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Abstract: There has been increasing attention on the therapeutic effects of the forest
environment. However, evidence-based research that clarifies the physiological effects of
the forest environment on hypertensive individuals is lacking. This study provides
scientific evidence suggesting that a brief forest walk affects autonomic nervous system
activity in middle-aged hypertensive individuals. Twenty participants (58.0 = 10.6 years)
were instructed to walk predetermined courses in forest and urban environments
(as control). Course length (17-min walk), walking speed, and energy expenditure were
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equal between the forest and urban environments to clarify the effects of each
environment. Heart rate variability (HRV) and heart rate were used to quantify
physiological responses. The modified semantic differential method and Profile of Mood
States were used to determine psychological responses. The natural logarithm of the
high-frequency component of HRV was significantly higher and heart rate was
significantly lower when participants walked in the forest than when they walked in the
urban environment. The questionnaire results indicated that, compared with the urban
environment, walking in the forest increased ‘“comfortable”, “relaxed”, “natural” and

9

“vigorous” feelings and decreased “tension-anxiety,” “depression,” ‘“‘anxiety-hostility,”
“fatigue” and ‘“confusion”. A brief walk in the forest elicited physiological and

psychological relaxation effects on middle-aged hypertensive individuals.

Keywords: forest therapy; urban environment; walking; hypertension; middle-aged
individuals; preventive medicine; heart rate variability; heart rate; semantic differential
method; profile of mood state

1. Introduction

During the seven-million-year history of humans [1], they have lived in natural environments; thus,
they experienced a drastic change when they began living in urban environments. Rapid urbanization
and artificialization have affected the environment by increasing traffic along with air and
water pollution, while decreasing the amount of available agricultural land and open spaces [2].
These environmental changes, especially climate changes, threaten human health and quality of life
(QOL) [2-5]. Furthermore, the rapid development of information technology has increased what
Brod describes as “technostress” [6], a modern disease of adaptation caused by unhealthy coping
mechanisms for dealing with new computer technologies. When combined, these factors can severely
affect humans. Several studies have reported that urban environments are stressful [7-9] and are
associated with increasing mortality rates [10].

In our stressful modern age, the relaxing effects of a natural environment are very important.
As our interest in improving health and QOL has increased, more attention has been focused on
the role of nature in promoting human health and well-being. In particular, a great deal of attention is
focused on the therapeutic effects of the forest environment or “forest therapy.” Forest therapy uses
the medically proven effects of walking in a forest and observing the environment to promote feelings
of relaxation and improve both physical and mental health.

Many studies have demonstrated that a forest environment can have positive physiological and
psychological effects [11-27]. When compared with an urban environment, viewing forest scenery or
walking in forests can decrease cerebral blood flow in the prefrontal cortex [11], reduce blood
pressure [12—15] and pulse rate [12-14,16,17], increase parasympathetic nerve activity [12,14-19],
suppress sympathetic nerve activity [12,14,15,17-19], and decrease salivary cortisol concentrations of
stress hormones [11-13,15-17]. In addition, a previous study reported that visiting a forest enhanced
natural killer cell activity and improved immune function [20], and these effects continued for up to
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1 month [21,22]. With regard to the psychological effects, several questionnaire-based studies reported
that people who are in a forest environment experience positive feelings, which they describe as
“comfortable”, “soothed” and ‘“natural” [11-14,17], as well as an improved mood and cognitive
functioning [15,17-19,23-27].

Forest therapy has recently attracted attention as a preventive or alternative therapy [28,29],
and its effects have been studied in elderly individuals and patients with reversible diseases.
Lee and Lee [30] demonstrated that walking in a forest for 1 h improves arterial stiffness and
pulmonary function in elderly women. Otsuka et al. [31] clarified that forest walking decreased blood
glucose levels in patients with non-insulin-dependent diabetes mellitus. Other findings have indicated
that cognitive behavioral therapy conducted in a forest environment was more successful in achieving
depression remission than psychotherapy conducted in a hospital [32].

Several studies have demonstrated positive effects in hypertensive individuals. Mao et al. [33]
reported that a seven-day forest-bathing trip reduces blood pressure and decreases pathological
indicators of cardiovascular disease. Sung et al. [34] demonstrated that a frequent and eight weeks’
forest therapy program based on cognitive behavioral therapy can reduce salivary cortisol levels
and improve QOL in hypertensive patients. However, to the best of our knowledge, there are
no evidence-based research studies that have used indices of autonomic nerve system activity to clarify
the acute response of exposure to a forest environment.

Therefore, the purpose of the present study was to clarify the acute response of forest walking on
autonomic nerve activity. We used heart rate variability (HRV) [35,36] and heart rate to measure
autonomic responses and then compared these responses among middle-aged hypertensive individuals
who walked in a forest and an urban environment.

2. Materials and Methods
2.1. Participants

Twenty Japanese men (mean age, 58.0 + 10.6 years; mean body mass index, 23.4 + 3.3 kg/m?)
participated in the experiment. The participants’ information and characteristics are shown in Table 1.
Participants who were taking medication for chronic conditions such as diabetes, hyperlipidemia,
and hypertension were excluded. Among these 20 participants, five had a high-normal blood pressure
(systolic 130-139 mmHg or diastolic 85-89 mmHg) that was considered in the higher range of
prehypertension. Of the remaining 15 participants, 10 had hypertension stage 1 (systolic 140-159 mmHg
or diastolic 90-99 mmHg) and five had hypertension stage 2 (systolic 160-179 mmHg or diastolic
100—-109 mmHg). Furthermore, for the classification, the values measured in the morning (8:30-8:45)
of the first experimental day were used.

Before the experiment, the participants were fully informed about the study aims and procedures;
and after receiving a description of the experiment, they signed an agreement to participate
in the study. Consumption of alcohol and tobacco was prohibited and consumption of caffeine was
controlled during the study period. All subjects gave their informed consent for inclusion before they
participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Ethics Committees of the Nagano Prefectural Kiso Hospital, Japan
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and of the Center for Environment, Health, and Field Sciences, Chiba University, Japan (Project
identification code number: 5).

Table 1. Participant demographics.

Value
Parameter ..
(Mean =+ Standard deviation)
Total sample number 20
Sex Male
Age (years) 58.0+10.6
Height (cm) 167.9+6.2
Weight (kg) 66.1 +10.6
BMI (kg/m?) 234+33
SBP (mmHg) 151.2+17.9
DBP (mmHg) 90.7+£5.0

2.2. Experimental Sites

The field experiments were conducted in a coniferous forest that included many Japanese cypress
trees (Akasawa Shizen Kyuyourin; Akasawa natural recreation forest) and was located in Agematsu
town of Nagano Prefecture situated in central Japan (hereafter referred to as the forest area).
An urban area in Ina City of Nagano Prefecture was selected as the control site (hereafter referred to
as the urban area). The weather was sunny on the days of experiments. In the forest area, the average
temperature was 21.4 + 1.2 °C with an average humidity of 82.3 + 4.8%, whereas in the urban area,
the average temperature was 28.1 + 1.1 °C with an average humidity of 61.9 + 4.5%.

2.3. Physiological Indices

HRV and heart rate, which were used to quantify autonomic nervous system responses,
were measured using a wearable electrocardiogram sensing system (myBeat; Union Tool, Co., Tokyo,
Japan). Frequency spectra were generated using an HRV software tool (MemCalc/Win; GMS, Tokyo,
Japan) [37]. For real-time HRV analysis by the maximum entropy method, interbeat (R-R) intervals
were obtained continuously. In this study, two broad HRV spectral components were calculated:
low frequency (LF; 0.04-0.15 Hz) and high frequency (HF; 0.15-0.40 Hz). The HF component is an
estimate of parasympathetic nerve activity, whereas the LF/HF ratio is an estimate of sympathetic
nerve activity [35,36]. To normalize HRV parameters across participants for the analysis,
we transformed the values using the natural logarithm [38].

2.4. Psychological Indices

The participants answered two questionnaires to investigate psychological responses. The modified
semantic differential (SD) method [39] used three pairs of adjectives on thirteen scales, including

“comfortable to uncomfortable”, “relaxed to awakening” and “natural to artificial”’. The Profile of
Mood State (POMS) [40-42] scores were determined for the following six subscales:
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“tension-anxiety”, “depression”, “anger-hostility”, “fatigue”, “confusion” and “vigor”. We used a short
version of the POMS that included 30 questions in order to decrease the participants’ burden.

2.5. Experimental Design

We performed a within-subject experiment. The 20 participants were randomly assigned to two
groups of 10 each that participated in the experiment over two consecutive days. On the first day,
one group traveled to the forest area and the other traveled to the urban area by car (about 45 min).
On the second day, the groups switched walking courses to eliminate an order effect.

The participants moved within their respective experimental site once they arrived. After resting for
10 min, the participants were instructed to walk a predetermined course. An experimenter guided the
participants along the course; the duration of each walk was 17 min (Figure 1), and the two experimenters
leading the courses walked at almost the same speed. The course duration and walking speed of
both the experimenters were set to be the same for both the forest and urban areas. The walking course
in the forest area was mostly flat, except for a small slope (3.25%) in the first 6 min of the course,
whereas that of the urban area was flat. The participants walked the two courses at approximately the
same time of day (10:30—11:10) to eliminate the influence of diurnal changes on physiological rhythms.

HRV and heart rate data were collected at 1-min intervals and then averaged over the entire
17-min course. We then compared these average values between sites. Energy expenditure for walking
was also assessed (Lifecorder GS4; Suzuken Co., LTD., Chiba, Japan). The participants answered the
two questionnaires after completing each course.

The lorest area The urban area

Figure 1. Experimental sites.
2.6. Statistical Analyses

Physiological data of 19 participants were used for analysis because of errors in data collection for
one participant. We used the paired t-test to compare the mean HRV and heart rate between the two
walking sites. We used the Wilcoxon signed-rank test to analyze differences the psychological indices
completed after walking in each environment. All statistical analyses were performed using SPSS 20.0
(IBM Corp., Armonk, NY, USA). In all comparisons, a p-value of <0.05 was considered statistically
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significant. One-sided tests were used for both comparisons because our hypothesis was that elderly
hypertensive individuals would also be relaxed after walking in a forest.

3. Results

We confirmed there were no significant differences in the energy expenditure between the two
environments (forest, 1.99 kcal/min; urban, 2.03 kcal/min, p > 0.05). However, the participants showed
significant differences in their physiological and psychological responses for the 17-min walk in the
forest and the urban areas.

Figure 2 shows the natural logarithm of HF component In(HF), which is an estimate of
parasympathetic nerve activity. In the 1-min segment analysis, most In(HF) values were higher when
participants walked in the forest than when they walked in the urban area, except during the first 4-min
period (Figure 2A). The mean In (HF) over the entire walking period was significantly higher in forest
walking than in urban walking (forest, 3.9 £ 0.2 Inms?; urban, 3.5 + 0.2 Inms?; p < 0.05, Figure 2B). In
contrast, there was no significant difference between the two environments for the natural logarithm of
LF/HF (In(LF/HF)), an estimate of sympathetic nerve activity.

(A) (B)
5 r 5 r
*
w4t v 4t \
E E
= . . O- = |
E: %\-%I AN 4 \\\ . - ’% a
T {, =
3 | £ 3 L
1 -@- Forest -O- Urban L __——
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J O f J
1 2 3 4 5 6 7 8 9 10111213 14 1516 17 Forest Urban

Time (min)

Figure 2. In(HF) value of heart rate variability during the forest and urban walk.
(A) Changes in each 1-min average In(HF) value over the 17-min walk. (B) Overall mean
In(HF) values. N = 19, mean + standard error. * p < 0.05, paired ¢-test.

Heart rate values were lower in forest walking than in urban walking, except during the first 6-min
period (Figure 3A). The mean heart rate during the entire 17-min walk was significantly lower when
participants walked in the forest area than when they walked in the urban area (forest, 77.1 = 2.0 bpm;
urban, 78.6 = 1.8 bpm; p < 0.05, Figure 3B).
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Figure 3. Heart rate during the forest and urban walk. (A) Changes in each 1-min heart rate
value over the 17-min walk. (B) Overall mean heart rates. N = 19, mean + standard error.
* p <0.05, paired z-test.

Our analysis of the participants’ responses to the two questionnaires, the SD method and the POMS
scores, revealed differences in psychological responses between the two environments. Participants felt
more “comfortable”, “relaxed” and “natural” when they walked in the forest area than in the urban area
(p <0.01, Figure 4). We also observed differences in the POMS test in which scores for the negative
subscales of “tension—anxiety”, “depression”, ‘“anger-hostility”, ‘“fatigue” and ‘“confusion” were
significantly lower after walking in the forest area than after walking in the urban area (p < 0.05,
Figure 5). Conversely, the positive mood state “vigor” was significantly higher after walking in the

forest area than after walking in the urban area (p < 0.01, Figure 5).

Very _ Very _ Very _

comfortable relaxed natural
|k KT BEEL:
Indifferent [ Indifferent [ Indifferent [
B Forest

| OUrban i i

Very | Very | Very L
uncomfortable awakening artificial

99 ¢

Figure 4. Comparison of “comfortable,” “relaxed,” and “natural” feeling scores between the

two environments. N = 20, mean + standard error. ** p <0.01, Wilcoxon signed-rank test.
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Figure 5. Comparison of Profile of Mood State (POMS) scores between the two
environments. T—A: tension—anxiety; D: depression; A—H: anger—hostility; F: fatigue;
C: confusion; V: vigor. N = 20, mean + standard error. * p < 0.05, ** p < 0.01,
Wilcoxon signed-rank test.

4. Discussion

A short walk in a forest can have significant physiological and psychological effects on middle-aged
hypertensive individuals. Compared with walking in the urban environment, walking in the forest
environment significantly increased parasympathetic nerve activity and significantly decreased heart
rate. These results are consistent with those from previous studies that examined physiological
responses to a forest environment in young adults [12,14-19]. HRV responses are often detected
during relaxed states such as during rest [35], a massage [43,44], or after performing yoga [45]. Therefore,
we concluded that participants who walked in the forest were in a physiologically relaxed state.

On the other hand, we observed the reverse in our analysis of In(HF) and heart rate for the 1-min
segments. We do not know the exact reason for this difference; however, because heart rate increases
during walking and running, especially uphill [46—48], we suppose these physiological responses
resulted from the small slope at the beginning of the forest area course. The slope was characterized by
a forest environment. We believe that if this feature is used well, it will be of great merit to forest
therapy programs.

In the questionnaires, the participants reported that they felt more “comfortable”, “relaxed” and
“natural” after walking in the forest. In addition, negative emotions such as “tension-anxiety,”
“depression”, “anger-hostility”, “fatigue” and “confusion” as well as the positive emotion of “vigor”
improved significantly after walking in the forest. Our findings of the psychological benefits of
walking in a forest are partly consistent with previous findings [11-15,18,23]. In the modern age,
the importance of mental health has increased [49]. The psychological benefits of a forest environment
may play a very important role in improving mental stress.

Furthermore, physical condition such as the average temperature (forest: 21.4 + 1.2 °C,

urban: 28.1 + 1.1 °C) and humidity (forest: 82.3 + 4.8%, urban: 61.9 + 4.5%) was significantly different
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(p <0.01 by unpaired t-test). Park et al. [23] examined the relationship between psychological responses to
forest and urban areas and the physical variables of these environments. As a result, the psychological
responses to physical environments were also significantly related to air temperature, relative humidity,
radiant heat, wind velocity, PMV, and PPD. It is considered that different physical condition is one of
the reasons for differences in physiological and psychological responses in the present results.

Walking is a simple, accessible, and cost-effective method to improve physical health, and this has
been clarified in previous studies [50,51]. Iwane et al. [50] reported that walking at least 10,000 steps
per day can lower blood pressure and suppress sympathetic nerve activity in hypertensive patients.
Williams and Thompson [51] demonstrated that equivalent energy expenditures in walking and
running could produce similar risk reductions for hypertension, hypercholesterolemia, and diabetes
mellitus. However, it is not yet elucidated whether such effects can be attributed to differences in the
walking environment.

The present findings suggest that these effects can differ with the environment. The present findings
also clearly demonstrate that in middle-aged men, a brief walk in the forest was associated with
relaxing physiological and psychological effects. However, this study had a few limitations. To generalize
the findings, it is necessary to consider the following: First, these results cannot be extrapolated to the
female population and people of different age groups. Further studies on a large sample including
various subject groups are required. Second, the present study only used HRV and heart rate.
For the overall discussion, future studies should be assessed to determine the effects of forest
environment using other physiological indices, such as brain activity, autonomic nervous activity
and endocrine activity.

5. Conclusions

Regarding the physiological and psychological effects of a brief walk in the forest environment for
middle-aged individuals with hypertension, our study findings revealed the following: (1) a significant
increase in parasympathetic nerve activity; (2) a significant decrease in heart rate; (3) a significant

2 ¢

increase in “comfortable,” “relaxed,” and “natural” feelings assessed by the modified SD method

combined with significant improvements in “tension-anxiety”, “depression”, ‘“anger-hostility”,
99 ¢¢

“fatigue”, “confusion” and “vigor” assessed by the POMS. In conclusion, walking in a forest induced
physiological and psychological relaxation.
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Abstract: Time spent walking and relaxing in a forest environment (“forest bathing” or
“forest therapy”) has well demonstrated anti-stress effects in healthy adults, but benefits for
ill or at-risk populations have not been reported. The present study assessed the physiological
and psychological effects of forest therapy (relaxation and stress management activity in the
forest) on middle-aged males with high-normal blood pressure. Blood pressure and several
physiological and psychological indices of stress were measured the day before and
approximately 2 h following forest therapy. Both pre- and post-treatment measures were
conducted at the same time of day to avoid circadian influences. Systolic and diastolic blood
pressure (BP), urinary adrenaline, and serum cortisol were all significantly lower than baseline
following forest therapy (p < 0.05). Subjects reported feeling significantly more “relaxed” and
“natural” according to the Semantic Differential (SD) method. Profile of Mood State (POMS)

99 ¢¢

negative mood subscale scores for “tension-anxiety,” “confusion,” and “anger-hostility,” as
well as the Total Mood Disturbance (TMD) score were significantly lower following forest
therapy. These results highlight that forest is a promising treatment strategy to reduce blood
pressure into the optimal range and possibly prevent progression to clinical hypertension in

middle-aged males with high-normal blood pressure.

Keywords: forest therapy; high-normal blood pressure; adrenaline; cortisol; preventive
medicine; Semantic Differential method; Profile of Mood State

1. Introduction

While technology and modern city life offer unparalleled economic opportunities, conveniences, and
comforts, urban environments are also stressful [1,2], which may contribute to chronic health problems.
Many urban dwellers are thus looking for convenient methods of stress relief. Of these,
the relaxing effects of natural environments are increasingly recognized as an effective counter to urban
stress. The term “Shinrin-yoku” (taking in the atmosphere of the forest or literally “forest bathing”) was
coined by the Japanese Ministry of Agriculture, Forestry and Fisheries to describe the positive effects of
brief sojourns in natural environments to improve general health [3]. In later years, the term
“Shinrin-yoku” developed into “Forest Therapy,” which uses the medically proven effects of walking
and observing in a forest. Indeed, “Forest Therapy” is increasingly recognized as a relaxation and stress
management activity with demonstrated clinical efficacy [4].

A variety of physiological indices show that humans are more relaxed in forested environments [3—8].
For example, a forest environment lowers blood pressure and pulse rate in humans [5—7]. Forest walking
also suppresses sympathetic activity and increases parasympathetic activity [6,7] and reduces the levels
of cortisol and cerebral blood flow in the prefrontal cortex [3]. It was also shown that a forest bathing
trip can increase human natural killer (NK) cell activity and improve immunity in both males and
females, and these effects were proved to last for at least 7 days [8]. In addition, psychological studies have
demonstrated the benefits of forest environments on subjective measures of stress, cognitive function, and
mood [5,6]. Park et al. reported the relaxation and stress management effects of forest environments by
several questionnaire-based studies [9] as well as improved mood and cognitive function [10].
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In psychological tests of young adult males, forest bathing significantly increased positive feeling scores
and reduced negative feeling scores compared with urban stimuli [5,6,10].

However, previous studies have only investigated the physiological and psychological responses to
forest bathing in healthy young adults, while such effects may be even more beneficial to middle-age
subjects in the early stages of age-related diseases such as hypertension. Moreover, it is generally
accepted that effects of treatment on blood pressure may vary between healthy normotensives and
subjects with higher blood pressure, so studies on the latter population may be of greater clinical
relevance. Therefore, the aim of this study was to measure the physiological and psychological effects
of forest therapy on middle-aged males with high-normal blood pressure.

2. Materials and Methods
2.1. Participants

Nine Japanese males ranging in age from 40 to 72 years (56 = 13.0; mean + standard deviation)
participated in this experiment. Potential participants who were taking medication for chronic conditions
such as diabetes, hyperlipidemia, and hypertension were excluded. All participants had high-normal
blood pressure (systolic 130—-139 mmHg or diastolic 85-89 mmHg) as measured at Nagano Prefecture
Kiso Hospital. Systolic blood pressure ranged from 124.5 to 137.5 mmHg (131.8 + 4.1 mmHg) and
diastolic blood pressure from 65.7 to 86.7 mmHg (77.3 £ 7.1 mmHg).

At the beginning of the experiment, subjects gathered in a waiting room at Nagano Prefecture Kiso
Hospital and were fully informed about the study aims and procedures involved. After receiving a
description of the experiment, the subjects all signed an agreement to participate. To control for the
effect of alcohol, subjects did not consume alcohol during the entire study period. This study was
approved by the Ethics Committee of Nagano Prefecture Kiso Hospital and the Center for Environment,
Health and Field Sciences, Chiba University, Japan, on 19 August 2013 and performed according to the
Declaration of Helsinki (1975, revised in 2008).

2.2. Experimental Sites

The forest therapy phase was conducted in Akasawa Shizen Kyuyourin (Akasawa Natural Recreation
Forest), Agematsu, Nagano Prefecture (situated in central Japan) on 7 September 2013. Distance from
the waiting room at Nagano Prefecture Kiso Hospital to the forest was 21.6 km, and it took 52 min to
drive by car. The weather was cloudy, with a temperature of 21.5 °C (19.1 °C-25.0 °C) and humidity of
80.4% (62%—92%) on the day of forest therapy.

2.3. Physiological Indices

Systolic and diastolic blood pressure readings were obtained from the right arm using a portable
digital sphygmomanometer (HEM-1020, Omron, Kyoto, Japan). Urine and blood samples were also
obtained for the measurement of adrenaline, creatinine, and cortisol, respectively. All procedures were
performed between 15:14 and 15:35 on the day before and a few hours after forest therapy to control for
circadian effects. Participants were not allowed to talk each other during the measurement.
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2.4. Psychological Indices

The Semantic Differential (SD) method, Profile of Mood State (POMS) subscale scores, and combined
POMS Total Mood Disturbance (TMD) score were used to evaluate psychological responses to forest
therapy. These questionnaires were completed by participants on the day before and soon after the
experiment between 15:05 and 15:35. The SD method uses three pairs of adjectives anchoring seven-point

29 ¢

scales: “comfortable to uncomfortable,” “relaxed to awakening,” and “natural to artificial” [11]. The

POMS scores were determined for the following six subscales: “tension-anxiety (T-A),” “confusion
(C),” “anger-hostility (A-H),” “depression (D),” “fatigue (F),” and “vigor (V).” A short form of the
POMS with 30 questions was used to decrease the burden on the subjects [12]. The TMD score was
calculated by combining T-A + C + A-H + D + F — V. A high TMD score indicates an unfavorable

psychological state.
2.5. Experimental Design

Participants spent the previous night in their respective homes. In the morning of the forest therapy
day, participants gathered in the same meeting room at 9:00 a.m. and participated in the forest therapy
program as a group with a guide. They were not allowed to communicate with each other during forest
therapy, except during lunch time and designated rest periods, and they were not permitted to carry cell
phones. Participants walked around their assigned area and then sat and lay on their backs in the forest
on waterproof sheets laid on the ground; this program, comprising multiple actions, was performed for
4 h and 35 min (Table 1, Figure 1).

Table 1. Time schedules of and calorie consumption during various activities of

forest therapy.
Time Event Calorie Consn.lmption
(Kcal/min)

10:30-11:08 Stroll (Forest) 0.92
11:09-11:20 Sit (Forest) 0

11:21-11:26 Stroll (Forest) 0.85
11:27-11:31 Deep breathing (Forest) 0.02
11:32-11.39 Stroll (Forest) 0.71
11:40-11:49 Lie down (Forest) 0

11:50-12:17 Stroll (Forest) 1.72
12:18-13:16 Lunch and rest (Resting room) 0.12
13:17-13:30 Stroll (Forest) 0.38
13:31-13:53 Ride on the “Forest train” (Forest) 0.04
13:54-13:58 Stroll (Forest) 0.64
13:59-14:16 Stroll (Indoor pavilion) 0.31
14:17-14:32 Stroll (Forest) 0.17
14:33-15:05 Rest (Resting room) 0.05
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Figure 1. Images of the forest therapy experiment.

Energy expenditure for the activity was assessed (Lifecorder GS4; Suzuken Co., Ltd., Chiba, Japan).
Tobacco and all drinks (except mineral water) were prohibited during forest therapy. They had the same
lunch, which was made at lunch time from local ingredients. The subjects walked around their assigned
areas and then sat and lay on their backs for 4 h and 45 min. Subjects then returned to a waiting room
and completed the post-treatment measurements and questionnaires. These results were then compared
with the data obtained on the day before.

2.6. Statistical Analysis

We used paired sample t-tests to compare physiological indices and the Wilcoxon signed-rank test to
compare psychological test results before and after forest bathing. All statistical analyses were performed
using SPSS 20.0 (IBM Corp., Armonk, NY, USA). Data are expressed as mean =+ standard error (mean
+ SE). For all cases, p < 0.05 (one sided) was considered statistically significant.

3. Results

Both systolic and diastolic blood pressure were significantly lower after forest therapy (systolic blood
pressure: before, 140.1 mmHg, after, 123.9 mmHg; diastolic blood pressure: before, 84.4 mmHg, after,
76.6 mmHg; p < 0.01) in middle-aged males with high-normal blood pressure (Figure 2). Similarly, both
urinary adrenaline (with urinary creatinine correction) (before, 13.1 pg/g creatinine; after, 11.0 pg/g
creatinine; p < 0.05) (Figure 3) and serum cortisol (before, 7.4 pg/dL; after, 4.9 pg/dL; p < 0.01)
(Figure 4) were significantly lower after forest therapy.
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Figure 2. Effect of forest therapy on systolic and diastolic blood pressures in middle-aged
males with high-normal blood pressure. N = 9, mean + standard error. ** p < 0.01,
paired #-test.

*

-

[ — [ [
() [\8) N (o)}
T T T 1

Urinary adrenaline concentration
(ng/g creatinine)

[« [\S) N (@)} e}
T

Before  After

Figure 3. Effect of forest therapy on urinary adrenaline levels. N = 9, mean + standard error.
* p <0.05, paired #-test.

S 10.0 B **
=

)

2

= 80t
-2

g

s 60}
1

=

3

3 40r
=

S a0l
E .

=}

5]

9]

Before  After

Figure 4. Effect of forest therapy on serum cortisol levels. N = 9, mean =+ standard error. **
p < 0.01, paired ¢-test.
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Significantly higher semantic differential (SD) scores were observed for the adjectives “relaxed”
(p <0.01) and “natural” (p < 0.05) after forest therapy as compared with baseline (Figure 5). Finally, a
significant elevation of mood was detected on the POMS test (Figure 6), with scores for the negative
subscales “tension-anxiety” (p < 0.01) , “confusion,” and “anger-hostility” and the TMD significantly
lower after forest therapy (p < 0.05).
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Moderately -
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awakening/artificial

Figure 5. Semantic Differential (SD) method scores before and after forest therapy. Changes
in the subjective feelings ‘“comfortable,” “relaxed,” and “natural.” N = 9,
mean =+ standard error. ** p < 0.01, * p < 0.05, Wilcoxon signed-rank test.
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Figure 6. Subjective Profile of Mood State (POMS) scores before and after forest therapy.
T-A, tension-anxiety; C, confusion; A-H, anger-hostility; D, depression; F, fatigue;
V, vigor; TMD, Total Mood Disturbance. N = 8, mean + standard error. ** p < 0.01,
* p < 0.05, Wilcoxon signed-rank test.

4. Discussion

This study assessed the physiological and psychological benefits of forest therapy on middle-aged
Japanese men with high-normal blood pressure. Japanese guidelines for the management of hypertension
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(2014) [13] classify less than 140/90 mmHg as normal blood pressure and over 140/90 mmHg as high
blood pressure. We enrolled only subjects diagnosed with “high-normal blood pressure” according to
this definition. In general, the results were consistent with previous studies showing that forest therapy
reduces multiple physiological and psychological indices of stress in healthy young adults [2,6,7].
Moreover, Li et al. reported that forest bathing significantly increased NK activity and decreased the
concentration of adrenaline in urine, while a city tourist visit had no such effects [14]. However, the
activities included in their forest therapy program were impossible to perform in an urban area, including
meditation in front of a waterfall, embracing a tree, and the act of thinning of forest experiences. While
the current study was preliminary in that we had no control group (i.e., both visiting the forest and visiting
an urban area were not compared), we provide evidence for both physiological and psychological
benefits in middle-aged patients at risk for hypertension. Regular forest therapy may thus prevent
progression to clinical hypertension, a possibility warranting further investigation.

As blood pressure and many other physiological indices show a circadian rhythm, we paid
special care to conduct pre- and post-treatment measurements at the same time (mid-afternoon) on
successive days. Thus, circadian variation did not contribute to the changes reported. Forest therapy
(including a leisurely walk and relaxation in a forest) reduced systolic blood pressure, urinary adrenaline,
and serum cortisol. Blood pressure is under dual regulation by the sympathetic and parasympathetic
nervous systems, with sympathetic activity increasing and parasympathetic activity reducing blood
pressure [15]. Sympathetic activity can be determined by measuring the levels of urinary adrenaline
and/or noradrenaline [16], and there are significant correlations between blood pressure and both urinary
adrenaline and noradrenaline [15]. Moreover, many previous studies have shown that reducing stress
decreases systemic cortisol [17] and sympathetic activity [17]. Thus, forest therapy may lower systolic
and diastolic blood pressure of middle-aged males with high normal blood pressures by reducing
sympathetic activity, consistent with previous studies on young healthy adults using multiple measures
of stress response and autonomic activity, including cortisol and heart rate variability [3,5,6].

9 ¢

According to the SD and POMS questionnaires, participants felt more “comfortable,” “natural,” and
“relaxed” after forest therapy. In addition, negative emotions were significantly reduced. Similarly,
younger healthy subjects reported being significantly more comfortable and calm after walking in a
forest compared to urban walks [18].

The risks of all cardiovascular diseases, strokes, myocardial infarction, chronic kidney disease, and
associated risks of mortality increase in parallel with blood pressure above the optimum [19]. Thus, even
patients with high-normal blood pressure benefit from methods that lower blood pressure. This patient
group does not need antihypertensive agents; however, modification of lifestyles factors (such as a high
sodium diet), weight loss, and exercise are recommended. The current study suggests that regular forest
therapy is a convenient option to lower blood pressure into the optimal range and possibly to prevent
progression to hypertension and associated complications.

From the viewpoint of public health, it is necessary to shift blood pressure downward in the entire
population and not only in high-risk hypertensive patients [20]. Because forests occupy 67% of the land
in Japan, they are easily accessible. Thus, forest therapy can be an effective and beneficial treatment for
people of all ages and backgrounds. It is expected that broader application of forest therapy will improve
the general health of the nation and reduce public medical expenses.
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The present study provides evidence of physiological and psychological benefits of forest therapy for
middle-aged males with high-normal blood pressure. However, the limitations of the present study
include a lack of a control group performing similar activities in an urban environment. Furthermore,
these results cannot yet be extrapolated to females or hypertensive adults. Studies examining health
benefits in these groups are warranted in future study.

5. Conclusions

Our study revealed that forest therapy elicited a significant: (1) decrease in systolic and
diastolic blood pressure; (2) decrease in urinary adrenaline and serum cortisol levels; (3) increase in
“relaxed” and “natural” feelings as assessed by the modified SD method; and (4) decrease in POMS

99 ¢¢

negative subscales “tension-anxiety,” “confusion,” and “anger-hostility” as well as the TMD score in
middle-aged males with high-normal blood pressure. Forest therapy may prevent progression to
hypertension, thereby reducing associated risks of cardiovascular and renal diseases in this

patient group.
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Abstract: The natural environment is increasingly recognized as an effective counter to urban stress,
and “Forest Therapy” has recently attracted attention as a relaxation and stress management activity
with demonstrated clinical efficacy. The present study assessed the physiological and psychological
effects of a forest therapy program on middle-aged females. Seventeen Japanese females
(62.2 + 9.4 years; mean + standard deviation) participated in this experiment. Pulse rate,
salivary cortisol level, and psychological indices were measured on the day before forest therapy
and on the forest therapy day. Pulse rate and salivary cortisol were significantly lower than
baseline following forest therapy, indicating that subjects were in a physiologically relaxed state.
Subjects reported feeling significantly more “comfortable,” “relaxed,” and “natural” according to
the semantic differential (SD) method. The Profile of Mood State (POMS) negative mood subscale
score for “tension—anxiety” was significantly lower, while that for “vigor” was significantly higher

i

following forest therapy. Our study revealed that forest therapy elicited a significant (1) decrease in
pulse rate, (2) decrease in salivary cortisol levels, (3) increase in positive feelings, and (4) decrease
in negative feelings. In conclusion, there are substantial physiological and psychological benefits of
forest therapy on middle-aged females.

Keywords: forest therapy program; middle-aged females; pulse rate; salivary cortisol; semantic
differential method; Profile of Mood State

1. Introduction

The term “forest bathing” was proposed in Japan in 1982, and penetrated as words to express
for enjoying the comfort of the forest. However, there was little information regarding “What is so
psychologically comforting about the forest?” and “What specific psychological and physiological
changes are taking place in a body in the forest?” The elucidation of the phenomenon rapidly
advanced around the past 10 years, and it developed into the term “forest therapy” programs. Indeed,
“forest therapy” is now increasingly recognized as an effective relaxation and stress management
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activity with demonstrated a preventive medical effect and increased healthy effect among healthy
Japanese adults [1].

Several studies have shown that time spent in a forest can decrease blood pressure (BP) [2-6],
pulse rate [2-7], sympathetic nervous activity [4-6,8-10], and cortisol levels [2-5,7,8,11,12], while
increasing parasympathetic nervous activity [3-10]. Furthermore, forest stimulation decreased
cerebral blood flow in the prefrontal cortex [12], and Bratman et al. reported that a brief nature
experience decreased both self-reported rumination and neural activity in the subgenual prefrontal
cortex (sgPFC) [13]. These studies suggest that accessible natural areas are a critical resource for
improving mental health in our rapidly urbanizing world [13].

It was also shown that a forest therapy trip can increase human natural killer (NK) cell activity
and improve immunity in both males and females, and these effects were found to last for at least
7 days [14-17]. Additionally, psychological studies have demonstrated that the negative mood was
significantly lower and the positive mood was significantly higher after durations of stay in the
forest [10,18].

Park et al. reported relaxation and stress-management effects of forest environments using
several questionnaire-based metrics, in addition to improved mood [19]. In psychological tests of
young adult males, forest therapy significantly increased positive feelings and reduced negative
feelings in comparison with urban stimuli [2—4,6,8-12]. A majority of studies involving forest therapy
experiments report the various effects in male subjects [4,8-10,19-21]; however, few reports have
focused on female subjects [16].

Most field experiments on forest therapy have enrolled only healthy young adults as subjects,
while those who need these benefits the most may be older adults at a higher risk of stress- and
lifestyle-related diseases such as high BP, diabetes, and depression. Song et al. reported physiological
and psychological relaxation effects on hypertensive individuals after a brief walk in the forest [20];
however, few studies have examined the effects of a standardized forest therapy program on
higher-risk populations, particularly a program that can be completed within a day for convenience
and broad accessibility. To address these issues, we planned experiments to measure the effects of
a standardized forest therapy program on middle-aged males with high-normal BP [21] and found
that systolic and diastolic BP, urinary adrenaline, and serum cortisol levels were significantly lower
than baseline following the program. While this study lacked a control group, it did provide evidence
that the physical and psychological benefits of a brief forest therapy program extend to middle-aged
males. Here, we investigated the physiological and psychological effects of a standard forest therapy
program on middle-aged females (mean age: 62 years) to allow comparison with the previously
measured effects on male subjects of similar age.

2. Experimental Section

2.1. Subjects

Seventeen Japanese females ranging in age from 40 to 73 years (62.2 + 9.4 years; mean + standard
deviation) were recruited from the Health Promotion Center in Agematsu, Nagano Prefecture.
Inclusion criteria were female aged 40 years or older. Candidates who thought it may be difficult
to walk in hot weather were excluded. Six subjects were on medication for hypertension, which was
well controlled. All participants were free from other diseases and psychological disorder. Body mass
index (BMI) [22,23] was calculated from height and weight (BMI = weight (kg) + {height (m) x height
(m)) and divided into a BMI > 25 group and a BMI < 25 group. At 14:00 on the day before the initiation
of forest therapy, the subjects gathered in a waiting room at the Health Promotion Center; they were
completely informed regarding the study aims and procedures before initiating the experiment. They
received a description of the experiment, and all the subjects signed an agreement to participate.
After physiological inspections and questionnaires were completed, the subjects disbanded at 16:30.
To control for the effects of alcohol, the subjects did not consume alcohol during the entire study
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period. Participants were directed to perform normal “everyday life” activities on the day before
forest therapy. This study was approved by the Ethics Committee of Nagano Prefecture Kiso Hospital
and the Center for Environment, Health and Field Sciences, Chiba University, Japan, on 19 August
2013 and performed according to the Declaration of Helsinki [24].

2.2. Experimental Sites

The forest therapy phase was conducted in Akasawa Shizen Kyuyourin (Akasawa Natural
Recreation Forest), Agematsu, Nagano Prefecture (situated in central Japan) on 30 August 2014. The
distance from the health promotion center to the forest was 14.6 km, and it took 42 min to drive
by car. The weather was cloudy on the forest therapy day, with a mean temperature of 21.5 °C
(18.2 °C-27.5 °C) and humidity of 81% (49%—-96%).

2.3. Physiological Indices

Both systolic and diastolic BP levels and pulse rate readings were obtained from the right arm
using a portable digital sphygmomanometer (HEM-1020, Omron, Kyoto, Japan). These procedures
were performed between 15:09 and 15:22 on the day before forest therapy and between 14:44 and
14:56 after forest therapy to control for circadian effects.

Salivary cortisol, which shows a reliable increase under stress, was measured as an index
of endocrine activity. Saliva samples were collected using a saliva collection aid (No.61/524,096;
SalivaBio LLC, California, USA) between 15:28 and 15:35 on the day before forest therapy and
between 14:57 and 15:05 after forest therapy. Saliva samples collected at the field site were
immediately placed in a freezer and sent to a laboratory (MACROPHI Inc, Takamatsu, Japan)
for analysis.

2.4. Psychological Indices

The semantic differential (SD) method and a short form of the Profile of Mood State (POMS) were
used to evaluate psychological responses to forest therapy. These questionnaires were completed
by subjects between 15:00 and 15:20 on the day before forest therapy and between 14:44 and 14:56
after forest therapy. The SD method uses three pairs of adjectives anchoring seven-point scales:
“comfortable to uncomfortable,” “
form of POMS was used to decrease the burden on the subjects [26]. We assessed three subscales:

“tension—-anxiety,” “fatigue,” and “vigor.”

relaxed to awakening,” and “natural to artificial” [25]. The short

2.5. Experimental Design

The subjects spent the previous night in their respective homes. On the morning of the forest
therapy day, the subjects gathered in the same meeting room at 9:00 and participated in the forest
therapy program as a group with a guide. They were not permitted to carry cell phones. The program
consisted of multiple timed activities over 4 h and 41 min (Table 1) led by a guide. The subjects walked
around their assigned area and then sat and lay on their backs in the forest on waterproof sheets laid
on the ground during rest breaks. The guide put on measuring equipment with a map-caching offline
GPS application (Geographica, Japan) and accompanied the subjects in the forest (Figure 1a,b).
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Table 1. Time schedules and calorie consumption during various activities of the forest therapy program.

Time Event Calorie Consumption (Kcal/min)
10:32-10:45 Stroll (Forest ) 1.21
10:46-10:48 Deep breathing (Forest) 0
10:49-10:52 Stroll (Forest) 0.15
10:53-10:55 Lie down (Forest) 0
10:56-11:14 Stroll (Forest) 0.65
11:15-11:17 Deep breathing (Forest) 0.10
11:18-11:23 Stroll (Forest) 0.48
11:24-11:25 Lie down (Forest) 0.06
11:26-11:33 Stroll (Forest) 0.52
11:34-12:24 Lunch and rest (Resting room) 0.04
12:25-12:39 Stroll (Forest) 0.92
12:40-12:56 Lecture (Forest) 0.08
12:57-13:09 Stroll (Forest ) 0.66
13:10-13:24 Rest (Forest) 0.01
13:25-13:36 Lie down & abdominal breathing (Forest) 0.00
13:37-13:59 Chat (Forest) 0.01
14:00-14:28 Stroll (Forest) 0.76
14:29-15:13 Rest (Resting room) 0.02

1461045 10:53-1:55
eep breathing

10:34-12:24
Lumch and rest

g |

] 50 “n TS0 1000 1,250 1,500 1,750 Lk H
Dhstanco(m)

(b)

Figure 1. Images showing the various activities of the forest therapy program with location map. (a): plane map, (b): altitude map.
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Energy expenditure was assessed for each activity using Lifecorder GS4 (Suzuken Co., Ltd.,
Chiba, Japan). Tobacco and all drinks (except mineral water) were prohibited during forest therapy.
The subjects ate the same lunch made from local ingredients at the same time (11:34-12:24). After the
subjects completed the program, they returned to a waiting room for post-treatment measurements
and to complete the questionnaires. These results were then compared with those obtained on the
previous day.

We aimed to compare the physiological and psychological effects of forest therapy with everyday
life activities on a normal day. Physiological and psychological inspections were performed at
approximately the same time on the day before and on the day of the therapy.

2.6. Statistical Analysis

We used paired t-tests to compare physiological indices and the Wilcoxon signed-rank test to
compare psychological test results obtained before and immediately after forest therapy. All statistical
analyses were performed using SPSS 20.0 (IBM Corp., Armonk, NY, USA). Data are expressed
as the mean + standard error (mean + SE). For all tests, p < 0.05 (one sided) was considered
statistically significant.

3. Results

Pulse rate was significantly lower after forest therapy than on the day before forest therapy
(baseline) in middle-aged females (69.1 + 2.7 vs. 73.1 & 2.5 beats/min; t(16) = 4.67, p < 0.01 by paired
t-test) (Figure 2). Similarly, salivary cortisol levels were significantly lower after forest therapy than
on the day before forest therapy (0.124 + 0.009 vs. 0.168 £ 0. 020 ug/dL; t(16) = 2.63, p < 0.05 by
paired t-test) (Figure 3).
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Figure 2. Effect of forest therapy on pulse rate of middle-aged females. N = 17, mean + standard
error. ** p < 0.01, paired ¢-test.
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Figure 3. Effect of forest therapy on salivary cortisol level. N = 17, mean + standard error. * p < 0.05,
paired t-test.

The total energy expenditure during forest therapy was compared between subjects with
BMI > 25 (N = 4) and those with BMI < 25 (N = 13). A marginally significant difference was observed
between groups, with 24% greater expenditure in the BMI > 25 group compared with the BMI < 25
group (0.88 £ 0.08 vs. 0.71 £ 0.06 kcal/min; t(15) = 1.88, p < 0.10 by unpaired t-test). The mean
salivary cortisol level was reduced in the BMI < 25 group after forest therapy (0.186 + 0.024 vs.
0.123 + 0.012pg/dL; £(12) = 3.19, p < 0.01 by paired t-test), but it actually increased slightly in the
BMI > 25 group (0.109 + 0.013 vs. 0.128 £ 0.014ng/dL; t(3) = 4.01, p < 0.05 by paired t-test).

Significantly higher SD scores were observed for the adjectives “comfortable” (p < 0.01),
“relaxed” (p < 0.01), and “natural” (p < 0.01) after forest therapy than on the day before forest therapy
(Figure 4). Finally, a significant elevation of mood was detected on POMS (Figure 5), with scores for
the negative subscale “tension—anxiety” being significantly lower (p < 0.01) and those for the positive
subscale “vigor” (p < 0.01) being significantly higher after forest therapy.

Very comfortable/ _ koK %k3k %k
relaxed/natural
Moderately -
Slightly
Indifferent - ,_Ll ‘_L‘ ,_Ll
Slightly |-  Comfortable Relaxed Natural
feeling feeling feeling
Moderately
[ : The day before B : Forest
Very uncomfortable/ | forest therapy therapy day

awakening/artificial

Figure 4. Semantic differential (SD) method scores for the day before forest therapy and immediately

"o

after forest therapy, showing changes in the subjective feelings “comfortable,” “relaxed,” and

“natural”. N = 17, mean + standard error. ** p < 0.01, Wilcoxon signed-rank test.
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Figure 5. Lower negative and higher positive subjective Profile of Mood State (POMS) subscores after
forest therapy than on the day before forest therapy. N = 17, mean =+ standard error. ** p < 0.01,
Wilcoxon signed-rank test.

4. Discussion

The present study assessed the physiological and psychological benefits of forest therapy on
middle-aged Japanese females. The mean pulse rate was significantly lower after walking in a
forest environment than on the day before forest therapy. Because the pulse rate is a basic index
of autonomic nervous system activation, the drop in pulse rate indicates a state of relaxation in
middle-aged females, consistent with the past reports that examined physiological responses to a
natural environment in young adults [2-7]. Thus, we concluded that this benefit of physiological
relaxation extends to middle-aged females.

Sympathetic activity can be determined by measuring the levels of urinary adrenaline
and/or noradrenaline [27], and many previous studies have shown that reducing stress decreases
sympathetic activity, as measured by systemic cortisol levels [28]. The concentration of cortisol
was the highest immediately after waking up and decreases and stabilizes in the afternoon. We
used saliva samples for measuring cortisol levels as this method is easily manageable in a field
setting and is non-invasive. Furthermore, salivary cortisol provides a reliable prediction of total
and calculated free serum cortisol levels [29]. It has been reported that the normal level of salivary
cortisol is 0.07-0.73 ng/dL [30]. Many previous studies have shown that lowered stress levels result
in lower cortisol levels [2-5,7,8,11,12]; therefore, we conclude that forest therapy also reduces stress
in middle-aged females.

For several decades, BMI (kg/m?) has been used to diagnose obesity in clinical practice and
obesity research and to structure programs and goals for weight loss interventions [31]. BMI is
sometimes used to estimate total body fat and determine whether a person has a healthy weight.
While BMI may not always provide an accurate estimate of excess body fat, BMI > 25 is linked to
increased risk of diseases such as heart disease and some cancers. In the present study, the salivary
cortisol level was reduced only in subjects with BMI < 25. Note, however, that these measures are
derived for a single forest therapy session, which may have been more stressful on the heavier
subjects. Therefore, for middle-aged females with high BMI, a sustained regular program may be
necessary for the anti-stress benefits to emerge.

The baseline salivary cortisol level was 1.7-fold higher in subjects with BMI < 25 than in those
with BMI > 25, but this difference disappeared after forest therapy. Song et al. reported that subjects
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with high initial BP showed a decrease, while those with low initial values showed an increase after
walking in a forest area [32]. These results suggest a physiological adjustment effect in the forest
environment, which may also account for the normalization of cortisol levels among participants
with different BMI. However, no report has studied this adjustment effect for cortisol levels in subjects
matched for baseline BMI; therefore, additional studies are necessary.

According to the SD questionnaires, middle-aged females felt more “comfortable,
and “relaxed” after forest therapy. In addition, the negative emotion “tension-anxiety” was reduced
and the positive feeling of “vigor” was higher after forest therapy according to the short form of
POMS. Similarly, middle-aged males reported feeling significantly more “natural” and “relaxed”

a

natural,”

after walking in a forest [21]. While “tension-anxiety” was significantly lower after forest therapy in
middle-aged males as well, in contrast to middle-aged females, they reported no significant change in
“vigor” [21]. Neither group reported changes in “fatigue,” although measurement immediately after
the forest walk may have contributed to temporary fatigue. Nonetheless, these findings indicate that
a single forest therapy session has psychological benefits for both middle-aged women and men.

Although many factors can affect the general condition of menstruating females, little is known
about differences in the relationship between physiological and subjective stress responses at various
phases of the menstrual cycle [33]. Watanabe et al. reported that no significant differences in salivary
cortisol levels were observed during any phase of the menstrual cycle [34]. Additionally, the mean
age of this study sample was 62 years. However, because the mean age for menopause in Japanese
women is approximately 50 years, we did not consider the influence of the menstrual cycle in this
experiment. Menopausal disorders are a frequent problem in middle-aged females. Many of these
problems may stem from disruption of the intricate links between estrogen metabolism and the
autonomic nervous system. Many women gain weight because of the decrease in estrogen and basal
metabolism, while autonomic changes may lead to tachycardia and mental health effects. Normal
aging influences various indices, and the parasympathetic tone is generally higher in women than
men, as evidenced by heart rate variability (HRV) measurements [35]. It has been reported that
physical activity facilitates improved HRYV stability in older women and that the quantity of exercise
training necessary for such an improvement is relatively modest [36].

“Forest therapy” is increasingly recognized not only as a convenient exercise but also as a
relaxation and stress management activity with demonstrated clinical benefits [1]. Moreover, we
can control the energy expenditure by choosing the appropriate course terrain, distance, and walking
speed and by including regular rest and relaxation sessions, such as sitting, lying, and deep breathing.
Forest therapy could be an effective and convenient method for the improvement of menopausal
symptoms such as autonomic imbalance, stiff shoulder, knee pain, constipation, shortness of breath,
and depression. Furthermore, as a group activity, forest therapy is an opportunity to spend time
enjoying the natural environment with friends and family.

The present study provides evidence for physiological and psychological benefits of forest
therapy in middle-aged females. Limitations of the present study include the lack of a control group
performing similar activities in an urban environment. An ideal experimental design would include
a comparison of the effects of forest therapy using the same parameters/environmental stimuli, but
instead conducting the comparison (control group) in an urban area setting. However, this would
be difficult to implement in practice because it involves activities such as “lying down” in an urban
area. So the control experiments of the same activities completed indoors are thought to be necessary
in future. Interestingly, differences in effect were observed with varying BMI. However, the limited
number of subjects in this study decreased the significance of the analysis. Future studies should
include a larger number of subjects. Furthermore, forest therapy has not yet been shown to actually
reduce the risk of disease independent of the general effects of exercise. It is now necessary to
design experiments that test whether forest therapy can reduce disease risk in vulnerable populations
through these demonstrated physiological and psychological benefits.
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5. Conclusions

Our study revealed that forest therapy elicited a significant (1) decrease in pulse rate, (2) decrease
in salivary cortisol levels, (3) increase in “comfortable,” “
by the modified SD method, (4) decrease in the POMS negative subscale “tension—-anxiety,” and (5)
increase in feelings of “vigor” in middle-aged females. In conclusion, walking in a forest according
to a standard “forest therapy” program induced physiological and psychological relaxation. These
results clarified the physiological effects of the forest therapy program and suggested a possibility of

clinical use.

natural,” and “relaxed” feelings as assessed
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2) EBR7 4 — R
B 7 B —HOERRMIZ, JRREARKREKRE L, OO 05 RN E B IR &
L7,

3) PERER OHIERE

O AL EFHT X 2 UUHE A i E o & R E

QEEHAL M FHZ L 2 JEBRI i o & R E

@ M EFHT K D IR %L oD 7 B

@A RV ARVECOFM : JRPT KLUy AT RLF Uy R—=RI K=
LT — L

@OmikHEZE (FE. BAFEOKE) P77 A4 A2 F . DHEA-S
(dehydroepiandrosterone sulfate), HFHEAEN, =L A7 m—/L LDL-2 L AT 1 —/L|
HDL-2 L A7 v — b, ZEMBHE, 1 > AU URE, &EE CRP, FIMEREL - 430,
FRMERE R T/ o B s &

®POMS & AFIEIR (HAEER AT TS KT 57— Mk
DERBEIRE, WA, KUEOFHA

4) FRABOR KR OEBEOR

TR X D EHE N B D B A BT B 7 O ICE T R ER A eI B L, 1 ER%IC
MBORFERR A2 £ U7, #BEcRix 8 AICEHRIBHICTEB L, T 1 #E%IC
MBOR 2B 2 i U7z, $£72 9 A RIS TR 521800 U7z, BRI RIIXFa1 (11 : 00
~12:20) L4 (13:40~15:00) TN 80 Th Y, BOREEREI., FrisF%EThn
Z2.6kmTHY, BKEFHENETN 15 HOREZT 72 (BE 1-4), #HTHOR & R
BORIZI W CHROREERE, HORBE, HORRFH L OHORRZIXT W Th bR CCTh o7, Fi

R
ZiS
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XA HOR BB AT R OBOR % 3 H SRR =M U7z, U - o) i+ X Ok IE, 20
53 IR CHER Y H B MR 2 AW CEHAI L7z, MUE OB 2 HER T 5 72 D IS MU 1T HOR
HIZEMECh o7z, BT = AV ORBEZYRT 2 72 OICHER AR X OBER P IT2BIZ I X
TINUF—F—mit Lz, BFEOEELHRT H7-OICBRAICEBICFR LR L BR
iRk L7,
AL A ARERRKF R ORF RS ARBIFREOMEZ BRI TENE AR S, R
TOFERIZE o> TE, BRCOWRENOLETA 7 +—L N arvr NOFmRE%x
o7z,

|
HiLIE
]

|}

- | 18
[ k L P
] | ]
- -

HE 2. #HmEERomRSE (F&)
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BH4 HEEROBMFZ (F&)

(2) BREELE

1) BORFRERE, BERORE

BORHBRIRIRE, WE, KUEORIERFILXH1-3 R OFR2-4ITIREN TN D,
AR O KGRBUE, L, PRl REXIR32.7°C. FHRIR31.240.7°C, FHEmE
52.442.6%., T4, FEiL, FemRiR37.5C, FHRIR33.2+1.4°C, FHMEL7.524.3% T -
oo FRAMRBORIZHES T HOR O LARZ IR B IR EARRTOFRIR B IMRBARIC THEM Lz, AR
OGN VLE, PR, . REAIE204°C, EHRIRL19.140.5C, IR E94.3+3.9% .
Tth, 20 REA N, RERIE20.7°C, FHRIE19.420.4°C, EE90.544.2% Th - 72,

B1. AT (8H22H) &AMk (8H29H) HURY DEREEAIA
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40

35

/W\-\.
30

O 25

10

2. MTEHHCE R ORERIR., BELKOSE (8A22H)
BT (11:00-12:20)

wE (O |BE (%) |%E (hPa)
) 31.2 52.4 930.6
FEUER 72 0.7 2.6 0.3
TEUERRE 0.1 0.3 0.0
illace-e 81 81 81
SN 32.7 59 931.2

#B T (13:40-15:00)

wE o |BE (%) | %E (hPa)
¥ 33.2 475 929.6
TR 72 1.4 43 0.4
FEUERR 7= 0.2 0.5 0.0
M E £ 81 81 81
KB 37.5 56 930.2

3. BAERPORERIE. BELKOSE (8H29H)

wE (O | WE (%) |XHE (hPa)
) 19.1 94.3 886.9
FEUER 72 0.5 3.9 1.2
TEUERRE 0.1 0.4 0.1
T E L 81 81 81
e KA 20.4 98.0 888.8
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wE (O W (%) | XU+t (hPa)
) 19.4 90.5 886.5
FEYER 7= 0.4 42 1.1
TR 0.0 0.5 0.1
illace-e 81 81 81
e KA 20.7 98.0 888.3

FHEIC I 2 BINEREORF DKM, R,
25.0+0.9°C, FHJRIES9.243.4%, T, WEIL, Iem=iiE28.4°C, FHAIE26.540.6°C, ¥

WEE56.542.3% Ch - 7= (X3, #4),

HFiL, mEARIR27.3C. R

2. #HEB(9H 26 H) & ZRAR(8 H 29 B )R H D EREE XA
30
25_W@&AVMJ S
— _—
w15
|
iy e F T
%%10 #
e ZR R
5
0_
O 0 O FT AN O VO FTANO DO FTANONDO FANONDO IFANOXLO F AN O
SO AN IIFIVOANANITOVNOSATANDITIVOAIAN® F10S
oA A A A A A A AN AN AN AN NN MMMMMmM MmN 0
R o R o TR o TR o TR o T T o R o TR o TR o TR o R o R o TR o T o R o TR o TR o TR o TR o R o R o TR o T R o R o TR o T o TR o TR I |
[X13. #HHEBOHA22H . 9H26H) & ZRAR(®H 29 HHK T o B BE AR
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40

- S

30%
A25T7<F7~””¥Jm¥!*’ . = >
20
#
ﬁ15
; — it (8])
= 10

A (9H)

5 2ekk (85)

0 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| LLLL
O NV O F N O NV O© FNO VO FNO DO IFTNO DO FNO 0O F N O
EE N S IIRS S NARYRSO N ABTIBSORASILS
oA A A A A A A AN NN AN NN NMMMMM MmN YT T Y0
D TR o R o TR o TR o R o TR o S o T o O o TR o R o TR o R o TR o R o TR e TR e SR o TR o B o TR e TR e T e TR o A o O o TR o O o TR o B |

4, HFHHOR T OERBERIR, WE K OEIE (9H26H)
BT (11:00-12:20)
‘C %RH hPa
2 fiE 25.0 59.2 935.8
TR 7= 0.9 3.4 0.5
FEUERR 7 0.1 0.4 0.1
T E $ 81 81 81
e KAE 27.3 66 936.4
BT (13:40-15:00)
e %RH hPa
I 26.5 56.5 935.1
TR 72 0.6 2.3 0.4
FEUERR 7 0.1 0.3 0.0
T E L 81 81 81
e KA 28.4 60 935.5

2) BARWBIZ XL DME~DEE

BT (4, 5) EHREHIME (6. 7) [TV TUWTIL S ARAHCR & A& TBoR
& OMNCHFHI R BB ZEDRBD R o7z, EHERATRICIB W T H AR T & AR &
DENZHEFT R A B ZEDTRD b oo, SCRBE ORE R, [IRDMEIC K & 7%
Bz, KIEAEL 25 EMEMETT 52, —HF CRURMELS 722 & MEDR EHT 5 &
5 ST 5 (Woodhouse et al. 1993, Jansen et al. 2001, Hozawa et al. 2011, Zhang et al. 2014),

& 5 ZWoodhouse 5 (1993) 1E—EDFIHICEB W TRIR & ME & ORI OHEZRL, &
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RICIEKTT 5 &, WAEIEND1.3 mmHg . JE5EHIME230.6 mmHg ZAVE EH-T 5 & #H
L TW5, Hozawabd s &i810-23.9°C DI &R & IiE & ORI OMEZ R~ L, KiE1C
KR35 &, IMEMAED0.4 mmHg | JRIEHIMFE230.28 mmHg N E4L A2 & @EL
TV D, AEBRICBW T BERREO KGRI, A1, ik m &iE32.7°C., FHRIR31.240.7°C,
AR EES2.442.6% . T, BmRiIR37.5C. FHRIR33.241.4C, FAIR 47 5+4.3% Th
Do —h. BRHHCEROKGORDUT. FHl, RE5iE204°C, FHRIR19.1£0.5C, AT
J£94.343.9%, T2, HmxiE20.7°C. FHKIR19.440.4°C, FHNREE90.544.2% Th 5, #l
BRI O T KRN BRMEORIF L 0 12.1-13.8CH @<, mKED#EITI6.8CHH -7,
F I I T 2 BN FEER BRI O [RGRPUE, PRI, RmRIR27.3°C, SEHKUR
25.0£0.9C, FEHIREES9.243.4%, Tk, mmxii28.4°C, FHIXIE26.5£0.6°C, R
56.5423% T D, WTNLHBMERE LV ENCEIERTH 70, Ak HIEKERE T
MER EFAT 5137 Th D03, ARBFE TITRARBORRFIRKIRIZ b 22020 b3, ZoiM/E
DETHECRR (BARIREREE) OMmE L IZIER ULV TH o7z, IR EREMEAIE
ICEDMED ERZFLIE L LR E Tz, WX IUX, HREIC X 2 mER FERD
RRIRIC X 2 ME EFERICHE S 2B 2 6 d, ZOMELHE UL, ARIFET
XA LA IMERE FIERR S 57203, KIRZEDOEEBETHERBOIENR SN B 2
Y

B4, 8 F BORHIHE B ML £ (n=19)

140 -
=120 ~e -t —t—y——a
g 100
= 80
g 60
{ﬂg 40 =517
= 20 w7tk
0 ——
11:00 11:20 11:40 12:00 12:20 12:40 13:20 13:40 14:00 14:20 14:40 15:00 15:20
1537

5. 9 A HORPIGHEH ME (n=12)

140
5”120-"'.-“’. ——a—a—a
g 100
=~ 80
=R o
i
§ 20
O T T T T T T T T T T T T 1
11:00 11:20 11:40 12:00 12:20 12:40 13:20 13:40 14:00 14:20 14:40 15:00 15:20
REZ

139



6. 8 H BURHPLEEH M E(n=19)

100
o 90 __*H_.—.W'._.
T 80
g 70
~ 60
]ﬂ 50
i —
" A
% 20 == 7R
= 10
0 T T T T T T T T T T T T 1
11:00 11:20 11:40 12:00 12:20 12:40 13:20 13:40 14:00 14:20 14:40 15:00 15:20
REZ
B 7. 9 AEORFILEL M+ (m=12)
100
@ 80 —t—a
g
;E/ 60
]ﬂ 40 == THIH
= —-— 7k
;20
=
O T T T T T T T T T T T T 1
11:00 11:20 11:40 12:00 12:20 12:40 13:20 13:40 14:00 14:20 14:40 15:00 15:20
W1

3) BB X BIRFEEA~DOE
—J7 . FRARECGED (11 :00~12 : 20, 14 : 00~15 : 00) ORIITEHECE & il L CHE
IR T2 LN (K8, 9) . ZHIT PR 25 & 26 FEOFERAZHE LI,

8. 8 H BT ARAIEL
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90

85

153
~ [ele]
() (=]

A%

——#R
|- AK
60 ] :

11:00 11:20 11:40 12:00 12:20 12:40 13:20 13:40 14:00 14:20 14:40 15:00 15:20
IF

*: p<0.05, **: p<0.01 FRpk L O (n=19) | XIEOH D t FRE (HHI)

9. 9 HHORT AR

90

85 sl ole
%%
. dese m
80

*
R
ﬁ 75 - Lk
o — a\
= 70
== HRTT9H
65 == AR
60 T T T T T T T T T T 1

11:00 11:20 11:40 12:00 12:20 12:40 13:20 13:40 14:00 14:20 14:40 15:00 15:20
I

*:p<0.05, **: p<0.01 bk L OEm=12) . XIEDOH D t #E (H)

BEINEBRICBWTHRMEEET (11 : 40~12 : 40, 14 : 00~15 : 00) DRI ITE HECGE
CHIELTHEBIE T T2 2 03D 6, 8 HB X O 25 & 26 42 0 FEERAE R 4
L7z,

4) FHRBICLDMFTT 4 KRR FLURE~DEE

TFA R FATNENIMRE L 0 WS N RE T BRI PR T v F o —
U TRNHE I TN D, HORAT, P T T A RR T FURE (R—=2TA4) ITH
BEEIT oz, —F, BRRBEREPEHBORZ LV ARICEWZ RO b, ik
BERDBIMP T 7 4 RA 7 F U OERIZBWEE L B 212 LRI (X10),

10. M7 5 4 Rp T F U pRE
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m AT

L Foyi

HR( HOR%
*:p<0.05, #tli & D, S0 H D t HE (W) CFEEHEUERZE, n=19)

5) ZFMIIZ X B 1 DHEA-S IBE~DE

DHEA-S IZFEICEIE PO END AT A RBEAEL T, MH DHEA-S @ L~ L 3N
(R, BT 5728, DHEA & DHEA-S (2 X 2 DR IEH K OSKEFRIE O T B %h 5
DEESIL, TorFo—U THREE LTHER IR TWS, AiHek#% 2 DHEA-S 2
ENEEIET L2, RHECRIC L 2EBIIRD b7 (K 11),

X11. DHEA—S
3000

T *k
2500 T T T

2000

1500

ng/ml

1000

500

H A Hriith ARARHI AR

p<0.01, &R HiAT & DI OFIMEHELERZE, n=19), SO H D t E (H)

6) HBHRWIZLDRFR P VARARNVE U ~DFE
MBS, JRPT FL U VREMETEMZR LS, AEEDEO LN,
(=12) .
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K12, JRFT7T RLF U R

I'

Hp Al Hriith ARARRI AR

ng/ g
() = [\V)] w 5N Ot » 3

PEEHEAERRZE, n=19, MISDOH D t BE ()

B FHBCER., R/ AT FLh U vigEENIcHEEIK T LE (113) .

13. RHF /T RLF Y

H T TR AR AR

#%: p<0.01, *: p<0.05, &HORAT & O g
CEBMEHERERZE n=19) . XSO H D t e (HH)

HORRAT, JRHP R— 2RI VBE (R—=RXTA V) [CABEFR -T2, — . BHEBoR%

DEHBEGE LV LAEBIKRTT D 2 L2538 b, BRHRERAIRT F—R3 D&k
BWB L 52 -2 LAVRmeEInz (X 14),
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X 14, R R— X3 L RE

700

600

500 -

400 - .
L EA NG

300 - m bk

neg/ g

200 -
100 -

HCR M HOR %

#%: p<0.01, AT & OLELCEAMEHERERR . n=19) . SO H D t e (W)

TR, KPP a2V F Y — VRENFEIC ER Uiz, —J7, FMHCEZ IR M 2R
L7zid, AEAITO o2 (K15 .

X15. JRH I /LF S — LR

140

.I
—

120

100

80 -

ng /L

60 -

40 A

20 A

# Al # itk AR AR

*: p<0.05, ABTTAT & O LR CEAMEHERERE, n=19) | LD H D t HE (i)

7) ZBARIBIZ X B POMS &S~ DB

POMS (25T 5% H RIER OGSV CHEBTTHOR AT H & ZRAREORATH & ORI HERHY
HBET o (X16) . ZHUTHEBERATICE T 2 958E OREBIZIZZR N oo T
ZEEEWT S,
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60

{16. POMS THrm CHAEHEUERE)

50

40
30
20

&

3

m TR H
m AR H

BN R H

#in=14
bkn=17
BINER Hin=11

p>0.05 Sk HT

R - RZ O/ RUITHOWTEH & FHRBORE O N TN O ABORAT L W AR L2 &

NEHLNERD . WEORICE UEDRENRO LN (X 17)

50

X17

Bk - A CHPEHRTERR )

45

40
35
30
25
20
15
10

#rii

ARAR

BINER T

® FRITHBCR Al
® FRTHBOR %
= PR TOR
= HORER

n=19
BAERT : n=12

*:p<0.05, **:p<0.01 FRIFCKATE QLR *ISOH D tE (i)
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X 18. HX9E « REZDRER

50
45
40 -
35
o 30 -
X o5
20 -

B 15 1
10 -

m

m AR

FHTHORET FRTHCR®S: FHRECRE  HUREA
SEHEHEAERR 7. n=19, *:p<0.05. &P & DOM#R, *SOH 5 t #mE (W)

OB HOR & i U T OBMBORBICHERIZHD L2 &b, BARERICL S
NEARIE S 7= (X 18),

195« BHIAB OB ROV TFRIO FRMBRE (A EBITED LIz, MfisRICAE
IR DEBD HNIRIp T T E D BRHRHCRIC L 2R vReshz (1K19) .

X]19. #NH D - FEiAF
60
50
40 m A RBERT
30 B FRTHOR %
20 u A EOR
mHOREH
10
n=19
0 + ! n=18
R AR IBANER T IBINERT : n=12
* 1 p<0.05 “FRTECRATE DR, MIEDOH D t BMEK LS EE Lz 2EARICL D t

& ()

By - BEEOBEICOWTHEGRIC L 2B NRD N -7 (K20) .
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20, R0 - E (PR
45
40
35
30 m O
25 m RO
20
i w RS
1
mHOREH
10
n=19
N . B EANER T - n=12
i Zik whngd "

HISD 2D t HE  (MWl)

DUWNTHRTORMRBOR S X OHORE BICARICHEIN L=, —J7, PRl & Fi&

?ﬁ‘/)%(l@?%l“\

-
—
-
—

{
OEHHBICEBICRD L ([®21) o EHICER2ITRENT L 91T, HHHeE & il L
THHTE FHROBHRECRZICEEICHD L2 2006 . HECRIC X 2TER LA ENTR
Xy,

M21. JF& CEREH SRR )

50
45
40
35
30 B FRTHOR AT
25 ] @ﬁﬁﬁff%ﬁ%
20 n PR EOR R
15 mHORFH
10
5 n=19
0 BINERT : n=12

A AR SENIIESN

*:p<0.05, **:p<0.01 FRIHCKATE O, XSO &H 5 t #E (i)
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X 22. IEROHER

i 30 A
uijag

m AT

&E 20 - m AR

T~

FRTECRET  PRTHOR®:  FHRECRE BOREA
TEYEHEYERR S (n=19) | * : p<0.05, ** : p<0.01 # i & DL, IS0 H D t T (i)

I F DFF IO W TERMRBORE B IZHRIZHED Lz, —7F., FROA TR I BEIZHm
L7z ( (M23), EHIZK24 IR ENT- X 9 ICHEBHEOR & Helk U CTHRT & -5 DO RRMEUR
BROOFMREEBRB A ICTHEBEIIED L2 L0 b FRARECE O 37 RN B RE S
77,

X23. 5 CEBEHERERE)
60
50
40 B FRTHUR AT
50 B FRTBOR
B R EURTE
20 mHORFH
10
0 n=19
& 1 n=
i A g N n=l2

*:p<0.05, **:p<0.01 ZFRTHCRATE O, IS0 H 5 t HBE ()
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24, BT DGR

60

m A

m AR

FRTHORAT  PRTEOR®E  FHRECR%R  BORER
TEYEHEYERR S (n=19) | * : p<0.05, ** : p<0.01 # i & DL, IS0 H D t T (i)

IRELOF AU DWW THETTHOR & Hels U TRl & P OBRMEBOR R ICA RIS L2 2 &
b BMECRE R R ST (K25)
25. JRELOAE R

50
45 T *

m A

m AR

FRTHORAT  FRTBORTE  FRECRE  HORH

SEVMEHEAERRZE . n=19, *:p<0.05, **:p<0.01 i L DLLE:, *IEDOH 5 t E (M
1811

8) BT L DR F B RIER~ D
7 B IR ORISR W TH T BORAT A & BRMHCRATH & ORICHEIR A B2 -
72 ZAUTMHCRANC 3T D HERE DOIRMBITITER N 2o T Z L2 B%T 5 (K 26) .
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26. HORATA AR CPMEHERTERRE)

m TR H
m AR H

BN R H

#iin=14
bkn=17

p>0.05 53 8o bt

LR GEHOET) IOV THRMRBORIC L 2B~ Teis, —T7, FHROFHHEREZIZ
AEZEMLEZ (K27) .

X27. HREMER (I8 IEHOIKT)
CEHIEHERERR 7)

® FRITHBOR Al
® FRTHBOR
» PR BOR:
= HORER

n=19
BAERT : n=12

#fi ZEN SENIEIN
*:p<0.05, **:p<0.01, FRTEORATE O, E0dH 5 t e ()

IR (RADIET) 2OV TH BRI ICA B RN TRO b 7zhs (1X428), #iii
HOR & el U TR R O BRMRBORIZ A IR T L7z 2 & 2 D ARMHEORIC & 5 B2 R sl
oz (M29),
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28, BEAER (DB KADET)
CHREMEHREERRZS)

= FRITHBOR Al
® FRTHBOR %
= A HOR
mHORE R

n=19
BT : n=12

#rfi AR ENIE TR
HISDH 2D t HE  (MAl)
X29. HREAER (I KIOET) CREMEHRERR )

0.7

0.6

m

L PUyN

FRIECRAT  PATHOR%: TREOR%E BRI
* 1 p<0.05, #H & O, ®IEDH D twE (W)

MEE (FREFED) IOV THFROBMRERRICERIZIR T L7228, —F, FHROE T
RRBRICAEEIZEM L (X30) . S SICHETHUR & el LTl & F5%OBRMRBORRIZHE
BIER T LEZ E BB ER IC X 28ES R NRD b (K 31),
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[%30.

HRER (IR & (A1)

CREMEHRERR )

1.6

1.4

#rfi

AR

ENIEITR)

® FRITHBOR A
® FRTHBOR
= PR HOR
mHORE R

BINERTT : n=12

n=19

*:p<0.05, FRIBCKATE O, xHEDO®H 5 t e (M)

[431.

BRAER (TIIRE B A FR)

CHEE+HREERRSE)

CE

B ARR

BT HCR AT

FATHOR R

FRREORR

BORAE

* : p<0.05, **:p<0.01, #RTHT & DOLLEL, WIcDH D t BE (Wiff])

9) BMIBIC X AIREMRE., BRHE L E~npE&
R & LIS EHEE (PYERSG. a1l 25—/, LDL-2 L A5 1n—,L, HDL-Z
L AT a— L) BECHHEEE (228 Mg, 22820l Hb-Alc). FRIMMERE, ~E/ o
VIR AIMmERE. BMERSE, RO ONEREE CRP 7 SICxt T AN RO b

no f: (43(% 5)0

#5. MEBRERME CPYHAEERE)
WA AR 8 H#kH 9 H#bH
(n=19) (n=19) (n=12)
H AR R AT 135.6 + 70.0 1382 + 76.6 160.8 + 117.0
(50-130mg/dl) Bofits 1442 + 66.1 127.6 + 551 | 2483 =+ 3525
T-CHO BORET | 2176 £ 428 2216 + 430 | 2272 + 520
(130-220mg/dl) BUR#% 213.0 = 39.0 2124 £ 364 | 2245 + 59.0
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HDL-C BOR T 60.1 + 149 612 + 153 585 + 15.3
(37-67mg/dl) BOR% 569 + 15.6 578 + 13.7 548 + 145
LDL-C R AT 1414 + 373 143.6 = 386 | 1467 = 41.0
(= 120mg/dl) Bk 137.1 + 36.0 138.1 + 325 1408 + 41.5
CRP HOR T 02 + 07 0.1 = 0.1 01 = 0.1
(<0.30mg/dl) BUR#% 0.1 + 03 0.1 + 0.1 0.1 + 0.1
ZEWGAVA) Y BOR T 58 + 2.1 76 + 7.7 6.7 + 3.2
(5-10puU/ml) Bk 6.1 + 35 69 + 62 75 + 42
221 i ORI 97.7 + 119 978 + 11.0 | 1043 + 108
(60-120mg/d1) WK% 959 + 10.9 96.7 + 119 996 + 105
Hb-Al1cN BOR T 57 + 04 57 + 04 57 + 04
(4.6-6.2%) Bk % 57 + 04 57 + 04 57 + 04
i BREL HOR R 579 + 12.8 593 + 13.1 68.5 + 16.6
(35.9-96.4x10%/ul) Bk 590 + 152 572 + 122 67.1 + 20.5
AR ERSL WORRAT | 4962 + 454 4969 + 416 | 499.9 = 467
(400-552x10%/pul) Bk 4938 + 40.8 4914 + 428 | 4944 = 392
JIIREE = R 153 + 1.0 154 + 09 155 + 1.3
(13.2-17.2g/d1) WOR# 153 + 1.0 152 + 1.0 155 + 1.1
AV BOR T 446 + 28 445 + 2.5 454 + 3.1
(40.4-51.1%) R % 444 + 22 442 + 26 449 + 2.8
1/ IMRE BOR AT 221 + 4.0 225 + 41 232 + 3.5
(14.8-33.9x10*ul) HOR 225 + 45 218 + 3.9 235 £ 4.0
MCV BOR AT 90.1 + 3.8 899 + 3.9 909 + 3.8
(85.6-102.5f1) Bk 90.2 + 4.0 903 + 4.0 91.1 + 3.9
MCH HOR T 310 + 1.3 310 + 13 31,1 + 14
(28.2-34.4pg) R % 310 £ 1.3 310 + 1.4 313 + 14
MCHC BOR AT 344 + 0.8 345 + 0.8 342 + 1.0
(31.8-34.8g/d1) Bk % 343 + 08 343 + 0.9 344 + 0.8
I R ER R 575 + 7.0 575 + 7.0 599 + 6.6
(41.2-74.7%) WK% 573 + 7.9 579 + 6.1 616 + 82
U LRk BOR T 328 + 7.1 338 + 5.9 31.0 + 64
(21.2-51.0%) Bk % 336 + 8.0 333 + 59 296 + 7.8
BAER R 60 + 15 53 = 1.1 57 + 14
(3.1-6.0%) BUR% 55 + 1.7 54 + 1.3 53 + 1.3
IR ER HOR T 3.0 £ 2.0 29 + 20 30 + 1.5
(0.2-6.4%) R % 31 + 23 29 £ 20 30 + 13
I M R BR BOR AT 06 + 04 05 + 03 05 = 03
(0.2-1.8%) BOR% 05 + 03 05 + 03 05 + 0.3
I P ERER ORI 334 + 9.0 344 £ 99 414 + 126

ROk 343 £ 115 333 + 8.8 24 + 18.7
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RDW-SD BOR T 430 + 2.5 430 + 26 437 + 2.6
(38.8-50.011) BOR% 430 + 26 432 + 26 438 + 25
RDW-CV R AT 131 £ 05 132 + 0.5 132 + 05
(11.5-13.8%) Bk 131 + 05 132 + 05 132 + 04
P-DW HOR T 112 = 1.1 112 = 1.0 11.0 = 09
R % 110 + 1.1 112 + 1.1 114 + 1.1

MPV ORI 101 £ 0.6 102 + 0.5 100 + 04
Bk 101 + 0.5 10.1 + 0.5 102 + 0.5

P-LCR HOR T 250 + 5.0 254 + 42 244 + 34
18.9-46.7% HUOR% 251 + 44 252 £ 45 258 + 4.0

T-CHO : fsa L A7 o —/)L
HDL-C: HDL =t L 25 1 —/L
LDL-C: LDL =t L 25 1 —)L
CRP: C & A

RDW (red cell distribution width) :  ZRILER AR FERL L 73 AR
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Effects of Forest Bathing on Cardiovascular and Metabolic Parameters in Middle-Aged Males

Qing Li, Maiko Kobayashi , Shigeyoshi Kumeda, Hiroko Ochiai, Toshiya Ochiai, Takashi Miura, Takahide Kagawa,
Michiko Imai, Toshiaki Otsuka, Tomoyuki Kawada

Abstract—In the present study, we investigated the effects of a forest bathing program on
cardiovascular and metabolic parameters. Nineteen healthy male subjects (mean age: 51.3 + 8.8
years) were selected after obtaining informed consent. These subjects took day trips to a forest park
named Akasawa Shizen Kyuyourin, Agematsu, Nagano Prefecture (situated in central Japan), and to
an urban area of Nagano Prefecture as a control in August 2015. On both trips, they walked 2.6 km
for 80 min each in the morning and afternoon on Saturdays. Blood and urine were sampled in the
morning before and after each trip. Cardiovascular and metabolic parameters were measured. Blood
pressure and pulse rate were measured by an ambulatory automatic blood pressure monitor. The
Japanese version of the profile of mood states (POMS) test was conducted before, during and after
the trips. Ambient temperature and humidity were monitoring during the trips.

The forest bathing program significantly reduced pulse rate, and significantly increased the score
for vigor and decreased the scores for depression, fatigue, and confusion in the POMS test. The
levels of urinary noradrenaline and dopamine after forest bathing were significantly lower than those
after urban area walking, suggesting the relaxing effect of the forest bathing program. The level of
adiponectin in serum after the forest bathing program was significantly greater than that after urban
area walking. There was no significant difference in blood pressure between forest and urban area
trips during the trips.

Keywords—Ambient temperature, blood pressure, forest bathing, forest therapy, human health,
POMS, Pulse rate.

I INTRODUCTION

HE forest environment has long been enjoyed for its quiet atmosphere, beautiful scenery, calm
Tclimate, pleasant aromas, and clean fresh air. Researchers in Japan have tried to find preventive
effects against lifestyle-related diseases from forests and have proposed a new concept called “forest
bathing”. What is forest bathing? In Japan, a forest bathing is a short leisurely visit to a forest, called
“Shinrin-yoku” in Japanese, which is similar in effect to natural aromatherapy, for the purpose of

b3

relaxation. “Shinrin" means forest and "yoku” means bathing in Japanese [1], [2]. Since forests
occupy 67% of the land in Japan, forest bathing is easily accessible in Japan. Forest bathing as a
recognized relaxation and/or stress management activity and a method of preventing diseases and
promoting health is becoming a focus of public attention in Japan [2].

We previously found that forest therapy enhances human natural killer (NK) activity by increasing
the number of NK cells and intracellular levels of anti-cancer proteins, such as perforin, granulysin,

and granzymes in both male and female subjects [1]-[5]. The increased NK activity has been shown
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to last for more than 30 days after a trip [3], [4]. This suggests that if people take a forest therapy
once a month, they may be able to maintain a higher level of NK activity. It is very important in the
perspective of preventive medicine. Conversely, taking an urban trip has not been shown to increase
human NK activity, numbers of NK cells, or the expression of the selected intracellular perforin,
granulysin, and granzymes A/B, indicating that increased NK activity during a forest therapy is not
due to the trip itself, but due to the forest environments [3]. Moreover, we also found that forest
bathing significantly reduced blood pressure by reducing sympathetic nerve activity and urinary
adrenaline, noradrenaline and dopamine levels and significantly increased serum adiponectin and

dehydroepiandrosterone sulfate (DHEA-S) levels in male subjects [6].

1L SUBJECTS AND METHODS

In the present study, we investigated the effects of forest therapy on blood pressure and pulse rate
during walking by an ambulatory automatic blood pressure monitor and other cardiovascular and
metabolic parameters in middle age male subjects. Nineteen healthy male subjects, who ranged in
age from 40-69 years (mean+SD: 51.3£8.8), were selected for the present study. Information about
the subjects gathered from a self-administered questionnaire that asked about cigarette smoking,
alcohol consumption, eating breakfast, sleeping hours, working hours, physical exercise, nutritional
balance, and mental stress have been reported previously [6], [7]. Written informed consent was
obtained from all subjects after a full explanation of the study procedures. None of the subjects had
any symptoms of disease, used drugs that might have affected the results, or were taking any
medication at the time of the study. The Ethics Committees of the Nippon Medical School and
Nagano Prefectural Kiso Hospital approved this study.

The subjects took day trips to a forest park named Akasawa Shizen Kyuyourin (Akasawa Natural
Recreation Forest), Agematsu, Nagano Prefecture (situated in central Japan) (Fig. 1) and to an urban
area of Nagano Prefecture as a control (Fig. 2) in August 2015. On both trips, they walked 2.6 km
for 80 min in the morning (11:00-12:20) and afternoon (13:40-15:00) on Saturdays. Blood and urine
were sampled in the morning before and after each trip. Cardiovascular and metabolic parameters
were measured. Blood pressure and pulse rate were measured by an ambulatory automatic blood
pressure monitor at the same time every 20 min during each trip, and on the next morning after each
trip. The Japanese version of the profile of mood states (POMS) test was conducted before, during

and after the trips. Ambient temperature and humidity were monitoring during the trips.

158



Fig. 2 Urban area walking

I11. RESULTS AND DISCUSSION

The maximum and average temperatures were 32.7°C and 31.2+0.7°C during the morning, 37.5°C
and 33.2+1.4°C during the afternoon, respectively, in the urban area environment, whereas in the
forest environment, the maximum and average temperatures were 20.4°C and 19.1+0.5°C during the
morning, 20.7°C and 19.4+0.4°C during the afternoon, respectively. The average temperature in
urban area was higher than that of forest by 12.1-13.8°C and the maximum temperature in urban
area was higher than that of forest by 16.8°C.

As shown in Fig. 3, the forest therapy significantly reduced the pulse rate during 11:00-12:20 and
14:00-15:00, suggesting the relaxing effect of forest therapy program. We previously also found that
a forest therapy program significantly reduced the pulse rate in middle aged males [8] and females

[91.
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Fig. 3 Forest bathing program significantly reduces the pulse rate in male subjects. *: p<0.05, **:

p<0.01, forest vs urban by paired t-test (n=19)

As shown in Fig. 4, the forest therapy significantly increased the score for vigor and decreased the
scores for depression, fatigue, and confusion in the POMS test, whereas urban area walking
significantly increased the score for fatigue and decreased the score for vigor, suggesting the

relaxing effect of forest therapy program.
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Fig. 4 Effect of forest bathing on the T scores of depression (a), anxiety (b), vigor (c), fatigue (d),
and confusion (e) in the POMS test in male subjects (*: p<0.05, **: p<0.01, vs urban, by paired t-test
(Mean+SE, n=19), After AM: after walking on the morning, After PM: after walking on the

afternoon

Both trips significantly reduced the level of urinary noradrenaline and the level of urinary
noradrenaline after forest therapy was significantly lower than that after urban walking (Fig. 5).
Although there was no significant different between the before and after forest walking, the urinary
adrenaline level trends toward decrease after the forest walking (Fig. 6). The urinary dopamine level
after forest therapy was significantly lower than that after the urban area walking; however, there
was no difference in baseline (before the trips), suggesting that forest therapy reduced the level of
urinary dopamine (Fig. 7). It has been reported that sympathetic nerve activity can be determined by
measuring the levels of urinary adrenaline, noradrenaline, and/or dopamine [10]. These findings

suggest that forest therapy significantly reduced sympathetic nerve activity and increased
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parasympathetic nerve activity compared to performing the same activities in an urban environment.
We previously found that forest therapy significantly reduced the levels of urinary adrenaline,

noradrenaline and dopamine in both male and female subjects [3]-[6].

%%

80 *#
oo
\ 60 -
&)
= 40 -

20

0 - . . .

Before  Afterurban  Before — After forest
urban forest

Fig. 5 Effect of forest bathing on the level of urinary noradrenaline in male subjects (**: p<0.01, vs
before urban, *: p<0.05, vs before forest, #: p<0.05, vs after urban by paired t-test (Mean+SE,
n=19))

Hii

Before Afterurban Before After forest
urban forest

neg/ g

S = N W ks O
!

Fig. 6 Effect of forest bathing on the level of urinary adrenaline in male subjects (Mean+SE, n=19)
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Fig. 7 Effect of forest bathing on the level of urinary dopamine in male subjects (**: p<0.01, vs
urban, by paired t-test (Mean+SE, n=19))

As shown in Fig. 8, the level of adiponectin in serum after forest therapy was significantly greater

than that after urban area walking; however, there was no difference in baseline (before the trips),
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suggesting that forest therapy increased the level of adiponectin in serum. Adiponectin is a serum
protein hormone that is specifically produced by adipose tissue. Studies have shown that lower than
normal blood adiponectin concentrations are associated with several metabolic disorders, including
obesity, type 2 diabetes mellitus, cardiovascular disease, and metabolic syndrome [11]. We
previously also found that forest therapy significantly increased serum adiponectin level in male
subjects [6].
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Fig. 8 Effect of forest bathing program on the level of adiponectin in male subjects (*: p<0.05, vs
urban by paired t-test (Mean+SE, n=19))

As shown in Fig. 9, there was no significant difference in blood pressure between the forest and
urban area walking during the trips because of the big difference in ambient temperature between the

forest (lower temperature) and urban area (higher temperature) environments.
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Fig. 9 Effect of forest bathing on blood pressure level in male subjects (n=19)

It has been reported that higher ambient temperature reduces blood pressure, whereas lower
ambient temperature raises blood pressure [12]-[14]. Moreover, [12] reported that the blood
pressures of elderly people may be inversely related to the ambient temperature and that after
adjustment for confounding seasonal effects, a 1 degree C decrease in living-room temperature was
associated with rises of 1.3 mmHg in SBP and 0.6 mmHg in DBP. Based on the background
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mentioned above, the blood pressure levels of subjects should be higher in forest than in urban area
because of the lower temperature in the forest and the higher temperature in the urban area; however,
the blood pressure levels of subjects in the forest were almost the same as those in the urban area,
suggesting that forest environment prevented the rising of blood pressure from the effect of the
lower temperature. In other words, the forest bathing contributed to the control of blood pressure and
had a beneficial effect on the blood pressure. Further studies should be conducted under the same
ambient temperatures in forest and urban area. In fact, we previously found that forest therapy
significantly reduces blood pressure by reducing sympathetic nerve activity and urinary adrenaline,
noradrenaline and dopamine levels, in which ambient temperature in forest was almost the same as
that in urban area [6].

Neither walking in the forest nor walking in the urban area affected the levels of triglycerides,
total Cho, LDL-Cho, HDL-Cho, insulin, HbAlc, or hs-CRP in serum, or blood glucose. Both trips
also had no effect on the numbers of WBC, RBC, PLT, lymphocytes, granulocytes, or monocytes or

the Hb concentration in the peripheral blood.

Iv. CONCLUSIONS

Our study indicated that forest bathing produced a significant
(1) decrease in pulse rate,
(2) decreases in the level of urinary dopamine,
(3) increase in the level of adiponectin in serum,
(4) decreases in negative moods such as tension—anxiety, depression, fatigue and confusion in the
POMS test and
(5) increase in feelings of vigor in middle-aged males.
Taken together, the forest bathing program induced significant physiological and psychological
relaxation. These findings clarified the physiological and psychological effects of the forest therapy

program and suggested a possibility of clinical use.
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