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Abstract: Forest therapy involves visiting forests or conducting forest-based treatment activities
to improve one’s health. Studies have investigated the health benefits of forests, but consensus
has not been reached. This study comprised a systematic review and meta-analysis to determine
how forest therapy affects the physiological and psychological health of adults. The Cumulative
Index to Nursing and Allied Health Literature, Embase, and Medline databases were searched on
31 August 2021. Systematic review and meta-analysis, risk evaluation, GRADE evaluation, and
advertisement effect evaluation were performed for each article. The effect size was calculated by
dividing blood pressure as a physiological indicator and depression as a psychological indicator.
Of the 16,980 retrieved studies, 17 were selected based on the inclusion criteria. Of these, eight
studies were included in the meta-analysis. The effect size of forest therapy on improving systolic
and diastolic blood pressure was not significant; however, it significantly reduced depression. While
the results have limited generalizability due to the inclusion of few studies, the effects of forest
therapy on reducing depression have been confirmed. Since the application of forest therapy was
heterogeneous in these studies, a moderator effect analysis or subgroup analysis in meta-analysis
should be performed in the future.

Keywords: forest therapy; forest bathing; depression; blood pressure; systematic review

1. Introduction

As human life expectancy increases, people are becoming increasingly interested in
health promotion. The prevalence of chronic diseases caused by unhealthy behavior has
increased [1], psychological stress has increased due to urbanization [2], and people are
more interested in living healthily than living long. As a result, people seek out various
health-promoting activities; they try to eat healthy food, exercise regularly, reduce stress,
expand social relationships, and improve their mental wellbeing. In this regard, forest
therapy has received public attention [3].

Forest therapy (or forest bathing) is defined as visiting forests to conduct treatment
activities to improve one’s health in a forest environment; it is known to increase immunity and
improve health by utilizing various elements of nature, such as fragrance and landscape [4,5].

The main components of forest therapy are walking, experiencing the forest with the five
senses (seeing, hearing, touching, smelling, and tasting), forest viewing, forest meditation,
Qi-Qong, aromatherapy, herbal tea therapy, and making crafts using natural materials [6].
However, forest activities are focused mainly on walking in the forest, yoga, appreciating the
scenery, meditation (such as breathing or walking meditation) and smelling.

Forest therapy incorporates various healing elements, such as sunlight, landscape,
temperature, phytoncide, food, sound, and humidity. By enjoying them, humans feel
comfortable, their immunity increases, and their health improves. Forest therapy includes
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not only the healing factor of the forest environment but also the positive experiences
of natural scenery and enhances attitudes toward nature [7]. The stress recovery theory
and attention recovery theory are representative theories of the mechanism by which
forest therapy provides healing to humans. Ulrich et al. established the stress recovery
theory, stating that the natural environment not only brings changes to one’s physiological
indicators—such as the human heartbeat cycle, muscle tone, skin conductance, and blood
pressure (BP)—but also improves one’s emotional state [8]. Kaplan established, in the
attention restoration theory, that exposure to the natural environment means being away
from daily life, which reduces fatigue because no effort or concentration is required [9].

Several studies have revealed the physiological and psychological health effects
of forests. Physiologically, the effect has been confirmed through the improvement of
BP [10,11], heart rate (HR) or heart rate variability (HRV) [12–14], cortisol levels [15],
pain relief [16], and respiratory function [17,18]. Psychologically, it has been confirmed
through its effects on depression [10,17], anxiety [18–20], quality of life (QOL) [11,21],
mood [13,14,22], and emotional burnout [23]; and cognitively, on concentration [24] and
cognitive function improvement [25]. In addition, it was said that the body’s immune func-
tion and the activity of anti-cancer proteins (such as perforin, granulysin, and granzyme
A/B-expressing cells in intracellular) were enhanced, and this enhanced immunity lasted
for one month [26]. Studies have shown that biogenic volatile compounds in forests im-
prove human immunity to prevent infectious diseases, such as the coronavirus disease [27],
and even reduce mortality from the same [28].

However, previous studies only conducted a systematic literature review on the physio-
logical or psychological effects of forest therapy [29,30], only targeted the patient group [31],
and did not conduct a meta-analysis [29]. While a previous meta-analytical study [32]
did confirm that forest therapy is effective in reducing depression, there was no detailed
analysis of specific forest healing activities, and the sample was highly heterogeneous as it
included both children and adults.

Therefore, this study sought to specifically analyze the effectiveness of forest ther-
apy through a systematic literature review and meta-analysis for both physiological and
psychological areas, respectively.

Through this study, we intend to find out whether forest healing is effective in pro-
moting the health of adults. In addition, we would like to address various other aspects by
looking at the side effects of forest healing activities.

2. Materials and Methods
2.1. Research Design

This study comprises a systematic literature review and meta-analysis designed to
integrate and analyze the results of randomized experimental studies that confirmed the
physiological effects and the psychological health effects of forest therapy. This study was
conducted in accordance with the systematic literature review handbook of the Cochrane
Coalition and the systematic literature review reporting guidelines of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA).

2.2. Literature Search Strategy

Based on the PICOS (Population, Intervention, Comparison, Outcomes, and Study)
framework, the research questions for a systematic literature review are as follows: This
study targeted adults aged 19 or older who had previously participated in forest therapy.
The measurement tools for children were different from those for adults, so children were
not included. Additionally, children were excluded from our study to reduce heterogeneity
while performing the meta-analysis. The intervention included using forest therapy. Forest
therapy includes walking in the forest, sensory experiences (seeing, hearing, smelling, etc.),
performing meditation or yoga, and group activities. The comparison included cases of
walking or resting outside the forest, or without any intervention. The study outcomes
included indicators of physiological responses and indicators of psychological responses.
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This study did not limit the outcome variables to the effects of forest therapy, because the
purpose of this study was to explore the indicators of various types of physiological and
psychological responses and to verify their effects. Only randomized experimental studies
were included in this research; clinical studies, observational studies, and case studies
without randomization were excluded.

The period of publication of papers to be searched and analyzed was from 2011 to
31 August 2021. The period was limited to the last decade in the interest of understanding
recent trends, and we predicted that high-quality studies with randomized controlled trial
methods would be found within this period. The Cumulative Index to Nursing and Allied
Health Literature (CINAHL), Embase, and Medline databases were searched. In addition, a
hand search was conducted using the citations of the research papers and search terms from
Google Scholar. Medical Subject Headings (MeSH) terms and Emtrée were checked using
a systematic search, and the following terms were used as a result: “forests”, “therapy”,
“baths”, “shinrin-yoku”, “nature”, “bathing”, “healing”, “intervention” and “program”.
The search formula was [(forest) and (therapy or baths)] or [(forest or shinrin-yoku or
nature) and (bathing, healing, intervention, or program)] (Appendix A).

2.3. Literature Selection and Exclusion Criteria

The criteria for selecting literature were: (1) a randomized experimental study on forest
therapy with adult subjects (including both healthy and people with diseases), and (2) an
academic paper. The exclusion criteria were: (1) studies not published in English by title,
(2) studies that were quasi-experimental designs or partially reported, such as presentations
at academic conferences, and (3) duplicate literature. The search was conducted in the
electronic database according to the search formula, and duplicate papers were removed
using the Endnote program. Thereafter, by reviewing the title and abstract, the literature
was selected according to the selection and exclusion criteria. To select the final literature,
the full text of the literature was examined. In cases where there were disputes between the
three researchers, the final literature was decided through discussion. This process was
visualized using a PRISMA flowchart (Figure 1).
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2.4. Quality Evaluation of Literature

Three researchers independently conducted a quality assessment of the literature using
the Cochrane risk of bias tool. The seven criteria used in the Cochrane quality evaluation
are random sequence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome data, selective reporting,
and other potential biases. There were no other potential biases [33]. The risk of the final
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selected paper was evaluated using these criteria. If there was a disagreement among
the researchers, it was reviewed through discussions and a conclusion was drawn. To
assess the quality of evidence, we used the Grading of Recommendations Assessments,
Development, and Evaluation (GRADE) method [34]. GRADE has five categories: study
design limitations, inconsistencies, indirectness, inaccuracy, and publication bias. Three
researchers categorized the evidence’s quality as high, moderate, low, or critically low.

2.5. Data Extraction

The characteristics of the final selected paper were analyzed and organized according
to the data organization form. The data organization form was divided into physiological
indicators and psychological health indicators according to the type of variable. The
contents of the data organization form included the author, publication year, subject group,
intervention characteristics (intervention time, number, and duration), number of subjects,
outcome variables, measurement tools, and intervention results.

2.6. Data Analysis

For the statistical analysis of the effect of size integration, homogeneity test, bias
assessment, and evidence evaluation, a meta-analysis was performed using the Cochrane
Review Manager (RevMan 5.4.1, Seoul, Korea). In the meta-analysis model, the fixed-
effects model and random-effects model were mainly used. The final selected studies
were analyzed using a random-effects model because heterogeneity was observed in the
subjects’ characteristics and the outcome variable measurement tool. In the studies, the
effect size was calculated using the standardized mean difference (SMD) because the
outcome variable was a continuous variable presented as the mean and standard deviation,
and the intervention result was not measured with the same tool. The effectiveness of
each described outcome variable and the 95% confidence interval (95% CI) were analyzed
using an inverse variance. The heterogeneity between the included studies was visually
confirmed through a forest plot and was statistically reviewed using the I2 value.

3. Results
3.1. Selection of Studies

Based on the literature search pursuant to the PICOS framework, a total of 16,980 papers
were found. Of these, 735 duplicate papers were excluded, leaving 16,245 papers. Three
researchers reviewed the titles and abstracts of these documents, and the criteria for review
were: core questions, selection, and exclusion criteria. A total of 16,108 studies were found
to be unrelated to the core questions, or the research designs did not meet the selection
criteria—resulting in 137 remaining studies. The original text of the remaining studies was
then reviewed according to the same criteria and processes.

After excluding 107 studies that were not related to forest therapy, eight studies that
were not randomized, and two studies with gray literature (e.g., oral presentation), one
study was added through Google Scholar and citation searching. Therefore, a total of
17 studies were finally selected. A systematic literature review was conducted using these
17 studies, and a meta-analysis was conducted on eight studies that were capable of effect
size analysis in consideration of the intervention method, outcome variables, and whether
treatment was performed in the control group (Figure 1). A meta-analysis was performed
as the number of papers available for meta-analysis was met [35]. Among the outcome
variables, only blood pressure and depression were available for meta-analysis. A total of
eight papers were included in the meta-analysis; six studies measured BP, and four studies
measured depression.

3.2. Characteristics of Studies in Systematic Literature Review

The characteristics of the 17 studies on forest therapy included in this study are
shown in Tables 1 and 2. The effective outcomes of forest therapy were categorized into
physiological health and psychological health and are presented in Table 1.
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Table 1. General characteristics of included studies.

Category First Author
(Year Published)

Including
in Meta-
Analysis

Heath
Status of
Subject

Subjects Size
(n)

Age of
Subject

Protocol for
Measurement Measures Main Outcome Adverse

Events GRADE

Physiological
health indicators

[10]
Bang
(2016)

O Healthy
person

(Exp.) Urban forest walking
(n = 18)

(Con.) No intervention
(n = 27)

Adults
(Male and female) Promised time BP

[SBP] Exp. (123.50) and Con. (115.89)
were not statistically different

[DBP] Exp. (76.94) and Con. (72.44)
were not statistically different

NM ⊕⊕##
Low

[11] Brown
(2014) O Healthy

person

(Exp1.)
Urban forest walking

(n = 27) (Exp. 2)
Urban street walking

(n = 27)
(Con.) No intervention

(n = 19)

Adults
(Male and female)

On site
(physiological
data), online

(psychological
data)

Following the
8-week

intervention

HR
BP

[SBP] Exp. 1 (129.3), Exp. 2 (129.7), and
Con. (126.1) were not statistically

different
[DBP *] Exp. 1 (82.6), Exp. 2 (80.1) were

higher than Con. (75.1)
[HR-resting] Exp. 1 (68.3), Exp. 2 (65.1),

and Con. (64.0) were not statistically
different

NM ⊕⊕⊕#
Moderate

[36] Calogiuri
(2016) O Healthy

person

(Exp.) Nature exercise
(n = 6)

(Con.) Indoor exercise
(n = 5)

Adults
(Male and female

employee)

After each session,
between 8:00 and

9:00 AM (BP,
saliva cortisol,
blood cortisol)

15:00, 17:00, and
21:00 (blood

cortisol)

BP
Cortisol
(serum)

[SBP] Exp. (119.99) and Con. (122.28)
were not statistically different.

[DBP *] Exp. (72.96) was lower than
Con. (78.28).

[Cortisol] Exp. (362.92) and Con.
(343.78) were not statistically different.

NM ⊕⊕##
Low

[37]
Grazuleviciene

(2016)
X Patient

(CAD)

(Exp.) Pine forest walking
(n = 10)

(Con.) Urban street walking
(n = 10)

Adults and elderly
(45~75 years)

(Male and female)

Every day (7 days)
12:00~15:00.

Before walking, At
1 min and 60 min

after the initial
exposure

BP
Cortisol
(saliva)

HR

[DBP *] Exp.
(−4.00) was lower than Con. (0.00)

(change of baseline between day 1 and
day 7)

[DBP *] Exp.
(−6.00) was lower than Con. (2.00)
(change of 60 min after the walking

between day 1 and day 7)

NM ⊕⊕⊕#
Moderate

[15]
Jia

(2016)
X Patient

(COPD)

(Exp.) Forest walking
(n = 10)

(Con.) Urban walking
(n = 8)

Elderly
(Male and female)

Before breakfast
the day after
intervention

Cortisol [Cortisol *] Exp. was lower than Con. † NM ⊕⊕##
Low

[14] Mao(a)
(2012) X Patient

(HTN)

(Exp.) Forest walking
(n = 12)

(Con.) City walking
(n = 12)

Adult

Measured
30~40 min after

intervention
(physiological

data),
next evening

(psychological
data)

BP
HR

[SBP *] Exp. was lower than Con. †

[DBP *] Exp. was lower than Con. †

[HR] Exp. and Con. were not
statistically different †

NM ⊕⊕##
Low
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Table 1. Cont.

Category First Author
(Year Published)

Including
in Meta-
Analysis

Heath
Status of
Subject

Subjects Size
(n)

Age of
Subject

Protocol for
Measurement Measures Main Outcome Adverse

Events GRADE

[23] Mao(b)
(2012) X Healthy

person

(Exp.) forest walking
(n = 10)

(Con.) city walking (n = 10)

Adult
(Male university

students)

Before breakfast
(on the

intervention day
and the next day

after 2 day
intervention)

Cortisol [Cortisol *] Exp. was lower than Con. † NM ⊕⊕##
Low

[12] Niedermerier
(2017) X Healthy

person

Total = 42
(Exp 1.) Outdoor mountain

hiking (n = NM)
(Exp 2.) Indoor walking (n

= NM)
(Con.) No intervention

(n = NM)

Adult NM
BP

Cortisol
HRV

[SBP *] Exp.1 (121.3) and Con. (119.0)
were higher than Exp. 2 (119.8)

[DBP *] Exp 1. (78.3) and Con. (73.5)
were higher than Exp. 2 (72.6)

[Cortisol *] Exp. 1 (1.8) and Exp. 2 (1.8)
were lower than Con. (2.3)

[HRV-LF *] Exp.1 (2967) and Con.
(2622) were higher than Exp. 2 (2614)
[HRV-HF] Exp.1 (2409), Exp. 2 (1548),
and Con. (1581) were not statistically

different

NM ⊕⊕⊕#
Moderate

[20]
Song
(2019)

O Healthy
person

(Exp.) forest walking
(n = 72)

(Con.) city walking
(n = 72)

Adult
(Young female

university
students)

5 min after
intervention

BP
HRV
HR

[HF **] Exp. (105.12) was higher than
Con. (57.11)

[LF/HF **] Exp. (6.10) was lower than
Con. (8.19).

[HR **] Exp. (87.0) was lower than Con.
(95.6)

[SBP] Exp. (97.3) and Con. (97.5) were
not statistically different.

[DBP] Exp. (59.8) and Con.
(59.2 mmHg) were not statistically

different.
[Pulse *] Exp. (69.3) was lower than

Con. (71.9).

NM ⊕⊕##
Low

[13]
Wu

(2020)
X Patient

(HTN)

(Exp.) Sit in forest (n = 20)
(Con.) Sit in suburban

(n = 11)
Elderly After intervention

BP
HRV
SPO2

[SBP] Exp. and Con. were not
statistically different † .

[DBP *] Exp. (67.95) was lower than
Con. (71.64)

[HRV-LF *] Exp. (35.0) was lower than
Con. (50.88)

[HRV-HF *] Exp. (60.54) was higher
than Con. (48.37)

[HRV-LF/HF *] Exp. (0.68) was lower
than Con. (1.36)

[SPO2 *] Exp. (98.1) was higher than
Con. (97.55)

NM ⊕⊕⊕#
Moderate
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Table 1. Cont.

Category First Author
(Year Published)

Including
in Meta-
Analysis

Heath
Status of
Subject

Subjects Size
(n)

Age of
Subject

Protocol for
Measurement Measures Main Outcome Adverse

Events GRADE

[38]
Zeng
(2020)

X Healthy
person

(Exp. 1) Large species of
cluster bamboo forest

(n = 30)
(Exp. 2) Bamboo sea site

(n = 30)
(Exp. 3) Bamboo park

(n = 30)
(Con.) Urban (n = 30)

Adult 15 min after
intervention

BP
SPO2

[SPO2 *] Exp. 2 (97.47) after viewing
was higher than before viewing (97.37)

No statistical comparison between
group (Exp. vs. Con.)

NM ⊕⊕##
Low

[39]
Lee

(2011)
O Healthy

person

(Exp.) Forest viewing
(n = 24)

(Con.) Urban viewing
(n = 24)

Adult
(Male)

35~90 min after
intervention

BP
Cortisol

HR
HRV

[LF/HF **] Exp. was lower than Con. †

[SBP *] Exp. (116) was lower than Con.
(118)

[DBP] Exp. (54) was lower than Con.
(56)

[Cortisol] Exp. (0.34) and Con. (0.43)
were not statistically different

[HR *] Exp. (66.4) was lower than Con.
(71.7)

[HF **] Exp. was higher than Con. †

NM ⊕⊕⊕⊕
High

[40]
Lee

(2014)
O Healthy

person

(Exp.) Forest walking
(n = 24)

(Con.) Urban walking
(n = 24)

Adult (Male) 5 min after
intervention

BP
HRV

[LF/HF **] Exp. (1.5) was lower than
Con. (1.9)

[SBP] Exp. (114) and Con. (116) were
not statistically different

[HF **] Exp. (4.4) was higher than Con.
(3.8)

NM ⊕⊕⊕⊕
High

Psychological
health

indicators

[10]
Bang
(2016)

O Healthy
person

(Exp.) Urban Forest
walking
(n = 18)

(Con.) No intervention
(n = 27)

Adults
(Male and female) Promised time

Depression
(BDI)
QOL

[Depression] Exp. (5.11) and Con. (6.44)
were not statistically different

[QOL *] Exp. (23.94) was higher than
Con. (20.70)

NM ⊕⊕##
Low

[11] Brown
(2014) X Healthy

person

(Exp1.)
Urban forest walking

(n = 27) (Exp2.)
Urban street walking

(n = 27)
(Con.) No intervention

(n = 19)

Adults
(Male and female)

On-site
(physiological
data), online

(psychological
data)

Following the
8 week

intervention

SF-8 general
health

SF-8 physical
health

SF-8 mental
health

[SF-8_general health] Exp. 1 (50.2), Exp.
2 (50.5), and Con. (47.8) were not

statistically different
[SF-8_physical health] Exp. 1 (54.9),

Exp. 2 (51.8), and Con. (53.4) were not
statistically different

[SF-8_mental health] Exp. 1 (53.0), Exp.
2 (50.1), and Con. (47.4) were not

statistically different

NM ⊕⊕⊕#
Moderate
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Table 1. Cont.

Category First Author
(Year Published)

Including
in Meta-
Analysis

Heath
Status of
Subject

Subjects Size
(n)

Age of
Subject

Protocol for
Measurement Measures Main Outcome Adverse

Events GRADE

[21]
Chun
(2017)

O
Patient

(Chronic
stroke)

(Exp.) meditation walking
and 5 sense experience in

forest (n = 30)
(Con.) meditation and
walking in urban hotel

(n = 29)

Adults and elderly
(36~79 years)

(Male and female)

Immediately
before and after

programs

Depression
(BDI)

Depression
(HAM-D17)

Anxiety
(STAI)

[BDI ***] Exp. was decreased (pre 14.2
vs. post 1.2)

[BDI] Con. was not statistically
different (pre 14.3 vs. post 14.0).

[HAM-D17 ***] Exp. was decreased
(pre 7.1 vs. post 1.6)

[HAM-D17] Con. was not statistically
different (pre 7.2 vs. post 7.1)

[STAI ***] Exp. was decreased (pre 38.1
vs. post 27.6).

[STAI ***] Con. was increased (pre 34.3
vs. post 44.4)

NM ⊕⊕⊕#
Moderate

[22]
Huber
(2019)

X Patient
(CLBP)

(Exp 1) Green exercise
(n = 27)

(Exp 2) Green exercise and
balneotherapy (n = 26)
(Con) No intervention

(n = 27)

Adults
(19~65 years)

(Male and female)

Day 1, after the
intervention

(day 8), after 4
months (day 120)

QOL (SF-36
total)

QOL (SF-36
physical)

QOL (SF-36
mental)

QOL
(WHO-5)

Short-term effect (day 8)
Exp. 1 was not changed. Exp. 2 was

increased SF-36 total *, physical *, and
WHO-5 ** †

Long-term effect (day 120)
All indices are not significant. †

NM ⊕⊕⊕#
Moderate

[15]
Jia

(2016)
X Patient

(COPD)

(Exp.) Forest walking
(n = 10)

(Con.) Urban walking
(n = 8)

Elderly
(Male and female)

Before breakfast
the day after
intervention

Mood
(POMS)

[Mood-T] Exp. was lower than Con.* †

[Mood-D, Mood-A, Mood-V, Mood-F,
and Mood-C] Exp. and Con. were not

statistically different †

NM ⊕⊕##
Low

[41]
Mao

(2017)
X Patient

(CHF)

(Exp.) Forest walking
(n = 23)

(Con.) City walking (n = 10)

Elderly
(65~85 years)

(Male and female)

5~10 min after
intervention

Mood
(POMS)

[Mood-T *, Mood-D *, Mood-A *, and
Mood-C *] Exp. was lower than Con. † NM ⊕⊕##

Low

[14] Mao(a)
(2012) X Patient

(HTN)

(Exp.) Forest walking
(n = 12)

(Con.) City walking
(n = 12)

Adult

30~40 min after
intervention

(physiological
data),

next evening
(psychological

data)

Mood
(POMS)

[Mood-T, Mood-V] Exp. and Con. Were
not statistically different †

[Mood-D *, Mood-A *, Mood-F *, and
Mood-C *] Exp. was lower than Con. †

NM ⊕⊕##
Low

[23] Mao(b)
(2012) X Healthy

person

(Exp.) Forest walking (n =
10)

(Con.) City walking (n = 10)

Adult
(Male)

Before breakfast
the day after
intervention

Mood
(POMS)

[Mood-T *, Mood-D *, Mood-A *, and
Mood-F *] Exp. was lower than Con. †

[Mood-V *] Exp. was higher than Con. †
NM ⊕⊕##

Low

[19]
Shin

(2012)
X Patient

(Alcoholic)

(Exp.) Forest camping
(n = 47)

(Con.) Normal daily routine
(n = 45)

Adult
End day of the

final session of the
camp

Depression
(BDI)

[Depression] Exp. (5.52) and Con.
(15.36) were not statistically different NM ⊕⊕##

Low
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Table 1. Cont.

Category First Author
(Year Published)

Including
in Meta-
Analysis

Heath
Status of
Subject

Subjects Size
(n)

Age of
Subject

Protocol for
Measurement Measures Main Outcome Adverse

Events GRADE

[20]
Song
(2019)

O Healthy
person

(Exp.) forest walking
(n = 72)

(Con.) city walking
(n = 72)

Adult
(Young female)

5 min after
intervention

Anxiety
(STAI)
Mood

(POMS)

[Total Mood **] Exp. (0.1) was lower
than Con. (7.7)

[STAI **] Exp. (34.8) was lower than
Con. (45.3).

NM ⊕⊕##
Low

[13]
Wu

(2020)
O Patient

(HTN)

(Exp.) Sit in forest (n = 20)
(Con.) Sit in suburban

(n = 11)
Elderly After intervention Mood

(POMS)

[Mood-T *] Exp. (12.90) was lower than
Con. (15.55)

[Mood-D *] Exp. (25.72) was lower than
Con. (29.82)

[Mood-A] Exp. and Con. were not
significantly different †

[Mood-V *] Exp. (26.90) was higher
than Con. (24.36)

[Mood-F *] Exp. (13.80) was lower than
Con. (15.55)

[Mood-C *] Exp. (13.75) was lower than
Con. (16.64)

NM ⊕⊕⊕#
Moderate

[40]
Lee

(2014)
X Healthy

person

(Exp) Forest walking
(n = 24)

(Con) Urban walking
(n = 24)

Adult
(Male)

5 min after
intervention

Anxiety
(STAI)
Mood

(POMS)

[Mood-T **] Exp. (35.6) was lower than
Con. (41.6)

[Mood-A **] Exp. (37.7) was lower than
Con. (39.0)

[Mood-F **] Exp. (36.1) was lower than
Con. (41.4)

[Mood-C **] Exp. (42.2) was lower than
Con. (44.3)

[Mood-V **] Exp was higher than
Con. †

NM ⊕⊕⊕⊕
High

Note: † = No statistics; NM = Not mentioned; NS = Not significant; NA = Not available; BP = Blood Pressure; HR = Heart Rate; CAD = Coronary Artery Disease; COPD = Chronic
Obstructive Pulmonary Disease; CLBP = Chronic Low Back Pain; CHF = Chronic Heart Failure; HTN = Hypertension; LF = Low Frequency (marker of cardiac parasympathetic
control); HF = High Frequency (marker of cardiac sympathetic control); LF/HF = Low Frequency/High Frequency (index of sympathetic to parasympathetic autonomic activity);
SPO2 = Saturation of Percutaneous Oxygen; BDI = Beck Depression Inventory; QOL = Quality of Life; SF-8 = 8-item Short Form health survey; HAM-D17 = 17-item version of the
Hamilton Depression rating scale; STAI = Spielberger State-Trait Anxiety Inventory; SF-36 = 36-item Short Form health survey; WHO-5 = World Health Organization wellbeing
index; POMS = Profile of Mood State, Mood-T = Mood-Tension anxiety, Mood-D = Mood-Depression dejection, Mood-A = Mood-Anger hostility, Mood-V = Mood-Vigor activity,
Mood-F = Mood-Fatigue inertia, Mood-C = Mood-Confusion bewilderment. ⊕⊕⊕⊕ = high, ⊕⊕⊕# = moderate, ⊕⊕## = low, O = included, X = excluded, * = p < 0.05, ** = p < 0.01,
*** = p < 0.001.
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Table 2. Program characteristics of included studies.

First Author
(Year Published) Season or Weather Session and Duration Caution before or

during Intervention
Homogeneous

Environment Setting Program Type

[10] Bang
(2016)

September~
November

40 min × 2 times per
week × 5 weeks

Multi-session
NM NM

(Exp.) During
lunchtime walking
Park or palace near

workplace

[11] Brown
(2014)

April~
July

20 min × 2 times per
week × 8 weeks

Multi-session
NM NM

(Exp.) During
lunchtime

walking route
approximately 2 km

in length

[36] Calogiuri
(2016) September

45 min × 1 time per day
× 2 consecutive days

Biking 25 min + rubber
band session 20 min

Restrict intake of coffee
and nicotine, avoid any
other physical activity

Control subjects did not
have visual contact with

nature.

(Exp.) Nature exercise
(biking and rubber band

exercise)
(Con.) Indoor exercise
(biking & rubber band

exercise)

[21] Chun
(2017) NM 4 day and 3 night

Multi-session NM Same duration and
activities

Meditation and walking
(Both group), five

senses experience (Exp.)
(Exp.) Staying at a

recreational forest site
(Con.) Staying in an

urban hotel

[37] Grazuleviciene
(2016)

May~
September

30 min per day
× 7 consecutive days

Multi-session

Refrain from consuming
caffeine or food for at
least 60 min prior to

measurement

Same walking speed
controlled by a trained

nurse to reach the
personal exercise

capacity

Seven day field
experiment

(Exp.) 30 min single
walking

[22] Huber
(2019)

September
~January

5 h per day × 6 days
Multi-session NM

Hosted in comparable
hotels and receiving the

same meals

Hiking tours in the
mountains (Exp. 1, Exp.

2), additional
balneotherapy for 20
min at 37 ◦C (Exp. 2)

(Exp. 1) Green exercise
(Exp. 2) Green exercise +

balneotherapy
(Con.) Control

[15] Jia
(2016) August

90 min × 2 times per
day × 3 consecutive

days
Not mentioned Same hotel

Walking during 90 min
each in morning and

afternoon

[39] Lee
(2011) NM

15 min × 1 time per day
× 1 day

One session

No smoking
No alcohol
No caffeine

Stay in the same hotel
before intervention

Three day field
experiment

Group (Exp. vs. Con.)
switched

(Exp.) Viewing

[40] Lee
(2014)

August
~September

12 min × 1 time per day
× 1 day

One session

No physical activity
No smoking
No alcohol

Course length &
Flat roadside

Two day field
experiment

Group (Exp. vs. Con.)
switched

(Exp.) Walking in four
different forest area

[14] Mao(a)
(2012) September

1.5 h × 2 times per day
× 7 days

Multi session

Avoiding strenuous
exercise and any

stimulation activities
before sleeping

Predetermined course,
Stay in the sample hotel

before intervention

(Exp.) Walking during
90 min each in morning
and afternoon per day

for 7 days

[23] Mao(b)
(2012) September

1.5 h × 2 times per day
× 1 day

One session

Avoiding strenuous
exercise and any

stimulation activities
before sleeping

Similar condition hotel

(Exp.) walked
unhurried pace for

about 1.5 h with a 10
min rest during the

walk before noon and
afternoon in the forest

(Con.) walked with
same procedure in the

city

[41] Mao
(2017) August

1.5 h × 2 times per day
× 4 days

Multi session

No smoking
No caffeinated

beverages
Controlled of physical
activity and all foods

Similar distance (5–10
min walk) from the site

hotel
Same flat path

Four day forest bathing
(Exp.) Walking
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Table 2. Cont.

First Author
(Year Published) Season or Weather Session and Duration Caution before or

during Intervention
Homogeneous

Environment Setting Program Type

[12] Niedermerier
(2017) NM 3 h

One session NM NM

(Exp.1) hiked uphill for
6 km on single trails
and forest roads to a

mountain hut (1500 m)
with a view of the

mountainous region.
(Uphill 90 min, resting

10 min, downhill 70
min)

(Exp.2) treadmill
walking (uphill 90 min,

resting 10 min, level
walking on the same
treadmills (70 min)

(Con.) Quiet room with
computer.

[17] Shin
(2012) Summer 9 day forest healing

camp NM NM

(Exp.) First 3 day
program (Nature game,

nature interpretation
etc.), second 3 day

program (mountain
climbing, tracking,

orienteering, etc.), last 3
day program (nature

meditation, counseling
in forest environment,

etc.)
(Con.) Normal daily

routine

[20] Song
(2019)

August
~September

15 min × 1 time
(Approximately 1 km)

No alcohol
No tobacco
No caffeine

NM

(Exp.) Walking at
6 forest sites

(Con.) Walking at 6 city
sites

Groups switched field
site on next day.
Subjects walk on

different days for each
of the 6 sites

[13] Wu
(2020) October 2 h × 1 time per day ×

1 day

No activity
No alcohol
No tobacco

No caffeine drink

Similar condition hotel

(Exp.) First day after
lunch sit quietly each
place. Second day, sit

quietly on the morning
and afternoon each

place

[38] Zeng
(2020) September

15 min landscape and
15 min walking ×

1 time per day × 3 days

No strenuous
exercise

No stimulation
activity before

sleeping

Same distance (300 m)
from the site hotel

Similar meal

Three day bamboo
forest therapy

(Exp.) Viewing and
walking

Note: NM = Not mentioned; NS = Not significant; NA = Not available; BP = Blood Pressure; HR = Heart Rate;
CAD = Coronary Artery Disease; COPD = Chronic Obstructive Pulmonary Disease; CLBP = Chronic Low Back
Pain; CHF = Chronic Heart Failure; HTN = Hypertension; LF = Low Frequency (marker of cardiac parasympa-
thetic control); HF = High Frequency (marker of cardiac sympathetic control); LF/HF = Low Frequency/High
Frequency (index of sympathetic to parasympathetic autonomic activity); SPO2 = Saturation of Percutaneous
Oxygen; BDI = Beck Depression Inventory; QOL = Quality of Life; SF-8 = 8-item Short Form health survey;
HAM-D17 = 17-item version of the Hamilton Depression rating scale; STAI = Spielberger State-Trait Anxiety
Inventory; SF-36 = 36-item Short Form health survey; WHO-5 = World Health Organization wellbeing index;
POMS = Profile of Mood State.

3.2.1. Participant Characteristics

Among the studies included in the review, nine studies dealt with healthy
adults [10–12,20,23,36,38–40], and eight studies were done with patients [13–16,21,22,37,41].
Two studies targeted hypertensive patients [13,14]. One study targeted coronary arterial dis-
ease [37], chronic obstructive pulmonary disease [15], chronic stroke [21], chronic back pain [22],
chronic heart failure [41], and alcoholism [19]. Adults were searched according to the PICOS,
and among them, 11 studies targeted only adults [10–12,19,20,22,23,36,38–40]. There were two
studies [21,37] involving both adults and older adults and four studies [13–15,41] targeting only
older adults. In most studies, the gender of participants was a mixture of men and women, but
there were three studies [23,39,40] targeting only men and one study [20] targeting only women.
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3.2.2. Intervention Characteristics

Interventions in primary studies were conducted at various times of the year, though
this detail was omitted from some reports [12,21,39]. Forest therapy intervention varied
from a minimum of 15 min to a maximum of five hours, and the duration of the inter-
vention varied from one day to eight weeks. The number of interventions performed
during the intervention period ranged from 1–16, with eight studies with five or fewer
times [12,13,20,23,36,38–40], four studies with 6–10 times [15,22,37,41], and three studies
with more than 10 times [10,11,14]. One study reported that it operated on a three-night,
four-day schedule [21].

The intervention methods could largely be divided into two categories: walking or
other activities in a forest or city and being outdoors or indoors. Twelve out of seventeen
studies involved walking in a forest [10–12,14,15,20,21,23,37,38,40,41]. In addition, one
study each was conducted for hiking [22], biking [36], camping [17], and viewing [39].

To control for the influence of parameters affecting the surrounding environment and
subjects, various controls were used in each study. To maintain the homogeneity of the
experimental and control groups, the researchers had participants stay in the same hotel
or a hotel with a similar environment [13–15,22,23,38,40]; limit physical activity, smoking,
alcohol, and caffeine intake [13,14,20,36–41], and maintain the treatment conditions of
forest and urban environments such as walking speed, course length, and roadside [39,41].
However, some studies did not mention related explanations [10–12,17].

3.2.3. Measurement and Outcome Characteristics

BP was divided into systolic BP (SBP) and diastolic BP (DBP). SBP [39] or
DBP [12,14,36,37,39] decreased significantly more in the forest therapy group than in
the control group. In four of the six studies measuring cortisol levels, they were lower in
the forest therapy group than in the control group [12,15,23,39].

Heart rate (HR) also decreased in the forest therapy group compared to the con-
trol group [20,39]. In the experimental group (forest walking group), high frequency
(HF), which is a component of HRV as a marker of cardiac parasympathetic control,
increased [13,20,39,40], and the low frequency/high frequency (LF/HF) ratio, which is a
marker of the sympathetic to parasympathetic autonomic balance, decreased [13,20,39,40].
In one study, the forest therapy group had a lower frequency (LF) than the control group [13].
LF is an index of cardiac sympathetic control.

In one study, the forest therapy group reported an increase in saturation of percutaneous
oxygen (SPO2) compared to the control group [13], but in another study, the comparison
between the experimental group and the control group [38] was not statistically significant.

As for the effect of forest therapy on psychological health, among the seven studies
that measured mood with the POMS, some studies found that the tension-anxiety sub-
scale [13,15,20,23,40,41] and the anger-hostility subscale decreased [14,20,23,40,41], while
others found that the depression subscale [13,14,20,23,40], and the confusion subscales de-
creased [13,14,20,40,41]. Four studies found that the vigor subscale increased [13,20,23,40].
In three studies measuring anxiety with the Spielberger State-Trait Anxiety Inventory
(STAI), the forest therapy group had lower anxiety levels than the control group [20,21,41].
In another study [21], where depression was measured using the Beck Depression Inventory
(BDI) and the 17-item version of the Hamilton Depression rating scale (HAM-D17), both
indicators showed lower depression levels after forest therapy.

QOL was measured by a QOL scale and a 36-item short-form health survey (SF-
36), and the forest walking group and the green exercise and balneotherapy groups had
significantly higher scores than the control group [9,22]. Adverse events, such as insect
bites, stings, and pollen allergy related to forest therapy, were not reported in any of the
studies included in this analysis (Table 1).



Int. J. Environ. Res. Public Health 2022, 19, 10512 13 of 21

3.3. Assessment of the Quality of Literature
3.3.1. Risk of Bias

A critical review of the literature was conducted using Cochrane’s risk of bias tool,
and it was analyzed through RevMan according to the quality evaluation criteria (Figure 2,
Table S1). Seventeen studies were found to have a low risk of selective outcome reporting
and other potential threats to validity. However, 14 studies (82.3%) that did not specify
the blinding aspect to participants and researchers showed uncertain risks, as did seven
studies that did not report accurate figures or reported only parts of the study results, such
as graphs.
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3.3.2. GRADE assessment

We used the GRADE profiler program to evaluate the evidence level. The GRADE
profiler tool determined that the quality of evidence for forest therapy was “low” or
“moderate”. Only two studies were rated “high”.

3.4. Estimation of the Effect Size of Forest Therapy
3.4.1. Blood Pressure (BP)

A meta-analysis was conducted by dividing the effect of reducing BP through forest
therapy by SBP and DBP. As shown in Figure 3, SBP decreased to 0.24 (n = 290, MD = −0.24,
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95% CI −2.70 to 2.23) in the forest group, which was not significant (Z = 0.19, p = 0.85).
The heterogeneity between the two studies was low (Higgins I2 = 19%). DBP was found
to increase by 0.94 (n = 242, MD = 0.94, 95% CI −3.20 to 5.07), which was not significant
(Z = 0.44, p = 0.66). Heterogeneity was high (Higgins I2 = 81%).
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3.4.2. Depression

In the meta-analysis, the effect on depression was measured using the BDI [11,12] and
POMS [14,20]. As shown in Figure 4, there was a reduced depression effect of 1.46 points in
the forest therapy group (n = 255, SMD = −1.46, 95%CI −2.80 to −0.12), and the effect size
between the forest therapy group and the control group showed a significant difference
(Z = 2.14, p = 0.03). The heterogeneity was high (Higgins I2 = 95%).
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4. Discussion

This study examined the literature comprising randomized controlled trials conducted
on adults to confirm the effect size of forest therapy on health. A total of 17 studies were
selected after the search, but only eight studies were meta-analyzed. The discussion tends to
refer to the qualitative synthesis of the results of the systematic review and the quantitative
synthesis of the results of the meta-analysis. Qualitative comprehensive analysis of selected
studies through systematic literature review can serve as basic data for consideration of
forest therapy.

The main characteristics of the 17 studies were as follows: First, it was found that the
age and gender of the subjects in the forest therapy varied. This was mainly catered to
healthy adults; this result shows that the purpose of forest therapy is health promotion



Int. J. Environ. Res. Public Health 2022, 19, 10512 15 of 21

rather than disease treatment. When examining the effectiveness of forest healing, whether
there is a difference in age or sex is an important consideration. In all 17 studies selected
in this study, it was confirmed that age or gender differences were not considered in the
analysis. In the study by Kim et al. [42], which investigated individual preferences for
forest therapy, women preferred forest therapy in the form of psychology-based treatment,
meditation-based treatment, and respiration yoga-based treatment, whereas men preferred
forest therapy including mountaineering. However, it was reported that there was no
statistical difference in the preferences of men and women for walking and viewing the
forest. In the above study [42], in the preference for forest therapy by age, it was found that
older adults greatly preferred forest therapy, including plant-based treatment, compared
to young adults. Among the selected studies, there were three that included climbing
or hiking, both of which were for adults. In forest therapy in the form of climbing or
hiking, older adults and women are physically burdened and there is a possibility of injury,
so safety management is additionally required. There are differences in the individual
needs for forest therapy. Therefore, if a participant has a gender-or-age-specific disease, the
contents of the forest therapy program can be individualized to ensure safety considering
his/her age and gender. Park et al. [43] conducted an expert Delphi survey on the suitability
of forest therapy and recommended it for people with respiratory diseases, stress-related
diseases, and somatoform disorders.

Second, the components, duration, and number of sessions were very diverse. While
most of the studies involved a single intervention consisting of walking alone, some studies
included multiple interventions such as biking, hiking, climbing, games, meditation, etc.,
in addition to walking. If there are no standard guidelines for forest therapy, Ohe et al. [44]
recommended a therapy period of 3 to 5 days for the relaxation effect of forest therapy to
continue and lead to stress reduction regardless of the content of the therapy.

Third, forest therapy cannot be done in a double-blind setting because of the movement
to a specific location. Due to these limitations, it is very important to maintain the homo-
geneity of the experimental and control groups and to control exogenous variables for the
randomized controlled trials. Of the 17 selected studies, 10 studies mentioned environmental
settings for maintaining homogeneity, 16 studies explained measurement protocols, and
11 studies stated how exogenous variables were controlled. To maintain the homogeneity
of the experimental and control groups, the participants in both groups stayed in the same
hotel, and to control exogenous variables, physical activity, smoking, drinking, and caffeine
were restricted during the intervention period. Additionally, to maintain the same walking
activity of the experimental group and the control group, walking speed, course length,
and roadside were checked. When measuring variables such as physiological indicators, an
accurate protocol is important, and especially when estimating the difference between the
experimental group and the control group, it is very important to maintain a homogeneous
environment setting between the two groups. However, among the selected studies, the
protocol for measurement was different or some studies did not provide sufficient explana-
tion for the control of exogenous variables. If the measurement is different, it is difficult to
integrate the research results because consistent results cannot be obtained.

In the selected studies, forest therapy was applied in a very diverse program. The pro-
gram was divided into a one-day and a multiple-day program, but the effect size according
to the days of the programs was not consistent. According to previous studies [45,46], the
pleasure experienced when interacting with others has a positive effect over fun alone, and
interactions with others strengthen an individual’s emotional experience dynamically.

Finally, physiological indicators were measured in a relatively consistent manner,
while psychological indicators were measured using various measurement tools. Although
physiological indicators showed similar results across studies, psychological indicators
were not significant, or statistical values were not presented in some cases. In other words,
it was difficult to synthesize the results of the studies selected for systematic review due
to their generally non-homogeneous characteristics and because many studies did not
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provide statistical values for meta-analysis. As a result, only some studies were included in
the meta-analysis.

As a result of the meta-analysis, forest therapy was found to be effective in reducing
depression in adults (SMD = −1.46, CI: −2.80–0.12). In fact, since the measurement of
depression in the primary study included in the meta-analysis is not a measurement based
on a doctor’s diagnosis, it is an accurate conclusion to state that forest therapy is effective
in reducing the symptoms of depression in adults. A study by Yeon et al. [47], which
included a quasi-experimental design in meta-analysis, also reported that forest therapy
was effective in reducing depression.

According to Doimo et al., who systematically analyzed both quantitative and qualita-
tive research, forest therapy was found to improve affection, depression, mood, and anxiety,
resulting in psychological stability [48]. Stier-Jarmer et al., also conducted a meta-analysis
that did not restrict age and found that forest therapy was effective in reducing depression.
However, the quality of the studies included in the analysis was low and heterogeneous
was very high [49]. Furthermore, in this study, the effect size of forest therapy on depression
was very small and the primary studies used for meta-analysis were heterogeneous. Two
studies out of the primary studies were found to have a high risk of bias in the quality
evaluation. In the GRADE evaluation of the primary studies, two studies [10,20] had a low
level of evidence, so it can be judged that evidence for the overall effect size is low. The
heterogeneity of the primary studies was likely caused by the variety of measurement tools
(e.g., BDI, HAM-D17, POMS), and program types for depression (e.g., walking, sitting,
sense experience). The age (e.g., young adults, adults, elderly) and health status (e.g.,
healthy people, hypertensive patients, patients with chronic stroke) of the participants in
the experiment group of the primary studies were different. Since the sessions and duration
of the program also varied, it is difficult to determine whether the overall effect size is a
short-term effect or a long-term effect. To meta-analyze depression, subgroup analysis is
required to identify the cause of heterogeneity, but in this study, subgroup analysis was
not possible due to the small number of primary studies. Although it was not possible to
identify the cause of heterogeneity through the statistical technique of Meta-ANOVA, the
study produced an important finding that forest therapy is effective in reducing depression.

In a systematic review by Mathias et al., forest therapy had physiological and psy-
chological effects; especially among participants with poor psychological health, such
as patients with depression, forest therapy had a positive effect as a means of cognitive
behavioral therapy [50]. In a systematic review by Wen et al., 11 out of 14 studies reported
the effect of reduced depression and forest therapy was effective in relieving negative
emotions, including depression [51]. Due to these positive psychological effects, forest
therapy has been used as a therapeutic tool for people exposed to psychological stress,
such as people suffering from alcoholism, chronically ill people, and patients with pain
and insomnia. For this reason, forest therapy is sometimes used as a complementary and
alternative therapy to relieve chronic physical symptoms, thereby improving psychological
health [48,52]. The effects of forest therapy on health promotion or stress reduction in
healthy people are known, with relatively consistent results from previous studies [53].

This study also analyzed the effect size on BP among the physiological effects of forest
therapy. The meta-analysis of six primary studies showed that the overall effect size was
not significant. Although SBP decreased in the experimental group, the difference was
not significant, and the heterogeneity between studies was not high (I2 = 19%). In the five
primary studies, DBP increased in the experimental group, but it was not significant, and
the heterogeneity between studies was very high (I2 = 81%). The effect size on BP was not
significant because the difference between the experimental group and the control group
was not significant even in the primary studies and the variance between studies in the
primary studies was large. In previous research [52,54–56], BP was verified as a short-term
effect of forest therapy; even if there was an effect, the effect size was small, or there were
limitations because it was a significant result in a one-group pre-post design.
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BP is a parameter for the effectiveness of interventions, but it can be used only limitedly
to measure the immediate effects of interventions. In addition, BP is greatly affected by
medical conditions such as hypertension and endocrine diseases; it varies according to
the circadian rhythm and there are individual differences depending on food habits, such
as caffeine intake [57]. In other words, it is a measurement that is difficult to control for
confounding variables during the intervention period. In a previous systematic literature
review (a total of 28 studies) [58], six studies used BP as an outcome variable to examine
the effect of forest therapy, and only three studies indicated statistical significance. The
results in which the effect of blood pressure was not significant in this study are due to the
inconsistent results of the primary study. BP is an important outcome variable in the study
to examine the effects of forest therapy. However, researchers should be aware that there
are many factors to consider when measuring BP.

Although the effect of forest therapy showed significant results only for depressive
symptoms among psychological outcomes in this study, forest therapy is useful for health
promotion. Forest therapy is a low-risk and low-cost intervention that does not threaten
people’s health because it entails approaching nature as it is. It can be safely utilized by
vulnerable groups (e.g., patients, pregnant women) [59] and can be used as a complex inter-
vention because it can be combined with other interventions, such as walking, meditation,
and relaxation therapy [60]. According to the results of the systematic analysis of this study,
adverse events of forest therapy were not confirmed, but there is a possibility of adverse
effects being caused by environmental characteristics not suitable for certain individuals.
For example, insect bites, pollen triggering an allergic reaction, slipping on the road, etc.,
should be considered during forest therapy. Thus, it is necessary to consider the health
status and physical function of the participants.

As shown in this study, it is difficult to clearly explain how forest healing works on
depression reduction. The mechanism by which the forest environment affects health can
probably be explained by the interaction of forest environmental factors (e.g., phytoncide,
oxygen, and forest microclimate) and the five human senses. Based on the theories of
Ulrich et al. [8] and Kaplan [9], it is understood that the relaxed environment of nature, away
from daily life, brings about a reduction in stress and, consequently, a decrease in depression.

4.1. Clinical and Research Implications

Since we confirmed that forest therapy has a positive effect on depression, we would
like to emphasize the need for expanding forest therapy to reduce depression in adults.
The results of the systematic review in this study can be used as clinical considerations
or guidelines on the application of forest therapy. Specifically, natural rather than urban
forests are suitable for creating a healing environment, and physio-psychological indicators
are affected by circadian rhythms or hormones, so they should be measured based on
standard protocols. When forest therapy is applied to patients with diseases, it may be
necessary to accompany medical staff to prevent harmful events. To have the effect of
stress relief or relaxation through forest therapy, a flat or gently inclined path would be
suitable. In addition, to maximize the effect of forest therapy, foods or drinks that can cause
sympathetic nerve activation should be restricted. In addition, the season and climate in
which the participant will feel comfortable should be considered.

4.2. Limitations

This study has certain limitations. First, primary studies were extracted through a
systematic search; however, only a few studies were included in the meta-analysis. Because
there were few studies used in meta-analysis, subgroup analysis (e.g., gender, absence
of disease, number of sessions, program type) and publication bias analysis (e.g., funnel
plot) could not be performed to identify the cause of heterogeneity in primary studies.
Second, as the systematic literature search did not include all studies published in various
languages, it should be considered when interpreting the research results. In this study, the
definition of forest therapy was defined as including all activities in the forest. However,
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since the intensity of activities (e.g., walking) in the primary study was different, the effect
of exercise cannot be excluded.

5. Conclusions

In this study, forest therapy did not have a significant effect size in decreasing BP,
whereas it had a significant effect size in reducing depressive symptoms. Although there is
a limitation that the evidence for the result is low, it has research significance because it is
the result of a meta-analysis including only RCT studies. The findings of the qualitative
and quantitative synthesis of forest therapy performed in the study are expected to present
a new therapeutic strategy for depression reduction. Although there is a possibility that
the natural elements of the forest may have a harmful effect, if close attention is paid
considering the participants’ individual health characteristics, forest therapy will be a good
therapeutic program.
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Appendix A. Search Strategies of Each Database

PubMed

#1 “forests”[All Fields] OR “forestal”[All Fields] OR “forestation”[All Fields] OR
“forested”[All Fields] OR “forester”[All Fields] OR “foresters”[All Fields] OR “forests”[MeSH
Terms] OR “forests”[All Fields] OR “forest”[All Fields].

#2 “therapeutics”[MeSH Terms] OR “therapeutics”[All Fields] OR “therapies”[All
Fields] OR “therapy”[MeSH Subheading] OR “therapy”[All Fields] OR “therapy s”[All
Fields] OR “therapys”[All Fields].

#3 “bathes”[All Fields] OR “bathings”[All Fields] OR “baths”[MeSH Terms] OR
“baths”[All Fields] OR “bathe”[All Fields] OR “bathed”[All Fields] OR “bathing”[All
Fields].

#4 #2 or #3.
#5 #1 and #4.
#6 “forests”[All Fields] OR “forestal”[All Fields] OR “forestation”[All Fields] OR

“forested”[All Fields] OR “forester”[All Fields] OR “foresters”[All Fields] OR “forests”[MeSH
Terms] OR “forests”[All Fields] OR “forest”[All Fields].

#7 “shinrin-yoku”[All Fields].
#8 “natural”[All Fields] OR “naturally”[All Fields] OR “naturals”[All Fields] OR

“nature”[MeSH Terms] OR “nature”[All Fields] OR “nature s”[All Fields] OR “natures”[All
Fields].

#9 #6 or #7 or #8.

https://www.mdpi.com/article/10.3390/ijerph191710512/s1
https://www.mdpi.com/article/10.3390/ijerph191710512/s1
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#10 “bathes”[All Fields] OR “bathings”[All Fields] OR “baths”[MeSH Terms] OR
“baths”[All Fields] OR “bathe”[All Fields] OR “bathed”[All Fields] OR “bathing”[All
Fields].

#11 “healed”[All Fields] OR “wound healing”[MeSH Terms] OR (“wound”[All Fields]
AND “healing”[All Fields]) OR “wound healing”[All Fields] OR “healing”[All Fields] OR
“healings”[All Fields] OR “heals”[All Fields].

#12 “interventions”[All Fields] OR “interventions”[All Fields] OR “interventive”[All
Fields] OR “methods”[MeSH Terms] OR “methods”[All Fields] OR “intervention”[All
Fields] OR “interventional”[All Fields].

#13 “program”[All Fields] OR “program s”[All Fields] OR “programe”[All Fields] OR
“programed”[All Fields] OR “programes”[All Fields] OR “programing”[All Fields] OR “pro-
grammability”[All Fields] OR “programmable”[All Fields] OR “programmably”[All Fields]
OR “programme”[All Fields] OR “programmes”[All Fields] OR “programmed”[All Fields]
OR “programmer”[All Fields] OR “programmers”[All Fields] OR “programmers”[All
Fields] OR “programmes”[All Fields] OR “programming”[All Fields] OR “programmings”[All
Fields] OR “programs”[All Fields].

#14 #10 or #11 or #12 or #13.
#15 #9 and #14.
#16 #5 or #15.

Embase and CINAHL

#1 forests.
#2 therapy.
#3 baths.
#4 #2 or #3.
#5 #1 and #4.
#6 Forest.
#7 shinrin-yoku.
#8 nature.
#9 #6 or #7 or #8.
#10 bathing.
#11 healing.
#12 intervention.
#13 program.
#14 #10 or #11 or #12 or #13.
#15 #9 and #14.
#16 #5 or #15.

References
1. Li, X.; Xia, Y. Research on chronic disease prevention and control strategies at home and abroad. J. Public Health Prev. Med. 2021, 6,

117–121.
2. Song, C.; Ikei, H.; Tsunetsugu, Y.; Lee, J.; Kagawa, T.; Miyazaki, Y. Physiological and psychological impacts of walking stress in an

urban environment on young males. J. Geogr. Nat. Disasters 2013, 3, 1–5. [CrossRef]
3. Oh, B.; Lee, K.J.; Zaslawski, C.; Yeung, A.; Rosenthal, D.; Larkey, L.; Back, M. Health and well-being benefits of spending time in

forests: Systematic review. Environ. Health Prev. Med. 2017, 22, 71. [CrossRef]
4. Li, Q. (Ed.) What is Forest Medicine? In Forest Medicine; Nova Science Publisher: New York, NY, USA, 2013; pp. 3–10.
5. Kim, B.J.; Jeong, H.; Park, S.; Lee, S. Forest adjuvant anti-cancer therapy to enhance natural cytotoxicity in urban women with

breast cancer: A preliminary prospective interventional study. Eur. J. Integr. Med. 2015, 7, 474–478. [CrossRef]
6. Lee, I.; Choi, H.; Bang, K.; Kim, S.; Song, M.; Lee, B. Effects of forest therapy on depressive symptoms among adults: A systematic

review. Int. J. Environ. Res. Public Health 2017, 14, 321–339. [CrossRef]
7. Park, K.J.; Shin, C.S.; Kim, D. Interpretation of the forest therapy process and effect verification through keyword analysis of

literature on forest therapy. J. Korean Soc. For. Sci. 2021, 110, 82–90. (In Korean with English Abstract) [CrossRef]
8. Ulrich, R.S.; Simons, R.F.; Losito, B.D.; Fiorito, E.; Miles, M.A.; Zelson, M. Stress recovery during exposure to natural and urban

environments. J. Environ. Psychol. 1991, 11, 201–230. [CrossRef]
9. Kaplan, S. The restorative benefits of nature: Toward an integrative framework. J. Environ. Psychol. 1995, 15, 169–182. [CrossRef]

http://doi.org/10.4172/2167-0587.1000113
http://doi.org/10.1186/s12199-017-0677-9
http://doi.org/10.1016/j.eujim.2015.06.004
http://doi.org/10.3390/ijerph14030321
http://doi.org/10.14578/jkfs.(2021).110.1.82
http://doi.org/10.1016/S0272-4944(05)80184-7
http://doi.org/10.1016/0272-4944(95)90001-2


Int. J. Environ. Res. Public Health 2022, 19, 10512 20 of 21

10. Bang, K.-S.; Lee, I.-S.; Kim, S.-J.; Song, M.K.; Park, S.-E. The effects of urban forest-walking program on health promotion behavior,
physical health, depression, and quality of life: A randomized controlled trial of office-workers. J. Korean Acad. Nurs. 2016, 46,
140–148. [CrossRef]

11. Brown, D.K.; Barton, J.; Pretty, J.; Gladwell, V.F. Walks4Work: Assessing the role of the natural environment in a workplace
physical activity intervention. Scand. J. Work Environ. Health 2014, 40, 390–399. [CrossRef]

12. Niedermeier, M.; Grafetstätter, C.; Hartl, A.; Kopp, M. A randomized crossover trial on acute stress-related physiological
responses to mountain hiking. Int. J. Environ. Res. Public Health 2017, 14, 905. [CrossRef]

13. Wu, Q.; Ye, B.; Lv, X.; Mao, G.; Wang, S.; Chen, Z.; Wang, G. Adjunctive therapeutic effects of Cinnamomum camphora forest
environment on elderly patients with hypertension. Int. J. Gerontol. 2020, 14, 327–331. [CrossRef]

14. Mao, G.-X.; Cao, Y.-B.; Lan, X.-G.; He, Z.-H.; Chen, Z.-M.; Wang, Y.-Z.; Hu, X.-L.; Lv, Y.-D.; Wang, G.-F.; Yan, J. Therapeutic effect
of forest bathing on human hypertension in the elderly. J. Cardiol. 2012, 60, 495–502. [CrossRef]

15. Jia, B.B.; Yang, Z.X.; Mao, G.X.; Lyu, Y.D.; Wen, X.L.; Xu, W.H.; Lyu, X.L.; Cao, Y.B.; Wang, G.F. Health effect of forest bathing trip
on elderly patients with chronic obstructive pulmonary disease. Biomed. Environ. Sci. 2016, 29, 212–218. [CrossRef]

16. Kang, B.; Kim, T.; Kim, M.J.; Lee, K.H.; Choi, S.; Lee, D.H.; Kim, H.R.; Jun, B.; Park, S.Y.; Lee, S.J.; et al. Relief of chronic posterior
neck pain depending on the type of forest therapy: Comparison of the therapeutic effect of forest bathing alone versus forest
bathing with exercise. Ann. Rehabil. Med. 2015, 39, 957. [CrossRef]

17. Janik, H.; Kraft, K.; Trabandt, A. Efficacy of healing forest therapy for patients with chronic obstructive pulmonary disease
(COPD). Eur. J. Integr. Med. 2021, 48, 23. [CrossRef]

18. Lee, J.-Y.; Lee, D.-C. Cardiac and pulmonary benefits of forest walking versus city walking in elderly women: A randomised,
controlled, open-label trial. Eur. J. Integr. Med. 2014, 6, 5–11. [CrossRef]

19. Shin, W.S.; Shin, C.S.; Yeoun, P.S. The influence of forest therapy camp on depression in alcoholics. Environ. Health Prev. Med.
2012, 17, 73–76. [CrossRef]

20. Song, C.; Ikei, H.; Kagawa, T.; Miyazaki, Y. Effects of walking in a forest on young women. Int. J. Environ. Res. Public Health 2019,
16, 229. [CrossRef]

21. Chun, M.H.; Chang, M.C.; Lee, S.-J. The effects of forest therapy on depression and anxiety in patients with chronic stroke. Int. J.
Neurosci. 2016, 127, 199–203. [CrossRef]

22. Huber, D.; Grafetstätter, C.; Prossegger, J.; Pichler, C.; Wöll, E.; Fischer, M.; Dürl, M.; Geiersperger, K.; Höcketstaller, M.; Frischhut,
S.; et al. Green exercise and mg-Ca-SO4 thermal balneotherapy for the treatment of non-specific chronic low back pain: A
randomized controlled clinical trial. BMC Musculoskelet. Disord. 2019, 20, 221. [CrossRef]

23. Mao, G.X.; Lan, X.G.; Cao, Y.B.; Chen, Z.M.; He, Z.H.; Lv, Y.D.; Wang, Y.Z.; Hu, X.L.; Wang, G.F.; Yan, J. Effects of short-term
forest bathing on human health in a broad-leaved evergreen forest in Zhejiang Province, China. Biomed. Environ. Sci. 2012, 25,
317–324. [CrossRef]

24. Sonntag-Öström, E.; Nordin, M.; Lundell, Y.; Dolling, A.; Wiklund, U.; Karlsson, M.; Carlberg, B.; Järvholm, L.S. Restorative
effects of visits to urban and forest environments in patients with exhaustion disorder. Urban For. Urban Green. 2014, 13,
344–354. [CrossRef]

25. Shin, W.S.; Shin, C.S.; Yeoun, P.S.; Kim, J.J. The influence of interaction with forest on cognitive function. Scand. J. For. Res. 2011,
26, 595–598. [CrossRef]

26. Li, Q.; Morimoto, K.; Kobayashi, M.; Inagaki, H.; Katsumata, M.; Hirata, Y.; Hirata, K.; Suzuki, H.; Li, Y.; Wakayama, Y.; et al.
Visiting a forest, but not a city, increases human natural killer activity and expression of anti-cancer proteins. Int. J. Immunopathol.
Pharmacol. 2008, 21, 117–127. [CrossRef]

27. Roviello, V.; Gilhen-Baker, M.; Vicidomini, C.; Roviello, G.N. Forest-bathing and physical activity as weapons against COVID-19:
A review. Environ. Chem. Lett. 2022, 20, 131–140. [CrossRef]

28. Roviello, V.; Roviello, G.N. Less COVID-19 deaths in southern and insular Italy explained by forest bathing, mediterranean
environment, and antiviral plant volatile organic compounds. Environ. Chem. Lett. 2022, 20, 7–17. [CrossRef]

29. Satyawan, V.E.; Rusdiana, O.; Latifah, M. The role of forest therapy in promoting physical and mental health: A systematic review.
IOP Conf. Ser. Earth Environ. Sci. 2022, 959, 012029. [CrossRef]

30. Cheng, X.; Liu, J.; Liu, H.; Lu, S. A systematic review of evidence of additional health benefits from forest exposure. Landsc. Urban
Plan. 2021, 212, 104123. [CrossRef]

31. Chae, Y.R.; Lee, S.H. Systematic review of forest therapy program for adult patients with diseases. J. Korean Biol. Nurs. Sci. 2020,
22, 157–171. [CrossRef]

32. Rosa, C.D.; Larson, L.R.; Collado, S.; Profice, C.C. Forest therapy can prevent and treat depression: Evidence from meta-analyses.
Urban For. Urban Green. 2021, 57, 126943. [CrossRef]

33. Higgins, J.P.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V.A. (Eds.) Cochrane Handbook for Systematic Reviews
of Interventions; Wiley: Chichester, UK, 2019; pp. 177–198.

34. DeWitt, E.M.; Stucky, B.D.; Thissen, D.; Irwin, D.E.; Langer, M.; Varni, J.W.; Lai, J.S.; Yeatts, K.B.; DeWalt, D. Grade guidelines: A
new series of articles in the journal of clinical epidemiology. J. Clin. Epidemiol. 2011, 64, 380–382. [CrossRef]

35. Valentine, J.C.; Pigott, T.D.; Rothstein, H.R. How many studies do you need? A primer on statistical power for meta-analysis. J.
Educ. Behav. Stat. 2010, 35, 215–247. [CrossRef]

http://doi.org/10.4040/jkan.2016.46.1.140
http://doi.org/10.5271/sjweh.3421
http://doi.org/10.3390/ijerph14080905
http://doi.org/10.6890/IJGE.202011_14(4).0014
http://doi.org/10.1016/j.jjcc.2012.08.003
http://doi.org/10.3967/bes2016.026
http://doi.org/10.5535/arm.2015.39.6.957
http://doi.org/10.1016/j.eujim.2021.101944
http://doi.org/10.1016/j.eujim.2013.10.006
http://doi.org/10.1007/s12199-011-0215-0
http://doi.org/10.3390/ijerph16020229
http://doi.org/10.3109/00207454.2016.1170015
http://doi.org/10.1186/s12891-019-2582-4
http://doi.org/10.3967/0895-3988.2012.03.010
http://doi.org/10.1016/j.ufug.2013.12.007
http://doi.org/10.1080/02827581.2011.585996
http://doi.org/10.1177/039463200802100113
http://doi.org/10.1007/s10311-021-01321-9
http://doi.org/10.1007/s10311-021-01309-5
http://doi.org/10.1088/1755-1315/959/1/012027
http://doi.org/10.1016/j.landurbplan.2021.104123
http://doi.org/10.7586/jkbns.2020.22.3.157
http://doi.org/10.1016/j.ufug.2020.126943
http://doi.org/10.1016/j.jclinepi.2010.09.011
http://doi.org/10.3102/1076998609346961


Int. J. Environ. Res. Public Health 2022, 19, 10512 21 of 21

36. Calogiuri, G.; Evensen, K.; Weydahl, A.; Andersson, K.; Patil, G.; Ihlebæk, C.; Raanaas, R.K. Green exercise as a workplace
intervention to reduce job stress. Results from a pilot study. Work 2015, 53, 99–111. [CrossRef] [PubMed]

37. Grazuleviciene, R.; Vencloviene, J.; Kubilius, R.; Grizas, V.; Danileviciute, A.; Dėdelė, A.; Andrusaityte, S.; Vitkauskiene, A.;
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