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Abstract

Introduction: Despite the importance of child road traffic death, the knowledge
about rural child road traffic death in Australia is limited.

Objective: To explore the difference of child road traffic death between urban
and rural areas.

Design: This study was a retrospective analysis of road traffic death in Australia
among children and adolescents aged 0-19 registered between 1 January 2009
and 30 June 2019.

Results: During the study period, there were 1757 child road traffic death in
Australia, and the crude mortality rate was 2.96 per 100000 population. The crude
mortality rate in remote (8.83 per 100000 population) and very remote (11.08 per
100000 population) areas was much higher than major cities (1.83 per 100000
population), inner regional (5.14 per 100000 population) and outer regional (5.91
per 100000 population).

Conclusions: Specific targets are needed to address the burden of child road
traffic death in Australia around rurality, as it is a significant risk factor of child
road traffic death.
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Road traffic death is one of the most common causes of
death worldwide,! and children are particularly vulner-
able as their physical, cognitive and social capabilities
are not fully developed.” In Australia, road traffic deaths
were ranked as the top cause of death for children aged
0-16years, and second for those aged 17-25years from
2016 to 2018.3 As such, there is a need to address child
road death among children in Australia.

Rurality is one of several factors contributing to child
road traffic death in Australia. For example, child and
adolescent fatality rate per 100000 population was higher
in inner regional (relative risk (RR): 2.55; 95% confidence
interval (CI): 1.86-3.48), outer regional (RR: 3.01; 95%
CI: 2.06-4.38), remote (RR: 4.39; 95% CI: 2.17-8.89) and
very remote (RR: 5.87; 95% CI: 2.83-12.18) compared
to major city areas between 2007 and 2016 in Australia.
Additionally, socio-economic status is known to have an
impact on child road traffic death in Australia,* with over
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80% of road traffic death occurring in areas classified as
low or middle socio-economic status. It is hypothesised
that the use of older vehicles with poorer safety standards
may be contributing to an increased risk of death, or with
higher exposure to traffic.*

Gender is also considered as a significant risk factor
for road traffic death in Australia, with the number of
male road traffic death reported three times higher than
females in 2009.” This increased risk for young males is
thought to be due to greater exposure to traffic, as well as a
tendency for boys to take more risks than girls.>®

With respect to the type of road user in Australia, ap-
proximately half of all road traffic deaths were drivers,
while passengers and motorcyclists comprised another
20%, and pedestrians comprised another 13%.” The high
proportion of road traffic death of car drivers in Australia
is partially due to the high rate of car ownership in
Australia in comparison to other countries, particularly
low- and middle-income countries.’

In the Australian® ‘National Road Safety Strategy 2021-
2030’, the aim is to reduce road traffic death and serious in-
juries by 50% and 30% respectively before 2030. It also aims
for zero deaths of children 7years and under. Rural and re-
mote road safety is one of the priority areas and to decrease
Australian road traffic death. It is important to evaluate child
road traffic death in rural areas to ensure appropriate pro-
grams are used to commit to the goal of this statement. To do
this, detailed information about who is dying on Australian
roads is required to develop appropriate strategies.

Peden and Franklin* explored the impact of rurality on
injury-related mortality among children and adolescents
including road traffic death and highlighted the burden of
road deaths in children by rurality. However, their study
focused on all injuries, and the detailed information re-
garding child road traffic death such as trends over time
was not inspected. As such, in this study, we analyse trends
over time for child road traffic deaths both rurality, and
consider if recent strategies to decrease child road traffic
death worked equally in urban and rural areas. Therefore,
this study aimed at exploring the impact of age, rurality
and road user type on child road traffic death to provide
a basis for the development of target areas to achieve the
goals of the National Road Strategy 2021-2030.

2 | METHODS

This study reports a retrospective total population analysis
of road traffic death in Australia among children and
adolescents aged 0-19 which was registered between
1 January 2009 and 30 June 2019 (a period of 10years)
and predates COVID-19. The differences of child road
injuries across age, rurality and road user were explored
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What is already known on this subject

« Child road traffic death is a significant problem
in Australia.

« Living in a rural area is a risk factor for child
road traffic death.

« Known strategies such as implementing infra-
structure treatment for children or education
programs for young drivers are difficult to apply
due to a dispersed and small population in rural
and remote areas.

What this paper adds

+ Rurality and other factors such as gender, road
user type, socioeconomic status and Indigenous
status are significant risk factors for child road
traffic death.

« Unlike urban areas, the rate of child road traffic
death did not decrease in outer regional areas
and very remote areas across Australia during
2009-2019.

by gender, socio-economic status, trends over time, state
and territory and season.

2.1 | Datasource

The data was collected from the Australian Bureau of
Statistics (ABS). The following variables of child road in-
juries were extracted: age, rurality, gender, date of death,
underlying cause of death (which was used to classify
types of road user), usual area of residence (which was
used to define rurality and socio-economic status via index
of socio-economic advantage and disadvantage [IRSAD]),
state and territory, Aboriginal and Torres Strait Islander
status, and International Classification of Disease (ICD)-
10 cause of death code.’

2.2 | Population estimation

We calculated crude mortality rate dividing the number of
road traffic death by the number of populations. The data
of population was also collected from ABS.'® We were un-
able to extract data regarding the population of children in
rural areas, so this was estimated by multiplying the number
of children in each state and the proportion of the popula-
tion in rural areas. Moreover, we estimated the population
of Aboriginal or non-Indigenous from census data in 2016."
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2.3 | Case identification and
data cleaning

Road traffic death is typically classified as ICD-10 code,
or more specifically, ‘Road traffic and other land trans-
port’; V00-89. This data was selected on the following:
only cases where the incident occurred during the years of
2009-2019, Australian residents who were aged <20years
(i.e., visitors to Australia were excluded).

Road users were classified into five categories accord-
ing to the ICD-10, which included ‘pedestrian’ (V00-09),
‘cyclists” (V10-19), ‘motorcycle or three-wheeler’ (V20-
39), ‘car occupant’ (V40-49), ‘pickup truck or Van or heavy
transport or bus’ (V50-79) and ‘other’ (V80-89).1% As such,
trends over time were explored based on the Australian
financial years, from 1 July 2009 to 30 June 2019.

2.4 | Coding of determinants of health
The impact of determinants of health on child injury risk
was explored by remoteness and the IRSAD derived from
the usual area of residence. The rurality of child road traf-
fic death was calculated by matching the nine-digit statisti-
cal local area (SLA) code to the corresponding Australian
Standard Geographical Classification (ASGC) category (i.e.,
major cities, inner regional, outer regional, remote and very
remote)."* The IRSAD informs statistical local areas using a
ranking method (1-10), with areas ranked 1 being the most
disadvantaged. In order to compare to previous data, socio-
economic status was subsequently separated into three
groups: low (IRSAD: 1-3), middle (IRSAD: 4-7) and high
(IRSAD: 8-10).* Victims' current residential IRSAD post-
code was used as a proxy for their socio-economic status.'
The IRSAD dociles were coded to low (docile 1-3), middle
(docile 4-7) and high (docile 8-10) for ease of analysis.

2.5 | Ethics

This study received ethics approval from the ethics com-
mittee in our university. The need for informed consent
was waived, given that data was provided from the rel-
evant ABS data.

2.6 | Statistical analysis

Crude rates per 100000 population of child road traffic
death and RR with a 95% CI across rurality and other vari-
ables were calculated by R version 4.2.2 in order to dem-
onstrate the relationship between conditions. Crude rates
were calculated using the population from June of each
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year."> Additionally, chi-square test of independence and
chi-square test for trend was conducted to evaluate the
impact of each variable on child road traffic death, and
a p value <0.05 was considered statistically significant.
Univariate analysis was conducted using a statistical soft-
ware package (SPSS, v25, IBM, Illinois, USA).

3 | RESULTS

During the study period, there were 1757 child (0-19years)
road traffic death in Australia, of which two-thirds (65.5%)
were aged 15-19years. The crude mortality rate of child
road traffic death in Australia during the study period was
2.96 per 100000 population. Children aged 15-19years old
had the highest crude mortality rate followed by 0-4years,
10-14years and 5-9years. The crude mortality rate of fe-
male child road traffic death was approximately half as high
as male's (RR: 0.49; 95% CI: 0.45-0.55). The type of road
users with the highest crude mortality rate of child road traf-
fic death were car occupants, followed by pedestrians, and
over 70% of child road traffic death consisted of car occu-
pants and pedestrians. The crude mortality rate among non-
Indigenous people was much lower than Indigenous people,
and the RR was 0.39 (95% CI: 0.34-0.45). The crude mortal-
ity rate in areas classified as low IRSAD docile was the high-
est, followed by middle docile and high docile (Table 1).

3.1 | Characteristics by age group

The difference in crude mortality rate between male and
female was bigger in older age groups and the difference
was statistically significant (p <0.001). Except for the 0-4
age group, the crude mortality rate of car occupants was
the highest within the type of road user, and that of pedes-
trians was the highest among the 0-4 age group, and the
difference was statistically significant (p <0.001). In all age
groups, the crude mortality rate in non-Indigenous people
was half that of the Indigenous people. Furthermore, the
RR of non-Indigenous people compared to Indigenous
people was lower, particularly in the younger age group,
and the difference was statistically significant (p <0.001).
The crude mortality rate in areas classified as high IRSAD
docile was the lowest in all age groups, and the difference
was statistically significant (p=0.042) (Table 1).

3.2 | Characteristics by rurality

The crude mortality rate of child road traffic death was the
highest in the 15-19years age group in all remote areas,
and the difference was statistically significant (p <0.001).
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In all age groups (0-19years), the crude mortality rate in
remote and very remote areas was higher than in major
cities, inner regional and outer regional (Table 1). The RR
of rural areas compared to major cities was similar in both
sexes, and all of them were significantly higher than 1. The
crude mortality rate of car occupants was the highest fol-
lowed by pedestrians in each remote area, and almost all
the RR of rural areas compared to major cities were higher
than 1 in every type of road user, and the difference was
statistically significant (p =0.006). The crude mortality rate
of Indigenous children in remote and very remote areas
was much higher than in major cities, inner regional and
outer regional areas, and the RR of rural areas compared to
major cities in Indigenous children was much higher than
non-Indigenous children, and the difference was statisti-
cally significant (p<0.001). Similarly, the crude mortal-
ity rate in areas classified as low IRSAD docile was much
higher in remote and very remote areas than in major cit-
ies, inner regional and outer regional areas, and the RR of
rural areas compared to major cities was much higher in
low IRSAD group than high IRSAD group, and the differ-
ence was statistically significant (p <0.001) (Table 2).

3.3 | Trend over time

The crude mortality rate of child road traffic death slightly
decreased from 3.57 per 100000 population in 2010 to 2.53
per 100000 population in 2019 (Figure 1a). Among chil-
dren aged 15-19years, the crude mortality rate of road
traffic death declined from 9.72 per 10000 population in
2010 to 6.52 per 10000 population in 2019 (Figure 1le).
However, this downward trend of crude mortality rate
was not evident among children in other age groups dur-
ing the study period (Figure 1b-d).

The crude mortality rate of child road traffic death in
major cities, inner regional and remote areas showed down-
ward trends during the study period, and it dropped from
2.47 per 100000 in 2010 to 1.53 per 100000 in 2019 in major
cities, 6.05 per 100000 in 2010 to 4.35 per 100000 in 2019
in inner regional and from 10.04 per 100000 to 5.43 per
100000 in 2019 in remote areas (Figure 2a,b,d). However,
these trends were not clear in outer regional and very re-
mote areas, and the crude mortality rate of child road traffic
death was 5.63 per 100000 in 2010 and 6.63 per 100000 in
2019 in outer regional, and 7.11 per 100000 in 2010 and 5.81
per 100000 in 2019 in very remote areas (Figure 2c,e).

4 | DISCUSSION

Australia has an aim to reduce road fatalities to 50% by
2030 and for zero deaths of children under 7years of age.®
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To contribute to this agenda, there is a need to focus on
rural populations, especially children, who have higher
rates of deaths.® In this study, the crude mortality rate of
child road traffic death in remote and very remote areas
was higher than in major cities, consistent with previous
findings.*'® Furthermore, a recent review exploring child
road death in high-income countries by rurality found 13
studies, and all of them found that the mortality rate was
significantly higher on rural road than on urban road and
from 1.6 times to 15 times higher incidence of road traf-
fic death in rural areas.'” Hence, child road death in rural
areas is an important problem not only in Australia but
also in other high-income countries. Unfortunately, the
crude mortality rate of child road traffic death in outer re-
gional and very remote population was stable compared to
the decreases seen in the urban population, suggesting the
need for targeted programs aimed at children in rural and
remote locations. Consequently, it can be postulated that
the National Road Safety Strategy seems to be having an
impact in urban areas, but not too so in rural areas.

One reason why the crude mortality rate was high
in rural areas was consistent over time in outer regional
areas and the downward trend being unclear in very re-
mote areas during 10years may be attributed to the lack
of infrastructure and public transport in these geographi-
cal locations.'® For example, rural communities have low-
quality road networks with high speed limits and travel
more kilometres, which have led to road users in rural
areas including children having a higher risk of traffic in-
cidents than urban areas.'® Developing better public trans-
portation such as buses, rail and airplane may contribute
to decreasing the amount of traffic and thus road traffic
death in local areas. Unfortunately, this is a costly exer-
cise, especially where there are smaller numbers of peo-
ple, and other solutions will need to be explored including
addressing unlicensed drivers, appropriate fitment of car
seats, drunk driving, fatigue and speed.8

Unlicensed drivers have been reported as being higher
in rural areas, for example, Kallail et al.'® reported that
the proportion of young unlicensed drivers involved in
fatal crashes was significantly higher in rural counties
than in urban counties in Kansas, and another study al-
leged that the increased unlicensed drivers augmented
crude mortality rate on the road.?® In Australia, the
Department of Planning, Transport and Infrastructure
reported that the proportion of fatal crashes involv-
ing unlicensed drivers was higher for under 19years
old, and the proportion of fatal crashes involving unli-
censed drivers occurred in rural areas was also higher
than fatal crashes in general between 2009 and 2013 in
South Australia.”’ Therefore, unlicensed drivers are a
serious problem both in children and rural areas, and
the National Road Safety Strategy tries to reduce them
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by developing and implementing educational program.®
Challenges exist with low population density, preventing
local government from extending educational programs
such as fitting and checking of car seats for children and
babies; however, new technology such as the Internet
may help to show children the importance of acquiring
driver's licence and following traffic laws and informing
parents about safety strategies for their children.

4.1 | Gender

In this study, the number of child road traffic death and
crude mortality rate of males was approximately twice as
high as females and was consistent across all remote loca-
tions. These findings align with previous reports, whereby
males were more vulnerable to traffic death compared to
females.>® Additionally, the gap between males and fe-
males was augmented in the older age groups, consistent
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with the findings by James et al.,* where the incidence
rate of road traffic injury was higher in males globally,
and this gap increased from the 0-9years age groups to
the 10-19years age group. It has been postulated that the
road traffic death of boys is higher than girls due to greater
exposure to risks, as males are more likely to go outside
or drive their cars compared to females.® This hypothesis
needs to be explored further for rural locations.

4.2 | Type of road user

In Australia, over 80% of the child deaths on roads are ei-
ther pedestrians (17.7%) or car occupants (64.3%), which
is consistent across rural and remote locations, however
motorcycles, other vehicles proportions vary by rurality.
This result is similar in high-income countries for road
traffic death by road user group with cars (60%) and pe-
destrians (18%) as the most common groups of users.’
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Also noted fact is the lower rate of cyclist deaths in rural
areas, RR of cyclist in outer regional areas, remote areas
and very remote areas are 2.58 (95% CI: 1.03-6.47), 1.41
(95% CI: 0.08-23.30), 4.51 (95% CI: 2.83-8.53), respec-
tively, which may be due to less cyclists and should be
explored further.

The crude mortality rate of car occupants was higher
in older age groups, which may be attributed to cars
being driven by young drivers, a scenario that is more
likely in rural areas where there is limited public trans-
port options. A study in the USA reported that the pres-
ence of teenager occupants caused increasing mortality
rate of child road traffic death.” The higher number of
motorcycle-related deaths also needs further investiga-
tion, especially as this group has been found to be more
vulnerable than people in cars on roads.** Development
of prevention programs need to continue to focus on
car driver and occupants; however, to continue to re-
duce the fatality rate, pedestrian, motorcycle and other
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vehicle programs will be required and need to be tar-
geted at rural populations.

4.3 | Socio-economic status

The number of child road traffic death in areas classi-
fied as low and middle IRSAD docile was higher than in
areas classified as high IRSAD docile. Previous reports
in Australia have suggested that residents of low socio-
economic areas have higher exposure to traffic,” and
there is less investment in transport-related infrastructure
in low socio-economic areas® as well as older vehicles.?’
Therefore, it is reasonable to assume that these factors
may have also contributed to higher child road traffic
death in areas classified as low and middle IRSAD docile
in Australia, noting that there are more low docile IRSADs
in rural areas. Programs focusing on low socio-economic
areas are required to help address child road fatalities.
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4.4 | Aboriginal and Torres Strait
Islander status

The crude mortality rate of child road traffic death of
Aboriginal and Torres Strait Islander peoples was much
higher than non-Indigenous people, which was consist-
ent with a previous report.® A 2009 report’’ exploring
Indigenous road safety reported a complex mix of factors
which impact safety across human, vehicle and post-crash
risk factors, and is an area which needs greater exploration
of road safety among Aboriginal and Torres Strait Islander
children.

4.5 | Strength and limitations

This study provided critical information regarding the as-
sociation between child road traffic death and rurality,
and identified that socio-economic status, type of road
user and Indigenous status were also important risk fac-
tors of child road traffic death.

However, there are some limitations associated with this
study. Firstly, there are significant differences in the social,
developmental and behavioural influences on early, mid
and late childhood, and adolescence. Our study focused on
children from 0 to 19 years old for most of the analysis (not-
ing higher rates in older age groups), and this broad age
range analysis may hide these potentially important differ-
ences. Secondly, the crude mortality rate in rural areas of
our study was based on the estimation of the proportion in
all age groups, so the difference in the distribution of age
groups in rural areas may distort our results. Additionally,
we use data between 2009 and 2019 to avoid COVID, noting
that COVID changed driving behaviour which is returning
to normal. We recommend using more recent data post
COVID to clarify recent association between rurality and
child road traffic deaths. Thirdly, this study only explored
fatalities, and further research is needed to explore all types
of road traffic incidents involving children. Fourthly, ABS
data is based on usual area of residence, so some deaths
may have occurred outside of their local area; further work
on where the child lived and where they died is needed.
Finally, in this study, we did not examine other factors
which may have influenced road traffic death, such as hel-
mets or child restraints, speed, use of alcohol and the avail-
ability of trauma centres. Therefore, more work is required
to expand on factors that may moderate the association be-
tween child road traffic death and rurality in Australia.

5 | CONCLUSION

This study explored the association between child road
traffic death and rurality. Our study showed that rurality
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was a significant risk factor of child road traffic death and
the number of child road traffic death did not decrease in
outer regional areas and very remote areas. The lack of in-
frastructure, such as fewer public transports options, and
unlicensed young driver may contribute to rural child road
traffic death added to the poor availability of prevention
policies. Proper investment in local public transport or im-
plementation of education programs including the provi-
sion of fitting and checking of car seats for children in local
areas may decrease child road traffic death in local areas.
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