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This study examined the prevalence of mental health problems and related factors among dialysis patients living in prefectures
that were heavily damaged by the Great East Japan Earthquake. Research was conducted two years following the disaster, and data
of 1500 residents of the prefectures were analyzed. This study examined disaster related stressors, gender, socioeconomic status,
health problems prior the earthquake, and social support, all of which have been identified as aggravating/mitigating factors in
previous research on disaster survivors. We also examined advanced awareness of emergency planning as a dialysis specific factor.
Mental health problems after the disaster were categorized into three types: PTSD and depression comorbidity, PTSD only, and
depression only. Results indicated that people with comorbidity, PTSD, and depression comprised 7.5%, 25.0%, and 2.9% of the
sample, respectively. Not only disaster related stressors but also health problems prior to the disaster had an aggravating direct
effect on comorbidity and PTSD. In addition, social support and advanced awareness of disaster planning had a mitigating effect
on comorbidity. These results suggest that advanced awareness of disaster planning is a dialysis specific factor that could decrease
the occurrence of comorbidity among dialysis patients following a disaster.

1. Introduction
The earthquake known as the Great East Japan Earthquake
occurred on March 11, 2011. The temblor, which was registered
at a magnitude of 9.0, triggered a massive tsunami that
struck the northeastern coastline, which in turn resulted
in a catastrophic failure at the Fukushima Daiichi nuclear
power plant, seriously damaging the reactor cooling systems
and releasing radioactivity. The compound nature of the
disaster—the earthquake, tsunami, and release of radiation—
devastated vast areas of northeastern Japan. Many parts of
this region have not fully recovered. According to the national

police agency, as of November 2012 the death toll from the
earthquake and related events stands at 15,883, with a separate
number of 2,651 listed as missing [1].
Effects of natural disasters on certain aspects of mental
health in survivors have been identified in most studies
reviewed by Norris and Elrod [2]. In Japan, the influence
of disaster on survivors’ mental health has been examined
in relation to previous earthquakes [3–9]. The impact of
the Great East Japan Earthquake (also known as the 3/11
earthquake) on mental health has been examined in various
groups: people evacuated in shelters [10], young people [11–
13], and others [14]. Hemodialysis patients are among those
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that have a higher risk of developing mental health problems
in the aftermath of natural disasters for the following reasons.
First, there is the possibility of disruptions in maintaining
regular treatments because many dialysis units might be
disabled in the aftermath of a disaster, which can have
a harmful impact on the health of hemodialysis patients
[15–18]. Second, the available diet in evacuation shelters,
which is high in sodium and potassium, could worsen
the conditions of patients with chronic renal failure, who
are usually on special diets [15, 19]. Third psychological
stress, which can have serious health consequences such as
triggering heart attacks or strokes, can be more severe in
hemodialysis patients than in the general population [20].
However, information on conditions affecting this population
following natural disasters is scarce [21]. Hyre et al. [22]
reported that 24% of hemodialysis patients who received
treatment in New Orleans during the week before Hurricane
Katrina reported symptoms consistent with a diagnosis of
PTSD a full year later. In a separate study, Hyre et al. [23] also
reported that 46% of hemodialysis patients in post-Katrina
New Orleans reported symptoms consistent with a diagnosis
of major depression.
Mental health problems have been shown to be important
indicators of related factors such as the deterioration of
physical health and greater usage of medical resources [24].
Therefore, this study, conducted approximately two years
after the 3/11 earthquake, examined the prevalence of mental
health problems and related factors among dialysis patients
living in the heavily damaged prefectures.

2. Methods
2.1. Analytic Framework. In this study, both exposure to the
3/11 earthquake and life strains after the event were employed
as disaster related stressors. This is because life strains after
a catastrophic event can be as influential on mental health
as the exposure to the disaster itself [25, 26]. A number
of variables have been identified as aggravating/mitigating
factors in the mental health of survivors. Many studies have
shown that gender, lower social status, and the presence or
absence of health problems prior to a disaster are factors
related to whether individuals develop serious mental health
problems following disasters. Additionally, survivors with
higher social support are at reduced risk of developing serious
mental health disorders in the future [26]. Moreover, higher
awareness of advance emergency planning, specifically, the
steps that dialysis patients should take to prepare for a
disaster, has been identified as a mitigating factor; the Kidney
Community Emergency Response Coalition recommends
that dialysis patients be familiar with the emergency renal diet
and maintain a list of health problems [27].
The mental health issue most often assessed and observed
in research on survivors of natural disasters is Posttraumatic
Stress Disorder [2]. A number of previous studies assessing
mental health problems of survivors have also reported
the prevalence of depression in this population [2]. The
present study uses both PTSD and depression in assessing
the mental health of survivors and investigated factors related
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to the comorbidity of PTSD and depression. Tracy et al.
[28] suggested that PTSD and depression might be different
predictors. Additionally, there are high comorbidity rates
between PTSD and depression, and other mental disorders
have been reported [29, 30], and the presence of depressive
disorders in patients with PTSD has been associated with
greater functional impairment [31–34]. However, little is
known about risk factors involved in comorbidity [32, 34].
2.2. Data Sources. Respondent candidates were all members
of the Japan Association of Kidney Disease Patients. At the
time of the survey they were living in Fukushima, Miyagi,
and Iwate, the three prefectures most heavily affected by
the earthquake (𝑁 = 4, 085). According to a survey of
all dialysis facilities in Japan conducted by the Japanese
Society for Dialysis Therapy [35], the number of dialysis
patients living in these three prefectures in December 31,
2012, was 12,679, 32.2% of whom were members of Dialysis
Therapy Patient’s Association. The questionnaires described
below were hand-delivered to members of dialysis facilities.
The number of questionnaires returned by mail was 1,845.
However, not all patients that returned the questionnaire
were included in the effective sample. As the earthquake
occurred in March of 2011 and the survey was conducted
in March 2013, patients who began hemodialysis therapy
after the earthquake were included as candidate respondents.
The questionnaires included a question about the frequency
of skipping dialysis treatment due to disruptions caused by
the earthquake. Participants (𝑛 = 100) who indicated that
this question was not applicable or did not respond to the
question were excluded from the analysis. In addition, the
actual number of participants in our analysis was smaller
than 1,745 because, as described below, some participants had
missing values for variables used in this study.
2.3. Assessments
2.3.1. Disaster Related Stressors. Traumatic experiences resulting from the earthquake were measured by a scale that was
developed based on scales used in research by Tohyama [36]
and other studies [37, 38]. The scale comprised 10 items
that evaluated the number of traumatic experiences resulting
from the disaster itself (e.g., “suffering injury or burns”)
that participants may have faced. To quantify the responses,
we added up the number of traumatic experiences reported
by the participants. The number of traumatic experiences
for participants with missing values less than or equal to
20% of the total traumatic experiences was obtained by
calculating individual mean scores for all items other than
those with missing values and then calculating the total score
by multiplying the individual mean score by 10. This method
has been suggested as a reliable way to handle missing values
in surveys using multiple instruments [39, 40].
The scale to assess life strains after the earthquake was
developed based on the scale used in research by Tohyama
[36]. Life strains were defined as “having more difficulties in
each life dimension at the time of this survey as compared
to one’s situation before the disaster.” The scale consisted
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of seven life dimension items, assessing variables such as
decreasing frequency of contact with friends and neighbors.
Participants responded by using the two response choices
provided for each item, either “Yes” or “No.” Results indicated
that, among the 1795 participants in this study, the highest
percentage of participants (55.6%) did not feel any increased
difficulties in any of the life dimensions after the disaster,
whereas the next highest percentage of participants (11.9%)
felt increased difficulties in only one life dimension. Therefore, life strain was evaluated by whether or not participants
felt more difficulty in at least one dimension after the disaster,
as compared to before the disaster. Basically, participants who
had one and more missing items on this scale were excluded
from the analysis. However, even in these participants,
respondents who indicated that following the earthquake
they felt more difficulty in at least one dimension were used
in the analysis.
2.3.2. Other Aggravating/Mitigating and Control Factors. Psychiatric problems prior to the earthquake were retrospectively assessed using the instrument developed by Johannesson et al. [41]. This scale evaluates whether participants
suffered from psychiatric problems prior to the earthquake.
Traumatic experiences prior to the earthquake were measured using an indicator based on that in research by the
Hurricane Katrina Community Advisory Group [42]. Using
this indicator, participants were asked if they had experienced
any of six different types of traumatic events, such as “psychical, or sexual assault” prior to the 3/11 earthquake. Results
indicated that the largest number of traumatic experiences
experienced by participants was one (47.6%) in participants
(𝑛 = 1, 795), followed by zero (39.8%). Therefore, traumatic
experiences prior to the earthquake were evaluated on the
basis of whether participants had experienced at least one
traumatic event or had no experience of traumatic events.
Basically, participants who had one or more missing items on
this scale were excluded from the analysis. However, even in
these participants, data of those who had experienced at least
one traumatic event were used in the analysis.
Activities of daily living (ADL) prior to the earthquake
were retrospectively assessed by one item in which participants were asked about their ADL one month prior to the
disaster. Response choices comprised five levels, 1 (I could
go anywhere by myself without any difficulty) to 5 (I was in
bed almost all day) [43] and the total score was calculated.
Annual household income during the year prior to the
3/11 earthquake was assessed by measuring the total annual
household income. Participants were asked to indicate the
approximate total annual income of all household members
from all sources of income before tax deductions during the
year before the earthquake. There were eight levels of income,
from which respondents could choose the most appropriate
(e.g., the lowest level was “under 1.2 million yen” and the
highest level was “over 10 million yen”), and the midpoint of
each category was used for quantification. The midpoint of
each category was divided by the square root of the number
of people living in the household to adjust for the influence
of household size on income. The monetary amount was
indicated in units of one million yen.
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The two factors that were classified as aggravating/mitigating indicators at the time of this survey were social support
and awareness of advance emergency planning. Finally, gender and education were included as sociodemographic factors. The indicator that we termed social support was developed based on questions developed by Americans’ Changing
Lives [44]. Respondents made assessments regarding three
aspects: informational, instrumental, and emotional. The
participants were told, “Please indicate the level of support
you think that you received from each relationship, such as
your spouse, for each aspect of support using the four-point
scale.” To quantify the response, each response on the scale
was assigned a separate value from 1 to 4. The highest score
for resources of social support was used to measure the level
of each dimension of social support [45]. Total scores for
support were obtained from the sum of the score for each
dimension of social support.
Currently, no scale exists to assess advanced awareness of
emergency planning among dialysis patients. For the present
study, we developed a scale based on recommendations from
both the Kidney Community Emergency Response Coalition
[46] and a number of dialysis physicians. The scale comprised
five items, including items such as the following: “Are there
hemodialysis facilities where you can receive dialysis if your
current facility is not available due to a disaster?” Participants
responded with a “Yes” or “No” to each question. To quantify
the responses, we added the number of “Yes” responses by
the participants. Missing values on items on the scale were
handled in the same manner as in the scale used for exposure to the disaster. To assess education, participants were
asked to indicate the highest degree received or most recent
educational institution attended. To quantify the responses,
the minimum number of years needed to obtain each degree
was calculated. In the item for gender, the choices “male”
and “female” were assigned the numbers 1 and 0, respectively.
Additionally, age and the length of time an individual had
been receiving dialysis treatment were employed as control
factors.
2.3.3. Mental Health Problems. The present study employed
two indicators to assess mental health problems at the time
of the survey: the Impact of Event Scale-Revised (IES-R) as
an indicator of PTSD [47, 48] and K6 as an indicator of
depression [49, 50]. Responses to both IES-R and K6 had
missing items; however, no methodology exists for handling
missing items on these scales. Thus, in the current study,
missing values on questionnaires were handled in the same
way as on the scale of exposure to the disaster. Participants
were categorized into four types (PTSD and depression
comorbidity (hereafter comorbidity), PTSD only, depression
only, and neither PTSD nor depression) to examine factors
related to comorbidity. Categorization into the four types was
conducted using a clinical cutoff point for each K6 and PTSD
scale to screen for persons with a high possibility of metal
health problems (13 for K6 and 25 for ISE-R separately).
2.4. Statistical Analysis. Multinomial logistic regression analysis was used to examine related factors in mental health
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problems. Among the four categories, the classification of neither PTSD nor depression was used as a reference. The effects
of aggravating/mitigating factors on mental health problems
were examined by entering these factors and control factors
as independent variables in the equation. Data of participants
without missing values (89.4%) for the dependent variables
were used in the analysis. The highest percentage of missing
values for independent variables was in the indicator of
life strains after the earthquake (11.6%), which was followed
by adjusted household income (10.9%). The percentage of
missing values for other independent variables was less than
10%. If we had analyzed only the data of participants without
missing values for the independent variables, the effective
sample of this study would have been 1,253 because deletions
would have reduced the sample size. Therefore, in this study,
1,540 participants with missing values less than or equal to
20% of the total were included in the analysis through the use
of multiple imputation methods. We created 20 data sets that
were input to estimate values in items with missing values.
The data were analyzed with SPSS version 19.
2.5. Ethical Considerations. This study was conducted according to the guidelines in the Helsinki Declaration. All the
procedures of the study were approved by the Research
Ethics Board of J. F. Oberlin University. A letter of invitation
explaining the content of the study and the questionnaire
was handed to each potential participant in this survey. Data
collection procedures assured confidentiality by the use of
self-administered, anonymous questionnaires. Participation
in this study was completely voluntary.

3. Results
Table 1 shows the distributions of PTSD, depression, aggravating/mitigating, and control factors. Of the participants,
32.5% and 10.4%, respectively, showed PTSD and depression.
Table 2 shows percentages of different disaster induced traumatic experiences reported by the participants. The highest
percentage of participants (82.2%) felt fairly or very afraid,
which was followed by participants who felt strong anxiety
about the safety of their family (46.1%). Figure 1 shows the
distribution of participants with comorbidity (7.5%), PTSD
only (25.0%), depression only (2.9%), and neither PTSD
nor depression (64.7%) at the time of the survey. The rate
of comorbidity with depression among participants with
PTSD was 23.1% as calculated by the following formula:
[comorbidity/(comorbidity + PTSD only) × 100].
Table 3 shows the direct effects of aggravating/mitigating
factors on mental health problems. There were similar effects
of aggravating/mitigating factors on comorbidity and PTSD
only. The number of traumatic experiences resulting from the
disaster, experiences of life strains after the disaster, gender,
health problems prior to the earthquake, and social support
had significant impacts on whether participants developed
comorbidity or only PTSD. In addition, levels of advanced
awareness of emergency planning had significant impact on
comorbidity. The number of traumatic experiences due to
the disaster, experience of prior (preearthquake) depression,
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PTSD and
depression
comorbidity
7.5%

Only PTSD
25.0%
Neither PTSD
nor
depression
64.7%
Only
depression
2.9%

Figure 1: Prevalence of PTSD and depression at the time of the
survey.

and prior difficulties of ADL had significant impacts on
depression only.

4. Discussion
It is rather difficult to compare the above findings with prevalence of PTSD reported in previous studies, as methodologies
and referenced sources of population from previous studies
were different from those used here [51]. However, according
to a systematic review by Neria et al. [52], studies of survivors
of natural disasters overall report PTSD prevalence ranging
from 3.7% to 60% in the first one to two years after an
event, with most studies reporting prevalence estimates in
the lower half of this range. In addition, estimates of higher
prevalence of PTSD have been reported in specific groups
such as clinical samples and populations in areas heavily
affected by a disaster. As this study included participants
who did not directly experience the earthquake and/or
tsunami, it should be noted that prevalence of PTSD in
participants with exposure to disaster was 32.5%. Hyre et al.
[22] reported that 91.8% of hemodialysis patients in their
sample were evacuated after Hurricane Katrina and 42.2% of
these individuals reported symptoms consistent with PTSD
or partial PTSD one year following the disaster. These results
suggest that hemodialysis patients not only are vulnerable
to the immediate physical effects of disaster but also may
experience longer term mental health issues; this is despite
the fact that the period during which these factors occur, that
is, the disaster and the aftermath, is seen as being short term
[26]. As K6 is a global indicator, comparison with prevalence
of depression in a reference group is needed to evaluate
whether prevalence of depression among the dialysis patient
sample is high or low. Kuriyama et al. [53] reported that
the prevalence of depression measured using K6 among a
population of persons living in Japan aged 40 and over was
6.7%. Prevalence of depression among the dialysis patients
in our sample after the earthquake was 10.4%, twice that of
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Table 1: Descriptive statistics of variables under investigationa .

Variable
Prevalence rate of PTSD
Prevalence rate of depression
Number of traumatic experiences resulting from the earthquake
Rate of experiencing life strains after the earthquake
Gender
Education (number of years)
Income (in units of one million yen)
Rate of experiencing depression prior to the earthquake
Rate of traumatic experiences prior to the earthquake
Levels of disability of ADL (activity of daily living) prior to the disaster
Levels of awareness of advanced planning
Social support
Age (years)
Period undergoing dialysis (number of years)
a

(%)
(%)
Mean (SD)
(%)
Male (%)
Female (%)
Mean (SD)
Mean (SD)
(%)
(%)
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)

32.5
10.4
2.217 (1.474)
36.1
42.7
57.3
12.042 (2.159)
2.027 (1.413)
17.0
61.6
2.148 (1.176)
2.695 (1.421)
10.769 (1.909)
64.688 (10.670)
11.420 (8.280)

Numbers were calculated by using 20 data sets for inputting estimated values instead of missing values N = 1,540.

Table 2: Percentage of different traumatic experiences caused by the
disastera .
Kind

(%)

Feeling fairly or very afraid
Strong anxieties about family safety
Finding shelter
Partial or complete destruction of home
Suffering from a permanent physical injury
Helping to rescue victims of the disaster
Seeing dead or seriously injured people
Death of a family member
Suffering from injury or burns
Injury or permanent physical damage to a family member

82.2
46.1
35.7
19.1
14.3
9.0
7.3
3.3
2.9
1.4

a

A database for inputting estimated values for missing values was used (𝑛 =
1,540). Missing values were input to the scale indicating the number of
traumatic experiences caused by the disaster. However, missing values for
each type of traumatic experience caused by the disaster were not input.
Percentages of the types of disaster were calculated by excluding each case
with missing values.

the general population. However, it has been widely claimed
that depression is the most common mental health problem
among dialysis patients; this is not only because dialysis
patients may have experienced multiple difficulties at home
and work, for example, fatigue and sexual dysfunction, but
also due to multiple stressors such as dietary constraints and
dependency upon treatment [54].
Previous studies have reported that rates of comorbid
depression among participants with PTSD were over 40% [30,
34, 55]. The rate of comorbid depression among participants
with PTSD in this sample (23.1%) was lower than that found
in other studies of disaster survivors. As the current study
is the first to examine comorbidity following a disaster in
dialysis patients, this finding may not be conclusive. However,
if these results prove to be valid, differences in each risk

factor for PTSD and depression after a disaster among dialysis
patients could be wider than in the risk factors among the
general population. As depression among dialysis patients
is often related to dialysis specific stressors, such as role
changes at home and in the workplace [54], it is possible
that the factors related to depression differ largely from other
disaster related stressors that cause PTSD. Factors related to
comorbidity and PTSD only in our sample of dialysis patients
are similar to factors related to mental health problems in
disaster survivors found in previous research [2]. Tracy et
al. [28] point to certain stressors during and following a
natural disaster that play a central role in PTSD and also cite
postevent nontraumatic stressors that are associated with risk
of depression. In this study, disaster related stressors had a
lower impact on depression than on comorbidity and PTSD.
Dialysis specific causes of depression among patients may
have had an influence on our results.
While awareness of advance emergency planning is important in reducing deaths among dialysis patients in the event
of a natural disaster [21], in empirical research only Hyre
et al. [23] have demonstrated that a lack of evacuation plan
awareness was related to poor psychosocial health following
a disaster. The results in this study provide support for the
effectiveness of advance emergency planning and awareness
of measures that can be taken in preventing mental health
problems among dialysis patients.
There are some limitations in the present research. First,
assessments of changes in depression were not possible as
preearthquake data from this region were not available.
Second, assessments of recovery from the acute phase immediately following the earthquake were not possible as the
study interviews were conducted only once, two years after
the events of 3/11. Third, it is difficult to examine the causal
linkage of these factors to an appearance of mental health
problems as several factors prior to the earthquake were collected through a retrospective survey. Finally, a low response
rate (here 45.2%) is thought to provide an underestimation
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Table 3: Direct effects of aggravating/mitigating factors on mental health problemsa .
PTSD and depressionb PTSD onlyb
Depression onlyb
Odds ratioc (95% CI) Odds ratioc (95% CI) Odds ratioc (95% CI)

The number of traumatic experiences caused by disaster
Experience of life stressors after the earthquake
Gender (male = 1, female = 0)
Education
Income
Experience of depression
prior to the earthquake
Experience of trauma
prior to the earthquake
Levels of disability in activities of daily living prior to the earthquake
Levels of awareness of disaster planning
Social support
Age
Period of taking dialysis

1.494 (1.288–1.733)***
3.858 (2.307–6.452)***
0.655 (0.420–1.021)
0.916 (0.820–1.024)
0.934 (0.781–1.117)

1.425 (1.293–1.572)***
2.096 (1.560–2.816)***
0.735 (0.562–0.963)*
0.922 (0.863–0.986)*
0.912 (0.820–1.015)

1.299 (1.037–1.626)*
1.151 (0.566–2.339)
1.473 (0.764–2.840)
1.052 (0.907–1.221)
0.810 (0.623–1.051)

4.971 (3.062–8.069)***

2.058 (1.454–2.912)*** 5.032 (2.606–9.717)***

1.520 (0.950–2.432)

1.517 (1.151–2.000)**

0.527 (0.282–0.986)*

1.579 (1.313–1.899)***
0.751 (0.634–0.891)**
0.862 (0.776–0.959)**
1.022 (1.000–1.045)
1.011 (0.983–1.038)

1.200 (1.066–1.351)**
1.049 (0.954–1.153)
0.927 (0.864–0.994)*
1.021 (1.007–1.035)**
0.997 (0.981–1.013)

1.330 (1.026–1.724)*
0.810 (0.642–1.020)
0.963 (0.825–1.124)
0.969 (0.942–0.998)*
0.998 (0.960–1.037)

a

n = 1,540.
Reference category was “neither PTSD nor depression.”
c
Odds ratio means changes in odds ratio if each factor increases by one point.
*
P < .05; ** P < .01; *** P < .001.
b

of the rates of PTSD or depression, as patients with more
serious mental health problems have a higher possibility
of not responding to this type of survey. Although these
limitations need to be noted, the present research has several
important features that should be noted: (1) this is the
second quantitative study to examine the effects of a natural
disaster on a population of dialysis patients, the first being
the previously mentioned study following Hurricane Katrina;
(2) this study uncovered related factors in comorbidity, a
very important mental health issue following a disaster; and
(3) previous studies on survivors of earthquakes and other
natural disasters have been conducted with selective samples
that were not representative of the affected population [56].
While this study had a selective sample, the sample was
obtained from members of patient groups, which comprised
one-third of all patients living in the affected prefectures.
Evidence based on convenience sampling or snowballing
methods tends to show substantially higher rates of PTSD
and other mental disorders than seen in representative groups
recruited using random sampling methods [57]. Evidence
from this study has smaller bias of prevalence of mental
health problems than that found in other researches using
convenience sampling.

5. Conclusion
People with comorbidity, PTSD only, and depression only
comprised 7.5%, 25.0%, 2.9% of the sample, respectively. Not
only disaster related stressors but also health problems prior
to the disaster had an aggravating direct effect on comorbidity and PTSD. In addition, social support and advanced
awareness of disaster planning had a mitigating effect on
comorbidity. Results of this study suggest that the awareness

of disaster planning in advance could mitigate the occurrence
of comorbidity. Disaster related stressors had a weaker impact
on depression than on comorbidity and PTSD. Dialysis
specific stressors may have played a large part in depression
among patients after the disaster and mental and physical
health prior to the disaster.
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