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Clinical Question Box 17 

Does forest bathing improve mood compared with non-nature activities in adults? 18 

Evidence from seven randomized trials suggests that forest bathing improves mood and 19 

reduces mental stress compared with urban control activities. However, the certainty of the 20 

evidence is low, downgraded due to small sample sizes, heterogeneity, and imprecision. The 21 

pooled mean difference in total mood disturbance exceeded the Minimal Clinically Important 22 

Difference, indicating a moderate and clinically meaningful psychological benefit. 23 

  24 
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Abstract 25 

Introduction: Forest bathing (Shinrin-yoku), a nature-based practice involving mindful 26 

immersion in forest environments through the five senses, has been proposed as an intervention to 27 

alleviate stress and improve mood. This systematic review and meta-analysis evaluated its 28 

effectiveness in enhancing psychological well-being among adults. 29 

Methods: Following the PRISMA 2020 guidelines, randomized controlled trials (RCTs) 30 

comparing forest bathing with control conditions were identified through PubMed, Web of Science, 31 

and the Cochrane Library (up to October 2025). Continuous outcomes were pooled using random-32 

effects models and expressed as mean differences (MDs) with 95% confidence intervals (CIs). The 33 

certainty of evidence was assessed using the GRADE approach. 34 

Results: Seven RCTs comprising 250 participants from Japan and China met the inclusion criteria. 35 

Forest bathing significantly reduced total mood disturbance (MD = −6.01; 95% CI: −9.12 to −2.90; 36 

p < 0.01), exceeding the minimal clinically important difference and indicating a clinically 37 

meaningful benefit. Significant improvements were also observed in vigor–activity (MD = 1.77; 38 

95% CI: 0.84–2.70), tension–anxiety (MD = −0.47; 95% CI: −0.87 to −0.07), anger–hostility (MD 39 

= −0.42; 95% CI: −0.79 to −0.05), and confusion–bewilderment (MD = −1.42; 95% CI: −2.80 to 40 

−0.04). Fatigue–inertia and depression–dejection demonstrated nonsignificant trends toward 41 

improvement. Modest reductions were also observed in cortisol and C-reactive protein levels, 42 

although heterogeneity across studies was observed. The certainty of evidence for these outcomes 43 

ranged from moderate to low, primarily due to small sample sizes and interstudy variability. 44 
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Conclusions: Forest bathing demonstrates measurable benefits for mood enhancement and stress 45 

reduction. While current evidence supports its psychological utility, larger, more standardized trials 46 

are needed to establish its clinical and public health applicability further. 47 

Keywords: 48 

Forest bathing, Shinrin-yoku, mood, anxiety, meta-analysis, nature-based intervention 49 
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Introduction 51 

In contemporary societies, mental health conditions such as stress, anxiety, and depression 52 

have emerged as pervasive public health concerns and leading contributors to disability 53 

worldwide.1 The World Health Organization (WHO) estimates that more than 300 million people 54 

globally experience depression and nearly 280 million live with anxiety disorders, making these 55 

among the most prevalent causes of psychological and functional impairment across the lifespan.2 56 

Chronic stress—driven by factors such as economic insecurity, social isolation, technological 57 

overexposure, and the lingering psychosocial effects of the COVID-19 pandemic—has been 58 

associated with immune dysregulation, cardiovascular morbidity, and diminished life 59 

satisfaction.3,4 According to the 2024 Gallup Global Emotions Report, 39% of adults worldwide 60 

reported experiencing a lot of worry on the previous day, while 37% reported feeling a lot of stress. 61 

Fewer adults reported experiencing daily physical pain (32%), sadness (26%), or anger (22%). All 62 

of these emotional and physical experiences were higher than those reported a decade ago.5 This 63 

persistent emotional burden not only undermines productivity and interpersonal functioning but 64 

also contributes to the rising economic costs associated with untreated or under-treated mental 65 

disorders.6 Collectively, these data underscore a “modern mood crisis,” in which psychosocial 66 

stressors outpace traditional medical resources, highlighting the urgent need for accessible, 67 

effective, and sustainable interventions to promote mental well-being.7 68 

Non-pharmacological interventions have become central to contemporary mental health 69 

care, serving as complements or alternatives to pharmacotherapy, particularly for mild-to-70 

moderate depression and anxiety.8 WHO guidelines recommend psychosocial and behavioral 71 

therapies as first-line treatments for such cases.9 Recent meta-analyses provide robust evidence 72 

supporting the efficacy of behavioral and mind-body interventions in alleviating depressive and 73 
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anxiety symptoms.10,11 Similarly, mindfulness-based interventions, yoga, and cognitive-behavioral 74 

strategies have demonstrated consistent benefits in reducing stress and enhancing emotional 75 

regulation.12 These non-pharmacological approaches promote holistic well-being, extending 76 

beyond mood enhancement to improvements in sleep quality, cardiovascular health, and social 77 

connectedness.13 Despite these benefits, barriers such as cost, accessibility, and adherence persist, 78 

underscoring the need to explore alternative, low-cost, nature-based strategies that can be feasibly 79 

scaled across diverse populations. 80 

In recent years, forest bathing (Shinrin-yoku), a Japanese term meaning “forest-air bathing 81 

and walking,” has gained global attention as a promising nature-based intervention for promoting 82 

mental health.14,15 Forest bathing involves a mindful and unhurried immersion in forest 83 

environments, engaging the senses of sight, hearing, taste, smell, and touch to cultivate relaxation, 84 

attentional restoration, and emotional balance. This practice is grounded in the biophilia hypothesis 85 

and stress-reduction theory, which suggest that exposure to natural environments enhances 86 

parasympathetic nervous system activity while suppressing sympathetic nervous system activity.15 87 

Emerging empirical evidence supports these theoretical mechanisms. A meta-analysis including 88 

more than 20 randomized and quasi-experimental trials reported significant reductions in 89 

depression and anxiety symptoms following forest bathing compared with control conditions, with 90 

small-to-moderate effect sizes.16 Physiological studies have also demonstrated increased heart rate 91 

variability, reduced cortisol concentrations, and improved autonomic balance during and after 92 

forest immersion.17 Moreover, exposure to forest environments appears to modulate 93 

neuroendocrine and immune pathways; increases in natural killer (NK) cell activity and elevated 94 

serotonin levels have been observed following repeated forest bathing sessions.15,18 Collectively, 95 
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these findings suggest a complex biopsychophysiological interplay that may underlie forest 96 

bathing’s capacity to enhance mood and resilience. 97 

Given the increasing prevalence of mood disturbances and the growing interest in nature-98 

based therapies, this study aims to systematically evaluate the effectiveness of forest bathing in 99 

improving mood among adults. By synthesizing existing evidence, this review seeks to provide an 100 

updated, evidence-based understanding of the role of forest bathing in mood enhancement and to 101 

inform its potential integration into clinical and public mental health practices.  102 

  103 



 

 8 

Methods 104 

Study Registration 105 

This systematic review and meta-analysis was conducted in accordance with the Preferred 106 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. The 107 

review protocol was prospectively registered with the UMIN Clinical Trials Registry (Registration 108 

No. UMIN000059441). As all included studies were previously published in peer-reviewed 109 

journals, additional ethical approval was not required. All data were analyzed in aggregate form 110 

only. 111 

Search Strategy 112 

A comprehensive literature search was conducted across major electronic databases, 113 

including PubMed, Web of Science, and the Cochrane Library, from their inception to October 1, 114 

2025. The search strategy combined controlled vocabulary and free-text terms related to forest-115 

based interventions and mental health outcomes. The following keywords and Boolean operators 116 

were used: (“forest therapy” OR “Shinrin-yoku” OR “forest bathing”) AND (“stress” OR “well-117 

being” OR “mood” OR “anxiety”) AND “control.” The results from each database are presented 118 

in Table S1. Additionally, the reference lists of included studies and relevant reviews were 119 

manually screened to identify further eligible publications. The search was restricted to studies 120 

published in English. 121 

Eligibility Criteria 122 
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Studies were included if they met the following criteria: participants were adults (≥18 123 

years), and the intervention involved forest bathing, forest therapy, or Shinrin-yoku conducted in 124 

natural forest environments. Eligible studies were required to include a control group (e.g., urban 125 

walk) and to report accessible quantitative data on psychological outcomes such as stress, mood, 126 

well-being, or anxiety. Studies were excluded if they used self-controlled or crossover designs 127 

without separate analyses, single-arm designs lacking independent control groups, or if data 128 

necessary for meta-analysis were incomplete or unavailable.  129 

Study Selection and Data Extraction 130 

Two reviewers independently screened titles and abstracts for eligibility, followed by a 131 

full-text review. Any discrepancies were resolved through discussion or consultation with a third 132 

reviewer. Data were extracted using a standardized form that captured study characteristics, 133 

including authors, publication year, country, population, intervention type, control condition, 134 

outcome measures, and results. The Profile of Mood States 2 (POMS 2) raw score served as the 135 

primary psychological outcome. As some earlier studies did not report the friendliness subscale, 136 

this measure was excluded from the analysis. The following subscales were extracted for 137 

quantitative synthesis: tension–anxiety, vigor–activity, confusion–bewilderment, fatigue–inertia, 138 

depression–dejection, anger–hostility, and total mood disturbance (TMD). Biomarkers such as C-139 

reactive protein, interleukin-6, and cortisol were extracted when available. Because several studies 140 

focused on patients with hypertension or chronic heart failure, vital signs such as heart rate and 141 

blood pressure were not included in the pooled analysis. Continuous outcome data were recorded 142 

as means and standard deviations (SDs). 143 

Effectiveness and Quality Assessment 144 
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The methodological quality and risk of bias of the included randomized controlled trials 145 

were independently assessed by two reviewers using the Cochrane Risk of Bias Tool (version 2). 146 

Discrepancies were resolved through consensus. The assessed domains included the 147 

randomization process, allocation concealment, blinding, incomplete outcome data, and selective 148 

reporting. The raw TMD score was calculated by adding the tension–anxiety, confusion–149 

bewilderment, fatigue–inertia, depression–dejection, and anger–hostility scores, and then 150 

subtracting the vigor–activity score. It ranges from −20 to +100. The Minimal Clinically Important 151 

Difference (MCID) was defined as a moderate effect for reductions exceeding five raw points.  152 

Statistical Analysis 153 

Data synthesis was performed using Review Manager (RevMan) version 5.4 (Cochrane 154 

Collaboration, London, UK). Only continuous outcome measures were included in the analysis. 155 

Statistical heterogeneity was assessed using the I² statistic, with values >50% indicating substantial 156 

heterogeneity. Effect sizes were calculated as mean differences (MDs) with 95% confidence 157 

intervals (CIs), using a random-effects model when substantial heterogeneity was present and a 158 

fixed-effect model when heterogeneity was low. Publication bias was evaluated through funnel 159 

plot asymmetry and Egger’s regression test, employing both visual and statistical methods to 160 

identify potential small-study effects. 161 

Certainty of evidence 162 

The certainty of evidence was assessed using the Grading of Recommendations, 163 

Assessment, Development, and Evaluation approach, which considers risk of bias, inconsistency, 164 

indirectness, imprecision, and publication bias. Each outcome was rated as having high, moderate, 165 
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low, or very low certainty based on these domains, with all assessments independently performed 166 

by two reviewers. 167 

  168 
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Results 169 

Study Selection 170 

A total of 1,095 records were identified through database searches and manual reference 171 

screening. After removing duplicates, studies were screened by title and abstract, and 115 full-text 172 

articles were assessed for eligibility (Figure S1). Ultimately, seven studies met the inclusion 173 

criteria and were included in the final meta-analysis. The majority of studies were conducted in 174 

China (n = 4), followed by Japan (n = 3) (Table 1).19-26 The included studies involved diverse 175 

participant groups, including individuals with hypertension, chronic obstructive pulmonary 176 

disease (COPD), chronic congestive heart failure, and depression, as well as participants at risk of 177 

developing COPD and healthy individuals, comprising a total sample of 250 participants. Sample 178 

sizes for intervention groups ranged from 10 to 37, and for control groups from 8 to 41. The mean 179 

participant age ranged from 40.1 to 72.5 years, and the proportion of female participants ranged 180 

from 0% to 100%. All studies compared forest-based interventions with urban control conditions, 181 

with intervention durations ranging from a single day to seven days.  182 

Psychological Outcomes 183 

 All included studies assessed the TMD score and demonstrated a statistically significant 184 

difference, with a MD of −6.01 (95% CI: −9.12 to −2.90, p < 0.01; I² = 81%) (Figure 1A). 185 

Sensitivity analysis yielded an MD of −3.47 (95% CI: −4.92 to −2.01, p < 0.01; I² = 0%), 186 

supporting the robustness of the findings (Figure 1B). The effect was considered moderate, as the 187 

reduction exceeded the MCID threshold. 188 

Among the POMS subscale outcomes, vigor–activity, confusion–bewilderment, anger–189 

hostility, and tension–anxiety showed statistically significant differences compared with control 190 
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conditions, with MDs of 1.77 (95% CI: 0.84–2.70, p < 0.01; I² = 47%), −1.42 (95% CI: −2.80 to 191 

−0.04, p = 0.04; I² = 98%), −0.47 (95% CI: −0.87 to −0.07, p = 0.049; I² = 15%), and −0.42 (95% 192 

CI: −0.79 to −0.05, p = 0.03; I² = 0%), respectively (Figure 2). However, the confusion–193 

bewilderment outcome exhibited high heterogeneity. A sensitivity analysis excluding the studies 194 

by Mao (2012 and 2017) yielded an MD of −0.52 (95% CI: −1.01 to −0.04, p = 0.03; I² = 0%), 195 

supporting the robustness of this finding (Figure S2). 196 

The outcomes for fatigue–inertia and depression–dejection showed a trend toward 197 

improvement but did not reach statistical significance, with MDs of −0.87 (95% CI: −1.82 to 0.08, 198 

p = 0.07; I² = 66%) and −0.82 (95% CI: −2.35 to 0.72, p = 0.30; I² = 87%), respectively (Figure 199 

3). Given the high heterogeneity, sensitivity analyses were conducted, yielding MDs of −0.44 (95% 200 

CI: −0.96 to 0.07, p = 0.09; I² = 0%) and 0.27 (95% CI: −0.39 to 0.94, p = 0.42; I² = 0%) for 201 

fatigue–inertia and depression–dejection, respectively (Figures S3 and S4). 202 

Physiological and Inflammatory Markers 203 

Four studies investigated the effect of forest bathing on C-reactive protein levels, showing 204 

a mean difference of 0.01 mg/dL (95% CI: −0.07 to 0.09, p = 0.78; I² = 87%). However, sensitivity 205 

analysis revealed a statistically significant reduction, with an MD of −0.02 mg/dL (95% CI: −0.03 206 

to −0.01, p < 0.01; I² = 0%) (Figure S5). Several studies assessed the impact of forest bathing on 207 

interleukin-6, yielding an MD of −0.16 µg/dL (95% CI: −0.60 to 0.27, p = 0.46; I² = 77%). The 208 

sensitivity analysis produced an MD of 0.05 µg/dL (95% CI: −0.28 to 1.21, p = 0.42; I² = 42%) 209 

(Figure S6). Both analyses indicated no statistically significant effect. Four studies examined the 210 

effect of forest bathing on cortisol levels, reporting an MD of −1.54 µg/dL (95% CI: −3.06 to −0.01, 211 

p = 0.049; I² = 74%). In contrast, the sensitivity analysis yielded an MD of −0.89 µg/dL (95% CI: 212 

−1.93 to 0.16, p = 0.10; I² = 34%), indicating no statistically significant difference (Figure S7). 213 
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Bias and Certainty of Evidence 214 

All outcomes showed no evidence of potential publication bias, as confirmed by the funnel 215 

plot and Egger’s test. However, the TMD outcome indicated a possible publication bias or small-216 

study effect (p = 0.08; Figure S8). The risk of bias assessment is presented in Figure S9. Although 217 

all studies exhibited performance bias, the overall risk of bias across the included studies was 218 

considered low. The evidence's certainty is summarized in Table 2. Due to the small sample sizes, 219 

all outcomes were downgraded for imprecision. Additionally, the certainty of the evidence for 220 

TMD, Confusion–Bewilderment, Fatigue–Inertia, and Depression–Dejection was further 221 

downgraded due to heterogeneity, resulting in an overall low certainty rating. 222 

  223 
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Discussion 224 

This systematic review and meta-analysis provide updated and comprehensive evidence 225 

for the beneficial effects of forest bathing on mood enhancement among adults. Across seven 226 

randomized controlled trials, forest bathing significantly improved total mood disturbance and 227 

specific subdomains—including vigor–activity, tension–anxiety, anger–hostility, and confusion–228 

bewilderment, compared with urban control conditions. These findings extend previous meta-229 

analyses by incorporating more recent trials, expanding the evidence base, and conducting 230 

sensitivity analyses that confirmed the robustness of the results.16,27 Notably, the observed mean 231 

reduction in TMD exceeded the MCID threshold, indicating that forest bathing produces not only 232 

statistically significant but also clinically meaningful moderate psychological benefits. Although 233 

improvements in fatigue–inertia and depression–dejection did not reach statistical significance, 234 

both outcomes showed favorable trends. Physiological markers such as C-reactive protein and 235 

cortisol likewise suggested potential reductions, albeit with modest effect sizes and variable 236 

heterogeneity. Taken together, these findings are consistent with prior research highlighting the 237 

salutogenic effects of forest exposure on mental well-being, thereby supporting forest bathing as 238 

a promising nature-based strategy for psychological restoration.28 239 

Several interconnected biological and psychological mechanisms may underlie the mood-240 

enhancing effects of forest bathing. From a psychophysiological perspective, immersion in natural 241 

environments activates the parasympathetic nervous system, resulting in lower blood pressure and 242 

heart rate, reduced levels of adrenaline, noradrenaline, and cortisol, and improved autonomic 243 

balance.29 Exposure to phytoncides, volatile organic compounds released by trees, has been linked 244 

to increased NK cell activity and decreased production of inflammatory cytokines, indicating an 245 

immunomodulatory response that may bolster stress resilience.28,30 Additionally, exposure to 246 
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natural light and olfactory stimuli in forest environments may modulate serotonergic and 247 

dopaminergic pathways, thereby enhancing mood regulation.31 Psychologically, the multisensory 248 

engagement and attentional shift facilitated by forest bathing foster mindfulness, diminish 249 

rumination, and restore cognitive resources depleted by urban stressors.17 Collectively, these 250 

mechanisms align with stress-reduction and attention-restoration theories, offering a coherent 251 

biopsychological framework for understanding forest bathing’s therapeutic effects. 252 

The present findings have significant implications for clinical practice and public health 253 

policy. Forest bathing offers a low-cost, non-invasive, and easily accessible intervention that can 254 

complement existing psychotherapeutic and pharmacological treatments for mood disorders. 255 

Integrating forest bathing programs into mental health promotion strategies, such as community 256 

wellness initiatives, workplace stress management efforts, and rehabilitation programs, may 257 

enhance psychological well-being and help reduce the healthcare burden associated with chronic 258 

stress and depression.32 Given its holistic and preventive nature, forest bathing could serve as an 259 

effective adjunctive therapy for individuals with mild-to-moderate emotional disturbances or for 260 

those seeking non-pharmacological approaches to improve overall well-being. Furthermore, 261 

ensuring equitable access to natural environments through urban planning could yield population-262 

level mental health benefits. 263 

Despite encouraging findings, several areas warrant further investigation. Future studies 264 

should employ larger sample sizes and standardized intervention protocols to enhance 265 

generalizability and reduce heterogeneity. Longitudinal designs are needed to assess the 266 

sustainability of psychological and physiological benefits over time and to clarify dose–response 267 

relationships related to frequency, duration, and forest type. In addition, mechanistic research 268 

integrating neuroimaging, hormonal, and immune markers could elucidate the biological pathways 269 
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linking forest exposure to mood regulation. Comparative trials contrasting forest bathing with 270 

other mind–body interventions (e.g., mindfulness, yoga) would further contextualize its relative 271 

efficacy. Finally, qualitative studies exploring participants’ lived experiences could deepen 272 

understanding of the psychological mechanisms mediating these effects. 273 

This study has several limitations. The number of included studies was relatively small, 274 

and sample sizes within individual trials were limited, resulting in imprecision and possible small-275 

study effects. Variability in intervention duration, participant characteristics, and outcome 276 

measures may have influenced the pooled estimates. In addition, most studies lacked blinding, 277 

introducing potential performance bias, although this is an inherent challenge in behavioral and 278 

environmental interventions. Finally, the predominance of studies conducted in East Asia may 279 

limit the generalizability of the findings to other cultural or ecological contexts. 280 

  281 
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Conclusion 282 

This meta-analysis demonstrates that forest bathing significantly enhances mood and 283 

emotional well-being, particularly by reducing overall mood disturbance and anxiety-related 284 

symptoms. These findings strengthen the growing body of evidence supporting nature-based 285 

therapies as effective, evidence-based strategies for mental health promotion. While current 286 

research supports forest bathing as a valuable complementary intervention for reducing 287 

psychological stress, further high-quality studies are needed to clarify its underlying mechanisms, 288 

optimize implementation strategies, and assess its applicability across diverse populations and 289 

healthcare contexts. 290 

  291 
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Table 1. Overview of forest and urban walking interventions 402 

Authors Country Patients Study 
arm 

Control 
arm Cases Female 

(%) 
Age 

(year) 
Detailed 

description 
Sample 

size 

A. Li et al. 2025 China HTN Forest Urban 24/12 16 
(44.4%) 73(6) 

Three-day two-
night 

intervention 
N.S. 

Jia et al. 2016 China COPD Forest Urban 10/8 6 
(33.3%) 70 (7) 

Three-day two-
night 

intervention 
N.S. 

Mao et al. 2012 China HTN Forest Urban 12/12 N.S. 67 (4) Seven-day 
intervention N.S. 

Mao et al. 2017 China CHF Forest Urban 23/10 14 
(42.4%) 72 (5) Five-day 

intervention N.S. 

Ochiai et al. 2025 Japan 
Healthy 

men Forest Urban 37/41 0 (0%) 53 (8) One day 
intervention 

Power 0.8, 
significanc

e 0.05 

Q. Li et al. 2025 Japan Depression Forest Urban 15/16 31 
(100%) 40 (13) One day 

intervention N.S. 

Q. Li et al. 2025 Japan 
COPD-risk 
individuals Forest Urban 15/15 0 (0%) 63 (8) One day 

intervention N.S. 

HTN: hypertension; COPD: chronic obstructive pulmonary disease; CHF: congestive heart failure; N.S.: not 403 
specified; 404 

  405 
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Table 2. Summary of the certainty of the evidence 406 

Patients or population: Adult 
Settings: Conducted in natural forest environments 
Intervention: Forest bathing 
Comparison: Urban walking 

Outcomes Impact 
Number of 
participants 
(Studies) 

Certainty of 
the evidence 
(GRADE) 

Total mood disturbance MD: −6.01 (95% CI: −9.12 to −2.90) 250 

(7 studies) 
⊕⊕⊖⊖

 

Low 

Vigor–activity MD: 1.77 (95% CI: 0.84 to 2.70) 250 
(7 studies) 

⊕⊕⊕⊖
 

Moderate 

Anger–hostility MD: −0.47 (95% CI: −0.87 to −0.07) 250 
(7 studies) 

⊕⊕⊕⊖
 

Moderate 

Tension–anxiety MD: −0.42 (95% CI: −0.79 to −0.05) 250 
(7 studies) 

⊕⊕⊕⊖
 

Moderate 

Confusion–
bewilderment MD: −1.42 (95% CI: −2.80 to −0.04) 250 

(7 studies) 
⊕⊕⊖⊖

 

Low 

Fatigue–inertia MD: −0.87 (95% CI: −1.82 to 0.08) 250 
(7 studies) 

⊕⊕⊖⊖
 

Low 

Depression–dejection MD: −0.82 (95% CI: −2.35 to 0.72) 250 
(7 studies) 

⊕⊕⊖⊖
 

Low 
MD: mean difference; CI: confidence interval; GRADE: Grading of Recommendations, Assessment, 407 
Development and Evaluations 408 

  409 
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Figure 1. Meta-analysis of total mood disturbance scores between groups 410 

 411 

A: original analysis, B: sensitivity analysis 412 

  413 

A

B
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Figure 2. Subgroup analysis of POSM2 items with statistically significant differences  414 

 415 

A: vigor–activity score；B: confusion–bewilderment score;  C: anger–hostility score； D: tension–anxiety score 416 

  417 
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Figure 3. Subgroup analysis of POSM2 items without statistically significant differences 418 

 419 

A: fatigue–inertia score; B： depression–dejection score 420 

 421 

A

B


