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Abstract

Introduction: Despite the importance of child road traffic death, a limited num-
ber of studies have investigated rural child road traffic death in high income
countries.

Objective: This review estimated the impact of rurality on child road traffic
deaths and other potential risk factors in high-income countries.

Design: We searched Ovid, MEDLINE, CINAHL, PsycINFO and Scopus da-
tabases and extracted studies focusing on the association between rurality and
child road traffic death published between 2001 and 2021. Available data were
extracted and analysed, to evaluate the impact of rurality on child road traffic
death and explore other risk factors of child road traffic deaths.

Findings: We identified 13 studies for child road traffic death between 2001 and
2021. Eight studies reported the impact of rurality on child road traffic death,
and all of them alleged that the mortality rate and injury rate of children was sig-
nificantly higher on rural road than on urban road. The impact of rurality varied
between studies, from 1.6 times to 15 times higher incidence of road traffic death
in rural areas. Vehicle type, speeding cars, driver loss of control, alcohol and drug
use road environment were identified as risk factors of child road traffic death.
Conversely, ethnicity, seat belts, nondeployed airbag, child restraint, strict driver
licence system, camera law and accessibility of trauma centres were considered
protective factors. Other factors, including age, gender and teen passengers, ap-
peared ambiguous for child road traffic death.

Discussion: Rurality is one of the most important risk factors of child road traffic
death. Therefore, we should consider the impact that rurality has on child road
death and resolve the gap between rural and urban areas in order to prevent child
road traffic death effectively.

Conclusion: The findings of this literature review will assist policy-makers to
prevent child road traffic death by focusing on rural regions.
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1 | INTRODUCTION

Road traffic death is one of the most important causes
of death worldwide." Globally, the number of road traf-
fic deaths has increased gradually from 2000 to 2016 and
reached 1.35 million in 2016. Furthermore, road traffic
injuries are reported as the eighth leading cause of death
for all age groups.! Children are particularly vulnerable to
road traffic deaths than adults, given that their physical,
cognitive and social capabilities are not fully developed.
Road traffic deaths ranked among the top four causes of
death for all children over the age of Syears in 2012, with
186300 children dying from road traffic crashes around
the world.? Hence, there is a need to differentiate road
traffic deaths between adults and children to prevent child
road traffic death effectively.

In August 2020, the UN General Assembly adopted a
resolution for the Decade of Action for Road Safety 2021-
2030, also referred to as ‘Improving global road safety’,
with the ambitious target of preventing at least 50% of
road traffic deaths and injuries by 2030.> In the same
resolution, implementation of road safety polices for the
protection of vulnerable group among road users, such as
children, youth, older persons and people with disabili-
ties, was strengthened.

There is a strong association between the risk of a road
traffic death and the income level of countries. The risk
is more than three times higher in low-income countries,
where the average rate is 27.5 deaths per 100000 popu-
lation than in high-income countries, where the average
rate is 8.3 deaths per 100000 population." However, traffic
death is also an important cause of death in high-income
countries (HICs), with mortality rates of 15.6 and 9.3
deaths per 100000 population in Europe and America,
respectively.'

In Australia, the number of child road traffic deaths de-
creased steadily from 2010 to 2019.* However, traffic road
deaths ranked the top causes of death for children aged
0-16years, and second for those aged 17-25years from
2016 to 2018.° Therefore, child road death is an important
cause of death among children in Australia.

Rurality has also been considered as a significant risk
factor of road traffic deaths across the globe.® A study in
Italy over the period of 1991-1996 showed the mortality
rate of traffic accidents among pedestrians, car drivers,
moped and bicycle riders was higher outside the urban
centre,” and a study in Austria between 1980 and 2012
showed that about three quarters of traffic fatalities oc-
curred in municipalities with less than 20000 inhabitants.®
Additionally, a study in Australia between 2007 and 2016
showed that the crude rate per 100000 population of child
and adolescent fatality caused by land transport injuries
was higher in inner region (RR: 2.55; 95% CI: 1.86-3.48),

What is already known on this subject?

« The risk of road traffic death is substantially
higher in lower-income countries, although
road traffic death is still highly prevalent in
high-income countries.

o Children are particularly vulnerable to road
traffic incidence than adults, with rurality con-
sidered a strong risk factor of road traffic death.

« While several review papers have focused on
children's road traffic death in rural areas, no
review papers have reported on these statistics
in high-income countries.

What does this study add?

« According to this review, several studies re-
ported that the mortality rate of children was
significantly higher in rural road than on urban
road in high-income countries.

 Although vehicle type, speeding cars, driver
loss of control, alcohol and drug used on road
were also identified as risks for child road traf-
fic death, factors underpinning the distinction
in the mortality of children between rural and
remote roads are still unclear in high-income
countries.

« Future research should explore potential rea-
sons differentiating the mortality of children
between rural and remote roads to assist in re-
ducing rural traffic incidence among children
in high-income countries.

outer region (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 with major city areas.’

A number of literature reviews focused on chil-
dren’s injuries or traffic road death in rural areas.”'°
Collectively, these literature reviews showed that the
number of child mortality rate was higher in rural areas.
However, although road traffic deaths are significant
causes of child deaths in HICs and the rate of deaths on
roads increases as you move rurally, few review papers
have been published that explored studies on rural child
road deaths in HIC. To provide a better understanding on
child road traffic death and to contribute to the develop-
ment of child road traffic death prevention in rural areas,
we implemented a systematic literature review aimed at
exploring rural child road fatalities in HICs in rural areas
over a 20-year period.
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2 | MATERIALS AND METHODS

2.1 | Literature search

We searched Ovid MEDLINE, CINAHL, PsycINFO
(ProQuest) and Scopus databases for all relevant studies
published between 18 March 2001 and 18 March 2021. We
used a set of key words in order to extract studies, which met
our objective. The set of key words included ‘children’, ‘traf-
fic accident’, ‘high income countries’, ‘death’ and ‘rural’.

2.2 | Eligibility criteria

The inclusion criteria for this review were the following:
(i) published within the last 20years; (ii) peer-reviewed
journal articles; (iii) original research paper; (iv) full-
text available; (v) published in English; (vi) took place in
Australia, Canada, the USA, New Zealand, Japan and the
United Kingdom; and (vii) child (<20years) road traffic
death. We selected six countries from high-income coun-
tries because these six countries' situation is similar to
each other. The exclusion criteria were the following: (i)
non-peer-reviewed journal or other type of publications;
(ii) comprehensive scientific reviews, meta-analysis, state-
ments of clinical standards, case reports, opinion pieces;
(iii) took place in countries except for Australia, Canada,
the USA, New Zealand, Japan and the United Kingdom;
and (iv) adult (over 20years) road traffic death. For the
purpose of this review, children were classified as people
who were aged less than 20years.

2.3 | Data collection process

First, potential abstracts were assessed for inclusion and
to determine retrieval of full-text articles that met the in-
clusion criteria. Second, full-text articles were accessed
and checked whether the study consisted of quantitative
data regarding child road traffic death in rural areas. For
each study, we assessed data on the distribution of child
road traffic death and the association between child road
traffic death and rurality. Studies not meeting this qual-
ity assessment were excluded. Available data from all se-
lected studies were extracted and stored in a spreadsheet.
For each study, data on the country, study period, study
design, study setting, age, study design, data source, out-
come measure, road user type and case definitions were
extracted (Table 1). To evaluate the influence of rurality
on child road traffic death, the data on age group, gender,
rurality, risk of rurality, definition of rurality and the in-
formation of other risk factors, except for rurality, were
also extracted and stored (Tables 2 and 3).

3 | RESULTS

3.1 | Characteristics of studies

According to the PRISMA flowchart (Figure 1), the re-
view identified 13 studies for child road traffic death
between 2001 and 2021. Ten studies were conducted in
the USA,""® two were conducted in Canada,’** and
one study was conducted in Australia.”> Seven stud-
ies focused on children under 14years,''!'3!416:17.2023
and four studies focused on adolescent individuals over
14years.'*>'®19 Twelve studies were retrospective and
registry-based studies,""**'7**%* one study was a pro-
spective and population-based study,'® and the other
study employed a cross-sectional and population-based
approach.'® These studies were based on data collected
between 1992 and 2017, and the study period ranged from
1 to 14years, with a mean of 7.15years. More than half
of the studies'"*>1%2* were conducted after the year
2000, with eight studies focusing on death,!1+1%17:18:20-23
two studies on fatal crash,”*'* two studies on death and
disabling injuries''® and one study on injurious crash."”
The number of child road traffic deaths or injuries was
between 19 and 27913 (mean: 4236.8). The characteristics
of the studies are summarized in Table 1.

3.2 | Trend over time of child road
traffic death

Chang® reported that the child road death decreased from
2001 to 2012, and Hamann et al.'’ reported that injury
crashes decreased from 190 in 2001 to 107 in 2003 in Iowa
among adolescent drivers aged 14-15years (Table 2).

3.3 | The impact of rurality on child
road death

Eight studies reported the impact of rurality on child
road traffic death,> 72! and all of them alleged that
the mortality rate and injury rate of children was signifi-
cantly higher on rural road than on urban road. The study
conducted by Kmet et al. (2006)* in Canada reported that
the relative risk (RR) of child road death in the rural areas
was 5.4 (95% CI: 4.2, 6.9) compared with the urban areas,
and Mokdad et al. (2020)*° reported the OR of child road
death in the USA was 1.60 (95% CI: 1.27, 2.01) in mic-
ropolitan and 2.33 (95% CI: 1.85, 2.91) in noncore. Wolf
et al.'’ reported that for each 1% increase in the percent-
age of crashes occurring on rural roads, the percentage of
children that died increased by 0.05% (95% CI: 0.01, 0.09).
Frinsch'® reported that child road fatal crashes were 15
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TABLE 3 Risk/protective factors for child road traffic death except for rurality.
Risk/protective factors Definition and description References
Age Mortality rate is higher among 15-19years compared to 0-14 21
Mortality rate is higher among younger drivers 15
Mortality rate of passenger and pedestrian among 0-4 years old is the highest 23
between 0-14years old
Gender Mortality rate is higher among men 21
Injury rate is higher among women (Note when modelled) 15,19
Race The mortality rate of Hispanic is lower than not Hispanic 18
Seat belts The usage of seat belt decreases mortality rate 15
Strict seat belt law decreases mortality rate 18
Nondeployed airbag The mortality rate is lower in crashes where airbag is not deployed 18
Child restraint The usage of child restraint decreases mortality rate 17
Vehicle type Mortality rate of pedestrians hit by bus, motorcycle and light truck is higher than hit =~ 11
by car
Driving minivan increase mortality rate 18
Speed of car Speed in excess of 144.84 kph (90 mph) increase mortality rate 18
Driver loss of control Driver loss of control increases injury rate 19
Teen passenger Having teen passengers in car increase injury rate 19
Having teen passengers in car decrease injury rate 15
Alcohol or drug use Alcohol and drug use of young driver increase severe injuries 15
Road environment Dry surface condition increases mortality rate 18
GDL programmes Strong programmes intended to phase in young novice drivers to full licensure 12,14,18
decrease mortality rate
Camera law Red light and speed camera laws decrease mortality rate 18
Accessibility of trauma centres Accessibility of trauma centres decreases mortality rate 18,20

times higher on rural road compared with urban road in
Texas. Vachal et al."® reported that the OR of child road
death and disabling injuries was 5.82 (95% CI: 4.01, 8.44).
Hamman et al."’ reported that the rate ratio of injuri-
ous crash was 1.06 (95% CI: 0.86, 1.26) in suburban, 1.44
(95% CI: 1.33, 1.55) in town and 1.64 (95% CI: 1.51, 1.77)
in remote rural. The impact of rurality is summarized in
Table 2.

3.4 | Other risk or protective factors for
child road traffic death

Some studies reported other risk or protective factors of
child road death and injurious crashes. Characteristics
of road user such as age, gender and race may serve to
protect, or exert risks for, child road death. One study18
reported that the mortality rate of Hispanic was lower.
Two studies™'’ reported that using safety tools, such
as seat belts or child restraint, were protective factors of
child road death. Additionally, other studies reported that
the mortality rate of crashes with nondeployed airbag,
or when cars were driven at a lower speed, was lower."®

Studies have also mentioned that the behaviour or envi-
ronment of drivers served to protect, or exert risks for,
child road death. One study'® reported that loss of con-
trol during driving was a risk factor of child road death,
while another study' reported that alcohol or drug use in-
creased severe injuries of young drivers. Another study'®
reported that dry surface conditions on the road increased
mortality rate. Interestingly, one study'® reported that the
presence of teen passengers in the car increased injury
rate of children, but another study' reported that it de-
creased injury rate. In addition, the strict regulation, such
as good adherence to driving licence of young drivers and
strict red light and speed camera laws, decreased mortal-
ity rate.'>'*'® Moreover, good accessibility to trauma cen-
tres decreased mortality rate of children.'®*

4 | DISCUSSION

This review demonstrated that child road death was higher
on rural roads than in urban areas, with several reasons
reported by authors of studies that were included in the
current review. First, some studies alleged that the use of
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FIGURE 1 PRISMA flowchart: c | [studiesidentified through database search (n = 204)
Selection of studies for child road traffic = —
5 CINAL (n = 29)
death between 2001 and 2021. L MEDLINE (n = 45)
| | Psycinfo (n = 30)
S Scopus (n = 163)
. | Removed due to
_ " | duplication (n = 23)
g’ v
% Atticles screened after duplicated | [‘Articles excluded (n = 160)
S removed (n = 181) «  Before 2000 (n = 45)
@ « No availability of
L > abstract (n = 5)
* Reviewpapers (n = 8)
— i * Not implemented in
2 Full text articles accessed for . :IoCts gl;gzj in traffic
5 eligibility (n = 21) death (n = 63)
(=)}
o *+ Not related in child
cases (n=30)
Full-text articles excluded
| (n=8)
”| * No data about under 20
yearsold (n=4)

* No quantitative data
about child road traffic
death (n =4)

3 v
% Studies included (n = 13)
C

safety tools, such as seat belt or child restraint, decreased
the mortality rate of children on the road.">'® Beck et al.**
reported that the proportion of occupants who were unre-
strained at the time of the fatal crash increased as rurality
increased in the United States. Therefore, increasing the
proportion of unrestrained drivers or occupants in rural
areas may increase the rate of child road traffic death.
Second, the study conducted by Kallail et al.*> reported
that the proportion of young unlicensed drivers involved
in fatal crashes was significantly higher in rural coun-
ties than in urban counties in Kansas. In addition, in the
same study, young unlicensed drivers tended not to use
safety restraint compared with licensed drivers. In this re-
view, adherence to driver licence was one risk factor of
child road death,'*'*'® while poor adherence to driver's
licence laws was considered as a potential cause of child
road traffic death in rural areas. Thirdly, different envi-
ronments on the road were identified as another potential
reason for child road traffic death. Notrica et al.'® reported
that dry surface on the road caused increasing traffic
death. Therefore, the lack of pavement or loss of control
on the road in rural areas may increase child road traffic
death. Finally, two studies reported that the accessibility

to trauma centres was also a risk factor of child road traf-
fic death.'®? Hence, the lack of immediate treatment of
victims on road due to poor accessibility to hospital or
trauma centre may increase child road traffic death.
Although several reasons were identified as potential
causes of child road death, a number of studies also re-
ported conflicting findings. First, one study reported that
mortality rate was higher among 15-19years compared
with 0-14years,”’ but mortality rate was higher among
the younger group in two other studies.'>* Kmet and col-
leagues® focused on all road user type, while Vachal et al.
(2009)"° and Change et al.* focused on drivers and pas-
sengers. Thus, the difference in road user type may explain
why the impact of age was distinct between these studies.
Second, a study reported that the mortality rate of males
was higher than females,?! but two other studies reported
that the injury rate of females was higher than males.'>"
In general, boys account for nearly twice as many road
traffic deaths as girls worldwide.? However, some studies
reported that females have a greater likelihood of serious
injury controlling for other crash factors.***” Evans® re-
ported that the fatality risk of females from similar phys-
ical impact was higher than males in traffic accident, so
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females may be more vulnerable to physical impact and
this vulnerability may explain that females have greater
likelihood of serious injury. Third, Hamman et al."® re-
ported that having teen passengers in a car increased the
injury rate, and these results were consistent with other
reports.”>* However, Vachal et al."> reported conflicting
findings among teen passengers, and the authors spec-
ulated that the injury rate may have been lower in teen
passengers as they were relatives rather than friends.
Therefore, Vachal and colleagues' postulated that the
passenger factor may increase the teenagers' sense of re-
sponsibility or that they were less likely to fall asleep or be
distracted by using a cell phone.

4.1 | Strength and limitations

Previously, some articles explored the association be-
tween rurality and road traffic death, but these studies fo-
cused mainly on adults and there were only a few studies
that reported the association between rurality and child
road death. Therefore, this review clarified that rurality
was one of the most significant risk factors of child road
death. Additionally, from our review, even in high-income
countries, there was a clear distinction between urban and
rural child road death, and thus, it is essential to minimize
this gap to effectively reduce the prevalence of child road
traffic death. Therefore, findings of this literature review
are helpful for policy-makers to prevent child road traffic
death because they can focus on rural areas.

However, a number of limitations should be noted for
this review. First, some studies focused on death, others
focused on fatal crashes, and others focused on injurious
crashes or severe injuries, so the results of these studies
were different in each study. Furthermore, the method to
evaluate the association between rurality and child road
death was different in each study. Some studies reported
OR, and other studies reported rate ratio. Additionally,
the definition of rural area was distinct in each paper.
Therefore, we were not able to compare or combine the re-
sult of these studies directly in this review due to a certain
degree of heterogeneity in the methodological approach
between studies.

5 | CONCLUSION

This study has explored the impact of rurality on child
road traffic death in high-income countries. This study
identified that rurality is one of the most significant fac-
tors of child road traffic death, demonstrating that child
road traffic accident is an important cause of death,
even in HICs. Thus, we should consider potential factors

underpinning the influence that rurality has on child road
death and resolve the gap between rural and urban areas
to prevent child road traffic death effectively. More studies
are necessary to clarify the difference between rural and
urban child road traffic death in the future.
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