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Objectives. To quantify the impact of the “Zone 30” policy introduced in September

2011 on the incidence of cyclist and pedestrian injuries in Japan.

Methods.This was an interrupted time-series study. We used the data of cyclist and

pedestrian injuries recorded by the Japanese police between 2005 and 2016. We

evaluated the monthly number of deaths and serious injuries per person-time on

narrow roads (width < 5.5 m, subjected to the policy) compared with that on wide

roads (‡5.5 m) to control for secular trends. We regressed the injury rate ratio on 2

predictors: the numbers of months after January 2005 and after September 2011.

Using the regression results, we estimated the number of deaths and serious injuries

prevented.

Results. There were 266 939 deaths and serious injuries. By 2016, the cumulative

changes in the rate ratio spanned from –0.26 to –0.046, dependingon sex andage, andan

estimated number of 1704 (95% confidence interval = 1293, 2198) injuries were

prevented.

Conclusions. The policy had a large preventive impact on cyclist and pedestrian

deaths and serious injuries at the national level. (Am J Public Health. 2020;110:

237–243. doi:10.2105/AJPH.2019.305404)

Globally, road injuries are a leading cause
of mortality and morbidity, killing ap-

proximately 1.3 million people and injuring
tens of millions annually.1,2 Cyclists and pe-
destrians represent a quarter of all road fa-
talities, and the proportion varies substantially
among countries.1 The benefits of safe-
guarding cyclists and pedestrians are not
limited to reduced road injuries; active travel
is conducive to health,3–6 and previous studies
reported that neighborhood walkability was
associated with increased physical activity,7

lower body mass index,8,9 better profiles for
metabolic risk factors,10 and lower diabetes
incidence.9 Moreover, promoting active travel
reduces fossil fuel consumption and ultimately
protects public health by improving ambient air
quality and moderating climate change.11

Evidence shows that area-wide traffic-
calming interventions reduce road injuries
involving cyclists and pedestrians. These in-
terventions include amaximum speed limit of
30 kilometers per hour or lower, installing

traffic-calming devices such as road bumps
and chicanes, temporary or permanent road
closings, enhancing visibility of road signs,
and increasing law enforcement in the area.12

A systematic review found a modest re-
duction of road injuries in the area with a
pooled rate ratio of 0.8512; more recent
studies that investigated the effectiveness of
20-miles-per-hour zones in London, En-
gland, found 41.9% and 24% reductions
of those killed and seriously injured, re-
spectively, within these zones.13,14 Twenty-
miles-per-hour zones were also effective in
preventing road injuries in NewYork, NY.15

However, the effectiveness of such inter-
ventions could be undermined if conducted
inappropriately; for example, in Seoul, South
Korea, the ineffectiveness of its Silver Zone
policy was likely because of a mismatch be-
tween the high-casualty and intervention
areas.16

In Japan in 2010, cyclists and pedestrians
represented 51% of all fatal cases, and the
proportion was higher than that in other
densely populated high-income countries
such as theUnited Kingdom (28%), Germany
(23%), and France (16%).17 In addition,
previous area-wide traffic-calming policies
in Japan had limited effects in preventing
road injuries involving cyclists and pedes-
trians presumably because they sometimes
lacked effective measures such as the low
maximum speed limit or failed to spread
widely as a result of demanding require-
ments and a low level of support by local
residents.18–21

Against this backdrop, Japan started a new
area-wide traffic-calming policy, “Zone 30,”
in residential areas throughout the country in
September 2011.18,20 Leveraging lessons
learned from previous road safety policies
since the 1970s,22 the Zone 30 policy en-
hanced community engagement through its
multisectoral approach that involves local
residents, local governments, police, and the
Ministry of Land, Infrastructure, Transport
and Tourism.19,20 It also relaxed regulations
on requirements for the zone by abolishing
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minimum area requirements and requiring
only a 30-kilometers-per-hour speed limit
in the zone, which can be implemented
with a relatively small budget (see Methods
for details). These amendments facilitated
the zone’s nationwide spread, and 3105 zones
were designated between September 2011
and March 2017.18 There is good evidence
that area-wide traffic-calming is effective in
preventing road injuries for cyclists and pe-
destrians12–15; however, no study has re-
ported the impact of enhancing community
engagement and limiting the requirements
for the designation of areas to a maximum
speed limit in an area-wide traffic-calming
policy for cyclist and pedestrian safety at the
national level, and the Zone 30 policy pro-
vides a unique opportunity to do so.

Therefore, the objective of the present
study was to quantify cyclist and pedestrian
injuries prevented by the policy. Specifically,
we attempted to answer the following 2 re-
search questions: To what degree did the
cyclist and pedestrian injury rate per person-
time on local roads decrease compared with
that on arterial roads after the introduction of
the policy at the national level? Andhowmany
cyclist and pedestrian injuries were totally
prevented by the policy between September
2011 and December 2016?

METHODS
This was an interrupted time-series study.

Using monthly longitudinal data on the in-
cidence of road injuries in Japan between
2005 and 2016, we examined whether the
introduction of the Zone 30 policy in
September 2011 (or the 81st month of the
study period) prevented road injuries on
local narrow roads compared with arterial
wide roads.

Study Setting
Japan introduced its first area-wide traffic-

calming intervention of School Zone in 1972,
followed by Neighborhood Zone in 1974,
Silver Zone in 1988, Community Zone in
1996, and Safe Walking Area in 2003.19

However, the effectiveness of these measures
in reducing road injuries between 2000 and
2010 was limited; only an 8.0% reduction
in road injuries on narrow roads (road

width < 5.5 m) was observed, which was
significantly lower than the 29.2% reduction
on wide roads (‡ 5.5 m). This was presumably
because these interventions sometimes lacked
essential components of effective area-wide
traffic-calming interventions, such as lower
maximum vehicle speed limits and clearly
visible road signs to inform drivers about the
zone.18,19 In addition, some interventions
were not applicable to small areas or were
not supported by local residents, or the
budget was not sufficient for the imple-
mentation.18,20,21 For example, Commu-
nity Zone required a minimum area of 0.25
square kilometers to be designated, and this
limited the number of zones designated in
the whole country to up to 40 per year.18

The Zone 30 policy enhanced community
engagement through its multisectoral ap-
proach that involves local residents, local
governments, police, and the Ministry of
Land, Infrastructure, Transport and Tour-
ism.19 Stronger community engagement led
to local residents’ increased support for des-
ignating zones in their neighborhood and the
zone’s nationwide spread. To further facilitate
dissemination, the policy required only a
maximum vehicle speed limit of 30 kilo-
meters per hour in the zone without a
minimum area requirement. In addition to
the speed limit, some of the following op-
tional measures were included: establishment
of clearly visible road signs upon entrance to
the zone to inform drivers, notification alerts
in car navigation services upon entering the
zone, installation of traffic-calming devices
and improved pedestrian paths, erasing the
centerline of the road, and measures that
facilitate efficient traffic flow around the
zone to discourage motor vehicle drivers
from entering the zone.18,20 Table 1 shows
the proportion of zones with each optional
measure. The zones were designated on the
basis of local residents’ requests, traffic vol-
ume, crash frequency, and the presence of
elementary and junior high schools and
public and tourist facilities.23 As of March
2017, 3105 zones were established, thus ex-
ceeding the original target of 3000 zones.18

Data Sources and Variables
We obtained national police data on the

monthly number of road injuries in Japan
between January 2005 and December 2016

from the Institute for Traffic Accident Re-
search and Data Analysis and monthly esti-
mated population data for the same period
from the National Statistics Bureau.24 The
police data were collected according to a
standardized definition of measurements.25

Categorization of the obtained data was based
on the definitions used in the police data: time
(year and month); width of road where the
crash occurred (< 5.5 m and ‡ 5.5 m); sex, age
(0–14, 15–24, 25–64, 65–74, and ‡ 75 years),
andmode of transport (cyclists and pedestrians)
of the victims; and severity of injury (death,
serious injury, andminor injury).Death fromthe
crashwas defined as a death that occurredwithin
24 hours from the crash, and an injury was
defined as “serious” if it was estimated to require
medical care for 30 days or longer by the
physician, or else it was defined as “minor.”25

Outcome Variable for Evaluation
We evaluated occurrence of fatal and se-

rious injuries, unless otherwise noted, because
a previous study showed that the incidence of
fatal and incapacitating injuries decreased
more than that of nonincapacitating and
minor injuries among pedestrians when the
speed limit was reduced from 40 to 50 ki-
lometers per hour to 30 kilometers per
hour.26We calculated the monthly incidence
rate of deaths and serious injuries (hereafter
referred to as “injury rate”): the numerator
was the number of fatal and serious injuries,
and the denominator was the corresponding
population size divided by 12 multiplied by
100 000 (injuries per 100 000 person-years).
Then, we calculated injury rate ratios by
dividing the rate on the narrow roads by the
corresponding rate on the wide roads. We
assumed that the Zone 30 policy affected the
injury rate on the narrow roads exclusively if it
had an effect because only these narrow roads
with a single lane, including thosewith 2 lanes
at the time of the zone designation but that
were planned to be downsized to 1 lane, were
covered under the policy as “local neigh-
borhood roads.”19,20 The use of ratios en-
abled us to examine the effect of the policy
while controlling for secular trends that were
not affected by the policy,27–30 including
those of the incidence of cyclist and pedestrian
injuries on wide roads and of standards of
prehospital and medical care for road injuries.
Using the rates on wide roads as the
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denominator of the ratio would be justified
because adverse spillover effects were not
observed around the 20-miles-per-hour
zones in London and New York.13,15

Descriptive Statistics
We pooled the 12-year data and described

the number of injuries stratified by width of
road, sex, and age.We displayed the trends of
the monthly injury rates stratified by width
of road, sex, and age and the injury rate ratios
stratified by sex and age.

Interrupted Time-Series Analysis
We evaluated the effectiveness of the

policy by regressing the longitudinal injury
rate ratio stratified by sex and age on the
number of months after January 2005
(predictor: month) and after September 2011
(predictor: slope_change_after_81st_month):

ðrate ratioÞt¼b0þb1 ·monthþb2
· ðslope change after 81st monthÞ
þ εt

(1)

where b1 represents the average monthly
change in the predicted rate ratios before
September 2011, and the predictor slo-
pe_change_after_81st_month allowed the pre-
dicted rate ratios to have a knot at the 81st

month. We hypothesized that b2 was a
negative number (i.e., the slope of the rate
ratios went downward at September 2011) if
the policy was effective. To facilitate in-
terpretation of the results, we converted the
monthly rate ratio change to a cumulative
change byDecember 2016 (54thmonth from
September 2011) by multiplying the point
estimate and the confidence interval (CI) of b2
by 54. Because the number of zones increased
gradually after the introduction of the policy,
we considered no discontinuous gap in the
rate ratio in September 2011 and therefore did
not include a dichotomous predictor that in-
dicated before or after policy introduction in the
model. When the residuals (εt) had an auto-
correlated structure, we fitted a seasonal autor-
egressive integrated moving average model.31

Estimation of the Impact
We estimated the number of injuries for

cyclists and pedestrians on narrow roads
prevented by the policy between September
2011 and December 2016 for each subgroup
(stratified by sex and age) with

X144

m¼81

ni;m= 1þ b2i · m� 80ð Þ½ � � ni;m
� �

;(2)

where m is the number of month after
January 2005 (m=1), which is identical with

thepredictormonth in the interrupted time series
analyses; i (=1, 2,. . ., 10) is the subgroup; b2i
(with mean mi and standard error si) is the
estimated monthly change in the rate ratio
after September 2011 for subgroup i; and ni;m
is the observed number of injuries for sub-
group i in the mth month.

To acquire the total number of injuries
prevented between September 2011 and
December 2016, we summed the estimated
numbers across the subgroups; to acquire the
CI, we conducted a Monte Carlo simulation
of 1000 draws from

b2i ;Nðmi;siÞ(3)

for each subgroup, plugged them into

X144

m¼81

ni;m= 1þ b2i · m� 80ð Þ½ � � ni;m
� �

(4)

to obtain 1000 sets of the estimated number
of injuries prevented across the subgroups,
summed them across the subgroups using
each set to obtain 1000 estimated number of
injuries prevented, and reported the 2.5th and
97.5th percentiles. In this simulation, we
assumed independence of the extent of de-
viation of drawn b2i across the subgroups
(i.e., how many si randomly sampled b2i
deviates from mi in each draw for each
subgroup).

Sensitivity Analyses
We repeated the interrupted time-series

analysis with data of all injury severity and
those with serious injuries. We also repeated
the analysis using data restricted to deaths,
pedestrians, and cyclists and stratified by sex
but not by age, because the number of injuries
was too low for some subgroups. We also
estimated the total number of injuries pre-
vented, irrespective of severity. We con-
ducted all statistical analyses with R version
3.4.4 (R Foundation, Vienna, Austria), and
we used the sarima function of the astsa
package to fit the seasonal autoregressive
integrated moving average models.31,32

RESULTS
During the study period of 2005 to 2016,

there were 28 333 deaths and 238 606 serious

TABLE 1—Number and Proportion of Zones With Each Optional Measure for the Zone 30
Policy Among 3105 Zones: Japan, March 2017

Measures No. (%)

Installing road signs or markings at the entrance 2679 (86.3)

Road sign “Zone 30” on pole 583 (18.8)

Road marking “Zone 30” 2606 (83.9)

Road markings other than “Zone 30” 214 (6.9)

Coloring the entrance 401 (12.9)

Erasing the centerline and widening sidewalk 650 (20.9)

Traffic control 320 (10.3)

Prohibiting the entrance of large vehicles 77 (2.5)

Installing a stop sign 174 (5.6)

Installing a crosswalk 157 (5.1)

Installing traffic-calming devices 129 (4.2)

Road hump 37 (1.2)

Narrowing 69 (2.2)

Chicane 32 (1.0)

Note. A maximum speed limit of 30 kilometers per hour is mandatory. More than 1 optional
measure can be implemented in 1 zone.

Source. National Police Agency, Japan.18
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injuries (totaling 266 939) involving cyclists
and pedestrians in Japan. Table 2 shows the
number and rate of injuries stratified bywidth
of road where the crash occurred, sex, age,
andmode of transport. Among all injuries, the
proportion of cases on narrow roads was 28%.
The proportion of injuries on narrow roads
was higher for the youngest age group
compared with all other age groups (Table 2).

Themonthly injury rates bywidth of road,
sex, and age showed a decreasing trend for all
subgroups, except for men aged 25 to 64 years
on narrow roads, and the decreasing trend in
some subgroups on narrow roads appeared to
have accelerated after the introduction of the
Zone 30 policy (Figure A, available as a
supplement to the online version of this article
at http://www.ajph.org).

The monthly ratio of injury rates on
narrow roads to wide roads showed an in-
creasing trend before the policy was in-
troduced followed by a decreasing trend after
the introduction among boys aged 0 to 14
years (Figure B, available as a supplement to
the online version of this article at http://
www.ajph.org). Other subgroups did not
show a clearly visible trend.

Interrupted Time-Series Analysis
This was the main analysis of our study.

Table 3 shows the results of the interrupted
time-series analyses of the injury rate ratios
among cyclists and pedestrians of the 10
subgroups. The Zone 30 policy decreased the
rate ratios in all 10 subgroups, reflected by
negative point estimates for the coefficient of
slope_change_after_81st_month, and their 95%
CIs did not include the null value (i.e., 0 in 6
subgroups). The largest absolute effect of –4.1
multiplied by 10–3 per month was observed in
boys aged 0 to 14 years, followed by –2.9
multiplied by 10–3 permonth inmen aged 15 to
24 years; these effects are equivalent to cumu-
lative relative changes of –0.26 (95% CI=–

0.38, –0.15) and –0.19 (95% CI=–0.28,
–0.090), respectively, in the rate ratio between
September 2011 and December 2016 (data not
shown). Cumulative relative changes of the
other subgroups ranged from –0.11 to –0.046.

Estimation of the Impact
Table 4 shows the estimated number of

injuries prevented by the policy between
September 2011 and December 2016. In

total, 1704 injuries were prevented, more
than two fifths of whom were boys aged 0 to
14 years or women aged 75 years or older.

Sensitivity Analyses
The results of the interrupted time-series

analyses of the data of all injury severity and of
those that were restricted to serious injuries,
pedestrians, or cyclists were similar to those of
the main analysis, except that those restricted
to serious injuries produced 2more subgroups

(women aged 65–74 years and men aged
25–64 years) whose 95% CIs for the co-
efficient of slope_change_after_81st_month did
not include 0 (Table A, available as a sup-
plement to the online version of this article at
http://www.ajph.org). However, the ana-
lyses that were restricted to deaths produced
nonsignificant small monthly changes in the
rate ratio after the policy was introduced
(b2 was –5.4 · 10–4 [95% CI= –1.3 · 10–3,
1.8 · 10–4] for females and 4.2 · 10–4

[95% CI= –4.5 · 10–4, 1.3 · 10–3] for males).

TABLE 2—Number andRate per 100000 Person-Years, and Proportion of Deaths and Serious
Injuries Among Cyclists and Pedestrians: Japan, 2005–2016

Narrow Road (< 5.5 m) Wide Road (‡ 5.5 m)

Age, Years No. (%)a Rateb No. (%)a Rateb % on Narrow Roadc

Total 75 039 (100) 4.9 191 900 (100) 12.5 28

Females

Cyclists

0–14 1 678 (2.2) 1.7 2 275 (1.2) 2.3 42

15–24 2 768 (3.7) 3.7 5 586 (2.9) 7.4 33

25–64 8 203 (10.9) 2.0 16 813 (8.8) 4.1 33

65–74 6 188 (8.2) 6.3 10 889 (5.7) 11.0 36

‡ 75 4 780 (6.4) 4.5 7 830 (4.1) 7.4 38

Pedestrians

0–14 1 839 (2.5) 1.9 3 425 (1.8) 3.5 35

15–24 372 (0.5) 0.5 1 919 (1.0) 2.5 16

25–64 3 383 (4.5) 0.8 13 651 (7.1) 3.4 20

65–74 3 359 (4.5) 3.4 12 278 (6.4) 12.5 21

‡ 75 6 153 (8.2) 5.8 22 014 (11.5) 20.8 22

Subtotal 38 723 (51.6) 4.9 96 680 (50.4) 12.3 29

Males

Cyclists

0–14 4 804 (6.4) 4.6 5 934 (3.1) 5.7 45

15–24 3 789 (5.0) 4.8 7 535 (3.9) 9.5 33

25–64 7 232 (9.6) 1.8 17 240 (9.0) 4.2 30

65–74 2 995 (4.0) 3.4 6 781 (3.5) 7.7 31

‡ 75 3 986 (5.3) 6.1 9 129 (4.8) 14.0 30

Pedestrians

0–14 4 222 (5.6) 4.1 6 958 (3.6) 6.7 38

15–24 511 (0.7) 0.6 2 228 (1.2) 2.8 19

25–64 4 377 (5.8) 1.1 20 757 (10.8) 5.1 17

65–74 2 108 (2.8) 2.4 8 932 (4.7) 10.1 19

‡ 75 2 292 (3.1) 3.5 9 726 (5.1) 15.0 19

Subtotal 36 316 (48.4) 4.9 95 220 (49.6) 12.8 28

aThe numerator of the proportion is the number of killed or seriously injured cases in each subgroup, and
the denominator is the total number of killed or seriously injured cases stratified only by width of road.
bThe numerator of the rate is the number of killed or seriously injured cyclists and pedestrians stratified
bywidthofroad,sex,andageduringthestudyperiodof12y,andthedenominator is thecorrespondingpopulation
size, which is the sum of monthly estimated populations stratified by sex and age divided by 12 · 100000.
cThe numerator of the proportion is the number of killed or seriously injured cases on narrow roads in each
subgroup, and the denominator is the total number of killed or seriously injured cases in the subgroup.
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The total number of injuries of all severity
prevented by the policy between September
2011 andDecember 2016was estimated to be
21 639 (95% CI= 17 305, 26 870).

DISCUSSION
After the introduction of the Zone 30

policy in September 2011, the pedestrian and
cyclist injury rates decreased on narrow roads
compared with wide roads at the national
level. The decrease was especially large for
boys aged 0 to 14 years, and their cumulative
relative change by December 2016 was as
large as –26%. Between September 2011 and
December 2016, the policy prevented 1704
deaths and serious injuries.

Comparison With Previous Studies
There are a few previous studies that re-

ported the effectiveness of the Zone 30
policy. A pre–post comparison of the number
of crashes in the zones revealed an 18.6%

reduction in the number of crashes that in-
volved a cyclist or pedestrian between the
previous and following years of the in-
tervention23; a difference-in-difference
analysis conducted in Saitama, one of the 47
prefectures in Japan, revealed a reduction
in the number of crashes in the zones when
they were accompanied by improved in-
tersections.33 The present study’s estimated
effectiveness of the policy (estimates of b2
in Table 3: ranging from –7.3 · 10–4 to
–4.1 · 10–3) was smaller than the 18.6%
reduction reported in the previous study,
which would be approximately equivalent to
a change of –0.186 divided by 24 equals –7.8
multiplied by 10–3 per month.23 This is be-
cause the previous study examined the re-
duction of road injuries only in the designated
zones, and it did not control for decreasing
secular trends, whereas we estimated the
average effectiveness on all narrow roads,
which include both designated zones and
nondesignated areas and also because we
controlled for secular trends by using ratios.27–30

If we adjust for the proportion (e.g., in terms

of road length or road injuries) of narrow
roads in the designated zones among all
narrow roads, the estimated effectiveness
would become larger; however, no such data
are available. This limitation, however, does
not undermine the validity of our findings
because our study objective was to quantify
the impact of the policy at the national level,
which does not require estimating the change
only in the designated zones.

Meaning of the Study
Our study provides strong evidence that a

multisectoral, area-wide traffic-calming pol-
icy with local residents’ participation and
support and relatively relaxed regulations can
have a large impact on the incidence of cyclist
and pedestrian injuries at the national level by
enabling rapid expansion of area-wide traffic-
calming projects nationwide. In Japan, before
the policy change, strict regulations and op-
positions from the residents used to impede
the implementation and expansion of such
projects. Our study results suggest that pro-
moting a community-based flexible pre-
ventive framework beyond traditional
regulatory approaches could be a good so-
lution to achieve a safer traffic environment
in residential areas in many countries.

Strengths and Weaknesses
A key strength of the present study is that it

evaluated the effectiveness of multisectoral
area-wide traffic-calming interventions by
using complete 12-year data from a country
with more than 120 million people. We at-
tributed the previously mentioned changes in
the rate ratios and the number of injuries
prevented to the Zone 30 policy because we
adjusted for the longitudinal trend of the rate
ratios before the introduction of the policy by
including a linear time variable and because
we also accounted for secular changes in the
cyclist and pedestrian injury rates in the
interrupted time-series analyses.27–30

The consistent results across the 10 sub-
groups stratified by sex and age show the
robustness of our findings. The quantification
of the number of injuries prevented by the
policy stratified by sex and agewould facilitate
dissemination of our findings to decision-
makers and other stakeholders because of
their ease of interpretation. We consider that
boys aged 0 to 14 years were overrepresented

TABLE 3—Results of Interrupted Time-Series Analyses of Potential Changes in Injury Rate
Ratios Among Cyclists and Pedestrians With the Introduction of Zone 30: Japan, 2005–2016

Variables, Point Estimate (95% CI)

Intercept Month, b1
Slope Change After
81st Month, b2

Females

Age, y

0–14 0.63 (0.56, 0.70) 2.7 · 10–4 (–1.0 · 10–3, 1.6 · 10–3) –1.7 · 10–3 (–4.3 · 10–3, 8.9 · 10–4)

15–24 0.38 (0.34, 0.43) 7.7 · 10–4 (–1.6 · 10–4, 1.7 · 10–3) –8.1 · 10–4 (–2.7 · 10–3, 1.1 · 10–3)

25–64 0.36 (0.33, 0.39) 6.4 · 10–4 (1.7 · 10–5, 1.3 · 10–3) –1.6 · 10–3 (–2.8 · 10–3, –3.5 · 10–4)

65–74 0.40 (0.36, 0.44) 5.5 · 10–4 (–1.7 · 10–4, 1.3 · 10–3) –1.3 · 10–3 (–2.7 · 10–3, 1.6 · 10–4)

‡ 75 0.33 (0.31, 0.35) 9.7 · 10–4 (5.4 · 10–4, 1.4 · 10–3) –1.6 · 10–3 (–2.4 · 10–3, –8.0 · 10–4)

Males

Age, y

0–14 0.63 (0.59, 0.68) 1.9 · 10–3 (9.8 · 10–4, 2.8 · 10–3) –4.1 · 10–3 (–5.9 · 10–3, –2.3 · 10–3)

15–24 0.40 (0.36, 0.44) 1.2 · 10–3 (4.5 · 10–4, 1.9 · 10–3) –2.9 · 10–3 (–4.4 · 10–3, –1.4 · 10–3)

25–64 0.27 (0.24, 0.30) 6.7 · 10–4 (1.1 · 10-4, 1.2 · 10–3) –7.3 · 10–4 (–1.8 · 10–3, 3.4 · 10–4)

65–74 0.30 (0.27, 0.33) 7.1 · 10–4 (1.3 · 10–4, 1.3 · 10–3) –1.5 · 10–3 (–2.6 · 10–3, –2.9 · 10–4)

‡ 75 0.29 (0.27, 0.32) 9.5 · 10–4 (4.4 · 10–4, 1.5 · 10–3) –1.4 · 10–3 (–2.4 · 10–3, –3.8 · 10–4)

Note. CI = confidence interval. The data span from the first month (January 2005) to the 144th month
(December 2016). Residualsweremodeledbyusing seasonal autoregressive integratedmoving average
structures.The numerator of the rate is the number of killed or seriously injured cases stratifiedbywidth
of road, sex, and age, and the denominator is the corresponding population size divided by 12 ·
100 000. The numerator of the rate ratio is the killed or seriously injured rate from crashes that
occurred on narrow roads in each month, sex, and age group, and the denominator is the
corresponding rate from crashes on wide roads. The value of the spline term was set at zero until the
80th month and thereafter month minus 80. The term allows the predicted rate ratios to have a knot at
the 81st month. The Zone 30 policy was introduced in the 81st month (September 2011).
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in the number of injuries prevented mainly
because of the large reduction in the injury
rate ratio.Women aged 75 years or olderwere
also overrepresentedmainly because of a rapid
increase in the population of this subgroup
compared with the other subgroups, which
experienced a smaller increase or even a de-
crease during the study period.

On the other hand, one of the weaknesses
of the present study is that there may have
been concurrent events that have also affected
the outcome of interest specifically, which is
often unavoidable in longitudinal observa-
tional studies; however, we are not aware of
such events. In addition, the rate ratios started
decreasing immediately after the time of the
introduction of the policy, especially for boys
aged 0 to 14 years, which would enhance our
interpretation that the observed decrease is
because of the policy. Another weakness is
thatwewere not able to adjust for the distance
traveled by cyclists and pedestrians or the
frequency of passages. If these data were
available, the estimated effect of the policy on
injury rates would become larger than the
estimates of the present study because the
policy may have improved perceived traffic
safety in the neighborhood and increased
active travel.34,35

The small and insignificant changes in the
rate ratios of deaths were unexpected because
it is well-established that the preventive effect
of reducing the speed limit is larger for fatal
injuries than for minor injuries.26 It is nec-
essary to examine whether measures taken in
each zone are effective in preventing deaths
and whether the intervened areas match
high-fatality areas.16

To better inform decision-makers, in ad-
dition to the policy’s effect shown in this
study, an analysis of the cost-effectiveness of
the policy would be useful. Another direction
of future research is to examine whether
optional measures in the zones in addition to
the speed limit modified the effectiveness.

Conclusions
The area-wide traffic-calming Zone

30 policy introduced in September 2011
decreased the cyclist and pedestrian injuries
on local narrow roads compared with arterial
wide roads in Japan. The successful multi-
sectoral policy with local residents’ partici-
pation and relatively relaxed regulations had
a large preventive impact on the rate and
number of deaths and serious injuries among
cyclists and pedestrians.
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