
QUANTITATIVE RESEARCH

Material deprivation and rates of all-terrain
vehicle- and snowmobile-related injuries in Ontario from 2003
to 2018: a population-based study

Alanna K. Chu1
& Trevor van Ingen2

& Brendan Smith1,3
& Sarah A. Richmond1,4

Received: 16 May 2020 /Accepted: 4 September 2020
# The Author(s) 2020

Abstract
Objectives Socio-economic status (SES) is a well-established predictor of health outcomes; however, there is a dearth of
evidence on the relationship between SES and off-road vehicle (ORV) injuries. In Ontario, all-terrain vehicles (ATVs) and
snowmobiles present a serious risk for preventable injury. This study assessed the association between area-level material
deprivation and the risk of ATV- and snowmobile-related injuries in Ontario, as well as the impact of sex and age.
Methods A population-based, repeat cross-sectional study was conducted using administrative data of ATV- and snowmobile-
related emergency room visits from 2003 to 2018. Material deprivation was measured using the Ontario Marginalization Index,
which assigned a score and quintile of deprivation to each dissemination area in Ontario. Age-standardized incidence rates and
relative index of inequality values were calculated, stratified by quintile of deprivation, sex, age group, vehicle type, and health
region.
Results We found a significant, positive relationship between ORV-related injuries and quintile of material deprivation (RII =
1.28, 95% CI: 1.01–1.63). Rates of ATV- and snowmobile-related injuries remained stable over time. Across all age groups, sex,
and rural categories, we found an inverse u-shaped relationship between rates of injuries and quintile material deprivation. Males,
individuals living in rural areas, and adolescents and young adults experienced the highest rates of injuries.
Conclusion Despite the positive relationship between ORV-related injuries and quintiles of deprivation, the inverse u-shaped
relationship suggests that this increased risk of injury is likely related to exposure to ORVs. These results contribute to an
understanding of the prevalence of the injury problem at a local level in Ontario. Stable rates of injury over time suggest that
current public health programs are not sufficient in reducing these injuries, and further research should determine which factors
amenable to intervention are contributing to increased risk of injury.

Résumé
Objectifs Le statut socioéconomique (SSE) est un prédicteur bien établi des résultats pour la santé, mais il existe une pénurie de
preuves sur la relation entre le SSE et les blessures des véhicules hors route. En Ontario, les véhicules tout-terrain (VTT) et les
motoneiges présentent un risque sérieux de blessures évitables. Cette étude a évalué l’association entre la privation matérielle au
niveau de la zone et le risque de blessures liées aux VTT et aux motoneiges en Ontario, ainsi que l’impact du sexe et de l’âge.
Méthodes Une étude transversale répétée basée sur la population a été menée à l’aide des données administratives des visites aux
urgences liées aux VTT et aux motoneiges de 2003 à 2018. La privation matérielle a été mesurée à l’aide de l’Ontario
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Marginalization Index, qui a attribué un score et un quintile de privation à chaque aire de diffusion en Ontario. Les taux
d’incidence normalisés selon l’âge et l’indice relatif des valeurs d’inégalité ont été calculés, stratifiés par quintile de privation,
sexe, groupe d’âge, type de véhicule et région sanitaire.
Résultats Nous avons trouvé une relation positive significative entre les blessures liées aux VTT et le quintile de privation
matérielle (RII = 1,28, IC à 95% : 1,01 – 1,63). Les taux de blessures liées aux VTT et aux motoneiges sont demeurés élevés au fil
du temps. Dans tous les groupes d’âge, sexe et catégories rurales, nous avons trouvé une relation en forme de U inverse entre les
taux de blessures et les quintiles de privation matérielle. Les hommes, les personnes vivant dans les zones rurales, les adolescents
et les jeunes adultes ont connu les taux de blessures les plus élevés.
Conclusion Malgré la relation positive entre les blessures liées aux VTT et les quintiles de privation, la relation en forme de U
suggère que ce risque accru de blessures est probablement lié à l’exposition aux VTT. Ces résultats contribuent à une
compréhension de la prévalence du problème de blessures au niveau local en Ontario. Des taux stables de blessures au fil du
temps suggèrent que les programmes de santé publique actuels ne sont pas suffisants pour réduire ces blessures, et des recherches
plus poussées devraient déterminer quels facteurs susceptibles d’intervenir contribuent à augmenter le risque de blessures.

Keywords Wounds and injuries . Socioeconomic factors . Off-roadmotor vehicles . Public health
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Introduction

Socio-economic status (SES) has been recognized as an
important predictor of both chronic and acute health out-
comes (Lago et al. 2018; Stringhini et al. 2017). The rela-
tionship between SES and injury, however, is more com-
plex and not well understood, particularly for non-fatal
injuries (Cubbin & Smith 2002; Potter et al. 2005;
Simpson 2005; Yuma-Guerrero et al. 2018). Previous re-
search has found that the direction of the relationship be-
tween SES and injuries depends on numerous factors, in-
cluding the population under study, cause of injury, type of
injury, measure of SES, and the physical environment
(Cubbin & Smith 2002; Potter et al. 2005; Simpson
2005). A recent systematic review examining measures of
SES and injury outcomes in children and youth found that
the majority of studies reported lower SES was associated
with increased risk of unintentional injury, including road
traffic injuries and burn and scald injuries, while other
studies report higher SES associating with increased risk
of injuries attributable to sport or recreation activities
(Burrows et al. 2012; Simpson 2005; Zandy et al. 2019).
There is insufficient literature in other injury topic areas,
including few studies that examine fall- or drowning-
related injuries or injuries due to the use of off-road
vehicles.

In Ontario, off-road vehicles (ORVs) such as all-terrain
vehicles (ATVs) and snowmobiles are popular recreation-
al and transport vehicles; however, they present a risk of
preventable injury with their use. According to the most
recent Canadian Community Health Survey (CCHS) that
collected information specific to ATV and snowmobile
use in Ontario, over 20% of youth ages 12–15 years report
using an ATV at least once in the previous 12-month

period (Ontario Agency for Health Protection and
Promotion (Public Health Ontario) et al. 2019). For snow-
mobile use, the number increases to over 28%. Given the
size and weight of these vehicles, and the reported speed
that they can travel (e.g., more than 90 km/h), there is a
serious risk for injury, particularly in children and youth.
In 2015 and 2016, there were 11,091 emergency depart-
ment visits related to ATVs and 2944 related to snowmo-
biles, with the highest rates of injury reported among
males, people 12 to 15 years of age, and those living in
rural areas (Public Health Ontario, 2019). Several risk
factors of ATV- and snowmobile-related injuries have
been identified, such as driver and vehicle characteristics,
use of protective gear, driving position, and driving pat-
terns (Denning et al. 2014; Rodgers 2001); however, to
date, no studies have investigated the relationship between
SES and ORVs.

The purpose of this paper was to assess the associa-
tion between area-level material deprivation and the risk
of ATV- and snowmobile-related injuries in Ontario.
Material deprivation is a measure of SES which is close-
ly related to poverty and considers multiple domains
such as housing, education, income, and employment.
Area-level material deprivation is often used when
individual-level measures of SES are unavailable. It has
been shown to be strongly associated with health out-
comes (Imlach Gunasekara et al. 2013; Pfoertner et al.
2011; Tøge & Bell 2016). The impact of sex and age on
the risk of injuries related to ATV and snowmobile was
also assessed. These results will lead to a better under-
standing of the nature of the relationship between SES
and ORV-related injuries, and can be used to inform
injury prevention priorities and interventions related to
these vehicles.
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Methods

Study population

We conducted a population-based, repeat cross-sectional
study in Ontario, Canada, using administrative data collected
from the provincial universal health care system.We used data
from the National Ambulatory Care Reporting System
(NACRS) database from the calendar year 2003–2018.
NACRS contains visit records from 100% of emergency de-
partment visits in Ontario, Canada.

Outcomes

ATV- and snowmobile-related injuries were defined as an
emergency department visit related to an ATV or snowmobile
identified in NACRS using the International Classification of
Disease 10th Edition, Canada (ICD-10-CA) codes V86 and
U99.032 codes (Supplementary Table 1). To assess the num-
ber of emergency department visits for ATV- and
snowmobile-related injuries, only the emergency department
visits associated with a unique NACRS visit key were includ-
ed in the analysis, removing duplicate records from the same
emergency department visit.

Material deprivation was measured using the Ontario
Marginalization Index (ON-Marg). ON-Marg is an Ontario-
specific version of the Canadian Marginalization Index, de-
veloped by Matheson et al. (2012). ON-Marg was created
using principal component factor analysis at the dissemination
area (DA) level on 18 Canadian census variables related to
social and economic marginalization. Four factors were pro-
duced corresponding to four dimensions of marginalization:
material deprivation, residential instability, ethnic concentra-
tion, and dependency. ON-Marg assigns each DA a margin-
alization score for each dimension. All Ontario DAs are fur-
ther ranked and divided into quintiles each containing
one fifth of the overall number of DAs, where quintile 1 con-
tains the least marginalized DAs and quintile 5 contains the
most marginalized DAs. It is derived based on indicators of
income (proportion of adults unemployed, proportion of
households considered low income, proportion of income
from government transfer payments), quality of housing
(i.e., proportion of households living in dwellings in need of
major repair), low educational attainment (i.e., > high school
diploma), and family structure characteristics (e.g., lone-
parent families).

ON-Marg was used to assign each visit to an area-based
measure of material deprivation at the DA level. The Statistics
Canada Postal Code Conversion File Plus (PCCF+) version
7A was used to probabilistically geocode cases based on post-
al code of residence extracted from NACRS.

Postal code was also used to assign cases to public health
units (PHUs). PHUs were further grouped into health unit

regions: central east, central west, eastern, north east, north
west, south west, and Toronto (Supplementary Table 2). For
each ATV- and snowmobile-related injury, the patient’s age
and sex were extracted from the NACRS database. Age was
grouped into three categories (0–14, 15–29, 30+ years), and
sex was categorized into female and male.

Statistical analyses

Rates of all ORV injuries occurring between 2003 and
2018 were age-standardized to the 2011 Canadian popu-
lation and stratified by quintile of material deprivation.
The 2006 version of ON-Marg was used to assign quin-
tiles of material deprivation for injuries occurring in 2003
to 2010, while the 2016 version of ON-Marg was used for
injuries occurring in 2011 to 2018. Census DA profiles
were used to calculate denominators for each quintile for
the 2006 and 2016 populations, and linear extrapolation
was used to estimate denominators for the remaining cal-
endar years. Additional subgroup analyses were conduct-
ed stratifying injuries across quintiles and time, sex (fe-
male, male), age group (0–14, 15–29, 30+ years), injury
type (ATV, snowmobile), and health region (central east,
central west, eastern, north east, north west, south west,
Toronto).

To quantify differences in rates of injuries across quin-
tiles of marginalization, the relative index of inequality
(RII) values were calculated for all analyses. The RII is
a regression-based measure that takes into account differ-
ences in rates across all five quintiles of marginalization.
The RII was calculated by fitting a multiplicative Poisson
model based on the work of Moreno-Betancur et al.
(2015). Relative index of inequality values of greater than
one indicate that risk of injury is higher in the most mar-
ginalized areas compared with the least. Statistical signif-
icance occurs where 95% confidence intervals (95% CIs)
do not include the null value of 1. Only those cases that
could be assigned to a level of marginalization were in-
cluded in these results. A total of 115,628 cases were
successfully extracted and 4200 were excluded (648 miss-
ing postal code, 409 PCCF+ unable to geocode legitimate
Ontario DAs, and 3143 assigned to DAs with no ON-
Marg).

Using methodology developed by Health Quality Ontario
(2019), data from 2014 to 2018 were stratified by urban-rural
categories, using 2016 census population data multiplied by 5
for the denominator, to produce age-standardized incidence
rates and RII values. Only data from 2014 to 2018 were used,
as rural-urban category data were only available for 2016 cen-
sus geographies. Rates were age-standardized to the 2011
census.

This study received research ethics approval from the
Public Health Ontario Research Ethics Board.
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Results

Off-road vehicle injuries and material deprivation in
Ontario

Of the 111,482 off-road vehicle injuries included in this study,
84,971 were ATV-related and 26,511 were snowmobile-related.
The age-standardized incidence rate (ASIR) of ORV-related in-
juries in Ontario for the years 2003 to 2018was 55.4 per 100,000
population, the ASIR of ATV-related injuries was 42.2 per
100,000, and the ASIR of snowmobile injuries in Ontario was
13.2 per 100,000 population.

Figure 1 shows the ASIR of ORV-related injuries per
100,000 population. Across the entire study period, the rate
of ORV-related injuries was the highest in the third quintile of
material deprivation (67.5 per 100,000), followed by the
fourth quintile (65.6 per 100,000), second quintile (57.8 per
100,000), fifth quintile (49.7 per 100,000), and finally first
quintile (41.6 per 100,000). Despite the relatively low rates
found in highest quintile of material deprivation, the RII of
1.28 (95% CI: 1.01–1.63) indicates a significant association
between material deprivation and ORV-related injuries in
Ontario (Table 1).

Inequities in off-road vehicle injury over time

Figure 2 illustrates the distribution of rates of ORV-related
injuries by quintile of material deprivation for the years
2003 to 2018. There is an increase in the rate of injuries from
45.8 per 100,000 in 2003 to 64.0 per 100,000 in 2008, follow-
ed by a steady decline to 49.3 per 100,000 in 2018. Across all
years, the first and fifth quintiles have the lowest rates of
ORV-related injuries, and the second, third, and fourth quin-
tiles have the highest rates of ORV. As shown in Fig. 3, sta-
tistically significant RIIs of greater than one were observed for
the years 2003 and 2005–2010.

Inequities in off-road vehicle injury by age group

The ASIR of ORV-related injuries per 100,000 population
in 2003–2018 was 49.7 among 0 to 14 year olds, 122.3

among 15 to 29 year olds, and 35.5 among those aged 30
and older (Table 1). Similar trends by quintile of material
deprivation exist across all age groups, where the ORV
injury rate was the highest rate for the third quintile, while
the lowest rates were found in the first quintile, followed
by the fifth quintiles of material deprivation (Fig. 4). Non-
significant RII results were found for all age groups
(Table 1).

Inequities in off-road vehicle injury by sex

The ASIR of ORV-related injuries per 100,000 population in
2003–2018 was 87.1 for males and 24.1 for females (Table 1).
Males in the third quintile had the highest rate of ORV-related
injuries, while the lowest rates were found in the first quintile,
followed by the fifth quintile of material deprivation. In fe-
males, the highest rates were found in the fourth quintile, and
the lowest rates were found in the first quintile, followed by
the fifth quintile of material deprivation (Fig. 4). The RII in-
dicates statistically significant inequities where material dep-
rivation is positively associated with ORV injury for females
(RII: 1.50, 95% CI: 1.21–1.87) but not for males (RII: 1.23,
95% CI: 0.96–1.57) (Table 1).

Inequities in off-road vehicle injury by injury type

The ASIR per 100,000 population was higher for ATV-
related injuries (42.2) than for snowmobile-related injuries
(13.2) in 2003–2018 (Table 1). ATV-related injury rates
were highest in the third quintile, while the lowest rates
were found in the first quintile, followed by the fifth
quintile of material deprivation (Fig. 4). Snowmobile-
related injury rates were highest in the third and fourth
quintiles, while the lowest rates were found in the first
quintile, followed by the fifth quintile of material depri-
vation (Fig. 4). The RII indicates statistically significant
inequities where material deprivation is positively associ-
ated with snowmobile-related injury (RII: 1.35, 95% CI:
1.04–1.76) but not with ATV-related injury (RII: 1.26,
95% CI: 0.99–1.59) (Table 1).

Inequities in off-road vehicle injury by region of
Ontario

The ASIR for ATV- and snowmobile-related injuries varied
across regions in Ontario. They were highest among the north-
ern regions of Ontario (north east and north west) and lowest
among individuals living in Toronto (Fig. 4). Material depri-
vation was positively associated with ORV-related injuries for
the central east, eastern, and north east regions, null relation-
ships in the central west and south west regions, and inverse
relationships for the north west and Toronto regions (Table 1).
It is important to note that ON-Marg scores are not available

Fig. 1 Off-road vehicle-related age-standardized emergency department
visit rate per 100,000 population, by quintile of material deprivation in
Ontario for 2003 to 2018
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for DAs where complete census data are not available; this
happens most often in rural areas and reserves. While in most
regions less than 2% of cases cannot be assigned to an ON-

Marg quintile, this increases to 6.2% of cases residing in the
north east region, and 13.2% of cases residing in the north
west region.

Fig. 2 Off-road vehicle-related age-standardized emergency department visit rate per 100,000 population, by quintile of material deprivation in Ontario
and by calendar year for 2003 to 2018

Table 1 Off-road vehicle-related age-standardized emergency depart-
ment visit rate per 100,000 population, and relative index of inequality
(RII) measuring the association with quintile of material deprivation for

analyses of all of Ontario, by sex, age group, injury type, region of
Ontario, and urban-rural category

Analysis ASIR per 100,000 RII 95% CI of the RII

Ontario 55.38 1.28 (1.01–1.63)

Sex1 Female 24.22 1.50 (1.21–1.87)

Male 87.14 1.23 (0.96–1.57)

Age group1 0 to 14 49.67 1.15 (0.5–2.63)

15 to 29 122.30 1.21 (0.61–2.37)

30 + 35.53 1.35 (0.8–2.26)

Injury type1 ATV 42.17 1.26 (0.99–1.59)

Snowmobile 13.20 1.35 (1.04–1.76)

Health region1 Central east 46.70 1.41 (1.29–1.54)

Central west 51.34 1.10 (0.84–1.44)

Eastern 76.59 2.17 (1.57–2.99)

North east 192.02 1.15 (1.02–1.31)

North west 140.96 0.82 (0.68–0.99)

South west 88.90 0.83 (0.61–1.13)

Toronto 6.13 0.42 (0.35–0.49)

Urban-rural category2 Large urban community 15.42 0.71 0.64–0.79

Med/small in CMA/CA* 88.63 1.43 1.22–1.67

Rural in CMA/CA 159.47 1.49 1.37–1.63

Rural/remote 224.45 1.22 1.07–1.39

*Census Metropolitan Area/Census Agglomeration
1 Results reflect data collected between 2003 and 2018, age-standardized to the 2011 Canadian census; data from 2003 to 2010were assigned to quintiles
of material deprivation from the 2006 ON-Marg; and data from 2011 to 2018 were assigned using the 2016 ON-Marg
2 Results reflect average rates between 2014 and 2018, age-standardized to the 2011 Canadian census; data were assigned using the 2016 ON-Marg
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Inequities in off-road vehicle injury by rural-urban
category in Ontario

The ASIR for ATV- and snowmobile-related injuries varied
across rural-urban categories in Ontario (Fig. 4). The highest
rates were in rural/remote areas, followed by rural areas in
Census Metropolitan Area (CMA)/Census Agglomeration
(CA), then medium/small areas in CMA/CA, and finally large
urban communities. Across quintiles of deprivation, the third
and fourth quintiles represented the highest rates, followed by
the fifth quintile, second quintile, and first quintile, respective-
ly, for all the rural-urban categories except large urban com-
munities. The RII indicates significant inequities where mate-
rial deprivation is positively associated with off-road vehicle
injuries in all rural categories (Table 1).

Discussion

This study is the first to examine the relationship between
material deprivation and ORV-related injuries in Ontario,
Canada. Our results show an inverse U relationship across
quintiles of material deprivation with relatively low rates of
ORV injury in the highest quintile of deprivation. Our results
show that the rates of ORV-related injuries remain stable over
time and that there is a pronounced sex difference, where
males experience a higher rate of ORV-related injuries com-
pared with females. Rates of ORV-related injury were notably
higher in adolescent and young adults, in the north east and
north west public health regions, and in rural/remote areas,
and the overall rate was similar to rates of pedestrian injuries
in Ontario (Parachute 2018).We found higher rates in increas-
ingly rural areas and a positive and significant relationship
between ORV-related injuries and quintile of material depri-
vation within all rural categories. The higher rates in rural
areas and a lack of association within the large urban commu-
nity category suggest that the major risk factor for ATV- and

snowmobile-related injuries may simply be exposure to these
vehicles. Across all age groups, sex, and regions, rates of
injury were highest among the middle quintile of material
deprivation and lower among the highest and lowest quintiles,
indicating that the middle-income group is at the highest risk
for ORV-related injuries. It is possible that those in the highest
quintile of material deprivation are not exposed to ORVs due
to lack of access to these vehicles.

These results are important to inform a program of public
health that includes understanding the prevalence of the injury
problem at a local level, as well as the contributing factors that
may play a role in the risk of sustaining an injury. These data
demonstrate that the rate of injury may not be associated with
material deprivation but may be related to ORV use which is
relatively stable over time. These data imply that, while the
rate of injury is not increasing, our current efforts to reduce
injuries related to ORV use are insufficient. Our data also
demonstrate the highest rate of injury was found in adoles-
cents and young adults, and in rural areas over urban areas, as
well as in the Q3 and Q4 SES quintiles—or those that are
associated with the middle-income groups.

Given the consistent rate of injury to adolescents and
young adults from ORV use in Ontario, implementation of
policy-level interventions that aim to reduce exposure to
ATVs and snowmobiles should be considered in a compre-
hensive program of public health. Prior research has shown
that children do not have the physical or cognitive capacity to
safely operate these motor vehicles, particularly in unpredict-
able environments (Anson et al. 2009; Denning et al. 2014).
ATVs have a high centre of gravity, and children and youth do
not have the weight or strength to control the vehicle, leading
to a high risk of rolling the vehicle (Mattei et al. 2011). Rolling
of the vehicle can cause significant injury, particularly to chil-
dren and youth, given the weight and size of ATVs.
Legislation mandating age restrictions and graduated driver
licensing, similar to licensing of other motor vehicles, should
be considered to prevent exposure to these vehicles among

Fig. 3 Relative index of
inequality (RII) for material dep-
rivation on off-road vehicle inju-
ries in Ontario from 2003 to 2008,
2014–2017
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individuals who are too young to operate them safely. These
strategies have been shown to be effective in reducing on-road
motor vehicle injuries in young people (McKnight & Peck
2002).

Strengths and limitations

This is the first study to examine measures of SES with ORV-
related injuries in Canada. This study used population-level

Fig. 4 Off-road vehicle-related age-standardized emergency department
visit rate per 100,000 population, by quintile of material deprivation in
Ontario for 2003 to 2018 by sex, age group, injury type, and region of
Ontario. *Census Metropolitan Area/Census Agglomeration. 1Results re-
flect data collected between 2003 and 2018, age-standardized to the 2011

Canadian census; data from 2003 to 2010 were assigned to quintiles of
material deprivation from the 2006 ON-Marg; and data from 2011 to
2018 were assigned using the 2016 ON-Marg. 2Results reflect average
rates between 2014 and 2018, age-standardized to the 2011 Canadian
census; data were assigned using the 2016 ON-Marg
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data sources to report the rate of emergency department visits
related to ORV use, by age and sex—an update to the litera-
ture in this area. In addition, we report on summary measures
of SES, including the report of RII, which describes differ-
ences between material deprivation quintile in a population
relative to the population mean. This measure is most useful
to study changes over time.

This study is subject to a number of limitations. First, the
data are limited to emergency department visits related to
ORVs and thus are likely an under-representation of the total
burden of ATV- and snowmobile-related injuries. These data
do not include injuries not treated in the emergency depart-
ment. We also identified ATV- and snowmobile-related inju-
ries using the ICD-10 code V86; this code may include inju-
ries related to other off-road vehicles (e.g., golf carts, dirt
bikes); therefore, these results may include emergency depart-
ment visits related to other off-road vehicles. Further, ICD-10
coding includes report of injuries associated with the home
address of the individual presenting to hospital, as opposed
to where the injury actually occurred; therefore, it is possible
that injuries reported within a region in Ontario may have
actually occurred in another area. It is estimated, however,
that the majority of ORV use corresponds with the location
of the reported injury.

Material deprivation as the measure of SES used in this
study may not consider other aspects of socio-economic status
which may be important predictors of risk of injury. We also
used area-level measures of material deprivation and urban/
rural categories, not individual-level data, which can be sub-
ject to ecological fallacy. Additionally, urban-rural categories
may not account for differences that may affect ORV engage-
ment within categories. In this case, the associations observed
across groups of individuals may not truly represent the asso-
ciation observed at an individual level. In addition, the rela-
tionship between SES and injury was assessed using a cross-
sectional analysis. This analysis does not account for individ-
ual changes in SES over time.

Finally, the measure of RII was used to discuss the changes
in SES over time. These results are derived from log-linear
Poisson regression models that are conditional on meeting the
assumptions of linear regression analyses. Specifically, there
is an assumption that the change in injury risk across all quin-
tiles of SES is linear on a log scale. Where these assumptions
are false, the use of RII may not be appropriate. Future studies
should use a multifactorial and multilevel approach to analyze
the effect of SES on the risk of injury.

Another limitation of the study is that not all regions have
equal representation on the ON-Marg, as ON-Marg values
cannot be produced where census data are not available for
all indicators. This happens most often in reserves and rural
areas, and the north west region has a particularly high pro-
portion of the population that cannot be assigned ON-Marg
scores. This could possibly bias the regional results.

Last, future studies should examine access to ORVs com-
pared with rates of injury as well as purpose of use (i.e., rec-
reational, transportation, and/or vocational), in order to deter-
mine whether or not risk of injury is related to exposure to
vehicles and in what context. Furthermore, a greater under-
standing of the attitudes and motivation towards engaging
with ORVs would inform directionality of public health
initiatives.

Conclusion

Our results found evidence to suggest that material depriva-
tion was associated with ORV-related injuries. However,
stratification of the data demonstrates that rates of ORV-
related injuries are highest among males as compared with
females, in adolescents and young adults, and in rural/
remote areas of Ontario as compared with urban areas.
Public health policy interventions should aim to reduce expo-
sure to ATVs and snowmobiles among younger drivers.

Acknowledgements We would like to acknowledge Dr. Brent
Moloughney for his support and guidance through this project.

Compliance with ethical standards

This study received research ethics approval from the Public Health
Ontario Research Ethics Board.

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes weremade. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Anson, K., Segedin, E., & Jones, P. (2009). ATV (quad bike) injuries in
New Zealand children: their extent and severity. The New Zealand
Medical Journal, 122(1302), 11–28 http://www.ncbi.nlm.nih.gov/
pubmed/19834519.

Burrows, S., Auger, N., Gamache, P., & Hamel, D. (2012). Individual
and area socioeconomic inequalities in cause-specific unintentional
injury mortality: 11-year follow-up study of 2.7 million Canadians.
Accident Analysis & Prevention, 45, 99–106. https://doi.org/10.
1016/j.aap.2011.11.010.

311Can J Public Health  (2021) 112:304–312

https://doi.org/
http://www.ncbi.nlm.nih.gov/pubmed/19834519
http://www.ncbi.nlm.nih.gov/pubmed/19834519
https://doi.org/10.1016/j.aap.2011.11.010
https://doi.org/10.1016/j.aap.2011.11.010


Cubbin, C., & Smith, G. S. (2002). Socioeconomic inequalities in injury:
critical issues in design and analysis. Annual Review of Public
Health, 23(1), 349–375. https://doi.org/10.1146/annurev.
publhealth.23.100901.140548.

Denning, G. M., Harland, K. K., & Jennissen, C. A. (2014). Age-based
risk factors for pediatric ATV-related fatalities. Pediatrics, 134(6),
1094–1102. https://doi.org/10.1542/peds.2014-1993.

Health Quality Ontario. (2019). Geographic location methods review:
Summary report. Retrieved from: https://www.hqontario.ca/
Portals/0/documents/pr/hqo-geographic-location-methods-review-
report.pdf.

ImlachGunasekara, F., Carter, K. N., Crampton, P., & Blakely, T. (2013).
Income and individual deprivation as predictors of health over time.
International Journal of Public Health, 58(4), 501–511. https://doi.
org/10.1007/s00038-013-0450-9.

Lago, S., Cantarero, D., Rivera, B., Pascual, M., Blázquez-Fernández, C.,
Casal, B., & Reyes, F. (2018). Socioeconomic status, health inequal-
ities and non-communicable diseases: a systematic review. Journal
of Public Health, 26(1), 1–14. https://doi.org/10.1007/s10389-017-
0850-z.

Matheson, F. I., Dunn, J. R., Smith, K. L. W., Moineddin, R., & Glazier,
R. H. (2012). Development of the Canadian Marginalization Index:
a new tool for the study of inequality. Canadian Journal of Public
Health, 103(8 Suppl 2), S12-6. https://doi.org/10.1007/
BF03403823.

Mattei, T. A., Bond, B. J., Hafner, J.W.,Morris,M. J., Travis, J., Hannah,
G., Webster, J., & Lin, J. J. (2011). Definition and measurement of
rider-intrinsic physical attributes influencing all-terrain vehicle safe-
ty. Neurosurgical Focus, 31(5), E6. https://doi.org/10.3171/2011.9.
FOCUS11176.

McKnight, A. J., & Peck, R. C. (2002). Graduated driver licensing: what
works? Injury Prevention, 8(SUPPL. 2), 32–38. https://doi.org/10.
1136/ip.8.suppl_2.ii32.

Moreno-Betancur, M., Latouche, A., Menvielle, G., Kunst, A. E., & Rey,
G. (2015). Relative index of inequality and slope index of inequal-
ity. Epidemiology, 26(4), 518–527. https://doi.org/10.1097/EDE.
0000000000000311.

Ontario Agency for Health Protection and Promotion (Public Health
Ontario), Chu, A., Orr, S., Moloughney, B., McFaull, S., Russell,
K., & Richmond, S. (2019). The epidemiology of all-terrain vehicle-
and snowmobile-related injuries in Ontario.

Parachute. (2018). Ontario injury data report 2018. Parachute: Toronto.

Pfoertner, T.-K., Andress, H.-J., & Janssen, C. (2011). Income or living
standard and health in Germany: different ways of measurement of
relative poverty withx regard to self-rated health. International
Journal of Public Health, 56(4), 373–384. https://doi.org/10.1007/
s00038-010-0154-3.

Potter, B. K., Speechley, K. N., Koval, J. J., Gutmanis, I. A., Campbell,
M. K., & Manuel, D. (2005). Socioeconomic status and non-fatal
injuries among Canadian adolescents: variations across SES and
injury measures. BMC Public Health, 5(1), 132. https://doi.org/10.
1186/1471-2458-5-132.

Rodgers, G. B. (2001). Risk factors for all-terrain vehicle injuries: a
national case-control study. American Journal of Epidemiology,
153(11), 1112–1118. https://doi.org/10.1093/aje/153.11.1112.

Simpson, K. (2005). Multilevel analysis of associations between socio-
economic status and injury among Canadian adolescents. Journal of
Epidemiology and Community Health, 59(12), 1072–1077. https://
doi.org/10.1136/jech.2005.036723.

Stringhini, S., Carmeli, C., Jokela, M., Avendaño, M., Muennig, P.,
Guida, F., Ricceri, F., D’Errico, A., Barros, H., Bochud, M.,
Chadeau-Hyam, M., Clavel-Chapelon, F., Costa, G., Delpierre, C.,
Fraga, S., Goldberg, M., Giles, G. G., Krogh, V., Kelly-Irving, M.,
et al. (2017). Socioeconomic status and the 25 × 25 risk factors as
determinants of premature mortality: a multicohort study and meta-
analysis of 1·7 million men and women. Lancet, 389(10075), 1229–
1237. https://doi.org/10.1016/S0140-6736(16)32380-7.

Tøge, A. G., & Bell, R. (2016). Material deprivation and health: a longi-
tudinal study. BMC Public Health, 16(1), 747. https://doi.org/10.
1186/s12889-016-3327-z.

Yuma-Guerrero, P., Orsi, R., Lee, P.-T., & Cubbin, C. (2018). A system-
atic review of socioeconomic statusmeasurement in 13 years of U.S.
injury research. Journal of Safety Research, 64, 55–72. https://doi.
org/10.1016/j.jsr.2017.12.017.

Zandy, M., Zhang, L. R., Kao, D., Rajabali, F., Turcotte, K., Zheng, A.,
Oakey, M., Smolina, K., Pike, I., & Rasali, D. (2019). Area-based
socioeconomic disparities in mortality due to unintentional injury
and youth suicide in British Columbia, 2009–2013. Health
Promotion and Chronic Disease Prevention in Canada, 39(2), 35–
44. https://doi.org/10.24095/hpcdp.39.2.01.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

312 Can J Public Health  (2021) 112:304–312

https://doi.org/10.1146/annurev.publhealth.23.100901.140548
https://doi.org/10.1146/annurev.publhealth.23.100901.140548
https://doi.org/10.1542/peds.2014-1993
https://www.hqontario.ca/Portals/0/documents/pr/hqoeographicocationethods-eview-eport.pdf
https://www.hqontario.ca/Portals/0/documents/pr/hqoeographicocationethods-eview-eport.pdf
https://www.hqontario.ca/Portals/0/documents/pr/hqoeographicocationethods-eview-eport.pdf
https://doi.org/10.1007/s00038-013-0450-9
https://doi.org/10.1007/s00038-013-0450-9
https://doi.org/10.1007/s10389-017-0850-z
https://doi.org/10.1007/s10389-017-0850-z
https://doi.org/10.1007/BF03403823
https://doi.org/10.1007/BF03403823
https://doi.org/10.3171/2011.9.FOCUS11176
https://doi.org/10.3171/2011.9.FOCUS11176
https://doi.org/10.1136/ip.8.suppl_2.ii32
https://doi.org/10.1136/ip.8.suppl_2.ii32
https://doi.org/10.1097/EDE.0000000000000311
https://doi.org/10.1097/EDE.0000000000000311
https://doi.org/10.1007/s00038-010-0154-3
https://doi.org/10.1007/s00038-010-0154-3
https://doi.org/10.1186/1471-2458-5-132
https://doi.org/10.1186/1471-2458-5-132
https://doi.org/10.1093/aje/153.11.1112
https://doi.org/10.1136/jech.2005.036723
https://doi.org/10.1136/jech.2005.036723
https://doi.org/10.1016/S0140-6736(16)32380-7
https://doi.org/10.1186/s12889-016-3327-z
https://doi.org/10.1186/s12889-016-3327-z
https://doi.org/10.1016/j.jsr.2017.12.017
https://doi.org/10.1016/j.jsr.2017.12.017
https://doi.org/10.24095/hpcdp.39.2.01

	Material...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study population
	Outcomes
	Statistical analyses

	Results
	Off-road vehicle injuries and material deprivation in Ontario
	Inequities in off-road vehicle injury over time
	Inequities in off-road vehicle injury by age group
	Inequities in off-road vehicle injury by sex
	Inequities in off-road vehicle injury by injury type
	Inequities in off-road vehicle injury by region of Ontario
	Inequities in off-road vehicle injury by rural-urban category in Ontario

	Discussion
	Strengths and limitations

	Conclusion
	References


