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AbstrAct
Objective To assess the medium-term indirect impact 
of the 2011 Fukushima Daiichi nuclear accident on 
cardiovascular disease (CVD) risks and to identify whether 
risk factors for CVD changed after the accident.
Participants Residents aged 40 years and over 
participating in annual public health check-ups from 2009 
to 2012, administered by Minamisoma city, located about 
10 to 40 km from the Fukushima Daiichi nuclear plant.
Methods The sex-specific Framingham CVD risk score 
was considered as the outcome measure and was 
compared before (2009–2010) and after the accident 
(2011–2012). A multivariate regression analysis was 
employed to evaluate risk factors for CVD.
results Data from 563 individuals (60.2% women) 
aged 40 to 74 years who participated in the check-ups 
throughout the study period was analysed. After adjusting 
for covariates, no statistically significant change was 
identified in the CVD risk score postaccident in both sexes, 
which may suggest no obvious medium-term health 
impact of the Fukushima nuclear accident on CVD risk. 
The risk factors for CVD and their magnitude and direction 
(positive/negative) did not change after the accident.
conclusions There was no obvious increase in CVD 
risks in Minamisoma city, which may indicate successful 
management of health risks associated with CVD in the 
study sample.

IntrOductIOn
On 11 March 2011, Japan was struck by the 
Great East Japan Earthquake and subsequent 
tsunami.1 A magnitude 9.0 earthquake off 
the Pacific coast of Japan triggered a massive 
tsunami that destroyed thousands of houses 
and killed 18 877 people.2 As of September 
2016, five and a half years following the 
tsunami, over 2500 people are still missing 
and presumed dead.3 This tsunami also 
caused a nuclear accident at the Fukushima 
Daiichi nuclear power plant, located on 
the Pacific coast of Fukushima Prefecture 
(figure 1). Coupled with the massive earth-
quake and tsunami, the post-Fukushima 

nuclear accident evacuations disrupted more 
than 164 000 lives in Fukushima.4 Within 
1 week of the accident, 8% of the total popu-
lation (two million) of Fukushima had to 
move either elsewhere within Fukushima or 
out of the prefecture.5 The United Nations 
Scientific Committee on the Effects of Atomic 
Radiation and WHO have concluded that the 
predicted risk of lifetime cancer after the 
Fukushima nuclear accident is very low in the 
general population in Japan.6 7 Only infants 
and children who were most exposed in 
Fukushima may have a higher risk based on 
model calculations.7 8 In contrast to the likely 
low risk of radiation-related health conse-
quences,7 8 non-radiological health effects 
postaccident have been reported; the disaster 
may have had other medium-term and long-
term health impacts, including elevated 
markers of metabolic risk,9–11 increases in 
diabetes and hyperlipidaemia12 and higher 
prevalence of psychological distress.13 

There is growing evidence that major 
disasters contribute to an increase in 
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Research

strengths and limitations of this study

 ► This is the first study to assess medium-term 
cardiovascular disease (CVD) risk factors after the 
Fukushima accident.

 ► Using validated CVD risk assessment tools, the 
study provides a consistent estimate of how risk 
changed over time.

 ► By providing a longitudinal assessment of a cohort of 
individuals who attended health checks consistently, 
the study was able to eliminate bias due to changing 
populations being assessed and to follow the impact 
of the disaster on individuals.

 ► The health check-ups were undertaken on a 
voluntary basis and only by those aged 40–74 in 
Minamisoma city, potentially limiting generalisability 
to a wider population.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-018502
http://dx.doi.org/10.1136/bmjopen-2017-018502
http://dx.doi.org/10.1136/bmjopen-2017-018502
http://crossmark.crossref.org


2 Toda H, et al. BMJ Open 2017;7:e018502. doi:10.1136/bmjopen-2017-018502

Open Access 

Figure 1 Map of Fukushima Prefecture and location of Fukushima Daiichi nuclear power plant and Minamisoma city

cardiovascular disease (CVD) risks, including increased 
serum total cholesterol, blood pressure, fasting insulin, 
reduced high-density lipoprotein (HDL) cholesterol and/
or smoking behaviour and high psychological stress.14–18 
These elevated risks are found in the immediate after-
math of disasters and may last over the medium term. 
Previous studies reported a threefold increase in acute 
myocardial infarction-related hospital admission rates 
2–3 years after the 2005 Hurricane Katrina in the USA.19 20 
Gilmour et al found a medium-term increase in CVD risk 
in the areas most affected by the 2011 Fukushima nuclear 
accident.21 This increase may have been due to anxiety/
concern about radiation exposure,13 reduced outdoor 
activity levels resulting in reduced physical exercise22 and 
reluctance to access healthcare.12

Understanding the direct and indirect health risks 
in the postacute periods of disasters could help iden-
tify entry points for action and strategic directions for 
health policy and practice on medium-term to long-
term disaster risk management. While the short-term 
effects of disaster on CVD risk have been well evalu-
ated,14–16 20 23 information on the effects of disaster on 
CVD risk in the postacute periods is relatively scarce. 
The aim of this study was to provide understanding of 
the risk factors associated with identified medium-term 
increases in CVD incidents following the Fukushima 
Daiichi nuclear accident by studying health data on a 
sample of the local population most at risk of increased 
CVD-related health outcomes. This is the first study 
to assess medium-term CVD risk factors after the 
Fukushima accident.

MethOds
design, settings and participants
This study was conducted in Minamisoma city, located 
10–40 km from the Fukushima Daiichi nuclear power 
plant (figure 1). The city contains both mandatory and 
voluntary evacuation zones, which were lifted on 31 May 
2016. A total of 636 people in Minamisoma city died 
due to the tsunami,24 accounting for 39.7% of the total 
tsunami deaths (n=1604) in Fukushima.3 As of July 2012, 
388 deaths were identified as ‘disaster-related deaths’,25 a 
term officially defined by the Reconstruction Agency as 
deaths due to indirect damage caused by the earthquake, 
tsunami and nuclear accident.26 The majority of the disas-
ter-related deaths are attributed to the evacuation of the 
elderly following the accident.27 28 The population of 
Minamisoma city was about 71 500 before the accident 
and decreased to 66 800 in March 2012 1 year after the 
accident.29–31 As of August 2016, 2412 Minamisoma resi-
dents were still living in temporary housing.32

In the present study, we used data from public health 
check-up records from 2009 to 2012 administered by the 
Minamisoma city office to compare CVD risks before 
(2009–2010) and after the accident (2011–2012). The 
public health check-ups consist of clinical tests and surveys 
conducted to screen and assess overall health conditions. 
They are performed annually by all municipalities in 
Japan at designated community centres and medical insti-
tutions during June to August. The checks are free for all 
people aged 40 to 74 and covered by the National Health 
Insurance programme, which is designed for citizens 
who are not insured by any employment-based health 
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insurance programme (ie, unemployed and self-employed, 
 including farmers and fishermen). A health check-up 
notification is sent to each household every year based on 
the municipality’s family registry and also announced in 
the city’s public relations magazine.

The health check-up data used in this study included 
a physical examination, blood sample and self-re-
ported medical history and lifestyle survey. The self- 
reported medical history survey asked participants about 
family history of heart disease, hypertension, diabetes 
and hyperlipidaemia; use of hypertension, diabetes or 
hyperlipidaemia medicines and present treatment status 
for some specific diseases based on a four-option scale—
no disease, receiving outpatient treatment, recovered 
or left untreated. The lifestyle survey asked about habits 
related to alcohol, smoking and lifestyle, including exer-
cise, walking speed and eating speed. More details of the 
medical history and lifestyle survey can be found in online 
supplementary tables 1 and 2, respectively. Because the 
public health check-up is voluntary, individuals do not 
necessarily attend the health check-up every year. Each 
participant is given a personal identification number by 
the city office which was used in this study to track subject 
data across the study period. In this study, we considered 
only those who had received health check-ups every year 
from 2009 to 2012. By doing so, we could follow the study 
participants’ demographic and clinical characteristics 
during the study period. Some individuals in 2012 took 
the check-ups several times in that year, and we used only 
the first check-up for these subjects.

cVd risk score
We used the sex-specific Framingham CVD risk point 
scale as the primary outcome. This scale was developed 
and adopted from the Framingham Heart Study—a long-
term, ongoing cardiovascular cohort study on residents 
of the town of Framingham, Massachusetts in the USA.33 
The CVD risk point scale is generalisable to other popula-
tions and widely used globally in clinical practice to eval-
uate and compare individuals’ risks for developing a CVD 
event.34–39 It incorporates age, HDL cholesterol level, 
total cholesterol level, systolic blood pressure (SBP), use 
of medicines for hypertension, smoking status and fasting 
glucose level.33

Originally, the CVD risk point calculation used subject’s 
age,33 but in this study we did not take age into account 
for the point calculation. This study exclusively consid-
ered only those who participated in the health check-ups 
for all 4 years from 2009 to 2012, which indicates that 
during the study period the age distribution of the study 
participants all moved upwards by 1 year for each year. 
Therefore, if age was considered in the CVD risk point 
calculation, the age-attributed CVD risk point would also 
increase with year, and it would be difficult to distinguish 
the effects of time and age on the CVD risk point score in 
the analyses.

Online supplementary tables 3 and 4 present the CVD 
risk calculation table for men and women, respectively. 

In these tables, the five risk factors—HDL, total choles-
terol level, SBP with/without use of medicines for hyper-
tension, smoking status, diabetic status—were scored 
using the method adopted by D’Agostino et al.33 Then, 
each participant at each time point (2009, 2010, 2011 
and 2012) in the study was assigned a CVD risk point by 
summing up the scores of these five factors.

In this study, the clinical characteristics data used for 
the point calculation were extracted from the blood 
sample test (for HDL and SBP) and self-reported medical 
history and lifestyle survey (for use of medicines for 
hypertension and smoking status). Ideally, the total 
cholesterol level should also be extracted from the blood 
sample test; however, it was not measured in the public 
health check-ups. Therefore, we employed the self-re-
ported medical history survey to estimate total choles-
terol level for the CVD point calculation in the following 
manner: those who were receiving outpatient treatment 
for hyperlipidaemia or left untreated were assumed 
to have total cholesterol levels of over 200 mg/dL; and 
others were assumed to have levels less than 200 mg/dL. 
Diabetic status (no/yes) was also based on the self-re-
ported medical history survey. Those who were receiving 
outpatient treatment for diabetes or left untreated were 
considered diabetic.

data analysis
Comparison of CVD risk point before and after the accident
To assess the medium-term impact of Japan’s Fukushima 
Daiichi nuclear accident on CVD risk, we compared the 
change in the CVD risk point after the accident with preac-
cident values, for men and women separately, adjusting 
for age. Preaccident baseline risk point was defined as 
the average CVD risk point in 2009 and 2010. Statistical 
significance of the change postaccident was examined 
using a paired t-test.

risk factor analysis
To identify if and how risk factors for CVD changed after 
the accident, we employed multivariate linear regres-
sion. The regression models were constructed for men 
and women, separately. Independent variables included 
elements of the physical examination, blood sample tests, 
self-reported medical history and lifestyle survey.

We also considered year as an independent variable 
and its interaction terms with other independent vari-
ables to examine postaccident changes of the relationship 
between outcome variable (CVD risk point) and indepen-
dent variables, such as the magnitude and direction (posi-
tive/negative) of the effect of the independent variables 
on the CVD risk score. Because HDL, total cholesterol 
level, SBP, use of medicines for hypertension, smoking 
status and diabetic status were used as input in calculating 
CVD risk points, these variables were not included in the 
regression models to avoid possible overadjustment.40

Since all the participants had four data points during the 
study period (2009–2012), the regression model included 
a random effect at individual level. Model selection  
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was performed using backward-stepwise selection with 
a P>0.05 to remove, starting with all possible variables, 
until significant variables were left. Variables that were 
well-known or suspected risk factors, for example, family 
history of heart disease, were incorporated into the final 
model regardless of their statistical significance. All statis-
tical analyses were conducted using STATA/MP V.14. In 
this study, P values less than 0.05 were reported as statisti-
cally significant.

results
characteristics of study participants
A total of 7855 individuals participated in at least one or 
more health check-ups during the study period from 
2009 to 2012. After excluding those who did not take the 
check-ups throughout the 4-year study period (7292 indi-
viduals, 92.8%), 563 individuals (60.2% women) were used 
in the present study. This limited sample size was partially 
due to the fact that only 1145 individuals took the check-up 
in 2011 (the year of the Fukushima accident), which was 
performed only months after the accident, while the other 
years had more participants (5272 in 2009, 5042 in 2010 
and 4122 in 2012). Online supplementary table 5 shows 
the comparison between included and excluded partici-
pants. The excluded participants had statistically significant 
differences to the included participants, but from a clinical 
perspective, all results were within the normal range among 
the excluded participants (eg, the normal triglyceride 
level was less than 150 mg/dL). There were no clinically 
important, statistically significant differences in several 
demographic and clinical characteristics in baseline years 
(2009–2010). Given that even those clinical characteristics 
that differed in the excluded group remained well within 
the normal range for all measurements, it is unlikely that 
these small differences between the groups have a notice-
able effect on our findings.

Table 1 reports both demographic and clinical char-
acteristics of the study participants. The preaccident 
baseline data (2009–2010) was compared with the postac-
cident data (2011–2012), separately, using a paired t-test. 
The mean age of men was 64.3 years in 2009 (SD: 5.9). 
Women had a mean age of 62.6 years in 2009 (SD: 6.1).

Online supplementary tables 1 and 2 present the results 
of self-reported medical history and the lifestyle survey, 
respectively. Because all variables from the medical 
history and lifestyle survey were binary or categorical, 
the data from 2010 were compared to the postaccident 
data of 2011 and 2012, separately, using χ2 test or Fisher’s 
exact, and showed little change in specific components 
of the CVD risk score. As shown in online supplementary 
table 1, there were no significant differences in lifestyle 
habits such as smoking and alcohol before and after the 
accident.

comparison of cVd risk score before and after the accident
The mean CVD risk score for baseline (2009 and 2010) was 
1.36 (SD: 3.06) for men and 0.19 (SD: 3.19) for women. 

No statistically significant differences were observed 
between before and after the accident in CVD risk point 
after adjusting for age. This means that there might be no 
medium-term impact of the Japan’s Fukushima Daiichi 
nuclear accident on CVD risk in both sexes.

risk factor analyses
Table 2 shows the results of multivariate linear regression 
analysis for risk factors of CVD risk score. Models were 
separately constructed for men and women. For both 
sexes, final models included year, age, BMI, family history 
of heart disease, use of medicines for diabetes and hyper-
lipidaemia and alcohol consumption. After adjusting for 
covariates, age was significantly associated only among 
women. A 1-year increase in age was associated with only 
a 0.09-point increase in CVD risk point only (95% CI 0.05 
to 0.12). Each 1 kg/m2 increase in BMI was significantly 
associated with a 0.23-point (95% CI 0.14 to 0.33) and 
0.30-point (95% CI 0.23 to 0.36) increase in the CVD risk 
point in men and women, respectively.

Other binary variables, such as family history of heart 
disease and use of medicines for diabetes and hyperlipi-
daemia also had a significant positive correlation with the 
CVD risk score in both sexes. Furthermore, year was not 
significantly associated with change in score in either sex 
after adjusting for covariates, suggesting no medium-term 
impact of the Fukushima nuclear accident on CVD risk. 
Importantly, there was no significant interaction between 
independent variables and year, and thus no interac-
tion terms were incorporated into the final models. This 
means that the risk factors for CVD and their magnitude 
and direction of influence (positive/negative) might not 
have changed after the accident.

Given the limited sample size (partially due to the 
limited number of health check-up participation in 
2011), we also conducted sensitivity analysis to vali-
date the regression models. In the sensitivity analysis, 
we included participants of the check-ups from 2009, 
2010 and 2012, which increased the sample size from 
563 to 1916 individuals, representing 5.9% of the total 
population in the age group of 40 to 74 years in the city 
postaccident. Online supplementary table 6 presents the 
results of the sensitivity analysis for the regression models, 
which produced similar results to the original regression 
models, suggesting limited systematic bias.

dIscussIOn
This study compared the Framingham CVD risk score 
before and after the 2011 Fukushima Daiichi nuclear 
accident and evaluated if and how risk factors for CVD 
changed after the accident. There was no statistically 
significant change in the CVD risk score postaccident in 
either sex after adjusting for covariates, suggesting no 
obvious medium-term impact of the Fukushima nuclear 
accident on CVD risk. The risk factors for CVD and their 
magnitude and direction (positive/negative) did not 
change after the accident.

https://dx.doi.org/10.1136/bmjopen-2017-018502
https://dx.doi.org/10.1136/bmjopen-2017-018502
https://dx.doi.org/10.1136/bmjopen-2017-018502
https://dx.doi.org/10.1136/bmjopen-2017-018502
https://dx.doi.org/10.1136/bmjopen-2017-018502


 5Toda H, et al. BMJ Open 2017;7:e018502. doi:10.1136/bmjopen-2017-018502

Open Access

Ta
b

le
 1

 
D

em
og

ra
p

hi
c 

an
d

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 t

he
 s

tu
d

y 
p

ar
tic

ip
an

ts
 b

y 
se

x 
an

d
 y

ea
r

20
09

20
10

20
11

20
12

M
en

W
o

m
en

M
en

W
o

m
en

M
en

W
o

m
en

M
en

W
o

m
en

To
ta

l p
ar

tic
ip

an
ts

 (N
, %

)
22

4 
(3

9.
8)

33
9 

(6
0.

2)
22

4 
(3

9.
8)

33
9 

(6
0.

2)
22

4 
(3

9.
8)

33
9 

(6
0.

2)
22

4 
(3

9.
8)

33
9 

(6
0.

2)

A
ge

 (m
ea

n,
 S

D
)

64
.3

 (5
.9

)
62

.6
 (6

.1
)

65
.2

 (5
.9

)
63

.6
 (6

.1
)

66
.3

 (5
.9

)*
**

 
64

.7
 (6

.1
)*

**
67

.3
 (5

.9
)*

**
65

.7
 (6

.1
)*

**

C
lin

ic
al

 c
ha

ra
ct

er
is

tic
s 

(m
ea

n,
 S

D
)

 
 B

M
I (

kg
/m

2 )
23

.6
 (2

.6
)

22
.8

 (2
.9

)
23

.5
 (2

.6
)

22
.6

 (3
.0

)
23

.6
 (2

.7
)

22
.7

 (3
.1

)
23

.7
 (2

.7
)

22
.9

 (3
.1

)

 
 S

B
P

 (m
m

 H
g)

13
0.

5 
(1

5.
2)

12
8.

4 
(1

5.
2)

13
3.

4 
(1

5.
2)

12
9.

0 
(1

6.
0)

13
1.

0 
(1

4.
5)

12
7.

9 
(1

5.
2)

12
9.

1 
(1

4.
5)

*
12

7.
5 

(1
5.

7)

 
 D

B
P

 (m
m

 H
g)

77
.7

 (8
.7

)
75

.2
 (8

.9
)

79
.4

 (9
.0

)
75

.6
 (9

.2
)

79
.3

 (1
0.

2)
76

.0
 (1

0.
4)

77
.5

 (9
.7

)
74

.3
 (9

.3
)

 
 H

b
A

1c
 (%

)
5.

1 
(0

.6
)

5.
1 

(0
.4

)
5.

1 
(0

.6
)

5.
1 

(0
.4

)
5.

0 
(0

.5
)*

*
5.

0 
(0

.4
)*

**
5.

1 
(0

.5
)

5.
1 

(0
.5

)

 
 H

D
L 

(m
g/

d
L)

59
.8

 (1
4.

4)
66

.9
 (1

4.
9)

57
.6

 (1
3.

9)
64

.2
 (1

4.
2)

57
.0

 (1
4.

0)
63

.1
 (1

4.
4)

**
54

.4
 (1

2.
6)

**
*

60
.6

 (1
3.

7)
**

*

 
 LD

L 
(m

g/
d

L)
12

3.
5 

(3
1.

8)
12

8.
0 

(3
0.

6)
12

2.
2 

(3
1.

6)
12

6.
1 

(2
9.

0)
12

2.
1 

(3
4.

7)
12

8.
7 

(3
1.

7)
11

7.
0 

(3
0.

1)
**

12
1.

0 
(2

9.
0)

**

 
 TG

 (m
g/

d
L)

10
8.

9 
(5

9.
6)

10
3.

2 
(6

8.
6)

10
8.

7 
(5

5.
7)

10
3.

5 
(6

2.
7)

12
3.

4 
(7

2.
5)

**
11

4.
4 

(6
6.

3)
**

11
6.

4 
(6

5.
3)

10
5.

9 
(5

5.
1)

 
 A

S
T 

(IU
/L

)
25

.4
 (1

3.
4)

22
.9

 (6
.3

)
25

.0
 (1

3.
2)

22
.5

 (6
.0

)
26

.7
 (1

0.
6)

24
.0

 (9
.3

)*
*

26
.5

 (1
3.

6)
23

.1
 (5

.7
)

 
 A

LT
 (I

U
/L

)
22

.5
 (1

4.
2)

18
.8

 (8
.6

)
21

.7
 (1

5.
2)

18
.0

 (8
.0

)
25

.6
 (1

6.
1)

**
21

.3
 (1

5.
5)

**
*

23
.7

 (1
4.

7)
18

.7
 (8

.4
)

 
 γG

T 
(IU

/L
)

43
.8

 (4
8.

0)
22

.6
 (1

4.
3)

43
.6

 (4
6.

6)
22

.3
 (1

3.
6)

53
.8

 (1
01

.1
)

24
.4

 (1
6.

3)
46

.5
 (4

8.
1)

22
.9

 (1
5.

6)

 
 A

b
d

om
in

al
 c

irc
um

fe
re

nc
e 

(c
m

)
84

.5
 (7

.3
)

82
.9

 (8
.1

)
84

.7
 (7

.2
)

83
.0

 (7
.9

)
85

.4
 (7

.1
)

82
.9

 (8
.3

)
85

.1
 (7

.3
)

83
.3

 (8
.1

)

Th
e 

b
as

el
in

e 
d

at
a 

w
er

e 
d

efi
ne

d
 a

s 
th

e 
av

er
ag

e 
va

lu
e 

of
 t

he
 d

at
a 

of
 2

00
9 

an
d

 2
01

0.
*P

<
0.

05
, *

*P
 <

 0
.0

1,
 *

**
P

 <
 0

.0
01

 fo
r 

th
e 

d
iff

er
en

ce
 b

et
w

ee
n 

b
as

el
in

e 
ve

rs
us

 2
01

1 
an

d
 b

as
el

in
e 

ve
rs

us
 2

01
2 

fo
r 

m
en

 a
nd

 w
om

en
 s

ep
ar

at
el

y 
(p

ai
re

d
 t

-t
es

t).
 

A
LT

, a
la

ni
ne

 a
m

in
ot

ra
ns

fe
ra

se
; A

S
T,

 a
sp

ar
ta

te
 t

ra
ns

am
in

as
e;

 B
M

I, 
b

od
y 

m
as

s 
in

d
ex

; D
B

P,
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e;

 H
b

A
1c

, h
ae

m
og

lo
b

in
 A

1c
; H

D
L,

 h
ig

h-
d

en
si

ty
 

lip
op

ro
te

in
; L

D
L,

 lo
w

-d
en

si
ty

 li
p

op
ro

te
in

; S
B

P,
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e;
 T

G
, t

rig
ly

ce
rid

e;
 γ

G
T,

 g
am

m
a-

gl
ut

am
yl

 t
ra

ns
fe

ra
se

. 



6 Toda H, et al. BMJ Open 2017;7:e018502. doi:10.1136/bmjopen-2017-018502

Open Access 

Table 2 Regression analysis for CVD risk point for men and women

Variable

Men (n=224) Women (n=339)

Coefficient 95% CI P value Coefficient 95% CI P value

Year

  Baseline* Reference Reference

  2011 −0.12 −0.37 to 0.12 0.33 −0.02 −0.25 to 0.20 0.83

  2012 −0.27 −0.57 to 0.03 0.08 0.09 −0.17 to 0.34 0.52

Age 0.04 −0.01 to 0.09 0.10 0.09 0.05 to 0.12 <0.001

BMI 0.23 0.14 to 0.33 <0.001 0.30 0.23 to 0.36 <0.001

Family history of heart disease

  No Reference Reference

  Yes 0.75 0.23 to 1.26 <0.01 0.34 0.02 to 0.66 <0.05

Use of medicines

  Diabetes

    No Reference Reference

    Yes 4.24 3.47 to 5.00 <0.001 6.36 5.29 to 7.44 <0.001

  Hyperlipidaemia

    No Reference Reference

    Yes 1.73 1.27 to 2.19 <0.001 1.98 1.61 to 2.35 <0.001

  Alcohol consumption

    None Reference Reference

    Rarely 0.20 −0.41 to 0.80 0.53 −0.06 −0.39 to 0.27 0.72

    Sometimes 0.06 −0.45 to 0.56 0.83 0.11 −0.36 to 0.58 0.65

    Everyday 0.36 −0.20 to 0.93 0.21 0.29 −0.39 to 0.10 0.41

*Baseline indicates the average CVD risk point of 2009 and 2010.
BMI, body mass index; CVD, cardiovascular disease.

Blood pressure—a key element of the Framingham 
CVD risk point calculation—is a very important, well-
known risk factor for an array of cardiovascular and 
related diseases.41 Past studies provided evidence that 
a disaster’s impact on blood pressure may persist in 
the postacute phase.42 43 However, we did not observe a 
significant increase in blood pressure 2 years after the 
Fukushima accident in Minamisoma city (table 1). This 
is consistent with findings from a previous study.12 These 
facts may indicate successful disaster risk management of 
chronic health risks (particularly of high blood pressure) 
in Minamisoma city.

As a response to the sociodemographic changes in the 
population due to the Fukushima nuclear accident,27 28 44 
Minamisoma city has started to implement a set of unique 
strategic policy reforms with the aim of creating a resilient 
and healthy population in the city in the following areas: 
health promotion, disease prevention, dental health, 
radiation monitoring and education and food and nutri-
tion education.45 This policy reform gives high priority to 
primary prevention and advocates early detection, aware-
ness, prevention and treatment of hypertension and its 
consequences. This study found that the proportion of 
those who used medicines for hypertension increased 
in Minamisoma city from 35.7% and 28.3% in 2010 to 

44.2% and 36.6% in 2012 for men and women, respec-
tively, and suggests that the Minamisoma’s strategic policy 
may have had some impact in improving management of 
hypertension and associated risks.

Although the findings of this study may suggest no 
medium-term change in CVD risk factors in Minamisoma 
city after the Fukushima accident, there are aspects that 
should be carefully considered to fully understand CVD 
risk after the accident. First, Ohira et al46 found a signif-
icant medium-term blood pressure increase in their 
prefecture-level longitudinal study after the accident, 
while our study and Nomura et al12 revealed no signifi-
cance increase in Minamisoma city. Given this, the find-
ings from our study with limited sample size should be 
carefully interpreted. However, Ohira’s study was prefec-
ture wide, while our study was focused on those closest to 
and most affected by the disaster, and our study may be 
more relevant to postdisaster recovery planning in heavily 
affected communities.

Nomura et al12 showed that the prevalence of diabetes 
and hyperlipidaemia in Minamisoma city significantly 
increased 2 years after the accident (2013 and 2014) by 
up to 60% and 30% in comparison with the preaccident 
years, respectively, while no increase was observed in 2011 
and 2012 for both diseases. It is known that diabetes and 
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hyperlipidaemia are relatively more difficult than hyper-
tension to control after a disaster. Since blood glucose 
and cholesterol monitoring require invasive procedures, 
self-monitoring is less accepted by patients, resulting in 
reduced patient compliance in diabetes and hyperlipi-
daemia monitoring and treatment.12 47 The regression 
analysis in our study showed that use of medicines for 
diabetes and hyperlipidaemia was significantly associated 
with CVD risk (table 2). These results may indicate the 
possibility that CVD risk could also increase a couple of 
years after the accident (ie, postmedium phase), trig-
gered through diabetes-related and hyperlipidaemia- 
related cardiovascular risk factors, such as increased total 
increased cholesterol and fasting insulin. Therefore, 
disease-specific measures could be necessary to aid the 
management of potential CVD risk, so that disaster resil-
ience to CVD will be further strengthened in the long 
term.

limitations
This study has several limitations. First, the Framingham 
CVD risk score outcome was originally developed based 
on the Framingham Heart Study, in which 99% of cohort 
participants were Caucasian.33 Therefore, this risk point 
is not necessarily generalisable for other populations. 
Another Japanese-specific CVD risk point score such as 
NIPPON DATA 80/90 or Suita Study score could have 
been used, but NIPPON DATA 80/90 does not include 
HDL and use of medicines for hypertension, and the 
Suita Study required estimation of glomerular filtration 
rate, which was not possible in Minamisoma. However, 
some past studies have applied the Framingham CVD risk 
score to the Japanese population with reasonable accu-
racy; therefore, it may be acceptable in Minamisoma.48–50 
In addition, originally the CVD risk point calculation 
used total cholesterol level, but we did not take exact total 
cholesterol level from the health check-up data, because 
the data only included HDL and low-density lipoprotein.

Second, the health check-ups were undertaken on a 
voluntary basis and only offered to those aged 40 to 74 
insured under the National Health Insurance programme, 
potentially biasing the results and limiting our ability to 
generalise to a wider population.

Third, it is well known that postdisaster evacuation may 
engender differential vulnerability in the population, 
particularly elderly people, in terms of chronic health 
conditions, but we were not able to consider evacuation 
experience in the analysis as no such data were available. 
However, although values of some clinical characteristics 
have been shown to be significantly associated with evac-
uation experience in Minamisoma city in the postacute 
phase,12 the magnitude of this association was very small, 
and the influence of this limitation on our findings is 
likely to be very small.

Finally, our study was conducted only on those who were 
present in Minamisoma for both pre-earthquake years 
and both postearthquake years, raising the possibility of 
selection bias. We tested this by comparing included and 

excluded individuals on key clinical characteristics and by 
conducting sensitivity analysis with a larger sample based 
on people who attended three rather than all four health 
check-ups. Both of these tests found no evidence of any 
systemic bias that might affect the study, and the repli-
cation of the results with a larger, more inclusive sample 
suggests that such bias is minimal and our findings are 
likely to be reflective of real trends in risk factors in this 
population.

cOnclusIOns
No statistically significant change was identified in CVD 
risk postaccident in either sex, after adjusting for covari-
ates, indicating no obvious medium-term impact of the 
Fukushima nuclear accident on CVD risk. These results 
might suggest successful management of health risks 
associated with CVD in Minamisoma city. Promotion of 
disease-specific and target-specific measures can make 
an important contribution to further strengthen local 
disaster to protect people from CVD.
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