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Objectives: To investigate the extent and patterns of regional disparities of road traffic injury rates involving
elementary and junior high school children while commuting among Japan’s 47 prefectures.

Methods: We conducted a cross-sectional ecological study using the national police data for 2004-2013 on the
number of children who were killed or seriously injured (KSI) in traffic collisions stratified by prefecture, grade,
mode of transport, and purpose of trip (commuting or non-commuting). We calculated stratified KSI rates by
dividing the number of KSI cases by the corresponding number of children and presented these rates for the 47
prefectures. Also, for pedestrian elementary school children and cyclist junior high school children, we regressed
the KSI rates while commuting by prefecture on the non-commuting KSI rates and the proportion of people who
live in the urban, densely inhabited districts.

Results: There were 6463 KSI cases while commuting. The ratios of the highest KSI rate to the lowest KSI rate
among prefectures were 12, 30, and 58 for pedestrian elementary school children and pedestrian and cyclist
junior high school children, respectively. The non-commuting KSI rates and the proportion of those living in
densely inhabited districts were positively and inversely associated with the commuting KSI rates, respectively.
The analysis of the residuals of the regression models did not identify prefectures with significantly higher or
lower KSI rates while commuting than others.

Conclusions: There were large inter-prefecture disparities in the KSI rates while commuting, and the disparity
was especially large among cyclist junior high school children.

1. Introduction (7.2%), and going shopping (6.1%) (National Police Agency, Japan,

2018a; 2018b).

In Japan, road traffic injuries (RTI) is one of the leading causes of
mortality and morbidity among children. In these years, approximately
60-100 children between the ages of 5-14 years died from RTI every
year (Ministry of Health, Labour and Welfare, Japan, 2018), and
28,000-47,000 children in this age group sustained non-fatal RTI
(National Police Agency, Japan, 2017). A substantial proportion of RTI
among children occurred while commuting: Among pedestrian ele-
mentary school children who sustained RTI in 2013-2017, the leading
purposes of the trip were commuting (35.3%), playing (15.6%), and
visiting a friend (11.3%); and among cyclist junior and senior high
school children, they were commuting (62.7%), visiting a friend
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Road safety for children while commuting to and from school is high
on the political agenda in Japan. After several tragic fatal car crashes
that involved commuting school children several years ago (The Japan
Times, 2012), Japan’s national and local governments in collaboration
with schools and parents have been accelerating measures to promote
road safety for school children (Ministry of Land, Infrastructure and
Transport, Japan, 2018). Since local governments and police depart-
ments play a leading role in promoting road safety in each prefecture, it
is essential to understand the frequency of RTI at the local level to in-
form them.

However, as is reviewed in the next chapter, the existing literature

E-mail addresses: hinada-tky@umin.ac.jp (H. Inada), jtomi-tky@umin.ac.jp (J. Tomio), masao@md.tsukuba.ac.jp (M. Ichikawa),

snakahara-tky@umin.ac.jp (S. Nakahara).

https://doi.org/10.1016/j.aap.2019.01.028

Received 29 December 2018; Accepted 22 January 2019
Available online 05 February 2019

0001-4575/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/00014575
https://www.elsevier.com/locate/aap
https://doi.org/10.1016/j.aap.2019.01.028
https://doi.org/10.1016/j.aap.2019.01.028
mailto:hinada-tky@umin.ac.jp
mailto:jtomi-tky@umin.ac.jp
mailto:masao@md.tsukuba.ac.jp
mailto:snakahara-tky@umin.ac.jp
https://doi.org/10.1016/j.aap.2019.01.028
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aap.2019.01.028&domain=pdf

H. Inada et al.

does not provide a full picture of the frequency of RTI in each prefecture
or identify prefectures that require enhanced road safety measures for
children while commuting; prefectures whose effective measures could
be informative to others is also unknown. Therefore, the objectives of
this study were to investigate the extent and patterns of inter-prefecture
disparities of RTI rates involving elementary and junior high school
children while commuting.

2. Literature review

To identify scientific papers that examined regional disparity of RTI
among children while commuting on foot or by bicycle, we searched
PubMed with search terms listed in Appendix A on December 3, 2018
and obtained 337 results. After screening the titles and abstracts, we
identified four relevant papers. For the literature on RTI published in
Japan, we searched journal articles and the grey literature with Internet
search engines.

The four papers examined regional disparity of RTI among pedes-
trian or cyclist children in Japan (Inada et al., 2017), the U.K. (Jones
et al., 2005), and the U.S. (Centers for Disease Control and Prevention,
2013; DiMaggio et al., 2016) Our previous study indicated that there is
a substantial disparity of RTI among children while commuting be-
tween urban and rural areas: 63% of RTI occurred in suburban and
rural areas, which have only 33% of the total population of Japan
(Inada et al., 2017). DiMaggio et al. (2016) reported longitudinal rates
of child pedestrian and bicyclist RTI during school travel hours on
weekdays for 18 U.S. states, and there was a substantial regional dis-
parity among the states (DiMaggio et al., 2016). The other two papers
did not specifically examine RTI while commuting. In the U.S., the
association between child pedestrian mortality rate per unit population
and urbanization level of area was small (Centers for Disease Control
and Prevention, 2013). Jones et al. (2005) reported that child pedes-
trian injury rates were associated with area deprivation status of census
tracts in two cities in the U.K. (Jones et al., 2005)

In addition to the four scientific papers, we identified two grey lit-
erature studies. The Japan Sport Council reported the number of RTI
cases while commuting in each prefecture among school children using
police data for 2012 (Japan Sport Council, 2014). It also reported ten
prefectures with the highest numbers of RTI cases while commuting per
100,000 school children and indicated that there is an inter-prefecture
disparity (Japan Sport Council, 2014). As for the inter-prefecture dis-
parity in road traffic mortality rates among all road users in Japan, it
has decreased substantially in absolute values over the past half-cen-
tury: The difference in mortality rates between the prefectures with the
highest and lowest mortality rates per 100,000 population was 20.8
(28.0 in Tochigi and 7.2 in Tokyo) in 1970, 11.7 (15.8 in Ibaraki and
Mie and 4.1 in Tokyo) in 1990, 5.7 (7.3 in Tochigi and Mie and 1.6 in
Tokyo) in 2010, and 5.3 (6.5 in Fukui and Tokushima and 1.2 in Tokyo)
in 2016 (Institute for Traffic Accident Research and Data Analysis,
2018).

3. Methods
3.1. Data sources

This is a cross-sectional ecological study. We obtained national
police data on the number of children who sustained RTI in Japan
between 2004 and 2013 from the Institute for Traffic Accident Research
and Data Analysis, Japan. We limited the data to elementary and junior
high school children who were killed within 24 h of the crash or ser-
iously injured (KSI) and estimated to require medical treatment for 30
days or more after the crash. The aggregate data were stratified by 47
prefectures, grade of the child (elementary or junior high school), mode
of transport of the child (pedestrian or cyclist), and purpose of trip of
the child (commuting or non-commuting). Elementary school children
are in grades 1-6 and aged 6-12 years, and junior high school children
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are in grades 7-9 and aged 12-15 years. The police officer who in-
vestigated the crash determined the purpose of trip of the child; we
assume the measurement error is reasonably small because the child
should be able to provide the police officer with the information unless
the child is killed or unconscious. The police officer can also judge it
from the child’s belongings such as school textbooks. We excluded KSI
cases of cyclist elementary school children from our data because they
represented only 2% of all KSI cases among school children while
commuting (Inada et al., 2017).

We obtained the number of children stratified by year, prefecture,
and grade from the national school survey (Ministry of Education,
Culture, Sports, Science and Technology, Japan, 2018). Since most
elementary schools (> 98.9%) and junior high schools (> 92.2%) were
public schools (Ministry of Education, Culture, Sports, Science and
Technology, Japan, 2014), whose students live in the same prefecture
where the school is located, we consider that most RTI while com-
muting also occurred in the same prefecture. Using the population es-
timates by the national statistics bureau, we calculated the proportion
of people who live in the urban, densely inhabited districts (DID),
which are defined as having =5000 population with population density
=4000/km? (Statistics Bureau, Ministry of Internal Affairs and
Communications, Japan, 2018). The Japanese Government started
using the definition in 1960 to understand characteristics of urban
districts in each municipality and prefecture (Ministry of Internal
Affairs and Communications, Japan, 2018).

3.2. Statistical analyses

We pooled the 10-year RTI data stratified by prefecture, grade,
mode of transport, and purpose of trip of the child and calculated KSI
rates with the number of KSI cases as the numerator and the sum of the
corresponding number of children in each year, prefecture, and grade
as the denominator. Hereafter, the KSI rate of children whose purpose
of trip was commuting is referred to as the commuting KSI rate, and the
rate whose purpose of trip was non-commuting is referred to as the non-
commuting KSI rate.

To display data, we listed the KSI rates by prefecture and mode of
transport for elementary and junior high school children and calculated
the ratios of the highest to the lowest KSI rates by dividing the KSI rate
of the highest ranked prefecture by that of the lowest ranked prefecture.
Further, to examine whether the KSI rates are different among the
prefectures by chance alone, we created scatter plots of the KSI rates of
pedestrian elementary school children, pedestrian and cyclist junior
high school children, pedestrian junior high school children, and cyclist
junior high school children by prefecture with the log of person-years of
children as their horizontal axes. We also plotted the 95% prediction
intervals along the horizontal axis, assuming the numbers of KSI cases
follow Poisson distributions.

To identify prefectures that perform significantly better or worse
than other prefectures in specifically preventing school children’s RTI
while commuting, we built two multiple linear regression models: one
for pedestrian elementary school children and the other for cyclist ju-
nior high school children. The models regressed the commuting KSI
rates by prefecture on the non-commuting KSI rates of corresponding
children and the proportion of people who live in the DID in the pre-
fecture:

(commuting KSIrate) = f, + f; X (noncommuting KSIrate) + 8, X (% of people in DID) + ¢

Since KSI cases whose purpose of the trip was non-commuting in-
clude children’s daily living activities such as playing, visiting a friend,
and going shopping, we consider that the non-commuting KSI rate re-
flects the overall road safety situation for children in the prefecture
including children’s behavior such as choice of mode of transport
(walking or cycling), frequency of road traffic crashes, and the pre-
fecture’s road safety policies and actions. As for the proportion of
people who live in the DID, it is associated with the average distance of
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school commuting routes (Sadahiro, 2007) and the availability of
public transport. Therefore, the residuals of the regression models
would facilitate identifying prefectures that perform significantly better
or worse in specifically preventing children’s RTI while commuting
than others. To examine whether the linearity and homoscedasticity
assumptions hold, we plotted the independent variables and the fitted
value against the dependent variable. When the residuals were het-
eroscedastic, we transformed the dependent variables as appropriate
and employed an iterative weighted least squares method, (McCullagh
and Nelder, 1983) in which we modeled the inverse variance weights as
a function of the fitted values of the multiple linear regression model
using the generalized linear model with a gamma distribution, esti-
mated the regression coefficients of the multiple linear regression
model using the weights, and repeated the processes until the change in
the regression coefficients becomes sufficiently small (< 0.1%). All the
statistical analyses were conducted with R version 3.4.4.

3.3. Ethical considerations

This study did not require an institutional review board approval
because it is an observational study that used only aggregate public

domain data.

4. Results

During the study period, there were 6463 KSI cases in total among
elementary and junior high school children while commuting in Japan:
3299 and 804 cases among pedestrian elementary and junior high
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school children, respectively, and 2360 cases among cyclist junior high
school children.

Fig. 1 lists prefectures and the KSI rates for elementary and junior
high school children. Prefectures with the highest KSI rates tend to be
outside the country’s three most populous metropolitan areas (Tokyo,
Tokyo Prefecture; Osaka, Osaka Prefecture; and Nagoya, Aichi Pre-
fecture), and prefectures with the lowest KSI rates tend to be in or near
the three metropolitan areas. The ratios of the highest KSI rate to the
lowest KSI rate, which is calculated as the commuting KSI rate of Ku-
mamoto and Kochi divided by that of Tokyo for elementary and junior
high school children, respectively were 12 for elementary school chil-
dren and 44 for junior high school children (30 for pedestrians and 58
for cyclists).

Fig. 2 shows scatter plots of the KSI rates by prefecture against the
log of person-years of children. Over half of the prefectures were out-
side the 95% prediction intervals, which means there was a larger
disparity of the KSI rates among prefectures than expected by chance
alone. The disparity was larger among junior high school children
(Fig. 2B) than elementary school children (Fig. 2A). The scatter plots
stratified by mode of transport among junior high school children
(Fig. 3) shows that the large inter-prefecture disparity among junior
high school children (Fig. 2B) is mostly due to that among cyclists
(Fig. 3B).

Fig. 4 displays scatter plots of the independent variables and the
fitted value against the dependent variable of the regression analyses.
The linearity assumption seems to hold, and the plots of the fitted value
and the dependent variable showed a slight degree of hetero-
scedasticity. Table 1 shows the result of the regression analyses. Both
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Fig. 2. A-B Scatter plots of the KSI rates* while com-
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fectures between 2004 and 2013.

KSI: killed or seriously injured.

The solid lines are national averages, and the dashed
lines are 95% prediction intervals along the population
size, assuming the numbers of KSI cases follow Poisson
distributions.

* The numerator of the rate is the number of children
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predictors, the non-commuting KSI rates and the proportion of people
who live in the DID, were associated with the commuting KSI rates, and
they explained over 50% of the variance of the dependent variable. All
the prefectures had the standardized residuals within two standard
deviations, ranging from -1.27 to 1.79 among pedestrian elementary
school children and from -1.44 to 0.88 among cyclist junior high school
children (results not shown).

5. Discussion

The current study revealed large inter-prefecture disparities in the
commuting KSI rates of elementary and junior high school children in
Japan; the disparity was larger amongst cyclists than pedestrians. Over
50% of the variance of the KSI rates by prefecture was explained by the
two variables: the non-commuting KSI rates of corresponding children
and the proportion of people who live in the DID. Since all the pre-
fectures had the residuals within two standard deviations after con-
trolling for the non-commuting KSI rate, which is a proxy indicator
ofthe overall road safety situation for children in each prefecture and
the prefecture’s road safety policies and actions, we consider that no
prefecture performed significantly better or worse than other pre-
fectures in specifically preventing school children’s RTI while com-
muting.

We consider that the large inter-prefecture disparity in the cyclist
KSI rates among junior high school children was mainly caused by the
difference in the proportion of children who commute by bicycle. The
larger inter-prefecture disparity among cyclists (Fig. 3B) than pedes-
trians (Fig. 3A) supports this argument. In addition, all the residuals of

A

I I I I I T
12.0 125 13.0 135 140 145 150
log(person-years)

B

I prefecture, and grade.

the regression model were within two standard deviations after ad-
justing for the non-commuting KSI rate, which reflects the children’s
choice of mode of transport. Further, Kochi, Mie, and Tokushima were
some of the prefectures with the lowest KSI rates among pedestrian
junior high school children and the highest KSI rates among cyclist
junior high school children (Fig. 1B). This finding is probably because
the majority of junior high school children in the prefectures commuted
by bicycle; it is unlikely that the prefectures had the best road safety
situation for pedestrians and the worst for cyclists. In Tokyo, where
school children enjoy the lowest commuting KSI rate among the 47
prefectures (Fig. 1), many junior high schools actually ban commuting
by bicycle. Another reason for the large inter-prefecture disparity in the
cyclist commuting KSI rate would be the difference in the overall road
safety situation for children in each prefecture, which is reflected in the
non-commuting KSI rate. The disparity in the non-commuting KSI rate
was also larger among cyclists than pedestrians as shown in Figs. 4A
and 4D. Furthermore, although there is no legal penalty for cyclists for
not using a helmet, some junior high schools obligate their students to
wear a helmet when commuting by bicycle with their school rules.
Given such school rules’ effectiveness in preventing head injuries
(Ichikawa and Nakahara, 2007), a potential inter-prefectural disparity
in the proportion of junior high schools that have such school rules
would also partially explain the inter-prefectural disparity of the com-
muting KSI rate.

How can we mitigate the inter-prefectural disparities of the com-
muting KSI rate among school children? It is estimated that over 90% of
junior high school children live within 3 km of their school (Sadahiro,
2007), which is well within walking distance. Since the commuting KSI

Fig. 3. A-B Scatter plots of the KSI rates* of junior
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size, assuming the numbers of KSI cases follow Poisson
distributions.
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Fig. 4. A-F Scatter plots of the independent
variables (non-commuting KSI rates* and the
proportion of population in the densely in-
habited districtst), fitted values of the regres-
sion modelst, and the dependent variable
(commuting KSI rate) among (A-C) pedestrian
elementary school children and (D-F) cyclist
junior high school children in Japan’s 47 pre-
fectures between 2004 and 2013.

DID: densely inhabited districts; KSI: killed or
seriously injured.

* The numerator of the rate is the number of
children who were killed within 24h of the
crash or seriously injured and were estimated
to require medical treatment for 30 days or
more after the crash by the physician, and the
denominator of the rate is the sum of the cor-
responding number of children in each year,
prefecture, and grade.

7 The DID is defined as having =5000 popu-
lation with population density =4000/km?
(Ministry of Health, Labour and Welfare,

Japan, 2018).
° ¥ The model is (commuting KSI rate)
= B0+ PB1 X (non-commuting KSI rate) + B, X (%

! I I I I
5 10 15 20
Non-commuting KSI rate

I I I I
04 06 08 1.0
Proportion of pop. in DID

rate of cyclists is ten times higher that of pedestrians (Inada et al.,
2017), safer, alternative modes of transport than cycling such as
walking, bus, train, and subway should be encouraged for junior high
school children. The results of the regression analyses also suggest that
improving the overall safety situation for children and reducing the
distance of commuting routes might be effective in reducing RTI while
commuting among elementary and junior high school children. A pro-
mising measure to improve the overall safety road safety is area-wide
traffic calming (Bunn et al., 2010; Grundy et al., 2009; Li and Graham,
2016). The Zone 30 policy that started in Japan in 2011 employs such a
scheme, and a pre-post comparison showed an 18.6% reduction of
crashes that involved a cyclist or pedestrian (National Police Agency,
Japan, 2018a; 2018b). Last but not least, obligating cyclist helmet use
while commuting might also mitigate the inter-prefectural disparity of
the commuting KSI rate (Ichikawa and Nakahara, 2007).

Our findings also have international implications. In an effort to
increase physical activity among children, active commuting to school
has garnered much attention in these years, as is evidenced by three
recent publications of systematic reviews related to interventions to
promote active commuting to school (Larouche et al., 2018; Pang et al.,
2017; Villa-Gonzalez et al., 2018). However, the present study, our
previous study (Inada et al., 2017), and studies conducted in the U.S.
(Transportation Research Board of the National Academies, 2002), New
Zealand (Schofield et al., 2008), and Canada (Gropp et al., 2013; Lavoie
et al., 2014) consistently showed an increased risk of RTI by active
commuting, especially among cyclists (Inada et al., 2017; Lavoie et al.,
2014; Schofield et al., 2008). Securing safe routes to school, therefore,
should be a prerequisite to encourage active commuting. This might
help fill disparities of the incidence of RTI while commuting among
school children.

The strengths of the current study include that it is a robust de-
scriptive epidemiological study that used the 10-year national complete
data. In Japan, under-reporting of pedestrian and cyclist RTI is small
(Nakahara and Wakai, 2001) presumably because RTI victims must
report to the police to receive the compulsory automobile liability in-
surance benefit. Another strength of the current study is that the two
multiple linear regression models showed good fits with adjusted R*
over 0.50.
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of people in DID)+¢. The fitted values were
estimated using an iterative weighted least
squares methods (McCullagh and Nelder,
1983). See the main text for details.
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It is possible that some of the disparities in the KSI rate is due to the
difference in the practice of classifying non-fatal injuries. Although the
definition of serious injury, being estimated to require medical treat-
ment for 30 days or more after the crash, is uniform across the country,
physicians in different prefectures may tend to over- or under-estimate
the duration of medical treatment than physicians in other prefectures.
However, the possible difference in practice does not explain the larger
disparity among cyclists than pedestrians, and it is unlikely that it alone
explains the significant inter-prefecture disparities in the KSI rates.

Table 1

Association between the predictors and the KSI rates” while commuting among
pedestrian elementary school children and cyclist junior high school children in
Japan between 2004 and 2013.

Predictors Pedestrian elementary
school children
Point estimate”

[95% CI]

Cyclist junior high
school children’
Point estimate® [95%
CI]

Non-commuting KSI rates
Proportion of population in DID®
Unweighted adjusted R?

0.60 [0.48, 0.72]
—0.36 [-0.48, -0.25]
0.53

0.74 [0.61, 0.88]
—0.56 [-0.69, -0.43]
0.76

CI: confidence interval; DID: densely inhabited districts; KSI: killed or seriously
injured.

# The numerator of the rate was the number of children who were killed
within 24 h of the crash or seriously injured and were estimated to require
medical treatment for 30 days or more after the crash by the physician, and the
denominator of the rate was the sum of the corresponding number of children
in each year, prefecture, and grade.

T The KSI rate of cyclists was log-transformed to account for hetero-
scedasticity.

* The model is (commuting KSI rate) = 3o+ f3; X (non-commuting KSI rate)
+ B2 X (% of people in DID) +¢. The regression coefficients were standardized
and estimated with an iterative weighted least squares method.

§ The DID is defined as areas having =5000 population with population
density >4000/km? (Ministry of Internal Affairs and Communications, 2018).
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6. Conclusion

We found large inter-prefecture disparities in RTI rates involving
elementary and junior high school children while commuting in Japan;
the rate was higher in prefectures with lower proportions of residents
who live in urban districts. The disparity was especially large among
cyclist junior high school children. Further research is warranted to
elucidate the causes of inter-prefecture disparities of RTI rates among
Japanese school children while commuting and to reduce the rates and
their disparities.
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Appendix A

(" accidents, traffic'[MeSH Terms] OR death[MeSH Terms] OR
"wounds and injuries"[MeSH Terms]) AND (adolescent[MeSH Terms]
OR adolescence[All Fields] OR adolescent*[All Fields] OR child[MeSH
Terms] OR child[All Fields] OR children[All Fields] OR childhood[All
Fields] OR junior[All Fields] OR kid[All Fields] OR kids[All Fields] OR
pediatrics[MeSH Terms] OR paediatric*[All Fields] OR pediatric*[All
Fields] OR pupil[MeSH Terms] OR pupil*[All Fields] OR schools[MeSH
Terms] OR school*[All Fields] OR students[MeSH Terms] OR
student*[All Fields] OR young[All Fields] OR younger[All Fields] OR
youngest[All Fields]) AND (cities[MeSH Terms] OR geography[MeSH
Terms] OR "geographic locations"[MeSH Terms] OR area*[All Fields]
OR city[All Fields] OR cities[All Fields] OR county[All Fields] OR
counties[All Fields] OR district*[All Fields] OR division*[All Fields] OR
geograph*[All Fields] OR location*[All Fields] OR municipal*[All
Fields] OR prefectur*[All Fields] OR provinc*[All Fields] OR
region*[All Fields] OR state*[All Fields]) AND (attend*[All Fields] OR
commut*[All Fields] OR travel*[All Fields]) AND (bicycling[MeSH
Terms] OR bicycl*[All Fields] OR cycling[All Fields] OR cyclist*[All
Fields] OR pedestrians[MeSH Terms] OR pedestrian*[All Fields] OR
walking[MeSH Terms] OR walk*[All Fields]) AND (English[Language]
OR Japanese[Language]).

References

Bunn, F., Collier, T., Frost, C., Ker, K., Steinbach, R., Roberts, 1., Wentz, R., 2010. Area-
wide traffic calming for preventing traffic related injuries (Review). Cochrane
Database Syst. Rev. https://doi.org/10.1002/14651858.CD003110.

Centers for Disease Control and Prevention, 2013. Motor vehicle traffic-related pedestrian
deaths—united States, 2001-2010. MMWR Morb. Mortal. Wkly. Rep. 62 (15),
277-282.

84

Accident Analysis and Prevention 125 (2019) 79-84

DiMaggio, C., Frangos, S., Li, G., 2016. National Safe Routes to School program and risk of
school-age pedestrian and bicyclist injury. Ann. Epidemiol. 26 (6), 412-417. https://
doi.org/10.1016/j.annepidem.2016.04.002.

Gropp, K., Janssen, ., Pickett, W., 2013. Active transportation to school in Canadian
youth: should injury be a concern? Inj. Prev. 19 (1), 64-67. https://doi.org/10.1136/
injuryprev-2012-040335.

Grundy, C., Steinbach, R., Edwards, P., Green, J., Armstrong, B., Wilkinson, P., 2009.
Effect of 20 mph traffic speed zones on road injuries in London, 1986-2006: con-
trolled interrupted time series analysis. BMJ 339 b4469.

Ichikawa, M., Nakahara, S., 2007. School regulations governing bicycle helmet use and
head injuries among Japanese junior high school students. Accid. Anal. Prev. 39 (3),
469-474. https://doi.org/10.1016/j.aap.2006.08.011.

Inada, H., Tomio, J., Nakahara, S., Xu, X., Taniguchi, A., Ichikawa, M., 2017. National 10-
year trend in road injuries involving school children on the way to and from school in
Japan, 2003-2012. Inj. Prev. 23 (5), 297-302. https://doi.org/10.1136/injuryprev-
2016-042042.

Institute for Traffic Accident Research and Data Analysis, 2018. Kotsu Tokei (Traffic
Statistics). [in Japanese]. .

Japan Sport Council, 2014. Tsugakuchu No Jiko No Genjo To Jiko Boshi No Ryuiten
(Accidents While Commuting School and Measures for Their Prevention). [in
Japanese]. .

Jones, S.J., Lyons, R.A., John, A., Palmer, S.R., 2005. Traffic calming policy can reduce
inequalities in child pedestrian injuries: database study. Inj. Prev. 11 (3), 152-156.
https://doi.org/10.1136/ip.2004.007252.

Larouche, R., Mammen, G., Rowe, D.A., Faulkner, G., 2018. Effectiveness of active school
transport interventions: a systematic review and update. BMC Public Health 18, 206.
https://doi.org/10.1186/512889-017-5005-1.

Lavoie, M., Burigusa, G., Maurice, P., Hamel, D., Turmel, E., 2014. Active and safe
transportation of elementary-school students: comparative analysis of the risks of
injury associated with children travelling by car, walking and cycling between home
and school. Chronic Dis. Inj. Can. 34 (4), 195-202.

Li, H., Graham, D., 2016. Quantifying the causal effects of 20mph zones on road ca-
sualties in London via doubly robust estimation. Accid. Anal. Prev. 93, 65-74.
https://doi.org/10.1016/j.aap.2016.04.007.

McCullagh, P., Nelder, J.A., 1983. Generalized Linear Models. Chapman and Hall, New
York.

Ministry of Education, Culture, Sports, Science and Technology, Japan, 2014. Statistical
Abstract 2014 Edition. [WWW Document]. URL (Accessed 11.15.2018). http://
www.mext.go.jp/en/publication/statistics/title02/detail02/1379367.htm.

Ministry of Education, Culture, Sports, Science and Technology, Japan, 2018. Gakko
Kihon Chosa (School Survey). [WWW Document]. URL (Accessed 6.12.2018). [in
Japanese]. http://www.mext.go.jp/b_menu/toukei/chousa01/kihon/kekka/
1268046.htm.

Ministry of Health, Labour and Welfare, Japan, 2018. Jinko Dotai Chosa (Vital Statistics),
2016. [WWW Document]. URL (Accessed 6.18.2018) [in Japanese]. http://www.
mhlw.go.jp/toukei/list/81-1.html.

Ministry of Internal Affairs and Communications, Japan, 2018. Jinko Shuchu Chiku Towa
(About Densely Inhabited Districts). [WWW Document]. URL (Accessed 7.17.2018)
[in Japanese]. http://www.stat.go.jp/data/chiri/1-1.html.

Ministry of Land, Infrastructure and Transport, Japan, 2018. Tsugakuro No Kotsu Anzen
Taisaku (Measures to Secure Safe School-commuting Routes). [WWW Document].
URL (Accessed 6.18.2018). [in Japanese]. http://www.mlit.go.jp/road/sesaku/
tsugakuro.html.

Nakahara, S., Wakai, S., 2001. Underreporting of traffic injuries involving children in
Japan. Inj. Prev. 7 (3), 242-244.

National Police Agency, Japan, 2017. Heisei 28 Nen Ni Okeru Kotsu Jiko No Hassei Jokyo
(Statistics of Road Traffic Crashes in 2016). [WWW Document]. URL (Accessed
6.20.18). [in Japanese]. https://www.e-stat.go.jp/statsearch/files?page =1&
layout = datalist&toukei = 00130002&tstat = 000001027457 &cycle = 7&year = 20160
&month =0.

National Police Agency, Japan, 2018a. Jido Seito No Kotsu Jiko (Road Traffic Crashes
Among School Children). [in Japanese]. .

National Police Agency, Japan, 2018b. Zone 30 No Gaiyo (Summary of Zone 30).
Japanese]. .

Pang, B., Kubacki, K., Rundle-Thiele, S., 2017. Promoting active travel to school: a sys-
tematic review (2010-2016). BMC Public Health 17, 638. https://doi.org/10.1186/
512889-017-4648-2.

Sadahiro, S., 2007. A study of public elementary and secondary school distribution in
Japan from the view of commuting distance and number of schools. Bull. Fac. Educ.
Chiba Univ. 55, 37-42 [in Japanese].

Schofield, G.M., Gianotti, S., Badland, H.M., Hinckson, E.A., 2008. The incidence of in-
juries traveling to and from school by travel mode. Prev. Med. (Baltim). 46, 74-76.
https://doi.org/10.1016/j.ypmed.2007.09.002.

Statistics Bureau, Ministry of Internal Affairs and Communications, Japan, 2018. Social
Indicators by Prefecture. [WWW Document]. URL (Accessed 6.12.2018). http://
www.stat.go.jp/english/data/shihyou/index.html.

The Japan Times, 2012. Teen Driver Kills Woman, Girl in Kyoto.

Transportation Research Board of the National Academies, 2002. The Relative Risks of
School Travel: A National Perspective and Guidance for Local Community Risk
Assessment.

Villa-Gonzélez, E., Barranco-Ruiz, Y., Evenson, K.R., Chill6n, P., 2018. Systematic review
of interventions for promoting active school transport. Prev. Med. (Baltim) 111,
115-134. https://doi.org/10.1016/j.ypmed.2018.02.010.

[in


https://doi.org/10.1002/14651858.CD003110
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0010
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0010
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0010
https://doi.org/10.1016/j.annepidem.2016.04.002
https://doi.org/10.1016/j.annepidem.2016.04.002
https://doi.org/10.1136/injuryprev-2012-040335
https://doi.org/10.1136/injuryprev-2012-040335
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0025
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0025
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0025
https://doi.org/10.1016/j.aap.2006.08.011
https://doi.org/10.1136/injuryprev-2016-042042
https://doi.org/10.1136/injuryprev-2016-042042
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0040
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0040
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0045
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0045
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0045
https://doi.org/10.1136/ip.2004.007252
https://doi.org/10.1186/s12889-017-5005-1
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0060
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0060
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0060
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0060
https://doi.org/10.1016/j.aap.2016.04.007
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0070
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0070
http://www.mext.go.jp/en/publication/statistics/title02/detail02/1379367.htm
http://www.mext.go.jp/en/publication/statistics/title02/detail02/1379367.htm
http://www.mext.go.jp/b_menu/toukei/chousa01/kihon/kekka/1268046.htm
http://www.mext.go.jp/b_menu/toukei/chousa01/kihon/kekka/1268046.htm
http://www.mhlw.go.jp/toukei/list/81-1.html
http://www.mhlw.go.jp/toukei/list/81-1.html
http://www.stat.go.jp/data/chiri/1-1.html
http://www.mlit.go.jp/road/sesaku/tsugakuro.html
http://www.mlit.go.jp/road/sesaku/tsugakuro.html
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0100
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0100
https://www.e-stat.go.jp/statsearch/files?page=1%26layout=datalist%26toukei=00130002%26tstat=000001027457%26cycle=7%26year=20160%26month=0
https://www.e-stat.go.jp/statsearch/files?page=1%26layout=datalist%26toukei=00130002%26tstat=000001027457%26cycle=7%26year=20160%26month=0
https://www.e-stat.go.jp/statsearch/files?page=1%26layout=datalist%26toukei=00130002%26tstat=000001027457%26cycle=7%26year=20160%26month=0
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0110
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0110
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0115
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0115
https://doi.org/10.1186/s12889-017-4648-2
https://doi.org/10.1186/s12889-017-4648-2
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0125
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0125
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0125
https://doi.org/10.1016/j.ypmed.2007.09.002
http://www.stat.go.jp/english/data/shihyou/index.html
http://www.stat.go.jp/english/data/shihyou/index.html
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0140
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0145
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0145
http://refhub.elsevier.com/S0001-4575(18)31225-9/sbref0145
https://doi.org/10.1016/j.ypmed.2018.02.010

	Regional disparities in road traffic injury rates involving elementary and junior high school children while commuting among Japan’s 47 prefectures between 2004 and 2013
	Introduction
	Literature review
	Methods
	Data sources
	Statistical analyses
	Ethical considerations

	Results
	Discussion
	Conclusion
	Contributors
	Funding
	Declarations of interest
	Acknowledgements
	Appendix A
	References




