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Assessment of psychophysiological effects of forest and urban

walking on young people

Ai YAMADA', Da-Hong WANG'* & Masamitsu MIYANAGA'

Abstract: Our study aimed to evaluate how psychological mood states as well as blood pressure,
pulse rate, and the levels of salivary stress biomarkers change between before and after forest or
urban walking. In 2016-2018, 33 young people participated in both forest and urban walking, for two
hours each. Salivary amylase, blood pressure, and pulse rate were measured before and the next day
after walking. Psychological mood states of the participants were also checked using a short form
of the Profile of Mood States questionnaire. As the results, the levels of salivary amylase showed
decrease in 19 participants (63%) after forest walking, and in 15 participants (45.5%) after urban
walking. However, the mean level of salivary amylase did not show significant differences between
before and after walking either in forest or urban environments. On the psychological dimension of
the participants, the scores of tension-anxiety (p < 0.01), depression-dejection (p < 0.01), anger-hos-
tility (p < 0.01), fatigue (p < 0.05), and confusion (p < 0.01) significantly decreased after forest walk-
ing but not after urban walking. Our findings suggest that immersing the body in forest environment

even for a short time would improve negative mood and reduce stress.

I. Introduction

Aresidential area near natural green space has
demonstrated some potential population health
benefits to mental health, reduction of mortality
risk of cardio-metabolic diseases and hyperlipid-
emia (Beyer et al. 2014, Kardan et al. 2015, Kim
et al. 2016). In recent years, the effects of forest
bathing (spending a few hours in forest environ-
ment) has attracted particular attention in the
fields of preventive medicine and public health
(Hansen 2017). Research evidences reported from
various countries showed that forest bathing had
some psychological and physiological effects.
For example, Li & Kawada (2011) reported in-
crease in human natural killer cell activity and
in anticancer protein expression. In Japan, Park
et al. (2007) and Morita et al. (2011) reported
reduction of salivary cortisol level and pulse rate,
as well as improvement of sleep quality. In Korea,
Han et al. (2016) and Chun et al. (2017) reported
beneficial effects on chronic stroke patients for
treating depression and anxiety symptoms, re-
duction of pain, negative emotion, and elevation
of health related quality of life. In China, Mao et
al. (2012) reported reduction in blood pressure
by inducing inhibition of the renin-angiotensin
system and inflammation in the elderly. In USA,
McCaffrey et al. (2010) reported decreased
symptoms of depression in elderly after garden

walk. However, information is limited regarding
whether exposure to forest environment has any
psychological and physiological effects different
from exposure to urban environment. The present
study aimed to evaluate (1) how psychological
mood states change, and (2) how blood pressure,
pulse rate, and the levels of salivary stress bio-
markers change on young people after forest or
urban walking.

I1. Methods

In 2016-2018, 33 senior university students
(24 males and 9 females) aged 21-22 years
volunteered to participate in the walking sessions
of the present study. The forest walking was made
in a forest of Okayama Prefecture, and the urban
walking was made in Okayama City downtown
(Fig. 1), each for two hours in slow walking
with gait velocity less than 60 m/min (Waters
et al. 1988). The study was a crossover design,
and all the participants in each year attended
both forest and urban walking in one group,
except three absentees from the forest walking.
The “washout” period between the forest and
urban walking in each year was about four to six
weeks (Fig. 2). Two to three days before forest
or urban walking, and the next day after walking,
salivary amylase, blood pressure, and pulse rate
were measured. Salivary amylase was measured
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Fig. 2. Washout period between forest walking and urban walking.

by NIPRO salivary amylase monitor (NIPRO,
Osaka, Japan). Blood pressure was measured as
systolic blood pressure (SBP) and diastolic blood
pressure (DBP) in a sitting position after resting
for at least 10 min, using an automatic blood
pressure monitor (OMRON, Kyoto, Japan). All
participants were asked not to drink coffee, tea or
alcohol and not to smoke on the measurement day.
The psychological mood states of the participants
were also investigated using a short form of the
Profile of Mood States questionnaire, Japan
version (POMS) with 30 questions to measure
current mood states by six mood subscale factors
(tension-anxiety, depression-dejection, anger-
hostility, vigor, fatigue, and confusion) (McNair
& Lorr 1964, McNair et al.1971, Yokoyama et
al. 1990). All the data were expressed as the
mean + standard error of the mean (SEM). The
difference of continuous variables was compared
using a paired t-test (before vs. after walking), and
a value of p < 0.05 was considered statistically

significant.

The study design was approved by the Ethics
Committee of Okayama University of Science
(No. 27-4, No. 30-2). All participants signed the
informed consents.

II1. Results and Discussion

In the subjects’ psychological dimension an-
alyzed by POMS, the scores of tension-anxiety
(» < 0.01), depression-dejection (p < 0.01), an-
ger-hostility (p < 0.01), fatigue (p < 0.05), and
confusion (p <0.01) significantly decreased after
forest walking (Fig. 3A). This is consistent with
previous researches (Lee et al. 2011, Song et al.
2018). In contrast, none of the mood state sub-
scales showed any significant changes after urban
walking (Fig. 3B). In addition, the participants’
total mood disturbance (TMD) was significantly
improved by forest walking (p < 0.01) but not
by urban walking. This improved TMD was

.
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Fig. 3. Mean subscale POMS scores before and after forest (A) or urban walking (B).
Data are expressed as mean + standard error of the mean (* p <0.05, ** p <0.01).

Table 1. Salivary amylase, systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse rate of the participants
before (Pre) and after (Post) forest and urban walkings.

Forest Urban
p value p value
Pre Post Pre Post

Salivary amylase (KIU/L) 223 +28 22.8+39 0.273 21.0+22 234+£29 0.280

SBP (mmHg) 119.6+2.5 118.0+23 0.172 116.1+2.7 115.6+2.5 0.667
DBP (mmHg) 70615 689+14 0.066 69.0+14 66.6+14 0.014
Pulse rate (beats/min) 74718 748+1.9 0.956 771£1.7 75.6+2.0 0.409

Data are expressed as mean = standard error of the mean. Log-transformed salivary amylase data were used
for the statistical analyses because of their skewed distributions.
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derived by summing the scores of five negative
subscales (tension-anxiety, depression-dejection,
anger-hostility, fatigue, and confusion). Human
body is well known to receive sensory informa-
tion through smell, sight, hearing, touch, and
taste. Alleviation of the participants’ tension-anxi-
ety, depression-dejection, anger-hostility, fatigue,
confusion, and TMD after forest walking implies
that temporary immersion in natural green stimuli
would provide health with psychological benefits
by improving mood and reducing stress.

We also found that the level of salivary amylase
decreased in 19 participants (63.3%) after forest
walking and in 15 participants (45.5%) after urban
walking. However, the mean level of salivary am-
ylase did not significantly differ between before
and after walking in either forest or urban envi-
ronment (Table 1). Salivary amylase is known as
one of the physiological biomarkers for immedi-
ate response to stress through neuro-endocrine
mediated Sympatho-Adreno-Medullary pathway
(Beil & Hanes 2013). As salivary amylase was
measured the next day after the walking, howev-
er, it might not necessarily reflect the immediate
response to stress right after the walking.

Our findings revealed no significant changes of
systolic blood pressure and pulse rate after walk-
ing either in forest or urban environment (Table
1). The diastolic blood pressure tended to de-
crease after forest walking (p = 0.066) and urban
walking (p =0.014). However, all the fluctuations
were within the normal range. Some researchers
reported pulse rate reduction in middle-aged men
and women with higher blood pressure after the
forest therapy (Li et al. 2016, Ochiai et al. 2015).
The different results may be explicable by the in-
fluence of the forest environment, which probably
helps the body to regulate physiological response
homeostatically and promote health.

In our study, the sample was limited to univer-
sity students, who might responded to the forest
or urban walking somewhat differently from the
general population. In addition, the small sample
size did not represent all young people in Japan.
Nevertheless, the current findings contribute to
natural greenery literature regarding the differ-
ence in psychophysiological effects of forest and
urban walking on the young subjects.

In conclusion, the present study suggests that
immersing the body in forest environment even
for a short period of time, rather than in urban
environment, would improve mood and reduce
stress.
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