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The growing of plants are said to improve individuals® physical and mental states. The growing of plants
is a process through which the people are stimulated to positively change. Actually, the growing of plants
has been used as a method of the psychological care of the person of the PTSD. For this reason, the
growing of plants could be assumed to reflect plastic change in the brain. However, the neural basis of the
growing of plants for PTSD is uncertain. This study sought to verify PTSD reaction reduction and changes
in brain morphology and stress hormones by growing of plants in women with earthquake stress. Fifty-
four right-handed women with mild PTSD in a disaster area participated in this randomized, permuted
block method, controlled, crossover trial. Participants were randomly assigned to a horticultural therapy
(HT) intervention or stress education (SE) intervention group. Within the 8-week study period, magnetic
resonance imaging, psychological index for intervention evaluations, and saliva tests were performed
before and after interventions. The HT group showed significantly increased regional gray matter volume
(rGMV) of the left subgenual anterior cingulate cortex and left superior frontal gyrus compared with the
SE group. The HT group also showed significant improvement in PTSD reactions, posttraumatic growth,
and positive affect compared with the SE group. The HT group showed greatly improved salivary cortisol
and alpha amylase levels compared with the SE group. These results demonstrate that the growing of
plants restore people with PTSD reactions to good condition. Additionally, the growing of plants reduced
stress levels in people with PTSD reactions for an earthquake disaster. The growing of plants increased
the rGMYV of brain areas known to be reduced in PTSD patients. Neural plasticity may underlie the
psychological and physiological effects of the growing of plants.

Copyright © 2015 Yuka Kotozaki, et al., This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

subjects with smaller regional gray matter volume (tGMV) in
the right ventral ACC before the earthquake, and subjects with

The coastal regions of the Tohoku area suffered significantly
from the Great East Japan Earthquake on March 11, 2011. One
year after the earthquake, intermittent aftershocks continue to
occur in the region. The mental health problems of victims are
most evident a certain amount of time after a disaster (1-3).
There is growing concern that people from disaster-affected
areas may develop post-traumatic stress disorder (PTSD).
Previous neuroimaging studies of patients with PTSD
symptoms revealed morphological changes in brain areas such
as the amygdala (4), the medial prefrontal cortex (MPFC),
including the anterior cingulate cortex (ACC) (4, 7, 8) and
medial frontal gyrus (5); the hippocampus (4-6); and the
orbitofrontal cortex (OFC) (9). Our longitudinal magnetic
resonance imaging (MRI) study suggested that young healthy

*Corresponding author: Yuka Kotozaki

decreased rGMYV in the left OFC through the Great East Japan
Earthquake disaster area were likely to have PTSD symptom
(10). The ACC is involved in processing fear and anxiety, and
have been suggested to be related to vulnerability to
development of PTSD symptoms (10). Additionally, decreased
OFC volume was induced by falling to extinct conditioned fear
soon after traumatic event (10). Furthermore, our study
suggested that salivary cortisol levels of young healthy subjects
in the disaster area were significantly increased after the
earthquake compared with levels before the earthquake (11).
Cortisol is considered to be an indicator of psychological and
physiological stress, and salivary cortisol levels increase in
people with PTSD symptoms (72).
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The growing of plants are said to improve individuals’ physical
and mental states. The growing of plants is a process through
which the people are stimulated to positively change. Actually,
the growing of plants has been used as a method of the
psychological care of the person of the PTSD. It is referred to
as a horticultural therapy (HT). HT is an intervention method
for PTSD that was developed in the USA for psychological
care and social rehabilitation of disabled soldiers and war
veterans with PTSD symptoms after World War 1I (12). HT is
usually led by a professional trained to tailor the use of plants
to fit the therapy and rehabilitation needs of those individuals
with whom they are working. HT is a process through which
the people are stimulated to positively change. Process of HT
such as seeding and growing plants itself improves people’s
mood and attentiveness. Besides, therapy in a group setting
improves people’s communication skill through collaborative
horticultural activity. The people identify him or herself with
plant growth, regains health and motivation, and has a chance
to be happy. Through such the experiences, people are certainly
improved through association with nature (21).

MRI study of horticulture exist only one so far. In a functional
MRI study in patients with cerebrovascular disease, the
fusiform, and supramarginal gyri, left cerebellum, and visual,
inferior temporal, right motor, left supplementary motor, and
right sensory areas were activated during recognition tasks
using emotional photograph (pleasant or unpleasant) after HT
(22).

Previous studies suggested that HT and exposure to nature can
have cognitive (14, 15), psychological (12, 13, 16-18), social
(19, 20), and physical benefits (16, 18). Additionally, HT has a
positive effect on physiological measures, such as heart rate
and salivary cortisol level (23). The change in cognitive
function of elderly people or patients with PTSD or cancer after
HT could be assumed to be the result of clinical efficacy and
plastic change in the brain. However, the neural basis of HT as
a treatment for people with PTSD is uncertain. We
hypothesized that HT possibly improves a decline in brain
volume in people with PTSD.

The purpose of this study was to verify the reduction in PTSD
symptoms in disaster victims with earthquake stress by HT
intervention, and to reveal changes in brain morphology and
stress hormones produced by HT intervention.

MATERIALS AND METHODS

Participants

Figure 1 presents a flowchart of this study. This study was a
randomized, permuted block method, controlled, crossover
trial. Participants were randomly assigned to an HT
intervention or stress education (SE) intervention group. A total
of 106 participants were recruited through a leaflet in the local
newspaper, which is circulated exclusively in the disaster area,
and screened using a questionnaire before inclusion. Fifty-two
participants were excluded from a clinical trial. Fifty-four
right-handed women with mild PTSD participated in this study.
These women (age range: 23-55 years) were victims of the
Great East Japan Earthquake of March 11, 2011, and were still
living in the disaster area. They lived in cities that were
devastated, such as Ishinomaki city, Onagawa town, and
Higashi-Matsushima city, all in Miyagi Prefecture. To assess

whether the volunteers had mild PTSD, we used the Clinician-
Administered PTSD Scale (CAPS) (24-26). CAPS scores are
divided into the following categories: 0—19 (asymptomatic/few
symptoms), 20-39 (mild PTSD/subthreshold), 40-59
(moderate PTSD/above threshold), 60-79 (severe PTSD
symptoms), and >80 (extreme PTSD symptoms). All
participants were verified to have no neuropsychiatric disorder
via the Mini-International Neuropsychiatric Interview
(M.INI) (27, 28). Trained psychologists (A.O., N.A., M.S,,
N.S,, S.T., and Y.W.) administered the Japanese version of the
CAPS (26) to all subjects in structured psychiatric diagnostic
interviews to screen for post-traumatic stress symptoms. All
participants were diagnosed with PTSD vig the M.ILN.L, and
each had symptoms of all three PTSD symptom clusters,
including re-experiencing the event, avoidance, and
hyperarousal. The CAPS and M.IN.I. were administered
before and after intervention. Written informed consent was
obtained from each subject in accordance with the Declaration
of Helsinki (1991). This study was approved by the Ethics
Committee of Tohoku University School of Medicine.

Randomized controlled trial design

This randomized, double-blind, controlled, crossover trial was
registered in the University Hospital Medical Information
Network Clinical Trials Registry (UMIN000006170). The trial
was conducted between September 2011 and March 2012 for
people who lived in the coastal areas of Miyagi Prefecture (see
Supplementary Information for more details about trial design
and study limitations).

HT intervention sessions

The HT intervention was designed in consultation with a
horticultural therapist. The intervention comprised a total of
eight weekly sessions (60 min each) at a university lab and at
participants’ homes. The lab sessions comprised interactive
lectures and practical training. In the first two sessions, a
teaching aid showed participants videos containing
introductory psychology and stress management lessons. The
participants then attended six horticultural lessons, including
topics such as designing a garden planter, seeding, watering,
weeding, and picking flowers. Participants filled out an HT
intervention session checklist after each session as a self-
assessment. Participants took care of plants for 15 min per day
at their convenience with horticulture kits provided by the
experimenters, and recorded the completion of this task daily
on forms provided by the experimenters at the intervention
sessions. The participants submitted these forms to the
experimenters at the HT intervention session each week.

The stress education session (SE intervention session)

The SE intervention session was a 60-minute session consisting
of a video lecture regarding stress education, and it was
managed by teaching aids who served as psychological testers.
The participants in the control group attended the SE
intervention sessions once each week (a total of eight lessons).
The video series used in the SE intervention sessions educated
participants about the human body, such as stress mechanisms,
psychology, stress management Participants filled out an SE
intervention session checklist after each session. The 2nd
session and the 6th session of the HT intervention session and
the SE intervention session used the same teaching aid.
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Psychological measures

For pre- and post-intervention evaluation, a questionnaire with
the following content was administered: (a) a health interview
checklist regarding drinking, smoking, and sleeping in daily
life before and after the earthquake; (b) the World Health
Organization Quality of Life 26 instrument (29); (c) the World
Health Organization Subjective Well-Being Inventory (30, 31);
(d) the Center for Epidemiologic Studies Depression Scale,
which measures the respondent’s level of depressive symptoms
within the past week (32, 33); (e) the Cornell Medical Index,
which measures the subject’s physical and mental state (34,
35); (e) the General Health Questionnaire 30, which measures
psychological distress (36, 37); (f) the Positive and Negative
Affect Schedule (PANAS), which measures positive affects
(PAs) and negative affects as states and traits (38, 39); (g) the
Profile of Mood States Scale, which measures aspects of mood
(40, 41); and (h) the Posttraumatic Growth Inventory (PTGI),
which measures positive outcomes of people who have
experienced traumatic events (42, 43), such as post-traumatic
growth (PTG). Overcoming trauma and achieving human
growth to recover quality of life involve (1) strengthened
consideration of or kindness to others, (2) discovery of new
possibilities, (3) becoming humanly strong, (4) appreciation of
life and human life, and (5) a deeper understanding of
something beyond human knowledge, such as religion and
nature (42).

Saliva sampling

We collected saliva samples from participants to measure
salivary cortisol and salivary alpha amylase (SAA) levels.
Distressing psychological stimuli are associated with an
increased cortisol level (44). The SAA level increases during
stress and decreases during relaxation (23) (see Supplementary
Information for more details about collection dates, times, and
assay method).

Image acquisition

All MRI data were acquired with a 3-T Phillips Achieva
scanner. Using a magnetization prepared rapid gradient echo
sequence, high-resolution T1-weighted structural images (240
x 240 matrix, repetition time = 6.5 ms, echo time = 3 ms, field
of view = 24 cm, 162 slices, 1.0-mm slice thickness) were
collected.

Voxel-based morphometry analysis

Voxel-based morphometry (VBM) was used to investigate
morphological changes in the brains of women with mild
PTSD after HT intervention. All morphological data were
processed as in previous studies (45, 46). All images were
subsequently subjected to 12-mm Gaussian smoothing. The
change in rGMV between pre- and post-intervention images
was computed at each voxel for each participant. We included
only voxels with GMV probabilities > 0.10 on pre- and post-
intervention images in these computations to avoid possible
partial-volume effects at the borders between the GM and
white matter, as well as between the GM and cerebrospinal
fluid. The resultant maps representing the rGMV before
intervention and the rGMV change between the pre- and post-
intervention scans (pre-post) were then used in the group-level
analysis described below (see Supplementary Information for
more details).

Statistical analyses

Psychological and salivary data were analyzed using the PASW
statistical software package (ver. 18 for Windows; SPSS Inc.,
Chicago, IL, USA). Demographic and clinical data were
subjected to one-way analyses of variance. One-way analyses
of covariance were conducted with the difference between pre-
and post-intervention scores included as dependent variables
and pretest scores as covariates of each psychological measure.
Because our primary endpoint of interest was the beneficial
effect of intervention training, test-retest changes were
compared between the HT and control groups using one-tailed
tests (p < 0.05), as in previous studies (47).

In the group-level analysis of tGMV, we examined groupwise
differences in rGMV changes using the factorial design option
in SPMS5. The effect of the intervention was estimated by
comparing changes between pre- and post-intervention
measures as described above, and then comparing between
groups at each voxel with age, total GMV before intervention,
and daily smoking reported in the health interview as
covariates. The data were corrected for multiple comparisons
across the whole brain at the nonisotropic adjusted cluster
level (48), with an underlying voxel-level threshold of p <
0.0025. Nonisotropic adjusted cluster-size tests should be
applied when data are known to be nonstationary (i.e., not
uniformly smooth), as are VBM data (48). We did not
perform region-of-interest analyses in this study.

RESULTS

Psychological measures

Demographic and clinical data are given in Table 1. Age,
CAPS scores, amount of smoking per day, and amount of
alcohol consumed per day did not differ significantly between
the HT and SE groups. Comparisons between each group’s
psychological changes before and after intervention are given
in Table 2. The HT group showed a significantly larger
decrease between pre- and post-intervention CAPS scores
[F(1,51) = 13.526, p < 0.001]. The CAPS score was
significantly lower and PTSD symptoms were reduced more
in the HT group than in the SE group. The HT group also
showed a significantly larger increase between pre- and post-
intervention PTGI-J total scores [F(1,51) = 4.315, p < 0.05].
The PTGI-J total score was significantly higher in the HT
group than in the SE group, and PTG was improved by HT in
comparison with SE. Moreover, the HT group showed a
significantly larger pre- to post-intervention increase in
PANAS-PA scores [F(1,51) = 5.66, p < 0.05]. The PANAS-
PA score was significantly higher in the HT group than in the
SE group, and PA was increased by HT in comparison with
SE.

Salivary stress marker

Comparisons between each group’s salivary cortisol and SAA
levels before and after intervention are given in Figure 2. The
HT group showed a significantly larger pre- to post-
intervention decrease in salivary cortisol [F(1,51) = 14.077, p
= 0.001] and SAA [F(1,51) = 16.978, p = 0.001] levels,
indicating that stress was reduced by HT in comparison with
SE.
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Table 1 Demographic and clinical data

HT group SE group
Measure Mean Mean SD ?
Age (years) 42.48 9.72 4422 7.78 0.884
CAPS score 31.52 31.25 6.47 0.471
Amount of smok}ng per day (numbers of 1.81 3.55 326 6.16 0354
cigarette)
Amount of drinking per day (ml) 111.11 13397 155.56 207.24 0.296

*One-way analysis of variance.

HT, horticultural therapy; SE, stress education; SD, standard deviation; CAPS, Clinician-Administered Post-Traumatic Stress Disorder Scale.

Table 2 Results of psychological measures before and after intervention

HT group SE group Planned contrast P
Pre Post
Measures Mean SD Mean SD Mean SD Mean SD
CAPS score 31.52 6.5 10.0 705 31.25 6.47 16.11 9.32 HT <SE <0.001
WHO-QOL26 total score 52.52 5.8 53.89 645 5234 6.3 51.0 5.85 HT <SE 0.297
WHO-SUBI positive score 37.11 6.47 3844 682 373 6.34 38.04 5.94 HT>SE 0.277
WHO-SUBI negative score 49.67 7.13 50.41 597 50.33 6.52 51.04 5.67 HT > SE 0.861
CES-D score 13.44 7.11 11.81 739 1456 6.87 12.52 5.18 HT <SE 0.934
CMI somatic status score 191.89 1613 151.81 5433 189.63 13.45 153.63 47.62 HT <SE 0.385
CMI emotion status score 49.96 7.88 38.52  14.63 50.63 6.97 38.63 14.12 HT <SE 0.949
GHQ score 7.07 5.09 4.37 4.16 6.78 5.72 5.0 4.71 HT < SE 0.248
PANAS positive affect 20.52 6.36 2333 742 23.56 7.8 20.96 7.18 HT > SE 0.011
PANAS negative affect 18.93 7.69 1511 596 21.78 7.12 18.52 6.36 HT <SE 0.071
_ POMS 100 508 826 412 1019 543 10.0 477 HT < SE 0.057
Tension-Anxiety score
_ POMS 133 835 963 662 1263  10.05 1063 7.84 HT < SE 0.191
Depression-Dejection score
POMS
Anger-Hostility score 12.0 8.72 9.89 7.8 11.04 9.05 8.22 ’ 5.61 HT <SE 0.420
. POMS 874 623 1074 637 80 52 8.52 6.1 HT > SE 0.104
Vigor-Activity score
POMS Fatigue-Inertia score 10.59 6.6 8.59 5.92 9.44 6.44 7.63 4.97 HT <SE 0.366
POMS Confusion score 8.93 3.83 7.22 3.18 7.89 37 7.0 3.23 HT < SE 0.357
POMS
Total Mood Distarbance score 46.26 28.03 3459 26.15 43.0 30.05 33.22 21.97 HT <SE 0.957
PTGI total score 66.56 18.05 7233  15.66 6841 18.29 66.48 17.85 HT > SE 0.022

aOne-way analyses of covariance with pre—post differences in psychological measures as dependent variables and pre-intervention scores as covariates (one-

tailed).

HT, horticultural therapy; SE, stress education; SD, standard deviation; CAPS, Clinician-Administered Post-Traumatic Stress Disorder Scale; WHO-QOL26,
World Health Organization Quality of Life 26; WHO-SUBI, World Health Organization Subjective Well-Being Inventory; CES-D, Center for Epidemiologic
Studies Depression Scale; CMI, Cornell Medical Index; GHQ, General Health Questionnaire; PANAS, Positive and Negative Affect Schedule; POMS, Profile
of Mood States; PTGI, Posttraumatic Growth Inventory.
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Figure 1 Flowchart of the study

Effects of HT intervention on gray matter structures

Compared with the SE group

, the HT group showed a

significant increase in the rtGMV of the left subgenual ACC
(sgACC; MNI coordinates: x =-10, y=22,z=-5;¢t=381;p
< 0.05, corrected for multiple comparisons at the nonisotropic
adjusted cluster level with an uncorrected cluster-determining
threshold of p < 0.0025) and posterior and medial parts of the
left superior frontal gyrus [SFG (BA8)]/MPFC (x = -15, y =
16, z = 66; t = 3.90; p < 0.05, corrected for multiple
comparisons at the nonisotropic adjusted cluster level with an
uncorrected cluster-determining threshold of p < 0.0025;
Figure 3). The SPM contrast employed was SE group (rGMV .
— 1GMV,,e) — HT group (tGMV,,. — rGMV ). No other
significant result was found in this analysis.

DISCUSSION

Our objective was to reveal a reduction in PTSD symptoms and
changes in brain morphology and stress hormones in disaster
victims with earthquake stress by growing of plants The
present study revealed the effect of the growing of plants on
rGMV, psychological scale scores, and salivary cortisol
markers in women with mild PTSD in the Great East Japan
Earthquake disaster area. The results are consistent with our
hypothesis that the growing of plants might reduce PTSD
symptoms in disaster victims with earthquake stress and change
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the brain structure and stress marker levels, as discussed in
detail below.

A 20 T group
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Figure 2 Pre- and post-intervention salivary cortisol levels and
salivary alpha amylase levels in the horticultural therapy (HT)
and stress education (SE) groups. (A) Salivary cortisol levels

decreased in the HT group and increased in the SE group,

showing a significant interaction with group: (HT group, SE

group) x salivary cortisol level (p < 0.01). (B) Salivary amylase
levels were significantly lower in the HT group than in the SE

group, showing a significant interaction with group: (HT group,

SE group) x salivary alpha amylase level (p < 0.05).

Figure 3 Regional gray matter volume increased in the
horticultural therapy (HT) group compared with the stress
education (SE) group in the left subgenual anterior cingulate
cortex and posterior and medial parts of the left superior frontal
gyrus/medial prefrontal cortex. Results are shown at a
significance level of p < 0.05, corrected for multiple
comparisons at the cluster level with an underlying voxel level of
p <0.0025. The color density represents the T score. t

sgACC and the left SFG (BA8)/MPFC, which are considered to
be the neural substrates of PTSD, as described below. VBM
analysis revealed tGMYV increases in the left sgACC and left
SFG (BAS). Previous studies suggested that the ACC has

important roles in responding to states of extreme stress, such
as PTSD (7, 8). These studies have shown that stress affects
brain structure, and function and VBM studies revealed
structural changes in the ACC of people with PTSD (10, 49,
50). In particular, our findings show that the sgACC is involved
in fundamental mental operations, such as affective processing
and inhibitory control of negative affection (51). Structural
studies suggested that sgACC volume is significantly reduced
in people with symptoms such as anxiety, mood disorders, and
PTSD (52, 53). This area is also involved in the modulation of
sympathetic and neuroendocrine responses (54).

Our findings also suggest that the weak sgACC field may be
enhanced initially in people who readily develop PTSD. The
structure of the sgACC field was related to PTSD following the
Great Earthquake in this study, as in the preceding study, and
the growing of plants may have affected this structure because
this area is associated with vulnerability to PTSD (10).

On the other hand, another study suggested that people with
bipolar disorder have a smaller volume of this brain area
compared with healthy people (56), and this may be associated
with vulnerability to depression. The structure of the sgACC
may be affected by acquired and vulnerability factors (10, 55).
Previous studies of the connection between the posterior and
medial part of the SFG (BA8)/MPFC and PTSD suggested that
less activation of the SFG/MPFC is associated with
downregulation of the fear response (5, 56). The PTSD subjects
showed clusters of decreased SFG volumes compared with
healthy subjects (57). Another study suggest that the MPFC
plays an important role in modulating hypothalamo-pituitary-
adrenal responses to emotional stress (58). For the
aforementioned reasons, our findings reflect increases in the
volumes of these PTSD-related brain areas after the growing of
plants and show that structural changes involving reduction of
the left sgACC volume and left SFG (BA8)/MPFC volume
may be reversed with the growing of plants.

Based on the present intervention results, the growing of plants
may have increased the volumes of the sgACC and
SFG/MPFC, which play important roles in emotional control
functions and are associated with PTSD. This effect may also
have fortified relevant functions, such as suppression of
cortisol secretion (59), which is the result of suppression of the
stress reaction derived from sympathetic nerves (60, 61) as well
as improvement in positive emotion (62).

These results are also consistent with our hypothesis that the
growing of plants may recover the mental and physical
functions of PTSD-afflicted women, which were probably
weakened due to the traumatic experience; the HT group
showed improved CAPS scores compared with the SE group,
indicating that the growing of plants reduced PTSD symptoms.
This finding extends the previous findings of the effect of the
growing of plants on severe PTSD in men to that on mild
PTSD in women. Furthermore, the HT group showed improved
PTGI-J total scores and PANAS-PA scores after intervention
compared with the SE group. Thus, HT may induce a positive
psychological state. The HT group showed reduced salivary
cortisol and SAA levels compared with the SE group,
indicating that the growing of plants reduced the stress level.
These salivary stress marker findings are similar to those of
previous studies (23, 63).
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Previous studies suggested that HT intervention for patients
with depression improves mental health indices, including
PANAS scores (64). Few studies have used CAPS scores to
evaluate the effect of the growing of plants, however, we
believe that the HT group showed decreased CAPS scores
because their PTSD symptoms decreased, suggesting positive
effects of the growing of plants such as mood improvement and
stress reduction (16-18). Few previous studies have
investigated the relationship between PTGI-J results and the
growing of plants, however, a study of the PTG process
reported that people suffer emotional pain due to trauma to
their personal growth resulting from the traumatic experience.
As described below, people struggle with or feel conflicted
about prior trauma. However, they use PTG to react in diverse
ways, such as remembering their status before the event,
referring to their own personality characteristics, relying on the
support of others, and self-disclosing their own experiences
with the negative event (65, 66). Victims of the Great East
Japan Earthquake had varying experiences, such as coping with
the effects of the tsunami or living as refugees or evacuees in
the days following the earthquake. Victims in coastal areas
encountered especially serious situations. However, support
groups from nearby and outside of the disaster areas began to
offer various types of assistance shortly after the disaster.
Through support activities, victims and those who provided
support developed compassion, respect, and humanity toward
others. After experiencing the earthquake as a very negative
event, victims who participated in our study seemed able to
attain peace of mind and compassion by remaining in their own
homes for 2 months and by attending gardening sessions in a
university laboratory once per week for 2 months. It can be
considered that horticultural activity changed victims’ confused
recognition behaviors caused by the earthquake to controllable
behaviors within themselves, changed the process of
understanding the series of events related to the earthquake,
and helped them to find possible meanings for the traumatic
occurrence in association with PTG (67).

Salivary cortisol and SAA levels decreased after the growing of
plants. Although the growing of plants is related more weakly
to SAA levels than to salivary cortisol levels, SAA levels
notably respond more rapidly to stress (68). Previous studies
suggested that PTSD is associated with behavioral and
physiological pathologies, including disruption of the
hypothalamic—pituitary—adrenal axis (69), which is involved in
the mediation of physiological responses to stress and secretion
of the stress hormone cortisol (70). Cortisol is considered to be
an indicator of psychological and physiological stress and can
be used to examine the pathophysiology of PTSD (71). People
with severe PTSD due to the Hanshin-Awaji earthquake had
significantly higher cortisol levels (72). A previous study
showed increased SAA levels in unpleasant conditions and
decreased SAA levels in pleasant conditions (73). The sgACC
is associated with the modulation of sympathetic and
neuroendocrine responses, such as cortisol and amylase
secretion (54). A previous study suggested that impaired
sgACC function in mood disorders may contribute to cortisol
hypersecretion in depression (74). In addition, depressive
subtypes showing regional reductions in GMV (e.g., bipolar
disorder, familial pure depressive disease) also show evidence
of increased cortisol secretion during stress (75). Our findings
suggest that salivary cortisol and SAA level changes might be

influenced by sgACC function. In addition, a previous study
suggested that salivary cortisol levels were significantly
decreased and PANAS-PA scores were fully restored after
horticultural activity (23). We consider that the change in
psychological measures and cortisol levels could be influenced
by the sgACC.

CONCLUSION

The purpose of this study was to reveal the neural basis of the
growing of plants for PTSD reactions. Qur research has
demonstrated that the growing of plants improves PTSD
reactions and feelings, promotes PTG, and decreases
physiological stress in women with mild PTSD. In terms of a
neural basis, the growing of plants can also increase GMV in
known brain areas. These results support the hypothesis that the
growing of plants is effective for women with mild PTSD and
can change the neural basis of PTSD. In the future, we would
like to examine whether the same effect can be confirmed in
other diseases and healthy groups. Although 4 year has passed
since the Great East Japan Earthquake, we would like to
continue examining time-dependent changes in the affected
areas while simultaneously supporting disaster victims.

Acknowledgements

The authors thank Ms. Satomi Nishiyama, Ms. Ai Omoto, Ms.
Yu Otomo, Ms. Mio Sato, Ms. Nao Sato, and Mr. Hikaru
Hattori for assisting with this study as psychological testers.
We also appreciate the contribution of Mrs. Taeko Shishido, a
horticultural therapist who provided advice during the
preparation of the intervention program. Dr. Y.K. was
supported by a Grant-in-Aid for Young Scientists (B)
(KAKENHI 24730566, 24790653) from the Ministry of
Education, Culture, Sports, Science and Technology, and
Grants-in-Aid for Scientific Research from the Ministry of
Health, Labour and Welfare in Japan.

References

1. Arashida E, Tsukagoshi S, Noda K, Kita T, Ohgama T, et
al. Psychological and physiological verification of the
therapeutic effects of horticultural activity mainly with
herbs. J Hort Res. 2007; 6: 491-496.

2. Ashburner J, Friston KJ. Voxel-based morphometry—The
methods. Neurolmage, 2000; 11: 805-821.

3. Asukai N, Tsuruta N, Saito A. Psychometric properties of
the Japanese-language version of the Clinician-
Administered PTSD Scale for DSM-IV. Jpn J Trau Stress.
2003; 1: 47-53.

4. Blake DD, Weathers FW, Nagy LM, Kaloupek DG,
Gusman FD, et al. The development of a clinician-
administered PTSD scale. J J Trauma Stress. 1995; 8: 75-
90.

5. Bremner JD, Randall P, Scott TM, Bronen RA, Seibyl JP,
et al. MRI-based measurement of hippocampal volume in
patients with combat-related posttraumatic stress disorder.
J Psychiatry. 1995; 152: 973-981.

6. Bremmer JD, Staib LH, Kaloupek D, Southwick SM,
Soufer R, et al. Neural correlates of exposure to traumatic
pictures and sound in Vietnam combat veterans with and
without posttraumatic stress disorder: a positron emission
tomography study. Biol Psychiatry. 1999; 45: 806-816.

2855|Page



International Journal of Recent Scientific Research Vol. 6, Issue, 2, pp. 2850-2858, February, 2015

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Canino G, Bravo M, Rubio-Stipec M. The impact of
disaster on mental health: prospective and retrospective
analyses. Int ] Ment Health. 1990; 19: 51-69.

Cimprich B. Development of an intervention to restore
attention to cancer patients. Cancer Nurs. 1993; 12: 22-27.
Costa PT Jr, McCrae RR. Psychiatric symptom
dimensions in the Cornell Medical Index among normal
adult males. J Clin Psychol. 1977; 33: 941-946.

Detweiler MB, Sharma T, Lane S, Kim M, Johnson BC,
et al. Practitioner forum: the case for using restorative
natural environments in veterans’ rehabilitation programs.
Fed Pract. 2010; 1, 26-28.

Devinsky O, Morrell M, Vogt BA. Contributions of
anterior cingulated to behavior. Brain. 1995; 118: 279-
306.

Dickie EW, Bruneta A, Akerib V, Armonv JL. Neural
correlates of recovery from post-traumatic stress disorder:
A longitudinal fMRI investigation of memory encoding.
Neuropsychologia. 2011; 49: 1771-1778.

Diorio D, Viau V, Meaney MJ. The role of the medial
prefrontal cortex (cingulate gyrus) in the regulation of
hypothalamic-pituitary-adrenal responses to stress. J
Neurosci. 1993; 13: 3839-3847.

Drevet WC. Prefrontal cortical-amygdalar metabolism in
major depression. Ann NY Acad Sci. 1999; 877: 614-637.
Drevets WC, Price JL, Bardgett ME, Reich T, Todd RD,
Raichle ME. Glucose metabolism in the amygdala in
depression: relationship to diagnostic subtype and plasma
cortisol levels. Pharmacol Biochem Behav. 2002; 71: 431-
447.

Drevets WC, Savitz JS, Trimble M. The subgenual
anterior cingulated cortex in mood disorders. CNS Spectr.
2008; 13: 663-681.

Fukuda S, Morimoto K, Mure S, Maruyama S. Effect of
the Hanshin-Awaji earthquake on posttraumatic stress,
lifestyle changes, and cortisol levels of victims. Arch
Environ Health. 2000; 55: 121-125.

Fukuda S, Morimoto K. Lifestyle, stress and cortisol
response: Review I Mental stress. Environ Health Prev
Med. 2001; 6: 9-14.

Goldberg D. The detection of psychiatric illness by
questionnaire. London: Oxford University Press. 1972;
pp.156.

Gonzalezl MT, Hartig T, Patil GG, Martinsen EW,
Kirkevold M. A prospective study of group cohesiveness
in therapeutic horticulture for clinical depression. Int J
Ment Health Nurs. 2011; 20: 119-129. DOIL: .1111/j.1447-
0349.2010.00689.x

Good CD, Johnsrude IS, Ashburner J, Henson RNA,
Friston KJ, ef al. A voxel-based morphometric study of
ageing in 465 normal adult human brains. Neurolmage.
2001; 14: 21-36.

Hakamata Y, Matsuoka Y, Inagaki M, Nagamine M, Hara
E, et al. Structure of orbitofrontal cortex and its
longitudinal course in cancer-related post-traumatic stress
disorder. Neurosci Res. 2007; 59: 383-389.

Haller R, Kramer C. (Eds.). Horticultural therapy
methods: Making connections in health care, human
service, and community programs. Binghamton, NY: The
Haworth Press, 2006.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Harzog T, Black A, Fountaine K, Knotts D. Reflection
and attentional recovery as distinct benefits of restorative
environments. J Environ Psychol. 1997; 17: 165-170.
Hayasaka S, Phan KL, Liberzon I, Worsley KJ, Nichols
TE. Nonstationary cluster-size inference with random
field and permutation methods. Neurolmage. 2004; 22:
676-687.

Kanehira T, Fukamachi K, Nozoe S. Japanese-style
Cornell Medical Index health questionnaire (in Japanese).
Kyoto: Sankyobou. 2001.

Karl A, Schaefer M, Malta LS, Dorfel D, Rohleder N, et
al. A meta-analysis of structural brain abnormalities in
PTSD. Neurosci Biobehav Rev. 2006; 30(7); 1004-1031.
Kasai K, Yamasue H, Mark W, Gilberson MW, Shenton
ME, er al. Evidence for acquired pregenual anterior
cingulate gray matter loss from a twin study of combat-
related posttraumatic stress disorder. Biol Psychiatry.
2008; 63: 550-556.

Kotozaki Y, Kawashima R Effects of the Higashi-Nihon
Earthquake: Posttraumatic stress, psychological changes,
and cortisol levels of survivors. PLoS ONE. 2012; 7:
€34612: doi:10.1371/journal.pone.0034612.

Kroes MCW, Rugg MD, Whalley MG, Brewin CR.
Structural brain abnormalities common to posttraumatic
stress disorder and depression. J Psychiatry Neurosci.
2011; 36: 256-265.

Kyutoku Y, Tada R, Umeyama T, Harada K, Kikuchi S.
Cognitive and psychological reactions of the general
population three months after the 2011 Tohoku
earthquake and tsunami. PLoSONE. 2012; 7:
doi:10.1371/journal.pone.0031014.

Lauger E, Rodin J. The effects of choice and enhanced
personal response for the aged: a field experiment in an
institutional setting. J Pers Soc Psychol. 1976; 34: 191-
198.

Madakasira S, O’Brien KF. Acute posttraumatic stress
disorder in victims of a natural disaster. J Nerv Ment Dis.
1987; 175: 286-290.

Mc Nair DM, Lorr M, Droppleman LF. EAITS manual for .
the profile of mood states. San Diego: Educational and
Industrial Testing Service. 1992; pp. 40.

McEwen BS. Protective and damaging effects of stress
mediators. N Engl ] Med. 1998; 338: 171-179.

Milad MR, Quirk GJL. Neurons in medial prefrontal
cortex signal memory for fear extinction. Nature. 2001,
420: 70-74.

Mizuno-Matsumoto Y, Kobashi S, Hata Y, Ishikawa O,
Asano F. Horticultural therapy has beneficial effects on
brain functions in cerebrovascular diseases. IC-MED
Journal. 2008; 2: 169-182.

Nakagawa Y, Daibo I. Japanese version GHQ30 (in
Japanese). Tokyo: Nihon Bunka Kagakusha. 1996.

Otsubo T, Tanaka K, Koda R, Shinoda J, Sano N, er al.
Reliability and validity of Japanese version of the Mini-
International Neuropsychiatric Interview. Psychiatry Clin
Neurosci. 2005; 59: 517-526.

Parker G. Cyclone Tracy and Darwin evacuees: On the
restoration of the species. Brit J Psychiat. 1977; 130: 548-
555.

Perrins-Margails N, Rugletic J, Schepis N, Stepanski H,
Walsh M. The immediate effects of group-based

2856 | Page



Yuka Kotozaki et al. Positive effect by the growing of plants the victim after the great east japan earthquake

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

horticulture on the quality of life of persons with
chronic mental illness. Occup Ther Ment Health. 2000;
16: 15-30.

Porchey P. Horticultural therapy: how can it make a
difference in your everyday life? Proc Fla State Hort
Soc. 2007; 120: 351-352.

Radley JJ, Arias CM, Sawchenko PE. Regional
differentiation of the medial prefrontal cortex in
regulating adaptive responses to acute emotional stress.
J Neurosci. 2006;13:26:12967-76.

Radloff LS. The CES-D scale: a self-report depression
scale for research in the general population. Appl
Psychol Measures. 1977; 1: 385-401.

Rodiek S. Influence of an outdoor garden on mood and
stress in older persons. J Ther Hortic. 2002; 13: 13-21.
Sato A, Yasuda A. Development of the Japanese
version of positive and negative affect schedule
(PANAS) scales. Jpn J Personal. 2001; 9: 138-139.
Sekiguchi A, Sugiura M, Taki Y, Kotozaki Y, Nouchi
R, et al. Brain structural changes as vulnerability
factors and acquired signs of post-earthquake stress.
Molecular Psychiatry. 2012; doi: 10.1038/mp.2012.51.
Sell H, Nagapal R. Assessment of subjective well-
being: The Subjective Well- Being Inventory (SUBI).
SEARO regional health papers no. 24. New Dehli:
World Health Organization Regional Office for
Southeast Asia. 1992.

Selye H. A syndrome produced by diverse nocuous
agents. Nature. 1936; 138: 72.

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P,
Janavs J, Weiller E, et al. The Mini-International
Neuropsychiatric Interview (M.I.N.I.): the development
and validation of a structured diagnostic psychiatric
interview for DSM-IV and ICD-10. J Clin Psychiatry.
1998; 59 (Suppl 20):22-33;quiz 4-57.

Shima S, Shikano T, Kitamura T, Asai M. New self-
rating scale for depression (in Japanese). Clin
Psychiatry. 1985; 27: 717-723.

Shin LM, Rauch SL, Pitman RK. Amygdala, medial
prefrontal cortex, and hippocampal function in PTSD.
Ann N.Y. Acad Sci. 2006; 1071: 67-79.

Shin LM, Whalen PJ, Pitman RK, Bush G, Macklin
ML, et al. An MRI study of anterior cingulated
function in posttraumatic stress disorder. Biol
Psychiatry, 2011; 50: 932-942.

Shin LM, Whalen RK, Pitman RK, Buch G, Macklin
ML, et al. An MRI study of anterior cingulated
function in posttraumatic stress disorder. Biol
Psychiatry. 2001; 50: 932-942.

Takai N, Yamaguchi M, Aragaki T, Eto K, Uchihashi
K, et al. Performance evaluation of salivary cortisol
and amylase levels in healthy young adults. Arch Oral
Biol. 2004; 49: 963-968.

Takeuchi H, Taki Y, Sassa Y, Hashizume H, Sekiguchi
A, ef al. Working memory training using mental
calculation impacts regional gray matter of the frontal
and parietal regions. PLoSONE. 2011; 6: e23175:
doi:10.1371/journal.pone.0023175.

Taku K, Calhoun LG, Tedeschi RG, Gil-Rivas V,
Kilmer RP, ef al. Examining posttraumatic growth
among Japanese university students. Anxiety Stress
Coping. 2007; 20: 353-367.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Taku K, Cann A, Tedeschi RG, Calhounb LG. Intrusive
versus deliberate rumination in posttraumatic growth
across US and Japanese samples. Anxiety Stress
Coping. 2009; 22: 129-136.

Tasaki M, Nakane M. The WHO-QOL26. Division of
Mental Health and Protection of Substance Abuse,
World Health Organization (in Japanese). Tokyo:
Kaneko Shobou. 1997.

Tedeschi RG, Calhoun LG. Posttraumatic growth:
conceptual foundations and empirical evidence.
Psychol Inq. 2004; 15: 1-18.

Tedeschi RG, Calhoun LG. The Posttraumatic Growth
Inventry: measuring the positive legacy of trauma. J
Trauma Stress. 1996, 9: 455-471.

Tonan K, Sonoda A, Ono Y. Production of the
Japanese edition of the Subjective Well-Being
Inventory: Its reliability and validity. Jpn J Health
Psychol. 1995; 8: 12-19.

Ulrich RS, Parson R. Influences of passive experiences
with plants on individual well-being and health. In:
Relf D, editor. The role of horticulture in human well-
being and social development. Portland: Timber Press.
1992: pp.93-105.

Van den Berg AE, Custers MHG. Gardening promotes
neuroendocrine and affective restoration from stress. J
Health Psycho. 2011; 16: 3-11.

Vasterling JJ, Brailey K, Constans JI, Sutker PB.
Attention and memory dysfunction in posttraumatic
stress disorder. Neuropsychology. 1998; 12: 125-133.
Waliczek TM, Mattson RH, Zajicek JM. Benefits of
community gardening to quality of life issues. J
Environ Hortic. 1996; 14: 204-209.

Watson D, Clark LA, Tellegan A. Development and
validation of brief measures of positive and negative
affect: The PANAS scales. J Pers Soc Psychol. 1988;
54:1063-1070.

Weathers FW, Keane TM, Davidson JR. Clinician-
administered PTSD scale: a review of the first ten years
of research. Depress Anxiety. 2001; 13: 132-156.
Yamaguchi M, Deguchi M, Wakasugi J, Ono S, Takai
N, et al. Hand-held monitor of sympathetic nervous
system using salivary amylase activity and its
validation by driver fatigue assessment. Biosens
Bioelectron. 2006; 21: 2007-2014.

Yamasue H, Kasai K, Iwanami A, Ohtani T, Yamada
H, et al. Voxel-based analysis of MRI reveals anterior
cingulate  gray-matter = volume  reduction in
posttraumatic stress disorder due to terrorism. Proc
Natl Acad Sci U S A. 2003; 100: 9039-9043.

Yang TT, Simmons AN, Matthews SC, Tapert SF,
Frank GK. Depressed adolescents demonstrate greater
subgenual anterior cingulate activity. Neuroreport.
2009; 20: 440-444.
doi:10.1097/WNR.0b013e3283262¢10

Yang TT, Simmons AN, Matthews SC, Tapert SF,
Franke GK, er al. Adolescent subgenual anterior
cingulate activity is related to harm avoidance.
NeuroReport. 2009; 20: 19-23.

Yehuda R, Giller EL, Southwick S, Lowy MT, Mason
JW. Hypothalamic— pituitary—adrenal dysfunction in
posttraumatic stress disorder. Biol Psychiatry. 1991;
30: 1031-1048.

2857 |Page



International Journal of Recent Scientific Research Vol. 6, Issue, 2, pp. 2850-2858, February, 2015

74. Yehuda R, Biology of posttraumatic stress disorder. J 75. Yokoyama K, Araki S. Japanese edition of Profile of
Clin Psychiatry. 2000; 61: 14-21. Mood States (POMS): assessment of reliability and
validity (in Japanese). Tokyo: Kaneko Shobou. 1991.

How to cite this article:

Yuka Kotozaki et al., Positive effect by the growing of plants the victim after the great east japan earthquake. International
Journal of Recent Scientific Research Vol. 6, Issue, 2, pp. 2850-2858, February, 2015

sk s sfesfeoke sk sk

2858 | P a

&

&

0



ISSN: 0976-3031

Available Online at http://www.recentscientific.com

International Journal of Recent Scientific Research

International Journal
of Recent Scientific
Research

Vol. 6, Issue, 2, pp.2833-2836, February, 2015

RESEARCH ARTICLE

EFFECTS OF HORTICULTURAL INTERVENTION ON COGNITIVE FUNCTION IN ELDERLY WOMEN
OF MILD PTSD TWO YEARS AFTER THE EAST JAPAN GREAT EARTHQUAKE

Yuka Kotozaki
Smart Ageing International Research Center, Institute of Development, Aging and Cancer, Tohoku
University
ARTICLE INFO ABSTRACT
Article History: The Great East Japan Earthquake had a psychological impact on many people and such natural

Received 14", January, 2015
Received in revised form 23",
January, 2015

Accepted 13, February, 2015
Published online 28",
February, 2015

Key words:

cognitive function, earthquake,
elderly women, horticultural

disasters can affect the cognitive function of survivors. However, the specific benefits of HT on
cognitive functions of earthquake survivors are not clearly understood. This study aimed to determine
whether cognitive functions in elderly women living in the Great East Japan Earthquake disaster area
would improve following horticultural therapy (HT) using a randomized, open-label, assessor-blind,
crossover trial design. Thirty-nine right-handed elderly women participants were divided into an HT
group (n = 20) and a control group (# = 19). The HT group underwent eight weeks of HT, and the
control group underwent eight weeks of stress control education. We administered four questionnaires
to assess changes in participants’ pre- and postintervention cognitive functions. The HT group’s
depression, posttraumatic stress disorder symptoms, and cognitive function improved postintervention,
particularly in attentional functions and processing capacity, relative to the control group. These

therapy, intervention

findings suggest that HT may improve cognitive functions in elderly women following a disaster.

Copyright © 2015 Yuka Kotozaki. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

On March 11, 2011, the Great East Japan Earthquake caused
significant damage in the Tohoku area. Many people who lived
in this area experienced extremely strong tremors, which left
them with varying degrees of psychological damage. Previous
studies have reported that psychological and physical changes
occur in survivors foilowing serious events (Fukuda et al.
2000; Song et al. 2008; Kotozaki and Kawashima 2012). The
survivors’ cognitive functions can be affected, which leads to
deficits in attentional and executive functions, memory, and
learning (Yehuda et al. 2004).

For example, cognitive performance test were performed
before and after the major earthquake that occurred in New
Zealand Christchurch, cognitive performance of after the
earthquake including reaction speed had clearly reduced
(Helton & Head, 2012). In other words, it was suggested that
the natural disaster was more likely to have a negative influence
on the cognitive function of the victim. The psychological effects
of natural disasters on survivors have been examined (Galeaet al.
2005); results from these studies indicated that women are more
likely to have posttraumatic stress disorder (PTSD), in addition
to emotional instability and anxiety disorders, following natural
disasters (Bland ef al. 1996; Tural et al. 2004). However, few
studies have examined the psychological effects of the Great
East Japan Earthquake on women or evaluated simple, effective
methods for recovery. This study focused on psychological
treatment using horticultural therapy (HT).

*Corresponding author: Yuka Kotozaki

HT treatment for PTSD was developed in the United States after
World War II to provide psychological care and social
rehabilitation for disabled soldiers and war veterans with PTSD
symptoms (Detweiler er al. 2010). Previous studies have
suggested that HT can have cognitive (Cimprich 1993),
psychological (Ulrich and Parson 1992; Detweiler ef al. 2010),
social (Perrins-Margails ef al. 2000), and physical benefits (Van
den Berg and Custers 2011). Some of the psychological effects
of HT on earthquake induced stress have been recently studied
(Kotozaki 2013a, 2013b); however, the specific benefits of HT
on cognitive functions of earthquake survivors are not clearly
understood. This study aimed to determine whether cognitive
function in elderly women living in the Great East Japan
Earthquake disaster area would improve following HT
intervention. After a disaster, elderly people are more likely to
develop PTSD and general psychiatric morbidity than young
people (Ticehurst er al. 1996; Liu et al. 2006; Jia et al. 2010).
Therefore, we conducted an experimental study with elderly
women participants between 60 and 75 years of age. To our
knowledge, no previous research has considered the effects of
horticultural therapy on elderly women living in disaster areas.
We hypothesized that HT would help these elderly women by
improving cognitive functions impacted by trauma.

MATERIAL AND METHODS
Participants

The participants were female residents of the coastal areas of
Miyagi Prefecture, aged 60 to 75 years, who experienced the

Smart Ageing International Research Center, Institute of Development, Aging and Cancer, Tohoku University
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Great East Japan Earthquake on March 11, 2011. An invitation
to participate in the study was published in newspapers serving
the earthquake-affected areas, and 100 residents from
Kesennuma City to Watari Town responded. The respondents
were screened for PTSD wusing the Mini International
Neuropsychiatric Interview (MINI) (Sheehan et al. 1998; Otsubo
et al. 2005) and the Clinician-Administered PTSD Scale (CAPS)
(Blake et al. 1995; Asukai e al. 2003). MINI is a short
structured  diagnostic  interview, developed jointly by
psychiatrists and clinicians in the United States and Europe, for
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V) and the International Classification of Diseases (ICD-
10) psychiatric disorders. MINI was designed to meet the need
for a short but accurate structured psychiatric interview for
multicenter clinical trials and epidemiology studies and to be
used as a first step in outcome tracking in nonresearch clinical
settings. The CAPS is widely considered to be the "gold
standard" in PTSD assessment. It is a structured interview
providing a categorical diagnosis, as well as a measure of the
severity of PTSD symptoms as defined by DSM-IV. The CAPS
scores are divided into the following -categories: 0-19
(asymptomatic/few symptoms), 20-39 (mild
PTSD/subthreshold), 40-59 (moderate PTSD/above threshold),
60-79 (severe PTSD symptoms), and >80 (extreme PTSD
symptoms). For the CAPS, applicants were regarded as
symptomatic if they scored =1 on frequency and >2 on intensity
(the F1/2 method). After the exclusion of 61 applicants who had
no PTSD symptoms and a CAPS score of =40, 39 right-handed
elderly women were selected for participation in the study,
which was part of an ongoing project investigating associations
between brain structure and mental health. All participants were
diagnosed with symptoms of PTSD on the MINI and had one to
two symptoms in each of the three PTSD symptom clusters—re-
experiencing the event, avoidance, and hyperarousal. The CAPS
and MINI were administered before and after the intervention.
Written informed consent was obtained from each subject in
accordance with the Declaration of Helsinki (1991). This study
was approved by the Research Ethics Committee of Tohoku
University Graduate School of Medicine following ethical
screening.

The study was a randomized, open-label assessor-blind crossover
trial, registered at the University Hospital Medical Information
Network Clinical Trials Registry (UMIN 000008936). Testers
were blind to the study’s hypothesis and participants’ group
membership. The participants were divided into two groups, a
HT group (» = 20) and a stress education (SE) group (» = 19),
using the permuted block method.

{ Recruited 1 = 100
»| Refusedto participate |
n=61

Randomized n = 31

Allacation
y L4
HMorticullural therapy Stiess educalion
intervantion »n = 20 _intervantion n =19
| Anaysis

Analyzad 7 = 20 } L Analysed n = 18

Figurel

This study design was similar to a previous study (Kotozaki
2013a, 2013b).

Psychological measures

To assess changes in participants’ cognitive functions, we
administered the following psychological measures before and
after the intervention: (a) the Frontal Assessment Battery at
Bedside (FAB) to assess executive functions (Dubois er al.
2000), (b) the Geriatric Depression Scale-15 (GDS-15) to
assess depressive symptoms (Niimi ef al. 1999), and (c) the
Wechsler Memory Scale-Revised (WMS-R) to assess memory
functions (Sugishita 2001). Participants received instructions
from the researcher and completed the psychological measures
within 120 min. The total experimental time was approximately
120 min.

Interventions

The interventions took place between October 2012 and May
2013. The HT intervention was designed by a horticultural
therapist. This intervention included eight weekly sessions (60
min each) at a university lab and 15 minutes per day at
participants’ homes. The sessions at a university lab comprised
interactive lectures and practical horticultural training. The
participants attended six horticultural lessons, which included
topics such as designing a garden planter, seeding, watering,
weeding, and picking flowers. Participants filled out an HT
intervention session checklist after each session as a self-
assessment. Participants cared for plants for 15 min per day at
their homes wusing horticulture kits provided by the
experimenters and recorded the completion of this task daily on
forms provided by the experimenters at the intervention
sessions. The participants submitted these forms to the
experimenters at the HT intervention session each week.

The SE intervention consisted of eight 60-minute sessions,
which included lectures and a video series about stress
mechanisms, psychology, and stress management. The SE
intervention was managed by a member of the research team
with a background in psychology. Participants filled out an SE
intervention session checklist after each session. The second
and sixth HT and SE interventions sessions used the same
teaching aid.

Statistical analyses

The data were analyzed using PASW statistical software (ver.
18 for Windows; SPSS, Inc., Chicago, IL, USA). One-way
analysis of covariance was conducted with differences between
the pre- and postintervention scores as dependent variables and
pretest scores as covariates for each psychological measure.
Because our primary point of interest was identifying the
beneficial effects of HT, test-retest changes were compared
between the HT and control groups using one-tailed tests (p <
0.05), in the same manner as in previous studies (Kotozaki
2013a, 2013b).

RESULTS

Table 1 shows the comparisons of pre- and postintervention
psychological changes between the two groups. The HT group
demonstrated a significant increase in postintervention FAB
scores (F[1, 36] = 790, p < 0.01), WMS-R
attention/concentration scores (F[1, 36] = 3.42, p < 0.05), and
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WMS-R delayed recall scores (F[1, 36] = 4.29, p < 0.05),
relative to the control group. In addition, the HT group had a
significant decrease in postintervention CAPS (F[1, 36] = 3.43,
p < 0.05) and GDS scores (F[1, 36] = 6.67, p < 0.01), relative
to the control group.

HT on PTSD symptoms to elderly women living in the
disaster area who were likely to have experienced earthquake-
related stress. The HT group also had lower postintervention
GDS scores than the control group did, indicating that HT
improved their depressive symptoms.

Table 1 Participants’ psychological data

HT group (n=20)

Control group (1 =19)

Pre Post Pre Post

Measures Mean SD Mean SD Mean SD Mean SD P
CAPS score 2350  6.03 6.60 525 21.84 483 10.63 890  0.036
FAB score 1780 041 17.95 0.22 17.89 032 17.68 0.48  0.004
GDS score 3.25 1.29 1.85 2.06 3.11 2.26 3.63 227 0.007
WMS-R General memory score  107.50  13.85 10875 1030 106.11 12.77 108.68 8.18 0490
Verbal memory score 108.95 11.70  109.30 991 10932 9.12 109.58 9.11 0493
Visual memory score 10540 17.45 107.70 13.80 10574 13.09 107.89 9.07 0498
Attention/concentration score  94.55  19.19 103.40 11.16 102.26 14.64 10042 11.69 0.037
Delayed recall score 102,10 1594 10990 11.11 104.68 11.12 105.11 11.99  0.028

Abbreviations: CAPS, the Clinician-Administered PTSD Scale; FAB, Frontal Assessment Battery at Bedside; GDS, Geriatric Depression Scale; HT,
Horticultural Therapy; SD, Standard Deviation; WMS-R, Wechsler Memory Scale-Revised.
*One-way analysis of covariance with pre-post differences in psychological measures as dependent variables and pre-intervention scores as

covariates (one-tailed).

DISCUSSION

This study aimed to investigate the effects of HT intervention
on cognitive functions in elderly women living in the Great
East Japan Earthquake disaster area. Results revealed that the
HT intervention improved cognitive functions, particularly
attentional function and processing capacity, in addition to
depression and PTSD symptoms. These results supported our
hypothesis that HT may improve cognitive functions in
elderly women affected by a traumatic natural disaster
experience.

In the HT group, postintervention FAB, WMS-R
attention/concentration, and WMS-R delayed recall scores
were significantly higher than the scores of the control group,
which indicated that HT improved cognitive functions.
Previous studies have reported confusion with respect to
cognition such as attention, processing of information, and
mental clarify following disasters (Cardena and Spiegel
1993), which suggested that disasters induce negative
feelings, and levels of intrusive thoughts increase after
negative mood induction (Smallwood ef al. 2009). Disasters
can indirectly disrupt cognitive performance via their impact
on mood and thought (McVay and Kane 2010); in a sustained
attention to response task study administered before and after
the 7.1-magnitude earthquake in Christchurch, New Zealand,
errors of omission increased following the earthquake
(Yehuda et al. 2004). It is possible that similar omissions may
have been present in survivors of the Great East Japan
Earthquake. Our findings support the results of previous
studies that found HT improved cognitive function, attention,
and processing capacity (Cimprich 1993; Rappe and Kiveld
2005). In this study, the HT group demonstrated significantly
increased postintervention cognitive functions, including
frontal lobe function (measured by the FAB) and attention
and processing capacity (measured by the WMS-R), relative
to the control group. Thus, HT may be effective in restoring
cognitive functions affected by the disaster.

In addition, postintervention CAPS scores were significantly
lower in the HT group than the scores in the control group,
indicating that HT reduced PTSD symptoms. This finding
was similar to results of our previous intervention study
(Kotozaki 2013a, 2013b) and extends the positive effects of

Several other HT studies examined depression in elderly people
(Herzog et al. 1997; Taylor et al. 2001), finding that HT is
associated with a reduction in depression and stress.

CONCLUSION

This study found that HT improved cognitive function in elderly
women living in the Great East Japan earthquake disaster area
relative to women receiving stress therapy. We believe that HT
may be a viable and effective intervention for earthquake-related
stress and cognitive problems. We hope that HT will be used
more frequently as a means of psychological support in natural
disaster areas.
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Abstract

Three and a half years have passed since the Great East Japan Earthquake. The life of residents has recovered close to pre-disaster conditions. However, previous
studies reported that disaster survivors occurred in the past have a low standard of nutrition among residents. The purpose of this study was to investigate the
nutritional status of women in the coastal region of the disaster area three years after the Great East Japan Earthquake. The participants included 145 healthy women
volunteers. Participants lived in the coastal region of the disaster area immediately after the earthquake. All participants were interviewed by trained psychologists
using the Japanese version of the Clinician-Administered Posttraumatic Stress Disorder Scale (CAPS). In addition, participants answered a brief self-report dietary
history questionnaire. No significant differences were found between age groups on the CAPS. Significant differences between age groups in nutritional intake were

found, including in protein, vegetable protein, animal protein, fat, animal fat, calcium, iron, saturated fatty acid, total dietary fiber, and cholesterol.

Introduction

Following the 2011 Great East Japan Earthquake, many residents,
in particular those of the coastal region, lived in shelters for the first few
months after the earthquake [1]. Standards of living were marked by a
deterioration in the quantity and quality of food intake [1]. Three and
a half years have passed since the Great East Japan Earthquake, with
the life of residents recovering to close to pre-earthquake conditions.
However, studies investigating the experience of residents have found
the nutritional status of residents to be low post-disaster.

The purpose of this study was to investigate women’s nutritional
status in the coastal region of the disaster area, three years after the
Great East Japan Earthquake.

Materials and methods

Participants

The study participants included 145 healthy women volunteers
(aged 21-68 years; mean: 47.74 + 8.78 years). Participants lived in the
coastal region of the disaster area immediately after the earthquake up
until the time of the study. They were recruited through local newspapers
notices. Participants gave written informed consent following
explanation of the nature of the study. Neuropsychiatric disorders
were screened for using the Mini International Neuropsychiatric
Interview (MINTI) [2,3]. No participants were found to have a history
of neurological or psychiatric illness. All procedures were conducted
according to the Declaration of Helsinki. The experimental protocol
was approved by the ethics committee of the Tohoku University School
of Medicine.

Psychological instruments

All participants were interviewed by trained psychologists using
the Japanese version of the Clinician-Administered Post-Traumatic

Integr Mol Med, 2015 doi: 10.15761/IMM.1000120

Stress Disorder (PTSD) Scale (CAPS [4,5]). The CAPS is a 22-item
scale with three associated features assessing validity, severity, and
improvement. The CAPS contains separate 5-point frequency and
intensity rating scales (0-4) for symptoms identified with PTSD in
the DSM-IV. Nutritional status was evaluated using a brief self-report
dietary history questionnaire containing questions about the frequency
of consumption of 75 principal foods [6].

Analysis of psychological instruments

Data obtained from the psychological instruments were analyzed
using SPSS (Version 21.0, IBM, Armonk, New York). Physical status
was compared across age groups using Tukey’s multiple comparison
test after analysis of variance (ANOVA). Differences in nutrient and
food intake between age groups were analyzed using an item-by-item
one-way ANOVA. Statistical significance was assessed according to a
probability of p<0.05.

Results

The age groups of participants are shown in Table 1. The number of
participants in their 20s and 60s was relatively low; while the number of
participants in their 40s was high. Table 2 shows the CAPS score for each
age group. The CAPS score for those in their 60s was higher compared
to other age groups. However, the CAPS score was considered low for
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Table 1. Age groups of participants,

Number of people Yo
20s 6 4.1
30s 17 1.7
40s 62 42.8
50s 55 37.9
60s 5 34
Total 145 100

Table 2. CAPS score by age group.

CAPS score
20s 3.00 £ 4.69
30s 1.00 +: 3,43
40s 239+ 557
50s 1.91£4.04
60s 7.40+4.88
Table 3. Height, weight and BMI by age group.
Height Weight BMI
20s 154,03 +£3.48 49.62 + 8.17 20.86£2.97
30s 157.15+5.12 56.85 £ 9.06 23.04 £ 3.60
40s 158.00 +4.74 58.04 £ 8.16 2328 £3.36
50s 156.72 £ 5.39 5526 £9.14 22494347
60s 152.12£3.23 52,40 £ 6.65 22,65+£2.79
Table 4. Nutrient and food intake by age group.
Protein (g/day)  Animal protein  Vegetable protein Fat
) (g/day) (g/day) (g/day)
20s 54.42 £ 18.90 30.58 + 16.11 23.84+7.36 46.27 £ 18.32
30s 55.03 + 15.50 27719 4£9.15 27.24+£9.70 43.28 + 14.57
40s  77.89:2879 43272122 346221449 60.13£20.75
'50s 75.18£2657  4274%2120 3244 +8.88 53.50 % 19.24
‘605 75.16 + 31.81 36.58 £21.20 38.58 £ 12.02 53.71+£29.82
‘ Animal fat Carbohydrate Sodium Calcium
(g/day) (g/day) (mg/day) (mg/day)
20s 22041115 204.97 £ 59.07 3273.16 £ 1539.03  347.58 £ 17225
30s 18.03 + 6.46 221.60+71.41 ‘ 3746.98 +1003.25 ' 365.48 £ 15553
'405 28.05 + 10.59 266.90 £ 92.11 4488.74 = 1448.89  593.03 £236.73
50s 2520£11.79 239.45 £ 6442 427293+ 144996 610,17 +£192.80
60s 228741728 258.46 £ 60.55 4497.70 £ 1696.55 674,33 £ 307.84
‘ Iron -3 fatty acid -6 fatty acid Saturated fatty
(mg/day) (g/day) (g/day) acid (g/day)
20s 5.92+2.13 2.06+1.23 924 £4.23 12.34£4.90
30s 6.47 +2.46 2.09+0.75 9.12+3.14 11.00 £ 3,96
40s 8.90+3.69 2824 1.27 11.40 £ 4.55 16.84 £ 5.49
50s 878 +£2.71 293+ 1.31 10.29+£3.48 1445+ 536
60s 10.90 + 3.31 291+1.87 10.68 £ 6.39 13.61 £73.68
Salt equivalent Total dietary fiber Alcohol Cholesterol
(g/day) (g/day) (g/day) (mg/day)
20s 8.27£391 9.12£3.71 0.00 +0.00 300.25 +141.85
'303 9.45+2.52 10.66 £ 4.64 6.65+10.27 264.84 +102.08
‘405 11.33 £ 3.66 14.17£5.89 5.74 £10.93 405.02 + 168.44
50s 10.78 = 3.66 1447447 7.85+15.55 375.78 £ 167.87
60s 1134 +£4.28 19.45+£6.48 0.11+0.25 418.64 +£202.06

all age groups. Furthermore, there were no significant differences in
CAPS scores between age groups (CAPS score: p0.117). Table 3 shows
the physical status for each age group. Examination of average height
and weight showed no large differences between age groups. Average
body mass index (BMI) was within the normal healthy range (BMI18.5
to 24.9 kg/m?) for all age groups. For height, weight, and BMI, no
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significant differences were found between age groups (height: p0.052,
weight: p0.096, BMI: p0.445).

Table 4 shows nutrient and food (protein, vegetable protein, animal
protein, fat, animal fat, carbohydrate, sodium, calcium, iron, w-3 fatty
acid, w-6 fatty acid, saturated fatty acid, salt equivalent, total dietary
fiber, alcohol, and cholesterol) intake for each age group. Intake of
the following items differed significantly between age groups: protein
(F(4, 140)3.32, p<.05), vegetable protein (F(4, 140)2.49, p<.05), animal
protein (F(4, 140)3.07, p<.05), fat (F(4, 140)2.90, p<.05), animal fat (F(4,
140)3.04, p<.05), calcium (F(4, 140)6.52, p<.01), iron (F(4, 140)3.75,
p<.01), saturated fatty acid (F(4, 140)4.82, p<.01), total dietary fiber
(F(4, 140)4.54, p<.01), and cholesterol (F(4, 140)2.90, p<.05).

Protein intake significantly differed between the 30s and 40s groups
(p.017). Animal protein intake was significantly different between the
30s and 40s (p.021) and the 30s and 50s (p.032) groups. Fat intake was
significantly different between the 30s and 40s (p.019) groups. Animal
fat intake was significantly different between the 30s and 40s (p.009)
groups. Calcium intake was significantly different between the 20s
and 50s (p.038), 30s and 40s (p.001), 30s and 50s (p.001), 30s and 60s
(p.039) groups. Iron intake was significantly different between the 30s
and 40s (p.048) groups. Saturated fatty acid intake differed significantly
between the 30s and 40s (p.001) groups, while total dietary fiber intake
significantly differed between the 20s and 60s (p.011) and 30s and
60s (p.010) groups. Finally, cholesterol intake significantly differed
between the 30s and 40s (p.016) groups.

Discussion

The present study sought to measure the nutritional status of
women living in the coastal region of the Great East Japan Earthquake
disaster area. The CAPS score, as a measure of PTSD, was higher for the
60s age group compared to the other age groups. However, the CAPS
scores were low for all age groups, with no subjects assessed as having
PTSD. There were no significant differences between age groups on the
CAPS. Nutrient and food intake of protein, vegetable protein, animal
protein, fat, animal fat, calcium, iron, saturated fatty acid, total dietary
fiber, and cholesterol was significantly different between generations.

Although PTSD symptoms decrease over time (from the time of
exposure to trauma), symptoms have been shown to persist over long
periods [7,8]. In the current study, the CAPS scores of participants were
between 0 and less than 20. This result supports the spontaneous (that
is, the absence of any kind of intervention) recovery of participants
over the three years following the earthquake,

With regard to nutrient and food intake, most were lower for
participants in their 20s compared to the other age groups (e.g., protein,
calcium, iron, and total dietary fiber). Additionally, nutrient and food
intake of participants in their 40s and 60s was higher than the intake
of those of other age groups, depending on the nutrient (e.g., the 40s
had higher protein, animal protein, fat, animal fat, carbohydrate, w-6
fatty acid, and saturated fatty acid intake; the 60s had higher vegetable
protein, sodium, calcium, iron, salt equivalent, total dietary fiber, and
cholesterol intake).

In the following paragraphs, we will discuss protein, calcium, and
iron in relation to national averages. The average protein intake of
iron for participants in their 20s and 30s was less than Japan’s average
intake [9] 20s: 67.2 + 23.5 mg; 30s: 66.8 * 21.8 mg). Protein is one of
the most important components of the human body. When protein is
broken down, glucose is produced. When protein intake is insufficient,
and stress hormones are continually produced over the long term, the
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internal protein resolution is enhanced and invites a drop in immunity.
Adequate levels of intake must take into account the maintenance of
immunity proteins and the necessary compensation due to stress [10].
Previous studies have documented the insufficient protein levels of
young women in Japan [11-14]. Although this finding may not be a
direct result of the earthquake, it can be said to support the conventional
findings mentioned above that were talked about originally.

Calcium plays an important role in the brain. The passing of the
electrical signal from neurons to cells occurs through voltage-dependent
calcium ion channels, present in the cell membrane nerve cells. Once
the electrical signal produced by the cations has flowed through the
channels, neurotransmitters, such as acetylcholine and noradrenaline,
are released from synaptic vesicles [15]. The difference in calcium
intake for participants in their 20s and 60s was about 2-fold (20s: 347.58
+ 172.25mg; 60s: 674.33 + 307.84 mg). Looking at historical data on
calcium intake, the calcium intake of young people has decreased [9].
One of the key explanations for this is considered to be the modern diet
of young people, which features excessive consumption [9]. In other
words, there are few calcium intakes of the youth. It should also be
noted that calcium is connected with stress [16]. Applying the mental
stress and physical stress, absorption rate of calcium in the intestinal
tract is reduced and cortisol and noradrenaline, which is secreted in
times of stress to promote the urinary excretion of calcium.

Iron is a cofactor of many enzymes that participate in the process
of energy production [5]. Reduced hemoglobin concentration can lead
to iron deficiency, a reduction in the oxygen-carrying capacity of the
blood, a decrease in the efficiency of glucose utilization [16]. Iron is
also involved in the immune system with the production of antibodies
[17,18]. The average intake of iron for participants in their 20s, 30s, and
60s was lower than the national average [9] 20s and 30s: 6.9 + 2.7 mg;
60s: 8.5 * 3.3 mg). The intake of iron for all other age groups was higher
than the national average (40s: 7.2 + 2.6 mg; 50s: 7.8 + 2.8 mg). A study
on the Sichuan Earthquake in 2008 reported iron deficiencies in infants
and adult women (including pregnant women and lactating women)
one year post-disaster [8]. It is difficult to make comparisons between
the Sichuan Earthquake study and the current study because of the
difference in time elapsed since the disaster. We consider the low levels
of iron in young women to be due to factors outside of any direct effects
of the earthquake. Given the three-year post-disaster period, the direct
effects of the earthquake would have faded. Low levels of iron in young
Japanese women may be due to slimming diets. In addition, previous
studies suggest that iron-deficiency anemia is common among women
of childbearing age [11,12].

The current study has several limitations. First, our sample size
was not large enough to sufficiently represent all age groups. In future
studies, we will seek to investigate a larger number of people living in
the disaster area. Second, the number of factors that we investigated
was somewhat limited. Other psychological variables, including health
and quality of life, were not featured in the current study and may be
looked at through future research.
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for Forty Five Women Who Living Certain Region in the Coastal Area
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Yuka Kotozaki*

Smart Ageing International Research Center, Institute of Development, Aging and Cancer,
Tohoku University, Sendai, Japan

ABSTRACT: Three years have passed since the earthquake, in the coastal areas in the disaster area, by population transfer or
the like from the temporary housing, the importance of the regeneration and revitalization of the local community has been pointed
out. This study performed a preliminary study to aim at the psychological inspection about an effect of the horticultural therapy as
the means of the local community reproduction support of the disaster area. Forty five women who are living in the coastal area of
Miyagi Prefecture participated in this study. They experienced the Great East Japan earthquake in 2011 and suffered some kind of
damage caused by the earthquake. The participants were assigned to two groups, the intervention group and the control group, via
a random draw using a computer. The HI group attended the horticultural therapy intervention (HT intervention) sessions for 16
weeks. The HT intervention was designed in collaboration with a horticultural therapist and clinical psychologists. This intervention
comprised a total of 16 weekly sessions (120 min each) at the community center and 15 minutes per day at participants ' homes. We
used five psychological measures for an intervention evaluation. The HI group showed a significant increase in post- intervention
SCI-2 total scores, post- intervention SCI-2 membership scores, post- intervention SCI-2 influence scores, post- intervention SCI-2
meeting needs scoves, post- intervention SCI-2 shared emotional connection scores, and post-intervention RSES score. We believe
that these results suggest the effectiveness of the horticultural therapy as the means of the local community reproduction.

Key words: Disaster area, regional community, earthquake victims, horticultural therapy, community consciousness, self-esteem

INTRODUCTION

Three years after the Great East Japan earthquake, it begins to
work for the full-scale reconstruction of the disaster area. In particular,
many people in the coastal area of the disaster area started to settle in
a hill and collective relocation from temporary housing. Therefore,
importance of regeneration and revitalization of the local community
of'a new disaster area has been pointed out. As a way of regeneration
and revitalization of local community of a new disaster area, we have
focused on horticultural therapy.

Horticultural therapy (HT) is a method of psychological care for
treating post-traumatic stress disorder (PTSD) that was developed in
the United States after World War II for the psychological care and
social rehabilitation of disabled soldiers and war veterans showing
PTSD symptoms (Detweiler et al., 2010). HT interventions are led by
professionals trained to incorporate the use of plants and horticultural
education into rehabilitation therapies (Detweiler et al., 2010). It has
been reported that participants begin to identify with plant growth,
and regain health and motivation. Through such experiences and
their association with nature, participants are thought to experience
improvement (Haller and Kramer, 2006). About the effectiveness
of horticultural therapy for mild symptoms of PTSD caused by the
Great East Japan Earthquake, previous studies of our group has
demonstrated that there is effective intervention by a study of victims
with mild PTSD symptom (Kotozaki, 2013a; Kotozaki, 2013b;
Kotozaki, 2014). In the next stage of our research, we will conduct
in the medium- to long-term about the effect of horticultural therapy
as a means of local community regeneration or support in the disaster
area and we are aim is to establish a methodology of horticultural

*Correspondence regarding this article should be directed to:
kotoyuka@idac.tohoku.ac.jp

therapy as a regional community regeneration or support available in
the disaster area.

The purpose of this study was to conduct a preliminary experiment
prior to more extensive experiment for women in the coastal area of
the disaster area and we examine the psychological change pre- and
post- intervention.

METHODS

Participants

Forty five women who living certain region in the coastal area
of Miyagi Prefecture participated in this study (mean age: 46.53 +
8.40 years old). They experienced the Great East Japan earthquake
in 2011 and suffered some kind of damage caused by the earthquake.
All participants were right-handed working native Japanese speakers
who had no serious mental disorder. Written informed consent was
obtained from each subject in accordance with the Declaration of
Helsinki (1991). This study was approved by the Ethics Committee
of Tohoku University School of Medicine.

Horticultural Intervention

The study was a randomized, double-blind, controlled, crossover
trial that was registered at the University Hospital Medical
Information Network Clinical Trials Registry (UMIN000006170).
The participants were assigned to two groups, the intervention
group (Horticultural Intervention [HI] group; n=22) and the
control group (No Intervention [NI] group; n=23), via a random
draw using a computer. The HI group attended the horticultural
therapy intervention (HT intervention) sessions for 16 weeks. The
HT intervention was designed in collaboration with a horticultural
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therapist and clinical psychologists. A horticultural therapist carried
out the main instruction, and the Clinical psychologists were the part
of support of a Horticultural therapist. This intervention comprised
a total of 16 weekly sessions (120 min each) at the community
center and 15 minutes per day at participants’ homes. The sessions
at the community center were comprised of interactive lectures and
practical horticultural training. The participants then attended six
horticultural lessons, including topics such as designing a garden
planter, seeding, watering, weeding, and picking flowers. We really
carried in combination these out every time. Participants filled out
an HT intervention session checklist after each session as a self-
assessment. Participants took care of plants for 15 min per day at their
convenience with horticulture kits provided by the experimenters,
and recorded the completion of this task daily on forms provided
by the experimenters at the intervention sessions. On the other
hands, the NI group did not undergo horticultural intervention and
engaged in regular life over the 16 weeks. All participants underwent
psychological measurements, both on the first day and at 16 weeks
after the start of the intervention. This study design used a design
same as our previous study (Kotozaki, 2013a, 2013b, 2014; Kotozaki
et al.,, 2014).

Psychological Measures

Sense of Community Index 2 (SCI-2)

To measure of sense of community, we used the SCI-2 (Chavis
et al., 2008). This index consists of 24 items and a perception with
four elements: membership, influence, meeting needs, and a shared
emotional connection. The coefficient alpha of the SCI-2 is 0.94 and
subscale proved to be reliable with coefficient alpha scores of 0.79
to 0.80 (Chavis et al., 2008). The SCI-2 was administered pre- and
post- intervention.

Rosenberg Self-Esteem Scale (RSES)

To assess self-esteem, we used the RSES (Rosenberg, 1965;
Mimura & Griffiths, 2007). This scale consists of 10 items and is
evaluated in four grades (Rosenberg, 1965). It can be said that the
higher your test score is, the self-esteem is high. The RSES was
administered pre- and post- intervention.

The General Health Questionnaire (GHQ)

To assess general health, we used the GHQ (Goldberg, 1972;
Nakagawa & Daibo, 1981). This scale consists of 30 items and uses
a four-point Likert scoring method. The GHQ was administered pre-
and post- intervention.

The Center for Epidemiologic Studies Depressive Symptoms
Scale (CES-D)

To assess depression symptoms, we used the CES-D (Radloff,
1977; Shima et al., 1985). This scale consists of 20-item. Scores
for each item are summed to give a range of total scores from 0 to
60. A higher score indicates a greater tendency toward depressive

symptoms. A score of 16 points or higher suggests the presence of
clinical depressive symptoms. The CES-D was administered pre-
and post- intervention.

Statistical Analyses

The data were analyzed using PASW statistical software (ver.
18 for Windows; SPSS, Inc., Chicago, IL, USA). One-way analysis
of covariance was conducted with differences between the pre- and
post- intervention scores included as dependent variables and pretest
scores as covariates for each psychological measure. Because our
primary point of interest was the beneficial effect of intervention
training, test—retest changes were compared between the HI and
NI groups using one-tailed tests (p<0.05), in the same manner as
in previous studies (Kotozaki, 2013a, 2013b, 2014; Kotozaki et al.,
2014).

RESULTS

Table 1 shows the comparisons of pre- and post- intervention
psychological changes between the two groups. The HI group
showed a significant increase in post- intervention SCI-2 total scores
(F[1,43]=6.66, p<0.01), post- intervention SCI-2 membership scores
(F[1,431=7.57, p<0.01), post- intervention SCI-2 influence scores
(F[1,43] = 14.46, p<0.01), post- intervention SCI-2 meeting needs
scores (F[1, 43] = 8.94, p<0.01), post- intervention SCI-2 shared
emotional connection scores (F[1,43]=2.99, p<0.05), and post-
intervention RSES score (F[1,37] = 3.18, p<0.05).

DISCUSSION

This study was to conduct a preliminary experiment prior to
more extensive experiment for women in the coastal area of the
disaster area and we examine the psychological change pre- and
post- intervention. As a result, the HI group showed significantly
increased post-intervention community consciousness score and
self-esteem score.

As for improving community consciousness, previous study
reported that horticultural activity may be a useful tool for community
based programs (Chalker-Scott & Collman, 2006; Hayashi et al.,
2008). Additionally, previous studies suggested that the emotional
intelligence improved by HT (Kim & Park, 2010; Park & Huh, 2010;
Kotozaki, 2014). In this intervention, people in the HI group took
horticultural-related lessons together and done horticultural activities
each time. We think that they can be improved new communication
skills and interpersonal relationship skills because this intervention
was a long term and they have performed together. Therefore, we
also think that their community awareness improved.

In the result of this study, self-esteem of people in the HI group
has also improved after the intervention. Some previous studies
suggest that the HT improved self-esteem (Williams & Mattson,
1988; Martin-Yates, 1990; Gigliotti et al., 2004; Mattson et al.,

Table 1.
Comparisons of Pre- and Post- Intervention Psychological Changes.

HI group NI group

Pre Post Pre Post P value
SCI-2 total 49.09+ 1284 156.95+9.41 54.04 +14.94 52.78 +15.96 0.007
SCI-2 membership 11.18 +3.80 13.86 £2.42 1296 +3.72 12.83+4.15 0.005
SCI-2 influence 11.64 +£2.75 14.68 +3.26 13.40+3.80 12.70 £ 3.70 0.001
SCI-2 meeting needs 15.50 £ 3.36 16.18 £3.62 14.00+4.11 13.78 £4.07 0.003
SCI-2 shared emotional connection {12.77 = 4.40 14.45+4.00 13.78 +4.54 13.09 +4.69 0.046
RSES 30.95+3.30 32.36+3.92 3243+378 32.04+3.39 0.041
GHQ 4.82+4.60 2.14+352 6.52+6.71 4.87+6.76 0.086
CES-D 7.59+£4.62 441+434 10.57 +7.46 8.96 +7.88 0.154
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2004; Um et al., 2002; Clatworthy et al., 2013). Additionally, self-
esteem was suggested to be a preventive factor for PTSD and factors
that predict the recovery of changes in brain morphology (Sekiguchi
et al., 2014). We think that it overlaps with one's growth to bring up
a plant and it will feel confident about oneself by bringing up a plant.
We also think that PTSD symptoms have gotten quite better by self-
esteem is improved.

From the above results, it can be said that it can be said that it has
can indicate the effectiveness of horticultural therapy as a method of
improving the local community consciousness by our intervention.
In the future, we will move forward with full-scale experience in
the disaster arca and will address the impact of regeneration and
revitalization of local community.
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Three years have passed since the Great East Japan Earthquake.
People in the disaster area are gradually recovering; however, some
still suffer from earthquake-related stress. Previous studies have
suggested that victims suffer various psychological problems that
were caused by the experience of being involved in the earthquake [1-
6]. The mental health of victims continues to be of concern, because
problems can emerge long after a disaster occurs [7-10]. Three years
after the earthquake, the general public is a belief that Japan should be
engaged in psychological support for victims on a national level. Many
people with intellectual disabilities also suffered severe psychological
damage, and the provision of psychological support is important for
these individuals. Various types of psychological support, including
horticultural therapy, were provided immediately after the earthquake.

Horticultural therapy was developed in the United States to provide
psychological care and social rehabilitation for disabled soldiers and
war veterans diagnosed with Post-Traumatic Stress Disorder (PTSD)
following World War II [11]. Previous studies have suggested that
horticultural therapy has cognitive [12,13], psychological [14,15],
social [16,17], and physical [18] effects. Further, our previous findings
indicated that mild PTSD symptoms, depression, and salivary cortisol
levels decreased and posttraumatic growth improved with horticultural
therapy in women living in the disaster area [19-21]. Several previous
studies have examined the use of horticultural therapy for adults and
children with intellectual disabilities [22-27]. However, not many have
focused on psychological support for earthquake-related problems
in people with intellectual disabilities. In this study, we describe a
psychological support method using horticultural therapy for people
with intellectual disabilities living in the disaster area. We believe that
horticultural therapy may reduce anxiety in people with intellectual
disabilities. Previous studies reported that people with intellectual
disabilities were more prone to anxiety, and the prevalence of anxiety
disorders among people with intellectual disabilities was approximately
5-10% [28-31]. These findings suggest that experiencing disasters
increased feelings of insecurity in people with intellectual disabilities.
Some previous studies have suggested that horticultural therapy
reduces anxiety [32-34]. In light of the above evidence, we conducted
an exploratory analysis prior to providing full-scale psychological
support for people with intellectual disabilities in future.

One facility that treats people with intellectual disabilities in the
disaster area agreed to participate in the study and provided a location
in which to conduct the intervention. The participants, five adults
with intellectual disabilities, were undergoing treatment at this facility
and attended horticultural therapy sessions. Horticultural therapy
sessions were conducted by one Horticultural Therapist (TS) and
seven support staff. The horticultural therapist presented a general
lecture and seven support staff assisted the participants. Participants
attended three 60 minute horticultural therapy sessions. The program
was based on a procedure used in a previous study [19,20]. Specifically,
the horticultural therapist described contents of a lecture during the
first 20 minutes of the session. Participants spent the remaining time
producing potted flower arrangements from flowers and herbs, with
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the support of support staff. The horticultural therapist observed and
evaluated the participants, as the participants found it difficult to reply
to questionnaires.

Results showed that the participants were initially indifferent and
quiet. However, once they began to pot the plants, all of the participants
were smiling and appeared excited once they had completed the potted
flower arrangements. They also appeared relaxed when touching the
plants. Further, participants took the initiative with respect to the work
and became involved in conversations with other participants.

The purpose of this study was to describe a psychological support
method that involves the use of horticultural therapy for people with
intellectual disabilities living in the Great East Japan Earthquake disaster
area. Horticultural therapy was found to be effective and affected the
participants positively. However, the study had some limitations,
namely, the small sample size and evaluation method. Regarding the
sample size, there was only one facility willing to participate in the
study in the aftermath of the earthquake. In addition, people with
severe disorders were unable to participate in horticultural therapy
sessions for the purposes of the study. With respect to the evaluation
method, we used observation because the participants found it difficult
to reply to questionnaires. However, subjective evaluation may be
necessary in future studies.

Based on these results, we plan to offer psychological support to
people with intellectual disabilities in disaster areas. However, the
provision of full-scale psychological support in disaster areas is a
future goal. We will continue to support individuals with and without
disabilities with respect to assisting them in achieving psychological
health.
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