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Abstract

:

This systematic review and meta-analysis aimed to summarize the effects of forest therapy on depression and anxiety using data obtained from randomized controlled trials (RCTs) and quasi-experimental studies. We searched SCOPUS, PubMed, MEDLINE(EBSCO), Web of science, Embase, Korean Studies Information Service System, Research Information Sharing Service, and DBpia to identify relevant studies published from January 1990 to December 2020 and identified 20 relevant studies for the synthesis. The methodological quality of eligible primary studies was assessed by ROB 2.0 and ROBINS-I. Most primary studies were conducted in the Republic of Korea except for one study in Poland. Overall, forest therapy significantly improved depression (Hedges’s g = 1.133; 95% confidence interval (CI): −1.491 to −0.775) and anxiety (Hedges’s g = 1.715; 95% CI: −2.519 to −0.912). The quality assessment resulted in five RCTs that raised potential concerns in three and high risk in two. Fifteen quasi-experimental studies raised high for nine quasi-experimental studies and moderate for six studies. In conclusion, forest therapy is preventive management and non-pharmacologic treatment to improve depression and anxiety. However, the included studies lacked methodological rigor and required more comprehensive geographic application. Future research needs to determine optimal forest characteristics and systematic activities that can maximize the improvement of depression and anxiety.
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1. Introduction


Depression and anxiety are considered prevalent mental health problems worldwide. According to the World Health Organization [1], it is estimated that 4.4% of the world’s population suffers from depression, and 3.6% suffer from anxiety disorders. Namely, depression affects about 300 million people, and anxiety affects about 264 million people worldwide.



Recently, widespread psychological consequences of the coronavirus pandemic have been observed at individual, community, national, and international levels [2]. At a personal level, people are more likely to feel sick, dead, or helpless from the coronavirus infection and experience fear from lockdown-induced quarantine. As a result, mental health problems such as depression and anxiety are becoming more serious. For example, Salari et al. [3] performed a meta-analysis on the effects of COVID-19 on the spread of stress, anxiety, and depression. As a result, in five studies with a total sample size of 9074, the stress prevalence was 29.6% (95% CI: 24.3–35.4), in 17 studies with a sample size of 63,439, the anxiety prevalence was 31.9% (95% CI: 27.5–36.7), and in 14 studies with a sample size of 44,531, depression was 33.7% (95% CI: 27.5–4%.6%). In particular, common symptoms of depression can adversely affect health conditions due to sad moods, anxiety, insomnia, loss of vitality, and lack of interest in life [4]. In the worst case can lead to suicide.



Moreover, depression and anxiety are very closely related, and the coexistence rate diagnosed simultaneously is high. It has been reported that approximately 85% of patients with depression experience significant anxiety symptoms, while comorbid depression occurs in up to 90% of patients with anxiety disorder [5]. The coexistence of the two diseases increases the risk of suicide, so treatment of depression and anxiety and preventive management is crucial for public health.



Common treatments for depression and anxiety are pharmacotherapies, such as antidepressants and anti-anxiety drugs. They have advantages such as treatment accessibility and have been proven to improve depression and anxiety symptoms, but there are several disadvantages [6]. For example, the use of antidepressants can have secondary effects such as hypotension and constipation [7], decreased sexual function [8], gastrointestinal symptoms, weight gain, and metabolic abnormalities [9]. Additionally, the anti-anxiety drug can come with side effects such as insomnia, diarrhea, headaches, nausea, jitteriness, or restlessness [10,11]. In addition, pharmacological treatment has potential adverse effects such as the risk of dependence [12,13] and withdrawal symptoms [14,15]. Considering these disadvantages, non-pharmacological treatment can be performed. There is an abundance of evidence on the effectiveness of non-pharmacological intervention for depression and anxiety. The intervention included components of mindfulness-based therapy [16,17], cognitive behavioral therapy (CBT) [18,19], exercise [20,21], and yoga [22,23].



One of these non-pharmacological interventions is direct contact with nature. Human health benefits from exposure to forests vary and include recovery ability such as stress reduction and mental health improvement [24,25]. Forest therapy, also known as “forest bathing,” is a collection of activities to improve human health or welfare in a forest environment. There is quite a variety of methods applied to forest therapy. The critical element of forest therapy is recognition in the forest environment, including the five senses, which can be combined with meditation, forest walking, various recreational activities, and cognitive behavioral therapy [26].



In recent years, forest therapy and its estimated preventive effect are attracting more and more attention. Many previous studies have reported the positive effects of forest therapy on physiological and psychological health. For example, in terms of the physiological effects of forest therapy, previous studies have shown that forest therapy improves immune function by enhancing the activity of NK cells [27], lowering the concentration of cortisol which is a stress hormone [28,29], and balance the autonomic nervous system [30,31,32].



In terms of the psychological effect of forest therapy, it has been reported that forest therapy reduces psychological stress or mental fatigue and induces positive emotions. For example, Morita et al. [33] reported that staying and walking in the forest reduces hostility and depression, and further studies have shown that participants’ anxiety decreased. Furthermore, the amount of sleep improved after walking in the forest [34]. A study by Dolling et al. [35] of middle-aged people reported that both the group that conducted activities in the forest environment and the group that conducted indoor handicraft activities reduced fatigue and stress, and the self-health check-up score increased. Bielinis et al. [36] investigated the psychological effects of the forest environment by dividing the forest environment exposure group and the urban environment exposure group in winter for 62 college students. The results of the study showed that the interaction with the forest in winter had a significantly positive effect on the participants’ emotional and psychological recovery and vitality.



In addition, many studies have shown that natural environments such as forests positively affect mood states [37,38,39]. For example, Pretty et al. [37] reported that the participants’ mood and self-esteem improved considerably after the forest exercise. Joung et al. [38] investigated physiological and psychological reactions using near-infrared spectroscopy. The study results showed a more stable brain condition when viewing the forest landscape than the urban landscape, and negative sub-factors such as anger and fatigue were low, while vitality was high. A study by Song et al. [39] investigated female college students’ physiological and psychological effects while looking at the forest landscape while comparing exposure to the urban context and its impact. The results reported that looking at the forest landscape significantly reduces participants’ negative emotions and anxiety and increases positive emotions compared to exposure to the urban environment. Triguero-Mas et al. [40] also reported that when compared with responses to the urban environment, they found lower mood disturbance, salivary cortisol in the green exposure environment, and favorable changes in heart rate variability indicators in the blue exposure environment. As such, many previous studies have revealed the potential of forest therapy to improve depression and anxiety.



However, although many previous studies have reported that forest-based activities are practical for physiological and physiological health, studies exploring the direct link between forest therapy and depression and anxiety are insufficient. In the previous three systematic literature reviews, it was reported that forest therapy was an effective intervention in improving depression and anxiety. However, because meta-analysis was not conducted, the effect size of forest therapy on depression and anxiety could not be analyzed [41,42,43]. In addition, Kotera et al. [44] systematically reviewed and meta-analyzed 20 studies. As a result, only six studies related to depression and five studies related to anxiety were RCT study designs. Since meta-analysis was performed on a small sample size, the effect size was likely overestimated or underestimated. Therefore, this review aims to systematically prepare evidence-based data by integrating forest therapy’s contents and effects based on previous studies related to depression and anxiety.




2. Materials and Methods


2.1. Literature Search


This systematic review was conducted following the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines [45] (Appendix B). We searched Scopus, PubMed, MEDLINE(EBSCO), Web of science, Embase, Korean Studies Information Service System, Research Information Sharing Service, and DBpia to identify relevant studies published from January 1990 to December 2020. The time frame was chosen because when we reviewed previous review papers [24,46,47,48] on the effects of forests on health, no literature was derived before 1990. So, we narrowed it from 1990 to 2020 in the search period. All search terms are listed in Appendix A, Table A1. The language of the published article was limited to English and Korean. Our review’s flow chart is shown in Figure 1.




2.2. Inclusion and Exclusion Criteria


This study is a systematic review and meta-analysis study to confirm the effect of forest therapy on anxiety and depression. The PICO-SD (Population, Intervention, Comparisons, Outcomes, Setting, Study design) framework was used to clarify the objectives of the review and facilitate the search strategy (Table 1). The main research questions of this review were the following: (1) how effective is forest therapy in improving depressive symptoms and anxiety? And (2) what quantity and quality of evidence is reported?



To be eligible for further analysis, primary studies need to (1) report an empirical intervention study, using pre-and post-intervention measures, (2) use mental health measures for depression or anxiety, (3) studies including at least one control group, and (4) been published either in English or Korean. Exclusion criteria were (1) review articles, (2) studies not including humans, (3) no interventions, (4) were case studies or qualitative studies, (5) no direct exposure in the forest environments, and (6) no results presented.




2.3. Data Extraction


Five authors (J.G.; M.S.; K.M.H.; G.M.M.; G.Y.) independently first screened the titles and abstracts of articles identified by the search strategy and then retrieved and screened the full-texts of these articles. After the full-text screening, the eight authors (J.G.; J.Y.; M.S.; K.M.H.; G.M.M.; G.Y.; S.H.; M.J.) extracted data from all studies that met our eligibility criteria. Data were extracted on author name and publication year, study design, participants characteristics, sample size, age of participants, intervention description and characteristics (i.e., type, duration, time, and frequency), control description, and effects on outcomes (Table 2). Any disagreements during screening or data extraction were resolved by another author (P.S.).




2.4. Risk-of-Bias (ROB) Assessment


Two authors (J.G. and J.Y.) independently assessed the ROB of RCTs, quasi-experimental studies using the revised Cochrane ROB tool for RCTs (ROB 2.0) [50], ROB in non-randomized studies of interventions (ROBINS-I) [51], respectively. Disagreements were discussed until a consensus was reached. The three ROB assessment tools used were composed of several categories: ROB 2.0 consists of five potential bias categories that are assessed as low ROB, some concerns, or high ROB utilizing a series of signaling questions. The categories are the randomization process, deviations from intended interventions, missing outcome data, measurement of the outcome, and selection of the reported results. ROBINS-I comprises seven bias categories: baseline confounding, selection of participants, classification of interventions, deviation from intended interventions, missing data, measurement of outcomes, and selection of reported results; each is evaluated as low, moderate, serious, or critical ROB or no information. Assessment of each category mentioned above provided the basis for an overall ROB judgment for the included studies.




2.5. Meta-Analyses


All statistical analyses were performed using the Comprehensive Meta-Analysis 3.3 (Biostat, Englewood, NJ, USA). As for the effect size, standardized mean difference (SMD) was selected as the analysis method to compare outcome variables with different measurement tools or measurement units, and Cohen’s d tends to overestimate the effect size when the sample is small, so Hedges’s g to correct it was calculated as the effect size. The magnitude of the effect size was defined as small (0.2 to under 0.5), medium (0.5 to 0.8), or large (above 0.8) [52]. Cochrane’s chi-square test was performed to verify the heterogeneity of the integrated effect size, and the I-square value was calculated with a significance level of less than 5%. The magnitude of heterogeneity was interpreted as follows: low (I2 = 0 to 24%), moderate (I2 = 25 to 49%), large (I2 = 50 to 74%), or extreme (I2 = 75 to 100%) heterogeneity [53].



This study confirmed heterogeneity between analysis studies, and a random-effects model was applied. The statistical meaning of effect size (d) was determined by the total effect test and 95% confidence interval (CI) and was based on the significance level of 5%. Subject characteristics, activity types, intervention time, and intervention frequency, which are parameters that can cause heterogeneity between individual studies, were set as modulating variables. In the meta-analysis, heterogeneity was confirmed and adjusted using the CMA 3.3 program, meta-ANOVA was performed in categorical cases according to the attributes of the adjustment variable, and meta-regression was applied to analyze the moderating effect.



Publication bias was assessed using funnel plots and Egger’s regression asymmetry test, used only when at least ten studies were included in a meta-analysis [53]. We considered p < 0.05 in asymmetrical funnel plots to indicate potential publication bias.





3. Results


3.1. Search Results


Figure 2 summarizes the selection process for the 20 studies in this review. After initially identifying 164,587 records (Scopus, n = 20,711; PubMed, n= 5777; MEDLINE, n = 352; Web of science, n= 14,138; Embase, n= 853; RISS, n= 5277; DBpia, n = 117,479). The full text of 13,698 potential studies was then screened and extracted for further details. We removed 4379 duplicates and then reviewed titles and abstracts of 9319 studies. We excluded 9299 publications for the following reasons: (1) 9211 records not based on forest therapy-related intervention evaluating depression or anxiety outcomes, (2) 62 records not RCTs study design or quasi-experiments, such as cross-over design, one group pretest-posttest design, and qualitative studies, (3) 14 records were indirectly exposed in the forest, such as Virtual reality (VR) and 2D-image, and (4) 12 records did not provide results data.



We finally included five RCTs [54,55,56,57,58] and 15 quasi-experiments [59,60,61,62,63,64,65,66,67,68,69,70,71,72,73] in the qualitative analysis and meta-analysis.




3.2. Characteristics of Selected Studies


Table 2 summarizes the characteristics of the 20 selected studies conducted in the Republic of Korea except one conducted in Poland [54]. In the publication year, three studies (15.0%) were published from 2011, eight studies (40.0%) from 2012 to 2015, and nine studies (45.0%) from 2016 to 2019. Regarding the study design, five studies used a randomized controlled trial (RCT) design, and 15 studies used a quasi-experiment design. Participants were characterized by nine studies (45.0%) of healthy people, including college students, office workers, middle-aged women, and the elderly, followed by four studies (20.0%) of chronic diseases such as cancer, cerebral infarction, and mild cognitive impairment, as well as infants and adolescents. Moreover, there are three studies (15.0%) on patients with mental illness. The sample size ranged from 20 [61] to 240 [71], and in almost all the studies, the sample size was from 51 to 100.



3.2.1. Format and Content of Forest Therapy


Table 2 summarized the 20 selected studies, shown in the participant’s characteristics, intervention description and characteristics (i.e., type, duration, time, and frequency), and effects on outcomes. The 20 studies varied in terms of the format and content of the forest therapy. The length of duration that the intervention varied from one day to 7 months. Among them, six studies provided one-time intervention, one was one-day intervention [54], three-day intervention [65], one-day two-night intervention [62], two-day three-night intervention [71], three-day four-night intervention [57], and nine-day intervention [58], respectively. In the other 14 studies, the duration of intervention ranged from 2 weeks to 7 months. As for the frequency of intervention, eight studies were the most common once a week, followed by two times a week and three times a week, and one study did not report the frequency of the intervention [69]. The intervention time was 40 min to 120 min, which is the nine studies provided within 2 h and one study conducted to 3 h and 5 h, respectively. Three studies did not report duration details of the intervention [64,69,72].



Regarding the content of forest therapy, walking in the forest was the key component of forest therapy. Other therapeutic activities included in forest therapy were forest viewing, meditation, mindfulness-based cognitive behavior therapy, bodily stimulation exercise, and recreation (e.g., bingo game in the forest, treasure hunt in the forest, touching a natural object). On the other hand, the most common type of control intervention was “normal daily routines (12 out of 20 studies)”. Otherwise, a general program was performed, or the same activities were performed in other places such as cities and indoors rather than forests.




3.2.2. Depression or Anxiety Measures


As for the measurement used as self-reported for depressive symptoms, Beck Depression Inventory (BDI), which is widely used in adults, was the most used with eight studies [56,57,58,60,62,64,70,73]. Next, three studies [54,64,65] used Profile of Mood States, and two studies used Hamilton Rating Scale for Depression (HRDS) [57,70], Children’s Depression Inventory (CDI) [59,71], and Geriatric Depression Scale Short Form (GDSSF) [55,68], respectively. Other scales used to measure depression were the Montgomery-Asberg Depression Rating Scale (MADRS) [70], Hospital Anxiety and Depression Scale (HADS) [65], Center for Epidemiologic Studies Depression Scale (CES-D) [72], Korean Depression Scale (KDS) [63], Zung Self-Rating Depression Scale (ZSDS) [66], and Stress Response Inventory (SRI) [61].



The most used self-reported measurements for anxiety were the State-Trait Anxiety Inventory (STAI) [57,67,73] and Profile of Mood States (POMS) with three studies, respectively. In addition, the Hospital Anxiety and Depression Scale (HADS) and Korean Preschool Daily Stress Scale (KPDSS) [69] were used. Detailed information on the measurement tools included in these studies is summarized in Table 2.
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Table 2. Characteristics of the 20 included studies.






Table 2. Characteristics of the 20 included studies.





	Author (Year)
	Country
	Study Design
	Participants
	Sample Size

(Intervention/Control)
	Intervention
	Control
	Duration (Time/Frequency)
	Outcome





	Bielinis et al.

(2019) [54]
	Poland
	RCT

(2 group)
	Grauduate students—nonforestry course

(20.97 ± 0.65 y)
	32 (16/16)
	Forest recreation—relaxation: standing and viewing
	Urban street environment at the urban point
	1 day

(15 min/NA)
	POMS:

T-A *#↓

D *#



	Jun et al.

(2019) [55]
	Republic of Korea
	RCT

(2 group)
	Mild cognitive impairments

(65~100 y)
	57 (28/29)
	Forest therapy program—getting closer to the forest: making a natural objects, observing the habitats of animal, etc.,
	Daily routine activities
	8 sessions

(120 min/Once a week)
	GDSSF *#↓



	Bang et al.

(2016) [56]
	Republic of Korea
	RCT

(2 group)
	University staffs

(42.22 ± 11.44/37.37 ± 9.32 y)
	45 (18/27)
	Walking in the urban forest during lunch time
	Daily routine activities
	10 sessions

(40 min/Twice a week)
	BDI: N/A



	Chun et al.

(2016) [57]
	Republic of Korea
	RCT

(2 group)
	Chronic alcoholics

(45.26 ± 3.89 y)
	92 (47/45)
	(1) Forest therapy program—forest walking, experiencing the forest through all five senses, meditation, etc.,

(2) Staying at a recreational forest site
	Staying in an urban hotel
	3 Night 4 Days
	(1) STAI #↓

(2) BDI *↓

(3) HRSD *↓



	Shin et al.

(2012) [58]
	Republic of Korea
	RCT

(2 group)
	Chronic alcoholics

(45.26 ± 3.89 y)
	92 (47/45)
	Forest therapy camp −Interacting with nature/forest, challenge, self-introspection, etc.,
	Daily routine activities
	9 days
	BDI #↓



	Bang et al.

(2018) [59]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Elementary students

(11~13 y)
	52 (24/28)
	Health Promotion Program using urban forest—five senses experience in urban forest, forest walking/exercise, and playing with natural materials etc.,
	Routine programs (e.g., supplementary learning such as math or English, reading, art)
	10 sessions

(120 min/Once a week)
	CDI *#↓



	Bang et al.

(2017) [60]
	Republic of Korea
	Quasi-experimental design

(2 group)
	University students &

Graduate students

(24.3 ± 4.19 y)
	99 (51/48)
	Campus forest-walking program
	Daily routine activities
	6 sessions

(60 min/Once a week)
	BDI *#↓



	Choi et al.

(2016) [61]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Middle aged woman

(53.9 ± 2.69/55.5 ± 1.84 y)
	20 (11/9)
	Forest walking
	Treadmill walking
	36 sessions

(80 min/Three times a week)
	SRI:

Depression #↓



	Han et al.

(2016) [62]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Full-time employees

(41.6 ± 6.5/37.5 ± 8.4 y)
	61 (33/28)
	Forest therapy program− forest walking, music therapy, stimaltion bodily exercise, mindfulness-based meditation, herbal tea time, etc.,
	Weekend routines except visiting

natural environments
	One night two days
	BDI #↓



	Oh (2016)

[63]
	Republic of Korea
	Quasi-experimental design

(3 group)
	Middle aged woman

(40~56 y)
	60 (20/20/20)
	(1) Forest therapy program—exercise, relaxation, diet, etc.,

(2) Urban forest therapy
	Daily routine activities
	4 sessions

(300 min/Once a week)
	KDS *#↓



	Kim, M et al. (2015) [64]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Psychiatric inpatients

(35~56 y)
	20 (10/10)
	Forest therapy program−handkerchief dyeing, decorating the frame with natural object, group work, etc.,
	Daily routine activities
	10 sessions

(NA/5 times a week)
	(1) POMS:

T-A: N/A

D: N/A

(2) BDI: N/A



	Kim, Y et al. (2015) [65]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Cancer patients

(30~79 y)
	53 (37/26)
	Forest therapy program−wildflow exploration, playing in the forest, mindfulness, flower tea therapy, sharing feelings, etc.,
	Daily routine activities
	3 days

(120 min)
	(1) HADS #↓

Depresion #↓

Anxiety #↓

(2) POMS:

T #↓

D #↓



	Choi et al.

(2014) [66]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Cancer patients

(more than 50 y)
	53 (26/27)
	Forest therapy program−forest walking and abdominal breathing, touching wood, meditation, cooperativity activities, etc.,
	Daily routine activities
	8 sessions

(120 min/Once a week)
	ZSDS *#↓



	Kim and Lee (2014) [67]
	Republic of Korea
	Quasi-experimental design

(2 group)
	University students
	67 (35/32)
	Forest therapy program− greeting with objects in forest, meditation, forest walking, mandara made from rope, my look in forest, etc.,
	Daily routine activities
	8 sessions

(50 min/Twice a week)
	STAI #↓



	Lim et al.

(2014) [68]
	Republic of Korea
	Quasi-experimental design

(3 group)
	Elderly people

(50~99 y)
	64 (22/21/21)
	(1) Forest therapy program− being familiar with forest, activating sense of nature, feeling happyness in forest, etc.,

(2) Forest therapy in indoor
	Daily routine activities
	11 sessions

(90 min/Once a week)
	GDSSF *#↓



	Shin (2012)

[69]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Infants

(71~73 month)
	63 (25/38)
	Forest Kindergarten Education Programforest walking, nature observation activities, drawing and exploring in the forest, etc.,
	Basic curriculum
	7 months
	KPDSS:

Anxiety #↓



	Woo et al.

(2012) [70]
	Republic of Korea
	Quasi-experimental design

(4 group)
	Major depressive disorders

(43.39 ± 12.14/44.26 ± 13.49/48.40 ± 15.00/48.79 ± 9.63 y)
	81 (28/21/15/17)
	(1) Forest therapy program−Mindfulness-based cognitive behavior therapy, forest activities, meditation, promoting interpersonal relationships, etc.,

(2) Hospital program

(3) Forest bathing
	Conducted same activities in the indoor
	4 sessions

(180 min/Once a week)
	(1) HRSD #↓

(2) BDI: N/A

(3) MADRS #↓



	Cho et al.

(2011) [71]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Childrens

(8~12 y)
	240 (120/120)
	Forest experience camp—forest festival, forest walking, field day in the forest, forest mission impossible, and playing in the forest, etc.,
	Daily routine activities
	2 Night 3 Days
	CDI *↓



	Kim (2011)

[72]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Middle school students

(14~16 y)
	80 (40/40)
	Forest therapy program− create an ecological map, talking to nature, to bring out the sense of nature, etc.,
	General class
	10 sessions

(NA/Once a week)
	CES-D *↓



	Song (2009)

[73]
	Republic of Korea
	Quasi-experimental design

(2 group)
	Unmarried mothers

(10 s~30 s)
	75 (35/35)
	Forest therapy program− forest meditation, reviving the dull senses, prenatal care in the forest, etc.,
	Daily routine activities
	24 sessions

(120 min/Twice a week)
	(1) BDI *↓

(2) STAI *↓







Notes: RCT, Randomized controlled trial; BDI, Beck Depression Inventory; POMS, Profile of Mood States; T–A; tension-anxiety; D, depression; HRDS, Hamilton Rating Scale for Depression; CDI, Children’s Depression Inventory; GDSSF, Geriatric Depression Scale Short Form; MADRS, Montgomery-Asberg Depression Rating Scale; HADS, Hospital Anxiety and Depression Scale; CES-D, Center for Epidemiologic Studies Depression Scale; KDS, Korean Depression Scale; ZSDS, Zung Self-Rating Depression Scale; SRI, Stress Response Inventory; STAI, State-Trait Anxiety Inventory; HADS, Hospital Anxiety and Depression Scale; KPDSS, Korean Preschool Daily Stress Scale; y, years old; * Significant inra-group differences; # Significant inter-group differences; “↓”, indicators decline; N/A, no report. Underlined studies were written in Korean.













3.3. Quality Assessment


Appendix A, Table A2 shows the ROB assessments for the 20 included studies. Of the 20 studies included, five studies were RCTs, so ROB 2.0 tools were used, and 15 studies were conducted for risk of bias using ROBINS-I tools, a non-randomized controlled experimental evaluation tool. The overall quality of five RCTs raised potential concerns in three [54,55,57] and high in two [56,58]. The risk of bias in the randomization process was high risk in two [56,58], some concerns in two [55,57], and low risk in one [54]. Although all RCTs were rated as low ROB for Deviation from intended interventions, missing outcome data, and selection of the reported results, all RCTs raised some concerns about the measure of the outcome data.



We assessed overall ROBs as high for nine quasi-experimental studies [63,65,66,67,68,69,71,72,73] and moderate for six studies [61,62,63,64,70] due to the blinding of outcome assessors and potential sources of knowledge of the intervention received in bias arising from the measurement of outcomes. However, by item, it was judged that the risk of bias was all low ROB for baseline confounding, selection of participants, classification of intervention, deviation from intended interventions, missing data, and selection of reported results.




3.4. Effects of Forest Therapy on Depression


Forest plots in Figure 3 display results of the meta-analyses for the effects of forest therapy on depression. Of the 20 studies analyzed in this review, 18 studies confirmed depression as a dependent variable. In 18 studies, the effect size for 23 result values was calculated, and the studies were heterogeneous (I2 = 89.35%). Therefore, the effect size was calculated with a random effect model. The overall effect size was 1.133 (95% CI: −1.491 to −0.775, p < 0.0001), indicating a high effect size.




3.5. Effects of Forest Therapy on Anxiety


Forest plots in Figure 4 display results of the meta-analyses for the effects of forest therapy on anxiety. Of the 20 studies analyzed in this review, eight studies confirmed anxiety as a dependent variable. The effect size for nine result values was calculated in eight studies, and the studies were heterogeneous (I2 = 93.35%). Therefore, the effect size was calculated with a random effect model. The overall effect size was 1.715 (95% CI: −2.519 to −0.912, p < 0.0001), indicating a high effect size.




3.6. Verification of Heterogeneity of Effect Size: Analysis of Modulating Effect


3.6.1. Depression


To analyze the cause of heterogeneity in effect size, meta-ANOVA was conducted using the sub-groups of this review. Table 3 shows subgroup analyses by participant characteristics, activity type (day and session types), activity contents, intervention time, and duration as modulating variables.



In subgroup analyses, the intervention time was significant modulating variables of effect size. As a result of comparing the effect sizes by intervention time, 121 min or more (Hedges’s g = 2.035; 95% CI: −2.790 to −1.279) and 61 to 120 min (Hedges’s g = 0.862; 95% CI: −1.396 to −0.327) had a large effect size in the depression. However, 60 min or less (Hedges’s g = 0.356; 95% CI: −1.089 to 0.376) had a small effect size, which is no significant difference.



Compared with participant’s characteristics, mental disorder (Hedges’s g = 1.522; 95% CI: −2.190 to −0.854) was the highest, followed by healthy adults (Hedges’s g = 1.242; 95% CI: −1.783 to −0.701), patients with chronic diseases (Hedges’s g = 1.009; 95% CI: −1.974 to −0.043) had a large effect size in the depression. However, children and adolescents had a small effect size. However, there was no statistically significant difference.



By activity content, forest therapy programs (Hedges’s g = 1.291; 95% CI: −1.690 to −0.892, p < 0.001) had a larger effect size of improving depression than forest walking (Hedges’s g = 0.252; 95% CI: −1.249 to 0.745, p = 0.620) but showed no significant difference (Q = 3.595, df = 1, p = 0.058). In addition, there was no significant difference between subgroups in activity type and duration for effect size.




3.6.2. Anxiety


To analyze the cause of heterogeneity in effect size, meta-ANOVA was conducted using the sub-groups of this review. Table 4 shows subgroup analyses by participant characteristics, activity type (day and session types), intervention time, and duration as modulating variables.



In subgroup analyses, the activity type was the significant modulating variable of effect size. Day type (Hedges’s g = 2.711; 95% CI: −2.573 to −0.883) had a significantly larger effect size of improving anxiety than session type (Hedges’s g = 0.990; 95% CI: (−2.108 to 0.129).



By participant’s characteristics, the people with chronic disease (Hedges’s g = 3.236; 95% CI: −4.892 to −1.580) had a larger effect size of improving anxiety than healthy people (Hedges’s g = 1.442; 95% CI: −2.832 to −0.051) but showed no significant difference. In addition, there was no significant difference between subgroups in the intervention time and duration for effect size.





3.7. Publication Bias


The meta-analyses for the effect of forest therapy on the depression and anxiety domains showed visual evidence in asymmetric funnel plots (Appendix A, Figure A1) and significance on Egger’s regression asymmetry tests (t = 3.25, p = 0.004 for depression and t = 2.40, p = 0.047 for anxiety) (Appendix A, Table A3).



On the other hand, the impact of automatic missing data was analyzed when the asymmetric funnel plot was symmetrically changed using Trim-and-Fill proposed by Duval and Tweedie [74]. There was a publication bias in the overall effect size of this review. As a result, it was found that the effect size automatically corrected in consideration of the possibility of publication bias was significant as 1.342 (95% CI: −1.73 to −0.95) for depression and 2.476 (95% CI: −3.50 to −1.46) for anxiety. Therefore, it was confirmed that the overall effect size on depression and anxiety was not affected by publication bias.





4. Discussion


4.1. Summary of Findings


This review attempted to confirm the effect of forest therapy by systematically examining and meta-analyzing the effects of forest therapy on depression and anxiety over the past 30 years. Our findings have shown that forest therapy has large effect sizes, not just significant effect evidence on depression and anxiety. These results are consistent with the previous results on psychological effects, including depression and anxiety [44,75,76]. For example, a meta-analysis of the effect of improving depression of forest therapy in 13 studies by Rosa et al. [75] showed that forest therapy is a more effective short-term intervention for adult depression prevention and treatment with an average effect size of 1.18 (95% CI: 0.86 to 1.50), p < 0.0001). Compared with no intervention/treatment, this study reported that participants in the forest healing group were 17 times more likely to achieve depression relief (Risk Ratio = 17.02, 95 % CI [3.40, 85.21], p = 0.0006), and 3 times more likely to decrease by 50% for depressive symptoms (Risk Ratio = 3.18, 95 % CI [1.94, 5.21], p < 0.00001). In addition, Kotera et al. [44] showed an effect size of −2.54 MD (95% CI: 3.56–1.52) for depressive symptoms in six RCT studies and a large effect size of −8.81 MD (95% CI: −21.91–3.57) for anxiety symptoms in five RCT studies.



The results of this review were analyzed in subgroups based on participant characteristics, activity type, intervention time, duration, and intervention content due to extreme heterogeneity between included studies. As a result, we found significant differences between participant characteristics and activity type in the sub-group.



In terms of participant characteristics, the effect size of people with mental health conditions (Hedges’s g = 1.522) was the largest, followed by healthy adults (Hedges’s g = 1.242), and chronic disease patients (Hedges’s g = 1.009), showing large effect sizes for depression. However, children and adolescents (Hedges’s g = 0.136) had a small effect size. These findings suggest that forest environments can significantly lower depression in adults, especially people with a mental health condition, more than in children or adolescents. The findings are partly consistent with the results of previous studies dealing with the possibility of forest therapy to treat specific mental and physical conditions, such as depression [77], high-risk stress groups [35], hypertension treatment [78], and patients with severe exhaustion disorder [79]. In particular, Furuyashiki et al. [77] investigated forest therapy’s physiological and psychological effects on workers. They proved that forest therapy has a significantly positive effect on mental health compared to those who do not take part. Therefore, it will be necessary to actively use forest therapy to improve the psychological health of chronically ill or mentally ill patients.



In the case of activity type, we found that the effect of forest therapy on anxiety was statistically significantly higher in the day-type forest therapy than in the session-type forest therapy. In a meta-analysis study on the effectiveness of previous forest therapy programs, the effect size was more significant in the session-type activity type than in the day-type [80]. In addition, Christup [81] argued that the participants are more likely to change when intervening in the long term than in the short term. The results of this review were different from those of previous studies [80,81]. However, it is thought that the previous study [80] may differ from the results of this study as the effect size of meta-analysis that integrates depression and anxiety as well as other psychological functions, cognitive functions, social functions, and physiological functions. In addition, studies that directly compare the effects of short-term forest therapy, such as one night and two days and long-term forest therapy conducted more than once a week with 12 sessions a week, are insufficient. Therefore, it is thought that future research is needed on the difference in the effectiveness of each activity type on improving anxiety.



In addition, there was no significant difference when the subgroup analysis was conducted on the intervention contents. However, the forest therapy program showed a more significant effect than simply forest walking activities. The results of this study are partly consistent with the results of previous studies that show that forest therapy programs were more effective in psychological recovery than forest walking activities [82,83]. Thus, it may be more effective in improving depression and anxiety than walking in the forest.



In the case of intervention time, we found that the longer the intervention time, the greater the effect of forest therapy on depression and anxiety. In particular, the effect size for depression was largest when the intervention time was more than 120 min, followed by more than 61 min and less than 120 min and less than 60 min. The results of this study are partly consistent with the results of previous studies that when the intervention time is three hours, the effect size is larger than within an hour, 1 h to two hours, and 2 h [84]. According to the previous study, it was reported that organizing the intervention time within an hour has limitations in operating in-depth programs [85] and helps improve the effectiveness of activities by securing sufficient intervention time [86]. Therefore, this result shows that spending enough time in the forest is more effective in improving depression and anxiety.



The results of this study are supported by theories used as the basis for explaining natural recovery in environmental psychology. The most influential frameworks in explaining the effects include Kaplan’s [87,88] attention restoration theory (ART) and Ulrich’s [89] stress reduction theory (SRT). According to the attention restoration theory (ART) [87,88], exposure to nature such as forests can reduce mental fatigue or psychological stress and restore attention to a more positive emotional and psychological response. The brain’s capacity to focus on a specific stimulus or task is limited, resulting in ‘directed attention fatigue.’ ART proposes that exposure to natural environments encourages more effortless brain function, thereby recovering and replenishing its directed attention capacity. Several studies support this theory, showing that staying in natural environments positively affects recovery from directed attention fatigue [90,91]. The stress reduction theory (SRT) [89], another commonly used theory in environmental restorativeness, focuses on psychophysiological stress. The SRT suggests that the natural environment affects the emotional state by promoting stress recovery, evoking positive emotions, and blocking negative emotions through psychophysiological pathways [92,93]. It has been reported that the evidence found to date is that viewing or visiting the natural environment can reduce blood pressure and stress hormone levels and positively affect mood states [94,95]. In addition to theories, Hartig’s in press [96] relational restoration theory (RRT) and Collective restoration theory (CRT) are more recent approaches to restoration [97]. The theories are based on the argument that restoration does not occur in a social vacuum. RRT suggests that small groups of social resources can be reduced. These resources can be restored, for example, by spending time together in nature. Likewise, CRT suggests that depletion and restoration of social resources can be collective. For example, the summer vacation period for a specific population may be correlated with an increase in group welfare during leisure. Conversely, cold summer weather can constrain group recovery activities outdoors and negatively affect downstream groups such as by increasing stress. In addition to these two theories, vitality, the feeling of activation in a recovery environment such as a forest, is defined as “having physical and mental energy” and is related to many inactive positive emotions such as satisfaction and happiness [98,99]. Restoration refers to the process of renewing, restoring, or rebuilding reduced physical, psychological, and social resources or functions in continuous efforts to meet adaptation needs [100]. Therefore, the natural restoration environment itself as a forest may be essential in improving anxiety and depression.



In addition, five senses stimulation due to forest characteristics such as forest scenery, forest sound, scent, and various tactile elements may be a mechanism factor related to improving anxiety and depression. It has been proven in many studies that forest landscapes promote mental and physical relaxation and improve stress resilience [24,99]. For example, Song et al. [39] reported that viewing at the forest landscape significantly reduced depression, tension-anxiety, and anxiety rather than the city. As a follow-up study, Song et al. [101] showed that changes in depression after viewing the forest landscape showed a significant correlation with state anxiety. This correlation showed a greater difference in individuals with high anxiety.



Auditory stimulation by the forest, such as the sound of leaves shaking in the wind, singing birds, and the sound of flowing streams, can contribute to psychophysical relaxation and stress recovery [102,103,104]. For example, Zhang et al. [103] reported that the acoustic and visual comfort given in the green environment had a strong positive correlation with low depression and anxiety. In particular, acoustic comfort showed a more significant influence than visual comfort. In addition, Ochiai et al. [104] reported that as a result of a survey of the effects of forest sound on gambling addicts, forest sound significantly reduced depression and tension-anxiety rather than urban sound. Thus, it has been proven that visual and auditory stimuli in the forest can significantly improve emotional depression and anxiety.



As another critical factor, trees in the forest release biogenic volatile organic compounds (BVOCs) such as limonene, alpha-pinene, and beta-pinene, which affects not only human health in terms of anti-inflammatory, antioxidant, or neuroprotection activities [105,106,107], but also benefits psychological and cognitive processes [108]. For example, Lee et al. [109] investigated the effect of cypress-oriented inhalation on stress and depression in college students. As a result, participants who inhaled cypress orientation had significantly decreased depression than in the pre-test, while those who did not inhale orientation had increased depression compared to the pre-test. In addition, although it is a preclinical study of animal behavior models, BVOCs showed anti-anxiety [110,111] and antidepressant properties [112,113]. It has been proven that tactile stimulation caused by the contact of bark and plant leaves of trees can also relax and stimulate parasympathetic nerve activity more than touching other materials [114,115]. Overall, tactile stimulation caused by touching living forest plants can play a role in calming effects. However, the primary studies on forest-based intervention did not elaborate on the forest structure where the intervention was performed. In addition, it is unclear what kind of forests are most effective in improving depression and anxiety. Future research will require research on what forest structure (e.g., the intensity of thinning, biodiversity, tree density, tree species, etc.) can maximize mental health effects.



These findings also support the evidence that forest therapy, which is part of nature therapy, can be used as a non-pharmacological intervention to improve depression and anxiety. Mental health problems are becoming more and more severe as many people are excessively exposed to stress due to urbanized society [116,117]. For example, according to Sundquist et al. [118], both women and men reported that urban residents had a 20% higher risk of depression than rural residents. The higher risk of anxiety disorders was also about 21% [119]. In addition, McKenzie et al. [117] reported that urban environments are associated with higher prescription rates of antipsychotic drugs for anxiety, depression, and mental illness. However, some studies have reported no difference in the proportion of residents’ depression and anxiety symptoms between suburban and rural areas [120], but instead causes more mental problems in the countryside [121]. This shows that not only green space in the area where residents live but also variables related to demographic factors such as age, gender, ethnicity, and cultural factors affect mental health. Therefore, it is necessary to provide more insight at the international level through research that considers aspects of other cultural realities.



According to the World Health Organization [122], more than half of the world’s population lived in urban environments in 2014, increasing to 65% by 2030. Accordingly, medical costs are also incurred, so reducing medical costs at the preventive level is a socially important issue. According to Buckley et al. [123], the economic value of nature reserves is evaluated based on the mental health of visitors, accounting for about 8% (about 6 trillion dollars) of the world’s gross domestic product. Becker et al. [124] also estimated the association between the five vegetation ratios of forests, shrubs, grasslands, agriculture, and urban vegetation and medical insurance premiums for 3086 counties in the United States. As a result, the ratio of forests and shrubs was significant and negatively correlated with medical insurance expenditure. In other words, it was found that 1% of the land in a country covered with forests was associated with low health insurance spending of $4.32 per person per year. Thus, a wide range of applications of forest therapy can improve the country’s overall health and lead to significant savings and productivity benefits in terms of health care and welfare systems.



The psychological benefits of forests are significant. As a preventive dimension, the forest environment and the urban green space can play an essential role in promoting mental health [101]. This is because urban green spaces such as urban forests provide cost-effective, simple, and accessible methods to improve individual quality of life and health in urban areas. Therefore, it is vital to prepare a way for urban residents to improve and access their daily lives by utilizing the restorative environment of the forest. To do this, urban planners need to pay more attention to the maintenance and increase in accessible green spaces in urban areas.




4.2. Limitations


The limitations of this study are as follows. First, the magnitude of the overall heterogeneity among studies was considerable. Accordingly, although we used a random effect model to determine the effect size, the primary studies’ interpretation may be limited due to high heterogeneity. Furthermore, we included not only five RCTs but also 15 quasi-RCTs. NRCTs tend to have a higher risk of bias than RCTs due to confounding because participants’ allocation to intervention may be related to baseline variables affecting outcomes. So, it leads to methodological heterogeneity.



Second, most primary studies showed a moderate or high risk of bias. It was almost impossible to apply blind forest therapy interventions that did not provide interventions to participants, therapists, and assessors. In addition, questionnaires measuring depression and anxiety have been self-reported. Random errors caused by incorrect memories could reduce the size of the link between forest therapy and depression and anxiety. To reduce the random error, many studies will need an objective measure for assessing the level of depression or anxiety. This is because significant correlations between physiological findings such as EEG asymmetry [125,126], heart rate variability [127,128], and perceived levels of depression and anxiety have been reported. Therefore, future studies should require better-designed, controlled intervention studies and reliable physiological measures in addition to self-reported questionnaires to find the effects of forest therapy.



Third, the effects achieved by forest therapy were usually compared to control groups without any specific intervention, and controls merely followed their “daily routine” [55,56,58,63,64,65,66,67,68,71,73]. These studies investigated the effects of depression and anxiety of forest therapy intervention without explicitly explaining the contribution of the forest environment to the achieved effects. It is still unclear whether the same results were achieved compared to the same intervention in an environment outside the forest. This point shows that special attention is paid to the appropriate control group when selecting a study design to prove the effectiveness of forest therapy.



Fourth, primary studies were carried out in Korea except for one study [49]. Therefore, we should be careful when interpreting the results, and the need for broader geographic application is emphasized in forest therapy effects on depression and anxiety.



Fifth, in the process of systematic review, it is possible that unpublished studies or studies published in other languages were excluded because only studies published in Korean and English over the past 30 years were searched. Although we could not conduct literature searches in Japanese or Chinese databases conducting much research on forest therapy, we used four major international and two major Korean databases. It seems that our approach sufficiently identified many for this systematic review and meta-analysis.



Sixth, care should be taken in interpretation, as the effect size may be overestimated or underestimated by a meta-analysis of 20 primary studies. Therefore, based on this review, we believe that repeated studies on meta-analysis are necessary.



Seventh, the selected studies did not conduct follow-up evaluation. The absence of follow-up evaluation may impair the effectiveness of clinical studies [129], and this is because it is unclear whether the effect of forest therapy can continue. Therefore, future studies need follow-up evaluations to evaluate the long-term effects of improving depression and anxiety in forest therapy.



Eighth, we could not conduct a pre-register this study in the protocol registration. Future studies should need to register protocol before starting the meta-analysis, specifically before starting the data extraction. This registration will also ensure a clear documented research plan prior to commencing the systematic review. It will allow the researchers to understand the questions already registered or reported by other scientific investigators.



Despite these limitations, this study provided an understanding of the therapeutic benefits of forest therapy. Therefore, we believe that forest therapy should be actively used as preventive management and non-pharmacologic treatment for improving depression and anxiety. This is in line with the growing support for therapeutic activities in contact with nature as a non-pharmacologic intervention method for preventing and treating mental health problems.




4.3. Future Research


The directions for further development of this field are as follows. First, our findings emphasize the need for methodologically stricter RCTs to investigate the effects of forest therapy on depression and anxiety. Future research needs to improve the methodological quality of the studies while reducing the risk of bias in the study to increase evidence-based reliability. The most common concern in previous studies is the lack of blinding of participants, therapists, and evaluators who contribute to measurement results and interventions. In other words, many studies have not performed randomization and blinding. This means that the expectations of participants, therapists, and evaluators can affect the research results. If it is revealed that it is a group allocation, participants interested in forest therapy may become more vulnerable to the placebo effect. In addition, if blinding of researchers and therapists is not performed, this can also lead to placebo effects of participants. Therefore, future studies should thoroughly conduct randomization and blinding to conduct RCT studies.



Second, it is necessary to observe the continuous effects of forest therapy for a long time. After the intervention, the results of several follow-up measures (e.g., three months, six months, 12 months) should be evaluated. In addition, this includes various exposure times (e.g., 30 versus 60 versus 90 min), frequency of exposure (e.g., weekly versus every four weeks), that is, the optimal duration for forest therapy to perform the best effect.



Third, it is necessary to investigate whether a specific forest structure can have the best effect on improving depression and anxiety. For example, it will be essential to study the recovery effect according to the stand structure (e.g., forest type, tree density, distribution of canopy layer) and whether it is managed (natural forests vs. managed forests). In addition, seasonal changes in forests can have a significant impact on the recovery effect.



Fourth, it is necessary to research which activities and combinations of forest therapy programs effectively improve depression and anxiety. The activities applied to forest therapy programs are very diverse. Key elements are exposure to forest environments with all five senses (visual, smell, hearing, tactile, taste), which can be combined with various recreational activities and cognitive behavioral therapy as well as meditation, walking, and exercise. If it consists of customized activities to improve depression and anxiety, it will be possible to maximize the health benefits of forest therapy programs.



Fifth, researchers need to describe research methods and results in detail to derive more reliable meta-analysis results in future multidisciplinary studies, including environment and public health. Some studies cannot be included in the meta-analysis due to the unavailable results (e.g., missing outcomes, unrecorded exposure levels, research design methods).



Sixth, it is necessary to evaluate studies using tools suitable and validated for individual studies’ research design. Most individual studies’ quality evaluation is conducted in the case of meta-analysis studies published on the environment and public health. However, careful consideration of quality evaluation tools is required since the intervention effect can be inflated or reduced if the quality of individual studies is not correctly evaluated [130].





5. Conclusions


This systematic review and meta-analyses summarized the currently available evidence on the association between forest therapy and depression and anxiety. As a result, it demonstrated that forest therapy has a large effect on alleviating depression and anxiety. Therefore, it is necessary to actively apply forest therapy to improve depression and anxiety in the future.
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Table A1. Search terms used in each database.
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Database

	
Keyword

	
Records






	
Scopus

	
TITLE-ABS-KEY ((“forest*” OR “forest exposure” OR “forest bathing” OR “forest healing” OR “forest therapy” OR “shinrin-yoku” OR “urban forest*” OR “green space” OR “greenspace” OR “urban green*” OR “green exercise” OR “tree*” OR “garden*” OR “park” OR “parks” OR “landscape*” OR “horticulture*” OR “wood*” OR “natural environment*” OR “green infrastructure*” OR “greenness” OR “nature-based” OR “outdoor*” OR “recreation”) AND (“depress*” OR “depression” OR “depressive disorder” OR “anxiety*” OR “anxiety disorder” OR “Hamilton Rating Scales for Depression” OR “Hamilton Depression Rating Scale” OR “Beck Depression Inventory” OR “Hospital Anxiety and Depression Scale” OR “Montgomery-Asberg Depression Rating Scale” OR “Zung Self-Rating Depression Scale” OR “mental health”))

	
20,711




	
PubMED

	
(“forest*”[Title/Abstract] OR “forest exposure”[Title/Abstract] OR “forest bathing”[Title/Abstract] OR “forest healing”[Title/Abstract] OR “forest therapy”[Title/Abstract] OR “shinrin-yoku”[Title/Abstract] OR “urban forest*”[Title/Abstract] OR “green space”[Title/Abstract] OR “greenspace”[Title/Abstract] OR “urban green*”[Title/Abstract] OR “green exercise”[Title/Abstract] OR “tree*”[Title/Abstract] OR “garden*”[Title/Abstract] OR “park”[Title/Abstract] OR “parks”[Title/Abstract] OR “landscape*”[Title/Abstract] OR “horticulture*”[Title/Abstract] OR “wood*”[Title/Abstract] OR “natural environment*”[Title/Abstract] OR “green infrastructure*”[Title/Abstract] OR “greenness”[Title/Abstract] OR “nature-based”[Title/Abstract] OR “outdoor*”[Title/Abstract] OR “recreation”[Title/Abstract]) AND (“depress*”[Title/Abstract] OR “depression”[Title/Abstract] OR “depressive disorder”[Title/Abstract] OR “anxiety*”[Title/Abstract] OR “anxiety disorder”[Title/Abstract] OR “Hamilton Rating Scales for Depression”[Title/Abstract] OR “Hamilton Depression Rating Scale”[Title/Abstract] OR “Beck Depression Inventory”[Title/Abstract] OR “Hospital Anxiety[Title/Abstract] AND Depression Scale”[Title/Abstract] OR “Montgomery-Asberg Depression Rating Scale”[Title/Abstract] OR “Zung Self-Rating Depression Scale”[Title/Abstract] OR “mental health”[Title/Abstract])

	
5777




	
MEDLINE

	
TI ( “forest*” OR “forest exposure” OR “forest bathing” OR “forest healing” OR “forest therapy” OR “shinrin-yoku” OR “urban forest*” OR “green space” OR “greenspace” OR “urban green*” OR “green exercise” OR “tree*” OR “garden*” OR “park” OR “parks” OR “landscape*” OR “horticulture*” OR “wood*” OR “natural environment*” OR “green infrastructure*” OR “greenness” OR “nature-based” OR “outdoor*” OR “recreation” ) AND TI ( “depress*” OR “depression” OR “depressive disorder” OR “anxiety*” OR “anxiety disorder” OR “Hamilton Rating Scales for Depression” OR “Hamilton Depression Rating Scale” OR “Beck Depression Inventory” OR “Hospital Anxiety and Depression Scale” OR “Montgomery-Asberg Depression Rating Scale” OR “Zung Self-Rating Depression Scale” OR “mental health”)

	
352




	
Web of Science

	
(TS = (“forest*” OR “forest exposure” OR “forest bathing” OR “forest healing” OR “forest therapy” OR “shinrin-yoku” OR “urban forest*” OR “green space” OR “greenspace” OR “urban green*” OR “green exercise” OR “tree*” OR “garden*” OR “park” OR “parks” OR “landscape*” OR “horticulture*” OR “wood*” OR “natural environment*” OR “green infrastructure*” OR “greenness” OR “nature-based” OR “outdoor*” OR “recreation”)) AND TS = (“depress*” OR “depression” OR “depressive disorder” OR “anxiety*” OR “anxiety disorder” OR “Hamilton Rating Scales for Depression” OR “Hamilton Depression Rating Scale” OR “Beck Depression Inventory” OR “Hospital Anxiety and Depression Scale” OR “Montgomery-Asberg Depression Rating Scale” OR “Zung Self-Rating Depression Scale” OR “mental health”)

	
14,138




	
EMBASE

	
(‘forest exposure’:ab,ti OR ‘urban green’:ab,ti OR ‘landscape’:ab,ti OR ‘forest bathing’:ab,ti OR ‘forest therapy’:ab,ti OR ‘forest healing’:ab,ti OR ‘urban forest’:ab,ti OR greenspace:ab,ti OR park:ab,ti OR ‘green exercise’:ab,ti) AND (depression:ab,ti OR ‘depressive disorder’:ab,ti OR anxiety:ab,ti OR ‘anxiety disorder’:ab,ti)

	
853




	
RISS

	
전체: 숲 <AND> 전체: 우울

	
113




	
전체: 숲 <AND> 전체: 불안

	
167




	
전체: 산림 <AND> 전체: 우울

	
103




	
전체: 산림 <AND> 전체: 불안

	
107




	
전체: 도시숲 <AND> 전체: 우울

	
25




	
전체: 도시숲 <AND> 전체: 불안

	
37




	
전체: 자연 <AND> 전체: 우울

	
1099




	
전체: 자연 <AND> 전체: 불안

	
3539




	
전체: 산림치유 <AND> 전체: 우울

	
59




	
전체: 산림치유 <AND> 전체: 불안

	
28




	
DBpia

	
전체 = 숲 AND 전체 = 우울

	
175




	
전체 = 숲 AND 전체 = 불안

	
266




	
전체 = 산림 AND 전체 = 우울

	
1028




	
전체 = 산림 AND 전체 = 불안

	
4962




	
전체 = 도시숲 AND 전체 = 우울

	
104




	
전체 = 도시숲 AND 전체 = 불안

	
173




	
전체 = 자연 AND 전체 = 우울

	
27,048




	
전체 = 자연 AND 전체 = 불안

	
82,345




	
전체 = 산림치유 AND 전체 = 우울

	
443




	
전체 = 산림치유 AND 전체 = 불안

	
935
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Table A2. RoB and ROBINS-I assessment of the included studies.






Table A2. RoB and ROBINS-I assessment of the included studies.





	
5 Randomized Controlled Trials—Revised Cochrane Risk-Of-Bias Assessment Tool for Randomized Controlled Trial (ROB 2.0)






	
Study

	
Randomization Process

	
Deviations from Intended Interventions

	
Missing Outcome Data

	
Measurement of the Outcome

	
Selection of the Reported Result

	
Overall




	
Bielinis et al. (2019) [54]

	
Low

	
Low

	
Low

	
Some concerns

	
Low

	
Some concerns




	
Jun et al. (2019) [55]

	
Some concerns

	
Low

	
Low

	
Some concerns

	
Low

	
Some concerns




	
Bang et al. (2016) [56]

	
High

	
Low

	
Low

	
Some concerns

	
Low

	
High




	
Chun et al. (2016) [57]

	
Some concerns

	
Low

	
Low

	
Some concerns

	
Low

	
Some concerns




	
Shin et al. (2012) [58]

	
High

	
Low

	
Low

	
Some concerns

	
Low

	
High




	
15 Quasi-experimental studies—Risk-of-bias in non-randomized studies—of interventions tool (ROBINS-I)




	
Study

	
Baseline confounding

	
Selection of participants

	
Classification of<break/>interventions

	
Deviation from intended interventions

	
Missing data

	
Measurement of outcomes

	
Selection of reported results

	
Overall




	
Bang et al. (2018) [59]

	
Low

	
Low

	
Low

	
Low

	
Low

	
Moderate

	
Low

	
Moderate




	
Bang et al. (2017) [60]

	
Low

	
Low

	
Low

	
Low

	
Low

	
Moderate

	
Low

	
Moderate




	
Choi et al. (2016) [61]

	
Low

	
Low

	
Low

	
Low

	
Low

	
Moderate

	
Low

	
Moderate




	
Han et al. (2016) [62]

	
Low

	
Low

	
Low

	
Low

	
Low

	
Moderate
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Figure A1. Funnel plot of the effect of depression (A) and anxiety (B) for publication bias. 
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Table A3. Egger’s regression and Trim and fill results.
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Egger’s Regression Intercept






	

	
Intercept

	
95% Lower Limt

	
95% Upper Limit

	
t

	
df

	
p-value




	
Depressoin

	
−5.024

	
−8.237

	
−1.811

	
3.252

	
21.000

	
0.004




	
Anxiety

	
−9.448

	
−18.757

	
−0.139

	
2.400

	
7.000

	
0.047




	
Duval and Tweedies’s Trim and Fill—Random Effects Model




	

	

	
Studies Trimmed

	
Point Estimate

(Heggins’s g)

	
95% Lower Limit

	
95% Upper Limit

	
Q-value




	
Depression

	
Observed values

	

	
–1.152

	
–1.515

	
–0.789

	
206.838




	

	
Adjusted values

	
3

	
–1.342

	
–1.734

	
–0.949

	
314.582




	
Anxiety

	
Observed values

	

	
–1.715

	
–2.519

	
–0.912

	
120.259




	

	
Adjusted values

	
3

	
–2.476

	
–3.497

	
–1.456

	
374.969
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Table A4. PRISMA (Preferred Reporting Items for Systmatic review and Meta-Analysis Protocols) 2020 checklist.






Table A4. PRISMA (Preferred Reporting Items for Systmatic review and Meta-Analysis Protocols) 2020 checklist.





	
Section and Topic

	
Item #

	
Checklist item

	
Page






	
TITLE

	




	
Title

	
1

	
Identify the report as a systematic review.

	
1




	
ABSTRACT

	




	
Abstract

	
2

	
See the PRISMA 2020 for Abstracts checklist.

	
1




	
INTRODUCTION

	




	
Rationale

	
3

	
Describe the rationale for the review in the context of existing knowledge.

	
4




	
Objectives

	
4

	
Provide an explicit statement of the objective(s) or question(s) the review addresses.

	
4




	
METHODS

	




	
Eligibility criteria

	
5

	
Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.

	
4




	
Information sources

	
6

	
Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the date when each source was last searched or consulted.

	
3




	
Search strategy

	
7

	
Present the full search strategies for all databases, registers and websites, including any filters and limits used.

	
6




	
Selection process

	
8

	
Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.

	
4




	
Data collection process

	
9

	
Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the process.

	
4




	
Data items

	
10a

	
List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study were sought (e.g., for all measures, time points, analyses), and if not, the methods used to decide which results to collect.

	
4




	
10b

	
List and define all other variables for which data were sought (e.g., participant and intervention characteristics, funding sources). Describe any assumptions made about any missing or unclear information.

	
4




	
Study risk of bias assessment

	
11

	
Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.

	
4




	
Effect measures

	
12

	
Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in the synthesis or presentation of results.

	
5




	
Synthesis methods

	
13a

	
Describe the processes used to decide which studies were eligible for each synthesis (e.g., tabulating the study intervention characteristics and comparing against the planned groups for each synthesis (item #5)).

	
5




	
13b

	
Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data conversions.

	
5




	
13c

	
Describe any methods used to tabulate or visually display results of individual studies and syntheses.

	
5




	
13d

	
Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.

	
5




	
13e

	
Describe any methods used to explore possible causes of heterogeneity among study results (e.g., subgroup analysis, meta-regression).

	
5




	
13f

	
Describe any sensitivity analyses conducted to assess robustness of the synthesized results.

	
5




	
Reporting bias assessment

	
14

	
Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).

	
5




	
Certainty assessment

	
15

	
Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.

	
5




	
RESULTS

	




	
Study selection

	
16a

	
Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the review, ideally using a flow diagram.

	
5




	
16b

	
Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.

	
6




	
Study characteristics

	
17

	
Cite each included study and present its characteristics.

	
6




	
Risk of bias in studies

	
18

	
Present assessments of risk of bias for each included study.

	
9




	
Results of individual studies

	
19

	
For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision (e.g., confidence/credible interval), ideally using structured tables or plots.

	
10




	
Results of syntheses

	
20a

	
For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.

	
10




	
20b

	
Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g., confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.

	
10




	
20c

	
Present results of all investigations of possible causes of heterogeneity among study results.

	
10–12




	
20d

	
Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.

	
12




	
Reporting biases

	
21

	
Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.

	
12




	
Certainty of evidence

	
22

	
Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.

	
12




	
DISCUSSION

	




	
Discussion

	
23a

	
Provide a general interpretation of the results in the context of other evidence.

	
12




	
23b

	
Discuss any limitations of the evidence included in the review.

	
16




	
23c

	
Discuss any limitations of the review processes used.

	
16




	
23d

	
Discuss implications of the results for practice, policy, and future research.

	
17




	
OTHER INFORMATION

	




	
Registration and protocol

	
24a

	
Provide registration information for the review, including register name and registration number, or state that the review was not registered.

	
16




	
24b

	
Indicate where the review protocol can be accessed, or state that a protocol was not prepared.

	
16




	
24c

	
Describe and explain any amendments to information provided at registration or in the protocol.

	
-




	
Support

	
25

	
Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.

	
18




	
Competing interests

	
26

	
Declare any competing interests of review authors.

	
18




	
Availability of data, code and other materials

	
27

	
Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.

	
18
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Figure 1. Systematic Review and Meta-analysis process diagram (Adapted from ref. [49]). 
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Figure 2. PRISMA flow chart of study selection. 
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Figure 3. Forest plot the effects of forest therapy on depression. Heterogeneity: Tau2 = 0.656; Q = 206.490; I2 = 89.35%; Test overall effect Z = −6.204 (p < 0.001). 
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Figure 4. Forest plot the effects of forest therapy on anxiety. Heterogeneity: Tau2 = 1.374; Q = 120.259; I2 = 93.35%; Test overall effect Z = −4.183 (p < 0.001). 
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Table 1. Inclusion criteria based on PICO-SD (Population, Intervention, Comparison, Outcomes, Setting, and Study design).
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	PICO-SD
	Inclusion Criteria





	Population
	Studies with humans, healthy or not.



	Intervention
	Studies must include experimental conditions in which participants were directly exposed to the forest environments.

Direct natural exposure should not expose participants to natural virtual landscapes (e.g., images or videos of nature projected onto the screen or viewed using virtual reality goggles) but to outdoor environments containing forest elements.



	Comparison
	Studies including at least one control group



	Outcomes
	Any outcome related to depression or anxiety



	Setting
	Studies of environments that primary study authors described as a forest



	Study design
	Randomized controlled trials (RCTs) or quasi-RCTs
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Table 3. Modulator effect analyses for the effects of forest therapy on depression.
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Subgroups

	
Subgroup by Factors

	
k

	
Pooled Hedges’s g

(95% CI)

	
Test of Null

	
Heterogeneity




	
Z-Value

	
p-Value

	
Q-Value

	
df (Q)

	
p-Value






	
Participant

	
Overall

	
23

	
1.133 (−1.490 to −0.776)

	
−6.220

	
<0.001

	
5.793

	
3

	
0.122




	

	
Chronic disease

	
3

	
1.009 (−1.974 to −0.043)

	
−2.048

	
0.041

	

	

	




	

	
Healthy

	
10

	
1.242 (−1.783 to −0.701)

	
−4.501

	
<0.001

	

	

	




	

	
Infants & children & adolescent

	
3

	
0.136 (−1.082 to 0.809)

	
−0.282

	
0.778

	

	

	




	

	
Mental disorders

	
7

	
1.522 (−2.190 to −0.854)

	
−4.466

	
<0.001

	

	

	




	
Activity type

	
Overall

	
23

	
1.139 (−1.513 to −0.765)

	
−5.965

	
<0.001

	
0.085

	
1

	
0.770




	

	
Day

	
7

	
1.221 (−1.888 to −0.554)

	
−3.587

	
<0.001

	

	

	




	

	
Session

	
16

	
1.101 (−1.553 to −0.649)

	
−4.775

	
<0.001

	

	

	




	
Activity content

	
Overall

	
22

	
1.148 (−1.518 to −0.777)

	
−6.074

	
<0.001

	
3.595

	
1

	
0.058




	

	
Forest therapy program

	
19

	
1.291 (−1.690 to −0.892)

	
−6.344

	
<0.001

	

	

	




	

	
Forest walking

	
3

	
0.252 (−1.249 to 0.745)

	
−0.496

	
0.620

	

	

	




	
Time

	
Overall

	
19

	
1.018 (−1.393 to −0.644)

	
−5.324

	
<0.001

	
10.418

	
2

	
0.005




	

	
Less than 60 min

	
5

	
0.356 (−1.089 to 0.376)

	
−0.953

	
0.340

	

	

	




	

	
Within 61 to 120 min

	
9

	
0.862 (−1.396 to −0.327)

	
−3.161

	
0.002

	

	

	




	

	
More than 121 min

	
5

	
2.035 (−2.790 to −1.279)

	
−5.279

	
<0.001

	

	

	




	
Duration

	
Overall

	
23

	
1.141 (−1.520 to −0.761)

	
−5.891

	
<0.001

	
3.025

	
2

	
0.220




	

	
1~3 weeks

	
10

	
1.018 (−1.589 to −0.447)

	
−3.492

	
<0.001

	

	

	




	

	
4~7 weeks

	
6

	
1.712 (−2.471 to −0.952)

	
−4.418

	
<0.001

	

	

	




	

	
8~12 weeks

	
7

	
0.854 (−1.537 to −0.171)

	
−2.452

	
0.014
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Table 4. Modulator effect analyses for the effects of forest therapy on anxiety.
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Subgroups

	
Subgroup by Factors

	
k

	
Pooled Hedges’s g

(95% CI)

	
Test of Null

	
Heterogeneity




	
Z-Value

	
p-Value

	
Q-Value

	
df (Q)

	
p-Value






	
Participant

	
Overall

	
7

	
2.184 (−3.249 to −1.119)

	
−4.019

	
<0.001

	
2.644

	
1

	
0.104




	

	
Chronic disease

	
3

	
3.236 (−4.892 to −1.580)

	
−3.829

	
<0.001

	

	

	




	

	
Healthy

	
4

	
1.442 (−2.832 to −0.051)

	
−2.032

	
0.042

	

	

	




	
Activity type

	
Overall

	
9

	
1.728 (−2.573 to −0.883)

	
−4.008

	
<0.001

	
3.903

	
1

	
0.048




	

	
Day

	
4

	
2.711 (−4.001 to −1.420)

	
−4.118

	
<0.001

	

	

	




	

	
Session

	
5

	
0.990 (−2.108 to 0.129)

	
−1.734

	
0.083

	

	

	




	
Time

	
Overall

	
7

	
1.899 (−3.049 to −0.749)

	
−3.236

	
0.001

	
1.733

	
1

	
0.188




	

	
Less than 60 min

	
4

	
1.242 (−2.752 to 0.268)

	
−1.612

	
0.107

	

	

	




	

	
Within 61 to 120 min

	
3

	
2.807 (−4.582 to −1.032)

	
−3.100

	
0.002

	

	

	




	
Duration

	
Overall

	
8

	
1.901 (−2.886 to −0.916)

	
−3.782

	
<0.001

	
2.731

	
1

	
0.098




	

	
Within a week

	
4

	
2.753 (−4.164 to −1.342)

	
−3.824

	
<0.001

	

	

	




	

	
2~4 weeks

	
4

	
1.091 (−2.467 to 0.285)

	
−1.554

	
0.120

	

	

	

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijerph-18-12685


  
    		
      ijerph-18-12685
    


  




  





media/file8.jpg
Sty name.

Bgers Gote)
Croata @)
e o1
Crneis @oi6n
Brgeta o)
S G012
Brgers G0e)
Woou @01
Woous @oi2n
Wooss o1z
perrraty
o190
i e @o15%
i Yot 0150
o Yot 1S
Py
Koy
onaone)

mets 2010
St a0t
S e

a%
am

a0
e
it

‘Stabmacs foreach sty
[Py
B e
a7 omo om
pregs s
Siee o amo
Dme o om
Pl
Sen owr oo
So ame ne
o om: oo
e ams ame

o002
o000
a3
a0
o0
o000
a0

odges'  and 95% O

prd
i
prd






media/file11.png
Study name

Bielinis et al. (2019)
Chun et al. (2016)
Kim, M et al. (2015)
Kim, Y et al. (2015)a
Kim, Y et al. (2015)b
Song (2009)

Kim and Lee (2014)a
Kim and Lee (2014)b
Shin et al. (2012)

Hedges's
g
-1.374
-2.063
0.089
-0.630
-7.934
-0.768
-2.030
-1.602
-0.582
-1.715

Statistics for each study

Lower
limit
-2.129
-2.689
-0.751
-1.137
-9.405
-1.249
-2.616
-2.148
-1.091
-2.519

Upper
limit
-0.619
-1.437
0.929
-0.122
-6.462
-0.288
-1.445
-1.056
-0.073
-0.912

Z-Value

-3.568
-6.456
0.208
-2.432
-10.569
-3.134
-6.797
-5.751
-2.243
-4.183

p-Value

0.000
0.000
0.835
0.015
0.000
0.002
0.000
0.000
0.025
0.000

-10.00

Hedges's g and 95% CI

-5.00

0.00

5.00

10.00

Relative

weight
11.04
11.39
10.79
11.66
8.68
11.72
11.49
11.58
11.66





media/file6.jpg
Database searching (N~ 164557)
Scopus (=20711)
PubMied (1 5777)
MEDLINE (1= 352)

Web of science (1= 14138)

Embase (1= 85%)
RIS (1- 5277 ‘Studies exluded (= 150399
DBpia (1= 117479) Not year 1990-2020)
Not document ype (Article/Korean Thess)
Not source type Joumals)
‘Notangusge Englishor Koresn)
Not Full-text
Records sereencd
N-13699)
Duplicate (V= 4579)
Fll-extaticles avsessed for clgibility
(=931 Fall-text aticles excluded with essons

Ne9299)
Not based onforet therapy related
intervention evaluating depressionor
anviety outcomes (1= 9211)

‘Not matched study design (= 62)
‘Not diecty exposed i th forest(r
Not results preented (1= 12)

Studies included in meta-analysis
N-20)






media/file10.jpg
Sy name Hodgersg end o5% O
pume —

Bt 000 - o
Chnwa GOt 2060 2009 4y sass om0 - "o
s ot 009 o7t ome  ome oms ton
@se om0 i o 2m oo e
Gose e sas ed doe owo | —m— sss

o @08 ame e o A o | nn
Kmmilacoun 200 2ste s 4T owo - i
Kmwsieogous 162 28 10 ST 0000 - e
Smewaon  os2 aom oo 225 oms o

Gns asw osn am oo -





media/file7.png
~
J

Screening J [ Identification

Database searching (N=164,587)
Scopus (n=20,711)
PubMed (n=5777)
MEDLINE (n= 352)

Web of science (n=14,138)
Embase (n= 853)
RISS (n=5277)
DBpia (n=117,479)

v

Records screened

Studies excluded (N= 150,889)
Not year (1990-2020)
Not document type (Article/Korean Thesis)
Not source type (Journals)
Not language (English or Korean)
Not Full-text

Duplicate (N=4379)

Full-text articles excluded with reasons
(N=9299)

Not based on forest therapy related
intervention evaluating depression or
anxiety outcomes (n=9211)
Not matched study design (1= 62)
Not directly exposed in the forest (n=14)
Not results presented (n=12)

(N=13,698)
. J
S
v
..E’ Full-text articles assessed for eligibility
:E (N=9319)
=
&b
=
=
v
Studies included in qualitative synthesis
P— (N=20)
o
O
E
| v
,s Studies included in meta-analysis

(N=20)






media/file9.png
Study name

Bielinis et al. (2019)
Bang et al. (2018)
Cho et al. (2011)
Chun et al. (2016)a
Chun et al. (2016)b
Bang et al. (2017)
Shin et al. (2012)
Bang et al. (2016)
Woo et al. (2012)a
Woo et al. (2012)b
Woo et al. (2012)c
Jun et al. (2019)
Kim, M et al. (2015)a
Kim, M et al. (2015)b
Kim, Y et al. (2015)a
Kim, Y et al. (2015)b
Han et al. (2016)
Song (2009)

Kim (2011)

Oh (2016)

Im et al. (2014)

Choi et al. (2014)
Choi et al. (2016)

Hedges's
g

-0.841
0.162
-0.397
-2.634
-2.595
-0.277
-1.064
-0.277
-2.107
-1.726
-6.122
-0.705
-0.033
-0.347
-0.883
-0.924
-0.487
-1.349
-0.151
-1.324
-2.655
-1.224
-0.194
-1.133

Statistics for each study

Lower
limit
-1.547
-0.375
-0.651
-3.326
-3.283
-0.670
-1.498
-0.866
-2.842
-2.417
-7.518
-1.233
-0.872
-1.193
-1.402
-1.445
-0.991
-1.863
-0.586
-1.998
-3.467
-1.803
-1.040
-1.491

Upper
limit
-0.134
0.700
-0.142
-1.941
-1.908
0.116
-0.631
0.311
-1.372
-1.035
-4.725
-0.177
0.807
0.500
-0.364
-0.403
0.018
-0.834
0.284
-0.651
-1.843
-0.645
0.652
-0.775

Z-Value

-2.333

0.592
-3.053
-7.455
-7.397
-1.381
-4.810
-0.924
-5.620
-4.894
-8.592
-2.615
-0.077
-0.803
-3.337
-3.475
-1.890
-5.139
-0.681
-3.855
-6.409
-4.140
-0.449
-6.204

p-Value

0.020
0.554
0.002
0.000
0.000
0.167
0.000
0.356
0.000
0.000
0.000
0.009
0.939
0.422
0.001
0.001
0.059
0.000
0.496
0.000
0.000
0.000
0.653
0.000

-10.00

Hedges's g and 95% CI

-5.00

0.00

5.00

10.00

Relative
weight
424
4.56
495
4.27
428
479
473
4 .47
418
4.27
2.86
4.57
3.97
3.96
459
4.59
4.61
4.60
473
4.31
403
448
3.96





media/file5.png
Systematic Review protocol based on PRISMA

Formulate a

research question
using PICO-SD

Define resecarch
objectives

Determine span of the
question

Identify relevant

literature

*  Construct scarch
strategy

*  Screen studies and
determine eligibility

Extract and

consolidate study
data

Extract and data from
relevant studies

Evaluate quality of the
studies

Data appraisal and
preparation

*  Calculating
appropriate outcome
measure

* Heterogeneity
between studies was
confirmed

*  Perform relevant data
transformations

*  Select meta-analytic

model (Random effect)

Synthesize study

data into a
summ ary measure

= Pool data and
calculate summary
measure and
confidence interval

Knowledge

synthesis

* Interpret findings

* Provide
recommendations for
future work

Exploratory

analyses

*  Subgroup analyses
(Meta-ANOVA)

«  Publication bias
evaluation






media/file3.png
Standard Error

Funnel Plot of Standard Error by Hedges's g

Hedges's g

A

Standard Error

Funnel Plot of Standard Error by Hedges's g

Hedges's g






media/file0.png





media/file4.jpg





media/file2.jpg





