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ABSTRACT
Objective: Japan’s 2011 Fukushima Daiichi Nuclear
Power Plant incident required the evacuation of over a
million people, creating a large displaced population
with potentially increased vulnerability in terms of
chronic health conditions. We assessed the long-term
impact of evacuation on diabetes, hyperlipidaemia and
hypertension.
Participants: We considered participants in annual
public health check-ups from 2008 to 2014,
administrated by Minamisoma City and Soma City,
located about 10–50 km from the Fukushima nuclear
plant.
Methods: Disease risks, measured in terms of preincident and post-incident relative risks, were examined
and compared between evacuees and non-evacuees/
temporary-evacuees. We also constructed logistic
regression models to assess the impact of evacuation
on the disease risks adjusted for covariates.
Results: Data from a total of 6406 individuals aged
40–74 years who participated in the check-ups both at
baseline (2008–2010) and in one or more postincident years were analysed. Regardless of evacuation,
significant post-incident increases in risk were
observed for diabetes and hyperlipidaemia (relative
risk: 1.27–1.60 and 1.12–1.30, respectively, depending
on evacuation status and post-incident year). After
adjustment for covariates, the increase in
hyperlipidaemia was significantly greater among
evacuees than among non-evacuees/temporaryevacuees (OR 1.18, 95% CI 1.06 to 1.32, p<0.01).
Conclusions: The singularity of this study is that
evacuation following the Fukushima disaster was found
to be associated with a small increase in long-term
hyperlipidaemia risk in adults. Our findings help
identify discussion points on disaster planning,
including preparedness, response and recovery
measures, applicable to future disasters requiring mass
evacuation.

INTRODUCTION
Radiation exposure is a public health issue,
associated with long-term risks of disorders
including, for example, eye cataracts and
tumours. Following Japan’s Fukushima

Strengths and limitations of this study
▪ This is the first study to assess the long-term
impact of evacuation on diabetes, hyperlipidaemia and hypertension following Japan’s 2011
Fukushima nuclear incident.
▪ Public health check-up data for 2008–2014 from
the most affected areas, 10–50 km from the
Fukushima nuclear power plant, were evaluated.
▪ Area-level radiation concentrations, a potential
confounder for the evacuation effect on chronic
health, was taken into account.
▪ Health check-ups were provided only to the selfemployed and on a voluntary basis, potentially
biasing the results and limiting our ability to
generalise to the wider population.

Daiichi Nuclear Power Plant incident, triggered by the Great East Japan Earthquake
and subsequent tsunami on 11 March 2011,1
health threats have arisen in the radiationcontaminated areas, and cumulative dose
from external and internal radiation exposure is the major public concern.1–5 Contrary
to the concern, as Tsubokura et al and
Hayano et al6–15 acknowledged in their continuing series of studies and assessments of
levels of radiation exposure due to the
Fukushima incident, the levels of dose attributed to the incident have been low owing to
the weathering process and the success of
contaminated food control. The United
Nations Scientiﬁc Committee on the Effects
of Atomic Radiation and the WHO have concluded that the predicted risk of lifetime
cancer is very low in the general public,
except for the most exposed infants and children in the Fukushima Prefecture, in whom
thyroid cancer cases exceeding the norm are
estimated by model calculations, although
they are difﬁcult to verify in practice due to
the low normal rates of thyroid cancer, even
a large relative increase represents a small
absolute increase in cases.16 17
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understanding of the inﬂuence of evacuation on longterm health in order to inform the design and delivery
of measures to manage health risks after the Fukushima
incident and (2) identify discussion points on disaster
planning for future disasters requiring evacuation and/
or involving displaced populations.

METHODS
Design, settings and participants
The study sites are Minamisoma City, located in 10–
40 km from the Fukushima Daiichi Nuclear Power Plant,
and Soma City, located to the north of Minamisoma,
and 35–50 km from the Nuclear Power Plant, where we
have been supporting clinical care and research since
the incident. Note that Japan has three levels of government: national, prefectural and municipal. The nation is
divided into 47 prefectures. Each prefecture consists of
numerous municipalities, and there are three types of
municipalities in Japan: cities, towns and villages. On 12
March 2011, a 20 km radius from the nuclear plant was
denoted by the central government as a restricted area
with compulsory evacuation.30 Minamisoma therefore straddles the initial compulsory evacuation restriction zone
(where about 17 000 people had lived, representing
24.7% of the total population of Minamisoma),33 while
Soma was entirely outside this zone. The pre-incident
populations (as of February 2011) of Minamisoma and
Soma were 71 494 and 38 054, respectively.33 34 On 22
April 2011, the compulsory evacuation zone was
expanded slightly to the northwest based on the measured dispersion of highly radioactive fallout (ﬁgure 1),
and on 16 April 2012, this compulsory evacuation zone
was reclassiﬁed into three zones in line with air dose
rates (ﬁgure 1): (1) difﬁcult-to-return zone; (2)
no-residence zone and (3) zone being prepared for
lifting of the evacuation order. With frequent small
changes, these evacuation instructions are still in effect
today. The geographical scope of these 2012 instructions
and the locations of Minamisoma and Soma, relative to
the nuclear power plant, are shown in ﬁgure 1.
We employed data from public health check-ups,
administrated by the Minamisoma and Soma city ofﬁces,
from 2008 to 2014, and compared post-incident data
(2011–2014) with pre-incident ‘baseline’ data (2008–
2010). The public health check-up is available only for
those aged 40–74 years, and covered by National Health
Insurance, which is designed for people who are not eligible for any employment-based health insurance programmes (ie, the self-employed, such as farmers,
ﬁshermen, etc), and is performed annually at the designated community centres and medical institutions
during June–October. A health check-up notiﬁcation is
sent to each household every year, based on the city’s
family registry. The check-up information is also disseminated using each city’s public relations magazine. The
check-up comprises a physical examination, blood
sample test, and self-report medical history and lifestyle
Nomura S, et al. BMJ Open 2016;6:e010080. doi:10.1136/bmjopen-2015-010080
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Despite the likely low risk of radiation-related health
consequences, the health effects of the Fukushima incident are not limited to those due to radiation exposure.
A major disaster often requires evacuation of a large
population, which exerts a powerful inﬂuence on individual vulnerability to psychological stress and creates
changes in socioeconomic status (eg, employment and
income), thus impacting on people’s health.18–21 the
Fukushima incident is no exception. Soon after the incident, following a series of government evacuation
instructions, over 80 000 people from the area surrounding the Fukushima nuclear power plant were forced to
relocate within the Fukushima Prefecture, or move out
of this Prefecture, with some moving hundreds of kilometres away from the plant; some moved several times.22
Of those who were made to evacuate, more than 70 000
are still subject to a range of evacuation measures as of 5
September 2015, following slight lifts of the instructions.23 Yasumura et al24 and Nomura et al25 reported
threefold increase in mortality among evacuated nursing
home residents up to 1 year following the incident.
Elevated values of metabolic markers, including body
mass index (BMI), blood pressure, glucose metabolism,
lipid metabolism and liver function, were also demonstrated in evacuees, by Satoh et al26 and Tsubokura
et al,27 1 year after the incident, suggesting worsening
chronic health conditions. Yabe et al28 showed that,
2 years after the incident, the proportion of adult evacuees who scored above the K6 psychological distress
index cut-off point (≥13) for general mental health, was
four to ﬁve times higher than that of the pre-incident
general population in Japan.
Understanding the evacuation risk is the basis of disaster risk reduction policy and action, and many studies of
past emergency/disaster events have articulated the
importance of safe evacuation.29 In this context, there is
scope to take lessons from our Fukushima experience,
not only with respect to radiation protection aspects, but
also the impacts of evacuation. Four years after the
Fukushima incident, the acute phase (ie, days to
months) health impacts of evacuation have been well
evaluated, including by the investigation commission
appointed by the National Diet of Japan authority.30
However, the long-term health consequences, that is,
those occurring years after the incident and evacuation,
have not been well documented. These long-term
impacts are hard to establish because of the scarcity of
information on the present health status of affected residents, which is due to expensive research/survey costs
and difﬁculty in tracking individuals over time.31 32
In Japan, municipal public health centres provide
annual free health check-ups for self-employed residents
aged 40–74 years. We evaluated the data from these
public health check-ups in the most affected areas of the
Fukushima Prefecture in the 4 years following the
Fukushima nuclear incident. The research objective of
the present study was to assess the impact of evacuation
on chronic health. We aimed to (1) gain a stronger
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survey. The analysed data set included age and gender;
clinical characteristics and blood test results from the
physical examination; and family disease history, surgical
history, treatment history and lifestyle information from
the self-report survey. Details are shown in table 1 and
online supplementary table S1. In addition, we considered district-level radiation levels (see below section, ‘Air
dose rates’).
As outcome measures of this study, we considered diabetes, hyperlipidaemia and hypertension. To deﬁne each
outcome, we used the clinical guidelines for disease diagnosis or self-reported medication use: glycated haemoglobin (HbA1c) of ≥6.5% or use of antihyperglycaemic
agents for diabetes; low-density lipoprotein cholesterol
(LDL-C) of ≥140 mg/dL or use of antihyperlipidaemic
agents for hyperlipidaemia; and systolic blood pressure of
≥140 mm Hg, diastolic blood pressure of ≥90 mm Hg, or
use of antihypertensive agents, for hypertension.35–37 We
considered only those who participated in the check-ups
both at baseline and in one or more target years. Note
that not every individual had a check-up every year. For
individuals who took the check-ups several times in a year,
data from the ﬁrst check-up in the year were considered.

radius of the nuclear power plant. The monitoring is
performed at 300 m above the ground and the track
width is about 1.85 km. The recorded value is the
average of the measured values within circles with a
diameter of approximately 600 m at ground level. The
data contain the air dose rates (μSv/h) at a height of
1 m above the ground measured in terms of the ambient
dose equivalent (H*10),38 which includes the natural
radiation background from the earth’s crust, such as
from rocks and soil; and the latitude and longitude coordinates of their monitoring points. All monitored results
are open to the public and available online.39
We considered the results of the third MEXT monitoring performed between 31 May and 2 July 2011; ﬁfth
monitoring between 22 and 28 June 2012; seventh monitoring between 27 August to 28 September 2013; and
ninth between 1 September and 7 November 2014, for
the radiation levels of 2011, 2012, 2013 and 2014,
respectively.39 The district-level radiation level was then
calculated by averaging the values at each monitoring
point within a district by year, and this district average
value was then assigned to each participant in each year,
based on district of residence at baseline.

Air dose rates
Data were collected from the ofﬁcial website of Ministry
of Education, Culture, Sports, Science, and Technology
(MEXT). After the nuclear incident, MEXT has irregularly conducted airborne monitoring within an 80 km

Data analysis
Subgroup classification
We classiﬁed the participants into two subgroups by
evacuation status: evacuees and non-evacuees/
temporary-evacuees. Based on the pre-incident
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Figure 1 Geographical location of Minamisoma City and Soma City. The red circles show the geographical distribution of the
health check-up participants in 2010, where the circles are proportional to the number of participants living in each district. The
compulsory evacuation zone is divided into the (1) difficult-to-return zone (in green), where the annual dose of radiation is
expected to be 50 mSv or more and people are not allowed to return home until at least March 2017; (2) no-residence zone (in
yellow), where the annual dose is expected to be 20–50 mSv and people can temporarily return home to the area, but staying
overnight is prohibited and (3) zone being prepared for lifting of the evacuation order (in blue), where the annual dose is
expected to be <20 mSv and people can temporarily return home to the area, but staying overnight is prohibited.
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Table 1 Comparisons of subject characteristics between evacuees and non-evacuees/temporary-evacuees
Baseline (2008–2010)
2011
Non-evacuees/
temporaryEvacuees
evacuees
Evacuees
216
0
216

832
2038
2870

627
0
627

2013
Non-evacuees/
temporaryevacuees
Evacuees
1925
1961
3886

657
0
657

2014
Non-evacuees/
temporaryevacuees
Evacuees
2055
1625
3680

617
0
617

Non-evacuees/
temporaryevacuees
1990
1601
3591

64.9 (6.3)

64.8 (7.3)

65.3 (6.4)

65.3 (6.9)

65.5 (6.5)

65.7 (6.6)

66.0 (6.3)

66.3 (6.3)

95 (44.0)
121 (56.0)

1169 (40.7)
1701 (59.3)

267 (42.6)
360 (57.4)

1578 (40.6)
2308 (59.4)

281 (42.8)
376 (57.2)

1459 (39.7)
2221 (60.4)

254 (41.2)
363 (58.8)

1375 (38.3)
2216 (61.7)

24.2 (3.3)***
128.9 (15.5)*

23.6 (3.4)***
130.7 (16.2)*

24.0 (3.3)**
128.0 (14.6)

23.6 (3.4)**
128.7 (15.2)

23.7 (3.4)*
126.5 (14.1)**

23.4 (3.4)*
128.4 (14.8)**

76.7 (10.2)

76.9 (10.3)

76.3 (9.2)

75.7 (9.8)

24.0 (3.4)
23.6 (3.3)
130.0 (14.6) 131.7 (16.0)
78.0 (11.3)

79.0 (10.2)

5.4 (0.5)
5.5 (0.6)
59.8 (14.5) 60.9 (14.7)
126.5 (30.9) 124.4 (31.1)
23.3 (16.5) 24.7 (17.7)
24.8 (8.7)
26.4 (15.0)
35.8 (42.4) 39.3 (56.7)
3 (1.4)
58 (2.0)

5.6 (0.5)
5.6 (0.6)
56.2 (13.2)*** 58.8 (14.3)***
120.0 (31.1)
122.2 (31.0)
24.2 (16.4)
23.4 (18.2)
26.4 (13.9)
25.7 (12.2)
38.6 (43.8)
36.6 (44.9)
6 (1.0)
64 (1.7)

5.7 (0.6)
57.9 (13.9)**
123.5 (30.5)
23.0 (16.6)
25.1 (12.2)
36.8 (51.2)
13 (2.0)

5.7 (0.6)
59.6 (14.3)**
124.8 (31.0)
22.1 (19.3)
24.9 (15.6)
36.4 (56.4)
59 (1.6)

74.6 (9.3)

75.1 (9.6)

5.6 (0.6)
5.6 (0.6)
58.1 (13.8)*** 60.3 (14.8)***
121.0 (29.7)** 124.8 (31.2)**
22.8 (16.4)
22.1 (14.6)
24.6 (10.9)
24.8 (14.7)
34.5 (63.7)
35.8 (55.2)
8 (1.3)
68 (1.9)

20 (9.3)

209 (7.6)

17 (2.7)*

184 (4.8)*

30 (4.6)

185 (5.1)

30 (4.9)

163 (4.6)

2 (0.9)

60 (2.1)

8 (1.3)

89 (2.3)

10 (1.5)

74 (2.0)

14 (2.3)

68 (1.9)

20 (9.3)
109 (50.5)
112 (51.9)

226 (8.0)
1290 (45.2)
1506 (52.6)

64 (10.2)
336 (53.6)**
333 (53.1)

368 (9.5)
1815 (46.8)**
2020 (52.1)

423 (11.6)
1877 (51.2)***
1888 (51.3)*

84 (13.6)
341 (55.3)
297 (48.1)

399 (11.2)
1874 (52.6)
1758 (49.2)

86 (13.1)
394 (60.0)***
366 (55.7)*

*p<0.05, **p<0.01, ***p<0.001 for evacuees versus non-evacuees/temporary-evacuees: Un-paired t test for continuous outcomes and χ2 test for categorical outcomes.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; HbA1c, glycated
haemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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City of residence (N)
Minamisoma
960
2818
Soma
0
2628
Total
960
5446
Demographic characteristics
Age in years (mean, SD)
62.0 (6.6)
62.4 (7.1)
Gender (N, %)
Male
404 (41.9) 2203 (40.5)
Female
556 (58.1) 3243 (59.5)
Clinical characteristics (mean, SD)
23.6 (3.2)
23.5 (3.3)
BMI (kg/m2)
Systolic blood pressure
130.5 (16.1) 130.7 (16.3)
(mm Hg)
Diastolic blood pressure
77.5 (9.5)
77.5 (9.7)
(mm Hg)
HbA1c (%)
5.5 (0.6)
5.5 (0.6)
HDL-C (mg/dL)
61.4 (14.4) 61.4 (14.8)
LDL-C (mg/dL)
124.9 (30.0) 125.4 (31.0)
ALT/GPT (IU/L)
22.0 (13.3) 22.7 (18.5)
AST/GOT (IU/L)
24.8 (11.5) 25.1 (11.9)
γ-GTP (IU/L)
34.0 (40.9) 37.4 (51.4)
Urine protein
16 (1.7)
115 (2.1)
(N, % of positive)
Urine occult blood
55 (5.7)
319 (5.9)
(N, % of positive)
Urine glucose
19 (2.0)
130 (2.4)
(N, % of positive)
Medical characteristics of interests (N, %)
Presence of diseases
Diabetes
74 (7.7)
415 (7.7)
Hyperlipidaemia
430 (44.8) 2390 (44.3)
Hypertension
437 (45.5) 2463 (45.3)

2012
Non-evacuees/
temporaryevacuees
Evacuees
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Comparison of clinical characteristics between evacuees
and non-evacuees/temporary-evacuees
To examine the impact of evacuation on chronic health,
we compared clinical characteristics between evacuees
and non-evacuees/temporary-evacuees by year. In addition, the pre-incident and post-incident relative risk
(RR) of diabetes, hyperlipidaemia and hypertension
were calculated with adjustment for age by evacuation
status and year, in order to compare change of the
disease prevalence after the incident, between evacuees
and non-evacuees/temporary-evacuees. Baseline risk was
deﬁned as the average disease prevalence from 2008 to
2010. If an individual took a health check-up more than
once in these 3 years, their most recent data were used
in calculating the baseline.
Regression analysis
We conducted regression analyses to assess the impact of
evacuation, adjusted for covariates. The regression models
were constructed separately for diabetes, hyperlipidaemia
and hypertension, using post-incident data (2012–2014).
Note that because the health check-up of 2011 was performed only months after the incident, many unobserved
factors (eg, environmental/socioeconomic factors) that
potentially inﬂuence disease risk might exist in 2011 data,
and/or variables included in the regression models might
have different functions in 2011 than in other years.
Hence, to prevent possible bias on regression coefﬁcients,
we excluded 2011 from the analysis. Since every participant had more than two check-ups during the study
periods, the regression models included a random effect
at individual level to control for the fact that the same individual’s data were correlated.
We compared disease risk in evacuees versus
non-evacuees/temporary-evacuees, using logistic regression. The radiation level at the residential areas may be
a signiﬁcant factor confounding the evacuation effect
because it may have strong relationship with psychological stress/anxiety, known to be associated with
chronic health conditions.40 41 However, because the
post-incident addresses of the evacuees were not identiﬁed, it was impossible to adjust for post-evacuation radiation level. Therefore, to better understand the effect of
Nomura S, et al. BMJ Open 2016;6:e010080. doi:10.1136/bmjopen-2015-010080

radiation levels on disease risk, we modelled the associations between the disease risks and radiation levels in
non-evacuees/temporary-evacuees. Note that in this analysis, we included district as a random effect to take into
account geographical similarities/differences in the
response values for the regressions.
Variables initially entered into the regression models
were chosen based on the univariate analyses.
Additional model selection was performed using
backward-stepwise method with p-to-remove of >0.05.42
Backward-stepwise regression starts with all the candidate
variables in the model and removes the least signiﬁcant
variables until all the remaining variables are statistically
signiﬁcant. The partial F-test was used to verify for the
entry and removal of variables from the model. Variables
that were known or suspected risk factors (eg, family
history) were incorporated into the ﬁnal model regardless of their statistical signiﬁcance.
Geospatial processing of data was conducted using
ArcGIS V.10.2 and all statistical analyses were performed
using STATA/MP V.13.
RESULTS
Characteristics of study participants
A total of 11 279 individuals participated in the check-ups
between 2011 and 2014. After excluding those who did
not take a check-up before the incident (n=4873), we
were left with 6406 individuals with pre-incident and postincident data. There was a signiﬁcant difference in
gender distribution between included and excluded individuals (59.3% vs 55.6% female, p<0.001). The included
individuals were more likely to have hypertension in
2011, 2012 and 2013, than excluded individuals (52.5%
vs 46.1% in 2011, p<0.01; 52.2% vs 46.8% in 2012,
p<0.001; 52.0% vs 49.0% in 2013, p<0.05), while postincident prevalence of diabetes and hyperlipidaemia did
not differ between excluded and included individuals.
Comparison of clinical characteristics between evacuees
and non-evacuees/temporary-evacuees
Demographic and clinical characteristics are shown in
table 1 by evacuation status. Variables did not differ
between evacuees and non-evacuees/temporary-evacuees
at baseline, nor did they differ in 2011. However, in 2012 to
2014, BMI and high-density lipoprotein cholesterol
(HDL-C) were signiﬁcantly higher and lower, respectively,
in evacuees than in non-evacuees/temporary-evacuees.
Differences in self-report medical history and lifestyle
survey by evacuation status are shown in online supplementary table S1. Although there were no signiﬁcant differences
between
evacuees
and
non-evacuees/
temporary-evacuees in treatment history at baseline and in
2011, a signiﬁcant difference was identiﬁed in treatment
for hyperlipidaemia after 2012, with evacuees signiﬁcantly
more likely to receive outpatient treatment than were
non-evacuees/temporary-evacuees. In addition, differences
in lifestyles between evacuees and non-evacuees/
5
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district-level address, those who were living in the districts denoted compulsory evacuation after the incident
(ie, all the evacuation areas highlighted in ﬁgure 1)
were deﬁned as evacuees. Participants who were living
outside the compulsory evacuation zones were deﬁned
as non-evacuees/temporary-evacuees (including voluntary temporary evacuees). Note that because evacuees
usually do not declare their change of address to the
city ofﬁce after their evacuations, the address recorded
in the city resident registers collected from the postincident health check-ups indicated not the evacuation
site, but pre-incident dwelling site. This means that
post-incident addresses of the evacuees were not
identiﬁed.
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Age-adjusted RR of diabetes, hypertension and
hyperlipidaemia
Table 2 shows the age-adjusted pre-incident and postincident RR of each outcome. For diabetes, evacuees
and non-evacuees/temporary-evacuees both had signiﬁcantly higher risk in 2013 and 2014 than at baseline.
These RRs did not signiﬁcantly differ between evacuees
and non-evacuees/temporary-evacuees in any year. For
hyperlipidaemia, in evacuees, risk was signiﬁcantly
higher in 2012, 2013 and 2014, compared to at baseline.
In non-evacuees/temporary-evacuees, risks were signiﬁcantly higher in 2013 and 2014. The RR of hyperlipidaemia by evacuation status was signiﬁcantly different in
2012 ( p<0.05) and in 2013 ( p<0.01), showing the
increased risk in hyperlipidaemia was signiﬁcantly
greater among evacuees than among non-evacuees/
temporary-evacuees. For hypertension, the RR was borderline signiﬁcant in 2013 for evacuees, and signiﬁcantly
reduced in 2014 for non-evacuees/temporary-evacuees.
The difference of the RR of hypertension between evacuees and non-evacuees/temporary-evacuees was not signiﬁcant in any year.
Regression analyses
Impact of evacuation after adjustment for covariates
The estimated impact of evacuation on disease risk is
shown in table 3. For diabetes, there was no signiﬁcant
difference in risk between evacuees and non-evacuees/

temporary-evacuees post-incident after adjustment for
covariates. We identiﬁed a small but signiﬁcant effect of
evacuation on hyperlipidaemia risk (OR 1.18, 95% CI
1.06 to 1.32, p<0.01). This result is consistent with that
shown in table 2, suggesting that the evacuation effect
on hyperlipidaemia risk was not entirely accounted for
by potentially confounding covariates. In other words,
the evacuation effect persisted after adjustment for
potential confounders. An interaction term of ‘evacuation’ and ‘year’ variables was examined in the regression model to test for the different evacuation impacts
by year, but no interaction was observed (data not
shown), suggesting that effect of evacuation was similar
in 2012, 2013 and 2014. For hypertension and diabetes,
no signiﬁcant difference in risk between evacuees and
non-evacuees/temporary-evacuees was identiﬁed.
In addition to evacuation, we identiﬁed several other covariates associated with disease risk (table 3). For example,
the older age group (65–74 years) was signiﬁcantly more
likely to experience an increase in disease risks postincident than the younger age group (40–64 years).
Females had twice the risk of hyperlipidaemia as males,
while the post-incident risks of diabetes and hypertension
were higher in males than in females by about 2 and 1.5
times, respectively. As many previous studies have acknowledged,43–45 family history of disease was signiﬁcantly highly
associated with disease risk for each outcome. Tobacco use
and alcohol consumption were also found to be associated
with disease risks, although not always in the expected direction, making these results difﬁcult to interpret.
Interestingly, hypertension was signiﬁcantly associated with
eating speed; those with slow eating speed were less likely
to have hypertension (OR 0.72, 95% CI 0.63 to 0.84,
p<0.001).
Impact of radiation level as a proxy of stress/anxiety level
Figure 2 shows the distribution of district-level radiation
concentrations for non-evacuees/temporary-evacuees by

Table 2 Age-adjusted pre-incident and post-incident relative risk of the diseases (versus baseline (2008–2010))
Non-evacuees/
temporary-evacuees

Evacuees
Diabetes
2011
2012
2013
2014
Hyperlipidaemia
2011
2012
2013
2014
Hypertension
2011
2012
2013
2014

p Value of the
difference in row

1.12 (0.70
1.21 (0.88
1.55 (1.15
1.60 (1.18

to 1.79)
to 1.67)
to 2.09)**
to 2.16)**

0.94 (0.81 to
1.11 (0.97 to
1.33 (1.17 to
1.27 (1.11 to

1.10)
1.27)
1.52)***
1.45)***

0.5
0.6
0.3
0.1

1.10 (0.94
1.16 (1.05
1.30 (1.18
1.20 (1.08

to 1.27)
to 1.29)**
to 1.43)***
to 1.32)**

1.00 (0.95 to
1.03 (0.98 to
1.12 (1.07 to
1.14 (1.09 to

1.05)
1.08)
1.17)***
1.20)**

0.3
<0.05
<0.01
0.6

1.05 (0.91
1.04 (0.94
1.10 (1.00
0.94 (0.85

to 1.21)
to 1.14)
to 1.21)*
to 1.05)

1.05 (1.01 to
1.03 (0.99 to
1.01 (0.97 to
0.95 (0.91 to

1.10)
1.07)
1.05)
0.99)*

1.0
1.0
0.1
0.8

*p<0.05, **p<0.01, ***p<0.001 for given year versus baseline (2008–2010), adjusted for age.
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temporary-evacuees were noted. From 2011, evacuees were
signiﬁcantly more likely to have gained or lost more than
3 kg of their weight over the previous year. From 2012,
evacuees were also less likely to feel refreshed after a
night’s sleep. In addition, the non-evacuees/
temporary-evacuees tended to walk faster than evacuees,
both after 2011 and in the baseline year, possibly indicating
that the higher BMI after 2012 in evacuees could be somewhat confounded by this walk speed difference.
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Table 3 Random-effects regression model: OR (95% CI)
Variable
Demographic characteristics
Evacuation status
Non-evacuees/temporary-evacuees
Evacuees
Year
2012
2013
2014
City
Minamisoma
Soma
Age in years
(40–65)
(65–74)
Gender
Male
Female
Clinical characteristics
BMI
HbA1c (%)
γ-GTP (IU/L)
Urine protein
Negative/trace
Positive
Medical records
Use of medicines
Diabetes
No
Yes
Hyperlipidaemia
No
Yes
Hypertension
No
Yes
Family disease history
No
Yes
Lifestyle
Tobacco use
No
Yes
Alcohol consumption
None/rarely
Sometimes
Every day
Low intensity exercise (Q3)¶
No
Yes
Eating speed (Q10)††
Normal
Fast
Slow

Diabetes†

Hyperlipidaemia‡

Hypertension§

1.00
1.14 (0.96 to 1.35)

1.00
1.18 (1.06 to 1.32)**

1.00
0.97 (0.86 to 1.09)

1.00
1.27 (1.10 to 1.47)**
1.23 (1.06 to 1.43)**

1.00
1.09 (0.99 to 1.19)
1.19 (1.08 to 1.30)***

1.00
0.95 (0.86 to 1.04)
0.80 (0.73 to 0.88)***

1.00
1.08 (0.95 to 1.23)

1.00
0.86 (0.79 to 0.93)***

1.00
1.00 (0.92 to 1.09)

1.00
1.29 (1.12 to 1.48)***

1.00
1.13 (1.04 to 1.22)**

1.00
2.47 (2.27 to 2.69)***

1.00
0.43 (0.37 to 0.49)***

1.00
1.91 (1.75 to 2.10)***

1.00
0.71 (0.65 to 0.79)***

1.13 (1.11 to 1.15)***
–
–

1.07 (1.06 to 1.09)***
1.61 (1.48 to 1.75)***
–

1.18 (1.17 to 1.2)***
–
1.00 (1.00 to 1.00)***

1.00
2.96 (2.16 to 4.05)***

–
–

1.00
2.21 (1.56 to 3.13)***

–
–

1.00
0.91 (0.77 to 1.07)

1.00
1.45 (1.24 to 1.69)***

1.00
2.15 (1.89 to 2.45)***

–
–

1.00
1.49 (1.36 to 1.63)***

1.00
1.49 (1.31 to 1.69)***

1.00
1.07 (0.99 to 1.16)

–
–

1.00
3.49 (3.08 to 3.96)***

1.00
4.45 (3.35 to 5.89)***

1.00
3.12 (2.87 to 3.38)***

1.00
1.26 (1.06 to 1.51)*

1.00
0.95 (0.84 to 1.08)

1.00
0.74 (0.65 to 0.84)***

1.00
0.81 (0.69 to 0.96)*
0.68 (0.57 to 0.80)***

1.00
0.94 (0.85 to 1.03)
0.56 (0.50 to 0.62)***

1.00
1.09 (0.99 to 1.21)
1.72 (1.53 to 1.94)***

1.00
1.27 (1.12 to 1.43)***

–
–

–
–

–
–
–

–
–
–

1.00
0.90 (0.82 to 0.99)*
0.72 (0.63 to 0.84)***

*p<0.05, **p<0.01, ***p<0.001, adjusted for covariates.
†Surgical history of oesophagus/stomach was also adjusted (data not shown).
‡Surgical history of oesophagus/stomach and treatment history of heart disease, kidney disease, liver disease and blood disease were also
adjusted (data not shown).
§Treatment history of heart disease was also adjusted (data not shown).
¶Q3: Do you walk for at least 1 h every day or have equivalent physical activities in your daily life?
††Q10: How fast do you eat compared to others?
BMI, body mass index; GPT, glutamic pyruvic transaminase; HbA1c, glycated haemoglobin.
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DISCUSSION
Adequate control of diabetes, hyperlipidaemia and
hypertension is vital to reduce the risk of developing
serious complications, such as heart disease, stroke and
kidney failure. In the aftermath of a disaster, and following evacuation, control of these chronic conditions is
very challenging as a result of decreased access to
medical care due to change of personal doctor or
regular clinic/hospital, reduced physical exercise and
dietary change at evacuation sites.46 47 Change in socioeconomic circumstances, such as in income and/or
employment, and chronic stress, are also known to have
a negative impact on control of chronic health conditions.48 In addition, the Fukushima incident posed

speciﬁc radiation disaster-speciﬁc issues. Anxiety about
radiation exposure caused a great deal of stress and
reduced outdoor activity levels, resulting in reduced
physical exercise and reluctance to access medical
care.49 Avoidance of particular foodstuffs prone to radioactive contamination also led to dietary changes.12 For
these reasons, in the case of the Fukushima incident,
post-incident evacuation and radiation levels might be
major underlying factors that affect chronic health
control.
In this study we found that, in the 4-year follow-up of
individuals in Fukushima Prefecture, there have been
signiﬁcant increases of prevalence of diabetes and hyperlipidaemia both in evacuees and in non-evacuees/
temporary-evacuees, in comparison with baseline years
(RR of 1.27–1.60 for diabetes and 1.12–1.30 for hyperlipidaemia). Evacuees had a small but signiﬁcantly higher
risk of hyperlipidaemia than non-evacuees/temporaryevacuees. Despite high levels of public concern, radiation levels were not associated with these disease risks.
Although many previous studies reported postdisaster
increases in hypertension prevalence, adequate control
of hypertension should be achievable after a disaster, as
day-to-day self-blood pressure monitoring is possible
using a home blood pressure monitor.50 In contrast, diabetes and hyperlipidaemia are more difﬁcult to control
after a disaster; almost all available blood glucose and
cholesterol monitoring require invasive procedures, selfmonitoring is less accepted by patients, resulting in
reduced patient compliance in diabetes and hyperlipidaemia monitoring and treatment.51 Previous studies
have reported associations between experiences of lifethreatening disaster and reduced chronic health
control.41 The ﬁndings of our study show that, regardless
of evacuation, there was signiﬁcantly increased risk of
diabetes and hyperlipidaemia more than 3 years after

Figure 2 Box plots for the distribution of radiation levels at non-evacuees’/temporary-evacuees’ residences by disease status.
The bar represents the median radiation air dose rate, the box shows the 25th and 75th centiles, whiskers are 1.5 times the IQR,
and outliers and extreme outlets are shown by dots and asterisks, respectively.
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disease status. After adjustment for covariates, among
non-evacuees/temporary-evacuees, no signiﬁcant associations between diseases risk and radiation levels were
observed post-incident for any of the outcomes (data
not shown). We conducted sensitivity analyses by constructing models using radiation levels in a categorical
form (quantiles), rather than as a continuous variable,
and results were similar. These results indicate that level
of radiation exposure did not affect disease risk for
these chronic diseases. Note that, according to WHO’s
dose estimation, the annual effective doses in the ﬁrst
year following the incident were 3–5 mSv in the general
population of the Fukushima Prefecture, excluding most
affected areas (ie, Namie Town and Iitate Village, 30 km
northwest of the plant). These doses are too low to
increase the radiation-induced health risks, as mentioned earlier.16 Associations of other covariates with the
disease risks in this subset of the population were similar
to those estimated using the whole study population
(data not shown).

Open Access

Limitations
This study has several limitations. First, because the definition of ‘evacuees’ in this study was those who were
living in the districts denoted compulsory evacuation
zones, the ‘evacuees’ did not include voluntary temporary evacuees who were living outside the evacuation
Nomura S, et al. BMJ Open 2016;6:e010080. doi:10.1136/bmjopen-2015-010080

zones. Although, in Minamisoma, the proportion of
people who were forced to evacuate was about 27% of
the total population,33 according to the city ofﬁce, the
population declined to about 10% right after the incident, indicating that approximately 60% of people
might have voluntarily evacuated. However, because they
were temporary evacuations and the population has
rebounded to more than 70% of the pre-incident level
so far,53 we assumed that many of the voluntary evacuees
returned soon or months/years after the evacuations,
though we lack reliable data to evaluate this. Therefore,
we are differentiating the effect of mandatory evacuation
from non-evacuees/temporary-evacuation. Second, the
health check-ups were undertaken on a voluntary basis,
and only offered to the self-employed, potentially
biasing the results and limiting our ability to generalise
to the wider population. Third, the study population
comprised only those self-employed and aged 40–
74 years, and did not consider the late-stage elderly over
75 years. Also, those who evacuated so far from
Minamisoma and Soma or adjacent areas that they were
not able to take the cities’ health check-ups were not
included in the study. Satoh et al26 reported that evacuees had about 1.4 times higher diabetes risk than
non-evacuees/temporary-evacuees 1 year after the
Fukushima incident, after adjustment for covariates. This
ﬁnding was contrary to the result of our study, which
suggested no signiﬁcant difference in diabetes risk
between evacuees and non-evacuees/temporary-evacuees
post-incident. However, it must be noted that the study
population the report by Satoh et al26 included people
aged more than 75 years, and up to 90 years (although
the authors adjusted for age in their analyses), and some
who experienced long-distance evacuations beyond
Fukushima Prefecture. Given this, we should bear in
mind that evacuation may engender differential vulnerability for elderly people in terms of chronic health conditions, depending on the distance of evacuation.
Fourth, it should be noted that evacuation sites include
several housing styles, such as shelters, temporary
housing, neighbours’/relatives’ house, or new houses.
As of July 2015, according to the ofﬁcial website of
Minamisoma City, among the evacuees, 30% were
staying at neighbours’/relatives’ houses, 34% were living
in temporary housing and the remaining 36% had
obtained their own new houses.53 However, we were not
able to consider these differences in evacuation experience in our analysis. Because different housing situations may create social stratiﬁcation, which, in turn,
engender differential exposure to post-evacuation
health-compromising conditions, further investigation is
necessary to clarify those housing styles that are more
relevant to chronic health issues. Finally, our study sites
suffered not only from the Fukushima nuclear incident,
but also the tsunami that ravaged the seacoast areas of
the cities right before the incident. Although the dataset
of Soma did not include the data of tsunami victims,
that of Minamisoma contained tsunami victims’ data
9

BMJ Open: first published as 10.1136/bmjopen-2015-010080 on 4 February 2016. Downloaded from http://bmjopen.bmj.com/ on January 7, 2023 by guest. Protected by copyright.

the incident. This persistent impact on chronic health
indicates the necessity of paying particular attention to
the mid-term to long-term effects of a disaster on diabetes and hyperlipidaemia.
The fact that evacuees had higher risk of hyperlipidaemia but no signiﬁcant difference in diabetes risk than
no-evacuees/temporary-evacuees
post-incident
may
reﬂect public and clinicians' substantial concern about
diabetes. This heightened concern over diabetes, even
in the post-evacuation environment (characterised by
reduced physical exercise, dietary change and reduced
access to medical care as well as socioeconomic
changes), may have resulted in diabetes risk in evacuees
being successfully managed at a similar level as in
non-evacuees/temporary-evacuees. This was not the case
for hyperlipidaemia, and these ﬁndings suggest that all
parties involved in local healthcare should pay more
attention to hyperlipidaemia control, with a particular
focus on evacuees. Here, our intention is not to overemphasise the health risks from evacuation, but to highlight that there is scope for reducing evacuation-related
health impacts by strengthening local health system disaster resilience. For instance, promoting disease-speciﬁc
and target-speciﬁc measures at community or population level, and/or healthy lifestyle activities at individual
level (eg, weight control, sleep behaviour and balanced
diet), which we identiﬁed as differing between evacuees
and non-evacuees/temporary-evacuees post-incident
(see online supplementary table S1).
In our study sites, city ofﬁces and municipal hospitals
began offering external and internal radiation exposure
screening programmes for free to city residents, a few
months after the incident, using personal radiation dosimeters and whole-body counting machines.10 We found
no signiﬁcant associations between disease risks and
radiation levels post-incident for any of the diseases,
which may indicate that the public’s understanding of
the potential radiation risk had been fostered and
public anxiety about radiation exposure might not have
been strong enough to inﬂuence disease risk. In fact,
low-risk dietary and lifestyle behaviours were well examined in our study sites.12 Although residents’ dietary patterns might have been changed immediately following
the incident with a potential move to increased meat
consumption due to concern over the radiocontamination of soil (vegetables/fruits) and seawater
(ﬁshery products),52 this change was likely temporary.
As of the end of 2013, it was known that all foodstuffs,
except for mushrooms and mountain vegetables, were at
a low risk of radiation contamination and under no governmental shipment restrictions.12

Open Access

CONCLUSIONS
The singularity of this study is that the evacuation following the Fukushima incident was found to be statistically
signiﬁcantly associated with a small increased risk of
hyperlipidaemia in the long term (ie, years) among
people aged 40–74 years. No evacuation effect on diabetes or hypertension was observed, however, diabetes
risk was increased in the whole study population (evacuees and non-evacuees) 2–3 years post-incident. Our
ﬁndings could be used to guide actions taken before
and during disaster events where mass evacuation takes
place in order to manage the postdisaster evacuationrelated health risks.
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