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The Effects of Exercise in Forest and
Urban Environments on Sympathetic
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In Japan, forest-air bathing and walking
(shinrin-yoku) has been proposed as a
health-facilitating activity in which people
spend a short period of time in a forest
environment. Initially, we examined the
usefulness of salivary amylase activity as
an indicator of an individual’s stress levels
in a forest environment. The circadian
rhythm of salivary amylase activity was
measured in healthy young male subjects
under stress-free conditions. The salivary
amylase activity remained relatively
constant throughout the day. Salivary

amylase activity was then measured
before and after walking in both urban
and forest environments using a hand-held
monitor. Our results indicated that (i) the
circadian rhythm fluctuations in salivary
amylase activity were much smaller
than the stressor-induced variations;
(ii) salivary amylase activity was an
excellent indicator of the changes in
sympathetic nervous activity; and (iii) the
forest was a good environment in which
people could experience much less
environment-derived stress.
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Introduction

During the 5 million years of human history,
humans evolved to live in forest environ-
ments and it was only around 2000 years
ago that we started living in urban
environments. It is well known that forest
environments have favourable effects on
human physiological functions, and sanatoria
are often built on plateaus in forest environ-
ments. There have been reports that the
forest environment has excellent physio-
logical effects on patients with allergies or
respiratory diseases.!? Factors in the forest
environment that might provide good

physiological effects include the aroma of
the plants,® various environmental factors
such as temperature, humidity, light inten-
sity, wind and oxygen concentrations, and
exercise performed within that environment.

In contrast, people who live in an urban
environment often develop diseases such as
chronic fatigue syndrome. Otherwise normal
healthy subjects might develop chronic
fatigue syndrome due to increased fatigue
and stress if they are not appropriately
treated.* To improve the quality of life of
those who live in cities, it has been suggested
that society develops better methods to
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facilitate and promote healthy activities,
which can be performed in a very short
period of time, are not expensive and
are also enjoyable. In Japan, one such
health-promoting activity is called
‘shinrin-yoku’ or ‘forest-air bathing and
walking’ in which people attempt to spend a
short period of time in a forest environment
performing certain recreational activities
including exercise.>¢ This health-promoting
activity is expected to induce psychological
relaxation in those who experience the
atmosphere of the forest. However, this
theory has not yet been studied scientifically
with regard to the physiological effects of
forest-air bathing and walking on healthy
city-dwellers.

In an attempt to measure quantitatively
the physical and psychological status of
healthy people, a variety of methods have
been studied that have evaluated the
activity of the autonomic nervous system
using electroencephalograms (EEQ),
electrocardiograms (ECG), skin conductance
and heart rate. However, these physical
measurements have some limitations as
they not only require the subjects to be
restricted physically, but also require
equipment that is difficult to transport.
Except for heart rate monitoring, these
methods cannot be used in a forest environ-
ment. The measurement of the heart rate
observes the sympathetic nervous activity of
the cardiovascular system and it is strongly
influenced by homeostasis.

In contrast, a method for measuring the
sympathetic nervous system based on a
biochemical marker in saliva has been
investigated.” Saliva sampling is non-
invasive, making multiple sampling easy
and stress free. It has been suggested that
salivary amylase activity can be a useful
index of plasma noradrenaline levels under
a variety of stressful conditions, since it

appears that increased sympathetic nervous
activity is a major stimulator of amylase
secretion.®® We have previously proposed a
new method to quantify salivary amylase
activity and have manufactured a hand-
held salivary amylase activity monitor.!%!!

We investigated the physiological effects
of forest-air bathing and walking as one
health-promoting activity that could be used
for preventive medicine. In this present
study, we initially examined the circadian
rhythm of salivary amylase activity in
regulated stress-free conditions in healthy
young male university students. We then
measured the time-course changes of the
salivary amylase activity before and after
walking in both forest and urban environ-
ments using the hand-held monitor in the
same healthy male subjects.

Subjects and methods
SUBJECTS

This study enrolled healthy young male
university students without any oral disease
from Shinshu University (Matsumoto,
Japan) and Tsukuba University (Tsukuba,
Japan). The study protocol was approved by
the Ethical Committee of the Forestry and
Forest Products Research Institute (Tsukuba,
Japan). It was also fully explained to all of
the subjects in both spoken and written
forms, specifically focusing on the purpose
of the study, the precise procedures that
would be used and any possible adverse
Signed informed consent was
obtained for each subject who enrolled in
the study.

events.

SALIVARY AMYLASE ACTIVITY
MONITOR

A hand-held monitor was manufactured,
consisting of a disposable test-strip and an
optical analyser (126 x 130 x 48 mm;
350 @).191 To cancel out the effects of
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variations in the environmental temperature
and pH of an saliva,
temperature- and pH-adjusted equations
were determined experimentally. The
theoretical value for each parameter was
entered into the memory of the hand-held
monitor. The hand-held monitor enabled a
user to measure automatically the salivary
amylase activity (37 °C and pH 6.5) with high
accuracy, using a dry-chemical system and a
30-pl sample of saliva, within 1 min from
collection to completion of the measurement.

individual’s

CIRCADIAN RHYTHM OF SALIVARY
AMYLASE ACTIVITY

Subjects stayed in a hotel (Nagano, Japan)
for 3 days and the circadian rhythm of
salivary amylase activity was measured
on the second day. On the day of the
experiment, the following schedule was
used: wake up: 07:00; breakfast: 08:00 —
09:00; lunch: 12:30 - 13:30; dinner: 19:00 —
20:00; bed: 22:00. During the daytime,
subjects were permitted to walk around
within the hotel, converse with other people,
read books or watch TV, but they were
instructed not to do any physical or mental
work that might cause them stress. During
the period between 07:00 and 22:00, salivary
amylase activity was measured every 1 -4 h
using the hand-held monitor. Salivary
amylase activity was not measured within
1 h of a meal. Since salivary amylase activity
showed variations in individuals, all the
measured values were converted into
logarithmic values.

EFFECT OF EXERCISE IN THE FOREST
AND URBAN ENVIRONMENTS

The experiments were conducted in the forest
environment of Kimitsu woodland (Chiba
Prefecture, Japan) and in the urban
environment around Chiba City railway
station (Chiba Prefecture, Japan). The

Kimitsu woodland has a total area of 3200
hectares (1 ha = 10* m?) and 2 hectares of
flat land. The woodland has wild trees and
was not a man-made environment. There is
also a footpath (580 m) surrounded by trees
(approximately 77 trees/hectare). In contrast,
Chiba City has a population of 922000 and
a total area of 272.1 km?, resulting in a
population density of 3388.5 people/km?.
The distance between Kimitsu woodland and
Chiba City is 55 km and people can drive
from Chiba City to the forest environment
within 1 h.

The subjects stayed in a hotel (Kimitsu,
Japan) for 3 days and took a 20-min walk
as an exercise during the daytime on days
2 and 3. An experimental protocol for the
exercise schedule in the forest and urban
environments is shown in Fig. 1. Subjects
were divided into two groups (n = 5/group)
and the experimental environments (forest
versus urban) were switched each day. On
the day of the experiment, the following
schedule was wused: wake up: 06:00;
breakfast: 07:30 — 08:30, lunch: 12:30 -
01:30, dinner: 19:00 — 20:00; bed: 23:00.

Salivary amylase activity was measured
six times in total: immediately after waking up
(07:00 £ 0:30); before walking (11:05 + 0:50);
after walking (11:25 + 0:50); before sitting
and watching (14:35 £ 0:50); after sitting
and watching (14:55 0:50); and Dbefore
dinner (18:30 + 0:30) (Fig.1). Salivary
amylase activity was not measured within
1 h of a meal. The measured values were
converted into logarithmic values.

+
+

STATISTICAL ANALYSIS

The correlation between the salivary
amylase activities was analysed statistically
by a one sample t-test and P < 0.05 was
considered significant. Proprietary statistical
software (Excel 2003, Microsoft, Tokyo,
Japan) was used for the calculation.
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Measurement term
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| Measurement Il (Before walking)

Walking around the forest

and urban environment

Measurement Il (After walking)

Lunch & break

Measurement IV

(Before sitting/watching)

Take a sitting position in the
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Measurement V

(After sitting/watching)

11:05 £ 0:50

11:25 + 0:50

14:35 £ 0:50

14:55 £ 0:50

A\

{ Back to the hotel

Measurement VI (Evening)

Dinner

Sleeping

18:00 - 19:00

FIGURE 1: The experimental protocol for the assessment of the effects of exercise on
salivary amylase levels in subjects exercising in a forest or urban environment
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Results

CIRCADIAN RHYTHM OF SALIVARY
AMYLASE ACTIVITY

The subjects were 15 healthy young male
university students (22.2 £ 0.47 y; mean + SD).
The circadian rhythm of the salivary
amylase activity is shown in Fig. 2. The
individual salivary amylase activities ranged
from 9 kU/1 to 89 kU/l. The mean salivary
amylase activity showed a minimum of
19.0 + 8.0 kU/l immediately after waking up
and a maximum of 32.7 £ 16.1 kU/1 at 20:30.
The salivary amylase activity was shown to
be relatively stable and constant throughout
the day. When salivary amylase activity at
each time-point was analysed statistically by
a one-sample t-test, data from adjacent time-
points showed no statistically significant
differences. However, the salivary amylase
activity just before the bed time-point was
higher than the activity at some of the other
time-points, for example the activity immed-
iately after waking up (P < 0.05).

EFFECT OF EXERCISE IN THE FOREST
AND URBAN ENVIRONMENTS

The subjects were 10 healthy young male
university students (23.2 + 1.1 y; mean * SD).
When the salivary amylase activity from the
two groups (n = 5) who exercised in the forest
and the urban environments on alternate
days was analysed statistically by a one-
sample t-test, there was no significant
difference between the two groups depending
upon the order in which they were assessed
in each environment.

The effects of exercise on the time-course
changes of the salivary amylase activity in
the forest and urban environments are
shown in Fig. 3. The mean salivary amylase
activity after exercise in the forest environ-
ment was 18.8% lower compared with that
observed in subjects who exercised in the
urban environment. The salivary amylase
activity in the forest environment was 55.8 +
31.5 kU/1 after walking and 45.2 + 27.7 kU/1
after sitting/watching, showing a marked but
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FIGURE 2: The circadian rhythm of salivary amylase activity as determined in
15 healthy young male subjects (n = 86) measured every 1 — 4 h over the course of
1 day (07:00 — 22:00) during which the stress levels were strictly controlled. NS, not
significant (P > 0.05). AMY, salivary amylase activity
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FIGURE 3: The effects of exercise on the salivary amylase activity of 10 healthy male
subjects who exercised in a forest environment (A) and an urban environment (B).
NS, not significant (P > 0.05). AMY, salivary amylase activity. |, waking up: 07:00 +
0:30; Il, before walking: 11:05 + 0:50; Ill, after walking: 11:25 + 0:50; IV, before
sitting/watching: 14:35 + 0:50; V, after sitting/watching: 14:55 £ 0:50; VI, before
dinner: 18:30 £ 0:30

non-significant decrease in the activity after  difference in the mean salivary amylase
sitting/watching compared with walking. In the  activities after walking (65.6 £ 57.8 kU/1) and
urban environment, there was no significant  after sitting/watching (68.2 £ 61.5 kU/1).
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Discussion

The circadian rhythm of salivary amylase
activity was examined in order to investigate
the use of salivary amylase activity as an
indicator of sympathetic nervous activity in
healthy subjects. The lowest salivary amylase
activity was measured immediately after
waking. This result was consistent with the
findings of Parkkila et al.,'? who reported
circadian rhythms in salivary amylase
activity, and Chatterton et al.,'* who
demonstrated that the salivary amylase
activity was under the influence of the
sympathetic nervous system. However, our
study found that the salivary amylase
activity just before the bed time-point was
higher than the other earlier time-points and
this was not consistent with the previous
reports. We speculate that this was due, in
part, to the fact that most university students
would normally go to bed around 23:00 to
02:00 and would therefore still be quite alert
at 20:30, when the final salivary amylase
activity measurement was made.

Although it was extremely difficult to
maintain completely stress-free conditions in
the subjects over an entire day of monitor-
ing, there was only a small difference
(13.7 kU/]) between the mean values at each
time-point. We have previously reported that
only a 10-min application of a mental
stressor using the Uchida-Kraepelin psycho-
diagnostic test increased salivary amylase
activity by 79% compared with the pre-stress
status.'® When the stressor-induced change
in salivary amylase activity was compared,
it was estimated that daily variations in
salivary amylase activity were small. These
results suggested that measuring salivary
amylase activity might be an excellent
method of evaluating any changes in
sympathetic nervous activity over time.

We divided the subjects into two groups
whose experimental conditions were switched

daily between the forest and urban environ-
ments (cross-over test) and our results
showed that the experimental order had no
significant effect on the amylase activity. The
salivary amylase activity of the healthy
subjects was reduced in the forest environ-
ment compared with the urban environment,
indicating that the sympathetic nervous
system might be less active in subjects when
they are in a forest environment. One
explanation for this phenomenon could be
that the environment-derived stressor might
be relatively small in the forest environment
compared with the urban environment.
However, the major reasons for the difference
between the two environments need to be
investigated further. It was observed that the
sympathetic nervous activity after sitting/
watching was reduced markedly compared
with that measured after walking only in the
forest environment.

We conclude that our results indicate
that (i) the circadian rhythm fluctuations
in salivary amylase activity
much smaller than the stressor-induced
variations; (ii) salivary amylase activity was
an excellent indicator of changes in
sympathetic nervous activity over time; and
(iii) the forest was a good environment
in which people experienced much less
environment-derived stress, which enabled
observations of exercise-induced physio-
logical effects to be made. To establish
whether the development of footpaths in
forests located in suburbs within 1 h of cities
would be justified in terms of promoting
health, a long-term trial to evaluate any
health-promoting effects of forest-air bath-
ing and walking would need to be
undertaken.

were
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