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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 to 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% CI = 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.
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Introduction
The Great East Japan Earthquake (GEJE), a large 

earthquake of 9.0 magnitude on the Richter scale, which 
was followed by a devastating tsunami, destroyed the east-
ern coastal towns and villages of Japan on March 11, 2011 

(Ishigaki et al. 2013).  This was the greatest disaster ever 
recorded in Japan in which more than 18,000 people were 
reported dead or missing, and an additional 6,000 people 
were injured.  The disaster also affected over 20 prefec-
tures, including Miyagi, and almost 400,000 buildings were 
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 societal 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 GEJE 
victims (Matsumoto et al. 2014).  Insomnia 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 insomnia 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 
areas, 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, Ogatu, 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 area, 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 insomnia, 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 symptoms (“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. 2015).  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-
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ease (CHD).  BMI was categorized into 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 insomnia.  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 insomnia, 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 each 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 on 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% 

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% 

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

Variables N Insomnia incidence, 
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 255 183 (71.8)

BMI
Less than 18.5 174 59 (33.9)
18.5-24.9 2,978 1,117 (37.5)
25.0-29.9 1,577 617 (39.1)
30 or more 300 121 (40.3)

PTSR
Intrusion 2,442 1,418 (58.1)
Agitated 2,311 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 3.2 ± 3.5
Insomnia 2,725 8.0 ± 4.8 



M. Tsuchiya et al.86

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% CI = 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 

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 toothache, and of gum problems increased again in June 2013.
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Table 2.  Adjusted odds ratios and 95% confidence intervals for insomnia.

Variables
Multivariate adjusted1

OR 95% CI

Complaint of oral health
Toothache N 1.00

Y 1.18 (0.77-1.79)
Gum problems N 1.00

Y ***2.16 (1.43-3.26)
Difficulty chewing N 1.00

Y **2.22 (1.40-3.51)
Age (years)

17-29 1.00
30-39 *1.79 (1.07-2.97)
40-49 ***3.68 (2.34-5.81)
50-59 ***3.86 (2.49-5.98)
60-69 ***2.95 (1.94-4.50)
70-79 **1.82 (1.17-2.82)
≥ 80 1.65 (0.99-2.77)

Gender
Male 1.00
Female **1.37 (1.11-1.68)

Economic status
Fair 1.00
Poor ***1.82 (1.49-2.21)
Poorer ***2.02 (1.62-2.52)
Poorest ***2.24 (1.69-2.98)

Comorbidity
Stroke N 1.00

Y 0.89 (0.43-1.83)
Diabetes N 1.00

Y 0.99 (0.70-1.40)
Hypertension N 1.00

Y 1.02 (0.83-1.26)
CHD N 1.00

Y 1.44 (0.95-2.18)
BMI

Less than 18.5 1.00
18.5-24.9 1.08 (0.65-1.78)
25.0-29.9 1.10 (0.65-1.86)
30 or more 1.00 (0.56-1.80)

PTSR
Intrusion N 1.00

Y ***1.73 (1.44-2.08)
Agitated N 1.00

Y ***1.74 (1.42-2.15)
Hyperarousal N 1.00

Y **1.63 (1.24-2.15)
Habits

Smoking N 1.00
Y 0.91 (0.72-1.16)

Alcohol consumption N 1.00
Y *1.27 (1.02-1.57)

K6 score
(per 1 point increase) ***1.34 (1.30-1.37) 

Y, Yes; N, No.
Multiple imputation logistic regression: Areas experienced by the Great East Japan Earth-
quake in Miyagi, Japan, 2011-2013.
1Adjusted for age, sex, economic status, comorbidity, complaint of oral health, BMI, PTSR, 
smoking, alcohol consumption and K6 score. 
Statistically significant variable (*p < 0.05, **p < 0.01 and ***p < 0.001).
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GEJE victims recently tended to increase again.  The 
increase in the oral symptoms related to periodontal disease 
leads us to assume that it is linked to the deterioration of 
oral hygiene among victims after the GEJE.  Periodontal 
disease, a major chronic infectious disease, can also be 
exacerbated by psychological stress and depression fol-
lowed by the dysregulation of the cellular and humoral 
pathways of the immune system (Okada et al. 2010; Warren 
et al. 2014).  Similarly, sleep disturbances increase with 
psychological stress and infectious diseases (Irwin 2015).  
Thus, psychological stress is certainly one of the most 
potent confounding factors related to both periodontal dis-
ease and insomnia.  The statistical correlation between peri-
odontal disease and insomnia was attenuated, but it 
remained strong even after adjusting for the psychological 
covariates of the K6 score and PTSRs.  Furthermore, the 
ORs for the oral symptoms of periodontal disease with ref-
erence to insomnia were similar to those of PTSRs.  
Although this study could not distinctly define the relation-
ship between periodontal disease and insomnia because of 
less temporal data, our findings support the fact that there 
are other potential factors that affect the meaningful link 
between periodontal disease and insomnia.  A future study 
using periodontal intervention with insomnia patients may 
clarify the mechanism involved in the development of the 
disease.

Of the 8,015 subjects participating in the present study, 
38.9% (2,892 participants, with 580 missing data) were 
classified as suffering from insomnia.  Thus, the insomnia 
prevalence observed in this study population was higher 
than that reported from other surveys conducted in Japan 
using the AIS (23.0-27.3% in males and 31.0-34.4% in 
females), but lower than that reported in non-emergency 
conditions (Utsugi et al. 2005; Yoshioka et al. 2012; Saijo 
et al. 2015).  Meanwhile, the prevalence rates of insomnia 
after a great earthquake were reportedly 63% and 46% at 3 
and 8 weeks after Hanshin-Awaji earthquake, respectively, 
and 60% a year after the 1999 Athens earthquake in Greece 
(Kato et al. 1996; Varela et al. 2008).  Indeed, these studies 
showed higher values than those reported in the present sur-
vey.  These discrepancies may be due to the longer survey 
periods or the lower response rate in this survey, because 
non-respondents tended to shows poorer health status.

The multivariable logistic analysis could further show 
the significant associations between insomnia and its demo-
graphic risk factors such as being female, in a difficult eco-
nomic situation, and being in serious psychological stress 
(screened by the PTSR and K6 scores) (Lazaratou et al. 
2012).  The present study revealed the highest OR for 
insomnia in middle-aged participants (50s), which differs 
from that reported by previous studies, which showed that 
the highest prevalence of insomnia was in elderly people, 
majorly cause by aging.  Although specific reasons for the 
highest prevalence of insomnia in the middle-aged group 
were not determined in this study, previous studies indi-
cated that the psychological stress and depressive reactions 

among the disaster victims after GEJE was distinctly 
observed in the middle-aged group (Koyama et al. 2014; 
Matsubara et al. 2014).  Evident from the delayed increase 
of suicide rates in middle-aged GEJE victims in the disas-
ter-affected areas (Orui et al. 2015), continuous and inten-
sive healthcare services are worth considering in support of 
these people.

In terms of the limitations of this study, first, the sur-
vey revealed low response rates in each panel, possibly 
owing to the unstable home addresses of most participants 
after the GEJE.  Indeed, as indicated by the largest number 
of participants in the first survey, panel studies typically 
suffer from attrition, which pretend the higher response rate 
in the initial survey as biased inferences (Cheng and Trivedi 
2015).  Therefore, we cannot rule out the possibility of a 
selection bias.  Meanwhile, since most people who do not 
respond tend to have a poorer health status, the association 
examined in the present study might be stronger in the non-
respondents.  Second, the subjects of this study were all 
disaster victims who were suffering from great psychologi-
cal trauma.  Therefore, it is unknown whether our results 
are applicable to the general population.  Therefore, a future 
study with an appropriate design needs to be performed on 
the general population.  Third, we did not conduct a stan-
dardized clinical periodontal examination, which could 
quantify the periodontal status and strengthen the intra-dis-
ease associations.  However, the strength of our study is 
that it was a large-scale panel study on disaster victims.  
Natural disasters induce several public health issues.  
However, few studies have focused on the impact of oral 
health.  Therefore, this study would be important in the 
public health field.  In addition, our results could be the first 
to suggest the possibility of the impact of oral health on 
insomnia among disaster victims.  As a public health impli-
cation, this indicates that a wider range of health care inter-
vention including oral health care may be important after 
disasters.

In conclusion, our large-scale panel study on GEJE 
victims determined a strong association between periodon-
tal disease and insomnia.  This implies that reciprocal man-
agement for sleep disorders and periodontal disease would 
reduce intra-disease actions, which may contribute to the 
victims’ systemic health.  However, the underlying mecha-
nism remains unclear, and adequate additional clinical 
research is necessary to confirm our findings.
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