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Aim: After the Great East Japan Earthquake, over 160,000 residents near the Fukushima Daiichi 
Nuclear Power Plant were forced to evacuate due to a nuclear accident. Health problems in these 
evacuees have since become major issues. We examined the association between evacuation and inci-
dence of metabolic syndrome (METS) among residents in Fukushima.
Methods: We conducted a cohort study among residents aged 40–74 years without METS at the 
time of the disaster in Fukushima. Among 20,269 residents who met the inclusion criteria before the 
disaster, 8,547 residents (3,697 men and 4,850 women; follow-up proportion: 42.2%) remained 
available for follow-up examinations after the disaster by the end of March 2013. The main outcome 
was incidence of METS, defined by guidelines from the Japanese committee, using data from the 
Comprehensive Health Check before and after the disaster. We divided participants by evacuation 
status and compared outcomes between groups. Using a logistic regression model, we estimated the 
odds ratio for incidence of METS, adjusting for potential confounders, age, gender, waist circumfer-
ence, exercise habit, and alcohol consumption.
Results: Incidence of METS was higher in evacuees (men 19.2%, women 6.6%) than in non-evacu-
ees (men 11.0%, women 4.6%). Evacuees had higher body mass index, waist circumference, triglyc-
erides, and fasting plasma glucose after the disaster than non-evacuees. We found a significant associ-
ation between evacuation and incidence of METS (adjusted odds ratio 1.72, 95% confidence inter-
val; 1.46–2.02).
Conclusion: This is the first study to demonstrate that evacuation after a disaster is associated with 
increased incidence of METS.
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cise habits, smoking status, and alcohol consumption. 
Evacuees may therefore be more susceptible than non-
evacuees to cardiovascular risk factors, such as visceral 
obesity, hypertension, diabetes mellitus, and dyslipid-
emia7) and metabolic syndrome, which is cluster of 
these risk factors and has been reported to be associ-
ated with low level of plasma adiponectin and higher 
risk of incidence of cardiovascular diseases8, 9). How-
ever, few reports have been published concerning the 
influence of post-disaster evacuation on metabolic 
syndrome.

Here, in order to clarify the impact of change in 
living environment due to forced unreasonable evacu-
ation from the nuclear power point accident after a 
natural disaster on health status, we investigated the 
association between evacuation following the 2011 
Great East Japan Earthquake and incidence of meta-
bolic syndrome among residents in Fukushima Prefec-
ture, Japan.

Materials and Methods

Study Population and Design
Participants in this study were residents living in 

evacuation-designated areas within and around 30 km 
of the Fukushima Daiichi Nuclear Power Plant during 
the 2011 Great East Japan Earthquake. Cities and 
townships involved were Tamura City, Minamisoma 
City, Kawamata-machi, Hirono-machi, Naraha-machi, 
Tomioka-machi, Kawauchi-mura, Okuma-machi, Fut-
aba-machi, Namie-machi, Katsurao-mura, Iitate-mura, 
and Date City, with total populations of 278,276 in 
2010. Following the disaster, the government desig-
nated the 20 km radius area around the Fukushima 
Daiichi Nuclear Power Plant as a “restricted area” with 
compulsory evacuation. The government subsequently 
designated a 20 to 30 km radius area around the plant 
as an “evacuation-prepared area in case of emergency,” 
and near the 30 km radius area where high level radia-
tion exposure (＞20 mSv/y) was expected as “deliberate 
evacuation areas.” As a result, the governmental direc-
tions forced all residents of Hirono-machi, Naraha-
machi, Tomioka-machi, Kawauchi-mura, Okuma-
machi, Futaba-machi, Namie-machi, Katsurao-mura, 
and Iitate-mura, and some residents of Tamura City, 
Minami-Soma City, Kawamata-machi, and Date City 
to evacuate their homes (Fig.1, Evacuation zone). The 
other areas of Tamura City, Minami-Soma City, 
Kawamata-machi, and Date City were defined as a 
non-evacuation zone in the present study (Fig.1, Non-
evacuation zone). All residents of Hirono-machi, 
Naraha-machi, Tomioka-machi, Kawauchi-mura, 
Okuma-machi, Futaba-machi, Namie-machi, Katsurao-
mura, and Iitate-mura, and residents in part of Tamura 

Introduction

The Great East Japan Earthquake of a magnitude 
9.0 and subsequent tsunami on March 11, 2011 struck 
the Fukushima Daiichi Nuclear Power Plant and a 
nuclear accident occurred. Then, Fukushima prefec-
ture suffered a triple disaster. Following the disaster, 
Japanese government designated the 20 km radius area 
around the Fukushima Daiichi Nuclear Power Plant 
as a “restricted area” with compulsory evacuation. The 
Japanese government subsequently designated a 20 to 
30 km radius area around the plant as an “evacuation-
prepared area in case of emergency,” and near the 30 
km radius area where high level radiation exposure 
(＞20 mSv/y) was expected as “deliberate evacuation 
areas.” As a result of the governmental directions, 
about 146,000 residents of Hirono-machi, Naraha-
machi, Tomioka-machi, Kawauchi-mura, Okuma-
machi, Futaba-machi, Namie-machi, Katsurao-mura, 
and Iitate-mura, and some residents of Tamura City, 
Minami-Soma City, Kawamata-machi, and Date City 
were forced to evacuate their homes (Fig.1) regardless 
of the presence or absence of direct damage from the 
earthquake and tsunami. Residents living outside the 
government-designated area of about 20,000 people 
evacuated voluntary. In total, over 160,000 of resi-
dents in Fukushima Prefecture evacuated in May 
2011. Namely, many of them were refugees from the 
nuclear disaster, not direct victims of the earthquake 
or tsunami. Since this incident, health problems in 
evacuees have become major issues.

Previous studies have reported that the incidence 
of cardiovascular diseases1-3) is increased after a natural 
disaster. Further, a recent study showed that incidence 
of out-of-hospital cardiac accidents in the month 
directly following the 2011 earthquake in Iwate, 
Miyagi, and Fukushima Prefectures4, 5) or incidence of 
heart failure in Fukushima Prefecture six months after 
that disaster6) was significantly higher than incidence 
in the previous years. However, while acute effects of a 
disaster on incidence of cardiovascular diseases have 
been established, long-term effects are poorly under-
stood.

Prolonged evacuation from the government-des-
ignated evacuation zones may lead to changes in life-
style for evacuees, including altered diet, physical exer-
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from the earliest year after (2011 –2012) to define 
changes in health status before and after the disaster.

Ethical Considerations
Informed consent was obtained from the com-

munity representatives to conduct an epidemiological 
study based on guidelines of the Council for Interna-
tional Organizations of Medical Science11). Our study 
was approved by the Ethics Committee of Fukushima 
Medical University (No. 1916). All participants in the 
Fukushima Health Management Survey provided 
written informed consent at our follow-up survey, and 
evidence of this consent is retained in a secure storage 
facility.

Definitions and Data Collection
During clinical examination, trained observers 

evaluated blood pressure and took anthropometric 
measurements using standard protocols and tech-
niques. Participants were advised to avoid smoking, 
alcohol, caffeinated beverages, and exercise for at least 
30 min before their blood pressure measurement. Body 
weight and height were also measured during these 
examinations. Weight was measured with subjects 
wearing light indoor clothing without shoes, and 
height was without shoes. Waist circumference (WC) 
was measured above the navel at minimal respiration.

Various patient characteristics were examined 
under overnight fasting conditions: including height; 
weight; waist circumference (WC); body mass index 

City, Minamisoma City, Kawamata-machi, and Date 
City were forced to evacuate their homes under gov-
ernmental direction following the earthquake in 
March 2011.

Residents from these areas aged ≥40 years have 
received annual health checkups since 2008 with a 
focus on metabolic syndrome for people covered by 
national health insurance. All analyses in this study 
were limited to residents aged 40–74 years. Between 
2008 and 2010, 31,252 residents (14,022 men and 
17,230 women, mean age 67 years) from these areas 
participated in the health checkups.

Detailed methods of the Comprehensive Health 
Check (CHC) and the Fukushima Health Manage-
ment Survey (FHMS) have been described previ-
ously10). The exclusion criteria for our study were 
missing data for abdominal circumference (n=950) or 
plasma glucose (n=5,986) and having metabolic syn-
drome before the disaster in 2010 (n=4,047). After 
excluding residents who met those criteria, 20,269 
participants remained for analysis. Follow-up exami-
nations were conducted from June 2011 to the end of 
March 2013 as a part of the CHC, a further 11,722 
subjects were excluded for not receiving these follow-
up examinations, leaving 8,547 residents (3,697 men 
and 4,850 women; follow-up proportion: 42.2%) 
with complete anthropometric and laboratory results 
before and after the disaster (mean follow-up time, 
1.33 years). For analyses, we used data from the most 
recent year before the earthquake (2008 –2010) and 

Fig.1. Geography of the evacuation zone, non-evacuation zone, and the Fukushima Daiichi Nuclear Power Plant

Fukushima prefecture 

Fukushima Daiichi Nuclear Power Plant 

Fukushima Prefecture
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in risk of all causes mortality or coronary risk was 
observed among current excessive drinkers8, 9).

We defined metabolic syndrome based on the 
definition of the Japanese committee for establishing 
diagnostic criteria for metabolic syndrome12), as fol-
lows: visceral obesity (waist circumference ≥85 cm in 
men and ≥90 cm in women) in addition to the pres-
ence of at least two of the following three abnormali-
ties: plasma TG ≥150 mg/dL and/or HDL-C ＜40 
mg/dL or being treated for dyslipidemia; systolic blood 
pressure ≥130 mmHg and/or diastolic blood pressure 
≥85 mmHg or being treated for hypertension; and 
fasting plasma glucose ≥110 mg/dl (6.1 mmol/L) or 
being treated for diabetes. BMI was calculated as 
weight (kg) divided by the square of the height (m2).

Statistical Analysis
The participants were divided into two groups: 

evacuees (n=3,019) and non-evacuees (n=5,528). 
Changes in body weight, BMI, and proportion of 
overweight before and after the disaster between two 

(BMI); blood pressure; and levels of aspartate amino-
transferase (AST), alanine aminotransferase (ALT), 
triglyceride (TG), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-
C), HbA1c, fasting plasma glucose (FPG), urine pro-
tein, and urine sugar. Additional measurements 
included serum creatinine levels, hematocrit levels, 
hemoglobin levels, estimated glomerular filtration rate, 
uric acid levels, urinary testing for occult blood, and 
peripheral blood counts, which evaluated the numbers 
of red blood cells, platelets, and white blood cells. An 
interviewer inquired about change in body weight of 
3 kg or more within the previous year, exercise habits 
(1, to continue 30 minutes of exercise twice a week or 
more for more than one year; 2, walking for one hour 
a day or equivalent physical activity), sleeping quality, 
cigarette smoking status, and weekly alcohol intake 
(current at ≥44 g/day, current at ＜44 g/day, never, or 
former). Participants that consumed ≥44 g ethanol or 
more per day were classified as being current excessive 
drinkers because previous study reported that increase 

Table 1. Baseline characteristics of subjects before the Great East Japan Earthquake

Men Women

Non-evacuee Evacuee P values i Non-evacuee Evacuee P values i

Participants, n
Incidence of metabolic syndrome
Age, years
Height, cm
Weight, kg
BMIa, kg/m2

Waist circumference, cm
SBPb, mmHg
DBPc, mmHg
Triglyceride, mg/dL
HDL- Cd, mg/dL
LDL-Ce, mg/dL
FPGf, mg/dL (25%-75%)
HbA1c
≥3-kg weight gain during 1 year, %
Exercise habit 1g, %
Exercise habit 2h, %
Good sleep, %
Never or past smoker, %
Never or past drinker, %
Current drinker, %
＜44 g/day
≥44 g/day

2443
270

62.4 (7.7)
163.5 (6.3)

61.2 (8.7)
22.9 (2.7)
82.5 (7.6)

129.2 (15.8)
78.6 (10.0)

103.7 (72.9)
58.4 (15.0)

117.6 (29.1)
96 (90-102)

5.0 (0.6)
18.7
29.9
39.3
78.1
70.8
12.1

46.5
41.4

1254
241

62.3 (7.3)
163.8 (6.2)

62.3 (9.0)
23.2 (2.8)
83.1 (7.7)

129.9 (17.2)
78.1 (10.4)

101.9 (63.4)
59.1 (14.7)

119.4 (30.3)
94 (89-102)

5.1 (0.6)
22.1
34.1
41.6
77.7
70.0
13.9

44.6
41.6

＜0.001
0.757
0.125

＜0.001
0.002
0.017
0.225
0.169
0.438
0.217
0.070
0.003
0.067
0.015
0.010
0.171
0.792
0.632
0.244

3085
144

62.3 (7.4)
151.2 (5.9)

52.0 (7.7)
22.7 (3.1)
82.0 (8.2)

127.8 (16.6)
76.4 (10.1)
94.5 (47.6)
63.2 (14.1)

127.6 (29.6)
94 (88-100)

5.1 (0.5)
17.2
29.5
32.9
72.4
95.8
43.2

54.8
2.1

1765
116

61.5 (7.7)
151.8 (5.7)

53.0 (7.7)
23.0 (3.1)
82.3 (8.2)

126.9 (17.0)
74.9 (10.2)
91.8 (47.6)
63.7 (14.6)

127.3 (30.3)
91 (86-98)

5.1 (0.5)
21.9
31.2
36.4
72.4
94.5
42.3

54.6
3.1

0.005
＜0.001
＜0.001
＜0.001

0.009
0.161
0.067

＜0.001
0.062
0.239
0.766

＜0.001
0.338

＜0.001
0.200
0.014
0.987
0.030
0.097

All values in parentheses, except for FPG, represent the standard deviation.
aBody Mass Index, bSystolic Blood Pressure, cDiastolic Blood Pressure, dHigh-Density-Lipoprotein-Cholesterol, eLow-Density-Lipoprotein-
Cholestrol, fFasting Plasma Glucose, gPhysical activity at least ≥30 minutes/day and ≥2 times/week for over a year, hWalking at least ≥1 hour/day, 
iP values were calculated by t -test (continuous variables), Wilcoxon rank sum test (continuous variables), or chi-squared test (categorical variables).
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Results

Clinical Characteristics
The baseline clinical characteristics of the 8,547 

participants (3,697 men and 4,850 women; follow-up 
proportion: 42.2%; mean follow-up period, 1.33 years) 
are listed in Table 1. Among men, body weight, BMI, 
and waist circumference were higher at baseline in the 
evacuee group than in the non-evacuee group, while 
only body weight and BMI were higher at baseline for 
women in the evacuee group versus the non-evacuee 
group. In addition, the evacuee group had a higher 
proportion of marked body weight change (≥3 kg/
year) in the year before baseline than the non-evacuee 
group.

Changes in Clinical Characteristics Before and 
After the Disaster by Evacuation Status

Table 2 shows changes in clinical characteristics 
before and after the disaster by evacuation status. For 
both sexes, we observed a greater increase after the 
earthquake in weight, BMI, waist circumference, and 
TG and fasting plasma glucose levels in the evacuee 

groups were compared using Student’s t -test or a Wil-
coxon rank sum test. We used logistic regression anal-
yses to estimate odds ratios (ORs) and 95% confidence 
intervals (CIs) for the association between evacuation 
and incidence of metabolic syndrome after adjusting 
for potential confounders. The logistic regression 
model include the following variables: age (continu-
ous), evacuation status (evacuee or non-evacuee), waist 
circumference (continuous), ≥3 kg weight change 
during 1 year (yes, or no), physical activity at least 
≥30 minutes/day and ≥2 times/week for over a year 
(yes or no), walking at least ≥1 hour/day (yes or no), 
good sleeping quality (yes or no), smoking status (cur-
rent, never, or former), and alcohol consumption (cur-
rent at ≥44 g/day, current at ＜44 g/day, never, or for-
mer). Following initial analyses, we repeated analyses 
after stratification by age (≥65 years or ＜65 years).

SAS version 9.3 (SAS Institute, Cary, NC, USA) 
was used for analyses. All probability values for statis-
tical tests were two-tailed, and P＜0.05 was regarded 
as statistically significant.

Table 2. Changes in clinical characteristics before and after disaster by evacuation status

Men Women

Non-evacuee Evacuee P values i Non-evacuee Evacuee P values i

Participants, n
Incidence of metabolic syndrome, n
Δ weight, kg
Δ BMIa, kg/m2

Δ waist circumference, cm
Δ SBPb, mmHg
Δ DBPc, mmHg
Δ Triglyceride, mg/dL
Δ HDL-Cd, mg/dL
Δ LDL-Ce, mg/dL
Δ FPGf, mg/dL
Δ HbA1c
Δ ≥3-kg weight gain during 1 year, %
Δ Exercise habit 1g, %
Δ Exercise habit 2h, %
Δ Good sleep, %
Δ Never or past smoker, %
Δ Never or past drinker, %
Δ Current drinker, %
＜44 g/day
≥44 g/day

2443
270
0.4
0.1
0.3
2.2
0.7
9.1
0.0
0.4
0.0
0.0
0.0
0.2

－0.3
－2.2

3.2
－0.4

1.3
－0.9

1254
241
2.0
0.8
2.0
2.5
1.4

18.1
－2.8
－17.2

3.0
0.0

16.3
－0.2
－0.6
－7.7

3.9
0.7

1.6
－2.3

＜0.001
＜0.001
＜0.001

0.575
0.054

＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

3085
144
0.3
0.2

－0.2
2.2
0.7
4.4

－0.3
－0.5

0.0
－0.1

1.6
0.2

－2.0
－0.3

0.5
－0.8

0.8
0.0

1765
116
0.8
0.4
0.4
2.0
1.8

12.4
－1.2

3.2
3.0
0.0

18.6
－1.6
－3.0
－13.8

0.8
3.8

－3.8
0.0

＜0.001
＜0.001
＜0.001

0.780
0.002

＜0.001
＜0.001
＜0.001
＜0.001

0.006

aBody Mass Index, bSystolic Blood Pressure, cDiastolic Blood Pressure, dHigh-Density-Lipoprotein-Cholesterol, eLow-Density-Lipoprotein-
Cholestrol, fFasting Plasma Glucose, gPhysical activity at least ≥30 minutes/day and ≥2 times/week for over a year, hWalking at least ≥1 hour/day, 
iP values of difference-in-difference were calculated by t -test (continuous variables).
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lowing the 2011 Great East Japan Earthquake on 
health status in residents of Fukushima, we examined 
the changes in health status from before the disaster to 
after using data from CHC conducted annually in 
Japan for all people aged ≥40 years, including resi-
dents who lived in the evacuation zone. After adjust-
ing for potential confounders, we found significant 
associations between evacuee status and incidence of 
metabolic syndrome. In addition, we further found 
that weight, BMI, and waist circumference increased 
more dramatically following the disaster among evacu-
ees than among non-evacuees (Table 2). Taken 
together, these results suggest that refugee life might 
lead to lifestyle-related disease, and we should there-
fore carefully monitor the health of evacuees following 
a disaster.

Changes in lifestyle following a disaster may ren-
der evacuees susceptible to a number of cardiovascular 
risk factors13-15), such as hypertension, impaired glu-
cose tolerance/diabetes mellitus, and dyslipidemia. 
Although previous studies have shown a reduction in 
control of glucose metabolism16-18) and blood pres-
sure17, 19-22) among victims of natural disasters such 
earthquakes and hurricanes, few studies have exam-
ined the long-term effects of evacuation following a 
disaster on metabolic syndrome due to lifestyle changes 
when subjects have a sufficient food supply in chronic 
phase (versus suffering from malnutrition due to a 
temporarily insufficient food supply in very acute 
phase)7, 23-25).

A previous study in evacuees in Fukushima after 
the Great East Japan Earthquake reported increases in 
body weight and proportion of overweight/obesity26), 

group than in the non-evacuee group. In addition, 
while the proportion of subjects reporting good sleep-
ing quality decreased across both groups, the reduc-
tion was more marked among evacuees than non-
evacuees.

Impact of Evacuation on Incidence of Metabolic 
Syndrome After the Disaster

Crude incidence proportion of metabolic syn-
drome was significantly higher in the evacuee group 
[men: 19.2% (241/1254), women: 6.6% (116/1765)], 
than in the non-evacuee group [men: 11.0% (270/ 
2443), women: 4.6% (144/3085)].

Logistic regression analysis revealed a significant 
association between evacuation and incidence of meta-
bolic syndrome, even after adjusting for potential con-
founders of age, baseline clinical characteristics, and 
life style [adjusted OR (95% CI): 1.72 (1.46 –2.02); 
Table 3]. We performed an additional subgroup anal-
ysis by gender and found that the significant associa-
tion between evacuation and incidence of metabolic 
syndrome persisted in both men and women [adjusted 
OR (95% CI) in men: 1.89 (1.55 –2.31), in women: 
1.45 (1.10–1.92); Table 4]. Another subgroup analy-
sis by age (＜65 and ≥65 years) also revealed a signifi-
cant association between evacuation and incidence of 
metabolic syndrome across both age groups [adjusted 
OR (95% CI) for ＜65 years of age: 1.72 (1.46–2.02), 
for ≥65 years of age: 1.60 (1.26–2.03); Table 5].

Discussion

In our analysis of the influence of evacuation fol-

Table 3. Association between evacuation status and incidence of metabolic syndrome

ORs (95% CIs)

Crude Multivariate

Evacuee (ref: non-evacuee)
Women (ref: men)
Age (1-year increase)
Waist circumference (1-cm increase)
≥3-kg weight change during 1 year (ref: no)
Exercise 1a (ref: no)
Exercise 2b (ref: no)
Good sleep (ref: no)
Current smoker (ref: never or former smoker)
Current drinker (ref: never or former drinker)
＜44 g/day
≥44 g/day

1.66 (1.43-1.92)
0.35 (0.30-0.41)
1.02 (1.004-1.03)
1.13 (1.12-1.14)
1.58 (1.33-1.87)
1.13 (0.96-1.32)
1.08 (0.92-1.25)
1.15 (0.96-1.37)
1.55 (1.29-1.87)

1.06 (0.88-1.28)
2.27 (1.86-2.77)

1.72 (1.46-2.02)
0.35 (0.29-0.43)
1.02 (1.01-1.03)
1.14 (1.12-1.15)
1.17 (0.97-1.41)
1.09 (0.90-1.32)
0.97 (0.81-1.17)
0.94 (0.78-1.14)
1.24 (1.01-1.54)

0.85 (0.70-1.05)
1.12 (0.87-1.43)

CI, confidence interval; OR, odds ratio
aPhysical activity at least ≥30 minutes/day and ≥2 times/week for over a year, bWalking at least ≥1 hour/day
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smoker of Fukushima prefecture in 2012 was 39.7%, 
which was higher than that before disaster 2010 of 
23%. Previous studies reported that smoking is a risk 
factor for the development the metabolic syndrome30) 
and is a major determinant of cardiovascular diseases, 
such as ischemic heart disease and stroke, among mid-
dle-aged Japanese men and women, in particular 
among smokers31). Taken together, these previous find-
ings suggest that health-related behaviors may be an 
important factor mediating the influence of evacua-
tion on metabolic syndrome and to prevent ischemic 
heart disease and stroke.

A mental health survey through the FHMS has 
also suggested that evacuation might lead to either or 
both anxiety or trauma32), which evacuees are particu-
larly vulnerable to due to their persistent stress expo-
sure (long stays away from home, reduced exercise, 
sudden disruption of social environment, and changes 
in dietary pattern). Anxiety and trauma may also 
increase prevalence of sleep disorder in evacuees, 
which has been associated with each component of 
metabolic syndrome33-35), including incidence of obe-
sity36-39), particularly abdominal adiposity40), impaired 
glucose metabolism41-43), and hypertension39, 44, 45).

Several limitations to the present study warrant 
mention. First, we did not evaluate socio-economic 
status, which may influence several parameters associ-
ated with metabolic syndrome. Indeed, a previous 
study reported that disorderly conditions after Hurri-
cane Katrina (USA) were associated with increased 
BMI46). The influence of socio-economic factors may 

and another study reported increases in BMI and 
waist circumference associated with glycemic and lipid 
parameters and blood pressure27). These previous 
reports support our present findings of an association 
between evacuation and incidence of metabolic syn-
drome. Lifestyle-related diseases may develop after a 
disaster because evacuees experience difficulty in main-
taining the same lifestyle they previously enjoyed, due 
to loss of jobs and social connectedness in the wake of 
evacuation. In these situations, long-term effects of 
evacuation on health status have become more impor-
tant with respect to overall health of an individual 
than short-term effects.

Since we did not evaluate detailed lifestyle 
changes in food intake and social activity before and 
after the earthquake in the present study, potential 
mechanisms by which evacuation might influence 
development of metabolic syndrome remain unclear. 
Overall, exercise habits in evacuees did not change 
markedly before and after the disaster, although a 
recent study in Fukushima reported that prevalence of 
habitual physical activity was lower in evacuees living 
apart from their community in rental housing/apart-
ments than in those living in evacuation shelters or 
temporary housing together with their community28). 
Further, results of the FHMS showed that evacuees 
after the 2011 earthquake tended to be less physically 
active and have greater alcohol intake than before the 
earthquake29). Never or past smoker in evacuees were 
decreased after the disaster, although the 2014 National 
Health and Nutrition Survey reported proportion of 

Table 4. ORs (95% CIs) for incidence of metabolic syndrome after the disaster (gender subgroup analysis); Relationship between 
evacuation and incidence of metabolic syndrome

ORs (95% CIs)

Men Women

Crude Multivariate Crude Multivariate

Evacuee (ref: non-evacuee)
Age (1-year increase)
Waist circumference (1-cm increase)
≥3-kg weight change during 1 year (ref: no)
Exercise 1a (ref: no)
Exercise 2b (ref: no)
Good sleep (ref: no)
Current smoker (ref: never or former smoker)
Current drinker (ref: never or former drinker)

1.92 (1.59-2.31)
1.01 (0.997-1.02)
1.11 (1.10-1.13)
1.44 (1.16-1.80)
1.08 (0.88-1.21)
1.03 (0.85-1.25)
1.02 (0.82-1.29)
0.98 (0.80-1.21)

1.89 (1.55-2.31)
1.02 (1.004-1.03)
1.11 (1.10-1.13)
1.14 (0.90-1.45)
1.01 (0.80-1.29)
1.02 (0.81-1.28)
0.91 (0.71-1.17)
1.18 (0.94-1.48)

1.44 (1.12-1.85)
1.02 (1.002-1.04)
1.17 (1.15-1.19)
1.81 (1.37-2.39)
1.18 (0.90-1.54)
0.97 (0.74-1.26)
1.13 (0.85-1.51)
1.27 (0.74-2.17)

1.45 (1.10-1.92)
1.03 (1.01-1.05)
1.17 (1.15-1.19)
1.22 (0.89-1.68)
1.20 (0.87-1.66)
0.91 (0.67-1.26)
1.02 (0.74-1.40)
1.30 (0.67-2.50)

＜44 g/day [can you clarify why you 
changed the cut-off point ? This is unclear]

0.81 (0.60-1.10) 0.86 (0.62-1.18) 0.88 (0.69-1.14) 0.86 (0.65-1.13)

≥44 g/day 1.17 (0.87-1.57) 1.16 (0.85-1.58) 0.57 (0.21-1.58) 0.65 (0.22-1.95)

CI, confidence interval; OR, odds ratio
aPhysical activity at least ≥30 minutes/day and ≥2 times/week for over a year, bWalking at least ≥1 hour/day
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such as food intake48) or exercise habit49, 50).
In conclusion, evacuation was associated with 

increased incidence of metabolic syndrome in Fuku-
shima prefecture after the 2011 Great East Japan 
Earthquake. Even today, four years after the disaster, 
over 100,000 residents in Fukushima remain under 
evacuation order. Given this observed connection 
between evacuee status and metabolic syndrome, we 
may conclude that these individuals are at increased 
risk of cardiovascular events15). Ongoing monitoring 
will be necessary to stem this tide of increasing inci-
dence of life-style related diseases due to long-term 
evacuation. The present study is the first to examine 
the influence of evacuation on incidence of metabolic 
syndrome, and our findings may aid physicians in 
protecting the health of evacuees. These data derived 
from the Fukushima disaster will help guard against 
similar effects in future cataclysms.

Acknowledgments

This survey was supported by the National 
Health Fund for Children and Adults Affected by the 
Nuclear Incident. The findings and conclusions of this 
article are solely the responsibility of the authors and 
do not represent the official views of the Fukushima 
Prefecture government.

Conflict of Interest Disclosure

All authors declare no conflicts of interest.

modify the association between evacuation and 
changes in body weight and BMI. Second, we only 
included participants who received a comprehensive 
health check both before and after the disaster; such 
participants are typically particularly health-conscious 
individuals and may therefore have lent some bias to 
our findings. Third, the mean follow-up time of 1.33 
years may not have been sufficient to examine long-
term effects of evacuation on health outcomes. How-
ever, given that many Fukushima residents may be 
under evacuation order indefinitely, ongoing monitor-
ing of their health status may lend greater clarity to 
our findings.

United Nations Scientific Committee on the 
Effects of Atomic Radiation reported no discernible 
increase in incidence of radiation-related health effects 
among exposed members of the public or their descen-
dants based on the data of low or very low doses to the 
general public, both those incurred during the first 
year and estimated for their lifetime47). Therefore, the 
most important health effect is not on direct radiation 
effects, but on indirect effects of life style change due 
to forced evacuation from the nuclear accident or the 
fear and stigma related to the risk perception of the 
radiation exposure or rumor. Evacuation to avoid 
exposure from ionized radiation has increased the risk 
of cardiovascular diseases of the evacuees via the 
increase of incidence of metabolic syndrome. Based on 
these results, we should make best effort to prevent 
the incidence of METS associated with evacuation via 
support for the life style improvement of the evacuees, 

Table 5. ORs (95% CIs) for incidence of metabolic syndrome after the disaster (age subgroup analysis); Relationship between evac-
uation and incidence of metabolic syndrome

ORs (95% CIs)

＜65 years ≥65 years

Crude Multivariate Crude Multivariate

Evacuee (ref: non-evacuee)
Women (ref: men)
Age (1-year increase)
Waist circumference (1-cm increase)
≥3-kg weight change during 1 year (ref: no)
Exercise 1a (ref: no)
Exercise 2b (ref: no)
Good sleep (ref: no)
Current smoker (ref: never or former smoker)
Current drinker (ref: never or former drinker)
＜44 g/day
≥44 g/day

1.76 (1.44-2.16)
0.35 (0.28-0.43)
1.02 (1.01-1.04)
1.13 (1.12-1.15)
1.71 (1.37-2.14)
1.04 (0.82-1.32)
1.05 (0.84-1.31)
1.16 (0.92-1.46)
1.49 (1.17-1.89)

0.91 (0.70-1.17)
1.80 (1.37-2.38)

1.83 (1.47-2.29)
0.32 (0.24-0.42)
1.04 (1.02-1.06)
1.14 (1.12-1.16)
1.26 (0.98-1.62)
0.91 (0.68-1.21)
1.09 (0.84-1.42)
0.96 (0.74-1.24)
1.15 (0.87-1.51)

0.73 (0.55-0.97)
0.92 (0.65-1.30)

1.56 (1.26-1.94)
0.36 (0.29-0.45)
0.98 (0.93-1.02)
1.13 (1.11-1.15)
1.47 (1.13-1.92)
1.15 (0.92-1.42)
1.05 (0.85-1.30)
1.08 (0.83-1.42)
1.79 (1.34-2.40)

1.27 (0.97-1.67)
2.99 (2.23-4.00)

1.60 (1.26-2.03)
0.37 (0.28-0.49)
0.96 (0.92-1.01)
1.14 (1.12-1.16)
1.05 (0.78-1.42)
1.27 (0.98-1.66)
0.89 (0.68-1.15)
0.91 (0.67-1.22)
1.42 (1.02-1.97)

0.99 (0.73-1.33)
1.29 (0.89-1.86)

CI, confidence interval; OR, odds ratio
aPhysical activity at least ≥30 minutes/day and ≥2 times/week for over a year, bWalking at least ≥1 hour/day
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