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Abstract

Objective: This study aims to clarify effects of intervention to improve the physical activity of elderly evacuees in
temporary housing after The Great East Japan Earthquake, which occurred on March 11, 2011.

Methods: A total of 15 subjects (5 men and 10 women) underwent a two-month intervention program, which
consisted of multiple techniques including education, practice, and feedback, all of which were aimed to increase
patients’ physical activity levels. Changes in physical activity levels were gauged according to the number of walking
steps recorded with a triaxial accelerometer, or pedometer. Age, gender, and stage of self-efficacy were analyzed to
determine which characteristics made it more likely for respondents to add more than 10% to their number of steps
in the first 2 weeks and in the last 2 weeks of the study.

Results: Three out of fifteen subjects (20.0%) increased their number of steps by more than 10% in post-
intervention. Males, and those who had smaller levels of physical activity pre-intervention were more likely to
improve their number of steps (p<0.05).

Conclusion: Multiple-strategy intervention for elderly evacuees in temporary housing is effective at improving the
level of physical activity for males and individuals with low initial levels of physical activity.

Keywords: Older evacuees; Temporary housing; Great East Japan
earthquake; Physical activity; Self-efficacy; Intervention

Introduction
Physical activity is defined as “any bodily movement produced by

the skeletal muscles that result in energy expenditure” [1]. Lack of
physical activity has been identified as the fourth leading risk factor of
global mortality [2]. Furthermore, particularly among older
individuals, a lack of physical activity may cause frailty [3] and poor
physical functions, such as reduced mobility and muscle strength [4].

On March 11, 2011, the Great East Japan Earthquake (GEJE) hit the
northeast region of Japan, and the subsequent tsunami and accident
that occurred at the Fukushima Daiichi Nuclear Power Plant caused
severe damages. In order to prevent exposure of radioactive material
emitted from the damaged power plants, local citizens who lived there
were forced to evacuate-many of them are still living in temporary
housing. Many of these evacuees, particularly the older ones, have had
trouble maintaining a healthy physical activity level.

Survivors of the GEJE lost their routine work schedules, and their
physical activity levels generally decreased. One previous study found
that survivors living in temporary housing had 33% less daily walking
steps than similarly aged individuals living in their own houses located
in the same district in 2015 [5]. This is in keeping with evidence that
one’s amount of physical activity is subject to the environment of
surrounding areas [6] and Hirai et al.’s suggestion that access to daily

needs is essential to prevent homebound status in the community after
GEJE [7].

Another study suggested that survivors of GEJE who have
experienced evacuation were more likely to develop non-
communicable diseases [8]. One consequence of the disaster was that it
caused a break of social linkages, which may trigger health issues in
survivors [9,10]. Tsubokura points out the possibility that financial
difficulties also might cause health deterioration after the GEJE [11].

Self-efficacy, which is described as confidence in the ability to be
physically active in specific situations, is a determinant of an
individual’s physical activity level [12]. Recently, there have been efforts
to develop intervention methods to improve physical activity self-
efficacy and various techniques for behavior change (behavior change
techniques; BCTs)-these methods are reported to be effective for those
who have had less motivation to increase physical activity [13,14].

In this study, researchers developed a two-month intervention
program for residents of one temporary housing complex in
Minamisoma city, Fukushima Prefecture, Japan, with the aim of
improving their levels of physical activity. The original total population
of Minamisoma city was approximately 72,000 before the disaster, but
it plummeted to approximately 10,000 immediately following the GEJE
because many local residents temporarily evacuated the city, following
an order from the national government not to enter or maintain
residence there [15]. After evacuation, adolescents and their mothers
were less likely to return to their home, while a larger portion of older
individuals aged 65 or older have returned. The percentage of citizens
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over the age of 65 increased from 25.92% on March 11, 2011 to 32.88%
on March 10, 2014 [16]. Thus, following the GEJE, age distribution in
Minamisoma has dramatically changed, and the aging rate has
increased. Given that a higher percentage of the population is elderly,
and therefore more susceptible to declining health conditions, there is
a need to pay careful attention to their physical activity, in order to
maintain community health. Although previous studies have
attempted to improve the physical function and quality of life of elderly
survivors after the GEJE [17], no study has specifically investigated
maintenance of their physical activity levels. Development of
methodology for improving their physical activity level can be one
means of improving their overall health.

This study aims to clarify the effectiveness of a newly developed
intervention strategy to improve the physical activity levels of older
persons living in temporary housing after the GEJE. Daily walking
steps, measured by a triaxial accelerometer, were used to determine the
physical activity level of each subject. This study’s findings could
provide policy makers or municipality officers in the areas affected by
great disasters with some information that could be used to promote
the health of survivors.

Methods

Study design
This study was conducted on a single group, with a comparison

between pre-intervention and post-intervention conditions. The
increase of daily walking steps was used to determine level of physical
activity pre and post-intervention.

Subjects
In this study, we collected data from evacuees who lived in one

temporary housing complex in Kashima ward, Minamisoma city,
whose municipal branch office is 32 km north of the Fukushima
Daiichi Nuclear Power Plant. The subjects in this study began residing
in the temporary housing complexes 6 months after the GEJE.

Individuals 55 years and older who were able to independently
perform daily activities were eligible to participate in the study.
Residents living at the study sites were informed that a walking session
would be conducted. Residents who had received nursing care
insurance service and those who were unable to appropriately
understand our instructions were excluded from the study. A total of
18 eligible residents agreed to participate in this study. After
eliminating the data of three participants who dropped out due to
scheduling conflicts, a total of 15 residents participated and had their
data analyzed (Figure 1 and Table 1).

Intervention details
Protocols: On the first day of the study, the subjects were gathered at

an assembly site inside the temporary housing complex and were
provided with a detailed explanation of the study objective and
schedule of the intervention. On the same day, the subjects’ age,
gender, height, and body weight were recorded. Physical activity and
self-efficacy were also measured, as outlined below.

Intervention methodology
Previous studies have suggested that intervention with a combined

strategy is an effective technique for improving physical activity self-

efficacy [13,14]. Following these studies, authors developed the
intervention program in order to reflect conditions at the site.
Techniques used in this intervention included: 1. Feedback on physical
activity level; 2. Education; 3. Instruction; 4. Goal setting; 5. Barrier
identification; and 6. Practice (Figure 2).

Subject
number

Gender Age
(years)

Height
(cm)

Weight
(kg)

Body mass
index (kg/m2)

Self-
efficacy

1 Male 84 155 61 25.4 3

2 Male 64 165 71 26.1 2

3 Female 74 146 54 25.3 3

4 Female 71 157 69 28.0 5

5 Male 72 160 67 26.2 3

6 Female 65 154 64 27.0 3

7 Female 59 156 68 27.9 3

8 Female 67 158 57 22.8 3

9 Female 72 147 51 23.6 3

10 Female 72 137 58 30.9 4

11 Female 62 150 80 35.6 4

12 Male 82 161 71 27.4 4

13 Female 74 141 51 25.7 4

14 Female 78 153 69 29.5 5

15 Male 66 166 79 28.7 5

Self-efficacy: 1. No intention to take action in the near future (precontemplation);
2. Intention to take action in the next six months (contemplation); 3. Intention to
take action in the next 30 days (preparation); 4. Sustained behavior change for
six months or less (action); 5. Behavior change for more than six months
(maintenance)

Table 1: Characteristics of subjects.

Subjects were gathered every two weeks, beginning on May 27,
2016. At each meeting, participants’ average daily steps during the
latest two weeks were recorded by calculating data from the triaxial
accelerometer (technique #1), and they were provided a lecture on the
benefits of physical activity by a professional physical therapist
(technique #2). Subjects were encouraged to increase their number of
daily steps at least 10% from the baseline they established at first
measurement [18], and the therapist advised subjects to give
themselves more time to walk than they did at present (techniques
#3,4). In the lecture, the therapist also explained that the surrounding
environment at temporary housing complexes was insufficient to
motivate residents to do much physical activity, and that previous
research had determined that the physical activity levels of temporary
housing residents were lower than those of similarly aged individuals
residing at their own houses (technique #5) [5]. At the end of the
meeting, subjects participated in a walking session led by the physical
therapist. In this walking session, subjects performed warm-up
exercises and then walked approximately 1 km together (technique #6).
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Figure 1: Flowchart indicating stages in participant recruitment.

Figure 2: Intervention flowchart.

Physical activity
The number of steps walked daily was measured using a triaxial

accelerometer (Mediwalk, TERUMO Co., Ltd., Japan), the validity of
which has already been established, as the waist is close to the center of
gravity, and is therefore highly sensitive to physical activity [19,20]. All
subjects were instructed to wear a triaxial accelerometer clipped on
their waists throughout the test period except while sleeping,

showering, or bathing, and to perform daily activities as usual. The
number of steps walked daily was automatically recorded on the
device. The number of steps walked between the day after the previous
gathering and the day before the next gathering were averaged and
used for data analysis.

Subjects were divided into 2 groups according to the change in their
number of daily steps-those who increased their number of daily steps
by more than 10% were considered the “effective group,” and those
who did not were placed in the “not-effective group.”

Self-efficacy
Each participant’s self-efficacy was measured using the “Stage of

change” [21] which describes individuals’ progression through a series
of steps marking their readiness to change. Each subject selected one
appropriate answer from five choices regarding his/her attitude to
doing physical activity in a daily life. The five possible responses to
each question are: No intention to take action in the near future
(precontemplation, Stage 1); Intention to take action in the next six
months (contemplation, Stage 2); intention to take action in the next
30 days (preparation, Stage 3); sustained behavior change for six
months or less (action, Stage 4); and behavior change for more than six
months (maintenance, Stage 5). Following a previous study that
reported that “Stage of change” is associated with steps in daily life
[22], these values were supposed to affect the outcome of the
intervention.

Statistical analysis
The Shapiro-Wilk normality test was used to check the normality of

the distribution of number of daily steps. At baseline, the significance
probability (p-value) was 0.64. Since the normal distribution was
confirmed, the significance of the differences in daily steps between
pre- and post-intervention was assessed using a paired t-test. An
increase over 10% of the baseline in post-intervention was regarded as
indicating that intervention was effective. To clarify which variables
were efficacious in the intervention, characteristics in subjects between
two groups were compared using a student’s t-test for parametric
variables (age, walking steps in pre-intervention), a chi-square test for
gender differences, and a Mann-Whitney’s U test for stage of self-
efficacy. The parametric data are presented as mean and standard
deviation. All the data were analyzed using the Statistical Package for
Social Sciences (SPSS) version 21(IBM, Japan). A p-value<0.05 was
considered statistically significant.

Ethical consideration
This study was approved by the ethics committee of Minamisoma

Municipal General Hospital (ID: 28-04). Written informed consent was
obtained from each subject, and all intervention and measurement
activities were conducted according to the principles expressed in the
Declaration of Helsinki.

Results

Physical activity
To verify the effect of this intervention, we examined changes in

daily steps between pre- and post-intervention, and calculated rates of
subjects who achieved a greater than 10% increase of daily steps in
baseline. Figure 3 shows chronological change of subjects’ daily steps,
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categorized by gender. Since there were 4 measurements (each 2 weeks
apart), each measurement point is presented as 1st Quarter
(1Q=baseline, pre-intervention) through 4th Quarter (4Q=post-
intervention), in chronological order. No significant difference was
observed in the number of steps walked daily between baseline and
post-intervention for either men or women (Figure 3). In the post-
intervention, three of the fifteen subjects (20.0%) increased their
number of steps by more than 10%. The highest rate of increase for a
subject was 122% (from 2,411 steps/day to 5,344 steps/day), followed
by 80% (from 5,309 steps/day to 9,578 steps/day), and then 34% (from
3,693 steps/day to 4,940 steps/day).

Figure 3: Average walking steps of all subjects (N=15) in each
measurement period (1Q=baseline, pre-intervention, from 27 May
to 9 June; 2Q=from 10 June to 23 June; 3Q=from 24 June to 7 July;
4Q=post-intervention, from 8 July to 22 July).

Differences in other variables between groups
To clarify what characteristics made subjects more likely to find

intervention effective, we compared differences in variables between
the effective group and the not-effective group. Significant differences
in gender were observed between two groups (p=0.02; Table 2). Daily
steps in baseline in the effective group and the not effective group were
3,805 steps/day and 9,395 steps/day, respectively, and they were
significantly different (p=0.02; Table 2). The average ages of subjects in
the effective group and the not effective group were 73.3 years and 70.2
years, respectively, and this was not a significant difference between the
two groups (p=0.51). Distribution of stage of self-efficacy in the
effective group was 2 in stage 3, and 1 in stage 2. In the not-effective
group, the value was 3 in stage 5, 4 in stage 4, and 5 in stage 3-there
was therefore not a significant difference between both groups
(p=0.10) (Table 2).

In summary, males, and those who had a smaller amount of physical
activity in the pre-intervention phase were most likely find
intervention effective.

Discussion
Interruption of physical activity due to situation change after the

disaster may exacerbate chronic disease and disturb the general well-
being of survivors. Since it is reported that physical activity level was
lower in temporary housing residents than with those who lived in

their own houses after GEJE [5], support for evacuees should include
encouraging them to improve their physical activity levels.

Variables Effective group (N=3) Not-effective group
(N=12)

p-value

Gender Male 3

Female 0

Male 2

Female 10

0.02

Age (years) 73.3 ± 10.0 70.2 ± 6.6 0.51

Daily steps in
baseline (steps/
day)

3805 ± 1451 9395 ± 3446 0.02

Self-efficacy stage Stage 3: N=2

Stage 2: N=1

Stage 5: N=3

Stage 4: N=4

Stage 3: N=5

0.10

Effective group includes subjects who increased their number of daily steps by
more than 10% from baseline; Not-effective group includes subjects who failed
to increase their number of daily steps by more than 10% from baseline; Data
on age and daily steps in baseline are expressed in mean ± standard deviation

Table 2: Difference in measured variables in two groups according to
changes in daily steps after intervention.

Further, 20% of respondents increased their number of steps more
than 10% over their baseline rates. However, subjects’ overall number
of walking steps did not increase, and in this respect, the results of this
study did not support the hypothesis. One possible reason for this
inconsistent result has to do with weather conditions and ambient
temperature during the testing period. Previous studies in Japan have
suggested that climate and temperature can affect physical activity
level, and that the optimal temperature for conducting physical activity
is approximately 17°C [22]. The testing period for this study began in
early March, when the weather was relatively comfortable-however, by
late June and early July, when the final measurements were being
taken, there was substantial rain and the temperature was high.
According to data from Japan Meteorological Agency of the Ministry
of Land, Infrastructure, Transport and Tourism, the average maximum
temperature in the study area during the first and last two weeks of the
testing period were 22°C and 28°C, respectively. Temperatures as high
as 28°C could conceivably limit subjects’ motivations to participate in
outside physical activities. Nevertheless, the fact that there were some
subjects who raised their physical activity level warrants discussion.

Being male and having lower daily steps at baseline were the
features that made it more likely for individuals to significantly
improve their number of daily steps. Meanwhile, stage of self-efficacy
did not affect likelihood of increased physical activity level. This does
not follow our hypothesis and is out of keeping with previous studies,
which reported that habitual physical activity level was correlated with
self-efficacy for physical activity in Japanese pupils [23,24] The cause of
this discrepancy may have to do with the environment of the area
surrounding the temporary housing complex. Temporary housing
complexes were built at sites not originally intended for housing, and
so there were limited number of parks or other recreational facilities
nearby. As is reported in a recent study which found a positive
relationship between physical activity in adults in rural areas and the
physical environment (such as pleasant aesthetics, trails, safety, parks,
and walkable destinations) [25], physical activity level in older
residents in temporary housing might also be determined by the

Citation: Moriyama N, Urabe Y, Onoda S, Maeda N, Oikawa T (2017) Effect of Two month Intervention to Improve Physical Activity of Evacuees
in Temporary Housing after the Great East Japan Earthquake: Pilot Study. J Community Med Health Educ 7: 528. doi:
10.4172/2161-0711.1000528

Page 4 of 6

J Community Med Health Educ, an open access journal
ISSN:2161-0711

Volume 7 • Issue 3 • 1000528



physical environment of the surrounding area, as well as their self-
efficacy.

In addition to improving participants’ physical activity, this
intervention was valuable in providing subjects with the opportunity to
gather together for a purpose, which may strengthen ties among
temporary housing residents. The participants in this intervention had
various levels of physical activity. For those who had lower levels of
physical activity, the opportunity to interact with neighbors who had
higher levels of activity may encourage them to exercise more.

Furthermore, as it is reported that women receive more benefit from
their social participation than men [26], it was difficult to get men
involved in the social gathering constituted by this intervention
program. However, since this intervention program seemed to be more
effective for men than for women, men should be all the more
encouraged to join this program. In Japan, men generally seek key
roles in organizations, and participation in such roles is associated with
low risk for mental depressive symptom [27]. Thus, to provide the
opportunity to hold significant roles, such as being the chairperson
responsible for the intervention event, may attract more men to
intervention programs.

To illustrate the effectiveness the intervention had for men, here the
authors describe the story of one male subject (subject number 1).
Before GEJE, he had a number of close friends with whom he
frequently interacted. However, after moving to the temporary housing
complex, although he lives with his son, his friends have moved
elsewhere, and he lost the opportunity to spend quality time outdoors.
His daily walking steps have changed the most dramatically among the
all subjects in this study. His self-efficacy was categorized in stage 3,
indicating that he intended to take action in his daily life in the next 30
days. As he wanted to do physical activity in the near future,
participation in this program was especially effective for him.
Although no statistical difference was observed in distribution of stage
of self-efficacy, it is suggested that those with lower stages may benefit
more from this intervention.

　 Another way of describing the potential benefits of the
intervention process is in terms of social capital, which is defined as
the features of social organization – such as networks, norms and
social trust-that facilitate coordination and cooperation for mutual
benefit [28]. Displaced survivors of the GEJE were randomly assigned
to temporary housing, disrupting social ties [29]. As indicated in
previous studies, low social capital is associated with increased risk of
psychological distress in the aftermath of GEJE [30], and so social
capital is a key factor for recovery from devastating disasters. Although
it was beyond the scope of our analysis to evaluate the effectiveness of
the intervention on strengthening social ties in the newly built
community, it arguably did so by bringing together residents for a
common purpose and encouraging them to participate in a group
activity.

This study has a number of limitations. First, the authors did not set
the control groups for which no intervention was provided in this
research design, and so were unable to determine to what extent the
increase or decrease of daily steps had to do with the intervention. The
small sample size and fact that the study was conducted at only one
temporary housing complex means that the results may be skewed by
outliers, and that the particular demographic distribution found in the
complex’s respondents may not be indicative of all elderly residents
living in temporary shelters. Therefore, future studies should
incorporate a wider sample of individuals from multiple temporary

shelters. That the authors chose number of steps walked daily as the
sole determinant of physical activity is also a limitation. In future
studies, all physical activity by temporary housing residents, such as
cleaning, laundry, cooking, and fitness exercises should be measured in
order to gain an accurate understanding of the effect of this
intervention on improving overall physical activity level.

It is important to note that the intervention strategy was most
effective for the very people who most needed to improve their activity
levels. It can also be said that the study functioned as a facilitator,
teaching participants the importance of maintaining physical activity
level-this improved the participants’ social capital and so could also
constitute successful health promotion.

It would be advisable for further studies to feature a larger sample of
participants from a wider variety of environment types, in order to
gain stronger evidence of the effectiveness of this intervention and to
allow results to be more generalizable to post-disaster conditions.

Conclusion
Intervention composed of multiple strategies, including 1. Feedback

of physical activity level using pedometers; 2. Goal setting; 3.
Education; 4. Instruction; 5. Practice; and 6. Barrier identification/
problem solving for elderly individuals residing in temporary housing
was effective in improving the physical activity level of certain groups
of subjects. This intervention may be more effective for males, those
who had relatively low physical activity levels, and those who fell
within the lower stages of self-efficacy.
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