3.3 ± 2.2 3.5 ± 2.2 3.2 ± 2.1

Low (0-3) 739,361 (42.5%) 264,966 (57.2%) 172,042 (58.4%) 92,924 (55.2%) 138,711 (60.7%)

Medium (4-5) 531,402 (30.5%) 118,141 (25.5%) 75,079 (25.5%) 43,062 (25.6%) 57,759 (25.3%)

High (6) 195,296 (11.2% 35,127 (7.6%) 21,453 (7.3%) 13,674 (8.1%) 15,093 (6.6%)

Very high (≥7) 274,099 (15.8%) 44,781 (9.7%) 26,225 (8.9%) 18,556 (11.0%) 16,875 (7.4%)
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deprivation and residential instability were more likely to die
from preventable causes, whereas those living in areas of
greater dependency and ethnic concentration were more likely
to have died from treatable causes. These findings provide
insight into the specific drivers of previously identified differ-
ences in AM from both preventable and treatable causes. As
such, our findings can contribute to future research into public
health and medical interventions to reduce health inequities
and improve AM outcomes at the neighbourhood level.

Of the four ON-Marg Index dimensions, material depriva-
tion had the greatest association with AM, in particular for
deaths due to preventable causes, identifying a key marginal-
ization target area for future public health and policy interven-
tions. There were 57,960 more avoidable deaths in the most
materially deprived neighbourhoods compared with those in
the least materially deprived neighbourhoods. Previous

research has found an association between increasing material
deprivation and higher AM from specific preventable causes,
such as infectious and parasitic diseases, diabetes, and ische-
mic heart disease (Benach et al. 2003; Saint-Jacques et al.
2014; Santana et al. 2015). Previous research has also identi-
fied an association between certain material deprivation con-
structs and AM, such as lower income quintiles having higher
AM (Khan et al. 2017). This is the first study, however, to use
a summary measure of neighbourhood poverty to examine its
association with all causes of AM. Material deprivation not
only incorporates income and education but also captures
neighbourhood vulnerability through factors such as the pro-
portions of single-parent families, those requiring government
transfer payments, the unemployed, and those living in poor
housing conditions (Matheson and van Ingen 2006). Further
exploration of these constructs and their association with

Table 2 ON-Marg Index dimensions among decedent cohort by mortality category

Variable Deaths from all causes Deaths from premature causes

Avoidable mortality (AM) Non-avoidable mortality

Overall AM AM from preventable causes AM from treatable causes

Dependency

Q1 (lowest) 188,268 (10.8%) 69,290 (15.0%) 44,735 (15.2%) 24,555 (14.6%) 34,055 (14.9%)

Q2 249,876 (14.4%) 79,796 (17.2%) 50,896 (17.3%) 28,900 (17.2%) 39,786 (17.4%)

Q3 307,749 (17.7%) 90,404 (19.5%) 57,708 (19.6%) 32,696 (19.4%) 44,837 (19.6%)

Q4 371,525 (21.4%) 98,700 (21.3%) 62,798 (21.3%) 35,902 (21.3%) 48,695 (21.3%)

Q5 (highest) 622,740 (35.8%) 124,825 (27.0%) 78,662 (26.7%) 46,163 (27.4%) 61,065 (26.7%)

Q5 - Q1 difference 434,472 (25.0%) 55,535 (12.0%) 33,927 (11.5%) 21,608 (12.8%) 27,010 (11.8%)

Ethnic Concentration

Q1 (lowest) 434,680 (25.0%) 107,053 (23.1%) 68,315 (23.2%) 38,738 (23.0%) 52,874 (23.1%)

Q2 378,034 (21.7%) 99,064 (21.4%) 63,345 (21.5%) 35,719 (21.2%) 48,981 (21.4%)

Q3 336,768 (19.4%) 88,081 (19.0%) 56,468 (19.2%) 31,613 (18.8%) 43,751 19.2%)

Q4 304,237 (17.5%) 83,087 (17.9%) 52,888 (17.9%) 30,199 (18.0%) 41,026 (18.0%)

Q5 (highest) 286,439 (16.5%) 85,730 (18.5%) 53,783 (18.2%) 31,947 (19.0%) 41,806 (18.3%)

Q5 - Q1 difference –148,241 (–8.5%) –21,323 (–4.6%) –14,532 (–4.9%) –6791 (–4.0%) –11,068 (–4.8%)

Material Deprivation

Q1 (lowest) 286,314 (16.5%) 66,375 (14.3%) 41,391 (14.0%) 24,984 (14.9%) 37,569 (16.4%)

Q2 314,989 (18.1%) 78,558 (17.0%) 49,298 (16.7%) 29,260 (17.4%) 41,924 (18.4%)

Q3 346,717 (19.9%) 90,987 (19.7%) 57,512 (19.5%) 33,475 (19.9%) 45,346 (19.9%)

Q4 378,817 (21.8%) 102,760 (22.2%) 65,722 (22.3%) 37,038 (22.0%) 48,869(21.4%)

Q5 (highest) 413,321 (23.8%) 124,335 (26.9%) 80,876 (27.4%) 43,459 (25.8%) 54,730 (24.0%)

Q5 - Q1 difference 127,007 (7.3%) 57,960 (12.5%) 39,485 (13.4%) 18,475 (11.0%) 17,161 (7.5%)

Residential Instability

Q1 (lowest) 181,822 (10.4%) 56,402 (12.2%) 34,861 (11.8%) 21,541 (12.8%) 30,965 (13.6%)

Q2 278,505 (16.0%) 81,037 (17.5%) 50,962 (17.3%) 30,075 (17.9%) 42,713 (18.7%)

Q3 341,471 (19.6%) 91,530 (19.8%) 57,854 (19.6%) 33,676 (20.0%) 46,372 (20.3%)

Q4 406,869 (23.4%) 104,712 (22.6%) 67,164 (22.8%) 37,548 (22.3%) 50,335 (22.0%)

Q5 (highest) 531,491 (30.5%) 129,334 (27.9%) 83,958 (28.5%) 45,376 (27.0%) 58,053 (25.4%)

Q5 - Q1 difference 181,822 (10.4%) 72,932 (15.8%) 49,097 (16.7%) 23,835 (14.2%) 27,088 (11.9%)
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avoidable health outcomes may delineate future targets for
public health and policy interventions (Farmanara et al.
2018; Gilbert et al. 2017; Muldoon et al. 2013).

Residential instability was positively associated with AM,
largely due to preventable causes. In total, there were 72,932
more avoidable deaths in the most residentially unstable
neighbourhoods compared with those in the least unstable
neighbourhoods. This dimension encompasses factors of
neighbourhood quality and social support, including the pro-
portions of those living alone, moving frequently, and home
overcrowding (Matheson and van Ingen 2006). Studies have
identified positive health outcomes for those with housing
stability; for example, as homeless individuals became stably
housed, there was a decreased use of emergency department
services and subsequent hospitalizations (Kerman et al. 2018;
Lim et al. 2018). Few studies, however, have connected the
residential instability dimension with specific avoidable
health outcomes, such as ischemic heart disease, homicides,
and high alcohol consumption (Chaix et al. 2007; Lachaud
et al. 2017; Matheson et al. 2014). In order to inform future
public health efforts to reduce inequities in avoidable health
outcomes, emerging research is exploring the constructs of
residential instability in more detail. For example,
neighbourhoods with strong social supports may lead to im-
proved AM outcomes, such as survival from acute myocardi-
al infarction (Chaix et al. 2008).

Neighbourhoods with a greater concentration of visible mi-
norities and immigrants offered a modest protective effect
against AM. We noted 21,323 fewer avoidable deaths in the
most ethnically diverse neighbourhoods compared with those
in the least ethnically diverse neighbourhood.

Visible minorities in Canada are more likely to access gen-
eral practitioner services, the cornerstone for provision of pre-
ventive care, which may contribute to less avoidable deaths in
these populations (Hutchison et al. 2011; Quan et al. 2006). In
addition, the healthy immigrant phenomenon, where new im-
migrants to Canada tend to be healthier than the average
Canadian population, is likely contributory to our results
(Ali et al. 2004; McDonald and Kennedy 2004). For example,
immigrants have lower rates of ischemic heart disease,
smoking-related diseases, and cancers which represent the
greatest proportion of avoidable deaths from preventable
causes (James et al. 2006; Omariba 2015). We also found that
a greater proportion of the avoidable deaths that do occur in
more ethnically diverse neighbourhoods are from treatable
causes of death than from preventable causes. This finding
may be explained by higher rates of certain treatable causes
of death in immigrant populations, such as tuberculosis and
malaria (Pottie et al. 2011). Further, visible minorities are less
likely to access tertiary care services in hospital compared
with other Canadians and may therefore have less access to
medical interventions prior to a treatable cause of death (Quan
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et al. 2006). In our study, ethnic concentration was not an
indicator of marginalization for avoidable health outcomes.
One reason for this may be its simplicity in only measuring
the proportions of immigrants and visible minorities in a
neighbourhood. Future studies examining avoidable health
outcomes may consider the use of other constructs of diversi-
ty, such as ethnic origin, country of origin, or community
cohesion (O’Campo et al. 2015).

Dependency is a measure of a neighbourhood’s work-
force eligibility to support those who do not have income
from employment, namely children, seniors, and the unem-
ployed (Matheson and van Ingen 2006). In our crude anal-
ysis, we noted 55,535 more avoidable deaths in the most

dependent neighbourhoods compared with those in the
least dependent neighbourhoods. In our regression analy-
sis, however, we found that neighbourhoods with greater
dependency were associated with lower AM. Our findings
were not expected given previous research examining cer-
tain constructs of dependency. For example, higher unem-
ployment has been shown to be associated with higher
mortality (Clemens et al. 2015). The most likely explana-
tion of our findings is the use of the summary measure of
dependency where it is assumed that all of its constructs
have the same direction of effect. This assumption may
have been problematic given the dependency constructs
are based on age (proportion of the population aged 65

Table 3 Logistic regression analysis of avoidable mortality (vs. non-avoidable mortality)

Crude Odds Ratio
(95% Confidence Interval)

P value Adjusted Odds Ratio
(95% Confidence Interval)

P value

Age 0-17 1.00 – 1.00 –

18-44 1.86 (1.78 – 1.94) <0.001 1.81 (1.73 – 1.90) <0.01

45-54 2.46 (2.36 – 2.58) <0.001 2.39 (2.29 – 2.50) <0.01

55-64 2.46 (2.36 – 2.57) <0.001 2.34 (2.24 – 2.45) <0.01

65-74 2.36 (2.26 – 2.46) <0.001 2.20 (2.11 – 2.30) <0.01

Sex Female 1.00 – 1.00 –

Male 1.11 (1.10 – 1.13) <0.001 1.12 (1.11 – 1.13) <0.01

Urban vs. Rural Urban 1.00 – 1.00 –

Rural 1.00 (0.99 – 1.01) 0.93 1.00 (0.99 – 1.02) 0.7048

Level of
Comorbidities

0-3 1.00 – 1.00 –

4-5 1.07 (1.06 – 1.08) <0.001 1.03 (1.02 – 1.05) 0.07

6 1.22 (1.19 – 1.24) <0.001 1.17 (1.15 – 1.20) <0.001

≥7 1.39 (1.36 – 1.42) <0.001 1.34 (1.31 – 1.36) <0.001

Dependency Q1 (low) 1.00 – 1.00 –

Q2 0.99 (0.97 – 1.00) 0.11 0.97 (0.96 – 0.99) 0.00

Q3 0.99 (0.97 – 1.01) 0.30 0.96 (0.94 – 0.97) <0.001

Q4 1.00 (0.98 – 1.01) 0.66 0.94 (0.92 – 0.96) <0.001

Q5 (high) 1.01 (0.99 – 1.02) 0.57 0.91 (0.89 – 0.93) <0.001

Ethnic Concentration Q1 (low) 1.00 – 1.00 –

Q2 1.00 (0.98 – 1.01) 0.89 0.99 (0.97 – 1.00) 0.09

Q3 0.99 (0.98 – 1.01) 0.47 0.97 (0.95 – 0.98) <0.001

Q4 1.00 (0.99 – 1.02) 0.97 0.95 (0.93 – 0.97) <0.001

Q5 (high) 1.01 (1.00 – 1.03) 0.11 0.93 (0.91 – 0.94) <0.001

Material Deprivation Q1 (low) 1.00 – 1.00 –

Q2 1.06 (1.04 – 1.08) <0.001 1.06 (1.04 – 1.08) <0.001

Q3 1.14 (1.12 – 1.16) <0.001 1.13 (1.11 – 1.14) <0.001

Q4 1.19 (1.17 – 1.21) <0.001 1.17 (1.15 – 1.19) <0.001

Q5 (high) 1.29 (1.27 – 1.31) <0.001 1.24 (1.22 – 1.27) <0.001

Residential Instability Q1 (low) 1.00 – 1.00 –

Q2 1.04 ( 1.02 – 1.06) <0.001 1.02 (1.100 – 1.04) 0.07

Q3 1.08 (1.07 – 1.10) <0.001 1.04 (1.02 – 1.06) <0.001

Q4 1.14 (1.12 – 1.16) <0.001 1.06 (1.04 – 1.08) <0.001

Q5 (high) 1.22 (1.20 – 1.24) <0.001 1.13 (1.11 – 1.15) <0.001
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and older, dependency ratio, and proportion of the popula-
tion not participating in the labour force aged 15 and over)
as was our main mortality outcome of interest (AM only
considers deaths under the age of 75). Previous research
has identified different mortality patterns in those aged 14
years and younger compared with those 65 years and older
(Shumanty 2018). As such, our results may not reflect a
true protective association between dependency and AM.
Future studies using age-based health outcomes may con-
sider first examining each dependency construct individu-
ally to determine the direction of effect before using a
summary dimension measure.

Our study used robust, population-level databases that cap-
tured all deaths in a population with universal coverage for
medically necessary health services. We used standardized
definitions of AM developed through a rigorous process by
CIHI. This is the first study to measure several dimensions of
marginalization and their association with AM. As with any
study using administrative data, however, important limita-
tions remain. First, as the ON-Marg Index is based on 2001
and 2006 census data, it is possible that its accuracy is greater
proximal to these years than at the extremes of our study
period (Matheson and van Ingen 2006; Matheson et al.
2012). Second, we used the ON-Marg Index to assign

Table 4 Logistic regression analysis of avoidable mortality from preventable causes (versus AM from treatable causes)

Crude Odds Ratio
(95% Confidence Interval)

P value Adjusted Odds Ratio
(95% Confidence Interval)

P value

Age 0-17 1.00 – 1.00 –

18-44 1.53 (1.43 – 1.64) <0.001 1.49 (1.39 – 1.59) <0.001

45-54 1.06 (0.99 – 1.13) 0.08 1.05 (0.98 – 1.12) 0.14

55-64 1.00 (0.94 – 1.07) 0.91 1.00 (0.94 – 1.07) 0.96

65-74 0.95 (0.89 – 1.02) 0.13 0.98 (0.91 – 1.04) 0.46

Sex Female 1.00 – 1.00 –

Male 1.73 (1.71 – 1.75) <0.001 1.72 (1.69 – 1.74) <0.001

Urban vs. Rural Urban 1.00 – 1.00 –

Rural 1.05 ( 1.03 – 1.07) <0.001 1.05 (1.03 – 1.06) <0.001

Level of
Comorbidities

0 - 3 1.00 – 1.00 –

4-5 0.94 (0.93 – 0.96) <0.001 1.01 (1.00 – 1.03) 0.12

6 0.85 (0.83 – 0.87) <0.001 0.92 (0.90 – 0.94) <0.001

≥7 0.76 (0.75 – 0.78) <0.001 0.83 (0.82 – 0.85) <0.001

Dependency Q1 (low) 1.00 – 1.00 –

Q2 0.97 (0.95 – 0.99) 0.00 0.97 (0.95 – 0.99) 0.01

Q3 0.97 (0.95 – 0.99) 0.00 0.96 (0.94 – 0.98) <0.001

Q4 0.96 (0.94 – 0.98) <0.001 0.94 (0.92 – 0.96) <0.001

Q5 (high) 0.94 (0.92 – 0.95) <0.001 0.90 (0.88 – 0.92) <0.001

Ethnic Concentration Q1 (low) 1.00 – 1.00 –

Q2 1.01 (0.99 – 1.02) 0.54 0.99 (0.97 – 1.01) 0.21

Q3 1.01 (0.99 – 1.03) 0.18 0.98 (0.96 – 1.00) 0.03

Q4 0.99 (0.98 – 1.01) 0.47 0.94 (0.92 – 0.96) <0.001

Q5 (high) 0.95 (0.94 – 0.97) <0.001 0.87 (0.85 – 0.89) <0.001

Material Deprivation Q1 (low) 1.00 – 1.00 –

Q2 1.02 (1.00 – 1.04) 0.12 1.01 (0.99 – 1.04) 0.23

Q3 1.04 (1.02 – 1.06) 0.00 1.03 (1.01 – 1.05) 0.01

Q4 1.07 (1.05 – 1.09) <0.001 1.05 (1.03 – 1.08) <0.001

Q5 (high) 1.12 (1.10 – 1.15) <0.001 1.10 (1.08 – 1.12) <0.001

Residential Instability Q1 (low) 1.00 – 1.00 –

Q2 1.05 (1.02 – 1.07) <0.001 1.05 (1.02 – 1.07) 0.00

Q3 1.06 (1.04 – 1.09) <0.001 1.07 (1.04 – 1.09) <0.001

Q4 1.11 (1.08 – 1.13) <0.001 1.11 (1.08 – 1.13) <0.001

Q5 (high) 1.14 (1.12 – 1.17) <0.001 1.17 (1.15 – 1.20) <0.001
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decedents a summary level of neighbourhood marginalization
that, while validated, may not always reflect individual level
marginalization. Third, we excluded individuals with no ON-
Marg Index, reasons for which include having a new postal
code that was not available in the years for which the index
was created (prior to 2006). This would exclude individuals
who lived in new housing developments in Ontario from 2006
to 2014 which may reflect a more affluent cohort leading to a
possible over-estimation of marginalization in our study.
Fourth, classifications of cause of death varied during 2013
and 2014; however, our sensitivity analyses assured us these
changes did not significantly impact our overall findings.
Fifth, this study uses four dimensions of marginalization with-
out the ability to stratify into each of their constructs in order
to quantify their association with AM, identifying an impor-
tant area for future research. In addition, AM encompasses a
comprehensive list of preventable and treatable causes of
death, and future studies may focus on the relationship be-
tween marginalization and specific avoidable conditions in
order to provide targeted and actionable interventions.
Finally, with the understanding that marginalization is not
experienced in isolation, future research could consider how
marginalization dimensions intersect to affect health outcomes
(Durbin et al. 2015).

Conclusion

Neighbourhoods with high material deprivation and residen-
tial instability have higher AM while more ethnically dense
neighbourhoods have lower AM. Age-based marginalization
dimensions such as dependency might not be suitable to ex-
amine age-based health outcomes such as AM.

Our results suggest that neighbourhoods with high material
deprivation and residential instability may be of most interest
to public health practitioners and researchers given their asso-
ciation with preventable AM. In order to provide targeted
public health and policy interventions, future research should
examine which constructs of material deprivation and residen-
tial instability are most greatly associated with avoidable
health outcomes, and may consider stratification by specific
preventable conditions.
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