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ABSTRACT
Introduction A triple disaster struck eastern Japan in 
March 2011. We investigated the psychological distress 
and post- traumatic stress disorder (PTSD) symptoms 
caused by the disaster in people without or with diabetes 
mellitus.
Research design and methods This cross- sectional 
analysis examined the 16 097 evacuees (1820 (11.3%) 
with and 14 277 (88.7%) without diabetes mellitus) 
included in the Fukushima Health Management Survey. 
Non- specific mental health distress was assessed using 
the Kessler-6 Scale, and traumatic symptoms were 
evaluated using the PTSD Checklist. Logistic regression 
analyses were used to estimate the OR and 95% CI 
associated with symptoms, adjusted for diabetes- related 
and disaster- related factors.
Results In the age- adjusted and sex- adjusted logistic 
models, suboptimal diabetic control (hemoglobin A1c 
(HbA1c) ≥7%) was associated with both psychological 
distress and possible PTSD. In the same models, current 
smoking, evacuation, and sleep dissatisfaction were 
associated with psychological distress and possible PTSD. 
In the multivariate- adjusted logistic models, HbA1c ≥7% 
was associated with psychological distress, independent of 
job change, evacuation, or sleep dissatisfaction.
Conclusion After the triple disaster, non- specific mental 
health distress was associated with suboptimal diabetic 
control. Thus, patients with diabetes, especially those 
with suboptimal diabetic control, may be vulnerable to 
postdisaster psychological burden.

INTRODUCTION
In March 2011, a triple disaster, namely 
the Great East Japan Earthquake, tsunami, 
and subsequent Fukushima Daiichi nuclear 
disaster, occurred in Japan. Together, these 
events caused a devastating catastrophe in 
East Japan, mostly affecting residents in the 
local area. Due to radiation release concerns, 
residents were forced to evacuate and suffered 
long- lasting psychosocial burden. Shortly 

after the disaster, the Fukushima Health 
Management Survey was conducted to inves-
tigate the effects of the long- term, low- dose 
radiation exposure caused by the accident 
and to assess the physical and mental well- 
being of evacuees and non- evacuees.1 2 This 
study included the basic survey, which esti-
mated radiation exposure, and the detailed 
health surveys, which included the compre-
hensive health check and the mental health 
and lifestyle survey.1 2

Significance of this study

What is already known about this subject?
 ► People with diabetes have been suggested to be 
more susceptible to psychological reactions than 
those without diabetes.

What are the new findings?
 ► Presence or absence of diabetes mellitus was not 
significantly associated with non- specific mental 
health distress, assessed by Kessler-6 Scale, and 
possible post- traumatic stress disorder (PTSD) 
symptoms, assessed by the PTSD Checklist, among 
the evacuees in the Fukushima Health Management 
Survey.

 ► Diabetes mellitus with hemoglobin A1c <7% was 
not associated with psychological distress or pos-
sible PTSD.

 ► Diabetes mellitus with hemoglobin A1c ≥7% was 
associated with psychological distress, even after 
multivariate adjustment.

How might these results change the focus of 
research or clinical practice?

 ► Assessment and management of postdisaster psy-
chological burden should be considered in patients 
with diabetes, especially those with suboptimal dia-
betic control.
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Among the potential health concerns that arose after 
the triple disaster were severe mental health problems, 
especially among the evacuees.3 The variety of psychoso-
cial reactions were summarized as post- traumatic stress 
response, chronic anxiety and guilt, ambiguous loss, 
family and community separation, and stigmatization.3 
People with diabetes have been suggested to be more 
susceptible to psychological reactions than those without 
diabetes.4 The prevalence of serious psychological distress 
(≥13 on the Kessler-6 (K6) Scale) among people with 
diabetes (7.6%) is approximately twice as high as that in 
the general US adult population (3.6%; unadjusted OR, 
2.09; 95% CI 1.87 to 2.34)5; however, the association is 
attenuated by adjusting for potential confounding factors 
(adjusted OR, 1.12; 95% CI 0.99 to 1.27). Nakaya et al6 
reported that, in Japan, serious psychological distress is 
also more prevalent among people with diabetes than 
among those without diabetes (7.9% vs 5.3%; multivar-
iate OR, 1.3; 95% CI 1.2 to 1.5; p<0.01). Post- traumatic 
stress disorder (PTSD) is also known to be common 
among people with diabetes.4 7 However, the prevalence 
of psychological distress and PTSD after the 2011 triple 
disaster has not been elucidated in people with diabetes. 
Therefore, this study evaluated the psychological distress 
(ie, non- specific mental health distress and PTSD symp-
toms) in people without or with diabetes among the 
postdisaster evacuees or non- evacuees included in the 
Fukushima Health Management Survey.

RESEARCH DESIGN AND METHODS
Study design and population
This cross- sectional study was part of the Fukushima 
Health Management Survey, which targeted 123 314 
people aged 40–74 years at the time of the earthquake 
and were officially registered as being from 13 admin-
istrative districts (villages, towns, and cities) where 
included the evacuation zone.2 8 The administrative 
districts have residents in the evacuation zone and in the 
non- evacuation zone. The Fukushima Health Manage-
ment Survey includes four detailed annual surveys: 
thyroid ultrasound examination, comprehensive health 
check, mental health and lifestyle survey, and pregnancy 
and birth survey.2 In this study, we employed participants 
who underwent the medical health check (n=33 493) and 
those who received the mental health survey (n=37 858) 
at 2011 baseline period (online supplemental figure 
S1). Because both surveys were too detailed and time- 
consuming, collections were not made on the same occa-
sions. The baseline period in the comprehensive health 
check was from July 2011 to March 2012 and in the 
mental health and lifestyle survey was from January 2012 
to November 2012. Intervals are crucial to interpret the 
associations between medical health and mental health 
measurements. We considered the time performed after 
the disaster and the order of measurement of the two 
surveys. As shown in online supplemental figure S2, we 
divided the participants in the two surveys by intervals 

into within 1 month, 2 months, and over 2 months. Since 
hemoglobin A1c (HbA1c) is considered to be strongly 
correlated with mean glucose level over time at week 8 or 
week 12, compared with week 4,9 we evaluated the asso-
ciation mainly in those participants whose medical and 
mental assessments were obtained within the 2- month 
period. Among 20 701 who underwent both surveys, 
16 097 fulfilled the variables required for inclusion in the 
full analysis set (online supplemental figure S1). To mini-
mize the effects of order of the two surveys, we divided 
the participants into two groups: a medical health survey 
to mental health survey group and a mental health survey 
to medical health survey group. All participants provided 
written informed consent.

Mental health assessment
To assess participants’ mental health status, we used the 
K6 Scale10 and the PTSD Checklist - Stressor- Specific 
Version (PCL- S).11 The K6 Scale, used to measure 
non- specific mental health distress, asked participants 
if they had experienced any of the following six symp-
toms during the preceding 30 days: ‘feeling so sad that 
nothing could cheer you up’, ‘feeling nervous’, ‘feeling 
hopeless’, ‘feeling restless or fidgety’, ‘feeling everything 
was an effort,’ and ‘feeling worthless’. Each question 
was scored using a 5- point Likert- type scale from 0 to 4, 
with higher scores indicative of poorer mental health, 
with the total score ranging from 0 to 24. The Japanese 
version of the K6 Scale has been validated.12 13 Non- 
specific mental health distress was defined as a K6 score 
≥13.10 The PCL- S, used to measure traumatic symptoms 
caused by experience of the triple disaster, is a 17- item, 
self- reported measure. Each item was scored from 1 to 5, 
corresponding to ‘not at all’, ‘a little bit’, ‘moderately’, 
‘quite a bit’, or ‘extremely’. We classified participants 
as probably having PTSD if their PCL- S total score was 
≥44.11 The Japanese version of the PCL- S was previously 
validated in the Fukushima Health Management Survey.14

Diabetes-related and disaster-related variables
General participant characteristics and diabetes- related 
or disaster- related variables were assessed using a self- 
reported questionnaire. Smoking status was classi-
fied into three categories: current, former, and never. 
Drinking status was similarly classified: non- drinker, 
light to moderate drinker (ethanol <44 g/day) or heavy 
drinker (≥44 g/day). Leisure- time physical activity was 
classified into four categories: almost every day, 2–4 times 
per week, once per week, and almost never. Sleep habits 
were classified into four categories: satisfied, slightly 
dissatisfied, quite dissatisfied, and very dissatisfied/have 
not slept at all.

Participants were also asked if they had experienced 
the triple disaster (yes/no). Triple disaster was defined 
as the Great East Japan Earthquake, tsunami, and subse-
quent Fukushima Daiichi nuclear disaster that occurred 
in Japan on March 11th, 2011. In the current study, expe-
rience of earthquake, tsunami, and Fukushima nuclear 

https://dx.doi.org/10.1136/bmjdrc-2020-002007
https://dx.doi.org/10.1136/bmjdrc-2020-002007
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accident was defined as feeling the shaking of the earth, 
evacuating or having the house and workplace destroyed 
by the tsunami, and hearing the sound of explosion of 
the Fukushima nuclear plant, respectively. Based on the 
questionnaire, 96.9% of the participants experienced the 
earthquake, 19.5% experienced the tsunami, and 53.4% 
experienced the Fukushima nuclear accident, explaining 
99.4% answered yes at least one of the three disasters. We 
considered all of the participants to have experienced at 
least one of the three disasters, since all had been living 
in the 13 administrative districts at the onset of the triple 
disaster.

There were six options to describe participants’ living 
arrangements at the time of the survey: evacuation shelter, 
temporary housing, rental housing, relatives’ home, own 
home, and others. These were classified into two groups 
for analysis: ‘evacuation’ and ‘no evacuation’. The 13 
administrative districts recruited for this study have resi-
dents in the evacuation zone and in the non- evacuation 
zone. Therefore, the ones from the evacuation zone evac-
uated their home, while those from the non- evacuation 
zone chose to stay or evacuate their home. Therefore, at 
the time of this questionnaire, the ones living in their 
own house were all from the non- evacuation zone, but 
not from the evacuation zone. Postdisaster changes in 
participants’ work situation were determined by a ‘yes’ 
or ‘no’ answer.

Laboratory data obtained from the participants 
included measures of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), gamma- glutamyl tran-
speptidase (γ-GT), high- density lipoprotein cholesterol 
(HDL- C), low- density lipoprotein cholesterol (LDL- C), 
triglycerides (TG), fasting plasma glucose (FPG), and 
HbA1c. Diabetes was defined as FPG level ≥126 mg/dL, 
HbA1c level ≥6.5%, or self- reported use of antihypergly-
cemic agents. Hypertension was defined as systolic blood 
pressure >140 mm Hg, diastolic blood pressure >90 mm 
Hg, or self- reported use of antihypertensive agents. 
Dyslipidemia was defined as fasting LDL- C level ≥140 mg/
dL, fasting TG level ≥150 mg/dL, fasting HDL- C level 
<40 mg/dL, or self- reported use of lipid- lowering agents. 
Height (in stocking feet) and weight (wearing light 
clothing) were measured in each participant. Body mass 
index (BMI) was calculated as weight (kg) divided by the 
square of the height (m2); overweight was defined as BMI 
≥25 kg/m2. Chronic kidney disease was defined as an esti-
mated glomerular filtration rate <60 mL/min/1.73 m2 15 
and/or proteinuria (1+) measured using a dipstick urine 
test. Liver dysfunction was defined as AST ≥31 IU/L, ALT 
≥31 IU/L, or γ-GT ≥51 IU/L.

Statistical analysis
Values are expressed as mean (SD), number (%), or 
median (IQR, 25%–75%). Group comparisons were 
evaluated using Fisher’s exact tests for categorical vari-
ables and Mann- Whitney U test or t test for continuous 
variables. Participants were categorized into two (no 
diabetes mellitus and diabetes mellitus) or three (no 

diabetes mellitus, diabetes mellitus with HbA1c <7%, and 
diabetes mellitus with HbA1c ≥7%) categories. Crude, 
age- adjusted and sex- adjusted, and multivariate- adjusted 
logistic regression analyses were used to investigate the 
association between psychological distress (K6 ≥13) or 
probable PTSD (PCL- S score ≥44) and the other vari-
ables using estimated OR and 95% CI. In multivariate- 
adjusted logistic regression analysis, model 1 was adjusted 
for age, sex, diabetes mellitus, overweight, chronic kidney 
disease, smoker, alcohol intake, regular exercise, and 
evacuation. Model 2 consisted of model 1 parameters 
plus change of job. Model 3 consisted of model 1 parame-
ters plus sleep dissatisfaction. Model 4 consisted of model 
1 parameters plus change of job and sleep dissatisfaction. 
We selected covariates to explain psychological distress 
and PTSD from all measured items and questionnaire 
of the Fukushima Health Management Survey based on 
our previous results on these conditions3 14 Contingency 
coefficients of variables (Cramér’s V) were calculated to 
estimate the mutual correlations of variables based on 
Pearson’s χ2 statistics and were considered as 0.1–0.29 
for small effect size, 0.3–0.5 for medium effect size, and 
≥0.5 for large effect size.16 All statistical analyses were 
conducted using SAS version 9.4 (SAS Institute, Cary, 
NC, USA). All tests were two- sided; p<0.05 was consid-
ered statistically significant.

RESULTS
General characteristics of participants
Among 16 097 participants enrolled in the full analysis 
set, who had received medical and mental health surveys 
within a 2- month period between 6 and 12 months after 
the disaster, 7334 were in the medical health survey to 
mental health survey group and 8763 were in the mental 
health survey to medical health survey group (table 1). 
Mean age, proportion of participants ≥65 years old and 
male, anthropometry, blood measurements, comor-
bidities, and medications were all comparable between 
the two groups of participants. Smoking and drinking 
habit, sleep satisfaction, physical activity, and psychoso-
cial factors were also comparable. In both groups, the 
group with diabetes was older, included more men, and 
had higher blood pressure, body weight, and BMI as 
compared with the group without diabetes. The preva-
lence of hypertension, dyslipidemia, overweight, chronic 
kidney disease, and liver dysfunction was also higher 
in the group with diabetes than in the group without 
diabetes, as were the frequencies of smoking and alcohol 
consumption. The sleep satisfaction trend tended to be 
bimodal (satisfied and very dissatisfied) in the group with 
diabetes. The frequency of participation in physical activ-
ities was higher in the group with diabetes than in the 
group without diabetes. The proportion of individuals 
who had been evacuated or experienced job changes 
was slightly lower in the group with diabetes than in the 
group without diabetes. The prevalence of psycholog-
ical distress was comparable between the groups, but the 
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prevalence of possible PTSD tended to be higher in the 
group with diabetes (table 1).

In the medical health survey to mental health survey 
group, there were 6501 participants without diabetes, 519 
(7.1%) with diabetes with A1c <7.0%, and 314 (4.3%) 
with diabetes with A1c ≥7.0% (table 1). Participants with 
diabetes with A1c ≥7.0% were slightly younger and have 
slightly higher BMI than those in the A1c <7.0% group. 
The prevalence of dyslipidemia, overweight, and liver 
dysfunction was higher and for hypertension and chronic 
kidney disease was lower in participants with diabetes with 
A1c ≥7.0%. The frequencies of antihyperglycemic and 
lipid- lowering agents were comparable. The frequencies 
of current smoking and regular drinking were compa-
rable between the two diabetes groups. The frequency of 
physical activity was lower in the A1c≥ 7.0% group. The 
prevalence of psychological distress was higher was in the 
A1c≥ 7.0% group and possible PTSD was comparable 
between the two diabetes groups.

In the mental health survey to medical health survey 
group (table 1), there were 7776 participants without 
diabetes, 639 (7.3%) with diabetes with A1c <7.0%, and 
348 (4.0%) with diabetes with A1c ≥7.0%. The general 
characteristics of participants with A1c <7.0% or with A1c 
≥7.0% were similar to those in the medical health survey 
to mental health survey group.

Logistic regression analysis
Medical health survey to mental health survey group
In the crude and age- adjusted and sex- adjusted logistic 
models (table 2), diabetes mellitus in two categories (no 
diabetes mellitus and diabetes mellitus) and diabetes 
mellitus with HbA1c <7% in three categories (no 
diabetes mellitus, diabetes mellitus with HbA1c <7%, and 
diabetes mellitus with HbA1c ≥7%) were not associated 
with psychological distress (K6 ≥13) or possible PTSD 
(PCL- S ≥44). In contrast, HbA1c ≥7% was associated 
with psychological distress and possible PTSD. In the 
multivariate- adjusted logistic models (table 3), HbA1c 
≥7% was also associated with psychological distress, but 
not with possible PTSD, after adjusting for clinical (over-
weight, chronic kidney disease, smoking, alcohol intake, 
and physical activity) and disaster- related (evacuation, 
change of job, and sleep dissatisfaction) variables.

As a sensitivity analysis, we calculated the association 
between suboptimal diabetic control (HbA1c ≥7%) and 
psychological distress and possible PTSD in participants 
within a month interval between the two surveys (online 
supplemental tables S1–S3). The crude, age- adjusted and 
sex- adjusted, and multivariate- adjusted ORs for subop-
timal diabetic control (HbA1c ≥7%) for K6 ≥13 or PCL- S 
≥44 did not reach statistical difference.

Mental health survey to medical health survey group
In the crude and age- adjusted and sex- adjusted (table 2) 
and clinical and disaster- related variables- adjusted 
multiple logistic models (table 4), diabetes mellitus in 
two categories and diabetes mellitus in three categories 

were not associated with psychological distress (K6 ≥13) 
nor possible PTSD (PCL- S ≥44).

Contingency coefficient of variables (Cramér’s V) was 
calculated to detect potential association between two 
categorical variables. Although smoking and drinking 
showed a small correlation coefficient (0.280), no other 
medium and large correlations could be detected in 
other covariates (table 5).

DISCUSSION
This cross- sectional study evaluated the psychological 
distress, including non- specific mental health distress and 
possible PTSD symptoms, experienced by the Fukushima 
Health Management Survey participants with or without 
diabetes after the 2011 triple disaster. We observed two 
major findings. First, the presence or absence of diabetes 
mellitus was not significantly associated with non- specific 
mental health distress or possible PTSD. Second, subop-
timal diabetic control (HbA1c ≥7%), irrespective of the 
presence of either untreated or treated diabetes, was asso-
ciated with psychological distress, even after multivariate 
adjustment. This is the first report to show that subop-
timal diabetic control is associated with non- specific 
mental health distress. This observation may support the 
contention that patients with diabetes, especially those 
with suboptimal diabetes control, may be vulnerable to 
psychological burden after a disaster, independent of 
psychosocial factors.

Diabetes mellitus and psychosocial reactions
Our study found that a diabetes diagnosis was not associ-
ated with non- specific mental health distress or possible 
PTSD symptoms. Nakaya et al6 reported that, among 
43 487 community- dwelling people, those with diabetes 
demonstrated an OR of 1.3 for developing psychological 
stress, compared with those without diabetes (prevalence 
of 7.9% vs 5.3%, respectively; multivariate OR, 1.3; 95% CI 
1.2 to 1.5; p<0.01). They also evaluated the prevalence of 
psychological distress, 1.5 years after the Great East Japan 
Earthquake and tsunami, in 3032 residents who had lived 
in the affected area. Their results, in agreement with 
the present results, indicated that diabetes mellitus was 
not associated with psychological distress, after multivar-
iate adjustments for age, sex, smoking status, drinking 
status, walking, and income (patients with diabetes 6.9% 
vs patients without diabetes 5.1%; multivariate OR, 1.3; 
95% CI 0.8 to 2.2; p=0.24).17 In contrast, the prevalence 
of psychological distress differed between the Nakaya et al 
study17 and ours (patients with diabetes 14.3% vs patients 
without diabetes 14.4%). The between- study difference 
in the prevalence of psychological distress might have 
arisen, at least in part, from the extent (double or triple) 
of the subject disaster and the evaluation period exam-
ined (within 1 year or longer). Based on these studies, 
the presence of diabetes mellitus might not be a strong 
stressor impacting the development of non- specific 

https://dx.doi.org/10.1136/bmjdrc-2020-002007
https://dx.doi.org/10.1136/bmjdrc-2020-002007
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mental health distress after a disaster or during a non- 
disaster, peacetime period.

HbA1c and psychosocial reactions
An HbA1c ≥7% was strongly associated with psychological 
distress and possible PTSD. The current findings were 
consistent with previous reports. Nefs et al18 reported 
that anhedonia, but not depressed mood or anxiety, was 
associated with suboptimal glycemic control, reflected by 
an HbA1c ≥7% (OR, 1.29; 95% CI 1.09 to 1.52) in 5772 
primary care patients with type 2 diabetes mellitus in 
the Netherlands. Katon et al19 reported that the factors 
associated with depression in patients with diabetes 
mellitus include smoking, obesity, poor glycemic control 
(HbA1c ≥8%), and age <65 years. In contrast, Ravona- 
Springer et al20 reported that glycemic control variability 
(SD of a series of HbA1c determinations), but not mean 
HbA1c measurement, was associated with the number 
of subsequent depressive symptoms in elderly patients 
with type 2 diabetes in Israel (OR, per 1% HbA1c SD, 
1.31; 95% CI 1.03 to 1.67; p=0.03). Although HbA1c 
levels were relatively well controlled in our study (mean, 
6.95%; SD, 1.20%), HbA1c values ≥7% remained asso-
ciated with psychological distress, independent of other 
diabetes- related and psychosocial variables (eg, change 
of job, evacuation, and sleep dissatisfaction). Because the 
frequency of antidiabetic agent was comparable between 
individuals with HbA1c <7% and HbA1c ≥7%, the non- 
achievement of optimal glycemic control may be asso-
ciated with a psychological burden rather than with the 
presence of diabetes or diabetes treatment.

Notably, the association between suboptimal diabetic 
control (HbA1c ≥7%) and psychological distress was 
observed only in the medical health survey to mental 
health survey group, but not in the other group. Also, 
the association between suboptimal diabetic control 
(HbA1c ≥7%) and psychological distress was not signif-
icant in participants within a month interval between 
the two surveys. Since HbA1c is strongly correlated with 
mean glucose level over time at week 8, compared with 
week 4,9 this suggests that mean glucose level during 8 
weeks could be associated with psychological distress. 
Combined, although we cannot discuss the cause and 
effect relationship between suboptimal diabetic control 
and psychological distress in the current study, the pres-
ence of HbA1c ≥7% 2 months prior to assessment of 
psychological distress might be linked to psychological 
distress.

Potential mechanisms underlying the association between 
HbA1c and psychosocial reactions
The current study could not evaluate how anxiety is 
related to psychological burden in populations with 
diabetes. However, we could discuss three possible 
reasons.

First, people with diabetes with HbA1c ≥7.0% may 
carry a large psychological burden that is associated 
with suboptimal glycemic control.21 The association 

 
 

M
o

d
el

 1
M

o
d

el
 2

M
o

d
el

 3
M

o
d

el
 4

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

C
ha

ng
e 

of
 jo

b
N

o 
ch

an
ge

2.
11

1.
86

 t
o 

−
2.

40
<

0.
00

1
2.

02
1.

77
 t

o 
−

2.
30

<
0.

00
1

S
le

ep
 d

is
sa

tis
fa

ct
io

n
N

o 
d

is
sa

tis
fa

ct
io

n
4.

39
3.

66
 t

o 
−

5.
26

<
0.

00
1

4.
26

3.
55

 t
o 

−
5.

11
<

0.
00

1

P
 v

al
ue

s 
ar

e 
tw

o-
 ta

ile
d

.
M

od
el

 1
: a

d
ju

st
ed

 fo
r 

ag
e,

 s
ex

, d
ia

b
et

es
 m

el
lit

us
, o

ve
rw

ei
gh

t,
 C

K
D

, s
m

ok
er

, a
lc

oh
ol

 in
ta

ke
, r

eg
ul

ar
 e

xe
rc

is
e,

 a
nd

 e
va

cu
at

io
n.

M
od

el
 2

: m
od

el
 1

 p
lu

s 
ch

an
ge

 o
f j

ob
.

M
od

el
 3

: m
od

el
 1

 p
lu

s 
sl

ee
p

 d
is

sa
tis

fa
ct

io
n.

M
od

el
 4

: m
od

el
 1

 p
lu

s 
ch

an
ge

 o
f j

ob
 a

nd
 s

le
ep

 d
is

sa
tis

fa
ct

io
n.

B
M

I, 
b

od
y 

m
as

s 
in

d
ex

; C
K

D
, c

hr
on

ic
 k

id
ne

y 
d

is
ea

se
; K

6,
 K

es
sl

er
-6

 S
ca

le
; P

C
L-

 S
, P

TS
D

 C
he

ck
lis

t-
 S

tr
es

so
r-

 S
p

ec
ifi

c 
Ve

rs
io

n;
 P

TS
D

, p
os

t-
 tr

au
m

at
ic

 s
tr

es
s 

d
is

or
d

er
.

Ta
b

le
 3

 
C

on
tin

ue
d



11BMJ Open Diab Res Care 2021;9:e002007. doi:10.1136/bmjdrc-2020-002007

Psychosocial research

Ta
b

le
 4

 
M

ul
tip

le
 lo

gi
st

ic
 r

eg
re

ss
io

n 
an

al
ys

is
 o

f f
ac

to
rs

 in
flu

en
ci

ng
 p

sy
ch

ol
og

ic
al

 d
is

tr
es

s 
an

d
 P

TS
D

 a
ft

er
 t

he
 d

is
as

te
r:

 m
en

ta
l h

ea
lth

 s
ur

ve
y 

to
 m

ed
ic

al
 h

ea
lth

 s
ur

ve
y 

gr
ou

p
 (n

=
87

63
)

 
 

M
o

d
el

 1
M

o
d

el
 2

M
o

d
el

 3
M

o
d

el
 4

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

P
sy

ch
o

lo
g

ic
al

 d
is

tr
es

s 
(K

6 
≥1

3)

A
ge

P
er

 1
 S

D
 (9

.3
)

1.
07

1.
00

 t
o 

−
1.

15
0.

04
6

1.
11

1.
03

 t
o 

−
1.

19
0.

00
4

1.
11

1.
03

 t
o 

−
1.

19
0.

00
4

1.
14

1.
06

 t
o 

−
1.

22
<

0.
00

1

M
en

W
om

en
0.

62
0.

52
 t

o 
−

0.
74

<
0.

00
1

0.
61

0.
51

 t
o 

−
0.

74
<

0.
00

1
0.

71
0.

59
 t

o 
−

0.
85

<
0.

00
1

0.
70

0.
58

 t
o 

−
0.

84
<

0.
00

1

D
ia

b
et

es
 m

el
lit

us
 

 

 
 A

1c
 <

7.
0%

N
o 

d
ia

b
et

es
 m

el
lit

us
1.

01
0.

79
 t

o 
−

1.
30

0.
91

7
1.

01
0.

79
 t

o 
−

1.
29

0.
95

8
1.

05
0.

82
 t

o 
−

1.
35

0.
70

4
1.

04
0.

80
 t

o 
−

1.
34

0.
78

2

 
 A

1c
 ≥

7.
0%

N
o 

d
ia

b
et

es
 m

el
lit

us
1.

17
0.

85
 t

o 
−

1.
60

0.
33

6
1.

16
0.

85
 t

o 
−

1.
60

0.
34

5
1.

16
0.

84
 t

o 
−

1.
60

0.
36

2
1.

16
0.

84
 t

o 
−

1.
60

0.
36

5

O
ve

rw
ei

gh
t 

(B
M

I ≥
25

)
N

o 
ov

er
w

ei
gh

t
0.

99
0.

86
 t

o 
−

1.
13

0.
85

4
0.

97
0.

85
 t

o 
−

1.
11

0.
68

1
0.

98
0.

86
 t

o 
−

1.
13

0.
79

7
0.

97
0.

84
 t

o 
−

1.
11

0.
62

0

C
K

D
N

o 
C

K
D

1.
06

0.
88

 t
o 

−
1.

28
0.

55
4

1.
06

0.
88

 t
o 

−
1.

29
0.

54
4

1.
05

0.
86

 t
o 

−
1.

27
0.

65
6

1.
04

0.
86

 t
o 

−
1.

27
0.

66
4

S
m

ok
er

 
 

 
 E

x-
 sm

ok
er

N
on

- s
m

ok
er

1.
08

0.
89

 t
o 

−
1.

32
0.

42
4

1.
07

0.
88

 t
o 

−
1.

30
0.

49
8

1.
08

0.
88

 t
o 

−
1.

31
0.

47
5

1.
06

0.
87

 t
o 

−
1.

30
0.

56
1

 
 C

ur
re

nt
 s

m
ok

er
N

on
- s

m
ok

er
1.

10
0.

89
 t

o 
−

1.
35

0.
38

5
1.

07
0.

87
 t

o 
−

1.
31

0.
53

6
1.

09
0.

88
 t

o 
−

1.
34

0.
44

5
1.

06
0.

86
 t

o 
−

1.
31

0.
58

6

A
lc

oh
ol

 in
ta

ke
 

 

 
 <

44
 g

/d
ay

N
on

- d
rin

ke
r

0.
91

0.
79

 t
o 

−
1.

06
0.

22
2

0.
91

0.
79

 t
o 

−
1.

05
0.

21
1

0.
89

0.
77

 t
o 

−
1.

04
0.

13
4

0.
89

0.
77

 t
o 

−
1.

04
0.

13
1

 
 ≥4

4 
g/

d
ay

N
on

- d
rin

ke
r

1.
14

0.
90

 t
o 

−
1.

45
0.

26
8

1.
14

0.
90

 t
o 

−
1.

45
0.

29
0

1.
13

0.
88

 t
o 

−
1.

44
0.

33
5

1.
11

0.
87

 t
o 

−
1.

42
0.

38
4

P
hy

si
ca

l a
ct

iv
ity

 <
4/

w
ee

k
E

ve
ry

 d
ay

1.
13

0.
93

 t
o 

−
1.

37
0.

21
0

1.
11

0.
92

 t
o 

−
1.

35
0.

28
1

0.
99

0.
82

 t
o 

−
1.

21
0.

93
4

0.
97

0.
80

 t
o 

−
1.

19
0.

78
9

E
va

cu
at

io
n

N
o 

ev
ac

ua
tio

n
1.

62
1.

43
 t

o 
−

1.
84

<
0.

00
1

1.
43

1.
25

 t
o 

−
1.

63
<

0.
00

1
1.

50
1.

31
 t

o 
−

1.
70

<
0.

00
1

1.
35

1.
18

 t
o 

−
1.

54
<

0.
00

1

C
ha

ng
e 

of
 jo

b
N

o 
ch

an
ge

1.
98

1.
72

 t
o 

−
2.

29
<

0.
00

1
1.

83
1.

59
 t

o 
−

2.
12

<
0.

00
1

S
le

ep
 d

is
sa

tis
fa

ct
io

n
N

o 
d

is
sa

tis
fa

ct
io

n
5.

82
4.

66
 t

o 
−

7.
28

<
0.

00
1

5.
59

4.
47

 t
o 

−
6.

99
<

0.
00

1

P
T

S
D

 (P
C

L-
 S

 ≥
44

)

A
ge

P
er

 1
 S

D
 (9

.3
)

1.
20

1.
13

 t
o 

−
1.

27
<

0.
00

1
1.

26
1.

18
 t

o 
−

1.
33

<
0.

00
1

1.
25

1.
17

 t
o 

−
1.

32
<

0.
00

1
1.

30
1.

22
 t

o 
−

1.
38

<
0.

00
1

M
en

W
om

en
0.

65
0.

55
 t

o 
−

0.
75

<
0.

00
1

0.
63

0.
54

 t
o 

−
0.

74
<

0.
00

1
0.

73
0.

62
 t

o 
−

0.
85

<
0.

00
1

0.
72

0.
61

 t
o 

−
0.

84
<

0.
00

1

D
ia

b
et

es
 m

el
lit

us
 

 

 
 A

1c
 <

7.
0%

N
o 

d
ia

b
et

es
 m

el
lit

us
1.

06
0.

86
 t

o 
−

1.
30

0.
59

9
1.

05
0.

85
 t

o 
−

1.
30

0.
63

6
1.

10
0.

89
 t

o 
−

1.
36

0.
37

5
1.

09
0.

88
 t

o 
−

1.
35

0.
43

4

 
 A

1c
 ≥

7.
0%

N
o 

d
ia

b
et

es
 m

el
lit

us
1.

11
0.

85
 t

o 
−

1.
46

0.
43

8
1.

11
0.

85
 t

o 
−

1.
46

0.
44

7
1.

11
0.

84
 t

o 
−

1.
46

0.
47

5
1.

11
0.

84
 t

o 
−

1.
46

0.
47

7

O
ve

rw
ei

gh
t 

(B
M

I ≥
25

)
N

o 
ov

er
w

ei
gh

t
1.

07
0.

95
 t

o 
−

1.
20

0.
24

7
1.

05
0.

94
 t

o 
−

1.
18

0.
37

8
1.

07
0.

95
 t

o 
−

1.
20

0.
25

9
1.

05
0.

93
 t

o 
−

1.
19

0.
40

3

C
K

D
N

o 
C

K
D

1.
19

1.
02

 t
o 

−
1.

39
0.

03
1

1.
20

1.
02

 t
o 

−
1.

40
0.

02
8

1.
18

1.
01

 t
o 

−
1.

39
0.

04
4

1.
18

1.
01

 t
o 

−
1.

40
0.

04
3

S
m

ok
er

 
 

 
 E

x-
 sm

ok
er

N
on

- s
m

ok
er

1.
11

0.
94

 t
o 

−
1.

31
0.

22
8

1.
10

0.
93

 t
o 

−
1.

30
0.

26
9

1.
10

0.
93

 t
o 

−
1.

31
0.

26
7

1.
09

0.
92

 t
o 

−
1.

29
0.

32
4

 
 C

ur
re

nt
 s

m
ok

er
N

on
- s

m
ok

er
1.

13
0.

95
 t

o 
−

1.
36

0.
17

1
1.

11
0.

92
 t

o 
−

1.
32

0.
27

4
1.

13
0.

94
 t

o 
−

1.
36

0.
19

4
1.

10
0.

92
 t

o 
−

1.
33

0.
29

7

A
lc

oh
ol

 in
ta

ke
 

 

 
 <

44
 g

/d
ay

N
on

- d
rin

ke
r

0.
94

0.
83

 t
o 

−
1.

06
0.

31
4

0.
94

0.
82

 t
o 

−
1.

06
0.

29
8

0.
92

0.
81

 t
o 

−
1.

05
0.

20
4

0.
92

0.
81

 t
o 

−
1.

05
0.

19
9

 
 ≥4

4 
g/

d
ay

N
on

- d
rin

ke
r

1.
19

0.
97

 t
o 

−
1.

46
0.

09
8

1.
18

0.
96

 t
o 

−
1.

45
0.

11
6

1.
18

0.
96

 t
o 

−
1.

45
0.

12
8

1.
16

0.
94

 t
o 

−
1.

43
0.

16
1

P
hy

si
ca

l a
ct

iv
ity

 <
4/

w
ee

k
E

ve
ry

 d
ay

1.
14

0.
97

 t
o 

−
1.

33
0.

12
5

1.
12

0.
95

 t
o 

−
1.

31
0.

19
1

1.
00

0.
85

 t
o 

−
1.

18
0.

97
2

0.
98

0.
83

 t
o 

−
1.

16
0.

85
3

E
va

cu
at

io
n

N
o 

ev
ac

ua
tio

n
1.

57
1.

41
 t

o 
−

1.
76

<
0.

00
1

1.
37

1.
22

 t
o 

−
1.

53
<

0.
00

1
1.

45
1.

30
 t

o 
−

1.
63

<
0.

00
1

1.
29

1.
15

 t
o 

−
1.

45
<

0.
00

1

C
on

tin
ue

d



12 BMJ Open Diab Res Care 2021;9:e002007. doi:10.1136/bmjdrc-2020-002007

Psychosocial research

between suboptimal glycemic control and psychosocial 
reactions persisted after adjustment for potential clin-
ical confounders such as age, sex, overweight, alcohol, 
smoking, and regular exercise. Of note, the association 
was yet observed corrected after yes or no of evacuation 
or change of job, which proved to be a strong stress to 
psychosocial reactions in the current participants,3 14 
suggesting that other unmeasured psychological variables 
may play a mediating role. Place of living after a disaster 
can be a critical variable to psychosocial reactions. At 
the time of disaster, places of living such as evacuation 
shelters, temporary housing, rental housing, relatives’ 
home, or own home are very important because these 
may influence psychological distress. Unfortunately, we 
could obtain experiences in these places of living, but not 
information on the current residence during the inter-
view. Lifestyle factors such as physical activity, smoking, 
and alcohol drinking in different places of living may 
play a different effect and role. For example, people in 
an evacuation shelter will not have sufficient physical 
activities or will not smoke or drink as they wish, whereas 
people at their own home can. Sedentary lifestyle, no 
smoking, or no drinking will likely be more apparent 
among populations in evacuation shelters due to the 
presence of people who wish to be active, to smoke, or 
to drink but are unable to. In this sense, the variables 
smoking and drinking will work differently among places 
of living. Non- adherence to treatment may represent an 
important pathway between suboptimal diabetic control 
and emotional distress.22 Also, participants with diabetes 
with HbA1c ≥7.0% could be more prone to consumption 
of palatable foods (eg, high- fat, high- sugar) and might be 
vulnerable to the effects of stress.23

Second, health- related stigma might be related to the 
psychological burden after the triple disaster in people 
with diabetes. Diabetes stigma refers to the percep-
tion of negative feelings, such as exclusion, rejection, 
or blame for having diabetes; this has become a major 
problem for treatment of diabetes.24 Kato et al25 reported 
that higher levels of self- stigma and poorer patient self- 
care are related to suboptimal glycemic control in Japa-
nese patients with type 2 diabetes mellitus. Self- stigma, 
including discrimination against workers and young 
women, medical history concealment, righteous anger, 
and loss of self- esteem, may have existed among the 
evacuees in the current study.3 Self- stigma alterations 
after the triple disaster may be linked to diabetes stigma. 
Specifically, diabetes stigma may be assumed to be 
linked to psychological burden via suboptimal glycemic 
control due to loss of self- esteem and/or poorer self- care 
among people with treated diabetes. This notion may be 
partially supported by the fact that the OR for possible 
PTSD was altered by adjusting for evacuation and sleep 
dissatisfaction.

Third, worsening glycemic control might reflect 
psychological burden after the disaster. Three months 
after the Great East Japan Earthquake, Fujihara et al26 
conducted a cross- sectional analysis, using the General 
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Health Questionnaire, among patients with diabetes 
residing near the affected areas and found that physical 
symptoms (OR, 1.18; 95% CI 1.01 to 1.38) and sleep 
disorders or anxiety (OR, 1.26; 95% CI 1.08 to 1.46) 
were associated with worsening glycemic control. Thus, 
we may consider that a reversed cause and effect may be 
at play. However, the current study found that the prev-
alence of non- specific mental health distress was compa-
rable between HbA1c <7% and HbA1c ≥7% groups in 
the mental health survey to medical health survey group, 
suggesting that non- specific mental health distress did 
not cause worsening glycemic control. The intervals for 
measurements (within 3 months of the disaster26 vs over 
6 months after the disaster in ours) may be linked to the 
discrepancy. The cause and effect relationship needs to 
be evaluated in future longitudinal studies.

Study limitations
Our research has some limitations. First, this was a cross- 
sectional observational study, necessitating confirmation 
of changes in K6 and PCL- S values in a longitudinal 
analysis. Second, we could not distinguish between type 
1 and type 2 diabetes mellitus. Kondo et al27 stated that 
there were no significant differences between the results 
of the Impact of Event Scale- Revised scores (quantifying 
traumatic reactions to the earthquake) between patients 
with type 1 and type 2 diabetes after the 2016 Kuma-
moto earthquake. However, Tanaka et al28 reported that 
glycemic control in patients with diabetes and impaired 
endogenous insulin secretory capacity was vulnerable 
to change after the Great East Japan Earthquake. Also, 
the mean HbA1c level in our participants with diabetes 
(table 1) seems to be lower than in participants recruited 
at hospitals. It could be explained by the fact that our 
participants were recruited according to administrative 
districts and not by hospitals. This can limit our study 
results and interpretation. We need to carefully assess the 
factors associated with glycemic control and psychological 
burden in this study for comparisons with results across 
different populations and situations. Third, we could not 
conduct an analysis of places of living as a stratification. 
As discussed above, the place of living can be a critical 
variable to psychosocial reactions. Fourth, we could not 
assess the effects of radiation on psychological burden. 
Fifth, we studied the associations 6–12 months after the 
disaster and therefore we should be careful about inter-
pretations of the effects of postdisaster circumstances. 
Finally, the current study could not evaluate how anxiety 
is related to psychological burden in populations with 
diabetes.

CONCLUSION
In conclusion, non- specific mental health distress and 
possible PTSD were associated with suboptimal diabetic 
control among evacuees impacted by the triple disaster. 
Patients with diabetes, especially those with suboptimal 
diabetic control, may be vulnerable to psychological 

burden after a disaster, independent of disaster- related 
psychosocial factors.

Author affiliations
1Department of Diabetes, Endocrinology and Metabolism, Fukushima Medical 
University School of Medicine, Fukushima, Japan
2Department of Internal Medicine, Shirakawa Kosei General Hospital, Shirakawa, 
Japan
3Radiation Medical Science Center for the Fukushima Health Management Survey, 
Fukushima Medical University School of Medicine, Fukushima, Japan
4Department of Physical Therapy, Fukushima Medical University School of Health 
Sciences, Fukushima, Japan
5Department of Epidemiology, Fukushima Medical University School of Medicine, 
Fukushima, Japan
6Department of Disaster Psychiatry, Fukushima Medical University School of 
Medicine, Fukushima, Japan
7Department of Radiation Life Sciences, Fukushima Medical University School of 
Medicine, Fukushima, Japan
8Department of Gastroenterology, Fukushima Medical University School of 
Medicine, Fukushima, Japan
9Department of Nephrology and Hypertension, Fukushima Medical University 
School of Medicine, Fukushima, Japan
10Department of Pediatrics, Fukushima Medical University School of Medicine, 
Fukushima, Japan
11Department of Neuropsychiatry, Fukushima Medical University School of 
Medicine, Fukushima, Japan
12Department of Adult Mental Health, National Center of Neurology and Psychiatry 
National Institute of Mental Health, Kodaira, Japan
13Department of Public Health, Fukushima Medical University School of Medicine, 
Fukushima, Japan

Acknowledgements The authors would like to express sincere gratitude for the 
support extended to us by the chairpersons, expert committee members, advisors, 
and staff of the Fukushima Health Management Survey Group.

Contributors HH and MS contributed to the design of this study, conducted the 
analyses, and wrote the manuscript with input from all authors. KO performed 
the statistical analyses with input from TO, HN, FH, and MN. TO, MM, MHa, AS, AT, 
HOhi, JJK, MHo, HY, YS, SY, HOht, and KK were responsible for data collection and 
review of study procedures. All authors read and approved the final version of the 
manuscript. MS is the guarantor of this work and as such had full access to all 
the data in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.

Funding This survey was conducted as part of the Fukushima Prefecture’s 
postdisaster recovery plans and was supported by the national ‘Health Fund 
for Children and Adults Affected by the Nuclear Incident’, the Ministry of the 
Environment, Japan (MOEJ).

Competing interests None declared.

Patient consent for publication Obtained.

Ethics approval The study protocol was approved by the Ethics Review Committee 
of Fukushima Medical University (#29064).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The data 
that support the findings of this study are available from the corresponding author 
upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 



15BMJ Open Diab Res Care 2021;9:e002007. doi:10.1136/bmjdrc-2020-002007

Psychosocial research

and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Hiroyuki Hirai http:// orcid. org/ 0000- 0001- 5325- 3827
Michio Shimabukuro http:// orcid. org/ 0000- 0001- 7835- 7665

REFERENCES
 1 Yasumura S, Hosoya M, Yamashita S, et al. Study protocol for the 

Fukushima health management survey. J Epidemiol 2012;22:375–83.
 2 Yasumura S, Abe M. Fukushima health management survey and 

related issues. Asia Pac J Public Health 2017;29:29S–35.
 3 Hasegawa A, Ohira T, Maeda M, et al. Emergency responses and 

health consequences after the Fukushima accident; evacuation and 
relocation. Clin Oncol 2016;28:237–44.

 4 Young- Hyman D, de Groot M, Hill- Briggs F, et al. Psychosocial 
care for people with diabetes: a position statement of the American 
diabetes association. Diabetes Care 2016;39:2126–40.

 5 Li C, Ford ES, Zhao G, et al. Association between diagnosed 
diabetes and serious psychological distress among U.S. adults: the 
behavioral risk factor surveillance system, 2007. Int J Public Health 
2009;54 Suppl 1:43–51. doi:10.1007/s00038-009-0006-1

 6 Nakaya N, Kogure M, Saito- Nakaya K, et al. The association 
between self- reported history of physical diseases and 
psychological distress in a community- dwelling Japanese 
population: the Ohsaki cohort 2006 study. Eur J Public Health 
2014;24:45–9.

 7 Smith KJ, Béland M, Clyde M, et al. Association of diabetes with 
anxiety: a systematic review and meta- analysis. J Psychosom Res 
2013;74:89–99.

 8 Ohira T, Hosoya M, Yasumura S, et al. Evacuation and risk of 
hypertension after the great East Japan earthquake: the Fukushima 
health management survey. Hypertension 2016;68:558-64. 
doi:10.1161/HYPERTENSIONAHA.116.07499

 9 Nathan DM, Turgeon H, Regan S. Relationship between glycated 
haemoglobin levels and mean glucose levels over time. Diabetologia 
2007;50:2239–44.

 10 Kessler RC, Barker PR, Colpe LJ, et al. Screening for serious 
mental illness in the general population. Arch Gen Psychiatry 
2003;60:184–9.

 11 Blanchard EB, Jones- Alexander J, Buckley TC, et al. Psychometric 
properties of the PTSD checklist (PCL). Behav Res Ther 
1996;34:669–73.

 12 Furukawa TA, Kessler RC, Slade T, et al. The performance of the K6 
and K10 screening scales for psychological distress in the Australian 
national survey of mental health and well- being. Psychol Med 
2003;33:357–62.

 13 Sakurai K, Nishi A, Kondo K, et al. Screening performance of K6/K10 
and other screening instruments for mood and anxiety disorders in 
Japan. Psychiatry Clin Neurosci 2011;65:434–41.

 14 Suzuki Y, Yabe H, Horikoshi N, et al. Diagnostic accuracy of 
Japanese posttraumatic stress measures after a complex disaster: 
the Fukushima health management survey. Asia Pac Psychiatry 
2017;9. doi:10.1111/appy.12248. [Epub ahead of print: 09 Aug 
2016].

 15 Matsuo S, Imai E, Horio M, et al. Revised equations for 
estimated GFR from serum creatinine in Japan. Am J Kidney Dis 
2009;53:982–92.

 16 Cramér H. The two- dimensional case. mathematical methods in 
statistics. 282. Princeton, NJ: Princeton University Press, 1946.

 17 Nakaya N, Nakamura T, Tsuchiya N, et al. The association between 
medical treatment of physical diseases and psychological distress 
after the great East Japan earthquake: the Shichigahama health 
promotion project. Disaster Med Public Health Prep 2015;9:374–81.

 18 Nefs G, Pouwer F, Denollet J, et al. Suboptimal glycemic control 
in type 2 diabetes: a key role for anhedonia? J Psychiatr Res 
2012;46:549–54.

 19 Katon W, von Korff M, Ciechanowski P, et al. Behavioral and clinical 
factors associated with depression among individuals with diabetes. 
Diabetes Care 2004;27:914–20.

 20 Ravona- Springer R, Heymann A, Schmeidler J, et al. Hemoglobin 
A

1cVariability Predicts Symptoms of Depression in Elderly Individuals 
With Type 2 Diabetes. Diabetes Care 2017;40:1187–93.

 21 Talbot F, Nouwen A. A review of the relationship between 
depression and diabetes in adults: is there a link? Diabetes Care 
2000;23:1556–62.

 22 Gonzalez JS, Peyrot M, McCarl LA, et al. Depression and 
diabetes treatment nonadherence: a meta- analysis. Diabetes Care 
2008;31:2398–403.

 23 Gibson EL. Emotional influences on food choice: sensory, 
physiological and psychological pathways. Physiol Behav 
2006;89:53–61.

 24 Liu NF, Brown AS, Folias AE, et al. Stigma in people with type 1 or 
type 2 diabetes. Clin Diabetes 2017;35:27–34.

 25 Kato A, Fujimaki Y, Fujimori S, et al. Psychological and behavioural 
patterns of stigma among patients with type 2 diabetes: a cross- 
sectional study. BMJ Open 2017;7:e013425.

 26 Fujihara K, Saito A, Heianza Y, et al. Impact of psychological 
stress caused by the great East Japan earthquake on glycemic 
control in patients with diabetes. Exp Clin Endocrinol Diabetes 
2012;120:560–3.

 27 Kondo T, Miyakawa N, Motoshima H, et al. Impacts of the 2016 
Kumamoto earthquake on glycemic control in patients with diabetes. 
J Diabetes Investig 2019;10:521–30.

 28 Tanaka M, Imai J, Satoh M, et al. Glycemic control in diabetic 
patients with impaired endogenous insulin secretory capacity 
is vulnerable after a natural disaster: study of great East Japan 
earthquake. Diabetes Care 2014;37:e212–3.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5325-3827
http://orcid.org/0000-0001-7835-7665
http://dx.doi.org/10.2188/jea.JE20120105
http://dx.doi.org/10.1177/1010539516687022
http://dx.doi.org/10.1016/j.clon.2016.01.002
http://dx.doi.org/10.2337/dc16-2053
http://dx.doi.org/10.1007/s00038-009-0006-1
http://dx.doi.org/10.1093/eurpub/ckt017
http://dx.doi.org/10.1016/j.jpsychores.2012.11.013
http://dx.doi.org/10.1161/HYPERTENSIONAHA.116.07499
http://dx.doi.org/10.1007/s00125-007-0803-0
http://dx.doi.org/10.1001/archpsyc.60.2.184
http://dx.doi.org/10.1016/0005-7967(96)00033-2
http://dx.doi.org/10.1017/S0033291702006700
http://dx.doi.org/10.1111/j.1440-1819.2011.02236.x
http://dx.doi.org/10.1111/appy.12248
http://dx.doi.org/10.1053/j.ajkd.2008.12.034
http://dx.doi.org/10.1017/dmp.2015.52
http://dx.doi.org/10.1016/j.jpsychires.2012.01.013
http://dx.doi.org/10.2337/diacare.27.4.914
http://dx.doi.org/10.2337/dc16-2754
http://dx.doi.org/10.2337/diacare.23.10.1556
http://dx.doi.org/10.2337/dc08-1341
http://dx.doi.org/10.1016/j.physbeh.2006.01.024
http://dx.doi.org/10.2337/cd16-0020
http://dx.doi.org/10.1136/bmjopen-2016-013425
http://dx.doi.org/10.1055/s-0032-1314873
http://dx.doi.org/10.1111/jdi.12891
http://dx.doi.org/10.2337/dc14-1479

	Suboptimal diabetic control and psychological burden after the triple disaster in Japan: the Fukushima Health Management Survey
	Abstract
	Introduction
	Research design and methods
	Study design and population
	Mental health assessment
	Diabetes-related and disaster-related variables
	Statistical analysis

	Results
	General characteristics of participants
	Logistic regression analysis
	Medical health survey to mental health survey group
	Mental health survey to medical health survey group


	Discussion
	Diabetes mellitus and psychosocial reactions
	HbA1c and psychosocial reactions
	Potential mechanisms underlying the association between HbA1c and psychosocial reactions
	Study limitations

	Conclusion
	References


