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ABSTRACT

Background: Computed tomography (CT) is commonly used in children with mild head injuries. People in Japan are con-
cerned about radiation exposure and radiation-induced cancer because of the Fukushima Daiichi Nuclear Power Plant
accident on March 11, 2011. This study investigated whether the accident influenced the use of CT in children with mild head
injuries.

Methods: Using the Japan Medical Data Center database, we identified patients aged ≤15 years visiting hospitals because of mild
head injuries from January 1, 2008, to December 31, 2013. We excluded patients who were admitted to the hospital or received
other medical examinations. Regression discontinuity analysis was used to compare proportions of patients undergoing head CT
and having clinically important traumatic brain injury (ciTBI) overlooked before versus after the accident, adjusting for patient
characteristics, secular trends, and hospital effect.

Results: Eligible patients (n = 40,440) were classified as visiting the hospital before (n = 11,659) or after (n = 28,781) the
accident. The regression discontinuity analysis showed that the accident was associated with a reduction in the proportion of
patients undergoing head CT (odds ratio [OR] 0.73; 95% confidence interval [CI], 0.63–0.86), whereas the accident was not
associated with an increase in cases where ciTBI was overlooked (OR 0.72; 95% CI, 0.13–4.00).

Conclusions: The use of CT in children with mild head injuries declined after the Fukushima Daiichi Nuclear Power Plant
accident. Improving awareness of radiation exposure risks among patients and physicians could reduce unnecessary CT.

Key words: radiation exposure; mild head injury; computed tomography; the Fukushima Daiichi Nuclear Power Plant accident;
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INTRODUCTION

Head injuries are common in children. Most of these injuries
are mild and do not require head computed tomography (CT).1

Although CT is not invasive, it does carry a risk of radiation
exposure, ranging from 15 to 30 millisieverts, and concern about
radiation-induced cancer in children.2–4

To date, people in the United States and Japan seem tolerant
toward medical radiation exposure. According to health data from
the Organization for Economic Co-operation and Development,
the number of CT examinations per person in the United States is
highest all over the world, followed by Japan.5 A previous report
showed that CT examination was routinely used in the United
States, even in cases of mild head injury.6

However, an extremely severe disaster in Japan may have
influenced people’s mindsets toward radiation exposure. The
Great East Japan Earthquake and Tsunami hit the Fukushima
Daiichi Nuclear Power Plant on March 11, 2011, resulting in
nuclear meltdowns and the release of a large amount of
radioactive material into the atmosphere.7 After the accident,

correct and incorrect information about radiation exposure was
widely disseminated in Japan by the mass media, and people in
Japan became concerned about radiation exposure and radiation-
induced cancer.8,9 Previous reports showed the percentages of
people who were anxious about radiation exposure and its
consequences were 71.6% in Fukushima and 40.4% outside of
Fukushima,8 and telephone consultations about radiological
examinations increased after the accident.9

We hypothesize that the occurrence of radiation leakage
accidents may change people’s behavior regarding undergoing
radiological examinations. To date, no studies have examined
whether the Fukushima Daiichi Nuclear Power Plant accident and
the related news coverage on radiation and radiation exposure
reduced the use of radiological examinations.

Therefore, we conducted a retrospective cohort study using
regression discontinuity analysis to investigate the association of
the Fukushima Daiichi Nuclear Power Plant accident with the
proportion of children with mild head injuries undergoing head
CT examinations, using a multicenter outpatient and inpatient
database in Japan.
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METHODS

Given the anonymous nature of the data, the requirement for
informed consent was waived. The study was approved by the
Institutional Review Board of the University of Tokyo (serial
number: 10862-(1)).

Data source
We used the Japan Medical Data Center database.10 The database
includes health insurance claims data for approximately four
million insured individuals in 2016. Most of these insured
individuals are employees of Japanese companies and their
families. The number of insured individuals participating the
database increased year after year. The database includes
administrative claims data for hospital visits and hospital
admissions, with data on diagnoses, medical examinations, and
treatments. Diagnoses were recorded based on International
Classification of Disease 10th revision (ICD-10) codes,11 which
are international classification codes used worldwide. Standard
diagnostic names in accordance with the ICD-10 provided a code
with a disease name in Japanese. This study used data from
January 1, 2006, to December 31, 2015.

Patient selection and outcome
We identified outpatients aged 15 years or younger who were
diagnosed with superficial scalp injury (S00.0), contusion of
eyelid and periocular area (S00.1), other superficial injuries of
eyelid and periocular area (S00.2), multiple superficial head
injuries (S00.7), concussion (S06.0), or unspecified head injury
(S09.9). We also identified outpatients aged 15 years or younger
who were diagnosed with suspected head injury (S01.0, 01.1,
02.0, 02.1, 02.7, 02.9, 06.2–9), because doctors in Japan record
suspected diagnostic names when they implement any examina-
tion to diagnose a certain disease, even if the examination
eventually produces negative results.

We excluded patients who were diagnosed with subcutaneous
bleeding (S00.1), ecchymoma (S00.0), traumatic swelling
(S00.2), incised wound (S01.0), chopping wound (S01.0),
contused wound (S01.0), laceration (S01.0), or sting injury of
the head (S01.1), based on standard diagnostic names in
accordance with the ICD-10, because head CT is indicated for
these conditions.1 We also excluded patients who were admitted
to the hospital for head injury because their head injuries may not
have been mild, as well as those who visited out-patient hospitals
for head injuries in March 2011.

The primary outcome was undergoing CT. The secondary
outcome was the having a clinically important traumatic brain
injury (ciTBI) overlooked, which was defined as having a
hospital admission caused by a ciTBI 1–14 days after the first
medical examination for the head injury.

Statistical analysis
We used a regression discontinuity design to analyze the
association between the Fukushima Daiichi Nuclear Power
Plant accident and the proportion of children undergoing CT,
controlling for patient factors and possible temporal trends toward
reduced proportions of patients undergoing CT during the study
period.

Regression discontinuity designs can identify causal effects of
interest in observational studies by exploring exogenous shifts
in treatment probabilities, controlling for patient factors, and

adjusting for preexisting temporal trends.12–16 In the regression
discontinuity design, intervention is assigned to a subset of
patients, based on a threshold of a baseline characteristic. The
control group consists of a subset of patients below the threshold
and the intervention group consists of patients above the
threshold (ie, in this study, before and after the Fukushima
Daiichi Nuclear Power Plant accident in March 2011). Due to the
assignment rule, regression discontinuity design can achieve
balance on unobserved factors, which mimics a randomized
controlled trial. When estimating the treatment effect, a regression
analysis compares treated to control patients, while adjusting
for the assignment variable. Regression discontinuity provides
a possible opportunity for obtaining unbiased causal effect
estimates, when experiments are not feasible or when we want
to evaluate interventions under “real-world” circumstances.13

To perform the regression discontinuity analysis, we estimated
a patient-level logistic regression model to examine the
association between the accident and the proportion of patients
undergoing CT. A dummy variable, which played a role of
assignment variable, was used to indicate whether the hospital
visit was before or after the accident.14 We controlled for secular
trends using variables for the year of the hospital visit.15 Patient
baseline characteristics included age and sex. We use a logistic
regression model with generalized estimating equations to control
for clustering within hospitals.

We conducted a regression discontinuity analysis with a 6-year
bandwidth from January 2008 to December 2013, with the month
of the accident (March 2011) excluded as the main analysis. We
also performed four additional regression discontinuity analyses
with different bandwidths, including 2 years (from January 2010
to December 2011, with the month of the accident excluded),
4 years (from January 2009 to December 2012, with the month of
the accident excluded), 8 years (from January 2007 to December
2014, with the month of the accident excluded), and 10 years
(from January 2006 to December 2015, with the month of the
accident excluded).

We calculated E-values as sensitivity analyses to assess the
robustness of the results to potential residual or unmeasured
confounders.17 The E-value is the minimum strength of
association that unmeasured confounders would need to have
with both the exposure and the outcome to explain away a
treatment-outcome association. Rather than focusing on whether
confounding of a specified strength would or would not suffice to
explain away an effect estimate, E-values focus on the magnitude
of the confounder associations that could produce confounding
bias equal to the observed treatment-outcome association.

For the sensitivity analysis, we reanalyzed the data excluding
contusion of eyelid and periocular area (S00.1), other superficial
injuries of eyelid and periocular area (S00.2), and unspecified
head injury (S09.9). Because the number of cases where ciTBI
was overlooked was so small, we compared this number between
groups using chi-square tests. We also changed the definition
of ciTBI being overlooked, defining it as having a hospital
admission caused by a ciTBI 1–7 days after the first medical
examination for the head injury.

Differences in patient backgrounds before and after the accident
were assessed using standardized differences. Standardized
differences of less than 10% are considered negligible imbalances
in baseline characteristics between the groups.18

Crude proportions of patients undergoing CT and having ciTBI
overlooked before and after the accident were compared using
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chi-square tests or Fisher’s exact tests. A P-value less than 0.05
was considered to be significant. All statistical analyses were
performed using Stata MP, Version 15.0 (Stata Corp, College
Station, TX, USA).

RESULTS

We identified 41,690 children who visited hospitals because of
mild head injuries from 2008 to 2013. Of these patients, we
excluded 774 who were admitted to the hospital and 476 who
visited hospitals in March 2011. As a result, we selected 40,440
eligible patients, including 11,659 before the accident and 28,781
after the accident.

Table 1 shows patient baseline characteristics from 2008 to
2013 (patient baseline characteristics for other bandwidths are
shown in eTable 1, eTable 2, eTable 3, and eTable 4). None of
the baseline characteristics were different between patients
visiting hospitals before and after the accident.

The crude proportion undergoing CT differed for patients
visiting hospitals before versus after the accident (35.4% vs
33.2%, difference: −2.1%; 95% confidence interval [CI], −3.2 to
−1.1). In seven cases, ciTBI was overlooked, with no difference
before versus after the accident (0.02% [2=11,657] vs 0.02%
[5=28,776]).

Table 2 shows the results of regression discontinuity analyses
of undergoing CT, with different bandwidths. After controlling
for patient characteristics, secular trends, and clustering within
hospital, the accident was associated with a reduction in the
proportion of patients undergoing CT from 2008 to 2013 (odds
ratio [OR] 0.73; 95% CI, 0.63–0.86). Similar associations were
seen in the analyses with different bandwidths.

Table 3 also shows the results of regression discontinuity
analyses of ciTBI being overlooked, with different bandwidths.
The accident was not associated with an increase in cases where
ciTBI was overlooked from 2008 to 2013 (OR 0.72; 95% CI,
0.13–4.00). Similar associations were seen in the analyses with
different bandwidths.

Figure 1 plots the actual and predicted percentages of patients
undergoing head CT. In 2011, the predicted percentage under-
going CT was 37.0%, and the actual percentage observed was
34.1%. After the accident, the actual percentage undergoing CT
fell to 32.5% in 2013 and 27.7% in 2015. The E-value was 1.62,
and the lower limit of the 95% CI closest to the null point was
1.37, with the bandwidth of 2008 to 2013.

In the sensitivity analysis, the accident was associated with a
reduction in the proportion of patients undergoing CT from 2008
to 2013 (OR 0.77; 95% CI, 0.64–0.93). The percentages of cases
where ciTBI was overlooked were 0.01% (1=8,602) and 0%
(0=21,445) before and after the accident, respectively, and the
accident was not associated with overlooked ciTBI (P = 0.114).
The secondary analysis showed that one case of ciTBI was
overlooked before the accident and that one case was overlooked
after the accident. This analysis also showed that the accident
was not associated with overlooked ciTBI (OR 0.35; 95% CI,
0.02–5.35).

DISCUSSION

In this study, we estimated the causal effect of the Fukushima
Daiichi Nuclear Power Plant accident followed by the Great East
Japan Earthquake and Tsunami on undergoing head CT among

children with mild head injuries using a multicenter outpatient
and inpatient database in Japan. Our regression discontinuity
analyses showed that the proportion of patients undergoing CT
decreased after the Fukushima Daiichi Nuclear Power Plant
accident, whereas cases of overlooking ciTBI did not increase
after the accident.

Previous studies have identified indications for head CT for
children with head injuries, such as altered mental status, history
of vomiting, a dangerous mechanism of injury, and signs of basal
skull fracture.1,19,20 One of these previous studies showed that the
indications for performing head CT in children with head injuries
partially depended on physicians’ experience and parental
preferences, depending on the situation.1

Our results suggest that the Fukushima Daiichi Nuclear Power
Plant accident reduced the behavior of performing CT in children.
A potential reason for this is that people learned about the harms of
radiation through the news coverage on radiation exposure and
radiation-induced cancer. Before the accident, most people in
Japan may have believed that the harm of their children under-
going CT was negligible, based on their low level of knowledge

Table 1. Patient characteristics (2008–2013)

Before the
accident

(n = 11,659)

After the
accident

(n = 28,781)

Standardized
difference

(%)

Age, n (%)
0–6 months 728 (6.2) 2,121 (7.4) 4.5
7–18 months 2,208 (18.9) 5,376 (18.7) 0.7
19 months–3 years 2,180 (18.7) 5,125 (17.8) 2.3
3–6 years 2,134 (18.3) 5,214 (18.1) 0.5
7–12 years 3,148 (27.0) 7,438 (25.8) 2.6
13–15 years 1,261 (10.8) 3,507 (12.2) 4.3

Male, n (%) 7,146 (61.3) 17,613 (61.2) 0.2

The accident, The Fukushima Daiichi Nuclear Power Plant accident.

Table 2. Regression discontinuity analyses comparing the odds
of undergoing computed tomography before versus
after the Fukushima Daiichi Nuclear Power Plant
accident

Bandwidth for
regression discontinuity

Odds ratio 95% confidence interval

2006–2015 0.56 0.48–0.65
2007–2014 0.67 0.57–0.78
2008–2013 0.73 0.63–0.86
2009–2012 0.81 0.69–0.94
2010–2011 0.80 0.69–0.94

Table 3. Regression discontinuity analyses comparing the odds
of clinically important traumatic brain injury being
overlooked before vs after the Fukushima Daiichi
Nuclear Power Plant accident

Bandwidth for
regression discontinuity

Odds ratio 95% confidence interval

2006–2015 1.42 0.32–6.19
2007–2014 0.81 0.16–4.03
2008–2013 0.72 0.13–4.00
2009–2012 0.83 0.14–4.99
2010–2011 0.92 0.06–14.8
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about the risk of radiation exposure, whereas they were anxious
about their children’s injuries. Parents, therefore, expected phy-
sicians to order head CT for their children even when the injuries
were mild. Although physicians understood that children with
mild head injuries did not have to undergo head CT, physicians
tended to adopt a “defensive” attitude to reduce their legal risks.

After the Fukushima Daiichi Nuclear Power Plant accident,
there has been a great deal of news about radiation exposure, and
most people in Japan have known about radiation exposure-
induced cancer. Concern about radiation exposure has become
commonplace. Parents of children with mild head injuries may
avoid head CT, and physicians may have reconsidered the
harmfulness of radiation exposure and may not recommend head
CT to the parents.

Overlooked ciTBI did not increase after the accident. This may
suggest that only unnecessary CT was reduced and that patients
with moderate-to-severe head injuries may have continued to
undergo CT as necessary.

Our results showed that the proportion of patients undergoing
CT decreased each year after the Fukushima Daiichi Nuclear
Power Plant accident. This may be because people in Japan have
been continuously exposed to news about the accident. The
problems related to the accident have not been solved, and the
news about them has been regularly broadcast in Japan.21,22

This study had several strengths. The study was the first to
show the association between the Fukushima Daiichi Nuclear
Power Plant accident and a reduction in the use of CT using

individual-level data. Although previous studies have suggested
that there was a reduction in undergoing CT after the accident,
these studies were based on aggregated data on a limited region of
Fukushima Prefecture, which was near the plant, or in several
children’s hospitals.23,24

A second strength was that the present study used regression
discontinuity analysis, a quasi-experimental study design.
Random variability implies that patients who visited hospitals
before and after the accident will be similar on all observed and
unobserved baseline characteristics, mimicking a randomized
controlled trial.

Third, we used E-values for our sensitivity analyses.
Observational designs generally preclude causal inference; that
is, unmeasured confounders may persist despite adjustment for
measured confounders. However, the E-value in our study was
1.62, and the lower limit of the 95% CI closest to the null point
was 1.37 (>1), which indicates that considerable unmeasured
confounding would be required to “explain away” the association
between the accident and the use of CT.

Our findings are generalizable to all countries. CT scans for
children with head injuries are widespread all over the world, and
the Choosing Wisely Campaign has tried to reduce CT scans for
these children.25

There were also several limitations to this study. The database
did not include detailed patient data, such as vomiting, loss of
consciousness, mental status, and the mechanism of injury.
However, we excluded patients who were hospitalized because of

Figure 1. Trends in the proportions of children with mild head injuries undergoing CT examinations from 2006 to 2015.
Red circles indicate the actual proportions of patients undergoing CT. The blue circle indicates the predicted proportion
of patients undergoing CT in 2011. The blue line indicates the extrapolated prediction if the 2006–2010 trend in
proportions of patients undergoing CT had continued. The black-dashed line indicates the month of the Fukushima
Daiichi Nuclear Power Plant accident (March 2011).
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head injury. Second, our study population did not completely
reflect the population of Japan as a whole, because the database
included only employees of Japanese companies with health
insurance and their families and did not include unemployed
adults. Third, the safety of reducing CT scans could not be
validated because there were few cases of ciTBI being
overlooked. It is possible that there were few such cases because
we identified only patients with mild head injuries and ciTBI may
be inherently lower in this group.

In this study, a regression discontinuity design using a health
insurance claims database showed that the proportion of children
with mild head injuries undergoing head CT declined after the
Fukushima Daiichi Nuclear Power Plant accident. Improving
awareness of radiation exposure risks among patients and
physicians could reduce unnecessary CT.
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