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Abstract

Background: We previously found that a forest bathing (shinrin-yoku) program significantly reduced the scores for depression, anxiety,
anger, fatigue, and confusion and increased the score for vigor in the profile of mood states (POMS) test and showed a potential
preventive effect on the depressive status in both males and females. In the present study, we investigated the effects of a forest bathing
program on the level of serotonin in serum, depressive symptoms and subjective sleep quality in middle-aged males.

Methods: Twenty healthy male subjects aged 57.3 & 8.4 years were selected after obtaining informed consent. These subjects took day
trips to a forest park, the birthplace of forest bathing in Japan named Akasawa Shizen Kyuyourin, Agematsu, Nagano Prefecture
(situated in central Japan), and to an urban area of Nagano Prefecture as a control in June 2019. On both trips, they walked 2.5 km for 2
hours each in the morning and afternoon on Saturday and Sunday, respectively. Blood was sampled in the afternoon before and after
each trip. Concentrations of serotonin and lactic acid in serum were measured. The POMS test and a questionnaire for subjective sleep
quality were conducted before and after the trips. Ambient temperature and humidity were monitoring during the trips. The Ethics
Committees of the Nippon Medical School and Nagano Prefectural Kiso Hospital approved this study.

Results: The forest bathing program significantly increased level of serotonin in serum, and significantly increased the score for vigor
and decreased the score for fatigue in the POMS test. The forest bathing program also improved the sleepiness on rising and feeling
refreshed (recovery from fatigue) in the Oguri-Shirakawa-Azumi sleep inventory MA version (OSA-MA).

Conclusions: Taken together, the present study suggests that forest bathing may have potential preventive effects on depression
(depressive status).

Keywords: Depression, Forest bathing, Middle-aged males, Oguri-Shirakawa-Azumi sleep inventory MA version (OSA-MA), POMS,
Serotonin, Shinrin-yoku, Sleep

Background

The forest environment has long been enjoyed for its quiet
atmosphere, beautiful scenery, calm climate, pleasant aro-
mas, and clean fresh air. Stress is a keyword to understand
the reason why forest bathing is attracting attention in
Japan. In 1980s, the word ‘technostress’ was coined to
describe unhealthy behaviour around new technology.
Technostress can arise from all manner of everyday usage,
like checking cellular phone constantly, compulsively
sharing updates and feeling that you need to be continually
connected. Symptoms run from anxiety, headaches, de-
pression, mental fatigue, eye and neck strain to insomnia,
frustration, irritability and loss of temper [1, 2]. According

to the Ministry of Health, Labour and Welfare of Japan,
the percentage of workers with anxiety and stress was
more than 50% in 1982 [3]. Based on the above back-
ground, in Japan, a national health programme for forest
bathing or shinrin-yoku began to be introduced in 1982 by
the Forest Agency of Japan for the stress management of
workers in Japan [3]. Shinrin-yoku is translated into forest
bathing in English. Shinrin in Japanese means ‘forest’, and
yoku means ‘bath’. Therefore, shinrin-yoku means bathing
in the forest atmosphere, or taking in the forest through our
senses. This is not exercise, or hiking, or jogging. It is
simply being in nature, connecting with it through our
sense of sight, hearing, taste, smell and touch [1-4]. Since
forests occupy 67% of the land in Japan, forest bathing is
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easily accessible in Japan [3]. Forest bathing as a recog-
nized relaxation and/or stress management activity and a
method of preventing diseases and promoting health is
becoming a focus of public attention in Japan [3]. Accord-
ing to a public opinion poll conducted in Japan in 2003,
25.6% of respondents had participated in a forest bathing
trip, indicating its popularity in Japan [5]. Currently, the
terms of “Shinrin-yoku” and “Forest bathing” are interna-
tionally accepted because both “Shinrin-yoku” and “Forest
bathing” are the titles of English books [1, 2] and books in
other languages [6, 7].

We previously found that forest bathing reduces stress
hormones such as adrenaline and noradrenaline in urine in
males and/or females in 2-night/3-day forest bathing trips
[8, 9], and reduces stress hormone, cortisol in serum in
males in a day trip [10]. Forest bathing also reduces sym-
pathetic nervous activity and increase parasympathetic
nervous activity and showed the relaxing effect both in
male and female subjects [11-16]. In addition, in the pro-
file of mood states (POMS) test, forest bathing reduces the
negative emotions such as tension—anxiety, anger, depres-
sion, fatigue and confusion and increase in feelings of
vigor and showed the relaxing effect both in male and
female subjects [3, 4, 9-16]. These findings suggest that
forest bathing may have a potential preventive effect on
depressive status. On the other hand, it has been reported
that patients with major depressive disorder (MDD) show
lower level of serotonin in serum [17-21]. Moroianu et al.
[22] also reported that there are statistically significant
inverse correlations between the levels of serotonin in se-
rum and the values calculated for degree of depression
depending on the Beck Depression Inventory and degree
of anxiety depending on the Hamilton A questionnaire
scale, respectively, in patients with Type 2 diabetes who
show anxiety and depression. However, there is no study
on the effects of forest bathing on serotonin in serum in
humans.

Based on the above background, we hypothesize that
forest bathing may increase the level of blood serotonin,
thus, in the present study, we investigated the effects of
forest bathing on the serotonin level in serum in middle-
aged males without major depressive disorder.

Subjects and methods
Subjects

In our published studies previously, the numbers of sub-
jects were 9-20 [3, 4, 8—16]. Based on the results of pre-
vious studies, in the present study, twenty healthy male
subjects without major depressive disorder, who ranged in
age from 41-69 years (mean = standard deviation (SD):
57.3 £ 8.4 years), were selected for the present study as
shown in Table 1. Written informed consent was obtained
from all subjects after a full explanation of the study pro-
cedures. None of the subjects had any symptoms of dis-
ease, used drugs that might have affected the results, or
were taking any medication at the time of the study. The
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subjects consumed the same number of calories during the
two trips. To control for the effects of alcohol, the subjects
did not consume alcohol during the study period. This
study was conducted under the Declaration of Helsinki.
The Ethics Committees of the Nippon Medical School
and Nagano Prefectural Kiso Hospital approved this study.

Walking in a forest environment and an urban area
The subjects took 3-day trip to a forest park named Aka-
sawa Shizen Kyuyourin (Akasawa Natural Recreation For-
est), Agematsu, Nagano Prefecture (situated in central Ja-
pan), which is the birthplace of forest bathing in Japan and
to an urban area of Nagano Prefecture as a control where
there were almost no trees in June 2019.

On the first day (Friday), all participants departed from
Tokyo in the morning and arrived at a hospital near Aka-
sawa Shizen Kyuyourin and blood samples were taken at
4 pm for the measurements before the forest bathing. Then
they stayed at a hotel near the hospital.

On the second day (Saturday), ten of the 20 subjects
were selected at random and assigned to the urban site
and the other ten subjects were assigned to the forest site.
In both trips, they walked 2.5 km for 120 min in the morn-
ing (10 am—12 pm) and afternoon (1 pm-3 pm), respec-
tively for a total 5.0km per day on Saturday. During the
walking, the subjects took a short break for two times. The
blood samples were taken at 4 pm at the same hospital
after the walking in forest and unban sites. Then they
stayed at the same hotel.

On the third day (Sunday), subjects switched field sites.
The experiment protocol was the same with the second day
(Saturday). The blood samples were taken at 4 pm at the
same hospital after the walking in forest and unban sites.
Then the experiment was finished and the subjects re-
turned to Tokyo.

During these 3 days, all participants stayed in identical
single rooms at the same local hotel. Intake of all foods
and physical activity were controlled, and smoking and
drinking alcoholic or caffeinated beverages were prohib-
ited. All participants took the same diet and there was no
any variation in the type of food they consumed during the
experiments. Daily physical activity of the subjects was
monitored with a pedometer [4, 810, 12, 13].

Ambient temperature and humidity were monitoring
during the trips as reported previously [13]. On Saturday,
it was cloudy and sometimes rainy in urban areas, and
rainy and sometimes cloudy in forest areas. It was raining
in both urban and forest areas on Sunday. On both days,
the urban environmental temperature was higher than in
the forest areas, whereas the humidity in the forest areas
was higher than in the urban areas.

Physiological and psychological indices

The concentration of serotonin in serum was measured by
the Bio Medical Laboratories (BML), Inc. in Tokyo, Japan
with high performance liquid chromatography (HPLC)
method. The range of measurement is 81.0-262.0 ng/mL.



Table 1 Information of the subjects
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Height Body weight

Sleep time (h) Sleep time (h) Sleep time (h)

No Sex Age (cm) (kg) BMI Before Day 1 Day 2
1 Male 41 165 85 31.2 6 6.5 7
2 Male 47 178 95 30.0 6 8 8
3 Male 50 172 80 27.0 5 5 6
4 Male 52 173 104 34.7 7 7 8
5 Male 55 164 74 27.5 6 5 5
6 Male 67 170 67 23.2 6.5 8 8
7 Male 61 177 76 24.3 8 8 7
8 Male 61 171 60 20.5 4.5 5 5
9 Male 66 160 64 25.0 6 5.5 7.3
10 Male 69 155 58 24.1 7 6 7
11 Male 47 164 68 25.3 7 6 7
12 Male 49 173 63 21.0 6 6.5 5.8
13 Male 51 171 65 22.2 8 8 8.3
14 Male 53 188 94 26.6 6 7 6.8
15 Male 57 173 67 22.4 6 9 7.5
16 Male 59 180 88 27.2 5.5 7 7
17 Male 61 169 67 23.5 7 8 7.5
18 Male 63 168 63 22.3 6.5 6 7
19 Male 68 178 58 18.3 7 6.7 6.5
20 Male 69 183 71 21.2 6.5 6 7
Mean 57.3 171.6 73.4 24.9 6.4 6.7 6.9
SD 8.4 7.9 13.4 4.0 0.9 1.2 0.9
n 20 20 20 20 20 20 20

Sleep time (h) Before: Sleep time before the experiment
Sleep time (h) Day 1: Sleep time during the experiment on day 1
Sleep time (h) Day 2: Sleep time during the experiment on day 2

To monitor the physical activity of subjects, lactic acid
concentration in serum was also measured in the labora-
tory of Nagano Prefectural Kiso Hospital by enzyme meth-
od with a range of 5.0-20.0 mg/dL. Both the detection
rates of serotonin and lactic acid concentrations are
100% in the present study. The POMS test was conducted
before and after the trips [3, 4, 9—13]. Subjective sleep
quality was assessed using the Oguri-Shirakawa-Azumi
sleep inventory MA version (OSA-MA) before and after
the forest bathing and city walking in the morning. This
sleep questionnaire has been standardized to assess the
sleep quality of middle-aged and elderly Japanese people
[23]. The OSA-MA consists of 16 items measured accord-
ing to a four-point rating scale and consolidated into the
following five factors: sleepiness on rising, initiation and
maintenance of sleep, frequent dreaming, feeling refreshed
(recovery from fatigue), and sleep length. The OSA-MA
scores were calculated as corrected (Zc) scores, with high-
er scores indicating better quality of sleep [23].

Statistical analysis

If the samples are of equal variance, a paired t-test can be
used. In this study, we performed a variance test (F-test)
before performing a t-test. We confirmed that the data were
of equal variance. Thus, paired t-test was used to compare
the differences between urban and forest environments in
walking steps, physical activity, lactic acid concentrations,
the level of serotonin in serum, and the scores in the
POMS test. Paired t-test was also used to compare the

differences in subjective sleep quality (sleepiness on rising,
feeling refreshed) between before and after trips. The anal-
yses were performed with the Microsoft Excel software
package for Windows. The significance level for p values
was set at <0.05.

Results

Walking steps and physical activity during the forest
bathing and urban area walking
Walking steps are 11949 + 2389 (mean £ SD) steps in
forest bathing and 11072 = 1896 steps in urban area walk-
ing, respectively. Physical activities are 382.0 +113.6
kcal in forest bathing and 369.5 + 113.5 kcal in urban area
walking, respectively.

As shown in Fig. 1, there was no significant difference
in walking steps (p=0.12) and physical activity (p =
0.58) between the forest bathing and urban area walking.

Lactic acid concentrations in serum during the forest
bathing and urban area walking
Lactic acid concentrations in serum are 6.03 &+ 1.84 mg/dL.
(mean % SD) in forest bathing and 6.63 + 1.79 mg/dL in
urban area walking, respectively. The information of de-
tailed basic statistics of lactic acid are shown in Table 2.
As shown in Fig. 2, there was no significant difference
in lactic acid concentrations between the forest bathing and
urban area walking (p = 0.08).
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Fig. 1 Walking steps and physical activity during the forest bathing and urban area walking. “Forest” means after walking in the forest

(forest bathing) and “Urban” means after walking in the urban area.

Data are presented with mean + SD, p = 0.12, forest vs urban for walking steps; p = 0.58, forest vs urban for physical activity by paired

t-test (n = 20).

Table 2 Information of basic statistics of lactic acid (mg/dL)

Table 3 Information of basic statistics of serotonin (ng/ml)

After city walking After forest bathing Before After city walking After forest bathing
Mean 6.63 6.03 Mean 78.67 82.13 87.46
Minimum 3.70 2.50 Minimum 43.50 46.80 47.00
Quartile 25% 5.20 5.20 Quartile 25% 63.60 63.28 61.83
Median 6.30 6.05 Median 77.05 76.70 84.30
Quartile 75% 8.30 6.73 Quartile 75% 89.23 93.95 103.45
Maximum 9.60 10.00 Maximum 133.60 159.20 149.80
Lactic acid (mg/dL) Serotonin in serum (ng/ml)
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Fig. 2 Lactic acid concentrations in serum during the forest bathing
and urban area walking. “Forest” means after walking in the forest
(forest bathing) and “Urban” means after walking in the urban area.
Data are presented with mean + SD, p = 0.08, forest vs urban by
paired t-test (n = 20).

Effect of forest bathing on serotonin in serum

The concentrations of serotonin in serum are 78.67 £
23.65 (mean £ SD) ng/ml before the forest bathing and
urban walking, 82.13 4 28.66 ng/ml after the urban area
walking, and 87.46 + 28.01 ng/ml after the forest bathing,
respectively. The information of detailed basic statistics of
serotonin are shown in Table 3.

Before Urban Forest

Fig. 3 Forest bathing significantly increased the level of serotonin
in serum in male subjects.

Data are presented with mean + SD, p = 0.002, forest vs before,
p = 0.048, forest vs urban, p = 0.185 urban vs before by paired
t-test (n = 20)

“Before” means before the walking in the urban area or before the
forest bating. “Urban” means after walking in the urban area.
“Forest” means after walking in the forest (forest bathing).

As shown in Fig. 3, both urban walking and forest bath-
ing increased the level of serotonin in serum; however,
there is a significant increase after forest bathing (p =
0.002), but not after the urban area walking (p = 0.185).
In addition, there is a significant difference between after
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Fig. 4 Effect of forest bathing on vigor and fatigue in the POMS test.
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“Forest” means after walking in the forest (forest bathing) and “Urban” means after walking in the urban area.
p = 0.003 forest vs urban for vigor, p = 0.019 forest vs urban for fatigure by paired t-test (Mean + SD, n = 20)
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Fig. 5 Effect of forest bathing on subjective sleep quality (sleepiness on rising). p = 0.036, between before and after forest bathing,

p = 0.164 between before and after walking in the urban area by paired t-test (Mean + SD, n = 10).

“Before forest” means before the forest bathing, “After forest” means after the forest bathing, “Before urban” means before the walking in the
urban area, and “After urban” means after the the walking in the urban area.

forest bathing and after urban area walking (p = 0.048),
indicating that forest bathing significantly increased the
level of serotonin in serum compared to an urban area
walking.

Effect of forest bathing on depressive symptoms in
POMS test

The scores of vigor in the POMS test are 52.45 £ 9.80
(mean =+ SD) after forest bathing and 45.85 £ 12.60 after
urban area walking, respectively. The score of fatigue in
the POMS test are 42.55 + 6.60 after forest bathing and
47.15 £ 9.72 after urban area walking, respectively.

As shown in Fig. 4, the forest bathing significantly in-
creased the score for vigor (p = 0.003) and decreased the
score for fatigue (p = 0.019) in the POMS test compared
with urban area walking.

Effect of forest bathing on subjective sleep quality
The scores of sleepiness on rising are 47.70 £9.52

(mean =+ SD) before forest bathing and 52.97 &+ 9.37 after
forest bathing, respectively, and 50.13 = 8.75 before urban
area walking and 52.43 £+ 7.33 after urban area walking,
respectively. As shown in Fig. 5, forest bathing signifi-
cantly improved on sleepiness on rising (p = 0.036) as-
sessed by the OSA-MA.

The scores of feeling refreshed (recovery from fatigue)
are 46.05 £ 8.73 before forest bathing and 53.77 £ 7.41
after forest bathing, respectively, and 53.71 &£ 7.72 before
urban area walking and 51.18 £ 6.90 after urban area
walking, respectively. As shown in Fig. 6, forest bathing
significantly improved feeling refreshed (recovery from
fatigue) (p = 0.002) assessed by the OSA-MA. However,
urban area walking did not improve the subjective sleep
quality.

On the other hand, both forest bathing and urban area
walking did not affect initiation and maintenance of sleep,
frequent dreaming and sleep length assessed by the OSA-
MA in male subjects.
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Fig. 6 Effect of forest bathing on subjective sleep quality (feeling refreshed, recovery from fatigue). p = 0.002, between before and after
forest bathing, p = 0.294 between before and after walking in the urban area by paired t-test (Mean + SD, n = 10).

“Before forest” means before the forest bathing, “After forest” means after the forest bathing, “Before urban” means before the walking in the
urban area, and “After urban” means after the walking in the urban area.

Discussion

We previously found that forest bathing reduces stress
hormones such as adrenaline and noradrenaline in urine,
reduces sympathetic nervous activity and the negative
emotions such as tension—anxiety, anger, depression, fa-
tigue and confusion in the POMS test and increase in feel-
ings of vigor and parasympathetic nervous activity and
showed the relaxing effect both in male and female sub-
jects [3, 4, 8-16]. These findings suggest that forest bath-
ing may have potential preventive effect on depressive
status. On the other hand, the aetiology of major depres-
sive disorder (MDD) in recent decades has been referred to
the pathophysiology of the serotonin system [24]. It has
been reported that patients with MDD show lower level of
serotonin in serum [17-22]. Serotonin concentration was
significantly lower in the patients with severe atopic der-
matitis, and there was an adverse relation between the
serotonin concentration and the score of depression, the
features not noticed in the control group [20, 22]. How-
ever, there is no study on the effects of forest bathing on
serotonin in serum in humans so far.

In the present study, we found that walking in a forest
park (forest bathing/shinrin-yoku) significantly increased
the concentration of serotonin in serum in the middle-aged
males without MDD compared with walking in an urban
area. This is a new finding on the effect of forest bathing
on human health. Moroianu et al. [22] reported that the
levels of serotonin in serum in patients with Type 2 dia-
betes who show anxiety and depression are 70.77 £ 46.23
pg/L (mean £ SD, n = 48) measured by HPLC. The con-
centrations are slightly lower than our subjects which are
78.67 £ 23.65 (mean £ SD, n = 20) ng/ml, but at compa-
rable levels. It is very known that patients with MDD show
sleep disorders and sleep disturbance is a common and key
symptom that affects most of patients with MDD [25, 26].
Thus, we also investigated the effect of forest bathing on

subjective sleep quality by the questionnaire of OSA-MA
before and after the forest bathing and city walking in the
morning. This sleep questionnaire has been standardized to
assess the sleep quality of middle-aged and elderly Japa-
nese people [23]. The OSA-MA consists of 16 items meas-
ured according to a four-point rating scale and consoli-
dated into the following five factors: sleepiness on rising,
initiation and maintenance of sleep, frequent dreaming,
feeling refreshed (recovery from fatigue), and sleep length
[23]. We found that forest bathing significantly improved
the sleepiness on rising and the feeling refreshed (recovery
from fatigue) assessed by the OSA-MA. On the other
hand, urban area walking did not improve the subjective
sleep quality. We previously found that forest bathing sig-
nificantly increased sleep time [3]. Morita et al [5] re-
ported that two hours of forest walking improved noctur-
nal sleep conditions for individuals with sleep complaints,
possibly as a result of exercise and emotional improve-
ment. The forest bathing/shinrin-yoku also improved de-
pressive symptoms in the POMS test confirmed the pre-
vious findings [3, 4, 9-16].

To control for the effects of alcohol, the subjects did not
consume alcohol during the study period. It has been re-
ported that physical activity affects mental health and de-
pression biomarkers [27]; therefore, we have to control the
effect of physical activity. To control the effect of physical
activity, subjects walked the same distance (5 km/day) dur-
ing the same period in both trips. We also confirmed that
there was no significant difference in walking steps, phys-
ical activity and lactic acid concentrations in serum be-
tween the forest bathing and urban area walking. Ohko
et al. [28] reported that the levels of lactic acid in serum
in healthy young men are 7.1 & 2.2mg/dl (mean % SD,
n = 10). The concentrations are slightly higher than our
subjects which are 6.63 £ 1.79 mg/dL. (mean £ SD, n =
20) in urban area walking, but at comparable levels.

Since patients with MDD show lower serotonin in se-



rum [17-22], sleep disorders and depressive symptoms
[24, 25] and forest bathing could increase serotonin in
serum and improve depressive symptoms and subjective
sleep quality, it suggests that forest bathing may have
potential preventive effect on MDD. However, this effect
needs to confirm in healthy female subjects and in the
patients with MDD in the future studies.

Some limitations of our study must be acknowledged.
First, only healthy male subjects were investigated in the
present study, healthy female subjects and the patients
with MDD also should be investigated. In fact, we first
conducted the study in health male subjects, then we have
planned to conduct the studies in female subjects and the
subjects who are diagnosed with depression in the follow-
ing years. However, due to COVID-19 pandemic, experi-
ments in female subjects and patients with depression were
postponed. We are planning to conduct these studies in the
next year. Second, the number of subjects was only 20 and
more subjects should be investigated. However, since the
forest bathing study measures many indicators in a field
study, the number of subjects is limited in one experiment.
In addition, all subjects have to stay at the same hotel
for control the diet; however, there is no bigger hotel in
Akasawa Shizen Kyuyourin and the hotel has a limited
capacity, with a maximum of 20 subjects. In addition, it
is necessary to keep a distance between the subjects when
walking in the city, and when there are many people, the
traffic will be affected; therefore, a permission from the
city authorities cannot be obtained. In consideration of
various situations, the number of subjects was finally lim-
ited to 20. Third, we did not measure tryptophan levels in
serum. In fact, tryptophan in serum is also an important
biomarker in the evaluation of depression [21]. We will
measure tryptophan levels in serum in the next study.

Although this forest bathing study was conducted in the
Japanese forest environment, forest bathing is possible all
over the world in similar forest environments. In fact, as a
method of stress management, promoting health and/or
preventing diseases, forest bathing/shinrin-yoku that origi-
nated in Japan is spreading all over the world now and
becoming a focus of public attention in the world [1-3, 6,
7, 29]. This is the generalizability of this study.

Despite the above limitations, this study has the follow-
ing strengths.

1. This study revealed for the first time that forest bath-
ing increases the levels of serotonin in serum in middle
aged male subjects.

2. This study was conducted in the birthplace of forest
bathing in Japan, Akasawa Shizen Kyuyourin. This forest
is one of the three most beautiful forests in Japan [1, 2].
We have conducted several forest bathing experiments in
this forest so far [8, 13—16]. A good forest environment
ensured the reliability of the data.

3. By adopting a crossover research design, this study
eliminates order bias and improves the accuracy of statisti-
cal analysis.
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Conclusions

Our study indicated that forest bathing produced a signifi-

cant

(1) increase in level of serotonin in serum,

(2) improvement in subjective sleep quality (feeling re-
freshed, recovery from fatigue) assessed by the
OSA-MA.

(3) decreases in negative moods such as fatigue and in-
crease in feelings of vigor in the POMS test in middle-
aged males.

Taken together, the forest bathing/shinrin-yoku program
induced significant positive effects on serotonin in serum,
depressive symptoms and subjective sleep quality in mid-
dle-aged males. These findings suggested a potential pre-
ventive effect on depression (depressive status) in male
subjects.
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