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High levels of personal damage were reported in these
groups of workers. In total, 301 (23.3%) workers were
displaced from their homes because of the damage
caused by the GEJE. There were no significant differ-
ences in “displacement” among occupations. One hun-
dred and nine (8.5%) workers lost family members, with
firefighters having the highest percentage (10.6%) and
municipality workers (6.4%) having the lowest among
the worker groups. Six hundred and ninety-six (54.4%)
participants reported “near-death experience”; medical
workers (65.7%) were most likely and municipality
workers (48.7%) were least likely to report such
experiences.

Workplace factors differed significantly between occu-
pations. A significantly greater percentage of municipal-
ity workers and medical workers reported “lack of
communication” (20.4% and 18.9%, respectively) and
“lack of rest” (40.8% and 47.6%, respectively), compared
to firefighters (7.5%, 19.3%, respectively). Firefighters
were most likely to report “dead or missing colleague(s)”
(79.8%). “Mainly disaster-related work” was highest in
municipality workers (32.5%), and lowest in medical
workers (4.6%).

Prevalence of probable PTSD, probable depression, and
high general psychological distress

The prevalence of probable PTSD among municipality
workers, medical workers, and firefighters with the most
conservative combined criteria was 6.6% (adjusted odds
ratio = 4.0), 6.6% (adjusted odds ratio =4.0), and 1.6%,
respectively. The prevalence among municipality
workers and medical workers was significantly higher
than that of firefighters.

The prevalence of probable depression among munici-
pality workers, medical workers, and firefighters with
the most conservative combined criteria was 15.9% (ad-
justed odds ratio = 4.5), 14.3% (adjusted odds ratio = 4.2),
and 3.8%, respectively. The prevalence among munici-
pality workers and medical workers was significantly
higher than that of firefighters.

The prevalence of high general psychological dis-
tress among municipality workers, medical workers,
and firefighters was 14.9% (adjusted odds ratio =6.2),
14.5% (adjusted odds ratio =5.9), and 2.6%, respect-
ively. The prevalence among municipality workers and
medical workers was significantly higher than that of
firefighters.

Risk factors for probable PTSD

Table 2 shows the results of bivariate and multivariate
analysis of factors associated with probable PTSD. In
firefighters, “lack of communication” (adjusted odds ra-
tio = 8.98, P < 0.05) was the only factor associated with
probable PTSD in bivariate analysis, and thus,
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multivariate analysis was not performed for this group.
Multivariate analysis revealed that “lack of rest,” “dead
or missing family member(s)”, and “near-death experi-
ence” was associated with probable PTSD in both mu-
nicipality workers [adjusted odds ratio =3.90 (P < 0.01),
437 (P<0.01), and 2.72 (P <0.05), respectively] and
medical workers [adjusted odds ratio =4.41 (P <0.05),
5.29 (P <0.01), and 6.38 (P < 0.05), respectively]. Prob-
able PTSD was associated with “lack of communica-
tion” in medical workers (adjusted odds ratio = 3.70, P
<0.01), and “mainly disaster-related work” and “dis-
placement” in municipality workers [adjusted odds ra-
tio =3.89 (P <0.001) and 2.27 (P <0.05), respectively].
“Age,” “female sex,” “supervisory work status,” and
“dead or missing colleague(s)” was not associated with
probable PTSD in any of the occupations in bivariate
analysis.

Risk factors for probable depression

Table 3 shows the results of bivariate and multivariate
analysis of factors associated with probable depression.
In firefighters, “lack of rest” (adjusted odds ratio = 6.25,
P <0.01) was the only factor associated with probable
depression in the bivariate analysis; thus, multivariate
analysis was not conducted for this group. Multivariate
analysis revealed that “lack of communication” showed
the highest odds ratio and “lack of rest” showed the sec-
ond highest odds ratio in municipality workers [adjusted
odds ratio=3.02 (P<0.001) and 2.70 (P<0.001), re-
spectively] and medical workers [adjusted odds ratio =
311 (P<0.001) and 2.93 (P <0.001), respectively]. Fur-
thermore, “mainly disaster-related work” and “near-
death experience” were significant factors for municipal-
ity workers (adjusted odds ratio=1.94, P<0.05) and
medical workers (adjusted odds ratio =2.22, P <0.05),
respectively.

Although “displacement,” “dead or missing family
member(s),” and “age” were significantly associated with
probable depression in municipality workers in the bi-
variate analysis, none of these survived multivariate ana-
lysis. “Female sex,” “supervisory work status,” and “dead
or missing colleague(s)” were not associated with prob-
able depression in any of the occupations in the bivariate
analysis.

Risk factors for high general psychological distress

Table 4 shows the results of bivariate and multivariate
analysis of factors associated with high general psycho-
logical distress. Multivariate analysis revealed that,
among workplace factors, “lack of communication” was
associated with psychological distress in medical workers
and firefighters [adjusted odds ratio = 2.75 (P <0.01) and
13.41 (P <0.01), respectively]; “lack of rest” was a factor
for municipality and medical workers [adjusted odds
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Table 2 Bivariate analysis and multivariate analysis of factors associated with probable PTSD
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Local municipality workers Hospital medical workers Firefighters
Bivariate analysis B SE OR p B SE OR p B SE OR p
Age 0.00 002 100 09 004 002 104 011 -0.02 0.04 0.98 0.66
Female sex —-026 037 077 048 063 075 187 041
Workplace factors
Supervisory work status 0.06 050 107 090 013 077 114 087 -17.18 803859 0.00 1.00
Mainly disaster-related work 154 038 468 <0001 061 078 184 043 -0.57 113 057 061
Lack of communication 044 039 156 026 112 044 306 <005 220 0.94 898 <0.05
Lack of rest 1.71 043 555 <0001 176 056 581 <0.01 18.77 256261 14170831891 099
Dead or missing colleague(s) -013 046 087 077 0.95 0.50 259 006 1735 487411 3422616192 1.00
Personal factors
Displacement 1.16 036 319 <001 047 123 066 -0.11 113 0.90 0.92
Dead or missing family member(s)  1.52 047 456 <001 145 049 425 <001 075 113 212 051
Near-death experience 0.79 037 220 <005 147 063 433 <0.05 17.74 3361.11  50801095.58 1.00
Multivariate analysis B SE OR p SE OR p B SE OR P
Age
Female sex
Workplace factors
Supervisory work status
Mainly disaster-related work 1.36 040 389 <0001
Lack of communication 049 370 <001
Lack of rest 1.36 045 390 <001 148 0.58 441 <0.05
Dead or missing colleague(s)
Personal factors
Displacement 0.82 039 227 <005
Dead or missing family member(s) 148 054 437 <001 167 055 529 <001
Near-death experience 1.00 041 272 <005 185 077 638 <005

SE = standard error, OR = adjusted odds ratio.

ratio = 3.90 (P <0.001) and 2.31 (P <0.05), respectively];
and “mainly disaster-related work” was a factor for mu-
nicipality workers (adjusted odds ratio = 3.89, P <0.01).
Among personal factors, “dead or missing family mem-
ber(s)” was associated with psychological distress in mu-
nicipality workers and firefighters [adjusted odds ratio =
4.37 (P <0.01) and 11.11 (P <0.01), respectively]; “near-
death experience” was a factor for municipality and
medical workers [adjusted odds ratio=2.72 (P <0.05)
and 2.53 (P < 0.05), respectively]; and “displacement” was
a factor for municipality workers (adjusted odds ratio =
2.27, P < 0.05).

Although “female sex” and “lack of rest” were signifi-
cantly associated with psychological distress in medical
workers and firefighters, respectively, in the bivariate
analysis, these factors did not survive multivariate ana-
lysis. “Age,” “supervisory work status,” and “dead or
missing colleague(s)” were not associated with high gen-
eral psychological distress in any of the occupations in
bivarjate analysis.

Discussion

To the best of our knowledge, this is the first study to
investigate the prevalence of and risk factors for prob-
able PTSD, depression, and high general psychological
distress in local workers engaged in lengthy relief and re-
construction projects following a large-scale natural dis-
aster. These workers were living in the disaster-affected
community as survivors and serving as disaster relief
and reconstruction workers at the same time. As com-
munity reconstruction can take years, it is crucial to en-
sure that the mental health of these local workers is
maintained.

The present results show that 14 months after the
GEJE, the consequences of the disaster on workers’
mental health differed across occupations: the preva-
lence of probable PTSD, depression, and high general
psychological distress was significantly greater among
municipality workers and medical workers compared to
firefighters. Furthermore, the prevalence of high general
psychological distress among municipality workers and
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Table 3 Bivariate analysis and multivariate analysis of factors associated with probabie depression

Local municipality workers Hospital medical workers Firefighters
Bivariate analysis B SE OR p B SE OR p B SE OR p
Age 0.00 001 1.00 0.88 0.03 0.02 1.04 <0.05 0.01 0.02 1.01 068
Female sex -0.27 024 0.77 0.27 0.56 049 175 0.26
Workplace factors
Supervisory work status 0.17 032 118 061 -04 063 067 0.53 -0.02 106 098 099
Mainly disaster-related work 087 024 238 <0.001 -1.18 1.04 0.31 0.26 -033 0.68 0.72 063
Lack of communication 1.31 025 3.71 <0.001 117 0.32 322 <0.001 0.95 081 259 024
Lack of rest 132 026 373 <0.001 1.22 032 339 <0.001 183 060 6.25 <001
Dead or missing colleague(s) -0.29 032 0.75 037 -041 0.50 0.66 041 0.28 0.79 132 0.73
Personal factors
Displacement 0.58 0.26 1.78 <0.05 0.24 032 127 046 1.01 0.60 276 009
Dead or missing family member(s) 0.96 0.38 262 <0.05 -035 0.55 0.70 0.52 0.54 0.80 1.72 0.50
Near-death experience 0.00 0.23 1.00 0.99 0.77 035 2.16 <0.05 0.22 060 125 071
Multivariate analysis B SE OR P B SE OR P B SE OR P
Age 003 0.02 1.03 0.05
Female sex
Workplace factors
Supervisory work status
Mainly disaster-related work 066 0.25 1.94 <0.05
Lack of communication 1.11 0.26 3.02 <0.001 1.14 034 3N <0.001
Lack of rest 0.99 027 270 <0.001 1.07 033 293 <0.001
Dead or missing colleague(s)
Personal factors
Displacement 032 0.28 1.38 0.25
Dead or missing family member(s)  0.76 044 2.14 0.08
Near-death experience 0.80 037 222 <0.05

SE = standard error, OR = adjusted odds ratio.

medical workers was higher than that of survivors living
in temporary housing or the general population living in
tsunami-affected areas [27,28]. Workplace risk factors
such as lack of rest, lack of communication, and involve-
ment in disaster-related work affected risk of PTSD, de-
pression, and high psychological distress differently in
each occupation.

Risk of PTSD

In the present study, the prevalence of probable PTSD
in municipality workers and medical workers was 6.6%,
which is much higher than the 12-month prevalence of
PTSD in the general population in Japan (0.4%) [32]. In
firefighters, PTSD prevalence was 1.6%, which is higher
than that of the general population, but much lower
than that of municipality and medical workers. The inci-
dence of probable PTSD in the present sample was
lower than that of firefighters, medical personnel, and gov-
ernment agencies 2 to 3 years after working at the WTC
disaster site (12.2%, 11.6%, and 11.8%, respectively) [7].

The prevalence of PTSD is affected by type of disaster,
and PTSD risk is reportedly lower after natural disasters
than after human-made/technological disasters such as
terror attacks [5,6]. Additionally, coastal areas of Miyagi
prefecture have been repeatedly hit by huge tsunamis at
intervals of several decades (i.e., at 1896, 1933, and 1960)
[33], and people were culturally prepared (people of the
area sustained effort to instill a culture of resilience and
prevention based on continuous learning) to cope with
tsunami disasters [34]. Thus, in these areas, past experi-
ence with disasters may have served as a moderator and
consequently lessened the impact of the GEJE [35].

The lower PTSD risk among firefighters relative to
municipality workers and medical workers observed in
the present study is consistent with the finding that fire-
fighters dispatched to the tsunami-affected area immedi-
ately after the GEJE did not exhibit PTSD symptoms
[36]. Although we did not have any quantitative data on
prior disaster training or experience for any of the stud-
ied occupations, we speculate that the lower risk of
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Table 4 Bivariate analysis and multivariate analysis of factors associated with high general psychological distress

Local municipality workers Hospital medicai workers Firefighters
Bivariate analysis B SE OR P B SE OR p B SE OR P
Age 0.00 0.02 1.00 0.96 0.02 0.02 1.02 0.14 0.01 003 1.01 0.63
Female sex -0.26 037 0.77 048 159 074 490 <0.05
Workplace factors
Supervisory work status 007 0.50 107 090 -005 056 095 093 -1767 803859 000 1.00
Mainly disaster-related work 1.54 038 468 <0001 0.09 064 109 090 -1.18 1.08 031 027
Lack of communication 044 0.39 1.56 0.26 097 0.32 265 <0.01 275 0.75 1567  <0.001
Lack of rest 1.71 043 555 <0.001 1.05 0.32 287 <0.01 149 0.72 444 <0.05
Dead or missing colleague(s) -0.13 046 0.88 0.77 -0.66 0.54 052 0.22 064 1.08 1.90 0.55
Personal factors
Displacement 1.16 0.36 3.19 <0.01 040 032 149 0.21 -063 1.08 0.54 0.56
Dead or missing family member(s)  1.52 047 456 <0.01 0.75 041 212 007 2.20 0.73 9.00 <0.01
Near-death experience 0.79 037 220 <005 1.02 037 277 <001 1.02 083 277 022
Multivariate analysis B SE OR P B SE OR P B SE OR P
Age
Female sex 134 076 381 0.08
Workplace factors
Supervisory work status
Mainly disaster-related work 1.36 040 389 <001
Lack of communication 1.01 034 275 <001 260 0.89 1341 <001
Lack of rest 1.36 045 390 <0.001 0.84 033 231 <0.05 092 0.86 251 0.28
Dead or missing colleague(s)
Personal factors
Displacement 0.82 039 227 <0.05
Dead or missing family member(s) 148 054 437 <001 241 083 11.11 <001
Near-death experience 1.00 041 272 <0.05 093 038 253 <0.05

SE = standard error, OR = adjusted odds ratio.

PTSD among firefighters may be partially explained by
their prior training and experience with disaster [7,31].
After the Kobe earthquake in 1995, the importance of
critical incident stress management programs for fire-
fighters has been widely acknowledged and practiced in
Japan [37,38], and such a program was provided to the
present firefighters at their workplace on several occa-
sions following the GEJE [38]. Thus, there is a possibility
that these pre and post measures might have mitigated
PTSD risk in this population. On the other hand, as is
common to local municipal offices or hospitals in Japan,
the workplace mental health care system was insuffi-
cient, and few workplaces had mental health support
programs ready for implementation following a disaster.
In the present study, lack of communication was asso-
ciated with increased PTSD risk in medical workers. To
our knowledge, this is the first study that has demon-
strated such a relationship in workers following a large-
scale disaster. However, the importance of social support
and sustained attachment to one’s social group during

recovery from traumatic experiences has been repeatedly
shown in previous studies [39-41]. Wang et al. [9] noted
that feeling connected and positive at the workplace
might be important for recovery from mass trauma and
post-traumatic growth in local relief workers. Therefore,
measures to promote communication at the workplace
might facilitate psychological recovery in local medical
workers.

At the time of survey, municipality and medical
workers were more likely than firefighters to indicate
lack of rest, and increased PTSD risk was associated
with lack of rest among municipality and medical
workers. Since the GEJE, municipality workers had been
involved in large-scale and multi-year post-disaster
reconstruction activities in addition to their ordinary du-
ties, and chronic staff shortages have plagued most of
the municipality offices in these areas [42]. Moreover,
the exhaustion of medical workers has also been a con-
cern. Since most local hospitals and clinics in the
affected areas were damaged by the disaster, and a

— 120 —



Sakuma et al. BMC Psychiatry (2015) 15:58

substantial number of them were permanently closed or
still non-functional at the time of assessment, the num-
ber of emergency patients admitted to disaster base hos-
pitals was increasing even 12 months after the GEJE
[43]. Therefore, at the time of survey, municipality and
medical workers were still suffering from increased
workload and staff shortages; conversely, working condi-
tions had normalized for firefighters by this time.

Factors indicating exposure to traumatic events as dis-
aster survivors (i.e, dead or missing family member(s),
displacement, or near-death experience) were associated
with probable PTSD. This finding is consistent with
those of previous studies showing -that more severe ex-
posure to a traumatic event is associated with more pro-
nounced PTSD symptoms [5,44,45]. For example, losing
family members or one’s home and possessions
[29,46,47], or experiencing fear during a disaster might
result in augmented PTSD symptoms [48].

Risk of depression

In our participants, one in seven municipality and med-
ical workers showed probable depression, which is ap-
proximately four to five times higher than the 12-month
prevalence of major depression (3%) in the general
population of Japan [32], indicating that depression risk
may increase in some occupations among local workers.
Although risk of depression among disaster-related
workers has been studied less than that of PTSD, previ-
ous studies showed an increased risk of depression
among disaster workers responding to an airplane crash
[49] and the 9/11 WTC attacks [8].

On the other hand, depression risk was much lower in
firefighters relative to municipality and medical workers,
which is consistent with a previous finding [8] that de-
pression risk differed between New York City police offi-
cers and other rescue and recovery workers one year
after the 9/11 WTC attacks: the cumulative incidence of
depression was 1.7% in the former and 10.8% in the lat-
ter. Probable depression in our sample was more preva-
lent than probable PTSD, which contradicts the findings
of the abovementioned study [8] in which risk of PTSD
was higher than that of depression. As mentioned above,
we speculate that the lower risk of PTSD after natural
disasters relative to human-made/technological disasters
[5,6], and the historical and cultural experience with tsu-
nami in these areas may explain the lower risk of PTSD
relative to depression in our sample.

Workplace factors were strongly associated with prob-
able depression. Depression was associated with lack of
communication in municipality and medical workers,
with involvement in disaster-related work in municipal-
ity workers, and with lack of rest in all three occupa-
tions. Under ordinary working conditions, depression is
associated with long working hours [50] and poor
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interpersonal relationships at the workplace [51]; how-
ever, after a devastating disaster such as the GEJE, local
workers have an enormous amount of work to do for a
longer period of time, which reduces the time available
for rest and interpersonal communication. While other
disaster-related factors may additionally contribute to
this reduction, the importance of rest [11] and a good
relationship with coworkers [9,11] for local disaster-
related workers has been previously demonstrated, and
the present findings corroborate this notion in terms of
preventing depression.

Risk of general psychological distress

The prevalence of high general psychological distress
among municipality (14.9%) and medical (14.5%)
workers was more than twice that of the general popula-
tion in Miyagi prefecture before the GEJE in 2010
(5.5%), and also higher than that of the general popula-
tion of tsunami-devastated areas at 4 months (7.3%)
[27], or displaced survivors living in temporary housing
in Miyagi prefecture at 11 months after the GEJE (8.1%)
[28]. On the other hand, the prevalence -of high general
psychological distress. among firefighters was less than
one-fifth that of municipality and medical workers, and
less than that of the general population in the affected
areas: This finding corresponds to the lower risk of
PTSD and depression among firefighters in the present
sample.. :

Similar to the present study, general psychological dis-
tress in public servants was examined in the Miyagi pre-
fectural government at 7 months after the GEJE. The
percentage of prefectural government workers who
scored 13 or more on the K6 scale was 4.4% [11], which
is slightly higher than that of local public servants (2.5%)
[52], but much lower than that of the municipality
workers in our study. Thus, although the prefectural and
municipality government workers were working as pub-
lic servants in the same disaster-affected prefecture and
the former were investigated at a time closer to the dis-
aster, severe psychological distress was more common in
municipality workers. This is likely because, under the
Japanese local government system, municipal govern-
ment workers are required to be more directly involved
in disaster-related work [11], and most of the present
workers lived in the more severely damaged areas and
had consequently experienced more direct loss and dam-
age due to the GEJE.

Limitations

There are several limitations to this study. First, since
this study was cross-sectional and correlational, we can-
not draw conclusions regarding the causation of the risk
factors. Thus, our findings should be examined in future
studies using prospective designs. Second, although
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several pre-disaster baseline risk factors, such as prior
psychiatric problems, disaster experience, exposure to
traumatic events, stress exposure, and alcohol consump-
tion, are known to affect the mental health of affected
people after a disaster [6,53], we could not obtain such
data because they were beyond the scope of the work-
place health examinations. As a result, we could not
eliminate the possibility that the firefighters had had
fewer mental health problems before the disaster. Third,
because we used self-administered questionnaires to as-
sess psychological symptoms and did not conduct a psy-
chiatric diagnostic interview to confirm the results of
the self-administered questionnaires, the prevalence of
PTSD and depression could have been overestimated
[54]. However, the present diagnostic estimation of
PTSD and depression correspond to that reported in
previous studies [2,7,55], enabling us to compare results
from different studies. Fourth, we did not directly assess
the degree of previous training experience and prepared-
ness for disaster, participation in mental health interven-
tions, or workload in each occupation; thus, we could
not determine whether such factors might have been re-
sponsible for the differences in mental health conditions
among the different occupations. Finally, the study ques-
tionnaires were distributed through the participants’
workplaces. Although we notified the participants that
the results would remain confidential and would not be
considered in performance evaluations, it is nonetheless
possible that some participants may not have answered
honestly because of the stigma attached to poor mental
health [56].

Conclusions

In this study, we examined mental health in local
workers who were residents of the affected area and
continuously involved in relief and reconstruction activ-
ities 14 months after a large-scale natural disaster, the
GEJE. We found differences in PTSD and depression
risk among the three local occupations: the risk was
greater for municipality and medical workers than for
firefighters. Although all workers were impacted by the
disaster as members of the affected community and as
local disaster relief and reconstruction workers, the ef-
fects of these circumstances may have been reduced in
firefighters because of high preparedness, early mental
health interventions, and a more prompt return of or-
dinary working conditions.

We revealed that work-related factors were strongly
associated with increased risk of PTSD and depression.
Lack of rest was associated with increased risk of PTSD
and depression in municipality and medical workers;
lack of communication was linked to increased risk of
PTSD in medical workers and depression in municipality
and medical workers; and involvement in disaster-
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related work was associated with increased risk of PTSD
and depression in municipality workers. Unlike the dir-
ect effects of disasters, risk factors at the workplace,
such as lack of communication and rest, can be modified
after a disaster. Thus, we should develop countermea-
sures to improve working conditions for local disaster
relief and reconstruction workers (e.g., developing edu-
cational programs or leaflets to inform workers of the
psychological response after a disaster and stress man-
agement techniques, as well as to educate supervisory
employees about the importance of staff rotation to pre-
vent burn-out). Such interventions should be particularly
geared towards promoting workplace communication
and rest after a massive disaster.
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Physical Diseases and Psychological Distress After
the Great East Japan Earthquake: The Shichigahama

Health Promotion Project

Naoki Nakaya, PhD; Tomohiro Nakamura, PhD; Naho Tsuchiya, MD, PhD, MSc;
Ichiro Tsuji, MD, PhD; Atsushi Hozawa, MD, PhD; Hiroaki Tomita, MD, PhD

he number of patients with mood (affective)
I disorders, including depressive disorders, has
been consistently high among Japanese people
since 2005 (0.924 million in 2005, 1.041 million in
2008, and 0.958 million in 2011) according to the
Patient Survey by the Ministry of Health, Labour, and
Welfare in Japan.! In Japan, individuals who suffer
from depressive disorders have the second highest
number of disability-adjusted life years.? Thus, deter-
mining the risk factors for depression (ie, major
depression or elevated depressive symptoms) is impor-
tant, as early detection may prevent severe cases of
depression or psychological distress from developing.

For many years, depression has been common among
patients with physical diseases, such as diabetes,
cardiovascular disease,* HIV infection,” rheumatoid

arthritis,® and cancer.” In our previous large cross-
sectional study,® a history of physical diseases such as
cancer, diabetes mellitus, and hypertension was posi-
tively associated with psychological distress among
43 487 subjects living in a community located in
Miyagi Prefecture before the disaster. In terms of the
mechanisms involved in the associations between
physical disease and psychological distress, subjects
with a physical disease may experience physiological
stress reactions,” an increased level of fatigue,10 or a
decreased level of activity of daily life (ADL)/quality
of life (QOL).1'"'® Further, it has been shown that
psychological distress acts as one of the major factors
causing various physical diseases.!*

On March 11, 2011, the northeastern coast of Japan
was devastated by the Great East Japan Earthquake of
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magnitude 9.0 and the tsunami that followed the earthquake.
On March 11, 2015, 18 475 people were recorded as dead or
missing because of the earthquake.'® Three years have passed
since the disaster, and its adverse psychological effects on the
survivors are now apparent.’” Although previous studies have
indicated that disaster influences occurrence and character-
istics of various kinds of physical diseases, and psychological
distress has been considered to be an important factor
underlying this influence,’®?° the association between
psychosocial distress and medical conditions in postdisaster
settings has not been well characterized. If those who have
physical disease experience a disaster simultaneously, the
level of psychological distress may be high. In that case,
special attention for mental health care will be needed in
postdisaster medical settings.

In this study, we examined the psychological distress among
patients who received treatment for physical diseases in the
disaster area, and we also examined whether these associa-
tions were affected by the degree of damage to homes. We
used data obtained from a population-based study of over
3000 subjects to investigate the associations between medical
treatments for physical disease, psychological distress, and the
degree of damage to homes, which were adjusted for the
potentially confounding effects of various lifestyle-related and
socioeconomic factors.

MATERIALS AND METHODS

Study Design, Setting, and Participants

This study was based on a health survey as a part of a project
named Shichigahama Health Promotion Project, a cooperative
project between Tohoku University and Shichigahama Town
in regards to health promotion activities, a health survey, and
health supports for the people affected by the Great East Japan
Earthquake. The survey aimed to evaluate the current overall
health and life status of community members in 5 specific
seashore areas of Shichigahama Town during September 2012,
where more than 10% of households were partially or totally
destroyed by the Great East Japan Earthquake and tsunami.

The entrusted survey teams visited all households in the
target area and asked for participation in the survey. A form
for written informed consent and the questionnaire were
handed directly to the residents who expressed willingness to
participate in the survey and subsequently collected. First, in
October 2012, there was a survey for residents whose homes
were suffered by large-scale damage, which was followed in
December 2012 by a survey of residents of the same affected
seashore area whose homes underwent small-scale damage.
Definition of large-scale damage was based on the criterion of
“partially or totally destroyed” in the building damage
assessment conducted by the local government of Shichiga-
hama town following the criteria issued by the Cabinet
Office, and small-scale damage represented less or no damage
due to the disaster. :

Of the study population of 7036 subjects (2910 with large-
scale damage and 4126 with small-scale damage), 6840 par-
ticipants (97%) were reached by the survey team, and 4949
(70%) participated in the survey upon written informed
consent and returned the questionnaire. Among the total
participants, 3886 (55%) completed the Kessler Psychological
Distress scale (K6) survey section, and of them, 3032 (43% of
the total) were aged >40 years. Thus, data from the 3032
participants (1206 with large-scale damage and 1826 with
small-scale damage) were subjected to the following analyses
(Figure 1). In this study, we excluded the subjects who were
less than 40 years old (n = 854) because almost no subjects
received treatment for physical diseases: stroke (n =0),
myocardial infarction or angina pectoris (n = 0), cancer
(n =0), kidney disease (n =1), liver disease (n = 0),
hypertension (n = 7), diabetes mellitus (n = 9), and hyper-
lipidemia (n = 4).

Measurements

Data regarding current treatments for selected physical dis-
eases were collected using a self-administered questionnaire,
which asked whether the subjects were undergoing treatment
for any of the following 8 physical diseases: stroke, myocardial
infarction or angina pectoris, cancer, kidney disease, liver
disease, hypertension, diabetes mellitus, or hyperlipidemia.
These diseases were selected based on the rationale that they
are frequent among Japanese and may be related to psycho-
logical stress. Basic individual information (ie, age, gender,
income, body weight and height, time spent walking per day,
smoking status, and alcohol drinking status), as well as
detailed information of personal experience of the Great East
Japan Earthquake (eg, the subject’s location during the great
earthquake, evacuation, presence of posttraumatic stress
response, and the death of family members) were collected
through the questionnaire.

Psychological Distress

The K6 scale was used as an indicator of psychological dis-
tress.”!?* The respondents were asked about their mental status
over the previous month based on 6 questions, to which they
responded by selecting: “all of the time” (4 points), “most of the
time” (3 points), “some of the time” (2 points), “little of the
time” (1 point), or “none of the time” (0 points). The total
scores ranged from O to 24. The questions were as follows:
“Over the last month, how often have you felt the following: [i]
nervous, [ii] hopeless, [iii] restless or fidgety, [iv] so sad that
nothing could cheer you up, [v] that everything was an effort, or
[vi] worthless?” K6 is based on modem psychometric theory and
it outperforms other scales.”""** The Japanese version of K6 was
developed recently using the standard back-translation method
and it has been validated.2* As suggested by several researchers,
we classified individuals with scores of >13 of 24 points as
having psychological distress.®!"*?** Furukawa et al** investi-
gated whether K6 could predict the 30-day prevalence of
Diagnostic and Statistical Manual of Mental Disorders (Fourth
Edition) (DSM-IV)—defined mood and anxiety disorders based
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FIGURE

Study Population at May, 2011
Participants with large-scale damage to homes
n=2,910, 100%

Participants with small-scale damage to homes
n=4,126, 100%

n=2,714, 93%

Participants were disttibuted the questionnaie.

n=4.126, 100%

n=1,858, 64%

Participants responded the questionnaire. =

n=3,091, 75%

n=1,524, 52%

Pammpants completed the K6 - -

n=2,362, 57%

n=1,206, 41%

Participants aged over 40 years old (Analytic abjects) -

n=1,826, 44%

on the World Health Organization Composite International
Diagnostic Interview in the Australian National Survey. They
showed that K6 detected DSM-IV—defined mood and anxiety
disorders (area under the receiver operating curve [AUC]:
0.89; 95% confidence interval [CI]: 0.88-0.90) better than
the General Health Questionnaire 12 (AUC: 0.80; 95%
CIL: 0.78-0.82).

Ethical Issues
The study protocol was reviewed and approved by the Ethics
Committee of Tohoku University Graduate School of Medicine.

Statistical Analyses

Multiple logistic regression analyses were implemented to
evaluate association between medical conditions and psy-
chological distress. The multivariate odds ratios (ORs) were
adjusted for gender, age in years (40-49, 50-59, 60-69, >70),
current cigarette smoking (no smoking, 1-19 cigarettes/day,
>20 cigarettes/day, unknown), alcohol consumption (no
drinking, <1 go/day, >2 go/day, unknown; 22.8 g of alcohol
amounts to 1 go or traditional unit of sake (180 ml), which
also approximates two glasses of wine (200 ml), or beer (500
ml) in terms of alcohol contents.), time spent walking
(<0.5 hours/day, >0.5 hours/day, unknown), income (diffi-
cult to live, no problem or easy to live, unknown), and degree
of damage to homes (large-scale, small-scale).

Stratified analyses according to differences in the degree of
damage to homes were applied to evaluate whether this factor
significantly interacted with the association between medical
conditions and psychological distress.

Finally, we conducted multiple logistic regression analyses.
The categories of the degree of damage to homes and each
medical treatment for physical disease were combined, and we
then grouped subjects into 4 categories: damage (small-scale)
and physical disease (-), damage (small-scale) and physical
disease (+), damage (large-scale) and physical disease (-),
and damage (large-scale) and physical disease (+).

All statistical analyses were performed using SAS version 9.3
(SAS Inc, Cary, NC) and all statistical tests were 2-sided.
P <0.05 was considered to indicate statistical significance.

RESULTS

Tables 1 and 2 summarize medical conditions for the 8
physical diseases of the participants, along with the demo-
graphic data, lifestyle, socioeconomic characteristics of the
subjects, and prevalence of psychological distress for each
category. Prevalences of receiving treatment for stroke,
myocardial infarction or angina pectoris, cancer, kidney dis-

ease, liver disease, hypertension, diabetes mellitus, and
hyperlipidemia were 1%, 6%, 3%, 1%, 1%, 33%, 10%, and
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Demographic No. of  No. of Subjects With K6 P Value of
Variables Subjects  Score >13 of 24 (%)  x Test
Total 3032 160 (5) —
Age at survey, y ) .02
40-49 629 - . 330 :
50-59 689 35 (5)
60-69 773 27 (3)
>70 941 65 (7)

Gender <.01
Men 1416 . 57 (4) :
Women 1616 103 (6)

Current smoking status .83
No smoking 2076 111 (5)

1-19 cigarettes/d 287 17 (6)

20 cigarettes or 428 22 (5)
more/d i

Unknown 241 10 (4)

Alcohol consumption <.01
No drink 987 68 (7)
<1 go/d® 779 25 (3)
>2 gold 321 14 (4)

Unknown 945 53 (6)

Time spent walking <.01
Less than 0.5h/d 989 75 (8)
>0.5h/d 1979 78 (4)

Unknown 64 7 (4)

Income <.01
Difficult for living 1304 105 (8)

No problem or 1683 50 (3)
easy for living
Unknown 45 5(3)

Degree of damage to homes <.01
Large-scale 1206 86 (7)

Small-scale 1826 74 (4)

822.8 g of alcohol amounts to 1 go or traditional unit of sake (180 mi),
which also approximates two glasses of wine (200 ml), or beer (500 ml) in
terms of alcohol contents.

17%, respectively. Older subjects, women, and non—
alcohol drinkers experienced higher levels of psychological
distress (K6 score >13 of 24 points). Subjects who spent
less time walking or who had lower incomes (difficulty
living) also suffered from psychological distress. Furthermore,
subjects with large-scale property damage due to the great
earthquake experienced higher levels of psychological
distress.

The multiple logistic regression models detected significant
associations between psychological distress and current
medical treatment for the following physical diseases: myo-
cardial infarction/angina pectoris (OR = 1.8, 95%.CI =
1.0-3.0) and liver disease (OR = 3.1, 95% CI = 1.0-7.7).
Although the factors of receiving treatment for cancer,
hyperlipidemia, kidney disease, and diabetes mellitus tended

to be associated with a higher prevalence of psychological
distress (OR > 1.3), the associations did not reach statistical

- significance (Table 2).

"We also conducted stratified analyses of the OR for psycho-

logical distress according to the differences in the degree
of damage to homes. Most medical treatment of physical
diseases was consistently and positively associated with
psychological distress irrespective of the degree of damage

to-homes (Table 3).

We combined the categories of the degree of damage to
homes and each medical treatment for physical disease, where
the ORs were higher for psychological distress among the

“subjects with damage (large-scale) and each physical disease

(+): stroke (OR=2.9), myocardial infarction or angina
pectoris (OR = 3.6), cancer (OR = 1.5), kidney disease
(OR = 3.0), liver disease (OR = 7.0), hypertension (OR =
1.7), diabetes mellitus (OR = 2.3), and hyperlipidemia
(OR = 2.4) (Table 4).

DISCUSSION

In this study, we examined the associations between
medical treatments for physical diseases and psychological
distress among the members of a community aged >40 years
in a town affected by the Great East Japan Earthquake.
Our results showed that most medical treatments for
physical diseases had positive associations with psychological
distress.

We considered medical treatments for 8 physical diseases, and
most were associated with higher levels of psychological dis-
tress. In our previous large cross-sectional study of 43487
people, which did not consider the effect of the Great
Earthquake, the subjects with histories of various physical
diseases (cancer, diabetes mellitus, hyperlipidemia, hyper-
tension, myocardial infarction, stroke, gastric or duodenal
ulcer, liver disease, arthritis, osteoporosis, kidney disease, and
fall or fracture) also had high levels of psychological distress.®
The results obtained in the current study are consistent with
those reported in our previous study. The previous study
focused on the past history of physical diseases,® and the
current study focused on the current medical treatment of
physical diseases. Thus, doctors and paramedics need to
monitor patients with treatment continuously for psycholo-
gical distress even after they leave the hospital following
treatment for a physical disease.

In terms of the mechanisms responsible for the associations
between physical diseases and psychological distress, the
subjects with physical diseases suffered physiological stress
reactions,” increased levels of fatigue,lo or decreases in ADL/
QOL.M1* Among the subjects with medical treatment for
stroke (OR = 0.5, 95% CI = 0.03-2.5) and hypertension
(OR = 1.1, 95% CI =0.7-1.6), the ORs were not high
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Medical Treatment of Physical Diseases No. of Subjects No. of Subjects With K6 Score >13 of 24 (%) Multivariate Adjusted ORs (95% Cls) P
Stroke

None 2998 159 (5) 1.0 (reference) —

Under treatment 34 1(3) 0.5 (0.03-2.5) 51
Myocardial infarction/angina pectoris

None 2850 143 (5) 1.0 (reference) —

Under treatment 182 17 (9) 1.8 (1.0-3.0) .04
Cancer

None 2938 151 (5) 1.0 (reference) —

Under treatment 94 9 (10) 1.8 (0.8-3.5) .14
Kidney disease

None 2990 157 (5) 1.0 (reference) o

Under treatment 42 37 1.3(0.3-3.8) .67
Liver disease )

None 2993 155 (5) 1.0 (reference) —

Under treatment 39 5(13) 3.1(1.0-7.7) .02
Hypertension

None 2025 101 (5) 1.0 (reference) —

Under treatment 1007 59 (6) 1.1 (0.7-1.6) .65
Diabetes mellitus

None 2728 139 (5) 1.0 (reference) S

Under treatment 304 21 (7} 1.3(0.8-2.2) .24
Hyperlipidemia

None 2522 123 (5) 1.0 (reference) —

Under treatment 510 37 (7) 1.5(1.0-2.2) .06

Abbreviations: OR, odds ratio; Cl, confidence interval; K6, Kessler Psychological Distress scale. :

2The multivariate ORs have been adjusted for gender; age in years (40-49, 50-59, 60-69, >70); current cigarette smoking (no smoking, 1-19 cigarettes/d,
20 cigarettes or more/d, unknown); alcohol consumption (no drink, <1 go/d, >2 go/d, unknown; 22.8 g of alcohol amounts to 1 go or traditional unit of sake (180
mi), which also approximates two glasses of wine (200 ml), or beer (500 ml) in terms of alcohol contents.); time spent walking (<0.5 h/d, >0.5 h/d, unknown);
income (difficult to live, no problem or easy to live, unknown); and degree of damage to homes (large-scale damage, small-scale damage).

(Table 2). For stroke, this could be explained partly by
the lack of statistical power due to the small number of par-
ticipants who received medical treatment for stroke in our
study (n = 34). Most patients with hypertension are asymp-
tomatic even if they are undergoing treatment. This might
explain why treatment for hypertension did not influence
their stress reaction, fatigue, or ADL/QOL.

In this study, we also examined the potentially confounding
effect of the degree of damage to homes on the ass
ociation between medical treatments for physical disease and
psychological distress. Various studies have reported associa-
tions between stressful life events and physical diseases.”® In
our study, most of the medical treatments for physical diseases
were consistently and positively associated with psychological
distress after stratification by the degree of damage to homes
(Table 3). This result suggests that there were strong asso-
ciation between medical treatment for physical diseases and
psychological distress irrespective of the scale of damage,
whereas psychological distress was greater in individuals with
large-scale damage than in those with small-scale damage.
The medical treatment of physical disease and degree of
damage to homes was independent of psychological distress

(Table 4). Therefore, people who live in a community with
large-scale damage and who are being treated for physical
disease could have a high prevalence of psychological distress;
thus, medical care should be provided.

This study had several limitations. First, our sample size
of 3032 was not sufficiently large to obtain adequate
statistical power to measure the real effect of specific
current medical treatments on psychological distress.
Second, because of the nature of cross-sectional designs, we
could not determine the causal links between medical
treatments for physical disease and psychological distress
in this study. Third, because we assessed the medical
treatments for physical disease using a self-reported assess-
ment, the exact physical disease status might have
been classified incorrectly. However, this possibility of
misclassification does not guarantee a negative bias. Fourth,
the valid response rate (55%, n =3886) was not high
among the study population of 7036; thus, the study
may have been biased toward healthier people in the com-
munity. However, this bias does not affect the internal
validity of the association between medical treatment for
physical diseases and psychological *distress. Finally, we
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Stroke
Large-scale damage
None 1193
Under treatment 13
Small-scale damage
None 1805
Under treatment 21

Myocardial infarction/angina pectoris
Large-scale damage

None 1133
Under treatment 73
Small-scale damage
None 1717
Under treatment 109
Cancer
Large-scale damage
None 1167
Under treatment 39
Small-scale damage
None 1771
Under freatment 55

Kidney disease
Large-scale damage

None 1187

Under treatment 19
Small-scale damage

None 1803

Under treatment 23

Liver disease
Large-scale damage

None 1191
Under treatment 15
Small-scale damage
None 1802
Under treatment 24
Hypertension
Large-scale damage
None 784
Under treatment 422
Small-scale damage
None 1241
Under treatment 585

Diabetes mellitus
Large-scale damage

None 1078

Under treatment 128
Small-scale damage

None 1650

Under treatment 176

Hyperlipidemia
Large-scale damage

None 985

Under treatment 221
Small-scale damage

None 1537

Under treatment 289

Medical Treatment of Physical Diseases No. of Subjects No. of Subjects With K6 score >13 of 24 (%) Multivariate Adjusted ORs (95% Cls) P

85 (7) 1.0 (reference) —
1(8) 2.4 (0.1-13.9) 42
74 (4) 1.0 (reference) —
OR(0)] Not applicable —
76 (7) 1.0 (reference) —
10 (14) 2.3(1.04.8) .04
67 (4) 1.0 (reference) —
7 (6) 1.4 (0.5-3.0) 47
83 (7) 1.0 (reference) -
3(8) 0.8 (0.2-2.6) .78
68 (4) 1.0 (reference) —
6 (11) 3.1(1.1-7.3) .02
84 (7) 1.0 (reference) —
2(11) 1.6 (0.2-6.3) .56
73 4) 1.0 (reference) .88
14 0.9 (0.05-4.4)
83 (7) 1.0 {reference) —
3 (20) 5.0 (1.1-18.0) .02
72 (4) 1.0 (reference) —
2(8) 2.5(0.4-9.1) 24
55 (7) 1.0 (reference) —
31 (7) 1.0 (0.6-1.6) 91
46 (4) 1.0 (reference) —
28 (5) 1.3(0.8-2.2) 34
74(7) 1.0 (reference) —
12 (9) 14 (0.7-2.7) 33
65 (4) 1.0 (reference) —
9 (5) 1.3(0.6-2.7) 44
66 (7) 1.0 (reference) —
20 (9) 1.4 (0.8-2.4) 23
57 (4) 1.0 (reference) —
17 (6) 1.6 (0.8-2.7) 14

Abbreviations: OR, odds ratio; Cl, confidence interval; K6, Kessler Psychological Distress scale.
2The multivariate odds ratios (ORs) have been adjusted for gender; age in years (40-49, 50-59, 60-69, >70); current cigarette smoking (no smoke, 1-19

cigarettes/d, 20 cigarettes or more/d, unknown); alcohol consumption (no drink,

<1 go/d, 22 go/d, unknown; 22.8 g of alcohol amounts to 1 go or traditional unit of

sake (180 ml), which also approximates two glasses of wine (200 ml), or beer (500 ml) in terms of alcohol contents.); time spent walking (<0.5 h/d, >0.5h/d,

unknown); and income (difficult to live, no problem or easy to live, unknown).

focused on subjects who received medical treatments for
physical disease, but we did not have the disease severity or
the symptoms of the subjects in detail. Thus, the disease
severity or the symptoms could have affected and modified
psychological distress.

Among most individuals receiving medical treatments for
physical disease, there was a positive association with psy-
chological distress, irrespective of the scale of damage to
homes. Thus, doctors and paramedics need to monitor
patients with treatment continuously for psychological
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Damage (Small) and Physical Damage (Small) and Physical Damage (Large) and Physical Damage (Large) and Physical

Disease (-) Disease (+) Disease (-) Disease (+)
Stroke 1.0 (reference) Not applicable 1.6 (1.2-2.3) 2.9 (0.2-15.7)
OR (95% CI) and P value e <.01 33
Myocardial infarction/ 1.0 (reference) 1.4 (0.6-3.0) 16(1.1-2.3) 3.6 (1.6-7.4)

angina pectoris

OR (95% Cl) and P value — 45 <.01 <01
Cancer 1.0 (reference) 3.4 (1.2-8.1) 1.8 (1.3-2.5) 15(0.3-4.4)
OR (35% Cl) and P value — <01 <01 .56
Kidney disease 1.0 (reference) 0.8 (0.05-4.2) 1.6 (1.2-2.3) 3.0(0.5-11.3)
OR (95% CI) and P value — <.01 .16
Liver disease 1.0 (reference) 2.4 (0.4-8.6) 1.6 (1.2-2.3) 7.0 (1.5-23.8)
OR (95% ClI) and P value — <01 <.01
Hypertension 1.0 (reference) 1.3(0.8-2.1) 1.9(1.2-2.8) 1.7 (1.0-2.9)
OR (95% ClI} and P value — <01 .03
Diabetes mellitus 1.0 (reference) 1.3 (0.6-2.6) 1.7 (1.2-2.4) 2.3(1.1-4.3)
OR (95% Cl) and P value — 47 <.01 .02
Hyperlipidemia 1.0 (reference) 1.6 (0.9-2.7) 1.7 (1.2-2.5) 2.4 (1.3-4.0)
OR (95% Cl) and P value — 13 <01 <.01

Abbreviations: OR, odds ratio; Cl, confidence interval; K6, Kessler Psychological Distress scale.

#The multivariate odds ratios (ORs) have been adjusted for gender; age in years (40-49, 50-59, 60-69, >70); current cigarette smoking (no smoking, 1-19
cigarettes/d, 20 cigarettes or more/d, unknown); alcohol consumption (no drink, <1 go/d, >2 go/d, unknown; 22.8 g of alcohol amounts to 1 go or traditional unit of
sake (180 ml), which also approximates two glasses of wine (200 ml), or beer (500 ml) in terms of alcohol contents.); time spent walking (<0.5 h/d, >0.5h/d,
unknown); and income (difficult to live, no problem or easy to live, unknown). The categories of degree of damage to homes and each medical treatment of physical
disease were combined, and we newly categorized the subjects with damage (small-scale) and physical disease (-), damage (small-scale) and physical disease (+),
damage (large-scale) and physical disease (), and damage (large-scale) and physical disease (+).

distress even after they leave the hospital following treatment
for a physical disease. Undertaking screening for psychologi-
cal distress among subjects with physical diseases will help to
prevent severe consequences.
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Periodontal Disease Is Associated with Insomnia among Victims
of the Great East Japan Earthquake: A Panel Study Initiated
Three Months after the Disaster
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in March 2011, the Great East Japan Earthquake (GEJE), which was followed by a devastating tsunami,
destroyed the societal and the public hygiene systems in Japanese coastal areas. Insomnia, the greatest
issue among disaster victims, has detrimental effects on both physical and psychological health.
Periodontitis causes chronic discomfort and inflammation, and little is known about its impact on insomnia.
Three months after the earthquake, a health panel survey was conducted over four surveys, till September
2013, in which information regarding 8,015 adults was collected and used. In addition to the heath-related
questionnaire, other variables including subjective symptoms of oral diseases were recorded, and the
Athens insomnia Scale was used {o evaluate the severity of insomnia. The association between insomnia
and periodontal disease was examined using multilevel logistic models on the panel data, after adjusting
for sex, age, economic status, comorbidities, body mass index, post-traumatic stress reactions, habitual
smoking and alcohol drinking, and the Kessler Psychological Distress Scale score. In addition to the higher
prevalence of insomnia among GEJE victims, significant association was revealed between insomnia and
gum problems (OR = 2.16, 95% Cl = 1.43-3.26), and difficulty chewing (OR = 2.22, 95% CI = 1.40-3.51),
after adjusting for all covariates. The present study revealed significant association between insomnia and
periodontal disease among GEJE victims. This indicated that together, integrated oral health care for
disaster victims would contribute not only to prevention of oral infectious diseases, but may also help
alleviate other problems caused by these harmful events.

Keywords: insomnia; large-scale disaster; oral health; panel study; periodontal disease
Tohoku J. Exp. Med., 2015 October, 237 (2), 83-90. © 2015 Tohoku University Medical Press

(Ishigaki et al. 2013). This was the greatest disaster ever

Introduction recorded in Japan in which more than 18,000 people were

The Great East Japan Earthquake (GEJE), a large reported dead or missing, and an additional 6,000 people
earthquake of 9.0 magnitude on the Richter scale, which were injured. The disaster also affected over 20 prefec-
was followed by a devastating tsunami, destroyed the east- tures, including Miyagi, and almost 400,000 buildings were
ern coastal towns and villages of Japan on March 11, 2011 damaged or destroyed. In April 2014, there were still more
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than 260,000 evacuees throughout Japan, especially in
Miyagi, where approximately 85,000 evacuees lived in
about 20,000 temporary units (Below et al. 2012; Ishigaki
et al. 2013). It is widely recognized that natural disasters
cause major public health problems owing to the impact of
the environmental changes associated with the collapse of
the socictal and public hygiene systems (Cherniack 2008;
Kako et al. 2014).

Under the severe conditions experienced following a
large-scale disaster, oral hygiene deteriorates, which
increases the risk of oral diseases such as dental caries and
periodontal disease (Liu et al. 2010; Hosokawa et al. 2012).
A cross-sectional study reported that declining oral hygiene
caused by the Wenchuan earthquake in Southwest China
exacerbated periodontitis in elderly victims (Liu et al.
2010). Under these conditions, integrated oral health care
could prevent not only oral diseases but also oral infectious
diseases like pneumonia and influenza (Adachi et al. 2007;
Estupinan-Day et al. 2011; Yamamoto 2013). In addition,
psychological stress, such as depression and anxiety experi-
enced by disaster victims, is strongly associated with the
progression of periodontal disease (Lopez et al. 2012;
Cakmak et al. 2014).

Insomnia, characterized by a difficulty in falling asleep
and/or maintaining sleep, is one of the most frequent symp-
toms following disasters (Lavie 2001; Mohsenin and
Mohsenin 2014). It has been a great issue among GEIE
victims (Matsumoto et al. 2014). Insommia is recognized as
the most common sleep disorder that has detrimental effects
on both psychological and physiological health (Babson
and Feldner 2010; Piccolo et al. 2013). Recently, epidemi-
ological studies on patients, and their meta-analyses, have
revealed a significant and bidirectional relationship between
periodontal disease and obstructive sleep apnea, a sleep dis-
order (Al-Jewair et al. 2015). With respect to the potential
mechanism in connecting the two diseases, however, only
one an animal study has examined the unidirectional impact
and indicated that sleep deprivation and the associated psy-
chological fatigue exacerbated experimental periodontitis
(Nakada et al. 2015). Therefore, it is still unclear how peri-
odontal disease could affect sleep disorders. In this context,
the comorbidity rate of insonimia in obstructive sleep apnea
patients was approximately 40-60% (Luyster et al. 2010;
Bjorvatn et al. 2014). However, little is known about the
association of periodontal disease with insomnia in disaster-
affected populations.

We hypothesized that the deterioration of oral hygiene
in GEJE victims resulted in the progression of periodontal
diseases along with insomnia. Here, using the panel data
from repeated surveys in the GEJE- and tsunami-affected
arcas, we sought to clarify the association between peri-
odontal diseases and insomnia after the large-scale disaster,
after adjusting for baseline covariates, including psycholog-
ical stress. The results could determine important targets
for dental intervention and strategies to support the disaster
victims.

Methods

Study population

A panel study was conducted semi-annually with GEJE victims,
from June 2011, three months after the disaster, until September 2013
(across four phases: June to September 2011, October 2011 to
February 2012, October 2012 to February 2013, and May to
September 2013) by the Tohoku University Graduate School of
Medicine. Five coastal areas in the Miyagi prefecture, namely,
Wakabayashi-ku in Sendai; Ajishima, Ogato, and Oshika in
Ishinomaki city; and Shichigahama-cho, were selected based on dis-
cussions with local governments. We recruited subjects aged 18 years
and older {as of June, 2011) based on data from the Basic Resident
Registration system in each arca, as well as those who had previously
participated in health surveys, whose subsequent address has been
known until May 2013. A self-administered questionnaire was mailed
to the participants. Among the 31,009 residents aged 18 years or
older (9,412, 7,663, 6,927, and 7,007 for each survey, respectively),
the numbers of respondents and response rates for each of the four
survey periods were 4,095 (43.8%), 1,874 (24.5%), 2,412 (34.8%),
and 3026 (43.2%), respectively. After excluding invalid responses
(e.g. missing of the agreement to participate into the survey), data on
8,015 individuals were included in the analysis.

Outcome variable

The Athens Insomnia Scale (AIS), a standardized self-assess-
ment instrument based on ICD-10 criteria for insommnia, was used to
assess the outcome variable, insomnia. It was administered as a self-
reported questionnaire. The cut-off value of 6 points or more was uti-
lized to establish the diagnosis of insomnia (Okajima et al. 2013},

Main predictors

Oral health-related symptorms (“toothache,” “swollen or bleed-
ing gums,” and “difficulty in chewing™) were determined through a
self-reported questionnaire. These yes or no questions were derived
from the Comprehensive Survey of Living Conditions, which is a
national survey that is conducted in Japan (Ministry of Health, Labour
and Welfare 2009; Hiyoshi et al. 2014). Use of this questionnaire
also enabled a comparison of the present findings on disaster victims
with the responses derived from a national sample in Japan.

Covariates

Socio-demographic characteristics, lifestyle, and health condi-
tion variables were recorded and the following were included in the
analyses as covariates: sex, age, economic status, comorbidity, post-
traumatic stress reactions (PTSRs), smoking habits, alcohol drinking,
and the score on the Kessler Psychological Distress Scale (K6)
(Kessler et al. 2002). In addition, body mass index (BMI) was mea-
sured in health examinations carried out along with this survey.
These covariates have been recognized as predictor variables for
insomnia/sleep disorders in previous studies (Palm et al. 2013). The
participants were divided into the following groups by age: 29 years
or younger, 30-39 years, 40-49 years, 50-59 years, 60-69 years, 70-79
years, and 80 years or older. The economic status was obtained using
the following self-reported question: “How do you feel about the cur-
rent economic condition of your household?” The response alterna-
tives were “poorest,” “poorer,” “poor,” or “fair.” Comorbidities were
surveyed by determining is they had recently undergone any medical
treatments for stroke, diabetes, hypertension, and coronary heart dis-

— 134 —



Periodontal Disease and Insomnia in GEJE Victims 85

ease (CHD). BMI was categorized info 4 groups (less than 18.5,
18.5-24.9, 25-29.9, 30 or more). PTSR was determined using the fol-
lowing 3 yes or no questions: “Are you experiencing any repeated,
disturbing memories and/or dreams?”, “Do you feel very upset when
something reminds you of a stressful experience from the earth-
quake?”, and “Do you have any physical reactions (e.g., heart pound-
ing, trouble breathing, sweating, or dizziness) when something
reminds you of a stressful experience from the earthquake?”.
Habitual smoking and alcohol drinking were determined.
Psychological distress was assessed using the continuous K6 score.
We used the Japanese version of the K6, which was developed
through a standard back-translation procedure and has been validated
(Furukawa et al. 2008).

Statistical analysis

In our data set, observations in each survey period were nested
in individuals; therefore, a multilevel logistic analysis was applied to
calculate the odds ratio (OR) and 95% confidential intervals (95% CI)
for insomunia. This analysis was used to compensate for any missing
observations in any of the panels (Hox 2010). At first, we calculated
univariate ORs for each variable with reference to the insomnia level.
In the covariate-adjusted models, we assessed the effect of each vari-
able on insompia, after adjusting for age, sex, economic status,
comorbidity, oral health symptoms, BMI, PTSR, smoking habit, alco-
hol consumption, and the K6 score. To analyze missing data, we
applied the “missing at random” assumption, and used multiple impu-
tation with the multivariate normal imputation method (Cummings
2013). In the imputation models, variables in the main analysis and
variables on comorbidities were included. Analyses were indepen-
dently applied for 10 copies of the data, each with missing values
suitably imputed. Estimates of the variables were averaged to com-
pute a single mean estimate and adjusted standard errors using the
Rubin’s rule (Rubin 1987). The numbers of participants without
missing data in cach question have been shown in Table 1. The
STATA version 13.1 (Stata Corp., College Station, TX, USA) was
used for all analyses, and statistical significance was declared at p <
0.05.

Ethical considerations

The study protocol was reviewed and approved by the Ethics
Committee ot Research of Human Subjects at the Tohoku University
Graduate School of Medicine (approved number: 201192 and
2014157). We explained the aims of the study to all participants,
after which their written informed consent was obtained.

Results

The numbers of participants with valid in each of the
four survey periods were 3,555, 1,511, 1,303, and 1,646,
respectively. The insomnia prevalence with reference to
each risk factor in all the participants has been shown in
Table 1. Note that 580 out of the 8,015 participants missed
the AIS data. The average prevalence of insomnia was
38.9%. In all the survey periods, the percentages of partici-
pants who reported toothache, gum problems, or difficulty
in chewing were 4.2%, 4.2%, and 3.4%, respectively.
Further, participants with oral health-related symptoms had
remarkably higher prevalence rates of insomnia compared
with participants without the symptom (toothache: 60.3%

Table 1. Characteristics of subjects and insomnia incidence
in the survey: Areas experienced by Great East
Japan Earthquake in Miyagi, Japan, 2011-2013.

. Insomnia incidence,
Variables N

N (%)
Age (years)
17-29 429 115(26.8)
30-39 478 166 (34.7)
40-49 774 349 (45.1)
50-59 1,284 588 (45.8)
60-69 2,017 823 (40.8)
70-79 1,805 641 (35.5)
> 80 648 210 (32.4)
Gender
Male 3,365 1,139 (33.8)
Female 4,070 1,753 (43.1)
Economic status
Fair 3,003 758 (25.2)
Poor 2,054 879 (42.8)
Poorer 1,526 776 (50.9)
Poorest 800 452 (56.5)
Comorbidity
Stroke 107 42(39.3)
Diabetes 576 224 (38.9)
Hypertension 2,483 966 (38.9)
CHD 392 183 (46.7)
Oral symptoms
Toothache 310 187 (60.3)
Gum problems 14 205 (65.3)
Difficulty chewing 235 183 (71.8)
BMI
Less than 18.5 174 59(33.9)
18.5-24.9 2,978 1,117 (37.5)
25.0-299 1.577 617 (39.1)
30 or more 300 121 (40.3)
PTSR ;
Intrusion 2,442 1,418 (58.1)
Agitated 2311 1.435 (62.1)
Hyperarousal 877 643 (73.3)
Habits
Smoking 1,517 610 (40.2)
Alcohol drinking 2,565 908 (35.4)
Total 7,435 2,892 (38.9)
Missing for AIS 580
K6 score N Average = SD
Non-Insomnia 4,322 32%35
Insomnia 2,725 8.0+48

vs. 38.0%, gum problems: 65.3% vs. 37.7%, difficulty
chewing: 71.8% vs. 37.7%, respectively). Survey partici-
pants who were in the middle age group (approximately
45% vs. 25.8% in the youngest group), were female (43.1%

— 135 —



86 M. Tsuchiya et al.

o

Incident rate (%)
43

Insomnia

~ 90 -a-Total
& 45 e "@pgale !
; ~Z-Female
g® e
& 40 el "“M~M@
E Thaee. T
@ 35 S -4
& 30

25

Sun-2011 Oct2091 Qet-2012 Jun2b13

@)

Gum Problems

~&-Total
~-e~Male
i-Fermale

PN
w2

Incident rate (%)
[%2]

Incident rate (%) (w)

L=

Jun-2011 Oet2011 002012 Jun-2013

Toothache

~a-Total
~g~Wiale
3 Female

Y
<

0
Jun-20t Cot 2011 Qot26712  Jun-2013
Difficulty Chewing
10 -a-Total
~s-NMale
~C3-Famale
5 o
L]

SJun-2011 Oot-2041 Oot-2012 Jun-2013

Fig. 1. Unadjusted average prevalence of insomnia and oral health-related symptoms.
Unadjusted average prevalence of insomnia (A) and oral health-related symptoms of toothache (B), gum problems (C),
and difficulty chewing (D) by survey period. In both males and females, prevalence of insomnia was the highest at
three months after the Great East Japan Earthquake and recovery was slow until October 2012. In males, the prevalence
of insomnia, of wothache, and of gum problems increased again in June 2013,

vs. 33.8% in male), were from the lower economic status
{approximately 50% vs. 25.2% in fair status), or had some
PTSR variables (approximately 60-70% vs. 38.9% on the
baseline value) showed higher prevalence of insomnia. Fig.
1 shows the unadjusted average prevalence of insomnia and
of oral health-related symptoms during the survey period.
The survey over two and a half years indicated a consistent
and higher prevalence of insomnia (Fig. 1A) and of gum
problems (Fig. 1C) in participants, especially in females
(insomnia: 43.1% vs. 33.8%, gum problems: 4.4% vs. 3.7%
in male participants, respectively). In addition, the preva-
lence of insomnia, of toothache and of gum problems only
in male participants recently increased in June 2013 again.
Table 2 shows the covariate-adjusted ORs for each of
the risk factor related to insomnia. The univariate models
using multiple imputation revealed significantly higher ORs
for all oral health-related variables (toothache: OR = 2.88,
95% CI = 1.90-4.36; gum problems: OR = 4.50, 95% CI =
2.97-6.81; difficulty chewing: OR = 5.55, 95% CI = 3.53-
8.73, p < 0.001, respectively). When adjusted for covari-
ates, the trends and significant relationships among partici-
pants were also similar. In addition to other risk factors
such as age, sex, economic status, PTSRs, alcohol con-
sumption, and psychological distress condition, multivariate
logistic regression analyses showed that participants with
each oral complaint (gum problems and difficulty chewing)
had significantly higher ORs for insomnia as compared

with those without oral complaints (OR = 2.16, 95% CI =
1.43-3.26, p < 0.001 and OR =2.22, 95% Cl = 1.40-3.51, p
< 0.01, respectively). Surprisingly, the ORs for gum prob-
lems or difficulty in chewing associated with insomnia were
similar to the ORs of the PTSRs. There was, however, no
significant association between insomnia and toothache
after adjusting for covariates (p = 0.41). Note that the mul-
tilevel logistic analysis without multiple imputation, the
complete case analysis indicated the similar significant
associations between each oral symptom and insomnia.
The adjusted ORs of toothache, gum problems, and diffi-
culty in chewing on insomnia were 1.47 (95% CI = 1.13-
1.86, p = 0.004), 2.18 (95% CI = 1.68-2.82, p < 0.001) and
2.38 (95% Ci = 1.78-3.18, p < 0.001), respectively.

Discussion

The present results revealed that two oral health prob-
lems, i.e., gum problems and difficulty in chewing, were
strongly associated with the insomnia prevalence in a large-
population of the 2011 GEJE victims of the Tsunami, but
toothache was not. Further, the prevalence of self-reported
oral health-related symptoms among the GEJE victims was
almost two times higher than that found in a 2013 nation-
wide survey that was conducted using same questionnaires
(Ministry of Health, Labour and Welfare 2013). Indeed, as
observed in Fig. 1, so far from achieving to the national
baseline in Japan, the prevalence of oral symptoms among
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