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Supplementary Material S1: Mathematical Formulations for Statistical Procedures
S1.1 Effect Size Calculation
For continuous outcomes such as psychological stress scores, the standardized mean difference (SMD) served as the primary effect size measure. We used Hedges' g, which corrects for small-sample bias, computed as:
g = (X̄₁ − X̄₂) / S_pooled × J
where X̄₁ and X̄₂ represent the group means for forest therapy and control conditions, respectively, S_pooled denotes the pooled standard deviation, and J is the small-sample correction factor [19].
The pooled standard deviation was derived from individual group variances:
S_pooled = √[((n₁ − 1)S₁² + (n₂ − 1)S₂²) / (n₁ + n₂ − 2)]
where n₁ and n₂ are the sample sizes of the two groups, and S₁² and S₂² are their respective variances.
The small-sample correction factor J was calculated as:
J = 1 − 3 / (4(n₁ + n₂ − 2) − 1)
This correction reduces the upward bias in effect size estimates that arises in studies with small samples [19, 20].
S1.2 Fixed-Effects and Random-Effects Pooling Models
Under the fixed-effects model, which assumes a common true effect across studies, the pooled effect estimate is obtained by weighting each study inversely by its variance [20]:
θ̄_F = Σᵢ₌₁ᵏ (wᵢθᵢ) / Σᵢ₌₁ᵏ wᵢ
where wᵢ = 1/vᵢ, θᵢ is the effect size of study i, vᵢ is its sampling variance, and k is the total number of studies.
Given the anticipated clinical and methodological diversity across included studies, we adopted the random-effects model, which incorporates between-study variance τ² into the weighting scheme:
wᵢ* = 1 / (vᵢ + τ²)
where τ² represents the between-study variance estimated using the DerSimonian-Laird method [20]:
τ² = (Q − (k − 1)) / (Σwᵢ − Σwᵢ² / Σwᵢ)
This approach assigns relatively more equal weight to studies of different sizes compared to the fixed-effects model, reflecting the assumption that each study estimates a different but related true effect [52].
S1.3 Heterogeneity Assessment
Cochran's Q statistic tests whether observed variation exceeds what would be expected from sampling error alone [21]:
Q = Σᵢ₌₁ᵏ wᵢ(θᵢ − θ̄_F)²
This statistic follows a chi-squared distribution with k − 1 degrees of freedom. However, Q has limited power when the number of studies is small. The I² statistic provides a more interpretable complement by expressing heterogeneity as a proportion of total variability [22]:
I² = ((Q − (k − 1)) / Q) × 100%
Values of 25%, 50%, and 75% are conventionally interpreted as low, moderate, and high heterogeneity, respectively.
S1.4 Subgroup Analysis
When substantial heterogeneity was present, subgroup analysis partitioned studies according to categorical moderators to examine whether effect sizes differed systematically across categories [23]. The between-subgroup difference was tested using:
Q_b = Σⱼ₌₁ᵖ wⱼ(θ̄ⱼ − θ̄)²
where p is the number of subgroups, θ̄ⱼ is the pooled effect within subgroup j, and θ̄ is the overall pooled effect.
S1.5 Meta-Regression
Meta-regression extends the logic of subgroup analysis to continuous moderators, modeling the effect size as a function of study-level covariates [24, 53]:
θᵢ = β₀ + β₁X₁ᵢ + β₂X₂ᵢ + ⋯ + εᵢ + ζᵢ
where β₀ is the intercept, β₁, β₂, … are regression coefficients quantifying the association between each moderator and effect size magnitude, εᵢ represents within-study sampling error, and ζᵢ captures residual between-study variance. Statistical significance of individual predictors was evaluated through Wald-type z-tests:
z = β̂ / SE(β̂)
The proportion of heterogeneity explained by the model was quantified as [52]:
R² = (τ²_unadjusted − τ²_adjusted) / τ²_unadjusted
where τ²_unadjusted is the between-study variance from the model without moderators, and τ²_adjusted is the residual between-study variance after including moderators.
S1.6 Publication Bias Detection Methods
Egger's regression test. This method regresses the standardized effect (effect size divided by its standard error) against precision [46]:
θᵢ / SEᵢ = β₀ + β₁ × (1 / SEᵢ) + εᵢ
A statistically significant intercept β₀ suggests funnel plot asymmetry indicative of potential publication bias.
Begg's rank correlation test. This nonparametric approach calculates Kendall's tau between effect sizes and their variances [27]:
τ = (n_c − n_d) / (½k(k − 1))
where n_c and n_d represent the number of concordant and discordant pairs, respectively.
Trim-and-fill algorithm. When asymmetry was detected, the Duval and Tweedie trim-and-fill procedure estimated the number of hypothetically missing studies (k₀) and imputed their effect sizes to restore funnel plot symmetry. The adjusted pooled estimate was then computed as [28]:
θ̄_adjusted = Σᵢ₌₁ᵏ⁺ᵏ⁰ (wᵢθᵢ) / Σᵢ₌₁ᵏ⁺ᵏ⁰ wᵢ
The iterative trimming process identifies asymmetric studies through:
R₀ = k − 1 − rank(θ_max)
This correction enables comparison of adjusted and unadjusted pooled effect estimates as a form of sensitivity analysis.
S1.7 Prediction Interval
To characterize the expected range of true effects in future studies, we calculated the 95% prediction interval [51]:
PI₉₅% = θ̄ ± t₀.₉₇₅,ₖ₋₂ × √(τ² + SE²_θ̄)
where t₀.₉₇₅,ₖ₋₂ is the critical value from the t-distribution with k − 2 degrees of freedom.
S1.8 Optimal Information Size
Under the GRADE framework, imprecision was evaluated through the optimal information size (OIS) criterion [60]:
OIS = 4(z_α + z_β)² / δ²
where z_α and z_β are the critical values corresponding to the desired type I error rate and statistical power, respectively, and δ is the minimally important effect size.
S1.9 Inter-Rater Reliability
Inter-rater agreement for quality assessment was quantified using Cohen's kappa coefficient [38]:
κ = (P_o − P_e) / (1 − P_e)
where P_o represents the observed proportion of agreement and P_e denotes the expected agreement by chance:
P_e = Σᵢ₌₁ᵏ (pᵢ₁ × pᵢ₂)

Supplementary Material S2: Sensitivity Analyses for Composite Emotional Disorder Effect Sizes
S2.1 Rationale
When a single study reported both depressive and anxiety outcomes, we computed a combined emotional disorder effect size by averaging the two standardized mean differences while adjusting for their inter-outcome correlation, following the method described by Borenstein et al. [9]. Because the true correlation between depression and anxiety effect sizes within each study was unknown, we assumed r = 0.50 for the primary analysis. To assess the sensitivity of our pooled estimates to this assumption, we repeated the analysis using r = 0.30 (lower bound) and r = 0.70 (upper bound).
S2.2 Results
Table S1. Pooled Emotional Disorder Effect Sizes Under Different Assumed Inter-Outcome Correlations
Assumed correlation r = 0.30: Pooled SMD = −0.70, 95% CI (−0.89, −0.51), I² = 78.2%, k = 21
Assumed correlation r = 0.50 (primary analysis): Pooled SMD = −0.70, 95% CI (−0.88, −0.52), I² = 77.7%, k = 21
Assumed correlation r = 0.70: Pooled SMD = −0.71, 95% CI (−0.88, −0.54), I² = 77.1%, k = 21
S2.3 Interpretation
Across the three correlation assumptions, the pooled SMD for combined emotional disorder outcomes remained virtually identical, ranging from −0.70 to −0.71. The 95% confidence intervals overlapped almost entirely, and I² values differed by less than two percentage points. These findings indicate that the choice of inter-outcome correlation had negligible influence on the pooled estimate. Our primary analysis using r = 0.50 can therefore be regarded as robust to reasonable variation in this parameter.

Supplementary Material S3: PRISMA 2020 Checklist
Table S2. PRISMA 2020 Checklist
TITLE — Item 1 (Title): Identify the report as a systematic review. Reported on page 1.
ABSTRACT — Item 2 (Abstract): Provide a structured summary. Reported on page 1.
INTRODUCTION — Item 3 (Rationale): Describe the rationale for the review. Reported in Section I, paragraphs 1–5.
Item 4 (Objectives): Provide an explicit statement of the objectives. Reported in Section I, paragraph 8.
METHODS — Item 5 (Eligibility criteria): Specify the inclusion and exclusion criteria. Reported in Section 3.1.
Item 6 (Information sources): Describe all information sources. Reported in Section 3.1 and Table 1.
Item 7 (Search strategy): Present the full search strategy. Reported in Section 3.1 and Table 1.
Item 8 (Selection process): Describe the process for selecting studies. Reported in Section 3.2.
Item 9 (Data collection process): Describe the process for data extraction. Reported in Section 3.3.
Item 10a (Data items): List and define all outcomes and variables. Reported in Section 3.3.
Item 10b (Data items): List and define assumptions made about missing data. Reported in Section 3.3.
Item 11 (Study risk of bias assessment): Describe methods for assessing risk of bias. Reported in Section 3.3.
Item 12 (Effect measures): Specify for each outcome the effect measure used. Reported in Section 2.2 and Supplementary Material S1.
Item 13a (Synthesis methods): Describe processes for pooling results. Reported in Section 2.2.
Item 13b (Synthesis methods): Describe any methods used to explore heterogeneity. Reported in Sections 2.2 and 3.1.
Item 13c (Synthesis methods): Describe any sensitivity analyses. Reported in Section 4.3.
Item 13d (Synthesis methods): Describe methods for assessing certainty of evidence. Reported in Section 4.3.
Item 14 (Reporting bias assessment): Describe methods for assessing publication bias. Reported in Section 2.3.
Item 15 (Certainty assessment): Describe methods for assessing certainty of evidence. Reported in Section 4.3.
RESULTS — Item 16a (Study selection): Describe results of the search and selection process. Reported in Section 3.2 and Figure 1.
Item 16b (Study selection): Cite excluded studies and provide reasons. Reported in Section 3.2.
Item 17 (Study characteristics): Cite each included study and present key characteristics. Reported in Table 2.
Item 18 (Risk of bias in studies): Present risk of bias assessments. Reported in Table 3 and Figure 2.
Item 19 (Results of individual studies): Present results for all outcomes for each study. Reported in Figures 3, 4, 6, and 7.
Item 20a (Results of syntheses): Present results of each meta-analysis. Reported in Sections 4.1 and 4.2.
Item 20b (Results of syntheses): Present results of heterogeneity investigations. Reported in Tables 4 and 5.
Item 20c (Results of syntheses): Present results of sensitivity analyses. Reported in Section 4.3.
Item 20d (Results of syntheses): Present results of publication bias assessments. Reported in Sections 4.1, 4.2, Figures 5 and 8.
Item 21 (Reporting biases): Present assessments of publication bias. Reported in Sections 4.1 and 4.2.
Item 22 (Certainty of evidence): Present assessments of certainty of evidence. Reported in Section 4.3.
DISCUSSION — Item 23a (Discussion): Provide a general interpretation of results. Reported in Section V.
Item 23b (Discussion): Discuss limitations of the evidence. Reported in Section V.
Item 23c (Discussion): Discuss limitations of the review process. Reported in Section V.
Item 23d (Discussion): Discuss implications. Reported in Sections V and VI.
OTHER INFORMATION — Item 24a (Registration and protocol): Provide registration information. Not registered; explained in Section 3.1.
Item 24b (Registration and protocol): Indicate where the protocol can be accessed. Not applicable.
Item 24c (Registration and protocol): Describe amendments to the protocol. Not applicable.
Item 25 (Support): Describe sources of financial support. Reported in Declarations.
Item 26 (Competing interests): Declare competing interests. Reported in Declarations.
Item 27 (Availability of data): Report which data, analytic code, and materials are available. Reported in Declarations.

Supplementary Material S4: RCT-Only Sensitivity Analysis Details
S4.1 Psychological Stress Outcomes (RCT Only)
Thirteen studies employing randomized controlled trial designs contributed to the RCT-only analysis for psychological stress. The random-effects pooled estimate was SMD = −0.66 (95% CI: −0.87 to −0.45, p < 0.001). Between-study heterogeneity remained substantial (Q = 48.31, df = 12, p < 0.001; I² = 75.2%). Compared with the full-sample estimate including quasi-experimental studies (SMD = −0.71), the RCT-only estimate was modestly attenuated by 0.05 standard deviations. The confidence intervals of the two estimates overlapped considerably, indicating no qualitative difference in the direction or statistical significance of findings.
S4.2 Emotional Disorder Outcomes (RCT Only)
Fifteen randomized controlled trials contributed to the RCT-only analysis for emotional disorder outcomes. The pooled SMD was −0.62 (95% CI: −0.82 to −0.42, p < 0.001), with substantial heterogeneity (Q = 61.28, df = 14, p < 0.001; I² = 77.1%). This estimate was attenuated by 0.06 standard deviations relative to the full-sample estimate (SMD = −0.68). Again, the direction, magnitude, and statistical significance of results were preserved, suggesting that the inclusion of quasi-experimental designs did not substantially inflate the overall pooled effects.
S4.3 Summary
Across both outcome domains, restricting the analysis to RCTs produced slightly smaller but qualitatively consistent pooled estimates. The modest attenuation aligns with the generally elevated risk of bias in non-randomized designs, but the magnitude of this shift was not sufficient to alter any substantive conclusions drawn from the primary analyses.
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